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Summary: This study examined the differentiation character and pluripotency of mesenchymal stem 
cells (MSCs) under different conditions. Adult MSCs were initially isolated from the bone marrow of 
rats, cultured in vitro and identified by flow cytometry. After MSCs were transferred to osteogenic and 
adipogenic medium respectively, the morphological characterization of induced cells was observed. The 
expression of marker genes was detected by RT-PCR analysis. Then MSCs were transfected with lenti-
viral vectors pGC-FU-Sox9-EGFP. Enhanced green fluorescence protein (EGFP) expression and trans-
fection efficiency were determined by fluorescence microscopy. The results demonstrated that EGFP 
caused no effect on the multilineage potential of adult MSCs. Sox9 gene expression of high level was 
maintained stable in the transfected MSCs and induced MSCs to differentiate into chondrocytes. Ag-
gracan was positive in chondrogenic lineages and the expression of aggracan and type  collagenⅡ  was 
significantly increased during MSCs chondrogenic differentiation. It was concluded that Sox9 
gene-modified adult MSCs may be promising candidate cells for further studies on tissue engineering. 
EGFP facilitates the research on MSCs physiological behavior and application in tissue engineering 
during differentiation both in vitro and in vivo. 
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 In addition to stem cells for hematopoietic cells, 
bone marrow contains stem-like cells that are precursors 
of nonhematopoietic tissues. The precursors of nonhema- 
topoietic tissues were initially referred to as plastic- 
adherent cells or colony-forming-unit fibroblasts[1, 2] and 
subsequently as mesenchymal stem cells (MSCs)[3]. The 
cells have aroused considerable interest because of their 
ability to serve as a feeder layer for the growth of 
hematopoietic stem cells, their multipotentiality for 
differentiation, and their possible use for both cell and 
gene therapy. Therefore, biological character and 
pluripotency of adult MSCs has become a subject of 
intensive investigation. Recent studies in vitro and in 
vivo indicated that therapeutic gene delivery by virus 
vector is a promising approach. Compared with adeno-
virus and retrovirus, lentivirus is characterized by slight 
immune responses and long and stable expression, which 
makes it a powerful tool for research and therapy[4, 5]. In 
this study, lentiviral vectors were used to deliver Sox9 
gene into MSCs and the effect of Sox9 and lentiviral 
vector on MSCs was observed. 
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1 MATERIALS AND METHODS 
 

1.1 Materials 
Male Sprague-Dawley (SD) rats, aged 3–4 weeks 

old, weighing 80–100 g were provided by the Experi-
mental Animal Center of Tongji Medical College, 
Huazhong University of Science and Technology, 
China. Dulbecco’s modified Eagle’s medium/F12 me-
dium (DMEM/F12) was obtained from HyClone Co. 
(USA), fetal bovine serum (FBS) and penicil-
lin/streptomycin from GibcoBRL (USA), trypsin from 
Amerisco Co. (USA), MSCs osteogenic differential 
medium and adipogenic differential medium from 
Cyagen Biosciences Inc. (USA). TRIzol reagent was 
bought from Invitrogen (USA), and RT-PCR kit from 
Toyobo Co. (Japan). PE anti-rat CD11b, PE anti-rat 
CD45, FITC anti-rat CD90, PE anti-rat CD106, FITC 
mouse IgG and PE mouse IgG were purchased from 
BioLegend (USA), PE anti-rat CD44 from Antigenix 
America Inc. (USA), FITC anti-rat CD34, mouse 
monoclonal antibodies against aggracan and rabbit 
anti-Sox9 IgG from Santa Cruz Biotechnology Inc. 
(USA). SABC-Cy3 kit, DAB coloring reagent kit, 
rabbit anti-goat antibody, and bovine serum album 
(BSA) were obtained from Boster Biological Tech-
nology Co. (China), and the cell counting kit-8 
(CCK-8 kit) from the Dojindo Laboratories (Japan). 
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DH5α competent cell, centrifugation pole shaping 
plasmid extraction kit-50T, and DNA Marker DL2000, 
100-bp DNA Ladder 50T were obtained from Tiangen 
Biological Technology Co. (China), Biospin glue re-
trieve kit from Bioflux Co. (Japan), BamHⅠ and Pac
Ⅰ from Toyobo Co. (Japan), Lipofectamine™ 2000 
from Invitrogen (USA), Type Ⅱ collagen antibody 
from Promega Co. (USA), HEPES, oil red O and 
alizarin bordeaux from Sigma Co. (USA). Lentiviral 
vectors plasmid pGC-FU, packaging plasmid pHelper 
1.0 (gag/pol) and capsule plasmid pHelper 2.0 
(VSVG), polybrene and enhanced transfection solution 
were procured from Genechem Co. (China), and plas-
mid pMD19-T, restriction endonuclease, T4 DNA li-
gase and the associated buffer from Takara Co. 
(China). The primer for PCR was synthesized by 
Yingjun Biotechnology Co. (China). 
1.2 Isolation and Culture of MSCs 

A male rat was anesthetized with an intraperito-
neal injection of sodium pentobarbital (50 mg/kg) and 
soaked in 70% ethanol for 5 min. The bilateral femurs 
were cut off and the bone marrow was flushed out 
with 5-mL DMEM/F12. Cells were filtrated and col-
lected by centrifugation at 1000 r/min for 5 min. Then 
they were resuspended and incubated in a 50-mL flask 
with culture medium supplemented with 20% FBS, 
100-U/mL penicillin-G, 100-μg/mL streptomycin and 
10-mmol/L HEPES, and cultured in an atmosphere of 
5% CO2

 and 100% humidity at 37°C. Inverted phase 
contrast microscopy was used to observe cell mor-
phology and adherence screening method was applied 
to purify MSCs. The medium was first changed 
48—72 h after culture, and suspending cells or cells 
with loose adherence were discarded. The ordinary 
time to refresh medium was about 3 days and might be 
prolonged when cells grew slowly. However, the me-
dium should be refreshed in time as the pH of medium 
was declined or color of the medium presented yellow. 
When 80%—90% confluence was reached, the cells 
were digested with 0.25% trypsinase and 0.025 EDTA. 
When the cells rounded up and the intercellular spaces 
were obvious under the phase contrast microscope, the 
digestion time was recorded and then subpassaged.  
1.3 Growth Curve of MSCs 

MSCs in logarithmic phase were seeded at a den-
sity of 2000 cells/100 µL in 96-well plates. Culture 
medium alone was used for the blank group. MSCs 
were divided into 10 groups with 3 wells in each group. 
The final volume of each well was 100 μL. During 10 
days of culture, one group was tested each day. A total 
of 10-μL CCK-8 was added to each well and incu-
bated for 2 h at 37°C. An ELISA plate reader was used 
to measure the absorbance of each well at a test wave-
length of 450 nm and reference wavelength of 600 nm. 
Mean values of three wells in each group were used to 
construct growth curves.   
1.4 Identification of MSCs by Flow Cytometry 

Cells of the 3rd generation were trypsinized, 
washed with PBS, seeded into each tube with 1×106 cells 
in number, and then incubated with antibodies against 
CD11b, CD34, CD44, CD45, CD90 and CD106 for 30 
min at 37°C. FITC mouse IgG and PE mouse IgG were 
used as control. Analysis was performed with a FAC-

SCalibur flow cytometry.  
1.5 Differentiation into Osteocytes and Adipocytes 

Cells of the 3rd generation were seeded in a 6-well 
plate at a density of 1×105 for each well and cultured 
firstly with complete culture medium in 5% CO2, 37°C 
circumstance. When cells reached 80%—90% conflu-
ence, culture medium was replaced with osteogenic dif-
ferential medium (stimulatory supplements including 
10–7-mol/L dexamethasone, 0.2-mmol/L ascorbic acid, 
and 10-mmol/L β-glycerophosphate). The differential 
medium was refreshed every 3 days, and 3 weeks later, 
cells colonies displayed bone-like nodular aggregates of 
matrix mineralization. The mineral deposition could be 
visualized by alizarin red staining.  

For adipogenic differentiation, cells of the 3rd gen-
eration were seeded in a 6-well plate at a density of 
2×104 for each well added with complete culture medium. 
When cells were confluent, adipogenic differential me-
dium A (stimulatory supplements including dexa-
methasone, 3-isobutyl-1-methylxanthine, insulin, indo-
metacin) was added to the cultures followed by adipo-
genic differential medium B (stimulatory supplements 
including insulin) 3 days later for a 24-h co-culture. 
Three cycles later, cells were visualized by oil red O 
staining.  
1.6 RNA Isolation and Reverse Transcription-Polym- 
erase Chain Reaction (RT-PCR) 

Total RNA was extracted from all the specimens 
using the TRIzol reagent according to the protocol. 
About 1 μg of total RNA was reversely transcribed by 
reverse transcriptase ReverTra Ace. PCR amplification 
of target message RNA was performed by using PCR kit. 
PCR oligonucleotide primers and annealing temperature 
were listed in table 1. All primers were determined 
through established GenBank sequences and amplifica-
tion of GAPDH served as a control for assessing PCR 
efficiency. The products were electrophoresed on 1.5% 
agarose gels, stained with Ethidium Bromide and visual-
ized by using Quantity One software (BIO-RAD). 
1.7 Construction of Lentiviral Vectors  

The plasmid hSox9-pcDNA5'-UT DNA was pro-
vided by the Department of Orthopedics, Union Hospital, 
Tongji Medical College, Huazhong University of Science 
and Technology (China). A 2-kb almost full-length cod-
ing sequence for human Sox9 (devoid of most of the 
untranslated regions and therefore different in size from 
the endogenous 3.9-kb) was made by PCR with primers 
that added with a PacⅠ site at the 5' end and a BamHⅠ 
site at the 3' end of the reaction product and with a 
full-length Sox9 cDNA clone as template[6, 7]. The prod-
uct of PCR was purified with a Biospin glue retrieve kit, 
added into a pMD19-T vector system at a ratio of 5:1 
(mole ratio), and reacted for 1 h at 22°C with T4 DNA 
ligase for connection. The reaction liquid was then used 
to transform competence E. coli DH5α. Bacterium after 
transformation was coated on a LB agarose plate proc-
essed with X-gal and Ampr and cultured for 12 h. When 
blue and white bacterium clones grew on the LB plate, 
white clones were picked, amplified and digested with 
single enzyme for preliminary identification of positive 
clones, and the plasmids were extracted, in which the 
correctly constructed clones were sent to Yingjun Bio-
logical Company (China) for further sequencing. 
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Table 1 Primer sequence, expected size and annealing temperature of each gene 

Genes Primers Fragment (bp) Annealing temperature (°C) 
5'-TATGGCTCACCTGCTTCACGG-3' ALP 
5'-GCTGTCCATTGTGGGCTCTTG-3' 212 56 

5'-AGCGACTCTGAGTCTGACAAA-3' BGP 5'-AACGGTGGTGCCATAGATGCG-3' 221 56 

5'-TTTACCACGGTTGATTTCTC-3' PPAR-γ 5'-GCTTCAATCGGATGGTTCTT-3' 319 53 

5'-CTCCAGAGTTTGACCGCCTTCC-3' LPL 5'-ACATTCCTGTCACCGTCCATCC-3' 219 53 

5'-ACCACAGTCCATGCCATCAC-3' GAPDH 5'-TCCACCACCCTGTTGCTGTA-3' 450 56 

Note：The upstream primer is shown above the downstream primer in the table. 
 

The correctly constructed plasmid was digested 
with restriction enzyme BamHⅠ and PacⅠ at 37°C 
for 2 h, while vector pGC-FU was digested for 3 h under 
the same condition to achieve total linearization. Both 
the vector and target fragment were electrophoresed on 
1.2% agarose gel, recovered by gel extraction, and re-
acted for 1 h at 22°C in a ratio of 1:10 (mole ratio calcu-
lated according to the density) with the aid of T4 DNA 
ligase, the reaction system being 20 μL. The reaction 
liquid was then used to transform competence E. coli 
DH5α. Bacterium after transformation was coated on LB 
agarose plate processed with Kanr for screening. Clones 
that well grew were picked, cultured in LB medium and 
shaken overnight for plasmid extraction. The recombi-
nant plasmid was given double enzyme digestion with 
BamHⅠ and EcoRⅠ, and the system was the same as 
above. Product after enzyme digestion was subjected to 
agarose electrophoresis and photography. In order to 
obtain lentiviral particles, pGC-FU-Sox9, pHelper 1.0 
and pHelper 2.0 were packaged by transfecting them into 
human embryonic kidney (HEK) 293T cells through Li-
pofectamine 2000. Replication-incompetent lentivirus 
was conveniently harvested when 293T cells were lysed 
and filtered by a 0.45 micron filter (Corning, USA). MOI 
was determined by the plaque forming unit (PFU) and 
the viral stocks were frozen in single use aliquots at 
–80°C.  
1.8 Cell Transfection and Examination of EGFP Ex-
pression 

Transfection of cells with Lentivirus-Sox9 
(LV-Sox9) was performed in 1.0 mL of serum-free con-
trol medium with polybrene for 8 h at 37°C at various 
MOI (10–1000). Following transfection, the remaining 
supernatant was removed and replaced with control me-
dium supplemented with 10% FBS. The expression of 
EGFP in cells was assessed 24 h after transfection by 
fluorescence microscopy. The percentage of the cells 
expressing EGFP was determined by visual inspection. A 
pGC-FU vector expressing EGFP alone also was con-
structed as a control vector. 
1.9 Expression of Gene Sox9 

Total RNA in MSCs was extracted after transfection, 
and RT-PCR of gene Sox9 was performed with the steps 
mentioned above. The products were identified by elec-
trophoresis. The expression of Sox9 in the transfected 
MSCs was detected by using Western blotting.  
1.10 Differentiation into Chondrocytes 

Monolayer slides of transfected MSCs were pre-

pared for immunocytochemical analysis and fixed in 4% 
buffered paraformaldehyde. Fixed glass slides were in-
cubated with 3% hydrogen peroxide in methanol for 30 
min to inhibit endogenous peroxidase activity. After 
washed with PBS, they were blocked in 1% BSA and 
1.5% normal goat serum at room temperature for 30 min. 
Slides were then incubated overnight at 4°C with mouse 
monoclonal antibodies against aggracan (Santa Cruz, 
USA) for chondrogenic cells. Sequentially, slides were 
then incubated with secondary biotinylated antibodies 
and horseradish peroxide conjugated streptavidin to de-
tect the primary antibodies. The peroxidase reaction was 
developed using 3, 3-diaminobenzidine tetrahydrochlo-
ride (DAB) as chromogens. After rinsing in distilled wa-
ter, slides were dehydrated in ascending ethanol solu-
tions, cleared in xylene, and covered with slips for mi-
croscopy. The MSCs which were not marked with 
LV-Sox9 were taken as control group.  
1.11 Expression of Type Ⅱ Collagen and Aggracan  

The expression of type  collagen and Ⅱ aggracan 
was detected by using Western blotting following the 
steps mentioned above. 
1.12 Statistical Analysis 

All data were analyzed by using SPSS 12.0 software 
package. The statistical significance and the error bar for 
the growth kinetics were determined using the analysis 
of variance (ANOVA) test. A P value less than 0.05 was 
considered statistically significant. 

 
2 RESULTS 

 
2.1 Morphological Features of MSCs 

MSCs were isolated according to the standard tech-
niques for the isolation of mononuclear cells from bone 
marrow using adherence screening method. Phase con-
trast microscopy demonstrated that the cells in passage 
P3 presented a fibroblast-like, spindle-shaped appearance 
(fig. 1). In later passages (>P8), the spindle-shaped cells 
began to display a broadened, flat morphology. There-
fore, experiments were performed only on cells from P1 
to P5. The proliferative viability of MSCs was shown in 
growth curve of cells (fig. 2). Cells were tested with flow 
cytometry for presence or absence of characteristic he-
matopoietic and endothelial markers. MSCs typically 
expressed the antigens CD44 (94.81%), CD90 (99.53%), 
CD106 (76.34%). They were negative for typical lym-
phocytic markers like CD45 (1.94%) and CD11b (1.42%) 
and for the early hematopoietic markers CD34 (0.04%). 
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Fig. 1 Culture of adult MSCs in rats (×100) 

A: Primary MSCs cultured for 12 days reached 
80%—90% confluence and showed an elongated fi-
broblast appearance; B: MSCs in P3 demonstrated a 
fibroblast-like, spindle-shaped morphology. 

 
Fig. 2 Growth curve of MSCs 
 
2.2 Adipogenesis of Adult MSCs 

When MSCs were transferred into adipogenic me-
dium for 72 h, the morphology of induced MSCs was 
modulated from an elongated shape to a round one. Two 

weeks after initial induction, there were more and more 
lipid-filled cells (fig. 3). The adipogenic differentiation 
was evidenced by positive oil red O staining of lipid 
droplets present throughout the cytoplasm of the cells 
(fig. 3). However the cells growing in the control media 
were not stained (data not shown). The expression of 
adipocyte specific gene PPAR-γ 2 and LPL was also 
examined using RT-PCR. The level of LPL and PPAR-γ 
2 in the adipogenic MSCs was high at the 2nd week 
since induction, and they were negative in the controls 
(fig.4). 
2.3 Osteogenesis of Adult MSCs 

Seven days after culture in osteogenic medium, the 
MSCs changed from a fibroblast-like appearance to a 
multilateral form. After induced culture for 3 weeks, the 
monolayer cells aggregated together just like islands of 
differentiated cells trapped in a matrix secreted from 
them. After the formation of nodules, cells migrated out 
from the nodules and organized more cells to become 
larger mineral nodules (fig. 3). The mineralized nodular 
structures were assessed by Alizarin Red-S staining. The 
positive stains were localized specifically in the mineral 
nodules (fig. 3). Such changes were not observed in the 
control group (data not shown). To verify the osteogene-
sis, cells were also examined by RT-PCR for the expres-
sion of specific genes including BGP and ALP. Both 
BGP and ALP were observed in differentiated MSCs, but 
not in the controls (fig. 4).

 

 
Fig. 3 Adipogenesis and osteogenesis of adult MSCs  

A: Differentiation of MSCs in adipogenic medium (×200); B: Adipogenesis of MSCs by oil red O staining (×200); C: Differ-
entiation of MSCs in osteogenic medium (×100); D: Osteogenesis of adult MSCs by Alizarin Red-S staining (×100) 

 
2.4 Observation of Transfection Efficiency 

Most of MSCs transfected with lentiviral pGC-FU- 
Sox9 presented green fluorescence in the kytoplasm 
stably (fig. 5). The transfection efficiency of green fluo-
rescent positive cells to total cells from 5 calculated vis-
ual fields was (83.57±2.35)%. When the variant lineage 
turned to the terminal differentiation, their exogenous 
EGFP expression was declined in fluorescence intensity 
and cell proportion. This happened in chondrogenic 
lineages after 12 weeks.  
2.5 Chondrogenic Differentiation 

Seven days after transfection with lentiviral pGC- 
FU-Sox9, the MSCs were modulated from fibroblastic 
appearance to a polygonal shape. Fluorescence imaging 
indicated the expression of EGFP in chondrogenic line-
ages was stable and high. The immunostaining showed 
highly positive rate of aggrecan (fig. 6). To verify the 
chondrogenesis, cells were also examined by Western 
blotting for the expression of specific genes including 
aggrecan and type  collagenⅡ . Both aggrecan and type 

 collagenⅡ  were observed in differentiated MSCs, but 
not in the controls (fig. 7). 

 

Fig. 4 RT-PCR analysis of variant tissue specific molecules  
M: DNA Marker DL2000; 1: LPL in adipogenesis of 
MSCs; 2: PPAR-γ2 in adipogenesis of MSCs; 3: 
BGP in osteogenesis of MSCs; 4: ALP in osteogene-
sis of MSCs; 5: GAPDH gene in MSCs 



J Huazhong Univ Sci Technol［Med Sci］ 30(6):2010 

 

691

 
Fig. 5 GFP expression after MSCs transfection under the fluo-

rescent microscopy (×100) 
A: MSCs transfected with lentiviral pGC-FU-Sox9-E- 
GFP; B: MSCs transfected with pGC-FU-EGFP (con-
trol vector)  

 

 
Fig. 6 MSCs immunostaining showed highly positive staining 

of aggrecan (×200) 
 

 
Fig. 7 The increased expression of aggrecan (A) and type Ⅱ 

collagen protein (B) in the pGC-FU-Sox9-transfected 
group as compared with the empty vector group 

 
2.6 Expression of Sox9 mRNA and Protein  

The expression of Sox9 mRNA in MSCs transfected 
with pGC-FU-Sox9 was up-regulated as compared with 
that before transfection, but that in MSCs transfected 
with empty vector had no significant change (fig. 8). The 
expression of Sox9 protein was also significantly in-
creased in pGC-FU-Sox9-transfected group as compared 
with empty vector group, which suggested that Sox9 was 
successfully transfected into MSCs and expressed stably 
(fig. 9). 

 
Fig. 8 The up-regulated expression of Sox9 mRNA in MSCs 

transfected with pGC-FU-Sox9 as compared with 
MSCs transfected with empty vector or MSCs without 
transfection. GAPDH was taken as an internal refer-
ence. 
M: DNA Marker DL2000; 1: MSCs transfected with 
pGC-FU-Sox9-EGFP; 2: MSCs transfected with pGC- 
FU-EGFP; 3: MSCs without transfection; 4: GAPDH 

 

 
Fig. 9 The increased protein expression of Sox9 in the 

pGC-FU-Sox9-transfected group as compared with 
the empty vector group 

 
3 DISCUSSION  
 

Despite the great interest in MSCs, there is still no 
well-defined protocol for isolation and expansion of the 
cells in culture. Several groups of investigators 
developed protocols to prepare more homogeneous 
populations, but few of these protocols has gained wide 
acceptance. MSCs represent a small percentage of mar-
row cells, and they can be partially distinguished from 
hematopoietic cells by their ability to adhere to tissue 
culture dishes. Most experiments have been carried out 
with cultures of MSCs that are isolated primarily by their 
tight adherence to tissue culture dishes as described by 
Friedenstein et al[1, 8]. Some hematopoietic cells also ad-
here, but over time in culture these are washed away, 
leaving adherent, fibroblast-like cells. However, there 
may be some macrophages or fibroblasts mixing with 
MSCs when culturing. So we make an improvement on 
bone marrow adherence culture method. In the experi-
ment, we observed that the time of refreshing medium 
and digestion of trypsinase was vital for purification and 
growth of MSCs. The ordinary time to refresh medium 
was about 3 days and might be prolonged as cells grew 
slowly, however, medium should be refreshed in time as 
the pH of medium was declined or the color of the me-
dium presented yellow. As there is difference between 
the adherent power of MSCs and other mixing cells, di-
gestion should be terminated immediately when cells 
rounded up and intercellular spaces were obvious under 
the phase contrast microscope. 

Phenotypically, MSCs express a number of markers, 
none of which, unfortunately, are specific to MSCs. It is 
generally agreed that adult human MSCs do not express 
the hematopoietic markers CD11, CD34, CD45, or CD14. 
They also do not express the costimulatory molecules 
CD80, CD86, or CD40 or the adhesion molecules CD31 
(platelet/end othelial cell adhesion molecule, PECAM-1), 
CD18 (leukocyte function-associated antigen-1, LFA-1), 
or CD56 (neuronal cell adhesion molecule-1), but they 
can express CD44, CD90 (Thy-1), CD105 (SH2), CD73 
(SH3/4), CD71, and Stro-1 as well as the adhesion 
molecules CD106 (vascular cell adhesion molecule, 
VCAM-1), CD166 (activated leukocyte cell adhesion 
molecule, ALCAM), intercellular adhesion molecule 
(ICAM-1), and CD29[9–11]. MSCs from other species do 
not express all the same molecules as those on human 
cells; for example, although human and rat MSCs have 
been shown to be CD34–, some studies reported variable 
expression of CD34 on murine MSCs[12]. The in vitro 
expression of some markers by MSCs does not always 
correlate with their expression patterns in vivo[13]. The 
third passage cells in our experiment detected by flow 
cytometry exhibited high expression of CD44 (94.81%), 
CD90 (99.53%), CD106 (76.34%), and low expression 
of CD45 (1.94%), CD11b (1.42%) and CD34 (0.04%). 
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This result demonstrated that homogeneous MSCs could 
be isolated and purified through improved adhering 
method. Differences in cell surface expression of many 
markers may be influenced by factors secreted by acces-
sory cells in the initial passages, and variation in the 
method of isolation and culture[14, 15]. 

The multilineage differentiation potential of MSC 
populations has been extensively studied. The ability of 
MSCs to differentiate into a variety of tissue cell pheno-
types has rendered them an ideal candidate cell source 
for clinical tissue regeneration strategies. In order to con-
firm the differentiation of MSCs, histological staining 
and RT-PCR were used to investigate cell morphological 
changes and related marker gene expression. When rat 
adult MSCs were cultured in osteogenic medium, the 
mineral nodules formation and bands of ALP and BGP in 
RT-PCR confirmed the osteogenesis. When cultured in 
adipogenic medium, human ASCs gradually changed 
into multilocular adipogenic cells in vitro. Stained posi-
tively with oil red O, these multilocular cells were con-
sidered as preadipocytes. With the obvious increase of 
lipid accumulation, small lipid droplets in the preadipo-
cytes fused together and became enormous. At the end, 
the cells grew unilocular and were filled with lipid like 
mature adipocytes. Moreover, the expression of PPAR-γ 
2 and LPL at mRNA level confirmed the adipogenic dif-
ferentiation of MSCs in comparison with the controls. 

As stated above, an important feature about MSCs 
is their multilineage differentiation potential. However, 
the molecular mechanisms that govern MSCs differentia-
tion are incompletely understood. Some intracellular 
transcription factors have been found to play important 
roles in driving the commitment of multipotent stem 
cells into specific lingeages, and maintaining their dif-
ferentiated phenotypes. Recent evidence suggests that 
Sox9 might play a crucial role in chondrogenesis. Sox9 
is expressed predominantly in mesenchymal condensa-
tions throughout the embryo before and during the depo-
sition of cartilage, suggesting its role in the initiation and 
maintenance of chondrocyte differentiation[16]. Mouse 
Sox9 gene shares 96% identity with its human homo-
logue[17], indicating that the two proteins have similar 
functions. Further in vitro and in vivo experiments con-
firmed this hypothesis showing activation by Sox9 of the 
collagen typeⅡ (Col2a1) gene, a major extracellular 
matrix component of cartilage[18, 19]. Sox5 and Sox6 are 
also expressed early during chondrocyte differentiation, 
but probably the downstream of Sox9 in the differentia-
tion pathway[20]. Sox5- and Sox6-deficient mice still 
form cartilage, even though they express reduced levels 
of collagen typeⅡ, Ⅸ and Ⅺ, and aggrecan[21]. Unlike 
Sox9, Sox5 and Sox6 do not have transactivation do-
mains and the molecular mechanisms whereby these two 
factors affect chondrocyte differentiation have not yet 
been elucidated. Several strategies have been employed 
to enhance and maintain the multilineage potential of 
MSCs, such as culturing cells with specific growth fac-
tors, enriching cells prior to initial plating, and/or cultur-
ing cells in a non-contact suspension culture configura-
tion. The question, therefore, is how these highly multi-
potent MSCs can be maintained during in vitro culture 
expansion. We transferred Sox9 into MSCs through len-
tiviral vector to induce MSCs differentiation into chon-

drocytes. When the transfected adult MSCs were cul-
tured for 1 or 2 weeks, positive immunostaining of ag-
grecan suggested the chondrogenesis. Simultaneously, 
the high expression of aggrecan and Sox9 in MSCs after 
induction confirmed chondrogenic differentiation in 
these MSCs. There was no expression of aggrecan and 
Sox9 in non-induced MSCs.  

During the research of tissue engineering, how to 
trace the implanted cells and evaluate the rate of cell 
turnover and survival in the end is very important. The 
most common cell labeling methods are fluorochrome, 
Brdu, GFP, LacZ, etc. Although cell labeling with 
fluorochrome is convenient, the labeling time is shorter 
and cannot prove cells survival or not. The advantage of 
Brdu over thymidine autoradiography is that the marked 
cells can be observed by immunocytochemistry, however, 
it can only label cells of mitotic phase. The merit of 
LacZ over other colorimetric indicators is that prolonged 
staining time can visualize relatively low levels of ex-
pression. Microscopic imaging of GFP florescence de-
velops an ideal method, as it clearly traces the stem cells 
seeded on the scaffold. We can observe the migration of 
the implanted cells and more accurately estimate the cell 
turnover. Since the GFP expression is stable in mature 
MSCs transfected by lentiviral vector, it should be an 
ideal approach to produce large numbers of labeled 
MSCs[22, 23]. At the same time, the exogenous GFP ex-
pression on adult MSCs doesn’t block the multilineage 
differentiation in appropriate conditions. The cell popu-
lation transfected with Sox9 gene can be easily observed 
and isolated through GFP marker, we will continue this 
approach in cartilage tissue engineering in vivo and it is 
convenient to follow the chondrogenic differentiation by 
imaging the GFP in further studies. 
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