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 A B S T R A C T  

Objective: The present study was planned to examine the expression of 
Toll-like receptors on human marrow-derived mesenchymal stem cells 
as a result of in-vivo exposure to granulocyte colony-stimulating factor 
with or without exposure of the cells to Toll-like receptors agonists. 

Materials and Methods: Toll-like receptor 2, 3, and 4 expressions of 
mesenchymal stem cells obtained from healthy human bone marrow 
donors exposed to in-vivo granulocyte colony-stimulating factor were 
analyzed, and granulocyte colony-stimulating factor untreated donors 
served as controls. Also, mesenchymal stem cells were stimulated 
in-vitro by Toll-like receptor agonists to observe the changes in the 
expression of the Toll-like receptors. 

Results: Mesenchymal stem cells obtained from both granulocyte 
colony-stimulating factor exposed or unexposed donors showed a low 
level of Toll-like receptor 2, 4 expressions by flow cytometry, whereas 
Toll-like receptor 3 expression was higher. Lipopolysaccharide was used 
as an agonist, but no significant difference was observed in the Toll-like 
receptor 2, 4 expressions, both in the granulocyte colony-stimulating 
factor exposed and unexposed groups. Stimulation of cells with Toll-
like receptor 3 ligand was associated with a statistically significant 
decrease in Toll-like receptor 3 expressions, which was more profound 
in granulocyte colony-stimulating factor unexposed cells. 

Conclusion: We have shown that human bone marrow-derived culture-
expanded mesenchymal stem cells express Toll-like receptor 3, whether 
in-vivo granulocyte colony-stimulating factor treated or untreated. 
Besides, the Toll-like receptor 3 agonist’s effect in lowering the expression 
levels was more significant in cells that were not exposed to granulocyte 
colony-stimulating factor. Additionally, detection of low expression of 
the pro-inflammatory Toll-like receptor 4 versus higher levels of Toll-
like receptor 3 supports literature regarding the immunosuppressive 
characteristics of marrow-derived mesenchymal stem cells. Modulation 
of the expression of the Toll-like receptor of mesenchymal stem cells 
with granulocyte colony-stimulating factor or agonists may have 
implications in allogeneic mesenchymal stem cell therapies. 

Keywords: Mesenchymal stem cell, granulocyte colony-stimulating 
factor, toll-like receptor, lipopolysaccharide, poly(I:C)
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INRODUCTION

Mesenchymal stem cells (MSCs) are plastic 
adherent cells isolated from bone marrow (BM) and 
other tissues. The International Society for Cellular 
Therapy suggests fibroblast-like plastic adherent 
cells isolated from any tissue, termed as multipotent 
MSCs [1]. MSCs differentiate into osteoblasts, 
chondrocytes, adipocytes, muscle, ligament, bone 
marrow stroma, connective tissue, or neural cells 
in culture conditions or in vivo [2-4]. MSCs could 
be expanded in vitro and infused to autologous 
or allogeneic hosts without any significant host 
immune reactivity. So they are called “immune 
privileged” cells [3]. MSCs have aroused interest in 
regenerative medicine and emerged as a promising 
cellular therapy method for degenerative, chronic 
inflammatory, autoimmune diseases, and allograft 
rejection. They home to damaged tissues and 
contribute to their repair process by secretion of 
cytokines, chemokines, and extracellular matrix 
proteins [3, 5-7]. The mechanisms governing 
stem cell fate, mobilization, and recruitment to 
engraftment sites are not fully understood. 

Toll-like receptors (TLRs) belong to a family of 
receptors that promote innate immunity activation 
and appear to regulate adaptive immune 
responses. TLRs have been associated with 
Crohn’s disease, rheumatoid arthritis, and allograft 
rejection [7]. So far, ten TLRs have been identified 
in humans, numbered as TLR1 – 10 [8]. Bacterial 
or viral molecules as exogenous stimulants and 
heat shock proteins, extracellular matrix proteins 
as endogenous stimulants, are recognized by 
different TLRs [8]. TLR agonist stimulation leads 
to inflammatory or anti-inflammatory cytokines 
and promotes chemotaxis of the stimulated cells 
[5,7]. MSCs, activated by TLR ligands, leading 
to modulation of differentiation, mobilization, 
migration, proliferation, recruitment, and 
immunosuppression capacities [7, 9]. The secretion 
pattern of lipopolysaccharide (LPS) treated cells 
appears to favor pro-inflammatory mediators, 
whereas polyinosinic-polycytidylic acid [poly(I:C)] 
mediated secretion patterns seem to favor anti-
inflammatory mediators [5]. LPS or poly(I:C) are 
MSC agonists for TLR4 and TLR3, respectively. In-
vitro TLR3 stimulation has also been shown to 
stimulate the migration of MSCs [5, 7].

Granulocyte colony-stimulating factor (G-CSF) 
induces mobilization, proliferation, and 
differentiation of hematopoietic stem cells [10, 11]. 
G-CSF-induced hematopoietic progenitor cell (HPC) 
mobilization from bone marrow has been attributed 
to changes in the bone marrow microenvironment, 
including activation of osteoclasts, upregulation 
of IL8, and metalloproteinases (MMPs) [11, 12]. 
G-CSF also affects T-cell and antigen-presenting 
cell function and suppresses the adaptive 
immune system [10]. The mechanisms of G-CSF 
induced immunomodulation in humans is not 
clearly defined. Immunomodulatory or immune 
suppressive effects of G-CSF may be attributed, at 
least partially, to its interaction with the MSCs. G-CSF 
has been shown to upregulate TLR2 expression 
on G-CSF mobilized peripheral blood stem cells 
(PBSC) and held responsible for rapid engraftment 
after allogeneic PBSC transplantation [13]. The 
results of the observational and clinical studies 
have suggested the contribution of G-CSF in the 
regenerative process after injury [14]. Also, G-CSF 
induced mobilization of MSCs (in addition to HPCs) 
from the bone marrow has been suggested [15, 16]. 
It has been demonstrated that MSCs contribute to 
G-CSF-induced HPC mobilization from marrow by 
activating MMPs or by inducing partial depletion of 
B lymphocytes and osteal macrophages in the bone 
marrow [17, 18]. However, it has remained unclear 
whether G-CSF may induce MSC mobilization from 
the marrow to aid in the repair process after injury. 

Based on the previous studies showing G-CSF 
has a role in immunomodulation, engraftment, 
HPC migration, the present study was planned to 
investigate TLR2, TLR3, and TLR4 expression on 
the MSCs derived from G-CSF-exposed marrow 
donors [13, 19, 20]. Researchers evaluate TLR driven 
effects on MSCs. The results have shown that TLR 
2 and 4 stimulation induces MSCs towards a pro-
inflammatory phenotype (MSC-1), whereas TLR3 
induces immunosuppression (MSC-2) [5]. Therefore, 
TLR2, TLR3, and TLR4 expressions of MSCs after 
agonist stimulation were also studied whether 
G-CSF was exposed or not.
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MATERIALS and METHODS

Human Bone Marrow Samples 
The study was conducted at Ankara Children’s 
Hematology and Oncology Research Hospital. 
Bone marrow samples were provided from the 
hematopoietic stem cell transplantation (HSCT) 
donors of our patients. G-CSF was administered to 
donors in whom the estimated mononuclear cell 
count in the harvested product would be lower 
than < 2x108 /kg host weight and not suitable 
for PBSC collection. G-CSF was administered 
subcutaneously (lenograstim, Granocyte®) at 10µg/
kg/dose/daily, consecutively for three days. Bone 
marrow was collected on the fourth day. Three mL 
bone marrow samples were collected from bone 
marrow transplant donors during the stem cell 
harvest procedure. Bone marrow MSCs obtained 
from nine healthy bone marrow donors exposed to 
in-vivo G-CSF and G-CSF untreated controls (n=9) 
were used for the studies. Median ages of in-vivo 
G-CSF-exposed or unexposed bone marrow donors 
were 9.2 years (1.1 – 16.5), 9.5 years (3.3 – 17.2), 
respectively. Institutional Ethical and Review Board 
approval was obtained (11042012-1), and informed 
consent was signed by parents and/or donors. 

Mesenchymal Stem Cell Expansion and 
Characterization
Mononuclear cells were isolated with the density 
gradient centrifugation method using ficoll 
(density: 1.077 g/mL) (Biochrom, Germany). 
Mononuclear cells were plated in 75cm2 flasks 
at least 20x106 cell with 10mL growth medium 
[DMEM-LG (Biochrom, Germany), 10% fetal bovine 
serum (FBS) (Biochrom, Germany), 1% antibiotic 
(Penicillin-Streptomycin, Biochrom, Germany)] and 
incubated in 37°C, 5% CO2 (Galaxy 170R, Eppendorf 
Company, Germany). MSCs were isolated and 
expanded in-vitro to achieve a sufficient number 
of cells for intended studies. MSCs were plated in 6 
well plates for TLR expression and characterization 
studies. Early passage cells <Passage 3 were used 
to maintain TLR profiles of the MSCs as close as 
possible to in-vivo state. MSCs were visualized by 
microscopy to observe fibroblast-like morphology. 
In-vitro differentiation capacity of MSCs towards 
adipogenic and osteogenic lineages was tested. 
Briefly, Adipogenic Stimulatory Supplements 
(Human) (Stemcell Technologies, Canada) 
induction was used for adipogenic, and Osteogenic 

Stimulatory Supplements (Human) (Stemcell 
Technologies, Canada) was used to induce 
osteogenic differentiation. Oil Red O and Alizarin 
Red stainings were used to verify respectively, 
adipogenic and osteogenic differentiation capacity 
of MSCs, at day 21 of induced cultures. MSCs were 
also tested for positive staining of HLA ABC, CD90, 
CD73, CD44, and CD49e (BD Biosciences, USA) and 
negative antibody staining for CD34, CD3, CD4, and 
HLA DR (BD Biosciences, USA). Flow cytometry with 
BD-FACSAria (BD Biosciences, USA) was used for 
surface phenotyping of MSCs.

International Society for Cellular Therapy definition 
was used to prove these isolated and proliferated 
cells as MSCs [21]. In-vivo G-CSF exposed MSCs 
were readily expanded, and their spindle-shaped 
morphology was maintained. Also, the adipogenic 
and osteogenic differentiation capacities of G-CSF 
exposed cells were preserved and the surface 
markers indicating stromal phenotypes are shown. 

TLR Ligands and Priming Protocol
MSCs were plated in 6 well-plates at least 0.75 - 1 
x105 cell / well with 2 mL growth medium (DMEM-
LG, 10% FBS) and incubated in 37°C, 5% CO2. 
Following expansion for about one week, MSCs have 
grown to 60-70% confluency before initiating the 
TLR priming. Escherichia coli-pure LPS (InvivoGen, 
USA) and poly(I:C) (InvivoGen, USA) were used as 
agonists for TLR4, TLR2, and TLR3, respectively. TLR 
ligands were used in the following concentrations: 
10µg/mL (high) - 10ng/mL (low) LPS, 25µg/mL 
(high) - 1µg/mL (low) poly(I:C) [5,19]. TLR agonists 
were added to the fresh growth medium, and the 
cells were exposed to the agonists for 4 hours; they 
were then washed. After that, they were incubated 
for 16 hours without the agonists, then analyzed. 
The same protocol was implemented for 24 hours. 
However, LPS or poly(I:C) agonist stimulation of 
MSCs for 24 hours diminished the MSCs counts and 
failed to analyze by flow cytometry. 

TLR Expression by Flow Cytometry 
TLR2, TLR3, TLR4 protein expression of the G-CSF-
exposed and unexposed bone marrow-derived 
MSCs measured by flow cytometry with human-
specific antibodies. A representative sample is 
presented in Figure 1. TLR agonists stimulated 
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MSCs with different dosages and periods to study 
TLR ligand binding capacity and alteration of the 
TLR profiles.

MSCs were harvested and analyzed by flow 
cytometry with a BD-FACSAria (BD Biosciences, 
USA). BD-FACS Diva software was used for analysis 
(BD Biosciences, USA). Unstained cells were used 
to eliminate autofluorescence of these cells 
(isotype controls). Anti-Human Toll-like receptor 2 
(CD282) FITC (eBioscience, USA) and anti-human 
Toll-like receptor 4 (CD284) PE (eBioscience, USA) 
were used for cell surface TLR2 and TLR4 receptor 
analysis. Purified monoclonal antibody to human 
TLR3 labeled with FITC (Invivogen, USA) was used 
for intracellular antibody staining. Fixation and 
permeabilization of the cells achieved with the 
Perm II solution (BD Biosciences, USA), instructed 
by the manufacturer. Flow cytometry analysis was 
stopped when 10000 events were counted. TLR2, 
TLR3, and TLR4 expression and mean fluorescence 
intensity (MFI) were calculated.

Statistical Analysis
Data were represented as the mean and standard 
error of the mean. A comparison between LPS and 
poly(I:C) groups was analyzed by the Friedman 
T-test (SPSS Software v 15.0, IBM, USA). Comparison 
between in vivo G-CSF treated or untreated groups 
were analyzed by Mann-Whitney U Test (SPSS 
Software v 15.0, IBM, USA). Values of p<0.05 were 
considered statistically significant.

RESULTS

MSCs, isolated from healthy human bone marrow, 
showed low TLR2 expression. Flow cytometric TLR2 
expression on MSCs was 3.3% ±1.5 (MFI value: 
198.7±27.7) in G-CSF unexposed samples. Similarly, 
in vivo, G-CSF treated MSCs showed low TLR2 
expression (2.99% ±1.27, MFI value: 248.2±33.2). 
In vivo, G-CSF treatment did not effect MSC’s TLR2 
expression and MFI (p>0.05). LPS was used as an 

a) TLR2, TLR4 (First panel), and TLR3 expression (Middle panel), and TLR3 expression after low dose poly(I:C) treatment for 4 hours 
(Third panel) were represented respectively, which belongs to a G-CSF exposed donor.

b) TLR2, TLR4 (First panel), and TLR3 expression (Middle panel), and TLR3 expression after low dose poly(I:C) treatment for 4 hours 
(Third panel) were represented respectively, which belongs to a G-CSF unexposed donor.

Figure 1. MSCs were stained for cell surface expression of TLR2, TLR4, and intracellular expression of TLR3 and analyzed 
by flow cytometry (BDFACSAria). Representative Picture of MSCs belongs to one donor
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agonist, but no significant difference was observed 
in the TLR2 expression and MFI, both in the G-CSF 
exposed and unexposed groups (p>0.05) (Data not 
represented). 

MSCs showed higher expression levels of TLR3, 
which was shown in Table 1. Flow cytometric 
TLR3 expression on MSCs was 32.6% ±10 (MFI 
value: 1110±333) in G-CSF unexposed samples. 
In vivo, G-CSF treated MSCs also expressed TLR3 
(28% ± 11.2, MFI value: 1058± 386). No significant 
difference was observed in the TLR3 expression 
and MFI among the G-CSF exposed and unexposed 
groups (p>0.05). Poly(I:C) agonist was used for TLR3 
stimulation. Regarding G-CSF unexposed MSCs 
group, TLR3 expression and MFI were decreased as 
68% and 57%, respectively, by applying a low dose 
agonist for 4 hours. In the G-CSF exposed MSCs 
group, TLR3 expression and MFI were decreased as 

63% and 19%, respectively, by applying low dose 
poly(I:C) agonist for 4 hours. TLR3 expression and 
MFI values of the poly(I:C) treated or untreated 
MSCs are presented in Table 1. 

MSCs showed low TLR4 expression, which was 
shown in Table 1. Flow cytometric TLR4 expression 
on MSCs was 9% ±4.9 (MFI value: 249±23.3) in G-CSF 
unexposed samples. Similarly, in vivo, G-CSF treated 
MSCs showed low TLR4 expression (4.3% ±2.3, MFI 
value: 246±38.4). No significant difference was 
observed in the TLR4 expression and MFI among 
the G-CSF exposed and unexposed groups (p>0.05). 
LPS was used as an agonist for TLR4. No significant 
difference was observed in the expression and MFI 
of TLR4, both in the G-CSF exposed and unexposed 
groups (p>0.05). TLR4 expression and MFI values of 
the LPS treated or untreated MSCs are recorded in 
Table 1.

Table 1. TLR3 and TLR4 expression and MFI values of the G-CSF exposed and unexposed MSCs, and poly(I:C) - LPS 
simulation results

Group
G-CSF + G-CSF -

p
n X̅ ± SX̅

n X̅ ± SX̅

TLR3 Expression (%)

w/o* agonist 9 28.0 ± 11.2 9 32.6 ±10a >0.05

Poly 4 High d.† 9 17.8 ± 10.7 9 22.4 ±8.3b >0.05

Poly 4 Low d.|| 8 10.3 ± 4.9 7 10.5 ±4.9b >0.05

p >0.05 <0.05

TLR3 MFI

w/o* agonist 9 1058 ± 386a 9 1110 ±333a >0.05

Poly 4 High d.† 9 1061 ± 422a 9 1232 ±419a >0.05

Poly 4 Low d.‡ 8 856 ± 383b 7 472 ±128b >0.05

p <0.05 <0.05

TLR4 Expression (%)

w/o* agonist 9 4.3 ±2.3 9 9 ±4.9 >0.05

LPS 4 High d.§ 9 5.2 ±3 9 16.3 ±7.4 >0.05

LPS 4 Low d. || 8 3 ±1.4 7 2.3 ± 0.8 >0.05

p >0.05 >0.05

TLR4 MFI 

w/o* agonist 9 246.6 ±38.4 9 249.5 ±23.3 >0.05

LPS 4 High d.§ 9 297.5 ±61.2 9 293.4 ±39.3 >0.05

LPS 4 Low d. || 8 303.1 ±48.9 7 280.1 ±48.5 >0.05

p >0.05 >0.05
a,b: Difference is significant between varied letters in the same column
*w/o: Without  
† Poly 4 High d.: High dose poly(I:C) treatment for 4 hours
‡ Poly 4 Low d.: Low dose poly(I:C) treatment for 4 hours
§ LPS4 High d.: High dose LPS treatment for 4 hours 
|| LPS4 Low d.: Low dose LPS treatment for 4 hours
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DISCUSSION

Toll-like receptors are vital in coordinating MSC’s 
responses to various stimuli [7,9]. It has been shown 
that TLR 2 and TLR4 stimulation induces MSCs 
towards a pro-inflammatory phenotype (MSC-1), 
whereas TLR3 induces immunosuppression (MSC-
2) [5]. TLR 3 has also been implicated in stem cell 
migration [5]. Here, we hypothesized that TLR 
profiles of MSCs might contribute to the stem/
progenitor cell mobilization potential and the 
immunomodulatory effects induced by G-CSF 
administration. Thus, we investigated Toll-like 
receptors’ expression on mesenchymal stem cells 
due to in-vivo exposure to G-CSF with or without 
exposure of the cells to TLR agonists.

TLR levels of MSCs have been studied in several 
studies. Tomchuck et al. reported TLR2, 3, and 
4 on MSCs [19]; Wang et al. showed TLR2, 4 on 
MSCs by flow cytometry [22]. Romieu-Mourez 
et al. showed MSCs express TLR3, 4 mRNA but 
lack TLR2. Also, they showed TLR3 expression on 
MSCs by flow cytometry, whereas TLR4 expression 
was low, as noted in the present study [23]. 
Besides, TLR expression was shown on MSCs by 
immunocytochemical analysis and by PCR analysis 
[5,19,24,25]. Additionally, the tissue origin of MSCs 
can affect their functions, mainly through TLRs 
[26]. A study compared MSCs from two different 
sources, including olfactory ecto-MSCs and adipose 
tissue MSCs. They showed both MSCs types express 
TLR3 and TLR4 in different expression levels by 
flow cytometry [26]. Human bone marrow-derived 
MSCs were reported to express TLR3 protein, but 
low expression of TLR2,4 by flow cytometry in the 
present study. Also, this was supported by a low 
amount of absolute MSCs carrying TLR2,4 by flow 
cytometry. In general, the results were inconsistent, 
particularly for TLR2 expression on MSCs. This may 
be attributed to the difference of the MSC source 
(human, mouse), the tissue of origin (bone marrow, 
adipose tissue), or the techniques used (PCR, flow 
cytometry, immunocytochemistry). 

G-CSF exposed PBSC transplants have been shown 
to suppress the cellular immune response in 
recipients [20]. However, unstimulated T cells do not 
have a G-CSF receptor [20]. This finding suggests 
that G-CSF effects on T lymphocytes may be elicited 
through indirect mechanisms, perhaps through 
MSCs or other cells’ involvement. In the present 

study, both G-CSF exposed and unexposed MSCs 
showed low expression of the pro-inflammatory 
TLR4 but higher levels of the immunosuppressive 
TLR3, suggesting that marrow-derived MSCs 
may be more prone to immunosuppressive 
rather than a pro-inflammatory state. In-vivo 
G-CSF administration to donors did not affect the 
expression of TLR2,4 on culture-expanded MSCs. 
Researchers suggest that MSCs may play a role in 
G-CSF induced HPC mobilization through different 
mechanisms involving MMP activation or depletion 
of B cells and macrophages [7,17,18]. On the other 
hand, G-CSF induced MSCs mobilization from bone 
marrow is implicated in regeneration after injury 
[14]. Therefore, TLR3 expression on G-CSF exposed 
MSCs, and its agonist response may suggest that 
TLR3 may be a potential candidate molecule in 
MSC migration, and immunomodulation. However, 
in the present study, in-vivo exposure to G-CSF 
did not affect the TLR3 expression and MFI levels 
of MSCs. The studies on MSCs were performed on 
passage 3 MSCs, in which the effect of in-vivo GCSF 
has been lost; thus may not represent a real in-vivo 
situation. On the other hand, the number of MSCs 
on fresh bone marrow samples is too low to study 
TLR expression and be culture-expanded. Therefore, 
further studies upon ex-vivo G-CSF exposure and/
or molecular studies on sorted marrow samples 
may help. Joo et al. reported that G-CSF directly 
upregulates TLR2 expression on G-CSF mobilized 
PBSCs responsible for their rapid engraftment [13]. 
In the present study, TLR2 expression was shallow 
both in G-CSF-exposed and unexposed MSCs.

In contrast, MSCs expressed TLR3 as a potential 
molecule to be involved in mobilization. However, 
TLR3 agonist induction of MSCs was associated 
with a significant drop in TLR3 expression and MFI, 
which was more profound in G-CSF unexposed cells, 
suggesting an intrinsic potential for stimulation. 
But, it is considered that the culture expansion of 
MSCs might have abolished some properties and 
may not reflect the in-vivo state. 

MSCs were stimulated by TLR agonists to study 
alteration of the TLR profiles. LPS was used as an 
agonist for TLR2 and TLR4. No significant difference 
was observed in the expression of TLR2 and TLR4, 
both in the G-CSF exposed and unexposed MSCs. 
Tomchuck et al. showed downregulation of the 
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TLR3, 4 expressions stimulated by Poly(I:C) and 
LPS, respectively [19]. Downregulation of the TLR 
proteins was attributed to receptor activation, 
internalization, and degradation [19]. Our results 
were at least partially attributed to the low levels of 
TLR2 and TLR4 on marrow-derived MSCs. However, 
it should be kept in mind that MSCs may respond 
to different agonists other than LPS, which were 
not tested in the present study. Poly(I:C) agonist 
induction of MSCs was associated with a significant 
drop in TLR3 expression and MFI, which was more 
profound in G-CSF unexposed cells, suggesting an 
intrinsic potential for stimulation. Our findings are 
consistent with the report of Tomchuck et al. [19]. 
High expression of TLR3 on MSC and inducibility 
with its agonist poly(I:C) might indicate MSC’s 
role in both immunosuppressive and migration 
effects. Studies also supported that TLR3 agonists 
stimulate MSCs signaling pathways more 
prominently than other TLRs [5,19]. TLR3, which is 
linked with cell migration, may potentially affect 
the migratory function of bone marrow MSCs, thus 
contributing to hematopoiesis and regeneration. 
It is well known that G-CSF mainly effects HPCs. 
A study suggests that G-CSF also augments the 
migration of MSCs from bone marrow [15]. G-CSF 
induced HPC mobilization involves osteoclast 
activation, IL-8 upregulation, MMP, and CXCR4-
SDF-1 inhibition [12]. The role of TLR3 in G-CSF 
induced migration of MSCs has not been studied. 
In the present study, TLR3 expression and MFI of in 

vivo G-CSF treated MSCs were decreased by 63% 
and 19%, respectively, by applying poly(I:C) agonist 
for 4 hours. These results suggested that G-CSF 
exposure may not affect TLR expression and MFI of 
MSCs significantly. However, it may modulate the 
MSCs’ response to agonists. The changes in TLR3 
expression and MFI after TLR3 ligand stimulation 
was different between G-CSF treated or untreated 
MSCs. This finding may suggest a role for TLR3 in 
G-CSF-induced migration and mobilization from 
bone marrow. The study’s limitations are those lack 
of variable methods to reveal TLR on MSCs or a few 
agonists’ implementations to stimulate TLR might 
influence the results. Also, the lack of functional 
studies of TLR was a drawback of the study. 

In conclusion, this study is novel to disclose the effect 
of in-vivo G-CSF exposure on healthy human bone 
marrow-derived MSCs and their TLR expressions. 
Delineation of the mechanisms in further 
investigations may reveal the immunomodulatory, 
migratory, and invasive properties of TLR agonist or 
G-CSF stimulated MSCs. TLR3 agonist applications 
to MSCs may enlighten the mechanism of G-CSF 
mediated cell migration and mobilization. 
Additionally, MSCs’ therapeutic efficiency may be 
augmented by TLR3 modulations. 
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