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Human Bone Marrow Mesenchymal Stem Cells
Differentiated into Dopaminergenic Neurons in vitro
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Abstract Midbrain dopamine DA neurons play an essential role in modulating motor control. Defects in central DA neurons
affect a wide range of neurological disorders including Parkinson’ s disease PD . The greatest motivation in the field has been
the potential use of DA neurons for cell transplantation therapy in Parkinsonian patients. Recent studies indicated that BMSCs
could differentiate into DA neurons in vitro as neural stem cells NSC and embryonic stem cells ESC could. However there
are no direct evidences about functional DA neurons derived from BMSCs. According to the protocols which had been applicated
in inducing neuronal stem cells and embryonic stem cells differentiate into DA neurons in vitro the present study provides a

protocol by using 50 pmol/L brain derived neurotrophy factor BDNF 10 pmol/L forskolin  FSK  and 10 pmol/L dopamine
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DA  to induce BMSCs differentiate into DA neurons. After 2 weeks of differentiation the cells expressed the character of
neurons in ultrastructure. RT-PCR discovered mRNA of NSE neuron specific enolase ~ Nurrl Pix3 Lmxlb and Tyrosine
hydroxylase TH were positive. Immunocytochemistry staining indicated the ratio of TH-positive neural cells was significantly
increased after induced 2 weeks 24.80 +3.36 % compared to that of induction of 3 days 3.77 +1.77 % . And the DA release
was also different between differentiated and undifferentiated cells detected by high performance liquid chromatography HPLC .
That is to say BDNF and FSK and DA can induce BMSCs differentiate into DA neurons in vitro and the transdifferentiated cells
express mature neurons characters. BMSCs might be a suitable and available source for the in vitro derivation of DA neurons and

cell transplantation therapy in some central neural system diseases such as PD.

Key words  bone marrow mesenchymal stem cells differentiation DA neurons brain derived neurotrophy factor high

performance liquid chromatogram
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1.5 RT-PCR B-Actin 1
0.25% 94°C 2min 94°C 50s NSE Nurrl TH
RNA Sangon SK1321 60°C 50s Px3 Lmxlb  55°C 50s
RNA Oligo Sangon SK2027 cDNA 72°C Imin 35 72°C 10min
NSE Nurrl Pix3 Lmxlb TH 1.8%
1 RT-PCR
Tab. 1 Primer sequences for reverse transcription-polymerase chain reaction
Gene name Primer sequence Product size
NSE Forward 5’-CATCGACAAGGCTGGCTACACG-3’ 329bp
Reverse 5'-GACAGTTGCAGGCCTTTTCTTC-3'
Nurrl Forward 5'-GAACTGCACTTGGGCAGAGTTG-3’ 141bp
Reverse 5'-GGTGGACAGTGTCGTAATTC-3'
Pix3 Forward 5'-CATCCAGTGAGACCAATGAG-3' 287bp
Reverse 5'-GTAGCCGCCAGTTCACCATT-3’
Lmx1b Forward 5'-AACTGTACTGCAAACAAGACTACC-3’ 293bp
Reverse 5'-TTCATGTCCCCATCTTCATCCTC-3'
TH Forward 5'-AGAGCTGGACAAGTGTCATCACC-3’ 543bp
Reverse 5'-AATGTCCTGCGAGAACTGCG-3'
[BActin Forward 5'-GCACTCTTCCAGCCTTCCTTCC-3' 515bp

Reverse 5'-TCACCTTCACCGTTCCAGTTTTT-3’

1.6 HPLC-
ECD DA Nissl body
Studer 6
2 BMSCs 2
DA HPLC-ECD 2.3 DA
DA Cl18  5pm 250 x 4.6mm 2.3.1
supelco Au Ag/ AgCl BMSCS 3 d 2 NSE TH
20mmol/L NH, H,PO,/MeOH =9:1 V/ 1B TH 3d 2
V pH=4.5 25ul. 1.0mL/min ECD 3.77+1.77 % 24.80+3.36 %
. 0.75V DA H8502 TH p
S <0.01
1.7 532
, SPSSI1.s .3.2 RT-PCR BMSCs 2
P<0.05 NSE DA TH
Ptx3 Lmx1lb Nurrl
2
3
2.1 BMSCs 2.3.3 HPLC-ECD DA
HPLC-ECD K* DA
2~3
t
1A 12h DA 1.22+0.36 pg/ml n
=6 DA 0.75+0.22
3 pg/ml n=6 4 DA
2.2
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1 BMSCs

Fig. 1 BMSCs morphology and immunocytochemical staining

A human BMSCs are fibroblast-like cells had coverd about 90% of culture flat after 10 days 40 x

B immunocytochemical staining to show TH-positive

immunoreactivity in inducing culture from BMSCs that had been induced for 2 weeks as described in text DAB 40 x

2

Fig. 2 Ultrastructural and functional characterization of BMSCs-derived DA neurons

A neurofilament NF  arrow has emerged in cytoplasm of neuron-like cells from BMSCs that had been induced for 2 weeks 30000 x

B Nissl body has

formed in cytoplasm of neuron-like cells Nissl body is composed of many rough endoplasmic reticulums RER  arrow and free ribosomes Ri in electron

microscope 10000 x

i 2 i 4 5 6 7

3 RT-PCR

Fig. 3 RT-PCR Analysis of markers of DA neurons
Expressing of neuronal marker NSE and the key factors during
development of DA neurons in BMSCs-derived neurons after induced 2
weeks. 1 Lmxlb 293bp 2 TH 543bp 3 Pux3 287bp 4 Nurrl

141bp 5 NSE 329bp 6 B-actin 515bp 7 100bp ~ 600bp DNA

marker.

3

embryonic stem cells ESC
neural stem cells NSC DA
DA 79
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0.250
2-2.667
0.2001
0.1504
0.1007
0.0507 4-4.727
33 340
0.000
0.050 . : ; ; . . .
0.0 10 20 30 40 50 60 70
4 HPLC-ECD

Fig. 4 HPLC-ECD chromatogram
Representative HPLC couple ECD chromatogram showing high levels of
DA in the medium of BMSCs-derived neurons after 30 min of KCI-
evoked. Elution time of 4.7 min for DA.

BMSCs DA
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Riaz °
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