YAKUGAKU ZASSHI 127(5) 851—856 (2007) © 2007 The Pharmaceutical Society of Japan 851

—Reviews—

MRARAAERES CAVCON I BMREOMER VR2MEFMICDONT
FEHEE AR L RAIL

Safety Evaluation of Tissue Engineered Medical Devices Using Normal Human
Mesenchymal Stem Cells

Rumi SAWADA,* Tomomi ITO, and Toshie TSUCHIYA

Division of Medical Devices, National Institute of Health Sciences, 1-18—1
Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received January 17, 2007)

Several recent studies demonstrated the potential of bioengineering using somatic stem cells in regenerative medi-
cine. Adult human mesenchymal stem cells (hMSCs) derived from bone marrow have the pluripotency to differentiate
into cells of mesodermal origin, e.g., bone, cartilage, adipose, and muscle cells; they, therefore, have many potential
clinical applications. On the other hand, stem cells possess a self-renewal capability similar to cancer cells. For safety
evaluation of tissue engineered medical devices using normal hMSCs, in this study, we investigated the expression levels
of several genes that affect cell proliferation in hMSCs during in vitro culture. We focused on the relationship between
the hMSC proliferation and their transforming growth factor # (TGFf) signaling during in vitro culture. The prolifera-
tion rate of hMSCs gradually decreased and cellular senescence was observed for about 3 months. The mRNA expres-
sions of TGFB1, TGFB2, and TGFp receptor type I (TGFBRI) in hMSCs increased with the length of cell culture. The
mRNA expressions of Smad3 increased, but those of c-myc and nucleostemin decreased with the length hMSCs were in
in vitro culture. In addition, the expression profiles of the genes which regulate cellular proliferation in hMSCs were sig-
nificantly different from those of cancer cells. In conclusion, hMSCs derived from bone marrow seldom underwent spon-
taneous transformation during 1—2 months in vitro culture for use in clinical applications. In hMSCs as well as in
epithelial cells, growth might be controlled by the TGFS family signaling.
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Fig. 1. Proliferation of hMSC in 3rd, 5th, 7th, and 12th
Passages!®
hMSC were seeded at 1.7 X105 cells/ @60 mm dish (6000 cells/cm?), and
cells were counted after 2, 4, and 8 days. The initial cell number (0 day) is ex-
pressed as 1, and the other cell numbers (2, 4, and 8 days) are relative to that
of day 0. n=3.
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Table 1. Comparison of Gene Expressions in hMSC (1
Month Culture) and hMSC (Over 2 Months)

The genes concerned with the following functions were
up-regulated with the culture term

e Cell cycle

¢ Cell adhesion receptors/proteins

¢ Immune system proteins

¢ Oncogenes and tumor suppressors

e Stress response proteins

¢ DNA binding and chromatin proteins

e Cell receptors (by ligands)

e Cell receptors (by activities)

¢ Intracellular transducers/effectors/modulators

« DNA synthesis, recombination, and repair

The genes concerned with the following functions were
down-regulated with the culture term

e Membrane channels and transporters

¢ Metabolism

¢ Translation

¢ Apoptosis associated proteins

e RNA processing, turnover, and transport

e Protein turnover

* Cytoskeleton/motility proteins
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Fig. 2. Effect of In vitro Culture Length on the mRNA Ex-
pressions of c-myc (A) and Nucleostemin (B) in hMSC!®
Expressions of the two genes relative to GAPDH in confluent cultures of
hMSC in the 3rd, 5th, 7th, and 12th passages were investigated by quantita-
tive RT-PCR. Mean values with standard deviations from three independent
experiments are presented. Asterisks denote statistically significant differ-
ences compared with the 3rd passage (*p<{0.05).
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Fig. 3. Effect of In vitro Culture Length on mRNA Expressions of TGFS1 (A), TGFB2 (B), TGFB3 (C), TGFARI (D), TGFARII
(E), and TGFARIII (F) in hMSC!6
Expressions of the four genes, relative to GAPDH, in confluent cultures of hMSC in the 3rd, 5th, 7th, and 12th passages were investigated by quantitative real
time RT-PCR. Mean values with standard deviations from three independent experiments are presented. Asterisks denote statistically significant differences com-
pared with the 3rd passage (*p<{0.05).
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Fig. 4. Changes in the Expressions of TGFf Signaling Genes
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