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Abstract
Thrombolysis (rt-PA) is the only United States Food and Drug Administration (FDA) approved drug currently available. Unfortunately, its
effect has been limited by the narrow therapeutic time window. Human cord blood mononuclear cells (cbMNC) is a promising treatment for
ischemic stroke by forming collateral and neo-vascularization where it is one of the important factors that contribute to cell repair. Therefore,
evaluation of neo-vascularization in sub-acute stroke may be beneficial for recovery. One group for healthy rat and three groups (n=6 per
group) of male wistar rats have undergone permanent middle cerebral artery occlusion (MCAO). Transplantation 1x10 6 cells/kg of human
cbMNC intra-arterially (IA) and intra-venously (IV) were administered after 7 days. Behavioural tests were performed before MCAO, 1 week
after MCAO and at 3,9 and 14 days after cbMNC transplantation. Beta III tubulin protein (TUJ1), glial fibrillary acidic protein (GFAP) and
vascular endothelial growth factor (VEGF) antibody marker were evaluated. Spontaneous activity of transplanted rats by cbMNC have
significantly improved compared to placebo group (p<0.05). Angiogenesis in IA group showed significant difference (P<0.001) when
compared to IV and placebo respectively. The existence of neovascularization in the transplanted rats of cbMNC provide hope in accelerating
repairment of the neuronal cells and functional outcome.
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recanalization, reperfusion with less complications may be achieved
by intra-arterial human cbMNC transplantation[4].

Introduction
Transplantation of human cbMNC and their components (i.e.,
hematopoietic stem cells (HSCs), mesenchymal stem cell (MSCs),
and endothelial progenitor cells (EPCs)) have also been shown to
be effective in animal models of ischemic stroke by decreasing
apoptosis, inflamation in periinfarct area and stimulate
angiogenesis, whether it was given by intra-arterially, intravenously nor intra-parenchymally[1] . First and second phase of
study have shown injection of stem cells for acute and sub-acute
ischemia stroke were safe[2].
It has no doubt that during acute phase is the best time to save the
cell neurons in penumbra area. Moreover, it is reasonable when
recanalization in acute phase occured will give more blood supply
and minimalized the occuring of cell death.
However, to have succesfull reperfusion after the recanalization it
depends on many factors. In human, comorbidities that will
influence the outcome after recanalization have been identified
and reported such as the formation of collateral, time of onset,
high blood glucose, hypertention, NIHSS and dehydration[3].
Since the collateral formations are important for outcome after
stroke, understanding the effect of human cbMNC on
angiogenesis and its potency for accelerating repairment of
neuronal cells that would contribute to funcional outcome will
give alternative therapy in the future. In addition, after

As reported before, human cbMNC as hematopoietic cells contains
not only angiogenic growth factors but also many factors that
contributed to the neurogenesis through its paracrine effects[5-7]. In
addition, angiogenesis and neurogenesis is something that could not
be seperated, where angiogenesis could stimulate neurogenesis and
helping migration of progenitor cells to the periinfarct site[8].
The effect of cbMNC in blood vessels was reported by Huang L et al
(2017)[1] that intra-arterial administration of Human cbMNC in
ischemic stages of hyper acute phase may increase cerebral blood
flow (CBF), cerebrovascular reactivity and vascular function.
Unfortunately, the effect of transplantation cbMNC in sub-acute
phase are remain uncertain especially in contributing to the neuronal
cells repair and functional outcome despite during that time the cells
within the penumbra area could not be saved anymore. The time
from the onset of stroke to arterial recanalization significantly
impacts outcomes[9] and it will reduce its complications such as
bleeding and edema.
By this study, we evaluated the administration of human cbMNC in
rats with subacute phase of ischemic stroke. We hypothesize that
intra-arterial administration of cbMNC in the subacute phase will
still form neo-vascularization that will improves the functional
recovery and contributes to the neurogenesis.
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Materials and Methods

Characterization od CD 34 from cbMNC.

Permanent MCAO model

Isolated cbMNC was characterized by using flow-cytometry method
and using CD 34 kit enumeration. For analysis, 50µl sample by
adding 20 µl solution of 7-AAD and 20 µl combination reagent
antibody were incubated for 65 minutes in dark room within BD
falcon-round bottom tube 5 ml (Beckton Dickinson 352063). After
incubation, 6 ml reagent from BD faschflow sheath fluid (Beckton
Dickinson 342003) were put into the sample then incubated for 60
minutes. After incubation, sample was analyzed by using
flowcytometry (FACS Calibur) where CD 34+ showed 7%. After
isolation of cbMNC, calculation of cell ammount and purity of its
cell component using Hematology Analyzer (Syysmex KX21).

One group for healthy rats and three groups (n=6 per group) of 250300 g of male wistar rats underwent permanent middle cerebral artery
occlusion (MCAO) by using flame –blunted monofilament that
already have been reported in our publication (technique were not
shown)[10], where group 2 treated with physiological fluid
intraarterially, group 3 treated with cbMNC intra-arterially and group
4 treated with cbMNC intra-venously. Behavioural tests were
performed before MCAO, 1 week after MCAO and at 3,9 and 14 days
after cbMNC injection (data were not shown)[11]. Neurogenesis in
hippocampus, neovascularization in periinfarct area were identified.
One week after occlusion, the rats were injected by cbMNC with
1x106 cells/kg that has been characterized by cd34+ (7%)
intraarterially and intravenously. Two weeks after transplantation, all
rats were euthanised and immunohistochemistry staining by beta III
tubulin protein (TUJ1), glial fibrillary acidic protein (GFAP) and
vascular endothelial growth factor (VEGF) antibody marker were
evaluated (Figure 1).
cbMNC isolation
Cord blood sample obtained from cryopreservation that was not used
by Cellsafe International coorporation. All cord blood units tested
negative for human immunodeficiency virus, hepatitis C virus,
hepatitis B virus, human T-cell lymphotrophic virus, and syphilis.
Cord blood suspension was processed using gradient centrifugation
method as follows: Use of aseptic technique procedures and Biosafety
Cabinet operation (Esco BSC Class II). Cryopreserved cord blood
samples were thawed and washed using water bath (memmert) then
moved cord blood samples to 15ml tube and adding PBS solution
(Gibco) with ratio sample and PBS was 1:2. Centrifuged at 1500 rpm
for 10 minutes (Thermo Scientific). Washing was done 2 times.
Ficoll-Hypaque solution was put in 15ml tube. The washed cord
blood was pipetted carefully into a tube contain Ficoll-Hypaque. The
volume ratio of bone marrow suspension: Ficoll-Hypaque = 1:1.
Centrifuge was performed at 2200 rpm for 10 min at 20°C,
centrifugation termination did not use brakes (to prevent disorganization of fractions of separate components). Buffy coat layer
(the layer contains nucleated cells) were taken using a pipette slowly
and transferred to 15 ml centrifuge tube. The buffy coat of
erythrocytes was washed using lysis buffer as much as 3 ml. The
buffy coat of lysis buffer was cleaned by using NaCl as much as 4 ml
and the number of cells counted with a counting chamber and trypan
blue staining (Sigma).

Transplantation of cbMNC Procedures
On the 7th day after ischemic condition, the experimental animals
received a transplantation 1×106 cells/kg of mononuclear cells in 400
µl of sodium chloride suspension. In the group treated with
transplantation intravenously, cells were injected slowly through the
tail vein of rats. In the group treated with transplantation
intraarterially, cells were slowly injected through the common
carotid artery on the contralateral side of the artery occluded within
20 seconds. Laser-Doppler flowmetry measurement would be helpful
to analyze the prevent crebral blood flow (CBF) reduction during
transplantation. However, less than 70 % drop from baseline CBF
would not correlate with infarct volume. In some cases this cut-off
has been varied (60%, 80% or as high as 85%), in both mouse and rat
studies. Below 70% drop from baseline CBF has been a popular
choice where tissue will become irreversible injured during MCAO.
This data are debatable, since many factors that could influence why
changes in CBF did not correlate to produce infarct lession such as
the placement of the probe. Moreover, within less than 20 seconds
and insertion through CCA, infarct were unlikely to be produced
because blood flow to brain hemisphere would still be supplied by
other collateral arteries. In addition, a reduction in CBF over the
course of occlusion, significantly so after a 45 min occlusion,
compared to shorter occlusion times, and the trend was also evident
in all occlusion longer than 15 min [12].
Assessment of neurologic déficit
Clinical experimental animals were assessed by a cylinder test and its
spontaneous activity was assessed before the media cerebral artery
occlusion, 7 days after occlusion and at 3, 9 and 14 days after
implantation. Cylinder test:In this test, rats were put in cylinder glass

Figure 1. Study design
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tube (10 cm in diameter and 15 cm in height). Rat will put the limb in
a glass tube vertically. Analyzing the results of the test was by
recording and observing which limb was more dominant in contact
with the tube.
Formula score of asymmetry extremity use = Ipsilateral
/(Ipsilateral+Contralateral+Both) - Contralateral/
(Ipsilateral+Contralateral+Both)[13-15].
Initiation to move test was performed to evaluate the spontaneous
activity. This technique has the advantage that it is quite easy to put a
rat in a cage and counted the time the rat takes to move as far as its
body length (7 cm) and recorded.[16,17].
Immunohistochemistry evaluation
On day 21 after MCAO or 14 days post transplantation, the
experimental animals were euthanized, perfused transcardially with
PBS (pH 7.4) followed by 10% buffered formalin. Brains of
experimental animals were taken and cut serially between +1 to -1
bregma. The brain is collected and immersed in paraffin solution then
proceed with immunohistochemistry examination on the same piece
of each group. Image J software by the National Institutes of Health
(NIH) was used. The mice brain was cleaned from paraffin with xylol
I for 10 minutes, xylol II for 10 minutes, xylol III for 10 minutes,
absolute alcohol for 5 minutes, 95% alcohol for 5 minutes, 80%
alcohol for 5 minutes, 70% alcohol for 5 minutes, then Aquadest for 5
minutes.
After these processes, endogenous blocking using peroxidase (3%
H2O2 in methanol) was carried out for 10 minutes, followed by 2
times washing with phosphate buffer saline (PBS) pH 7.4, each for 5
minutes. Then the preparation was inserted in retrieval solution
antigen with Sodium Citrate Buffer pH 6.0 in pressure cooker for 10
minutes at 95oC. After the process is complete, the preparation is
chilled at room temperature for 45 minutes. Subsequent washing of
the preparation was with PBS with pH 7.4 twice, each for 5 minutes.
Blocked nonspecific activity with Background snipper for 15
minutes. Primary antibody incubation: VEGF A (Anti-VEGF A
ab46154, Rabbit polyclonal, abcam product) with dilution 1: 150,
GFAP (Anti-GFAP ab7260, Rabbit polyclonal, abcam product) with
dilution 1: 5000, Anti-beta III tubulin (Anti-beta III tubulin ab18207,
Rabbit polyclonal, abcam product) with 1: 400 dilutions in PBS
overnight, then 2 times washed with PBS pH 7.4 each for 5 minutes
and was given biotinated link for 30 minutes. In the next step, the
secondary antibody was incubated for 20 minutes and 2 times washed
with PBS pH 7.4 every 5 minutes. After that, Trek-Avidin-HRP
incubation was performed for 15 minutes. The next step was washing
it with PBS pH 7.4 twice for each of 5 minutes, then with DAP for 5
minutes. Then it was washed with PBS pH 7.4. Counterstain done
with Hematoxylin for 5 seconds. The preparations were washed with
running water, then dehydrated with stratified alcohols (alcohols
70%, 80%, 96%, absolute alcohols) for 3 minutes, xylol I, II and III
respectively for 5 min, and finally closed with hangings. Preparation
was observed by light microscopy and photographed using 200x and
400x magnification (Nikon eclipse TE 2000-U, Japan). Positive cells
were calculated by taking the average of five viewing fields viewed.
Data processing
Data were analyzed using Statistical Product and Service Solution
(SPSS) program version 20. After Normalizing the data, one-way
ANOVA analysis were performed in histopathology evaluation.
Kruskal Wallis analysis were done when the data was not distributed
normally. Behavioural evaluations were analyzed by using two-way
ANOVA between the period of time in each group and LSD post- hoc
analysis were performed when there was significant difference

between group.(p<0.05).
Research ethics
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Results
cbMNC intra-arterial and intra-venous in promoting motor
coordination
In our previous study, prior to surgery on rats all groups showed a
balanced use of extremity and showed no significant difference (p>
0.05). Following the MCAO, there were differences in rats of using
their extremity, which in the treatment groups (2, 3 and 4) used the
extremity that was not paralyzed more often than the healthy group
(P <0.05). Three days post-transplantation significant difference was
not found statistically compared between groups with (p> 0.05). On
day 9 of post transplantation there were significant differences
between groups with p <0.05. In group 4 at 3 days post
transplantation obtained better improvement than the other treatment
groups. On the other hand, the third group showed no improvement
at day 3 or 9 post transplantation, but showed positive trends at 14
days post transplantation (data were not shown) [11].
cbMNC intra-arterial and intra-vena promote improvement in
spontaneous activity
In the analysis of spontaneous activity, statistically significant
differences occurred at day 7 post-occlusion, 3, 10 and 14 days post
transplantation with p<0.05. A significant difference was found in all
treatment groups compared to normal rats (P<0.05). It was clear that
occlusion slowed down spontaneous activity in all treatment groups.
Significant differences were found in the placebo group compared to
transplanted cbMNC group intra-arterially and intra-venously with
P<0.05 (data were not shown)[11].
Effect of transplantation of human cbMNC on neurogenesis, gliosis
process and angiogenesis.
Neurogenesis in the hippocampus area
In this study, antibodies to beta-III tubulin proteins (TUJ1) were
used as a marker of immature neurons in dentate gyrus, where in rats
with MCAO, expression of beta-III tubulin protein can be expressed
after 1 week during mitosis phase and it also can be expressed in the
post mitosis phase[18]. Looking at the result in the dentate gyrus,
beta-III tubulin proteins were more expressed by cells in group 3 and
4 compared to group 1 and 2 (Figure 2). When we compared
quantitavely, there were significant differences between transplanted
group compared to normal group (p<0.05) but not with group 2
(Table 1).
In the hippocampus area, cells that expressed GFAP were also
evaluated. At the subgranular zone (SGZ) in hippocampus, cells that
expressed GFAP were indicated as progenitor stem cells, but at hilus
the expression of GFAP were marker for astrocytes that contributed
in developing of adult neurogenesis. In the SGZ area, neuronal cells
that expressed GFAP were much more in group 3 and 4 compared to
other groups where significant difference was found only in group 3
compared to other groups (P<0.05). However, group 4 showed an
increment of the cells that expressed GFAP, unfortunately it was not
statistically different. On the other hand, when comparison of cells
that expressed GFAP in hilus area were evaluated, there were no
statistically different among the groups. (Table 2)
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Figure 2. There were more cell neurons that expressed beta-III tubulin protein in dentate gyrus (black arrow) in group 3 (c) compared to group 4(d), group 2 (b) and group
1 (a). Cell neurons that expressed GFAP in dentate gyrus (black arrow head) were found more in group 3 (g) compared to other groups (e,f dan h). In hilus area (black
circle) the amount of cell neurons that expressed GFAP did not show significant differences. The differences of cell amounts that expressed beta-III tubulin protein and
GFAP in subgranular zone are showing in i and j. The cells that expressed GFAP in hilus are showing in (k). Magnified by 200x magnification. Scale bar = 50 μm.
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Table 1. Transplantation effects of human cbMNC by increasing the expression of beta-III tubulin proteins in dentate gyrus area.
Group

No

Dossage of cbMNC

Dentate gyrus (mean±SD)

P

1. Normal

6

-

7,50±1,73

<0.05*

2. Placebo Intraarterially

6

-

10,25±1,70

3 Intraarterially

6

1x106 cells/kg

12,00±4,24

4 Intravenously

6

1x106 cells/kg

11,50±2,08

*Annova One Way with Post Hoc LSD where there was only group 1 has significant difference result compared to group 2, 3 and 4.

Table 2. Transplantation effects of human cbMNC by increasing the expression of GFAP in dentate gyrus and hilus area.
Group

No

Dossage of
cbMNC

Dentate gyrus
(mean±SD)

1. Normal

6

-

2. Placebo
Intraarterially

6

3 Intraarterially
4 Intravenously

P

Hilus (mean±SD)

P

11,50±2,08

26,00±11,66

>0.05

-

14,25±4,11

23,25±8,77

6

1x106 cells/kg

21,00±4,24

6

1x106 cells/kg

14,50±2,64

<0.05*

25,25±7,32
27,25±7,80

* Annova One Way with Post Hoc LSD where there was only group 3 has significant difference result compared to group 1, 2 and 4.

In the peri-infarcts area, we also calculated the number of activated
astrocytes as a result of ischemic stroke. The gliosis process in acute
phase may have protective benefits as a barrier to inflammatory or
infectious factors, but then the gliosis tissue can become permanent
tissue, making it difficult for post-stroke healing process and
inhibiting neurogenesis by inhibiting the regeneration of axon [19]. We
hypothesize that transplantation in this experimental study (subacute
phase) will not be having an effect in reducing infarct area since
gliosis may already be permanent, and the cells within the penumbra
area will not be saved. Regarding the aim of this study, the

evaluation was focused on how cbMNC can induce angiogenesis by
forming
collateral
vascularization
and
whether
thus
neovascularization can stimulate neurogenesis and its effect in
functional outcome. Therefore, antibody against GFAP was used to
see the amount of reactive astrocytes in periinfarct area (Figure 3).
The amount of cells that expressed GFAP did not differ significantly
between group 2, group 3 and group 4, but was significantly
different when compared to normal rats (group 1) with P <0.001
(Table 3).

Table 3. Transplantation effects of human cbMNC in gliosis process within periinfarct area by evaluating the expression of GFAP.
Group

No

Dossage of cbMNC

Peri infarct (mean±SD)

P

1. Normal

6

-

10,90±3,52

<0.001*

2. Placebo Intra-arterially

6

-

15,00±4,68

3 Intra-arterially

6

1x106 cells/kg

14,67±4,53

4 Intra-venously
6
1x106 cells/kg
16,73±3,93
* Annova One Way with Post Hoc LSD where there was only group 1 has significant difference result compared to group 2, 3 and 4.
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Figure 3. Active astrocyte in the peri infarct area with positive GFAP marker (arrow) in group 1 (a), group 2 (b), group 3 (c) and group 4 (d) ). The comparison of cell amounts that
expressed GFAP between groups in periinfarct area are showing in (e) with 400x magnification. Scale bar = 50 μm.

Angiogenesis in the peri infarct area
In angiogenesis evaluation, antibody against VEGF was used. The
cells that expressed VEGF were counted and qualitatively were
noted. Surprisingly, the results showed significant difference between
group 3 compared to other groups, where group 3 showed cells that

expressed VEGF much more higher with P<0.001 and P<0.05 in
group 4 compared to group 1 and 2 (Table 4). By this result, it seems
that increment were related to the changes of structure of blood
vessels where also suggesting a form of angiogenesis in the form of
collaterals, sprouting, intussusception and widening of the capillary
blood vessels[20] (Figure 4).

Table 4. Transplantation effects of human cbMNC in angiogenesis within periinfarct area by evaluating the expression of the cells to VEGF.
Group

No

Dossage of cbMNC

Peri infarct (mean±SD)

P

1. Normal
6
55.67±16.64
2. Placebo Intra-arterially
6
73.83±13.54
3 Intra-arterially
6
1x106 cells/kg
90.17±13.10
<0.001*
4 Intra-venously
6
1x106 cells/kg
80.00±18.48
<0.05*
* Annova One Way with Post Hoc LSD group 3 has significant difference result compared to other groups (P<0.001) and P<0.05 was found
when group 4 compared to group 1 and 2.

P74

Copyright © Journal of Stem Cells and Regenerative Medicine. All rights reserved

Human cbMNC in Subacute Ischemic Stroke

Figure 4. Cells that expressed VEGF (black arrow) and its effect to the changes of structure of blood vessels where also suggesting a form of angiogenesis in the form of collaterals,
sprouting, intussusception and widening of the capillary blood vessels. Group 1 (a), group 2 (b), group 3 (c) and group 4 (d). The angiogenesis process appears more clearly in group
3, with sprouting, dilation of blood vessels and intussusception (black triangle). The comparison of cell amounts that expressed VEGF between groups in periinfarct area are showing
in (e) with 400x magnification. Scale bar = 50 μm.

Discussion
Human cbMNCs are potential source of cells in cell therapy for
stroke. The advantages of human cbMNCs are due to their
pluripotency, immaturity and availability. The problem in cell therapy
are various such as finding the best source of the stem cells to be
administered, the route of administration, the dosage and the best
time to be administered. Many studies have attempted the
effectiveness of stem cell therapy by differentiating the routes of
administration
(intra-arterially,
intra-venously
and
intraparenchymally) with intra-arterial administration outcomes are
having better outcomes than intra-venously, and safer than intraparenchymally[21].
Human cbMNC also contains many factors that can contribute to the
neurogenesis and angiogenesis process. Anti-inflammatory and
growth factors such as VEGF and BDNF are one of the factors that
have been found in cbMNC, where BDNF if administered intravenously may reduce the infarction area and mediate the proliferation
of existing vascular endothelial cells, neuron cell migration and
modulate synapse function[22,23] .

In addition, VEGF is also known to promote neurogenesis and
inhibit apoptosis[24,25] and can induce antiapoptotic pathways through
phosphatidylinositol 0-kinase which ended with the inhibition of
endothelial apoptosis[26]. In experiments with experimental animal
performed by Ohtaki et al (2006)[27], it was reported that on the mice
after the occlusion and ischemia occurred, a positive reaction for
VEGF increased along time.
The cells that express VEGF in ischemic stroke are found in the periinfarct region but not in the infarct region. VEGF is also expressed
not only by endothelial cells but also expressed by other neuronal
cells such as astrocytes. Furthermore, it has been reported that in the
peri infarct area of 4 weeks after chronic stroke, VEGF was still can
be found and this finding indicated angiogenesis and
neovascularization in chronic stroke[27]. In other studies, pericyte of
the brain's capillary can also promote VEGF secretion by stimulating
the expression of N-cadherin[28].
In this study, we found that the number of cells that expressed VEGF
were higher in transplanted groups compared to group 1 and 2.
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Among the groups, intra-arterial group showed with significantly
different results compared with other groups (P <0.001). In addition,
this group also showed the existence of angiogenesis process which
can be in form of sprouting, intussusception and widening of capillary
blood vessels[20] and it seems that the number of VEGF positive cells
were related to the collateral blood vessels formation.
Eventhough VEGF was the marker that often be used for detecting
angiogenesis, there are several markers that could help to detect
angiogenesis such as CD31, where it also can be found on the surface
of platelet cells, monocytes, macrophages and neutrophils. Those cells
are also contributed in adhesion cascade between endothelial cells and
it should be remembered that normal brain cells could expressed
CD31 cells as a consequences of inflamation after infarct[29]. In
addition, von Willebrand factor (vWF) may also be used as specific
endothelial cell marker, but for endothelial progenitor cells (EPC) to
be able to repair damaged tissue after ischemic and migration of EPC
to be migrated to infarct area and differentiated to be mature
endothelial cells need VEGF as its mediator[34].
Unfortunately, there are still remain issues to be investigated
regarding relation between neovascularization and its membrane
permeabillity. It was reported that VEGF given alone in the acute
phase (1-24 hours) after ischemic stroke may increase the
permeability of BBB and caused bleeding. On the other hand, this
result was not found if it is given at 48 hours post-stroke[13,30],
therefore, transplantation was done in sub-acute period.
In our study we characterized the viabillity of cbMNC only with
CD34+, where it has been reported in previous studies that human CD
34+ cells were shown to secrete numerous angiogenic factors,
including VEGF, HGF and IGF-1 and act as a potent regulator of
adult neurogenesis[31]. Therefore, we only delivered 7% of CD34+
where it was much more lesser than previous study that has been
delivered by more than 80 % of CD34+[24,25] since higher ammount
of VEGF postive would give more neovascularization but at the same
time the risk of bleeding and edema would also increase. Newly
formed blood vessels will be matured and will begin their function on
days 10 to 21 after VEGF administration and there was no increase in
permeability of BBB[28].Therefore, to evaluate the new forming of
blood vessels in 14 days after transplantation was reasonable.
Eventhough we did not evaluate the integrity of BBB, it showed no
bleeding after transplantation of cbMNC in sub-acute phase. This
result may suggest that in sub-acute phase transplantation of human
cbMNC was safe, but it needs to be investigated further to find out its
effect on membrane permeabillity of BBB.
Furthermore, pluripotency owned by human cbMNC also have
endothelial progenitor cells (EPC) in which endothelial progenitor
cells transplantation in ischemic tissue of experimental animals
proved the existence of a better neovascularization in mice with
ischemic extremity[32]. Several studies have been conducted to show
that patient with low EPC had higher risk for experience
atherosclerosis. In the EPC study of blood mononuclear cells ex vivo,
focal neovascularization was found on the myocardium after acute
myocardial infarct[33].
To be able to repair tissue damage which caused by ischemic, the
EPC need to be migrated to the ischemic area and differentiate into
mature endothelial cells was needed. This process is mediated by
growth factors such as G-CSF, VEGF, inflammatory factors such as
IL-6, IL-10 and endothelial nitric oxide synthase (eNOS)[34].
Mobilization and EPC migration are also affected by some signal
transduction in cells, including CXCR4, SDF-1 and CXC, but

CXCR4 is the majority of receptors expressed by EPC [35]. Based on
the result, there was a possibility that other factors can contribute to
the formation of blood vessels. Unfortunately we did not evaluate
other factors such as BDNF, HGF, IGF-1 and EPC in this study and
it needs to be investigated in the future.
In the sub-acute phase, the gliosis has occured and we hypothesized
that transplantation would not give any beneficial effects in reducing
the gliosis area and as a consequences, the cell neurons within
penumbra area will not be saved. Based on that, we found that
activated astrocytes were not having significant difference between
transplanted and non-transplanted group, but significant difference
only showed when compared to normal rats where the activated
astrocytes had less amount (P<0.001). However, it has been reported
where the effective results obtained if given before 48 hours post
MCAO[36] and it can reduced the infarct area[37,38].
All the cells derived from cbMNC have their contribution to the
neurogenesis and angiogenesis. Neurogenesis could be stimulated by
inducing endogenous stem cells in subgranular zone, subventricle
zone and subcortical area[5-7]. In addition, angiogenesis and
neurogenesis is something that could not be seperated, where
angiogenesis could stimulate neurogenesis. Therefore, we evaluated
the number of cells that expressed GFAP and beta-III tubulin
proteins in the SGZ as marker for immature neurons in adult
neurogenesis.
The migration of cbMNC to peri-infarct area and how its mechanism
in improving functional outcome is still unclear[26,39] and paracrine
effect has been purposed by many studies as its mechanism[38]. In
adult neurogenesis, radial glia-like precursor cell has larger amount
in SGZ and has astrocytic properties that expressed GFAP [17].
Progenitor neuronal cells in SGZ will make the connection between
dentate gyrus, CA3 and CA1 and form circuits as known to be trisynaptic circuit[40] and they will contribute to the functional outcome.
Under pathological conditions and extrenal stimulations will give
different result in process of neurogenesis[41], where the speed of
maturation and proliferative activity of new neurons may be induced
by external stimulations. Morphological changes after cbMNC
transplatation were significant difference in hippocampus area, and
thus findings suggest that there were different speed maturations and
their proliferative activity of neurons in neurogenesis[11]. To
understand further regarding this circumstances, we used
immunohistochemistry staining by using GFAP and beta-III tubulin.
After transplantation, we found that the number of cell neurons that
expressed GFAP and beta-III tubulin were higher within dentate
gyrus in cbMNC groups especially in intraarterial group (P<0.05).
This is consistent with the results obtained either functionally from
our previous report[11] or quantitatively in this research that
spontaneous activity where the memory process, cognitive function
and learning process are involved[7] where thus functions are
controlled by hippocampus showed better result in transplanted
group compared to group 2.
It has been reported that the functions of astrocytes within hilus area
are contributed in adult neurogenesis. Proliferative cell neurons are
found in hilus and they express GFAP where thus cells are precursor
cell neurons that will be migrated to SGZ and eventually develope
into mature granular cell neurons[42] . Based on the results, there were
no differences among the groups, and it might suggest that there is
other mechanism which could stimulate neurogenesis in dentate
gyrus except from proliferative cell neurons in hilus area.
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Surprisingly, in our previous research that has been published on the
sensory motor function by using cylinder test did not show what we
expected to have occurred where in group 2, it showed improvement
even without administration of cbMNC[11]. In this situation, we
hypothesize that there was some reaction where inflamatory factors
were involved, since we used xenogenic experimental study.
Moreover, it was reported in the administration of cbMNC there was
non-significant decrease of IL6, IL β and TNF alpha cytokines,
thereby cbMNC abillity in improving functional outcome more due to
its effect of growth factors that can reduce oxidative stress rather than
its effect on reducing of proinflamatory factors[23].
Unfortunately, we did not evaluate further on what inflamatory
factors appeared after transplantation of cbMNC, since inflamation
factors were not the aim of our study and this hypothesis need to be
investigated further.

9.

10.

11.

12.

13.

Conclusion
14.

Eventhough transplantation of human cbMNC were given in the subacute phase (7 days post-occlusion), it still showed beneficial effects
especially when delivered intra-arterially. The presence of more
neovascularization in the peri-infarct area provide hope that human
cbMNC would stimulate the formation of collateral blood vessels by
increasing the expression of VEGF as an angiogenesis factor,
furthermore, it also improves the functional outcome. In addition,
these results also showed its effect on neurogenesis and it seems that
cbMNC might be accelerating the proliferative activity of new
neurons. In spite of their benefits, further research is needed to find
out its effect on inflamatory factors and membrane permeabillity of
BBB. Not using a double marker to labelling either the cbMNC
directly giving rise to neurons and vasculature or whether the cells are
stimulating proliferation and differentiation of endogenous cell types
is a limitation of this study. To reduce the bias, we used healthy rats
and placebo control as a comparison in calculating the amount of
cells that express the marker after transplantation of cbMNC. From
the result, we suggest that cbMNC-induced neurogenesis and
angiogenesis through its paracrine effect.

15.
16.

17.

18.
19.
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