g A2 2] 8 3] 2] A 36d A1 E 2009

e

HEFRU SIIMES AU HE = B2 EA

M SO K} &M Kb nfSiCY & AHDY 2 Eha}

giMlof - Zen| - 5{EIH - BXIOt- ZaHA

Characterization of Umbilical Cord-derived Stem Cells during Expansion in Vitro
Seah Park, Hyun Mi Kang, Jinyeong Heo, Jinah Yoon, Haekwon Kim’

Department of Biotechnology, College of Natural Science, Seoul Women's University, Seoul, Korea

Objectives: Mesenchymal stem cells (MSC) comprise a promising tool for cellular therapy. It is known that long-term in vitro
culture of human bone marrow and adipose tissue derived-MSCs lead to a reduction of life span and a change of stem-like characters.
The aim of our study was to examine whether stem cell properties of human umbilical cord-derived stem cells (HUC) could be
affected by in vitro expansion.

Methods: HUC were isolated from human umbilical cord and cultured for 10 passages in vitro. Morphology and population
doubling time (PDT) were investigated, and changes of stem cell properties were examined using RT-PCR and immunocytochemistry
during serial subcultures.

Results: Morphology and PDT of HUC began to change slightly from the 7th passage (p7). Expression level of nestin and
vimentin mRNAs increased along with the culture period from p4 until p10. In contrast, expression level of SCF mRNA decreased
during the same culture period. Expression level of Oct-4 and HNF-40 mRNAs was not significantly changed throughout the
culture period until p10. Expression level of BMP-4, FGF-5, NCAM and HLA-ABC mRNAs appeared to increase as the culture
continued, however, the difference was not significant. Immunocytochemical studies showed that HUC at p3, p6 and p9 positively
were stained with antibodies against SSEA-3 and SSEA-4 proteins. Interestingly, staining intensity of HUC for ICAM-1 and
HLA-ABC gradually increased throughout the culture period. Intensity against thy-1 and fibronectin antibodies increased at p9
while that against TRA-1-60 and VCAM-1 antibodies began to decrease at p6 until p9.

Conclusions: These results suggest that HUC change some of their stem cell characteristics during in vitro culture. Development
of culture system might be needed for the maintenance of characteristics. [Korean. J. Reprod. Med. 2009; 36(1): 23-34.]
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Table 1. Primers used for the RT-PCR analysis

L EREEER

Gene Primer sequence Size (bp) Temp. (C) Accession number
5'- aca act ttg gta tcg tgg aa -3'

GAPDH sEaieies 456 53 NM_ 002046
5'- aaa ttc gtt gtc ata cca gg -3'
5'- cgt gaa gt gga gaa gga gaa get g -3'

Oct-4 245 55 AF268617
5'- caa ggg ccg cag ctc aca cat gtt ¢ -3'
5'- cca ttg atg cct tca agg ac -3'

SCF sfe =8 275 55 M59964
5'- ctt cca gta taa gge tcc aa -3
5'- gcet gtg tct ca; att gta gga ata -3'

FGF-5 seee sespanEnes 434 55 NM 004464
5'-tat cca aag cga aac ttg agt ctg ta -3'
5'-ga aa gat gce gtg atg tg -3'

NCAM glg e gatecogleaisle 269 60 NM_000615
5'-ata ttc tge ctg gec cgg atg gta g -3'
5'- agc cat gct agt ttg ata cc -3'

BMP-4 383 55 D30751
5'- tca ggg atg ctg ctg agg tt -3'
5'- ttg cgg ctg ctc agc atg tt -3'

BMP-2 seeect sete 315 57 BC069214
5'- ttg cga gaa cag atg caa gat g -3'
5'- cca gaa act caa gea cca ¢ -3

Nestin 398 54 X65964
5'- ttt tec act cca gec ate ¢ -3
5'- aga ttc aga tga ggc tca aa -3'

Pax-6 s salsaes 313 60 AY707088
5'- aat tgg ttg gta gac act gg -3'
5'- gag cag gaa tgg gaa gaa tg -3'

HNF-4a siecassmissemEn 205 62 NM 178849
5'- gge tgt cct ttg gga tga ag -3'
5'- cct tcg tga ata cca cg acce tgce -3'

Vimentin 8 s s 321 56 719554
5'- taa tat atc gce tgc cac tga g -3'
5'- gta ttt ctt cac atc cgt gtc ccg -3'

HLA-ABC £ glelcces 394 70 18898
5'- gtc cgc cge ggt cca aga geg cag -3
5'- ctg atg agc gct cag gaa tca tgg -3'

HLA-DRa sapasestaes =8 220 60 X06079

5'- gac tta ctt cag ttt gtg gtg agg gaa g -3'
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Figure 1. Morphology of HUC during expansion in vitro.
In the primary passages HUC appeared microscopically
heterogeneous (A and B). These cells formed a morpho-
logically homogenous population of fibroblast-like cells
at p3 (C and D). At p7 morphology of HUC slightly
began to change (E and F) and showed bigger with flat
shape at p10 (G and H). Magnification, A, C, E, G, X
40; B, D, F, H, X<100.

Seah Park. Characterization of Umbilical Cord-derived Stem Cells during Expansion
in Vitro. Korean J Reprod Med 2009.
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Figure 2. Cumulative doubling number and doubling
time of HUC during expansion in vitro. Cumulative
doubling number (A) and doubling time (B) of HUC are
showed during serial subculture. Cumulative population
doubling was calculated in relation to the cell numbers
at the first passage. Results are presented as the mean
cumulative population doubling (A) and the mean dou-
bling time (B) = SEM of HUC derived from 3 different
donors.

Seah Park. Characterization of Umbilical Cord-derived Stem Cells during Expansion
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Figure 3. RT-PCR analysis of HUC during expansion
in vitro. The mRNA expression of HUC was examined
at p4, 8 and 10 and analyzed the intensity of mRNA
expression by densitometry software. The graph showed
change of expression of nestin and vimentin mRNAs (A)
and SCF, Oct-4 and HNF-4a mRNAs (B) during serial
subculture. Expressions of all mRNAs are presented as
relative values against the intensity of GAPDH mRNA
expression.
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Figure 4. Immunocytochemical analysis of HUC during
expansion in vitro. Immunocytochemical studies showed
that HUC at p3, p6 and p9 positively were stained with
antibodies against SSEA-3 and SSEA-4 proteins. Staining
intensity of HUC for ICAM-1 and HLA-ABC gradually
increased throughout the culture period. Intensity against
thy-1 and fibronectin antibodies increased at p9 while
that against TRA-1-60 and VCAM-1 antibodies began
to decrease at p6 until p9. Cells at all passages showed
negative staining with antibody against HLA-DR protein.
NC, negative control; scale bar, 100 pm.

Seah Park. Characterization of Umbilical Cord-derived Stem Cells during Expansion
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Figure 5. Adipogenic, osteogenic, and chondrogenic
differentiation of HUC. HUC at p3 were cultured for 3
weeks in each differentiation medium specific to adipo-
genic (B), osteogenic (D) and chondrogenic (F). HUC
was cultured in DMEM contained 10% FBS for 3 weeks
(A, C, E). HUC stained with oil red O stain for adipocytes
(A and B). HUC stained with von Kossa stain for
osteocytes (C and D). HUC stained with alcian blue for
chondrocytes (E and F). Magnification, ><100.
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