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Chondrogenic Differentiation of Mesenchymal Stem Cells from Human Umbilical
Cord Blood

Mee Hyun Jung, Sung-Eun Yang, M.D., Hae Jin Jin, Man Kyoung Lee, Ho Sun Song, Jung Yoon Yang,
Yoon Sun Yang, M.D., and Chul-Won Ha, M.D.*

Medipost Biomedical Research Institute, Yongin; *Department of Orthopedic Surgery, Samsung Medical Center,
Samsung Biomedical Research Institute, Sungkyunkwan University, School of Medicine, Seoul, Korea

Purpose: The aim of this study was to demonstrate the existence of circulating mesenchymal stem cells
(MSC) in the human umbilical cord blood (hUCB) and to evaluate the chondrogenic differentiation poten-
tial of hUCB-derived MSC in vitro.

Materials and Methods: Fifty hUCB harvests were cultured in media supplemented with 10% fetal
bovine serum. The adherent fibroblast-like cells were characterized by immunophenotyping and induced
to differentiate into chondrocytes in the pellet culture with and without BMP-6. This study performed RT-
PCR of the chondrogenic markers, Safranin-O stain and type Il collagen immunohistochemical stain.
Results: The mononuclear cells isolated from hUCB formed adherent colonies with an attached well-
spread fibroblast-like morphology. The cells positively expressed the MSC-related antigens, but did not
express the hematopoietic, HLA-DR, endothelial, or osteoclast antigens and could be induced to differ-
entiate into chondrocytes under proper stimulation. BMP-6 increased the size of the pellet and the mRNA
levels for aggrecan, type Il collagen and type IX collagen and enhanced the levels of proteoglycan syn-
thesis during chondrogenic differentiation.
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Conclusion: The homogenous fibroblast-like cells developed in cultures from hUCB with chondrogenic
differentiation potential were considered to be MSC. Furthermore, it was found that BMP-6 enhanced
chondrogenic differentiation of the hUCB-derived MSC in the pellet culture.

Key Words: Human umbilical cord blood, Mesenchymal stem cells, Chondrogenic differentiation, BMP-6
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Table 1. Primer sequences and PCR conditions of target
genes

Target Anneal-  Size
g Primer Sequences ing Tem- of PCR
Gene
perature Product
GAPDH 5-ACCACAGTCCATGCCATCAC-3 57T 452 bp

5-TCCACCACCCTGTTGCTGTA-3'
Aggrecan 5-TCAGGAGGGCTGGAACAAGTA- 57T 392 bp
CC-8
5-GGAGGTGGTAATTGCAGGGAACA-3’
Collagen Il 5'-TTTCCCAGGTCAAGATGGTC-3° 55T 377 bp
5-CTTCAGCACCTGTCTCACCA-3
Collagen IX 5'-CCCCCTCCCCAGCCACAAAGA-3' 57C 159 bp
5-TCTTGGTCGGTGGTGGACTCT-3'
Sox-9 5-GGTTGTTGGAGCTTTCCTCA-3’
5-TAGCCTCCCTCACTCCAAGA-3

57°C 401 bp
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Fig. 1. Photomicrographs showing confluent fibrob-
last-like adherent cells from primary cultures of human
umbilical cord blood (A) at passage 5 (x 100) and
(B) at passage 15 (x 100). Homogeneous popula-
tion of bipolar spindle-shaped cells was obtained.
No significant morphological changes were observed
at the advanced passage.
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(c)
Fig. 3. mRNA expression of chondrogenic markers as detected
by reverse transcription-polymerase chain reaction at 3 weeks.
Expression of (1) GAPDH, (2) aggrecan, (3) type Il collagen,
(4) type IX collagen and (5) Sox-9 were examined using RNA
isolated from the human umbilical cord blood-derived mes-
enchymal stem cells in different chondrogenic differentiation
media (A: pre-induction, B: BMP-6+TGF- 3 3+dexamethasone,
C: TGF-3 3+dexamethasone).
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(CD45 CD14) zaaﬁ%JHLA DR) 24, i
A3 FA(CD31) 43, A EA(CD51/61) £439]
Qth 1 9] integrin T84 THTY 5 CD29+= YA,

CD49d+ 2401 eH matrix 84 o FYe
CD44 ¥4, CD106 &7d°|%itt. 7]} ¥ =2 CD13

¥, CD9O ¥/ 273 CD64+= 5730l AthFig. 2).

Fig. 4. Proteoglycan synthesis
of human umbilical cord blood-
derived mesenchymal stem
cells (hUCB-derived MSC) in
chondrogenic media (A) with
BMP-6 (Safranin O stain, x200)
and (B) without BMP-6 (Safra-
nin O stain, x200) at 6 weeks.
BMP-6 enhanced the proteo-
glycan synthesis and increas-
ed the pellet size in chondro-
genic differentiation of hUCB-
derived MSC from different
donors.

Fig. 5. Time course of synthe-
sis of proteoglycans and type
Il collagen from human umbili-
cal cord blood-derived mes-
enchymal stem cells in chon-
s drogenic media with BMP-6.
Tel gk "y Frozen sections were (A) stain-
ﬁ‘_ t | ed with Safranin-O ( x 200) and
L agk{ (B) immunostained against

type Il collagen (x 200) at day
14, 28 and 42, respectively.

Proteoglycan and type Il colla-
gen contents were increased

{ throughout the course of dif-
; ferentiation.
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