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Abstract: To explore the long-term clinical effects and safety of bone marrow mononuclear cell transplantation for
the treatment of cerebral infarction. Patients with cerebral infarction, hospitalized in the Second Department of
Neurology at the China-Japan Friendship Hospital of Jilin University from March to November 2008, who had been
diagnosed between 3 weeks and 3 months prior, and whose NIHSS score was between 5 and 30, were included in
the study. Bone marrow mononuclear cells were collected the treatment group using the density gradient method. A
cell suspension containing 1x107 bone marrow mononuclear cells was then injected into the subarachnoid space,
and the outcome monitored. Neurological function, amongst other measures, were tested before transplantation, in
the 3¢, 6™, 12" months of the first postoperative year, as well as in the 2", 3, 4t 5t 6" and 7t years after trans-
plantation. Some mononuclear cells were amplified ex vivo; flow cytometry was used to test the markers CD90 and
CD105, and immunofluorescence was used to test Nestin. Fever was observed in members of the treatment group
in the initial phase after transplantation; however, this abated with time. NIH Stroke Scale scores in the 3 years after
transplantation for the control and treatment groups were not significantly different (P > 0.05). In the 4™ year after
transplantation, the NIH Stroke Scale score of the treatment group was significantly lower than that of the control
group (P < 0.05). Differences between the Barthel index, modified Rankin, and modified Functional Independence
Measure scores were not significant (P > 0.05) in the 4™ year after transplantation; however, they were significant
in the 5" year (P < 0.05). Twelve months after transplantation, the difference between Fugl-Meyer scores was not
significant (P > 0.05); however, the difference was significant (P < 0.05) in the 2" year after transplantation. Of the
mononuclear cells tested, 93.77% expressed CD90 and 60.63% expressed CD105. After ex vivo expansion, most of
the bone marrow mononuclear cells were positive for Nestin. Autologous bone marrow mononuclear cell transplan-
tation for the treatment of cerebral infarction is feasible and safe, without long-term adverse effects. It can improve
neural function injury after cerebral ischemia.
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Introduction apy. Despite its proven benefits, the narrow
therapeutic time window and the risk of bleed-

Cerebral stroke is the third leading cause of ing mean that only 3% of patients with cerebral

death in the Chinese population, with ischemic
stroke accounting for about 70% of these
cases. Although ~80% of stroke patients sur-
vive, only 10% of survivors recover normal neu-
ral function. The remaining 70% have nervous
system sequelae, including paralysis, aphasia
and blindness-all of which are seriously detri-
mental to the health and quality of life of the
patients, and are a heavy financial burden on
families and society. The effectiveness of cur-
rent treatments for the acute phase of stroke is
limited, with the exception of thrombolytic ther-

stroke are able to receive treatment [1]. In the
subacute and chronic phases of stroke, reha-
bilitation training is considered to be the only
effective method of treatment. As a result,
cerebral ischemic stroke has become a press-
ing problem that urgently requires a solution.

Cerebral ischemic stroke, also called cerebral
infarction, is caused by the blockage of a cere-
bral artery, leading to focal ischemia, loss of
neurons and glial cells, and a resultant impair-
ment in neural function [2]. It was previously
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thought that once mature, nerve cells cannot
reproduce and renew; however, with the rapid
development of neuroscience in the latter part
of the 20" century came the discovery of a pop-
ulation of cells with the ability to self-renew and
differentiate [3]. These stem cells can produce
new neurons and glial cells within a defined
microenvironment and appropriate conditions,
move to the functional area, continuously pro-
duce changes in plasticity, and connect with
other neurons to produce neural function [4].
Based on this discovery, exogenous cells with
the ability to self-review, orientate and differen-
tiate, as well as the ability to recover the injury,
are being explored as a potential strategy in the
treatment of cerebral ischemic stroke [5].

The attractiveness of stem cell-based thera-
pies lying in the potential ability of these cells
was replaced dead or injured cells within a
damaged neural network. To date, research in
this area has mainly focused on neural, embry-
onic, and mesenchymal stem cells. Bone mar-
row mononuclear cells (BM-MNCs) are the pri-
mary cells able to be separated and extracted
from the bone marrow of the thigh or shin-be it
human or animal. A BM-MNC belongs to the
“stem cell” group and is the general name given
to cells with a single nucleus in bone marrow;
this group includes bone marrow hematopoiet-
ic stem cells, mesenchymal stem cells, mono-
nuclear cells, lymphocytes, endothelial progen-
itor cells and stromal cells. Mesenchymal stem
cells account for about 0.001-0.01% [6], and
hematopoietic stem cells about 0.0001%, of
the total population of BM-MNCs [7]. These
cells are easily extracted (in ~1.5-3 h) without
being cultured, and are able to be self-trans-
planted without ethical issues [8]. These advan-
tages make BM-MNCs ideal for research into
stem cell transplantation strategies, as well as
the best seed cell for the treatment of cerebral
ischemic stroke.

In animal experiments, Goel [9] transplanted
BM-MNCs directly into the broken ends of the
sciatic nerve and found medullation and axonal
regeneration to improve, and degeneration to
be prevented. Hu et al [10] discovered that
transplanted BM-MNCs could rebuild the left
lobe and improve its function in cases of old
and chronic myocardial infarction. Among the
published research on cerebral ischemic
stroke, evidence to date indicates that BM-MNC
transplantation can reduce the volume of cere-
bral infarction and improve neural function
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[11]. In vitro techniques to separate, purify, cul-
ture, passage, build systems, and induce orien-
tation and differentiation of stem cells provide
the basis for the in vivo treatment of cerebral
infarction.

Although there has been much research into
the use of BM-MNCs in the treatment of cere-
bral infarction, long-term clinical tests and fol-
low-up studies are lacking. The current research
attempts to stimulate the reparative capacity of
BM-MNCs, replace necrotic cells, improve
nerve function damage, and improve patient
symptoms and prognosis.

Materials and methods
General information

As approved by the China-Japan Friendship
Hospital Ethics Committee of Jilin University,
patients with cerebral infarction, who were hos-
pitalized in the Second Department of Neu-
rology within the hospital from March to
November 2008, were included in the present
study. All patients were required to meet the
diagnostic criteria laid down by the Fourth
National Conference of the Chinese Medical
Association on cerebrovascular disease. All
patients included in the study were diagnosed
with cerebral infarction by MRI were; those who
suffered malignancy, serious cardiopulmonary
insufficiency, or liver or kidney dysfunction were
excluded from the study, as were patients who
refuse to be treated. Having received medical
treatment, patients with acute cerebral infarc-
tion were in a stable condition; however, they
were left with sequelae to varying degrees. The
patients’ conditions were classified as light
(NIH Stroke Scale (NIHSS) score < 4 points),
medium (NIHSS score > 4 to < 31 points), or
severe (NIHSS score > 31 points). In total, 20
patients with medium cerebral infarction met
the inclusion criteria, and were subsequently
randomly divided into treatment group and con-
trol group, with 10 cases of each group (See
Table 1).

Treatment scheme

The control group received routine medical
treatment, including anti-platelet aggregation
(aspirin 10 mg/d or clopidogrel hydrogen sul-
fate 75 mg/d), statins (rosuvastatin 10 mg/d).
The treatment group received routine medical
treatment and BM-MNC transplantation. Pa-
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Table 1. Comparison of general characteristics

separation medium, pro-

duced by China Aviation (Ning-

Item Control group  Treatment group P } . .
Age (years) 5310 £ 13.068 50.80 ¢ 17.428 0743  Xa) biological Co. Ltd, was
NIHSS score 10.70£3713 12.30+3.945 0363  USed (o separate BM-MNCs
) ) using the density-gradient me-
Time of entering group 59.90 + 20.851 57.10 + 32.586 0.822 thod. Flow cytometry was
Sex used count the number of
Male 6 total cells within the resulting
Female 4 cell suspension.
Lesion site
Anterior circulation 7 BM-MNC transplantation
Posterior circulation 3

Figure 1. Growth of BM-MSCS under light microscope (x10). The 3" (A) and
11% (B) days of the primary culture of bone marrow mononuclear cells. (C)
The 7t day of the first generation of bone marrow mononuclear cells. (D) The
5" day of the second passage of bone marrow mononuclear cells.

tients or family members signed informed con-
sent, having finished the preoperative routine
examination (blood routine, coagulation rou-
tine, routine urine test, blood sugar, blood fat,
blood ions, liver function, kidney function,
immune routine, electrocardiogram and chest
X-ray). Under general anesthesia, patients
underwent a bone biopsy operation, and about
160-200 mL of bone marrow was extracted
from the bilateral anterior superior iliac spine.

Experimental scheme

Separation and culture of BM-MNCs: A cell
treatment kit, referring to bone marrow, periph-
eral blood, and cord blood with nuclear cell
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Two milliliters (~107 cells) of
the BM-MNC suspension was
collected and injected into the
patient’s subarachnoid space
by lumbar puncture. The cell
suspension (0.5 mL; 1.0x10’
cells/mL) was placed into a
37°C incubator with a humidi-
fied atmosphere of 5% CO.,.
After 24 h, the cell culture
medium was replaced with
fresh medium, and this pro-
cess was repeated every 3
days until the confluence
reached 80-90%. When chan-
ging the culture media, 5 mL
of trypsin was added to the
culture flask. The flask was
returned to the 37°C incuba-
tor for 5 min, before being
removed, shaken, and the
cells were subsequently ob-
served under a microscope.
When the cells were observed
to have rounded, trypsin was
added to the mesencult cul-
ture medium to slow the thawing process. The
solution was transferred to a centrifuge tube,
before saline was added and the tube shaken
repeatedly to quench the reaction. After the
solution had settled, indicated by the bubbles
having disappeared, the supernatant was
removed and the solution was again shaken
(1500 rpm/5 min). Fresh mesencult medium (5
mL) was added, bringing the cell number to
5x10° mL. The cells were then transferred into
a cell culture flask, and allowed to culture for
7-9 days. During this time, cells were passaged
when they neared confluence at a ratio of 1:2.
The culture medium was replaced once it had
yellowed. Once the cells reached basic fusion,
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Figure 2. Markers CD90 (A) and CD105 (B) on the cell surface of bone marrow mononuclear cells.

5 mL of 0.25% trypsin was added to suspend
the cells.

BM-MSC surface marker identification

BM-MNCs at the 2" passage were removed
from the plate via scraping, and distributed
evenly between into two Eppendorf® tubes.
The cells were centrifuged, the medium
removed and 100 pL of 1% BSA (dissolved in
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1% sodium azide) added, before 0.5 pL of CD90
antibody was added to one tube and CD105
fluorescent antibody to the other, and the tubes
kept on ice for 30 min. Cells were then centri-
fuged, washed once with PBS, and 600 pL of
10 g/L paraformaldehyde was added to each
tube. Following fixation, cells were transferred
into a flow cytometry tube for immediate
testing.

Int J Clin Exp Med 2017;10(2):3059-3068
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Figure 3. Nestin expression in bone marrow mononuclear cells (A: x10; B: x40).

Table 2. Comparison of NIHSS scores after

treatment

Iltem Control group Treatment group P
39month 10.30+3.234 9.8+4.131 0.767
6" month 820+3.490 9.40+3.806 0.472
12" month 6.50+3.342 8.80+3.706 0.162
2" year 570+3.199 8.60+3.688 0.077
3" year 550+3.100 8.60+3.688 0.057
4™ year 5.30+3.020 8.60+3.688 0.043
5" year 438+1598 7.13+1959 0.009
6" year 433+1506 6.33+1.211 0.031
7" year 433+1506 6.33+1.211 0.031

Detection of induced Nestin expression in BM-
MSCs

Cells at the 2" passage were seeded into cul-
ture dishes 40 mm in diameter, and differenti-
ated once the confluence reached 80-90%. At
this time, the medium was discarded, the cell
surface washed with PBS, and the preinduction
medium added (DMEM/10% volume fraction of
FBS/10 ug/LbFG). Twenty-four hours later, in-
duction medium (DMEM/2% DMSQO/6 mmol/L
BME) was added and the cells allowed to incu-
bate for 4 h. After induction, cells were washed
with PBS, fixed (up to 30 min with 40 g/L para-
formaldehyde), and washed again with PBS.
The primary antibodies Nestin (mAb; 1:100),
NF-M (mA; working fluid), and MAP-2 (mAb;
working fluid) were then added separately, and
the cultures left overnight at 4°C. Secondary
antibodies (goat anti-rabbit and goat anti-
mouse 1gG) were added separately and left to
incubate at 37°C for 30 min. The color reaction
was performed using a DBA kit.
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Recording adverse reactions

During the 3 days after transplantation, body
temperature, respiration, pulse, and blood
pressure were closely monitored. Symptoms of
neurological function deficit, and the presence
of headache, nausea and vomiting, as well as
pain from puncture site were noted and
assessed as adverse reactions.

Therapeutic evaluation

Neurological function, performance in activities
of daily living (as measured by the Barthel
index), degree of disability or dependence dur-
ing daily activities (as measured by the modi-
fied Rankin Scale), functional independence (as
measured by the modified Functional
Independence Measure; FIM), and motor func-
tion (as measured by the Fugl-Meyer motor
scale) were measured before transplantation,
as well as in the 3", 6" and 12" months of the
first postoperative year, and every year thereaf-
ter, from the 2" to the 7" postoperative year.

Statistical analyses

Statistical analyses were performed using the
SPSS software (version 18.0). Differences
between experimental groups were analyzed
using Student’s t-tests. P values of less than or
equal to 0.05 were considered statistically
significant.

Results

General information: treatment and control
groups

The general information of treatment and con-
trol groups was shown in the Table 1.

Int J Clin Exp Med 2017:10(2):3059-3068



Table 3. Comparison of Barthel index scores before and
after treatment ( X+ s, score)

Item

Control group

Treatment group

Before transplantation

3 month 26.00 + 11.738 22.50 + 12.304
6" month 29 + 12.867 26 £ 16.799
12" month 415+ 17646 375+ 15.855
2" year 47 + 24.060 51.5 + 26.146
39 year 53 +20.028 56.5+23.339
4™ year 55 £ 18.409 60 £ 24.267
5" year 60 £ 18.708 78.33 +£12.990
6" year 63.33 +£18.886 87.5+7.583
7" year 63.33 +18.886 87.5+ 7.583

15.00 £+ 8.498 14.50 + 13.006 0.92

Transplantation level of marrow mononuclear in cerebral infarction

BM-MNCs expressing CD105 was
53.37% *+ 4.82%, with the highest
rate recorded at 60.63%.

P
Nestin expression in BM-MSCs

0.523

0.66 One day after being induced, partial
0.60 cell expression of Nestin was
0.694 observed in scattered BM-MNC clus-
0.723 ters (Figure 3). Nestin-positive gran-
0.61 ules were observed in the cytoplasm.
0.030 These cells were ovoid in shape, as
0.024 was' the nucleusiry The nucleus in
0.024 retained less stain than the cyto-

Table 4. Comparison of Modified Rankin Scale scores be-
fore and after treatment (X * s, score)

plasm, which was strongly positive
for the stain. The nucleocytoplasmic
ratio was high.

Reports of adverse reactions

Item Control group Treatment group
Before transplantation 4.10 + 0.994 4.60 £+ 0.699
3 month 4.00 £ 0.816 4.50 + 0.707
6" month 3.90 + 1.101 4.00 + 0.816
12" month 3.40+0.966 3.60 + 0.699
2" year 3.10+1.101 3.00 + 1.333
34 year 2.60 + 1.265 2.80 + 1.317
4t year 2.50 + 1.269 2.30 + 1.160
5" year 2.44 +1.236 1.33+0.50
6" year 2.33+1.033 1.17 £ 0.408
7™ year 2.33+0.816 1.17 £ 0.408

P
0.212 Two patients were reported to be
0.161 feverish on the second day after the
0.82 operation, with temperature of 37.8-
0.603 38.3°C. Their temperatures returned
0.857 to normal on the third postoperative
0.733 day, after using physical methods to
0.717 lower body temperature. There were
0.030 no obvious changes in blood pres-
0.039 sure, respiration and pulse. Sym-
0.016 ptoms of postoperative neurological

BM-MSC isolation and culture

After in vitro culture in cell medium for 2 to 4 h,
the cells adhered to the plate were observed to
be mononuclear, with a rounded shape and
relatively little cytoplasm. Twenty-four hours
later, almost all cells had adhered and were
polygonal fusiform-shaped. After 3 days, the
cells began to expand and increase in size, with
some cell bodies forming irregular shapes and
others forming clusters and proliferating. The
passaged cells gradually formed fusiform cells
of the same size, with an enlarged karyoplasm.
With time, the cell density was observed to
increase, and the cells oriented along the long
axis, growing in a whirlpool-like shape (Figure
1).

Surface antigen expression of BM-MSCs

Flow cytometry results (Figure 2) showed that
the positive rate of BM-MNCs expressing CD90
was 88.58% + 4.33%, with the highest rate
observed at 93.77%. The positive rate of
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functional impairment were not
detected, nor were any cases of
headache, nausea or vomiting. All patients
reported pain at the puncture site, which did
not influence daily life. One patient within the
treatment group died of intrapulmonary infec-
tion 5 years after transplantation. One patient
within the control group, who had a large area
of infarction, died 3 years after the commence-
ment of the study.

Therapeutic evaluation

The NIHSS scores for both groups were not sig-
nificantly different in the 3, 6" and 12" month
of the first year, or in the 2" or 3" year after
transplantation (P > 0.05). The NIHSS scores of
the treatment group were significantly lower
than those of the control group in the 4™, 5, 6™
and 7" year after transplantation (P < 0.05).
See Table 2.

Barthel index scores before and after treat-
ment

The Barthel index scores were not significantly
different between the groups in the 3, 6" and

Int J Clin Exp Med 2017;10(2):3059-3068
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Table 5. Comparison of functional independence measure

scores before and after treatment (X £ s, score)

and 4" year after transplantation

Iltem

Control group

Treatment group

Before transplantation
3 month

40+ 7.703
38.80 £ 12.488

6" month 4210+ 13.634
12" month 51.50 +£9.443
2" year 61.50 + 24.537
3" year 61.20 + 9.647
4™ year 61.30 + 14.885
5" year 61.56 + 11.918
6" year 61.83 + 13.934
7t year 61.83 +13.934

39.50 £ 12.488
43.50 £ 12.030
48.20 £ 14.741
59 + 13.784
68.56 + 24.153
71.90 £ 22.595
73.90 £ 22.028
78.44 £ 20.107
78.67 £ 11.690
78.67 £ 11.690

were not significantly different
p between the groups (P > 0.05).
Modified FIM scores in the 5™, 6%
0.915 " ,
and 7" year after transplantation
0.403 were higher in the treatment group
0.349 than in the control group (P < 0.05).
0.173 See Table 5.
0.528
0.193 Simplified Fugl-Meyer motor scale
scores before and after treatment
0.154
0.046  The simplified Fugl-Meyer motor
0.047 scale scores before treatment and in
0.047 the 31, 6" and 12" month after

Table 6. Comparison of simplified Fugl-Meyer motor scale

scores before and after treatment (X £ s, score)

transplantation were not significantly
different between the group (P >
0.05); however, in the 29, 319, 4t 5th,
6" and 7" year after transplantation,

the scores of the treatment group

Item - Control group _Treatment group P were higher than those of the control

Before transplantation 14.40 +5.948 12.60 + 6.484 0.526 group (P < 0.05). See Table 6.

3 month 22.30+8.070 23.40 + 14.065 0.833

6" month 29.20 + 12.136 39.20 £ 23.261 0.249 Discussion

12" month 42.60 + 16.801 57.20 +29.996 0.2 . _ .

2% year 4450 + 26.828 67.20 + 26.865 0.039  Cerebral ischemic stroke is a neuro-

3¢ year 49.20 + 17.819 72.90 +21.916 0.017 logical disorder caused by tissue
" necrosis and cell death in an area of

4™ year 54.10 + 18.205 73.40 + 22.227 0.048 infarction that results from limited

5" year 5711+ 18.395 76.78 +20.675 0.049 blood supply. In clinical settings, the

6" year 57.83 +11.374 78.67 +19.169 0.045 NIHSS is often used to evaluate the

7" year 57.83 +11.374 78.67 +19.169 0.045 severity of the disease. The test

12™ month of the first year after transplanta-
tion, nor in the 2", 3 or 4" year after trans-
plantation (P > 0.05). In the 5%, 6 and 7" year
after transplantation, the Barthel index scores
of the treatment group were higher than those
of control group (P < 0.05). See Table 3.

Modified Rankin Scale scores before and after
treatment

The Modified Rankin Scale scores before treat-
ment, in the 3, 6" and 12" month of the first
year, as well as in the 2", 3" and 4™ year after
transplantation were not significantly different
between the groups (P > 0.05). In the 5", 6"
and 7" year after transplantation, the scores of
the treatment group were significantly lower
than those of control group (P < 0.05). See
Table 4.

Functional independence measure scores be-
fore and after treatment

FIM scores before treatment, in the 3, 6" and
12™ month of the first year, and in the 29, 3
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includes 15 items designed to

assess of nerve function and symp-
toms of neurological disorders that may result
from cerebral artery lesions. A ‘light stroke’
NIHSS score (<3 points) refers to minor symp-
toms and good prognosis; whereas, a ‘severe
cerebral stroke’ NIHSS score ( > 31 points) indi-
cates a large infarct or one involving multiple
brain lobes, hemorrhage of the digestive tract
associated with stress ulcer, pneumonia, uri-
nary tract infection, lower extremity deep vein
thrombosis, and/or other complications [12].
Light stroke patients display no obvious sequel-
ae after the acute period of conventional drug
treatment, while severe cerebral stroke patients
suffer more complications and cannot tolerate
general anesthesia. For these reasons, the
present study focused on patients with ‘moder-
ate stroke’, as classified by an NIHSS score of
5-30 points.

Ischemic brain injury can lead to the death of
brain cells and chronic injury of the nervous
system. Treatment in the acute phase after
stroke focuses on protecting and rescuing
injured neurons from death; whereas, treat-

Int J Clin Exp Med 2017:10(2):3059-3068
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ment in the chronic phase focuses on replacing
nerve cells lost as a result of injury and restor-
ing the associated loss of neurological func-
tion. Stem cell transplantation has potential in
the treatment of brain injury after stroke, as
endogenous multi-potential stem cells can be
differentiated into various neurons and glial
cells in response to various stimulating
factors.

Stem cells include neural, embryonic and mes-
enchymal stem cells. BM-MNCs are a heteroge-
neous cell population consisting of not only
hematopoietic and mesenchymal stem cells,
but also neural stem cells capable of differen-
tiation. BM-MNCs are easy to obtain - they are
easier to isolate and prepare than pure hema-
topoietic or mesenchymal stem cells. Kucia et
al [13]. It is reported the existence of a kind of
neural tissue-committed stem cell (NTCSC),
which can be directed to the injured neurologi-
cal tissue and subsequently repair the wound
and promote tissue regeneration. It does so by
lessening the injury and apoptosis of tissue.
They propose that 0.02% of BM-MNCs are
involved in repairing the wound after entering
the injured area.

Bone marrow mesenchymal cells are capable
of self-renewal, are highly proliferative and are
able to differentiate into multiple cell types.
Neural stem cells can differentiate into neu-
rons, astrocytes and oligodendrocytes, and
neural precursor cells have a great capacity for
self-renewal. Neural stem cells act as a reserve
- their primary function thought to be in the pro-
tection of injured neurons and glial cells or to
provide a supply when cells die [14]. Both bone
marrow mesenchymal stem cells in BM-MNCs
and neural stem cells capable of differentiation
are reported to be involved in neural repair.
BM-MNCs can differentiate into neural cells;
specifically, in vitro culture of BM-MNCs, con-
ducted by Lilin [15], confirmed the existence of
neural stem cells (labeled with Nestin), which
were able to differentiate into nerve cells and
be mobilized to the injured area under patho-
logical conditions, such as cerebral infarction.
An experiment conducted by Wislet [16] showed
that mesenchymal stem cells from the adult
rat, cultured in vivo, could express Nestin; fur-
thermore, they demonstrated that only Nestin-
positive stromal cells could form a neurosphere
and differentiate into glial fibrillary acidic pro-
tein (GFAP)-positive cells when co-cultured with
neural stem cells. Thus, in adult rat stromal
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cells, the expression of Nestin is a precursor to
differentiation into neurons. It is therefore pos-
sible that high expression of Nestin may indi-
cate bone marrow mesenchymal stem cells are
likely to differentiation into neuron-like cells
after transplantation.

Studies in recent years [17] have shown that
transplanted bone marrow mesenchymal stem
cells can survive in vivo after brain injury and
move towards ischemic foci, trigger endoge-
nous precursor cells to differentiate into neu-
rons and glial cells, and promote the repair of
neurological function. In this study, following
stem cell transplantation, Nestin-positive cells
shifted towards the infarct during the second
week after perfusion. Based on the above
research, most BM-MNCs appear to be positive
for Nestin after in vitro culture and passaging.
Most blast cells expressing neural stem cells
exist in BM-MNCs, which is consistent with the
findings reported by Kucia [13].

Nestin is the main intermediate filament pro-
tein of embryonic central nervous system pro-
genitor cells. Due to the expression of Nestin in
nerve and glial cells, as well as their precursor
cells, it is unsurprising that Nestin is expressed
in the developing and injured brain, as well as
the spinal cord. Nestin can therefore be used to
identify the early characteristics of neural stem
cells [18]; Nestin-positive cells are considered
to be neural precursor cells, which are required
for self-renewal of neural stem cells [19].

Mesenchymal stem cells have different immu-
nophenotypes. On the one hand, mesenchymal
stem cells are known to be negative for the
hematopoietic stem cell markers CD45, CD34,
and the endothelial marker CD31; on the other
hand, they are known to be positive for the
markers CD105, CD73, CD44, CD90, CD54,
CD29, CD47, CD146, CD49a, CD164 [20]. As
no specific markers have yet been identified,
positive expression of CD14, CD34 and CD45
is currently considered to be the difference
between hematopoietic and mesenchymal
stem cells. To solve this problem, the
International Society for Cellular Therapy has
published identification standards; specifically,
they state that to be classified as mesenchymal
stem cells, they must be positive for at least
CD105, CD73, CD90 and negative for CD34,
CD45, CD14, CDIllb, CD19 and HLA-DR [21].
Although CD73 is acknowledged as a mesen-
chymal stem cell surface marker, it has been
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recently shown that in cases where a tumor is
present, CD73 may promote tumor growth by
either inhibiting the protective immune
response of tumor cells or interfering with che-
motherapeutic drug-induced apoptosis of the
tumor [22]. As a result, this experiment only
identified the surface antigens CD90 and
CD105, but not CD73, to be mesenchymal stem
cell markers.

Our laboratory has performed basic research,
using animal models, to accurately identify the
appropriate transplantation time for BM-MNCs.
We have found that on the 1st, 7t", 14" and 30
day [23-25] after cerebral infarction, neurologi-
cal function is improved after transplantation.
As discussed, cerebral infarction has three
phases: acute, subacute and chronic. Although
transplanted cells have been reported to sur-
vive all phases, the survival rate in the acute
phase is lower than in the subacute and chronic
phases [26]. The selection of transplantation
time is closely related to the pathological
changes of cerebral infarction. Most scholars
think we should consider not only the influence
of inflammatory factors, oxygen free radicals
and toxic neurotransmitters on transplanted
cells, but also the impact of chronic phase
scars on growth and integration of the trans-
planted cells. During the treatment of chronic
cerebral stroke using BM-MNCs, after 1 month,
rodent models showed significant recovery,
and animals who had suffered cerebral infarc-
tion benefited from multiple methods of trans-
plantations [27]. When stroke was induced,
mononuclear cells were transplanted between
the 3 week and 3 month. The study demon-
strated that during different stages of treat-
ment, transplanted cells play different roles.

The NIHSS score is a good indicator of recovery
speed and extent of neurological dysfunction at
different stages post-stroke. In the present
study, there were no significant differences
between the control and treatment groups in
the first 3 years after transplantation; however,
in the 4" year NIHSS scores were significantly
different. No significant differences in Barthel
index, modified Rankin or modified FIM scores
were observed after transplantation in the first
4 years, but significant changes were observed
in the 3 years to follow. The Fugl-Meyer score
did not differ significantly between the groups
before treatment, in the 39, 6" and 12" months
of the first year, and in the 2" year after trans-
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plantation. The patients improved a lot on spe-
cific sports. Although improvements in neuro-
logical function were not obvious in the early
stages after transplantation in the treatment
group, when compared to the control group, the
long-term effects were clear; that is to say,
transplanted mononuclear cells improved prog-
nosis 2, 3 and 4 years later. The specific mech-
anism of this delayed efficacy is unknown; how-
ever, it is supposed that after the BM-MNCs
have produced new neurons and glial cells,
they require time to contact with other neurons,
also need to testify in further vitro tests.

Though BM-MNC transplantation for the treat-
ment of cerebral infarction has wide clinical
prospects, there are still many problems to be
solved, such as identifying the adequate num-
ber of cells for successful transplantation, in
vivo cell tracking, survival time of cells in vivo,
and recurrence of disease. More basic research
and more clinical cases are needed to solve
these problems and allow cell transplantation
to become a viable method for clinical use.
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