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AMAL 0140l ZOECID GH0i[4,5] HAAMMEZ XZ36IIE StLt RLE &Rt

MESl AL 230 sSHez 2 oIXIF B2 GATA-2 OICH. GATA-2 = &3
o)1 HAFRIXH(zinc finger transcription factors) & odlUZ XZEI2EIIANIE
(hematopoietic stem cell), C2Is=ZEHI2H (multipotent hematopoietic

progenitors), H&3 MM (erythroid precursor), HCHSH M (megakaryocytes),

SAtR (eosinophils), HI QA (mast cells)ol gtsiottd [6-8],
X & (hematopoiesis)OllA ER8 H&s  &CH6]. GATA-2 I ZAGHH
XEODEIIMES SAN MEQ| 2ZA0HH ==04I[9,10], HHOH embryo)2l 2 GATA-

CE BIE0] &dotd, XEZSIIMER} HE AHMIt ZA06HCHt

N
o
My
L]

FA

t2110.5 L0l ArZGHA ECHE]. Fukimaki

S2=JMES S4/0] &

=
[
rir
=
o

o

[11]2 O0lcd8t GATA-2 o HEs DG GATA-2 2 mRNA £ JHEo=
Y

ot H4el0 dlol MHA=SSEE S X0IA GATA-2 2f &£&0] Mol A

I
o

g0
0lo
o

SHBTM, Gene chip =4UHAE MAESHEEE X2 =x=0AM F==
C034 24 MNIZOA GATA-2 REXS &40 24N Ul A2 & == UACH12].

MetAl GATA-2 2| Ol 22 MAESEEIEe 2E)|82 ostuas & = UL

Sl
HI
o
>
>
ol
rr
>
OE
H

(adipocytes)= CHUsSt =2sisas
IHXle =2t =I|HIXE (mesenchymal stem cells)UA XIZ&AME(preadipocyte)S

TEXNUA 2 otllet NEHAMENHNE 20l

rr

HH =3It =Ch. GATA-2

0x
Ol

P

rr

C=013] XNLINE=E =222 W 2Z F=RAZ, GATA2 =

nio

__'_!.

NYMEZS 235 AMGHH XZHME AN S JUA StCHFigure 1).
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3rc,

i1
ol

JIMIZO Ut HHg2 1X10° cel | /mL
oI 2t

g =

3

USA)Ol A 5-7
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NY,

A O
T 7T
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70-80% &AX confluence £ LIEtE [ =2BE BxFd =248 SIIMES
HOHH S AAIGHRCH. OlF HUBHYS 28 SIIAEZIF HY I HEO| 80%2

=

confluence & LUIEIE [

==

AAISHR SO, JHICHHN Y 2@ O3 20. NI
HiHS TWIO16tD DPBS (Welgene, Daegu, Korea)Z MIE %=, 1 X Trypsin-EDTA

(Gibco)E 0I23tH MEESE HECIFAUNAM 2elAA M22 JFEo 2 =,

oo

&420A 1,800 rom 22 5 =22t & =clotACH. A2 B BHXIE FIlot(

HIZE & 2R0ol10 Trypan blue solution (Gibco)2=& &AM = Hemacytometer =
0I25t01 = NZ £2 =HOIUCH. & ME £JF =X 1000 cell/cn” sE2 100

mm HE2IEAl (Coning)dl MIEZE seeding & 37C, 5% C0» HHLDI0IAl HHLSBHRCEH.

w
0

NZ =24 (Flow cytometry)

]

=9l =Z2t¥ EIIMEE #olol)l <o, SHAZ24 (Flow cytometry:

Beckman Coulter, Fullerton, USA)S Sol HMZEZ EH &2° 2ds =FoIUCH.

0!
rr

Me =2t SIIME0AN ZHS LEtH= FITC mouse anti-human CD 105 (BD
biosciences, MD, USA), PE mouse anti-human CD 73 (BD biosciences), FITC mouse
anti-human HLA-ABC (BD biosciences), PE monoclonal antibody CD 90 (BD
biosciences)dt 84&& LIEILH= FITC anti-human CD 34 (BD biosciences), FITC
anti-human CD 45 (BD biosciences), FITC anti-human CD 80 (BD biosciences), PE
anti-human CD 86 (BD biosciences), FITC anti-human CD 14 (BD biosciences) FITC

anti-human HLA-DR (BD Biosciences)= AISolACH. trypsin-EDTA (Gibco)S

Ol E0tH HiE NEESE HEIZAMUAM ZcIctA2M, 0PBS (Welgene)Z Al X

ol

SHZ 248 ANE2 2 58 o NEsS 2X10°, =E 20 200 uL It =&

J

SACH. MEIF E 2 S50l fluorochrome-conjugated primary antibody &=



isotype control 2 10 uL & EA20, FITC mouse 1gG1 2t PE mouse 1gG1, FITC

i

mouse anti-human CD 105 @t PE anti-human CD 73 = =22t oLl SE0 EACH.
20 22t LAONA EHZ2AI21D2 OPBS 1 mL 2 FHJtoH 1,800 rpm OIAM 5 8 S0
2ArEelotd MESIF2O, Jietet=2 MZEO0l DPBS (Welgene) 400 pL & &II6HY

HMEZE & 28AI21 & SMIE 24D] (flow cytometry)2 =MoL,

4. S2Z SIIHEL XNZAMEZS 23t

DA =2t =JIMEZ 6 well plate (Coning)0il 5000 cell/cm® SE2

seeding &, 10% FBS (Gibco)2t 1% penicillin-streptomycin (Gibco)0l E& = LG-
DMEM (Gibco) HBHEF HHXKIONA MIZEDF 100% confluence & UHEFY MK HHLGHACEH.

3 22t O B

o
o

BH¥oHS HMHSHLD DPBS (Welgene)2 AMIESH & 10% FBS
(Gibco), 1% penicillin-streptomycin (Gibco)Ol &DJtE HG-OMEM (Gibco) HHEF
BHXI0I 1 pM/mL dexamethasone (Sigma, Aldrich, USA), 0.5 mM/mL IBMX (Sigma), 10
ug/mL insulin (Sigma), 100 mM/mL indomethacin (Sigma)2 &Jt8t induction
medium 22 37C, 5% C0, BHYDIOAM 3 L2t BiYStd, 10% FBS (Gibco), 1%
penicillin-streptomycin (Gibco)Ol &It & HG-OMEM (Gibco) HHZF BHXIOGI 10 pg/mL
insulin (Sigma)S &DJI&F maintenance medium @2 1 &2t 37°C, 5% CO, BHDIOIA
HHerot L, Ol 3 B Bt=8 =, 3 20l &8 maintenance medium 22 HIXE

Z0t=8A 7 22 O Hiedotdth. Ea 18 &€ S MEE ot L, HEZES



Passage 3 2 XNZMIEZ Z3&E =7l S2E ZIIMEE 0PBS (Welgene) 2
NI&EStD, 10% formalin (Trisco, Baltimore, USA)22 5 & & & M=Z&2 10%
formalin (Trisco)22 3 Al2t SOt NHGIRUCEH. 3 Xt SF8+=2 2 H NAH F, oil-
red 0 solution (Sigma)E €10 2 A2t =S¢t GMGtD 3 Xt EF+2 3 ¢ NAHGH

=t
=

]

FRALCH.

ol

&0/Z(CK40, Olimpus corporation, Japan)2& YME =22
HeZANE <ol 6 well plate (Coning)dl isopropanol (Junsei Chemical Co., Japan)
400 puL A <20 oil-red 0 EHS F=Z0H 6 well plate (Nunc, Roskilde,
Denmark) Ol 100 ulL % <Z21 microplate reader (Biotek, Winooski, USA)Z 540

nmOld SZ2EE SEGAL.

6. RNA 2 =cl

Passage 3 2o 24fdl 28 SIIHNEZZEHS2 RNA = trizol (Invitrogen,

OtRUCH. HHY = plate O 2218 MZWH trizol

Carlsbad, USA)E Ol=df =c
(Invitrogen)S 1 mL &EItst = deep freezer (-80C)0 MEGIA , ME0| 2%
201 ZB820M =2 & 2 S0l chloroform (Junsei Chemical) 200 pL £
290 42 & A20M 2-3 2 ZXIot 4T 12,000 rpm KA 15 22t 2&Z2|5HACEH.
MMM MER FEZ %I11 isopropanol (Junsei Chemical) 500 pylL % &It3H0

F

9

Ch. & EAS

ol

&420A 10 =22+ &Xlst =, 4T 12,000 rpm OlA 10 28 E&Ec

Held 92 HMAHSH| fot0d 80% EtOH (Daejung, Gyonggi—do, Korea) 1 mL & Jtot(d

AP X{| OH
S S .

i

At=22 DEPC water

o

BHelld

x
o
o0
07
o
2
>
o
0>
HL
ol
9'j
9
O
|J
00
o

=

(Welgene)Oll =SCt. RNA =S5 &0I5lJ] <ot micro-spectrophotometer S

ASoHRAL20 A260/280 2 =0l otALEH.



7. Complementary DNA (cDNA)2l &4

cONA &fHd 2 MXE&IAF (Bioneer, Daejeon, Korea)2l XI&O0 et =86tACH. 1

ug total RNA, 10 pmoles Oligo dT (Promega, Madison, USA), DEPC water

ro
00

(Welgene)2 volume 10 plL 2F A 37C 5 2, 70C 5 22t BISAIZLC.

AdS20 M 1 2t gkX|otd, 5 X MMLV RTase reaction buffer (Bioneer) 4 ulL,

AT

100 mM DDT (Bioneer) 2 plL, dNTP (Bioneer) 2 uL, RNase inhibitor (Promega) 0.5
gL, MMLV RTase (Bioneer) 1 ulL, DEPC water (Welgene) 0.5 pL & &JItot(d
42COHAM 1 Al2E, 95C 5 22 BtE82 SE6tH Total RNA 2 1 yg & & 21 20

uL 2l cONA E g&dotRALt.

8. GATA-2, PPAR-y 2| reverse transcription polymerase chain

reaction (RT-PCR )

RT-PCR2 MIZ=3&IAt (Bioneer)2l XI&Ol et =33IACH. 10 X reaction buffer

1 ul, 4 pmol/uL forward primer, 4 pmol/uL reverse primer 2f2r 0.5 pylL, 10 mM

e

o & R0JI+ 10

i

dNTPs 0.2 pL, Tag DNA polymerase 0.1 plL, %= 5.7 plL
LI EI=F Z=UIGHRUACH. PCR machineE Ol&dll 95CH A 5&2F denaturation &,
94TCOH A 12, annealing 2T UHA 1&, 72COHIAN 122t2 BtS2 30 cycle (GAPDH
27 cycle) =&IIAU2CMH, OIXNL22 72CUHA 52t BIESAIZUCH. =T BIESL4S2 2%
agarose gel (Sigma)dl HI|IFsS2 A AGHO biospectrum 600 imaging system

SOIGHAUCEH. mRNASl 2 HE=

J

(UWWP)E Ol BHEQF target sizedt YXdt=X

GAPDH Off CHer &fCHXM Q! BlE=2 LIEFLHRACE.



Table 1. Primer sequence used in reverse transcription polymerase chain reaction.

Forward primer Reverse primer Size Anneal ing
Genes
(5'—>3") (5'—>3") (bp) temperature
GATA-2  ACACCACCCCATCCCCACCT TTTGCACAACAGGTGCCGGC 327 bp 66°C
PPAR-y  GCAAAGAGGTGGCCATCCGCA  GCAGTAGCTGCACGTGTTCCGT 540 bp 66°C
GAPOH CAAGGCTGAGAACGGGAAGC AGGGGGCAGAGATGATGACC 194 bp 60°C

Abbreviations: bp, basepair: PPAR-y , peroxisome proliferator-activated receptor—gamma.
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Table 2. Clinical characteristics of patients.

Normal bone Myeloproliferative
Aplastic anemia

mar row disease D
(n=4, Mean=+SD)

(n=6, Mean+SD) (n=6, Mean=3D)

Age (Year) 56.3+28.2 66.5+14.2 54.2+24.3 0.308
Sex
2:2 3:3 3:3 1.000
(Male:Female)
BM
cellularity 11.3+£6.3 40.0+8.9 64.0+34.4 0.007
(%)
Leukocyte
1775+ 1375 6302 + 2526 10470+ 8765 0.006
count (/ulL)
Hemoglobin
9.8+7.4 12.8+2.4 12.4+2.6 0.044
(g/dL)
Platelet
count 48.8+27.1 214.3+159.0 283.9+315.0 0.001
(x10%/ pL)
Neutrophi |
545.0+534.9 4240+ 1571 9174.0+ 6584 0.000
count (/ulL)
C-reactive
protein 1.561+1.76 1.03+0.87 0.17+0.14 0.061
(mg/dL)
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Table 3. Results of flow cytometry of bone marrow derived mesenchymal stem cells.
Results of cell markers with positive
CD105 CcD73 HLA-ABC CD90
Aplastic anemia 93.2% 95.7% 81.8% 97.2%
Normal bone marrow 99.9% 99.3% 99.5% 98.7%
Myeloproliferative
99.2% 99.4% 97. 7% 95.2%
disease
Results of cell markers with negative
CD34 CD45 cD80 CcD14 HLA-OR CD86
Aplastic anemia 1.0% 0.9% 1.2% 1.0% 0.8% 2.2%
Normal bone marrow 1.9% 2.0% 2.5% 1.4% 2.8% 4.9%
Myeloproliferative
0.9% 1.0% 1.0% 1.6% 1.0% 1.1%

disease

- 15 -
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Figure 2. Adipogenic differentiation of bone marrow derived mesenchymal stem
cells. The cells of aplastic anemia (A), normal bone marrow (B), and
myeloproliferative disease (C) were stained with oil-red 0.
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3. GATA-2 ¥ PPAR-Yy

Passage 32 2%l =2t ZIIMENM GATA-2 2t PPAR-y 2| mRNA HE3

?I5t01 RT-PCRES AIEGHACH(Figure 3). GATA-2= MMEEIE Z 0.3510%£0.08,

d& == =T 0.463+0.17, dcld ==3AdZ& Z0lA 0.3078+0.180I1AU20
PPAR-y = MASEEE =2 1.1043+£0.37, d& == =& 1.0528+0.48, 1l
==3SAEEE Z0AM 1.2792+0.652 GATA-22t PPAR-y 25 Al =Z2H0il XtOIJt
AUCH 22 p=0.361, 0=0.779).
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Figure 3. Expression of GATA-2 and PPAR-y in mesenchymal stem cells from
aplastic anemia (A-C), normal bone marrow (D-F), and myeloproliferative disease
(G-J).
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Abstract

GATA-2 expression in mesenchymal stem cells

Background and Purpose: Aplastic anemia is characterized by decreased
hematopoietic stem cells and fat replacement of bone marrow. The transcription
factor GATA-2 affects both hematopoiesis and adipogenesis. GATA-2 is important
for proliferation and survival of hematopoietic stem cells and GATA-2
suppresses adipocyte differentiation through inhibition of PPAR-y in
preadipocyte. This study investigated the levels of mRNA of GATA-2 and PPAR-y
in mesenchymal stem cells depending on marrow cellularity.

Materials and Methods: Bone marrows were collected from four aplastic anemia
patients, 6 normal marrow subjects and 6 myeloproliferative disease patients.
Bone marrow-derived mesenchymal stem cells were cultured and identified using
flow cytometry. The mesenchymal stem cells which were differentiated into
adipocytes, were stained with oil-red 0 and were measured absorbance for
quantitative analysis. The RNA was extracted from mesenchymal stem cells and
the levels of mRNA of GATA-2 and PPAR-y were detected by RT-PCR.

Results: The flow cytometry demonstrated that cultured cells in this study were
mesenchymal stem cells. Among the three groups, bone marrow cellularity was
found to be the lowest from the aplastic anemia patients and to be the highest

from the myeloproliferative disease patients (p=0.007). But absorbances for
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adipocyte quantification and levels of mRNA of GATA-2 and PPAR-y were not
significantly different (p=0.787, p=0.361, p=0.779).

Conclusion: In this study, differentiation into adipocyte and levels of mRNA of
GATA-2 and PPAR-y depending on marrow cellularity were not significantly
different among the three groups. Establishing the culture condition and

increasing the sample size would be required for further studies.

Key Words: aplastic anemia, mesenchymal stem cells, GATA-2
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