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Abstract: This phase I clinical trial tested the hypothesis that circulatory CD34+ cell therapy might be safe for old
ischemic stroke (IS) (defined as IS>6 months) patients and also to evaluate the neurological function after the
therapy. Nine old IS patients (with mean IS interval: 8.6 ± 6.4 years) were consecutively enrolled and received intracarotid artery transfusion of circulatory-derived autologous CD34+ cells (3.0×107 cells/patient) into the ipsilateral
brain infarct area at catheterization room by Catheter Looping Technique, after subcutaneous G-CSF injection (5
μg/kg twice a day for 4 days). The results showed that procedural safety was 100% with all patients uneventfully
discharged. The circulating number of EPCs and angiogenesis (i.e., by Matrigel assay) were significantly higher at
post than at prior to G-CSF treatment (all P<0.001). Time courses (0/5/10/30 minutes) of blood samplings from
right-internal jugular vein exhibited significantly increased in levels of SDF-1α and EPCs numbers in time points of
5/10/30 minutes than in the baseline (0 minute) (all P<0.05). Barthel index was increased (defined as ≥5 scores)
in 44.4% (4/9) and CASI score was notably improved (all P<0.01) at 6-month follow-up after the cell therapy as compared to the baseline. No recurrent IS or any tumorigenesis was found in these patients with a mean follow-up time
interval of 16.5 ± 6.2 months. All of these patients remain survive and are followed up at outpatient department. In
conclusion, CD34+ cell therapy is safe and might offer some benefit to old IS patients.
Keywords: Old ischemic stroke, CD34+ cell therapy, angiogenesis, neurological function, neuro-psychological assessment [clinical trial No.: ISRCTN14654908]

Introduction
Stroke, a growing epidemic, remains the second leading cause of death and the third cau-

se of disability and death worldwide [1-4]. Although divergent etiologies have been clearly
identified to cause stroke, the atherosclerotic
intracranial arterial stenosis not only has been
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Table 1. Baseline characteristics of 9 old ischemic stroke patients
Variables
% (n) or mean ± SD
Age (yrs.) (mean ± SD)
62.8 ± 10.6
Male gender (%)
88.9% (8)
Current smoking (%)
33.3% (3)
Hypertension (%)
100% (9)
Dyslipidemia (%)
33.3% (3)
Diabetes mellitus (%)
22.2% (2)
Mean ischemic stroke period prior to cell therapy (yrs.)
8.6 ± 6.4
History of old myocardial infarction (%)
0% (0)
Body mass index (mean ± SD)
23.7 ± 2.3
Atrial fibrillation (%)
11.1% (1)
Obstructive coronary artery disease (≥50% stenosis) (%)
88.9% (8)
History of coronary artery intervention (%)
88.9% (8)
Medication (%)
Antiplatelet agent (%)
100% (9)
ACEI/ARB (%)
33.3% (3)
Beta-blocker agent
44.4% (4)
Statin (%)
77.8% (7)
New oral coagulant agent (%)
11.1% (1)
Calcium channel blocker (%)
11.1% (1)
Laboratory parameters
Red blood cell count (×106)
4.53 ± 0.65
3
White blood cell count (×10 )
6.6 ± 1.5
Platelet count (×103)
214.5 ± 48.8
Hemoglobin (g/dL)
13.8 ± 1.6
Creatinine (mg/dL)
1.31 ± 0.51
Creatinine clearance rate (CCr) (ml/min)
63.3 ± 24.5

plications [15, 17-21] and
poor patency rate in largevessel occlusion, and yet
catheter-based intracranial
treatment is restricted to
those of acute IS patients
with large-intracranial vessel occlusion [16]. Accordingly, the majority of acute
IS patients still lack an effective and safe treatment,
suggesting that rehabilitation remains the only method for patients after IS.
An alternative treatment
needs to be developed for
patients after IS, particularly for those who are not
candidates for thrombolysis or endovascular intracranial treatment.

It is well recognized that
coronary artery disease
(CAD) and cerebrovascular
disease (CVD), which comprise the majority of the
same causal etiologies resulting in endothelial damage and arteriosclerosis,
constitute arterial obstructive syndromes. Thus, CAD
ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin II type I receptor
and CVD are two sides of
blocker.
the same coin. Our previous studies [22, 23] have
recognized as one of the common causes of
demonstrated that acute IS enhanced endothestroke worldwide [5-8], but is also associated
lial progenitor cells (EPC) mobilization into the
with a high risk of recurrent stroke even undercirculation. Additionally, an increase in circulatgoing well medical treatment [9]. Intriguingly,
ing level of EPCs was strongly associated with
despite of the epidemiology, etiologies, underfavorable clinical outcomes after IS [22, 23].
lying mechanisms, classification, and clinical
Furthermore, growing data [24, 25], including
outcomes of ischemic stroke (IS) have been
our previous [26] and recent [27] reports, have
keenly surveyed for several decades [10-14], a
shown that EPC therapy not only was safe but
safe and efficacious treatment for patients
also significantly improved angina, heart failure
after IS has not been developed for universal
and ischemia-related LV dysfunction. We, thereapplication.
fore, performed a phase I clinical trial to test
the hypothesis that circulatory CD34+ cell therGrowing data has shown that thrombolysis with
apy might be safe for chronic IS patients and
tissue plasminogen activator (tPA) and endoalso to evaluate the neurological function after
vascular intracranial treatment are two emergCD34+ cell therapy.
ing modalities for acute IS with bright results
in specific patient subgroups. However, stringent enrollment criteria and innumerable contraindications restrain their scope in daily clinical practice [15-21]. Besides, tPA therapy has
been revealed to be associated with a relatively high incidence of intracranial bleeding com2976

Materials and methods
Study design
This phase I clinical trial was approved by the
Ministry of Health and Welfare, Taiwan, Republic
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Table 2. Clinical outcomes of 9 patients after circulatory autologous CD34+ cell therapy
Patient list (No)
No. 1
Cell therapy0D
Cell therapy6M
No. 2
Cell therapy0D
Cell therapy6M
No. 3
Cell therapy0D
Cell therapy6M
No. 4
Cell therapy0D
Cell therapy6M
No. 5
Cell therapy0D
Cell therapy6M
No. 6
Cell therapy0D
Cell therapy6M
No. 7
Cell therapy0D
Cell therapy6M
No. 8
Cell therapy0D
Cell therapy6M
No. 9
Cell therapy0D
Cell therapy6M

NIHSS MRS
8‡
3
3
10‡
6
6
13‡
5
5
10‡
3
3
9‡
6
6
9‡
0
1
9‡
5
5
10‡
9
9
9‡
5
4

x
4
3
x
2
2
x
3
4
x
2
2
x
2
2
x
2
2
x
4
4
x
4
4
x
1
1

Barthel
index
x
50
65
x
95
100
x
35
45
x
100
100
x
95
100
x
100
100
x
35
35
x
25
25
x
100
100

Clinical CASI
F/UM† score
24 (S)*
66.3
78.5
24 (S)*
82.9
90.7
21 (S)*
72.2
74.4
21 (S)*
86.2
97.5
18 (S)*
91
96.1
15 (S)*
96
89
10 (S)*
76.8
61.3
9 (S)*
87.4
7 (S)*
83.3

NIHSS = National Institutes of Health Stroke Scale; mRS = modified Rankin Scale. D = day; M = month; (S)* indicates the patient
is still survival and is followed up (F/U) at outpatient department.
†indicates F/UM time (i.e., M = month) after CD34+ cell therapy.
‡indicates the history of NIHSS of each patient at the first time of
acute ischemic stroke to be recognized during the hospitalization.

of China (IRB No.: 102IND01014) and the Institutional Review Committee on Human Research at Chang Gung Memorial Hospital (IRB
No.: 101-1240A) in 2011 and conducted at
Kaohsiung Chang Gung Memorial Hospital, a
tertiary referral center. This study was funded
by a program grant from the Ministry of Science and Technology, Taiwan, Republic of China
(MOST 102-2314-B-182A-054-MY3). This was
a prospective phase I clinical trial to test the
safety and evaluate the neurological function in
old IS patients with circulation-derived CD34+
cell therapy at a single medical center. This
study was designed to consecutively enroll 10
patients who had history of old IS [i.e., by his2977

tory, chart recording and brain magnetic
resonance imaging (MRI) or brain computerized tomography (CT) scan findings] willing to participate the study.
Inclusion and exclusion criteria
Inclusion criteria included patients (>20
yrs. old and <80 yrs. old) who had history
of ischemic stroke more than 6 months
and history of National Institutes of Health
Stroke Scale (NIHSS) to be recognized ≥8
during hospitalization for his or her acute
IS (referred to Table 2).
Those patients with the following conditions were excluded from the study: Hepatitis B or C carrier, surgery, trauma, or
myocardial infarction within the preceding
3 months, liver cirrhosis, hematology disorders, renal insufficiency (defined as creatinine clearance <20 mL/min), malignancy, febrile disorders, acute or chronic inflammatory disease at study entry, severe
mitral or aortic regurgitation, congestive
heart failure (NYHA Fc 4), expected life
expectancy <2.0 yrs., age <20 yrs. or ≥80
yrs., or pregnant women.
The investigators, including the neurologist responsible for neurological examination, radiologist and nuclear medicine physician for imaging interpretation, hematologist for CD34+ cell isolation and evaluation of the cell quantity and quality, cardiologists for catheter-based intra-carotid
arterial transfusion of circulatory derived
CD34+ cells, technicians, clinical nurses,
and physicians who took care of the patients in out-patient clinics, participated
in this phase I clinical trial.
Procedure and protocol for isolation of autologous CD34+ cells and percutaneous transcatheter intra-carotid artery transfusion [26,
28]
The procedure and protocol have been described in our previous report [26]. Briefly, prior to
isolation of circulation-derived CD34+ cells,
granulocyte-colony stimulating factor (G-CSF)
(5 μg/kg, q12h for 8 doses) was subcutaneously given to each patient to increase the
number of circulating CD34+ cells for subsequent collection via leukapheresis. After the
last dose of G-CSF, the mononuclear cell preparation isolated during leukapheresis was enAm J Transl Res 2018;10(9):2975-2989
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riched for CD34+ cells by using a commercially
available device [COBE Spetra 6.1 (Terumo
BCT, INC.)] at 8:00 a.m. through a double lumen
catheter inserted into the right femoral vein.
About four hours later, adequate numbers of
circulation-derived CD34+ cells were isolated
and ready for intra-carotid transfusion in cardiac catheterization room.
Catheter Looping and Retrograde Engagement
Technique (CLARET) using a 6-French Kimny
Miniradial guiding catheter (Boston Scientific,
Scimed, Inc. Maple Grove, MN.) to engage the
common carotid artery/internal carotid artery
was utilized for each patient. The procedure
and protocol of this catheter looping technique
has been described in details in our previous
report [28]. To avoid microembolization, the
CD34+ cells were first filtered with embolic
protection filter, followed by slowly transfused
into the ipsilateral internal carotid artery and
finally into the infarct site/area (i.e., the old
infarct area) via the catheter.
Laboratory assessment of levels of EPCs in
circulation and right internal jugular vein (RIJV)
by flow cytometry and soluble angiogenesis
factors by ELISA [26]
EPCs (CD34+KDR+CD45dim, CD34+CD133+CD45dim, CD31+CD133+CD45dim, CD34+CD133+
KDR+, CD34+ and CD133+ surface markers) in
peripheral and RIJV blood were identified by
flow cytometry using double staining as depicted in our recent report [26] through a fluorescence-activated cell sorter (FACSCaliburTM system; Beckman Coulter Inc, Brea, CA). Each
analysis included 300,000 cells per sample.
The assays for circulatory and RIJV EPCs in
each blood sample were performed in duplicate and mean levels were reported. Intraassay variability based on repeated measurement of the same blood sample was low with
a mean coefficient of variance <3.9% study
subjects.
One blood sample was drawn at 8:00 a.m. prior
to G-CSF treatment and the other was collected
following the last G-CSF treatment for flow cytometric analysis. In addition, to elucidate the
serial changes in the levels of EPCs and stromal cell-derived growth factor (SDF)-1α in RIJV,
time courses of blood samples were drawn
from the RIJV at 0 minute prior to CD34+ cell
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transfusion and at 5, 10, and 30 minutes after
CD34+ cell transfusion for flow cytometric and
ELISA analyses, respectively.
Circulating levels of vascular endothelial growth factor (VEGF), epithelial growth factor (EGF),
Fibroblast growth factor (FGF), hepatocyte growth factor (HGF), transforming growth factor
(TGF)-β, and stromal cell-derived growth factor
(SDF)-1α, five indicators of soluble angiogenesis biomarkers, were measured by duplicated
determination with a commercially available ELISA method (R&D Systems, Minneapolis, MN,
USA). Intra-observer variability of the measurements was also assessed and the mean intraassay coefficients of variance were all <4.0%.
Other laboratory parameters were measured by
following standard procedures in the Department of Clinical Biochemistry and Pathology of
our hospital.
Collection of circulatory blood, EPC culture,
and angiogenesis assessment by Matrigel assay
The procedure and protocol were based on our
recent report [29]. In details, for measurement
of angiogenesis ability, peripheral blood (10 cc)
was drawn in each IS patient prior to and after
G-CSF administration, respectively. The isolated mononuclear cells from peripheral blood
were cultured in a 100 mm diameter dish with
10 mL DMEM culture medium containing 10%
FBS. By 21-day culturing, abundant cobblestone-like cells, a typical feature of EPCs, were
obtained from each patient. Flow cytometric
analysis was performed for identification of
cellular characteristics (i.e., EPC surface markers) with appropriate antibodies on day 21 of
cell cultivation.
To evaluate whether there was different angiogenesis capacity between prior to and after GCSF treatment, peripheral blood-derived EPCs
(1.0×104 cells) (n=9 per group) were incubated
on 96-well plates at 1.0×104 cells/well in 150
µL serum-free M199 culture medium mixed
with 50 µL cold Matrigel (Chemicon international) for 3-hour incubation at 37°C in 5% CO2.
Three random microscopic images (200×) were
taken at each well for counting cluster, tube,
and network formations with the mean values
derived (referred to Figure 2).
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Figure 1. Flow cytometric analysis for measuring the circulatory endothelial progenitor cells and hematopoietic stem
cells (n=9). (A, B) Illustrating the circulating level of CD34+KDR+CD45dim cells prior to (A) and after (B) G-CSF treatment. (C) Analytical result, * vs. †, P<0.001. (D, E) Illustrating the circulating level of CD34+CD133+CD45dim cells
prior to (D) and after (E) G-CSF treatment. (F) Analytical result, * vs. †, P<0.001. (G, H) Illustrating the circulating
level of CD34+CD133+KDR+ cells prior to (G) and after (H) G-CSF treatment. (I) Analytical result, * vs. †, P<0.01.
(J, K) Illustrating the circulating level of CD31+CD133+CD45dim cells prior to (J) and after (K) G-CSF treatment. (L)
Analytical result, * vs. †, P<0.01. (M, N) Illustrating the circulating level of CD34+ cells prior to (M) and after (N) GCSF treatment. (O) Analytical result, * vs. †, P<0.01. (P, Q) Illustrating the circulating level of CD133+ cells prior (P)
and after (Q) G-CSF treatment. (R) Analytical result, * vs. †, P<0.001. G-CSF = granulocyte colony stimulating factor.

MicroRNAs extraction and quantitative analysis for determining the integrity of endothelial
function [29]
The procedure and protocol were identical to
our previous report [29]. In details, total RNA
extracted from plasma and cells using the miRNeasy kit (Qiagen) was based on the protocol
of the manufacturer. C. elegans miR-39 (celmiR-39-3p) mimics were loaded in plasma as
Spike-in control. For mature miRNA quantification, cDNA was generated with reverse transcription using miScript II RT kit (Qiagen) and
Cdna, which was further utilized as a template
for real-time PCR. Expressions of human miR19a-3p, miR-106b-5p and miR-20a-5p were
then quantified by miScript SYBR Green PCR
assay (Qiagen), and finally were normalized by
cel-miR-39-3p in plasma and RNU6 in cells
(Qiagen), respectively. Triplicate assays were
performed for each sample on Step One-Plus
machine (ABI).
Neuro-psychological tests by cognitive ability
screening instrument (CASI) and mini-mental
state examination (MMSE) prior to and at
6-month after CD34+ cell therapy
All neuropsychological tests were performed
by a clinical neurologist. The Mini-Mental State
Examination (MMSE) was used as a screen for
the general cognitive condition [30]. The Cognitive Abilities Screening Instrument (CASI), a
score range of 0 to 100, provided a quantita2980

tive assessment of attention, concentration,
orientation, short-term memory, long-term memory, language abilities, visual construction,
list-generating fluency, abstraction, and judgment [31, 32]. In consideration of small sample size (i.e., n=9) that could distort the statistical significance, accordingly, those of patients with P<0.2 were defined as great response to CD34+ cell therapy.
Medications
Heparin (3000 IU) was intra-arterially given to
each patient at the beginning of the procedure and its effect was immediately reversed
by intra-venous 20 mg of protamine after the
CD34+ cell transfusion. Aspirin was the first
choice for the study patients unless they were
allergic or intolerant to aspirin, including a history of peptic ulcer or upper gastrointestinal
tract bleeding during aspirin therapy. Alternatively, clopidogrel was used for those patients
who did not tolerate to aspirin therapy. Other
commonly used drugs included statins, angiotensin converting enzyme inhibitors (ACEIs)/
angiotensin II type I receptor blockers (ARB),
calcium channel blocker and beta blocker
agent.
Clinical follow-up
In addition to regular follow-up of each patient
at our outpatient clinic, a case report form that
recorded all clinical information of the patient
Am J Transl Res 2018;10(9):2975-2989
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Figure 2. Matrigel assay for assessment of EPC angiogenesis ability and comparison of circulating microRNA expressions in plasma between prior to and after G-CSF treatment. (A-C) Microscopic findings (100×) Matrigel assay
showing the angiogenesis results of tubular length (pink arrows) and number of tubular (red arrows), cluster (white
arrows) and network (black dotted line) formation among three groups, i.e., (A) pre-G-CSF treatment, (B) post-G-CSF
treatment and (C) plasma concentration containing the isolated CD34+ cells. (D) Analytical result of number of
tubular formation, *vs. other groups with different symbols (†, ‡), P<0.0005. (E) Analytical result of total tubular
length, *vs. other groups with different symbols (†, ‡), P<0.0001. (F) Analytical result of number of cluster formation, *vs. other groups with different symbols (†, ‡), P<0.005. (G) Analytical result of network formation, *vs. other
groups with different symbols (†, ‡), p<0.0001. (H-J) Illustrating the expressions of circulating levels of five miRNAs:
miR-19a-3p, miR-106b-5p, miR-26b-5p in individual patient prior to and after receiving G-CSF treatment. (K) Analytical result of miR-19a-3p level, *indicated pre- vs. post-G-CSF, P<0.001. (L) Analytical result of miR-20a-5p level,
*indicated pre- vs. post-G-CSF, P<0.001. (M) Analytical result of miR-106b-5p level, *indicated pre- vs. post-G-CSF,
P<0.001. All statistical analyses were performed by Friedman ANOVA, followed by post hoc analysis with Wilcoxon
signed rank test (n=9 for each group). Symbols (*, †, ‡) indicate significance (at 0.05 level). HPF = high-power field;
G-CSF = granulocyte-colony stimulating factor; EPC = endothelial progenitor cell.

including the presence or absence of acute or
sub-acute events was designed and completed
by a research nurse regularly after each visit
and on readmission as well as through telephone interviews on an irregular basis.
Statistical analysis
All values are expressed as the mean ± SD,
number, or percentage, as appropriate. We
compared continuous variables between two
groups with Mann-Whitney U test and categorical variables with Chi-square test or Fisher’s
exact test. We also compared paired non-parametric samples before and after CD34+ cell
therapy with Wilcoxon’s signed-rank test. Furthermore, non-parametric continuous variables
at different time points were analyzed in advance using post hoc Wilcoxon’s signed-rank
test for multiple comparisons after Friedman
test. Statistical analysis was performed through Statistical Package for Social Sciences (SPSS) software package (version 17, SPSS Inc.
Chicago, IL, USA). A value of P<0.05 was considered as statistically significant.
Results
The baseline characteristics of 9 study patients (Table 1)
The mean age of the study patients was about
62 years old and majority of these patients
were male. All study patients had hypertension
and more than 88% of them had received percutaneous coronary intervention.
The mean IS time interval prior to CD34+ cell
therapy was 8.6 ± 6.4 years, suggesting that
these patients have very long history of IS. Therefore, they were at a situation of very old IS
time point. All of these patients had received
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regularly antiplatelet agents and only one patient had received additionally new oral anticoagulant agent due to atrial fibrillation. Additionally, all patients received anti-hypertension
drugs for controlling the blood pressure and
more than 77% patients were treated by statins due to hypercholesterolemia.
Flow cytometric analysis for measuring the
circulatory EPCs and hematopoietic stem cell
(HSC) (Figure 1)
As compared to baseline, the circulating numbers of EPCs (i.e., CD34+KDR+CD45dim, CD34+CD133+CD45dim, CD31+CD133+CD45dim,
CD34+CD133+KDR+ and CD133+ surface
markers) and hematopoietic stem cell (HSC)
(CD34+) were significantly increased among
these 9 patients after receiving G-CSF treatment.
Matrigel assay for determinant of EPC angiogenesis ability and expressions of miR-19a,
miR-20a, and miR-106b in plasma of 9 study
patients prior to and after G-CSF treatment
(Figure 2)
To elucidate the impact of G-CSF therapy on
angiogenesis, the Matrigel assay was utilized in
the present study. As expected, the results of
Matrigel assay showed that the expressions of
number of tubule, tubular length, cluster formation and network formation, four indicators of
angiogenesis, were significantly increased after
G-CSF treatment among the 9 study patients.
Additionally, these parameters were notably
further increased in concentrated plasma containing the isolated CD34+ cells.
In the present study, blood samplings were also
utilized for assessment of circulating microRNAs of miR-19a-3p (with biological processes
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of angiogenesis, glycogenesis and anti-apoptosis), miR-106b-5p (with biological processes of
proliferation, migration and anti-apoptosis) and
miR-26b-5p (with biological processes of antiautophagy, migration and anti-apoptosis) which
have been identified to be strongly associated
with chronic kidney disease (CKD) by our previous study [29]. The results showed that the
levels of these three miRNAs were found to be
significantly increased after receiving G-CSF
treatment.
Time courses of RIJV levels of stromal cellderived factor (SDF)-1α and EPCs/HSC, and
circulatory soluble angiogenesis factors in 9
study patients (Figure 3)
To elucidate the level of SDF-1α at different
time points in cerebral circulation after CD34+
intra-carotid artery transfusion, we drew the
blood samples from RIJV and measured this
soluble angiogenesis factor at baseline (i.e., 0
minute) and at 5, 10, and 30 minutes after
CD34+ cell transfusion. The baseline level of
SDF-1α was significantly lower than that at the
time intervals of 5, 10 and 30 minutes, suggesting the EPCs, such as CXCR4+ cells were
trapped in blood vessels/capillary networks.
Additionally, the SDF-1α level was significantly
higher in concentrated plasma containing the
isolated CD34+ cells and in circulation at the
time after completing G-CSF treatment than in
RIJV at the time of 5, 10, and 30 minutes postCD34+ cell treatment. However, the SDF-1α
level did not differ among the time points of 5,
10, and 30 minutes.
Additionally, ELISA results showed that except
for fibroblast growth factor, the vascular endothelial growth factor, epithelial growth factor,
hepatocyte growth factor and transforming
growth factor, four indicators of soluble angiogenesis biomarkers, were significantly higher
after G-CSF treatment as compared with the
time interval prior to G-CSF treatment among
the 9 study patients.
To elucidate the shedding rate of EPCs from
RIJV after CD34+ cell intra-carotid artery administration, time courses of EPC and HSC measurement were performed by flow cytometry.
The time courses of EPCs (i.e., CD34+KDR+
CD45dim, CD34+CD133+CD45dim, CD31+CD133+CD45dim, CD34+CD133+KDR+ and CD133+ surface markers) and HSC (CD34+) were
identified to be continuously drained from RIJV
2983

to circulation at time points of 5, 10, and 30
minutes after intra-carotid artery transfusion
of CD34+ cells. Additionally, these parameters
were significantly higher in the three time intervals as compared to the 0 minute prior to CD34+ cell administration. Furthermore, among
these patients, the circulating levels of EPCs
and HSC were notably higher after G-CSF treatment than those prior to G-CSF treatment. This
finding suggests that G-CSF treatment allowed
the EPC and HSC homing from bone marrow to
circulation.
Clinical outcomes of 9 patients after circulatory autologous CD34+ cell therapy (Table 2)
The Table 2 illustrates the clinical outcome of 9
patients after receiving CD34+ cell treatment.
The NIHSS and modified Rankin Scale (mRS),
two neurological functional indices, did not differ between baseline (i.e., prior to CD34+ cell
therapy) and at post 6-month CD34+ cell therapy among the study patients. Surprisingly, the
Barthel index was found to be notably improved
(i.e., increased up to 5 scores) in 4 (44.4%) of 9
patients. Of importance was that the therapy
was 100% safe and all patients were uneventfully discharged. Additionally, neither recurrent
IS nor any tumorigenesis was found in these
patients with a mean follow-up time interval of
16.5 ± 6.2 months. Furthermore, all of these
patients still survive and receive regular followup at outpatient department.
The mean value of MMSE before and after
CD34+ cell therapy was 25.5 ± 3.59 and 26.5
± 3.59 (P=0.37), respectively. Additionally, the
mean value of CASI before and after CD34+
cell therapy was 82.35 ± 9.95 and 83.61 ±
12.2 (P=0.73), respectively.
Comparison of standard deviation of Tc-99m
ECD brain perfusion SPECT study before
(baseline) and after (at six-month) CD34+ cell
therapy in 9 study patients (Table 3)
Intriguingly, 6 of 14 (42.9%) of different points
of brain areas were identified to have great
response for increasing brain perfusion, suggesting that G-CSF-assisted CD34+ cell therapy may restore some of blood perfusion in cerebral circulation.
Discussion
This phase I clinical trial which investigated the
safe of intra-carotid transfusion of circulatoryAm J Transl Res 2018;10(9):2975-2989
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Figure 3. Time courses of RIJV levels of stromal cell-derived factor (SDF)-1α, EPCs and hematopoietic stem cell
(HSC). (A) Illustrating the serum levels of stromal cell-derived factor (SDF)-1α by ELISA measurement; analytical
results of SDF-1α concentration in different situations, *vs. other groups with different symbols (†, ‡, §), p<0.0001.
(B-F) Circulating levels of hepatocyte growth factor (HGF) (B), fibroblast growth factor (FGF) (C), vascular endothelial
growth factor (VEGF) (D), transforming growth factor (TGF)-β (E) and epidermal growth factor (EGF) (F), analytical
results of pre- vs. post-G-CSF treatment, * vs. †, all p values <0.01. (G-L) The flow cytometric analysis showed that
the EPCs (i.e., CD34+KDR+CD45dim, CD34+CD133+CD45dim, CD31+CD133+CD45dim, CD34+CD133+KDR+ and
CD133+ surface markers) and HSC (CD34+) were continuously shedding (from 0, 5, 10 to 30 minutes) from RIJV
into circulation. Analytical results: (1) for CD34+KDR+CD45dim, * vs. †, P<0.001; for (2) CD34+CD133+CD45dim,
*vs. other groups with different symbols (†, ‡), P<0.001; (3) for CD31+CD133+CD45dim, *vs. other groups with
different symbols (†, ‡), P<0.001; (4) for CD34+CD133+KDR+, *vs. other groups with different symbols (†, ‡),
P<0.001; (5) CD34+, * vs. †, P<0.01; (6) CD133+, * vs. †, P<0.01. All statistical analyses were performed by Friedman ANOVA, followed by post hoc analysis with Wilcoxon signed rank test (n=9 for each group). Symbols (*, †, ‡, §)
indicate significance (at 0.05 level). EPC = endothelial progenitor cell.

derived autologous CD34+ cells yielded several
striking clinical implications. First, the therapy
was 100% safe and all of our study patients
survive without recurrent IS and are still followed up at outpatient department. Second,
the 6-month neurological function (i.e., Barthel
index) was notably improved up to more than
40% of the study patients after receiving
CD34+ cell therapy. Third, consistent with neurological function test, the 6-month neuro-psychological test (i.e., CASI) was also notably
improved among these patients with the cell
therapy.
Up to day, there is still lacking effective treatment for the old IS. Accordingly, majority of the
patients in this setting would undoubtedly have
progressive loss of memory, intelligence and
neurological function. These raise the need for
development of a new innovative and safe
strategy for these patients. To the best of our
knowledge, this is the first clinical trial worldwide to test the safety of intra-carotid artery
administration of autologous-derived circulating CD34+ cells for patients with old IS. Of the
importance is that this therapy was 100% safe
and the survival rate at intermediate-term follow-up (i.e., 14 ± 12 months) was 100% without
any recurrent stroke found among these study
patients.
An unexpected finding in the present study
was that more than 44.0% patients had notable improvement of Barthel index after receiving CD34+ cell therapy. Additionally, another
unanticipated finding in the present study was
greater than 44.0% of our patients had acceptable improvement of CASI score. Furthermore,
the other unpredicted finding in the present
study was that more than 42% of our patient
had great response of brain reperfusion that
was examined by Tc-99m ECD brain perfusion
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SPECT. Based on this phase I experience, a phase II clinical trial of intra-carotid transfusion of
circulatory-derived autologous CD34+ cells for
acute IS setting with a primary focus on safety
and secondary outcomes including biological,
imaging, neurological, recurrent stroke and clinical endpoints is ongoing in our institute.
An essential finding in the present study was
that all of the investigated angiogenesis factors
were identified to be markedly increased after
G-CSF treatment. Additionally, the angiogenesis capacity of EPCs was markedly increased in
post than in prior to G-CSF treatment. Furthermore, the circulating numbers of EPCs were
significantly increased in post than in prior to
G-CSF treatment and furthermore increased in
automatic machine (i.e., COBE Spetra 6.1) isolated EPCs. Our findings may, at least in part,
explain for why near half of our patients had
great improvement of the brain perfusion (i.e.,
assessed by Tc-99m ECD brain perfusion SPECT) after CD34+ cell therapy. Intriguingly, previous studies have shown that soluble angiogenesis factors and EPCs always play a crucial role
for development of angiogenesis/neovascularization and collaterals in ischemic organs, especially in setting of coronary artery obstruction
for restoring the blood flow in ischemia [24-27,
33, 34]. Accordingly, our result is supported by
the findings of previous studies [24-27, 33, 34].
Interestingly, our clinical trial has previously
shown that erythropoietin (EPO) therapy enhanced circulating level of EPCs and a favorable
clinical outcome was strongly and independently associated with an increase in circulating level of EPCs in patient after IS [23]. Additionally,
our recent clinical trials [26, 27] have revealed
that intra-coronary administration of autologous circulatory derived CD34+ cells significantly improved heart failure, angina, heart function
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Table 3. Comparison of standard deviation of Tc-99m ECD brain perfusion SPECT study before (baseline) and after (at six-month) CD34+ cell therapy in 9 study patients
Variables
Basal ganglia (L)
Basal ganglia (R)
Central region (L)
Central region (R)
Cingulate & paracingulate gyri (L)
Cingulate & paracingulate gyri (R)
Frontal lobe (L)
Frontal lobe (R)
Occipital lobe (L)
Occipital lobe (R)
Parietal lobe (L)
Parietal lobe (R)
Temporal lobe (L)
Temporal lobe (R)

Median SD
(Q1, Q3) (day 0)
0.5 (-2.1, 1.7)
0 (-2.5, 0.4)
-0.5 (-2.0, 2.2)
-0.8 (-2.3, 0.3)
-0.1 (-1.4, 1.2)
0.4 (-2.2, 0.8)
-0.6 (-1.4, 2.8)
-1.3 (-1.7, 0.3)
0.7 (-0.8, 1.9)
0.3 (0, 1.8)
-0.4 (-0.9, 2.0)
-0.1 (-0.6, 1.4)
0.1 (-0.5, 1.8)
-0.4 (-0.4, 1.5)

Median SD
(Q1, Q3) (6 M)
0.5 (-2.2, 1.8)
0.1 (-2.2, 1.3)
-0.5 (-1.2, 2.6)
-0.5 (-2.2, 1.1)
0.1 (-0.8, 1.5)
-1.6 (-2.5, 0.4)
0.4 (-0.9, 2.5)
-0.8 (-1.2, 1.0)
1.1 (-0.1, 2.0)
1.0 (0.6, 1.9)
0.1 (-0.2, 1.5)
0.6 (-0.5, 2.0)
0.2 (0, 1.4)
0.9 (-0.1, 1.5)

Median difference
(Q1, Q3)
0 (-0.1, 0.1)
-0.3 (-0.7, 0.2)
-0.2 (-0.8, 0)
-0.2 (-0.7, 0.4)
-0.3 (-0.5, 0.3)
-0.3 (-0.7, 0)
-0.9 (-1.0, -0.5)
-0.5 (-0.7, -0.3)
-0.5 (-0.7, -0.63)
-0.6 (-0.7, -0.5)
0 (-0.2, 0.3)
-0.2 (-1.2, 0.1)
-0.3 (-0.8, 0.4)
-0.3 (-1.3, 0.3)

P*
0.766
0.172†
0.188†
0.406
0.438
0.250
0.008†
0.094†
0.109†
0.078†
0.945
0.313
0.590
0.320

*: by Wilcoxon Sign-rank test for paired data. L = left; R = right, M = month; SD = standard deviation. †Great response: defined
as the P<0.2.

and long-term outcome in diffuse coronary
artery disease patients that is mainly through
CD34+ cell treatment enhanced angiogenesis/
vasculogenesis and neovascularization. Furthermore, our previous study has revealed that
circulating level of EPCs was a powerfully independent predictor of prognostic outcome in patients after acute IS stroke [22]. Moreover, our
recent experimental study has demonstrated
that intra-carotid artery administration of autologous EPCs improved neurological outcomes
in rat after acute IS mostly through augmenting
molecular-cellular levels of angiogenesis factors [35]. In this way, our findings, in addition to
being supported by the results from our previous and recent studies [22, 23, 26, 27], could
partially explain for why the improvements of
brain perfusion, Barthel index and CASI score
were identified to be present in more than 40%
of our patients, suggesting that these improvements resulted in the synergic effects of
G-CSF, increased in soluble angiogenesis factors and intra-carotid artery administration of
CD34+ cells.

ministration, the SDF-1α level was significantly
higher at three time intervals of 5, 10 and 30
minutes after CD34+ cell transfusion in RIJV
and further more in the plasma which contained the isolated CD34+ cells for ready transfusion. These findings imply that the level of
EPCs was maintained at a higher level inside
cerebral arteries/capillaries than that in RIJV
for endothelial cell repair, angiogenesis and
neovascularization. Interestingly, a concentration gradient of SDF-1α between bone marrow
(lower level) and circulation (higher level) has
been shown to play a crucial role in promoting
EPC mobilization from bone marrow to circulation and EPC homing to ischemic area for angiogenesis [36, 37]. Our findings are supported by
those of previous studies [36, 37]. We propose
that trapping of EPCs in cerebral circulation
would have happened and could be due to not
only the higher level of SDF-1α in endothelial
cells of cerebral arterial trees, but also the
irregularity of endothelial layer (i.e., uneven surface) of the diffusely atherosclerotic cerebral
artery that helps in cell retention.

One intriguing finding in the present study is
that flow cytometric analysis showed that EPC
levels were not only higher in RIJV than in circulation but were also found to be continuously
drained from the RIJV to circulation. Additionally,
an essential finding in the present study was
that as compared with prior to CD34+ cell ad-

Study limitation
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This study has limitations. First, the sample
size is small (because it is phase I clinical
trial). Accordingly, the results of statistical analysis could be distorted. Second, without placebo-controlled group, the interpretation of the
Am J Transl Res 2018;10(9):2975-2989
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improved effect after cell therapy should be
treated with reserve.
Conclusion
The results of this phase I clinical trial showed
that intra-carotid artery administration of circulatory derived CD34+ cells is safe and may
offer some potential benefit for old IS patients.
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