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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?, lin Hyun Jun'

'Laboratory of Reproductive Biology & Infertiliy, 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 pattern 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 cells.

Key Words: Human embryonic stem cells, Differentiation, MACS system, Antibody
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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 um.
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MACS Isolated Cells from Differentiated hES Cells

Table 1. Sequences of oligonucleotide primers and PCR conditions

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

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

OCT4 62T 246
5'-AAGGGCCGCAGCTTACACATGTTC-3'
5'-CTGCTCGGAGCCACCAAGAGATCCATG-3' .

HNF4a 60T 371
5'-ATCATCTGCCACGTGATGCTCTGCA-3'
5'-CTTCCTGGGCATGTTTTTGT-3'

ALBUMIN 62T 401
5'-GGTTCAGGACCACGGATAGA-3'
5-GCGTTTCTCGTTGCTTAC-3' .

o-FETOPROTEIN 60T 164
5'-AAGTGTCCGATAATAATGTCAG-3'
5-GACGGGTCACTATCTGTGCAAC-3' .

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

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

FLK1 58T 213
5'-CGCACTCTTCCTCCAACTG-3'
5'-GTTCAATGTCATCAATGGCG-3' .

ENOLASE 60T 477

5'-GTGAACTTCTGCCAAGCTCC-3'

5'-GTCTCCAGCCTCATCTTCC-3' 5
GATA2 60C
5'-GACTGCCACTTTCCATCTTC-3'

110

5'-GCTTTCTCAGCCAGGACATC-3'
RENIN 62C
5-TATTCTTTGCCTCCCAGGTG-3'

562

5'-GAGAGGGAGGACAAAGTCCC-3'
NESTIN 62C
5'-TCCCTCAGAGACTAGCGGCAT-3'

198

5'-ACGCTGAGGAATGGTTCAAG-3' 5
NF68KD 65T
5'-TAGACGCCTCAATGGTTTCC-3'

561
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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 um.
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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 HNF4a, albumin,
o-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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HEA 44 Alxe SoletAlE uuldAd fdakel

ALBUMIN®| &=l om, 9ulje] f-2ie] NESTIN,
NF68KD7} Ld== & ERlstoan £ vk
H HEA %4 AEES Ul = 2l Fae
MEEZ AZET (Figure 3).

I
—

i

Il

AT wjelE=7 ML) Q1A o8l glo] B Hl
w3t = 7)) s So) Al &
dgAolet & ¢ o), ol 1 &
A @2 Aotk wEbA, wjolEr|AlE
3731, o5 EEste] o]
1325 g9AoR FRE F JE A~
23 Hofo|t}, H Ao M= H|
HHOP%ﬂH]Eoﬂ/\i MACS
wElste] wiekele A
7Fsdhe HoFAlth 53] MACS WS Al
3 EA NEE &

AFNN 1 A

2ick
oL

o

e

fil

N
I
ot
=

i
o
o o
2 i
o
L @
I

2

i &”

o oa% X O o I o O at me Mz
lo ~
fitl =
) fo
B =
2 %
e
o oiN
o ¢
e
Y
cO
i
H

S
—ﬁgﬂ
—:‘%\(
o 2
o
10:
Tl 2
oér?&i
NN
U
—'\1m

Hol| A= m] 3} /\LEH o] o17F Hjjo}=7 ) A3
M o 2 H|Eo] AlER BT T, o

Kaufman 5 (2001 MACS "
H QIZF wjo}E 7] A2 5-E] hematopoietic progenitor
Axzgs afdor Feste] wdsialvta Bt
A om 1 Levenberg 5 (2002) FACS WRHlo=Z &
3] (endothelial) A|EE 2 7 st
o sl
Kaufman 5 (2001)2 <13}
=4 Frale s17 AET EE
2 C1663} T wjdshe]
ol &3} AlEZE] tigk FACS
poietic precursor A|¥XZ  A§Zh
population®©] °F 1~2%%
E9] colony FAHET 5o 3 T S
ASFATE? - Aol A= o]9} FARSH H] o]
o7 FapA7] QIZE wjolET M MACS
o= oF 1% HEo| CD34 YA AxE T
AN, So] fFrAte] W ¢3S Kaufman
o] AFeh= tha Apol7t § ‘ii‘jr olgfgt olf=
7] 3}:}. Z719] AolgloA] 7
Tk 2 °4:rL°ﬂ"1 CD34 ¥4 xﬂgg} 2

%X‘] [oR=4

HjolE 7| M E2E AF
ek o v 5 /‘ﬂ
23Is F 53 &

S F2o A hemato-

&= CD34+/CD38-

e e

B ot A

T;
o
)
a
o
N
N
0
)

Fo] 3} == W3l 7 S(E
Ao g A7 ELL o]2dk CD34 A AlFEQ] Hj|
7l w2 F-732F 2E el M3l= hematopoietic
lineage A2E9] 3} HAoA e = Hrdat L
g frarstolch

efell ®arel A7+ FollA] David & (2005) Al

xW o 01%6‘ 9= IRE CD4 FrAAk
Yate], CD4 Trqu}y} Hhsm




Ju—

. Evans MJ, Kaufman M. Establishment in culture of

pluripotential stem cells from mouse embryos. Nature
1981; 292: 154-6.

. Notarianni E, Galli C, Laurie S, Moor RM, Evans

M]J. Derivation of pluripotent, embryonic stem cell
lines from the pig and sheep. J Reprod Fertil Suppl
1991; 43: 255-60.

. Thomson JA, Kalishman J, Golos TG, Durning M,

Harris CP, Hearn JP. Pluripotent cell lines derived
from common marmoset (Callithrix jacchus) blasto-
cyst. Biol Reprod 1996; 55: 254-9.

. Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz

MA, Swiergiel JJ, Marshall VS, et al. Embryonic stem
cell lines derived from human blastocysts. Science
1998; 282: 1145-7.

. Lee SH, Lumelsky N, Studer L, Auerbach JM, Mc-

Kay RD. Efficient generation of midbrain and hind-
brain neurons from mouse embryonic stem cells.
Nat Biotechnol 2000; 18: 675-9.

. Carpenter M, Rao MS, Freed W, Zeng X. Derivation

and characterization of neuronal precursors and do-
paminergic neurons from human embryonic stem
cells in vitro. Methods Mol Biol 2006; 331: 153-67.

. Schwanke K, Wunderlich S, Reppel M, Winkler ME,

Matzkies M, Groos S, et al. Generation and charac-

terization of functional cardiomyocytes from rhesus

10.

11.

12.

13.

14.

-177 -

25

AW, &, Aol

lon

=201&, da

e

monkey embryonic stem cells. Stem Cells 2006; 24:
1423-32.

. Laflamme MA, Gold J, Xu C, Hassanipour M, Rosler

E, Police S, et al. Formation of human myocardium
in the rat heart from human embryonic stem cells.
Am J Pathol 2005; 167: 663-71.

. Baharvand H, Jafary H, Massumi M, Ashtiani SK.

Generation of insulin-secreting cells from human
embryonic stem cells. Development, Growth and
Differentiation 2006; 48: 323-32.

Galic Z, Kitchen SG, Kacena A, Subramanian A,
Burke B, Cortado R, et al. T lineage differentiation
from human embryonic stem cells. Proc Natl Acad
Sci 2006; 103: 11742-7.

Lacham-Kaplan O, Chy H, Trounson A. Testicular
cell conditioned medium supports differentiation of
embryonic stem cells into ovarian structures con-
taining oocytes. Stem Cells 2006; 24: 266-73.
Kaufman DS, Hanson ET, Lewis RL, Auerbach R,
Thomson JA. Hematopoietic colony-forming cells
derived from human embryonic stem cells. Proc
Natl Acad Sci 2001; 98: 10716-21.

Levenberg S, Golub JS, Amit M, Itskovitz-Eldor J,
Langer R. Endothelial cells derived from human
embryonic stem cells. Proc Natl Acad Sci 2002; 99:
4391-6.

David R, Groebner M, Franz WM. Magnetic Cell
Sorting Purification of Differentiated Embryonic
Stem Cells Stably Expressing Truncated Human CD4
as Surface Marker. Stem Cells 2005; 23: 477-82.



MACS Isolated Cells from Differentiated hES Cells

-32xs-

A WAL A Sl 243 ol 2 A SeIE S
= Ao & dHA ith o]52 thFst growth factors AL FHRF DHS WSIAIA 574 Al
22 % w3 9 287t 7FsshARE 1 G842 oA 7R W Aol & ATl A= 17t
HlolE 7| MERRE HEo]|Hor Hald HNIEES 54 AX ¥ FAE o]83F magnetic
activated cell sorting (MACS) o2 i8], vjYste] 159 5448 ARl
o128 w|E3} HjolE7|HEF (Miz-hESCHE E2|4Q Woz A wjdsislon, ¥
o= wiolA] #FS sttt wiobAlS] ApEQl #3593 DMEMel 10% FBSE
A7Vsle] 25 F9F vFElsiTt o2 E8lE MAEZES CD34, human epithelial antigen (HEA),
human fibroblast (HFB)ol| th3dl SHA|E o]-8-3F MACS system.‘ii Z}zo] a Aol Tt A =
w8 AEE FE3ith ol# g MACS 8] AEE 47 Bt midshdA] FejzQl Wsls
sta Bo] fxte] e s AT
2 Ik 2 vgs cD34 A ATEL wiY 279
o= A2 el FEE #FEow, HEA ¥4 AlXE
HFB 4 AZEL 349 U541 Ye2 A2HIr 5ol #7334 gk RT-PCR 734401]*1
CD34 ¥/ AEE3 HFB ¥ AlEEolA = W) Sl 3 fd=ke] lsh=

R

o i

L

it

57 YA dehil WY )
e 2 el deE el

IOJ

Qg 4= %31, HEA A MEEdA = Yullsd = F3A21 NESTINI NF68KD2] Hezfia
TS = it v g7Izke] A st whEl CD34 G Al Bo] FHAl W o] ®is)

1 2. o]Ale] Aal= n|Eo|Zow B3ty <7k ujo}E AL RERE Eo] AXZ MACS W

= h s

WS o] gslo] Aydor Bk 5= 98-S Bt} ulebd, MACS R So AEo|
g A= Az o= AL = 2o} Bo] Ao Eld g §-83 Zo= AZtHr)
SMEL: 217t wijol=7] A2, £3), MACS WHH, &4

-178 -



