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Differential Expression of STATsand Its Function in
Osteogenesis of Mesenchymal Stem Cells
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Purpose: To investigate the role of STAT5 during osteogenesis differentiation of human mesenchymal stem
cells(hMSC).

Materials and Methods: To assess the expression pattern of STATs during osteogenic differentiation, we
performed western blot analysis and RT-PCR. By RNA interference, we have performed effect of STAT5A
and STATSB in osteogenesis. Asaresult of Luciferase assay, the promoter activity of DLX5 was decreased by
STATB5A.

Results: To assess the expression pattern of STATs during osteogenic differentiation, we have performed
western blot and RT-PCR after 14 day differentiation period. STAT1, 2, 3 and 4 showed no change in expres-
sion level during differentiation, while STAT5A and STAT5B displayed steady increase compared to the con-
trol. When STAT5A was knock down, the level of osteogenesis was increased. The transcriptional activity of
DL X5 was decreased about 70% by STATS5A.

Conclusion: The expression of STAT5A and STAT5B increased during osteogenesis of hMSC. Also, we
shown that STAT5A regulated the transcriptional activity of DLX5. These results indicate that STAT5A acts as
apivotal transcription factor in osteogenesis of hMSC.
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Table 1. Primer sequences for reverse transcription-PCR
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Gene Strand Primer Sequence
GAPDH S 5 GAAGGTGAAGGTCGGAGTC 3
AS 5 GAAGATGGTGATGGGATTTC 3
STAT5A S 5 CGAGTGCAGTGGTGAGATCC 3
AS 5 AACACAAGCTCATTGCTGCC 3
STATS5B S 5 CAGCCTGGACGTGCTACAGT 3
AS 5 TGGTCACCAGGGCTGAGATA 3
ALP S 5 CTACCAGCTCATGCATAACA 3
AS 5 GACCCAATAGGTAGTCCACA 3
DLX5 S 5 GACAGGATCCCTATGACAGGAGTGTTTGAC 3
AS 5 TGGACTCGAGATCTAATAAAGCGTCCCGGA 3
MSX2 S 5 GCCAAGACATATGAGCCCTACCACCTG 3
AS 5 GGACAGGTGGTACATGCCATATCCCAC3

S: Sense Strand AS: Antisense Strand
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, lé antlblotlc—antlmyotlc
fdo] H7}E Dulbecco s modified eagles
medium-low glucose (DMEM-LG))lA Lzt
S & 5 75 em’ AlE elgEEad 90% o
Zdol ZHA =Hw Al widetat. AlE ke
3ol g HA Zolxdnt. 1A vidd S =
ZIAE 1,000702 10 cm®™ieF 710 74 B<t
Hjekelk & 2x10° cells/wellZ 6 well #1F &
7l Al wjFste] ZolAdE {3} i (10%
e ¥A 1% antibioticrantimycoticg9,
100 nM dexamethasone, 10 mM pB-glyc-
erophosphate, 50 ug/ml ascorbic acidg&
7}et DMEM-LG) S #71ske] 149 7+ R3lf=
sttt

2. Western blot analysis

ZolM el e] STATs &dS #s] st
o] western blot analysis® 33ttt <3t

4 FHEE 149 T FoMIER 3=
T, 1X whole cell ysis buffer (1%SDS, 60
mMTris-Cl (pH6.8))2 TWd FZES FH|
3ttt 10% SDS-PAGE mini-gelel @&z

30 we® F1, SDS running bufferol|A 80 V
2 A7GEES 277 308 ZoF APk 1X
transfer bufferol* 50 V& 2A17F 5
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gt TBST (100mM Tris (pH7.5),
NaCl, 0.5% Tween-20) 8qo2 13t
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Zth. ECL western blotting detection kit
(Amershampharmacia, Vineland, NJ,
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3. RNAFZET ANAL SHEHELS AMES
(Reverse Transcription-Polymerase

Chain Reaction)

ARAL FFEE AAHSS B3t mRNAY
oAl STATsZ} Zobr|zel #HH Frzke] %
e B899tk RNeasy Mini Kit (Qiagene,
Hilden, Germany)& AH&-3ted cDNAZge] At
42 RNAE EF3t9t. F=3 RNAE
Ominiscript RT Kit (Qiagene, Hilden, Ger-
many)E AFHESEaL, 37ColA 90%, 95TlA 5
i Zob wkgslo] cDNAR A3ttt cDNAS
Taq DNA polymerase kit (Qiagene, Hilden,
Germany), 10 mM dANTP &&=} 10 pM<]
£7% =Zzto]ln (CosmogeneTeq, Seoul, Korea)
£ Arlsted FFEA A v E AldEk
(Table 1). T&&4A AN A7EL2 1.5%.
agarose gelollA 258 Bt A7 Al
% UV transilluminator 2 ##3}

4. RNA interference

=9 EZ71HEE 6 well plated] 1.5x10°
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Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA)& AH&3st JAFds sttt 24
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5. Luciferase reporter assay

Heladl =2 6 well plateolr =<3t 3
Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA)<& AH&ste] FAFY<S st 34
4 A
300 ng overexpression vectorg AH&-3FSIT.
48417t % 1x passive lysis bufferg o]&s|
@A s &3}tk Dual luciferase sub-
strate (Promega, Madison, IL, USA)E ©]
43t Luciferase 84< Sttt o] A4
< 33 w&E v, g ZHHE =pGL3B
human STAT5A -2121/+88, pGL3B human
MSX2 -1969/+428, pGL3B human Osterix -

1990/+128, pGL3B human DLX5 -

] 700 ng luciferase reporter vector,

1. 32 E7IM=Ze] ZotME 25 oY F
STATs RTXle| ehsitds}
TG FVNNEE 71 vt elA] wjeds &
ZolA|E B3} wjgdor 10—‘_; SRR T
Western blot analysisZ ©]-&38] Tl do]x e

STAT frAz=9] Td Fde B, &3
713t Bt STATI1, STAT2, STAT3, 218x
STAT69] &de] Wz Blasisle v Aol
7F 3L, STAT4E F3H9 S71A A Td
sk skt 1Eu STAT5A 9 STAT5BY] 7

2000/+340% A}-&-3} Tt F wdo] B3PIzt FF dlzwel] Ml AlRto]
Aol Mt Sk thH(Fig. 1A). Von kossa

5. Von kossa2dAiE AAE B3l ZoMERe 3t AYHASES
el th(Fig. 1B). d4tsle STATS= Azt

Von Kossa G o]&38te] IolEE fF o] Aol whel gzl H]s]] Ao =781

=7} FAEA &QlsI Tl Acetone: methanol= 7, ZolxE BE37|7F B¢k 214k3 FAdo] 149
1:1% o] &3t AEES 1S 393, 3% silver  A7IA A&HE AL doasigdtH(Fig. 10). ©

Al STATS5A9H STATHBE SoH=
o] & Aor F5

2519}
At FopEeel ¥3

nitrate solution (Sigma,ST.Louis, MO,
USA)Z 30% &<t A8ttt 94 % 302 &

A control osteogenesis B control osteogenesis

DayO 1 3 5 7101 35 7 10
STAT?2 - i - ——
B e

C control osteogenesis
STAT4 0246 8 101214 2 4 6 8 10 12 14
STATHA R p———
sTaTse MR - ——
s iZam-eReeaEe

Fig. 1. Expression of STAT5a and STAT5b in osteogenesis. MSC were differentiated to osteoblasts using
osteogenic medium. The expression of STATs was confirmed by western blot analysis. (A) The expres-
sion of STATs family was analyzed at different time points after the induction of differentiation. (B)
The cells were stained with Von Kossa on day14 after induction of differentiation. (C) The expression
of phosphorylated STATS5 during osteogenesis.
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713t Fetell= STAT5AS STATHBS] 2dle] 2
dAfell ket 14LdA7HA] FAEHAT. F82¢
T FEE Bl Asl RT-PCRE 3%

A3, STATH5AS STATSBY FAAPd&He] =
o ER £} Fg F 2dA7A] FTtele] 2F
H FAE A Fig. 2A). T3 oAl 3A|9
2191 ALP (Alkaline Phosphatase)2] 7+<t
Zob 2 FIHrE AR MSX29] frdArdd
o= FoMxRo F3Ut HAUSS RISkt
olZ HFasld, STATHAL] A$ EIF=S
AlZFeA] 44 Aol 2 S7FskRA A, 1094 7F A vk
AA o] v ke & FAH AT STATSHB
T w3HrEE AIAREA] 109490 oF 4 F7} st
Jal I49A7HA] FAEE RS Bt FodE
FEAQIAR] ALP= w3hH% A2 &, 297 7H
7 a 14498744 Al F7kete] 094 H
a <F 30ui7HA] F7bekith(Fig. 2B).
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2. STATH5AL STATEBE AXMAIZIS uff =0t
Mz Z3tof ojxl= J&

oM X B33t Bt STATH5A STATHB
7F miRlE Gee dolry] flste] Al ze|drizt
F< STATH5AS STATHBE odS AAAI7
oM E EIE FEsidth EsRE 149
. Von Kossa@d& Fato] #3k8g delgh
I}, ol 8l STATHA siRNAE A3t
< oM xRS 3t dAs] FUtEE e
ZAstglomn STATSB siRNAE AHE|gE ol
T ZoMERe] 3t dxad vl
) W3}t gldth(Fig. 3A). ¥3H RNA inter-
ferencecll 2|3 STATHASH STATHBY] #HAae
real-time PCR& %3l 71719 mRNAE =%
oA gl stk (Fig. 3B).
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Fig.2.The expression of STAT5A, STAT5B and =2
osteogenic transcription factors during osteogenesis - 19
by RT-PCR. MSC were incubated in DMEM-LG 0 -
supplemented with 10% FBS, 10 mM 2glycerophos- o 2 4 6 8 10 12 14
phate and 50 ug/ml ascorbic acid for 14 days in the
presence of the indicated reagents. Total RNA was 40 4 ALP
isolated every 2 days, and mRNA expressions of & 30 A
STAT5A, STATSB, ALP, DLX5 and MSX2 was _E:%
analyzed by reverse transcriptase-polymerase chain O 20 1
reaction (RT-PCR). GAPDH expression was used as %
a positive control. Data shown are representative of k=0 i
three independent experiments. 04—
B% 0246 8 101
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Fig. 3. The effect of STATS5 on osteogenesis of BMSCs. siSTAT5A had effectlvely increased osteoblast differentia-
tion. (A) The cells were stained with Von kossa on day 14 after induction of differentiation. (B) The mRNA
expressions of STAT5A, STAT5SB by RNA interference.
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RISt Az
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STAT5A9] AL ZAsteE FoHE F
she} A AARIAE Adehr] 98l Luciferase
assay & FdsAtt. STATHA Z=ZHEH -
2121/+88 H-91Z reporter vectorE A|2H3F 3
STATHA, DLX5, MSX2 overexpression
vectorg A7 FAFYE silth. MSX2+=

[e]
i

STATSAS] A& ol daks AR &
StH(Fig. 4). STAT5AE STATHA ZZREH
of Zhgate] RS JAAZ v DLX5=
STAT5A ZERE| 2835t STATHAS
A S ok il S7HAIATH(Fig. 4A). DLX5
overexpressoin vectore= STATSHA ¥Tl ofy
gt oE ToME E3ke] #H FHA MSX2
¢} OsterixollA = o5 M-S FAIAIA
o}, 28]a STATS5A overexpression vectore=
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Fig. 4. Transcriptional activity of STAT5A by STAT5A, DLX5 and MSX2 overexpression vector. (A) Transcription-
al activity was measured in STAT5A promoter(-2121/+88) by STAT5A, DLX5 and MSX2 overexpression
vectors using luciferase assay. (B) Transcriptional activity was measured in DLX5 promoter(-2000/+340) by
STATS5A, DLX5 and MSX2 overexpression vectors using luciferase assay. (C) Transcriptional activity was
measured in MSX2 promoter(-1969/+428) by STAT5A, DLX5 and MSX2 overexpression vectors using
luciferase assay. (D) Transcriptional activity was measured in Osterixpromoter(-1990/+128) by STATS5A,
DLX5 and MSX2 overexpression vectors using luciferase assay. The assas were repeated in at least three
experiments. Asterisk(*) indicates P<0.05 versus mock vector group.

oMl 2 #d FHARI DLX5, MSX2, Oster- =3t @& 2ta35S 28317 faixe A%

ixZtzhel AArZd e gAsAT. 53, I I FAAAPE olefallof k. SxF o] HAa

STATSAEDLX59 AAEdE oF 70% A= =¥ Wiz Adxoe] Sristuz, FAAd &

A2 (Fig. 4). ARAE S8l Zobrxel AWM TR F3}o

L = TERA7F BFAoy . Axe] AETH 75

AEZ AN TR = FAAe 2dE 2dse

718 ATl F3 VAR SR AE O A2 S0 R deaio] dofdte
= 23k F e vhEsteol weAwA v 2A 2ddn.

Ao A8 7herde] Husn it} dhAtg el T4 E7IAEAAN AEAE BIIE TS

A w=®stE QFellA E-o] SUHET el STATHY AAked x=de 243 23, C/EBP
old AHde ISl e 2% 4 9 e} C/EBPBE STATHS| AAMEAS F3staL,
o FH2o 20ESsS dEAQ =Qgdgte g PPARye STATHAS HAEd S FX8 e
AEHANES A A77F 22d] Agsx Aot #, STATS5AS STATSBe] &&o] A=H A
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WAzl B3t A AT, A YA LR
staby Bt STATHE 838 9&2 dtie
oA ZolEol STATHE A#A o thgh =
TE on|7t vt AAgEnh B AFoa Fof
Azl #3717 B STAT5AS STAT5BY]
o] Z7)d Frlete] o] FAIEASH,
ol STATH7} ZolxE=Zeol E3p/7F Bet &
83 95 & Aolgta Alsdh

Zol LR Eslod & Cbfal/Runx2¢
OSteI'lXﬂ' 83 oﬂ%—‘ Zﬂ‘drlzmm. Runx2¢]
F327F knockout® Fe ¢ d=u=shet
TEsil BT dojubR] kol Hjol= JHAILAY
Zoll AFgsiAl %]_U]' Cbfal/Runx2t ZoME
Falapgelr g = 2d J=E Holn o
AARIANE ] ZAjste] 1 &85 IR AY o
A gttt Osterixe Runx2®t} 3F¢]ol|A] 21835
= Aoz d#A Ut} OsterixE KnockoutA]
2 A UG SVAERRE ZopAl e ¥3
7} AAlEH . SOX93 Collagen type2 & 9F

e ml M

el FAAE Ad AER Fehggt,
MSX2¢9} DLX5e 3 E7IAEA ZolA

44 T T8 AARIAZA & A
Ao}, MSX27F Knockout® #Hel A%

—,—7H—'— Ao A2 HolA "o}l 7 =)
A EoA MSX2E ZoldE =43} R3als =3

7Y, Runx29] 2/4< 9AAZIH. DLX5+=

Runx2e] 233 Z3E A4} BSP¢ Osteo-
calcin?] Td& R w3k DLX59
ol dde o3|y HANAd 23S FES
E Aoz 4y Yo’ B AFdH= DLX5
mRNA o] B3l g T 57 } sttt WSkt

o,
A= STAT TRATAY clFHTAE
Fol o7 o]Fsta, AARIAE D4R
gk Qlske} 2] ¢k STATS th2 A1 e}
A AFAAETT. B
A oA Lﬂi}ﬂ STATH7} &3} 717+ Bet
S43te A& STATSH7E & <hollA] the AR

%
o

Qe FE Rold A}

STATl e ZoMMEZ &3} 7|7 B2t Runx29
S AAAAFL, STATIC] AdAEHAS
of & Aol UM deEnl Iop. w3
STAT59F Runx2e A2 4azeS she] AA
45 dA T dEA doH?. B AFoME
STATS5A7ZF A=W, ZoME #shed o] F7f
He AS RIS o= STATS5A7F ZobA
E2o] w3t dAlshE e ougth

T ST AN FoHAERE = ot
g AARIAE F8sith DLX5SE ZoMxE A3

st Hofetn, = PP = B3 2ds= A
oz dA Ut MSX2+& ZoM|xe] #3het

4% 27 A%, Runx2@4s FopE ®
AfARE dABT. B FHo He U
MSX2& ZobdEe] AbES AR, B AT
2 B FolAEY EAFAAC 23 STAT5A
o Aol 285 EA Fobi Ak DLX5E
STAT5A, MSX2, Osterix A &S =ol&

AL B39, &d STATHAE DLX5,
MSX2, Osterix AAFRAS JA Y. £ A

o4 DLX57} STAT5ASH 4&2g kol
STAT5AS] 7L< oF gu) ZRAZon, 3
7bel STATSAE thAl DLX5e] AAbe S 42
AR owA, BEEeAe] Bt DLX5S i
zdsle Ao ARAT, £ Addd 3
/1M 2] ZoME £t 717t E<F STATS
qatg ol Az STATSAE BolE
o o}Als
}

of HE

. ol SoHE &3l
DLX59} “dsat-gato] £t

Ol:oi?L‘iQmleo

AN
o
o
=)

SHelA AlgHA
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S A3z Uk Luciferas assays %3
DLX57} STAT5AS] ZzREd] 2oz 2
gteteA] elslr] YalAE chip assay (Chro-
matin Immunoprecipitation)7} 223 oz
AR E

4 B

STATS5AE ZoHX Z37|3t Bt wdle] &
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