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Characterization of MACS Isolated Cells from Differentiated Human ES Cells
Jae Won Cho', Chun Kyu Lim', Mi Ra Shin', Kyoung Hee Bang’, Mi Kyoung Koong?, Jin Hyun Jun'

'Laboratory of Reproductive Biology & Infertilty, Cheil General Hospital
2Sungkyunkwan University School of Medicine, Seou, Korea

Objective: Human embryonic stem (ES) cells have a great potential in regenerative medicine and tissue engineering.
The human ES cells could be differentiated into specific cell types by treatments of growth factors and alterations of
gene expressions. However, the efficacy of guided differentiation and isolation of specific cells are still low. In this study,
we characterized isolated cells from differentiated human ES cells by magnetic activated cell sorting (MACS) system
using specific antibodies to cell surface markers.

Methods: The undifferentiated hES cells (Miz-hESC4) were sub-cultured by mechanical isolation of colonies and
embryoid bodies were spontaneously differentiated with DMEM containing 10% FBS for 2 weeks. The differentiated
cells were isolated to positive and negative cells with MACS system using CD34, human epithelial antigen (HEA) and
human fibroblast (HFB) antibodies, respectively. Observation of morphological changes and analysis of marker genes
expression were performed during further culture of MACS isolated cells for 4 weeks.

Results: Morphology of the CD34 positive cells was firstly round, and then it was changed to small polygonal shape
after further culture. The HEA positive cells showed large polygonal, and the HFB positive spindle shape. In RT-PCR
analysis of marker genes, the CD34 and HFB positive cells expressed endodermal and mesodermal genes, and HEA
positive cells expressed ectodermal genes such as NESTIN and NF68KD. The marker genes expression pattemn of
CD34 positive cells changed during the extension of culture time.

Conclusion: Our results showed the possibility of successful isolation of specific cells by MACS system from undirected
differentiated human ES cells. Thus, MACS system and marker antibodies for specific cell types might be useful for
guided differentiation and isolation of specific cells from human ES celis.
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cell line)x CF1 mouse embryonic fibroblast (MEF)
feeder (Figure 1A) $lollA 20% serum replacement
(Cat. No. 10828-028, Gibco, USA)¢} 4 ng/ml basic FGF
(Cat. No. 13256-029, Invitogen, Carlsbad, CA)7} %7}
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718 Wjtd e ARESTh AW wig2 =) 5~6
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Figure 1. Microphotographs of cultured cells. (A) CF1 mouse embryonic fibroblasts (feeder cells), (B) Undifferentiated
human ES cells on feeder cells, (C) Embryoid bodies (EBs) of human ES cells. (D) Spontaneously differentiated human

ES cells after 2 weeks of EBs culture. Scale bars = 50 pm.
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Table 1. Sequences of oligonucleotide primers and PCR conditions

Genes Forward primer Annealing Tm  Product Size
Reverse primer (C) (bp)
5'-AGCCACATCGCTCAGACACC-3' .

GAPDH 60T 302
5-GTACTCAGCGCCAGCATCG-3'
5'-CGTGAAGCTGGAGAAGGAGAAGCTG-3' .

OCT4 62C 246
5'-AAGGGCCGCAGCTTACACATGTTC-3'
5'-CTGCTCGGAGCCACCAAGAGATCCATG-3' .

HNF4a 60C 371
5-ATCATCTGCCACGTGATGCTCTGCA-3'
5-CTTCCTGGGCATGTTTTTGT-3' .

ALBUMIN 62°C 401
5'-GGTTCAGGACCACGGATAGA-3'
5-GCGTTTCTCGTTGCTTAC-3' .

a-FETOPROTEIN 60T 164
5-AAGTGTCCGATAATAATGTCAG-3'
5'-GACGGGTCACTATCTGTGCAAC-Y .

GATA4 62T 475
5'-AGACATCGCACTGACTGAGAAC-3'
5-GTACTGGCACGAGGACTG-3' .

LMO2 58T 177
5-GTCATCTCATAGGCACGAATC-3'
5'-ACACTGTCATCCTTACCAATCC-3' .

FLK1 58C 213
S-CGCACTCTTCCTCCAACTG-3'
5-GTTCAATGTCATCAATGGCG-3' 5

ENOLASE 60T 477
5-GTGAACTTCTGCCAAGCTCC-3'
5-GTCTCCAGCCTCATCTTCC-3' .

GATA2 60T 110
5-GACTGCCACTTTCCATCTTC-3'
5-GCTTTCTCAGCCAGGACATC-3'

RENIN 62C 562
5-TATTCITTTGCCTCCCAGGTG-3'
5'-GAGAGGGAGGACAAAGTCCC-3' .

NESTIN 62T 198
5-TCCCTCAGAGACTAGCGGCAT-3'
5-ACGCTGAGGAATGGTTCAAG-3' .

NF68KD 65T 561

5-TAGACGCCTCAATGGTTTCC-3'

23 FAFoH, vlold] Fx 8Y Folle gRe
HlobAo M Ed (oyst) FAAE HHE 5 UKk o]
25t wjolAlE 88k 10% FBS7} E71Y DMEM
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ofAZ} vl YF-8-7] o] nieo] Habgl I ujolxe] €]
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CD34 o AE= vl 2709

Figure 2. Microphotographs of MACS isolated cells from differentiated human ES cells. (A) CD34 positive cells show
small polygonal shape (B) Human fibroblast (HFB) positive cells show typical spindle shape (C) Human epithelial
antigen (HEA) positive cells show large polygonal shape. Scale bar = 50 pm.
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Figure 3. Marker genes expression patterns by RT-PCR in MACS isolated cells from differentiated human ES cells.
Antibodies to CD34, human fibroblast (HFB) and human epithelial antigen (HEA) were used for MACS isolation.
GAPDH is an internal control and OCT4 an undifferentiated marker gene. Endodermal marker genes are HNF4q, albumin,
a-FETOPROTEIN and GATA4. Mesodrmal marker genes are LMO2, FLK1, ENOLASE, GATA2 and RENIN. Ecto-

dermal marker genes are NESTIN and NF68KD.
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t} (Figure 2C).
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