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Osteogenic Potential of Human M esenchymal Stem
CellsDuring Serial Subculture

Hyun Jin Sun, Yon Rak Choi, Soo Bong Hahn*, Jin Woo L ee

Brain Korea 21 project for medical science
Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea*

Purpose: The purpose of this study was to evaluate the osteogenic differentiation potential of human mes-
enchymal stem cells during seria subculture.

Materialsand M ethods: Human bone marrow-derived M SCs were serialy subcultured and then maintained
in basal or osteogenic medium for 14 days. Then we performed FAC analysis, RT-PCR, alkaline phosphatase
activity and stains.

Results: Human M SCs had different morphologies, immunophenotypes, and growth rates that were correlat-
ed with the length of seria subculture. The phenotype changed from small spindle-shaped cells at passage 1
into large cuboidal or flattened cells at passage 7. The osteogenic capacity of human MSCs decreased during
serial subculture. Using RT-PCR, the mRNA levels of bone-specific genes, such as cbfal/runx2 and osteocal-
cin, decreased with increasing passage number. Strong positive staining was observed for ALP and Alizarin reds
in osteogenic medium on day 14, but declined significantly with increasing passage number.

Conclusion: We have shown that osteogenic potential of human MSCs decreased during seria subculture.
This result can provide the helpful information to decide the timing of human MSC transplantation during in
vitro culture expansion for treatment of bone defects and so on.
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Fig. 1. Phenotypical properties of serially subcultured human mesenchymal stem cells. (A) The phenotype changed
from small spindle-shaped cells at passage 1 (P1) into large cuboidal or flattened cells at passage 7 (P7). (B)
In flowcytometry, human M SCs have increased in size and contained alarge number of granulesin correlation

with serial subculture.
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Fig. 2. FACS analysis of serialy subcultured human MSCs. In flowcytometry, MSCs were positively stained with
CD105 and CD29 (above 70%) and negatively with CD14 and CD34 (below 1.5%). With increasing passage
numbers, expression of positive markers, CD105 and CD29, significantly decreased after passage 5.
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Growth pattern of serially subcultured human

MSC in culture. Cultures were started with
20,000 cells per well. The increase in the number
of viable adherent cells was measured by DNA
content. Data represent mean DNA content + SD
of three experiments performed in duplicate.
DNA contents increased during the culture, but
decreased in correlation with serial subculture
(*<p=0.054, vs. passage 1).
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Fig. 5. Analysis of osteogenic MSCs by alkaline phos-
phatase (ALP) activity. During osteogenic differ-
entiation, ALP acitivity increased with time, but
significantly decreased in correlation with serial
subculture (* p=0.01, vs. passage 1).
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Fig. 4. Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis of osteogenic MSCs.
The serially subcultured human M SCs were cultured in osteogenic medium for 14days. (A) Equal aliguots of
total RNA were reverse transcribed and amplified with oligonucleotide primers specific for collagen type 1,
chfal/runx2, and osteocalcin, respectively. (B) Based on quantification relative to GAPDH, mRNA levels of
the osteablast gene markers gradually decreased in correlation with serial subculture.
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Fig. 6. Analysis of osteogenic MSCs by histochemical staining. The serially subcultured human MSCs were cultured
for 14 days in basal medium or osteogenic medium. Fixed cells were stained with ALP or Alizarin red
reagents and photographed. During osteogenic differentiation, ALP (A) and Alizarin red (B) staining were sig-
nificantly decreased in correlation with serial subculture (*p<0.05, vs. passage 1). The intensity of Alizarin red
staining was determined by optical density measurement. The fold induction is expressed relative to control

cultures (mean+ SD).
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