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Abstract : Bone marrow derived mesenchymal stem cel(BMSC) based cell therapy can promote functional recov-
ery and regeneration in central nervous system(CNS) disease models. These beneficial effects have been primarily
attributed to the differentiation potential into varieties of cell lineages and the therapeutic paracrine factors secreted
by BMSC after transplantation. Many secreted factors from BMSC have been identified recently in the conditioned
media. However, the effects of these factors on the neuronal regeneration need further verification with relevant neu-
ronal models. Ntera-2 neurons have been used for the therapy of several different CNS diseases in animal models.
Recently some clinical trials have confirmed the safety and potential efficacy of Ntera-2 neurons for stroke therapy.
In this study, the Ntera-2 neuron model was used to directly verify the effect of BMSC conditioned media(BMSC-
CM) on neurite outgrowth in vitro. Our study confirmed that the BMSC-CM could increase both the neurite length
and branch number of Ntera-2 neurons, compared to the control group with non-conditioning media. Since the
BMSC can secret many therapeutic factors into the conditioned media, our data support the theory that BMSC pro-
mote neurite outgrowth through secreting paracrine factors.
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Table 1. Secreted factors in the conditioned media of mesenchymal stem cells.

No. Secreted factors Abbreviation Function

1 Interleukin family IL Immune system

2 Fibroblast growth factor FGF Neural induction, Wound healing

3 Platelet-derived growth factor PDGF Cell migration

4 Vascular endothelial growth factor VEGF Angiogenesis, Neurite outgrowth, Neuroprotection
5 Hepatocyte growth factor HGF Organ regeneration

6 Transforming growth factor-f TGF-B Cell differentiation

7 Tumor necrosis factor TNF Apoptosis

8 Insulin-like growth factor IGF Cell proliferation, Apoptosis inhibition
9 Brain-derived neurotrophic factor BDNF Neurogenesis, Neurite outgrowth
10 Nerve growth factor receptor NGF Neuronal survival, Neurite outgrowth
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Figure 1. Characterization of human mesenchymal stem cell(A)
Phase contrast micrograph displayed a typical fibroblastoid mor-
phology of plated MSC. The cells were photographed by phase
microscopy at x100 magnification. (B) Immunophenotype analy-
sis of mesenchymal stem cells. Cells were trypsinized, labeled
with CD 105, CD 90, and then analyzed by flow cytometry. Flow
cytometric characterization of MSC revealed that cells expressed
positively for MSC markers CD 105 and CD 90.
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Figure 2. Neuronal morphology and immunocharacterization of
Ntera-2 neurons (A-C) Phase contrast photomicrographs showed
neuronal morphological changes during differentiation of NT2
into neurons. (A) NT2 neurons grew on poly-D-lysine coated
plates for 4 days following replate #2. (B) NT2 neurons began to
aggregate at 11 days following replate #2. (C) NT2 neurons
formed large aggregates at 19 days following replate #2. Images
were obtained by phase microscopy at X100 magnification. (D)
Immunocytochemistry showed the expression of neuronal
marker smi-33 in Ntera-2 neurons at about 11 days after replate
#2. The cells were stained with anti-smi-33 antibody and FITC-
conjugated secondary antibody. Images were obtained by fluo-
rescence microscopy at x 100 magnification.
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Figure 3. Effect of mesenchymal stem cell conditioned media on neurite outgrowth of NT2 neurons MSC-CM treatment clearly
increased neurite length in NT2 neurons cultures. NT2 neurons were cultured with media supplemented with 100% MSC-CM (A), 80%
MSC-CM (B), 20% MSC-CM (C), 10% FBS (D) and serum free media (E). NT2 neurons were stained with rabbit anti-neurofilament
antibody and examined by fluorescence microscopy. Images were obtained by fluorescence microscopy at X100 magnification.
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Figure 4. Quantification for neurite outgrowth of Ntera-2 neurons A treatment with 100% MSC-CM to NT2 neurons significantly
improved the neurite outgrowth. Both the neurite length (A) and the number of branch point (B) were increased significantly by treat-
ment with 100% MSC-CM, compare to treatment with serum free media. The neurite outgrowth and branch point number were mea-
sured by HCA-Vision software. *p<0.05 compare to treatment of serum free media.
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