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Abstract: Objectives: Mesenchymal stem cells (MSCs) are routinely harvested from bone
marrow. Bone marrow derived MSCs have several drawbacks including limited volume of
aspiration and donor site morbidity, therefore an alternative donor site is needed. Isolation of
MSCs  from  peripheral  blood  mitigates  such  issues.  However,  the  MSCs  isolated  from
peripheral blood are significantly lower in quantity. Granulocyte colony-stimulating factor
(GCSF) administration in aphaeresis technique mobilizes mononuclear cells and increases the
number of isolated haematopoietic stem cells. It is also recently known that administration of
GCSF PB mobilizes MSCs from the bone marrow into the peripheral blood, thus increasing
the number of MSCs isolated from peripheral blood. The objective of this study is to evaluate
the effect of subcutaneous administration of GCSF to both bone marrow and peripheral blood
MSCs. Isolated MSCs were evaluated in terms of its proliferation and differentiation
capacity. Findings from this study will evaluate the potential use of GCSF to enhance bone
marrow MSCs and GCSF-mobilized peripheral blood as an effective donor site for MSCs.
Method: Fourteen male New Zealand white rabbits were randomly divided into control and
treatment groups. Each bone marrow and peripheral blood sample was collected
consecutively from one rabbit. Therefore, there were 7 rabbits in control groups; group
1control for bone marrow (C-BM, n=7) and group 2 control for peripheral blood (C-PB,
n=7). The other 7 rabbits were in treatment group; group 3 treatment for bone marrow
(T-BM, n=7) and group 4 treatment for peripheral blood (T-PB, n=7). Treated animals
received subcutaneous injection of GCSF, 10 mcg/kilogram body weight/ day for 7 days prior
to sample collection. Isolated samples were purified, analysed for cell expansion,
differentiation capacity and time.
Results: MSCs were obtained from all groups with varying degree of isolated cell quantity
and quality. Mean initial isolated cell number for C-BM3.07 x 106, C-PB 2.11 x 106, T-BM
2.89 x 106 and T-PB 7.35 x 106.(p<0.001). Mean confluency time for C-MB 25.8 days, C-PB
35.7 days, T-BM 26 days and T-PB 19,7 days (p<0.001). Mean confluent cell number for C-
BM: 6.54 x 106, C-PB: 4.61 x 106, T-BM: 5.94 x 106, and T-PB: 11.14 x 106 (p<0.001). Mean
differentiation time into osteoblast for C-BM: 15.5 days, C-PB: 25.4 days, T-BM: 15.4 day,
andT-PB:11.2 days (p<0.001). Statistically significant differences were found for mean initial
isolated cell number between C-BM and T-PB (p<0.001), C-PB and T-PB (p<0.001), and T-
BM and T-PB (p<0.001). Posthoc analysis for confluency time, confluency cell number and
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differentiation time was found significantly different for all groups except group C-BM and
T-BM (p=1.0).
Conclusion: This study has successfully isolated MSCs from GCSF mobilized-peripheral
blood. Isolated MSCs from GCSF-mobilized peripheral blood showed typical MSC
histological characteristics with enhanced proliferative and differentiation capacity compared
to non-mobilized samples. GCSF-mobilized peripheral blood is a promising alternative donor
site for MSCs with clinical potential.
Keywords: Granulocyte colony stimulating factor, mesenchymal stem cells, mobilization,
proliferation, differentiation.

Introduction

Two of the most severe orthopaedic complications are delayed union and nonunion of fractures. In
England, the incidence of non-union comprised of approximately 5 – 10 % of the total 850,000 new cases of
fracture annually.1Nonunion increases the length of hospital stay and treatment cost. The condition restricts the
patient in daily functioning and productivity, thus significantly reduce the overall quality of life of the
patient.2The diamond concept of fracture healing emphasizes four major factors required in normal bone
regeneration; osteogenic cells, osteoinductive factors, scaffold and rigid mechanical fixation.3 Disturbances of
fracture healing may occur if there is any disruption in one of the four factors. It was theorized that the
osteogenic cells are lacking in atrophic nonunion and fractures with bone defect. Thus, utilizing the osteogenic
capacity of mesenchymal stem cells (MSCs) is well sought for such cases.4-6

MSCs are isolated from various sources, including bone marrow, peripheral blood, adipose tissue,
placenta and umbilical cord.7Bone marrow mesenchymal stem cells (BM-MSCs) were the first discovered and
most extensively studied MSCs. However, it has several major drawbacks including invasive collection
procedure, donor site morbidity, limited amount of aspirable bone marrow, and low stem cell yield requiring
longer in vitro culture time.7,8 Therefore, an alternative MSCs donor side with fewer disadvantages is preferable.
A small population of MSCs was detected in the peripheral blood.9-11The finding sparks wave of excitements in
the field of MSCs research because sample collection from peripheral blood is significantly less invasive and
more convenient. However, some studies suggested that the quantity of MSCs in peripheral blood was too small
for effective in vitro cultivation and clinical applications.11-13

Granulocyte colony-stimulating factor (GCSF) is routinely used for haematopoietic stem cell (H-SC)
mobilization in apheresis.14-15It induces stem cell mobilization by decreasing stromal cell derived factor-1 alpha
(SDF-1α) and up-regulating its receptor CXCR4.16Investigations that studied the role of GCSF in MSCs
mobilization is limited, and so far had produced contradictory findings.

The main objectives of this research it to investigate the effect of GCSF on the quantity and quality of
both bone marrow and peripheral blood derived MSCs. Findings from this study will help further studies to
evaluate the potential bedside application of GCSF to enhance BM-MSCs and GCSF-mobilized peripheral
blood as an effective donor site for MSCs.

Methods

The experiment was conducted in Primate Research Center, Bogor Agricultural Institute, Bogor,
Indonesia. Animal ethics approval was obtained from the Animal Care and Use Committee (reference number:
R.04-13-IR). Fourteen New Zealand white rabbits were used in this study. Sample size determination was
calculated using Federer’s formula: (T-1) (n-1) >15, where T equals to 4, which was the total number of group.
Twenty percent mortality rate was taken into consideration, hence n ≤ 7 rabbits in each group.  The two
principle donor sites of MSCs were bone marrow and peripheral blood. Complying with the animal ethics
regulations, each sample from both donor sites was collected from one rabbit. Fourteen rabbits were
randomized into two main control and treatment groups, which were further subdivided into two different
groups as follow: Group 1 (n=7) control for bone marrow (C-BM), Group 2 (n=7) control for peripheral blood
(C-PB), Group 3 (n=7) treatment for bone marrow (T-BM) and Group 4 (n=7) treatment for peripheral blood
(T-PB).
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Animal Intervention and Sample Collection

Animals were fed ad libitum and acclimatized for 7 days before intervention. All rabbits in the
treatment groups received subcutaneous injection of GCSF, 10 µg/kilogram body weight (kgBW)/day, for 7
consecutive days. Subcutaneous injections were given at the buttock area. All control rabbits received nothing.
Prior to sample collection, all rabbits were anesthetised by a combination of ketamine (35 mg/kgBW) and
xylazine (5 mg/kgBW) injected intramuscularly. After being anesthetised, injection site were cleaned using
povidone iodine. For each sample collection, a sterile 10 mL - 18G syringe prefilled with 1000 Unit of heparin
was used. Bone marrow aspiration was performed at the iliac crest, followed by venous blood collection from
the auricular area.  Aspirates were collected from each donor site into sterile 15 mL polypropylene tubes
(Vacuette). After that the termination was followed by injection of overdose pentobarbital sodium (Nebutal ®
Sodium Solution; Boehringer, Ingelheim, Germany).

Cell Culture

Samples were pipetted and placed in a 15ml tube with equal amount of phosphate buffer saline (PBS
[Gibco, Grand Island, New York]). Ficoll gradient density technique was used. Mixed samples were layered
carefully over an equal volume of 1.073 g/ml Ficoll-PaqueTM according to gradient density technique and
centrifuged at 900g for 30 minutes. The mononuclear cell were recovered from the gradient interphase (cloud-
like layer) and washed with 5ml PBS. The samples were centrifuged at 900g for 10 minutes. Supernatant were
discarded and pellets were resuspended in Dulbecco’s Modified Eagles Medium (DMEM; Gibco, Grand Island,
New York) containing 1 g/l of glucose (DMEM-LG) supplemented with 100 U/ml penicillin (Hyclone, Logan,
UT), 100 µg/ml streptomycin (Hyclone, Logan, UT), and 25 µg/ml amphotericin B (Hyclone, Logan, UT). All
samples are counted with haemocytometer chamber (Spencer Bright-Line, Improved Neubauer) for initial
cells number. All cells then were plated in T 25 flask with ventilated cap(Corning, New York, USA) in 5 ml of
growth medium supplemented with 20% Fetal Bovine Serum (FBS [Gibco-BRL, Carlsbad, CA]). The culture
were maintained at 37°C in 5% CO2incubator, with an initial medium change at 7 days after initial plating to
remove non-adherent cells and followed by every 3 days until confluency state (80% confluent).Observation
under microscope was performed to obtain a fibroblastic like plastic adherent cells. The time needed for
confluency was evaluated by 2 technicians and recorded. Confluency cell number was recorded.

Confirmation of MSCs was done by characterization with cell surface antigen markers with CD 34, 73
and 90 by flowcytometry.

MSCs at third passage will be cultured at 3000 cells/cm2 density in 8 ml osteogenic medium consist of
100nM dexamethasone(Sigma,  St  Louis,  MI,  USA),  10  mm beta-glycerol phosphate (Sigma), and 50 µm
ascorbic acid 2- phosphate (Sigma). Afterwards, it was incubated at 20% O2 flow, 5% CO2 flow, 37°C. After a
week, the culture was washed several times using PBS, and the medium was changed with new fresh medium
culture until confluence. The cells’ morphology was observed during medium culture changing using
microscope (Nikon, Germany). The observed osteoblast should be cuboidal in shape and dark copper coloured.
The time of differentiation is recorded and followed by Alizarin Red staining confirmation.

The incubated cell were separated from its medium, and washed by PBS. After that a monolayer cells
were fixated by using buffered formalin (10%) solution for 30 minutes. The fixed monolayer cells were then
stained using Alizarin red solution for 45 minutes at room temperature and dark exposure. Positive result will
be shown as positive calcium deposits (red brick coloured nodules).

Data for initial cell number, confluency time, confluency cell number and differentiation time were
analysed using one way ANOVA, continued with Bonferroni post-hoc and Tamhane analysis, using
SPSSv.16.(IBM).

Results

MSCs in all  groups were able to  be isolated,  proliferate  and differentiate  into osteoblast  (Figure 1-4).
One way ANOVA analysis are shown in table 1. The initial cell number (mean) of group 1: 3.07 x 106, group 2:
2.11 x 106, group 3: 2.89 x 106 and group 4: 7.35 x 106 (p<0.001). The initial cell number for T-PB group is
approximately 2.3-3.4 times higher than others. Confluency time (mean) for group 1: 25.8 days, group 2: 35.7
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days, group 3: 26 days, group 4: 19.7 days (p<0.001). The T-PB group achieved confluency 1.3 – 1.8 times
faster than others. Confluency cell number (mean) group 1: 6.54 x 106, group 2: 4.61 x 106, group 3: 5.94 x 106,
group 4: 11.14 x 106 (p<0.001). The confluency cell number for T-PB group is approximately 1.7 – 2.4 times
higher than others. Differentiation time was counted as: group 1: 15.5 days, group 2: 25.4 days, group 3: 15.4
days, group 4:11.2 days (p<0.001). The T-PB Peripheral blood treatment group had the fastest time to
differentiate approximately 1.6 – 2.2 times faster compared to others.

Table 1. The comparison of initial cell number, confluency time, confluency cell number, and
differentiation time between groups

Variables Groups N Mean Standard
deviation

p value

Initial cell
number
 (106)

Group 1
Group 2
Group 3
Group 4

7
7
7
7

3.07
2.11
2.89
7.35

0.90
0.46
0.41
1.16

< 0.001

Confluency time
(day)

Group 1
Group 2
Group 3
Group 4

7
7
7
7

25.86
35.71
26.00
19.71

3.13
1.50
3.83
0.76

< 0.001

Confluency cell
number
(106)

Group 1
Group 2
Group 3
Group 4

7
7
7
7

6.54
4.61
5.94
11.14

1.01
0.30
0.17
0.43

< 0.001

Differentiation
time (day)

Group 1
Group 2
Group 3
Group 4

7
7
7
7

15.57
25.43
15.43
11.29

1.51
1.90
1.51
1.50

< 0.001

Table 2. Post hoc analysis

Groups 95% Confidence IntervalVariable
I J

Mean
difference

(I-J)
Lower
bound

Upper
bound

Sig.

Group 1 Group 2 0.96 -0.27 2.18 0.204
Group 3 0.19 -1.04 1.41 1.000
Group 4 -4.28 -5.50 -3.06 0.000

Group 2 Group 3 -0.77 -1.99 0.45 0.494
Group 4 -5.24 -6.46 -4.01 <0.001

Initial cell
number

Group 3 Group 4 -4.46 -5.69 -3.24 <0.001
Group 1 Group 2 -9.86 -14.31 -5.41 <0.001

Group 3 -0.14 -6.06 5.78 1.000
Group 4 6.14 1.66 10.62 0.010

Group 2 Group 3 9.71 4.29 15.14 0.002
Group 4 16.00 13.87 18.13 <0.001

Confluency
time

Group 3 Group 4 6.29 0.78 11.79 0.027
Group 1 Group 2 1.93 0.49 3.36 0.011

Group 3 0.60 -0.85 2.05 0.670
Group 4 -4.60 -6.03 -3.17 <0.001

Group 2 Group 3 -1.33 -1.76 -0.90 <0.001
Group 4 -6.53 -7.16 -5.90 <0.001

Confluency
cell number

Group 3 Group 4 -5.20 -5.81 -4.59 <0.001
Group 1 Group 2 -9.86 -12.34 -7.38 <0.001

Group 3 0.14 -2.34 2.62 1.000
Group 4 4.29 1.80 6.77 <0.001

Group 2 Group 3 10.00 7.52 12.48 <0.001
Group 4 14.14 11.66 16.62 <0.001

Differentiation
time

Group 3 Group 4 4.14 1.66 6.62 <0.001
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Posthocanalysis are shown in table 2. Posthoc analysis for initial cell number was found significantly
different for group 1 and 4 (p=0.000), group 2 and 4 (p<0.001) and group 3 and 4 (p<0.001). Posthoc analysis
for confluency time, confluency cell number and differentiation time was found significantly different for all
groups except group 1 and 3 (p=1.000, 0.670, 1.000).

1 (a). Initial cells observation :C-BM group
(160x hpf)

1 (b). Initial cells observation :C-PB
group (160x hpf)

1 (c). Initial cells observation :T-BM
group (80x hpf)

1 (d). Initial cells observation :T-PB
group (80x hpf)

Figure 1. Initial cells observation

2 (a). Cells observation week 3 :C-
BM group (160x hpf)

2 (b). Cells observation week 3 :C-
PB  group (160x hpf)
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2 (c). Cells observation week 3 :T-
BM group (160x hpf)

2 (d). Cells observation week 3 :T-
PB group (160x hpf)

Figure 2. Cells observation week 3

3 (a). Osteoblast differentiation
observation: C-BM group (160x
hpf)

3 (b). Osteoblast differentiation
observation: C-PB group (160x
hpf)

3 (c). Osteoblast differentiation
observation: T-BM group (160x
hpf)

3 (d). Osteoblast differentiation
observation: T-PB group (160x
hpf)

Figure 3. Osteoblast differentiation
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4 (a). Alizarin Red Staining :C-BM
group (80x hpf)

4 (b). Alizarin Red Staining :C-PB
group (80x hpf)

4 (c). Alizarin Red Staining :T-BM
group (80x hpf)

4 (d). Alizarin Red Staining :T-PB
group (80x hpf)

Figure 4. Alizarin Red Staining

Discussions

GCSF plays an important role in proliferation, maturation, survival, and activation of granulocytes and
progenitor  hematopoietic  cells.  GCSF is  also an effective mobilizer  of  hematopoietic  stem cells  and has been
widely used in marrow transplants.17

In this study, T-PB significantly showed the highest number in cells count when compared with other
groups. We therefore conclude that GCSF may increase the number of mononuclear cells in the peripheral
blood that later to be proven as MSCs.

The exact mechanism of the mobilization of MSCs to the peripheral blood during exposure of GCSF is
still a mystery. This event might be due to the ability of the GSCF to stimulate the cells proliferation, hence will
cause a shift of the peripheral blood cells.18This is the effect of a shift to left of the cells, to a more immature
lineage.  One of  the examples of  such cells  is  the MSCs.19-24 Martinez et al, 25 studied in vitro models using a
migration chamber system, and showed that the proportion of MSCs in marrow is reduced after GCSF were
administered. The increase number of MSCs in the peripheral blood is also suspected due to the effect of the
cytokines that stimulate the “shift” such as TGF-b (Transforming Growth Factor - b) , IL-1 (Interleukin – 1 ),
TNF-a (Tumor Necrosis Factor - a), and SDF-1 (Stromal Cell-Derived Factor – 1), and GCSF. But the effects
of GCSF are not elaborated in detail in this study. We can draw a conclusion that the direct evidence of the
mobilization of the MSCs due to the cytokines is not complete in vivo.

Peripheral blood MSCs number will experience an increase that is thought to be attributed to the direct
effect of the cell depletion from the marrow, or perhaps there are other factors from the progenitor cells in the
peripheral blood cells, such as the Colony-Forming Unit Granulocyte-Macrophage (CFU-GM), and multiple
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strain colonies such Colony Forming Unit-Granulocyte (CFU-G) and erythroid colonies such as Burst-Forming
Unit-Erythroid (BFU-E) and primitive stem cell.20

Some studies found that MSCs mobilization might be the result of a quick hematopoiesis reconstitution
process.19,20Zaucha et al,20 have found that short term administration of GCSF can increase the general
cellularity of stem cells significantly through erythropoiesis and myelopoiesis. This hypothesis is also supported
by Chatta and Begley, et al26,27 by stating that the increase in cellularity is due to the expansion of mitotic pool
to accelerate transfer of mature cells to peripheral circulation. But these findings were refuted by Kovacs, et al28

that stated an increase in marrow cellularity is also caused by leucopharesis that is caused by a compensation
process, aphaeresis loss of the leucocytes and hematopoietic progenitor cells.

The ability of proliferation and differentiation of MSCs in this study was indicated by confluence time,
confluence cell number, and differentiation time. The confluence time of peripheral blood treatment group was
the shortest, followed by bone marrow control group. Similar result was also found in confluence cell count. It
can be concluded that the MSCs proliferation ability of GCSF-induced peripheral blood is more potent.

Our study could not  explain the effect  of  GCSF towards proliferation and differentiation of  MSCs.  It
has been known that cytokine were able to increase and induce the cell migration and from hematopoietic stem
cell. MSCs were able to express some chemokine receptors, including CXC Chemokine Receptor type 4
(CXCR4), CX3C Chemokine receptor1 (CX3CR1), CXC ligand 12 (CXCL12) and fractalkine. These
chemokine are thought able to indirectly stimulate MSCs migration. GCSF administration within 24 hours were
able to induced SDF-1 down regulation and CXCR4 up regulation expression.29

Hematopoietic stem cells which express CXCR4 and CX3CR1 were showed to have ability to
proliferate and differentiate. After being mobilized, MSCs will turned into rapidly self-renewing MSC (RS-
MSC) and have better in vivo engraftment ability and more potent in multi-lineage differentiation. 30

This study also found that all aspirated cells were able to differentiate into osteoblast. Differentiation
time on peripheral blood treatment group were the shortest, followed by treatment group of bone marrow,
control group of bone marrow, and treatment group of peripheral blood. Therefore, it can be concluded that
GCSF mobilized MSCs were able to differentiate into osteoblast, with good differentiation capability.

There are several theories on the direct and indirect GCSF effect on MSCs differentiation. Fukunaga et
al and Dong et al31,32 found that in vivo GCSF administration on acute myeloid leukemia patients acted
indirectly on MSCs differentiation by sending transduction signals to differentiate on GCSF receptors.
However, Tang et al33 stated that the expression of GCSF receptor on bone marrow MSCs is very low, and
concluded that indirect mechanism takes place.

We also found some limitations in our study in which only Alizarin Red staining is applied for
osteoblast marker and GCSF dosage used is for human subject. The strength of our study was supported by the
use of validated animal models, and it is the first and pilot study to evaluate mobilization, proliferation and
differentiation of MSCs.

Conclusions

Peripheral blood MSCs areable to be isolated after GCSF induction with intact proliferation and
differentiation capacity. GCSF administration increases peripheral MSCs number and shorten culture duration.
Peripheral blood is a promising alternative donor site for MSCs.
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