W E 41 B4 24224 Chinese Journal of Cell Biology 2011, 33(12): 1336-1342 http://www.cjcb.org

R RARFFHRRRAEER(GIL)X MR E
3 18] 72 FR T4 AL AL 3 1L SN At 52

A2 2L K2 BT
(PHIE b2 A dn Bl 2= B, P22 710072; *Institute of Molecular Medicine and Genetics, Georgia Health Sciences
University, Georgia 30912)

WE T R R Y& AT 609 5 BB 445 & 4 (glucocorticoid-induced leucine zipper,
GILZ)*F s B8 #4818 /R F 48 /i, (bone marrow-derived mesenchymal stem cells, BM-MSCs) & ‘B 5~
ERSvh . VAR SR IR F AT, 54 & % B & @ (green fluorescent protein, GFP) 3k B A= GILZ A B
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(glucocorticoid-induced leucine zipper, GILZ) & 5% %
PR i e A 1 I — ST L, J8 T s ERL 1 TSC-
22 (transforming growth factor -stimulated clone-22)
KN, E AT s GILZ B A b 2 o/ LR
1 7] 78 5141 Bl (bone marrow-derived mesenchymal
stem cells, BM-MSCs) %15 7 A6 1 E 7112, [ 4 i &
WAHICHR G o Jl B 40 Mt Y5 T BM-MSCs?, A3 E
LW AR i 2 5 T, K GILZ i R € 3
AN/ BCE BEMSC, IR M GILZid 2 38 % je i 73 4
FR P A S (1 5 3% [ 1 Runx 2 F1 Osterix [FJmRNA !
WA RIS RIS, A7) T T R GILZ 25 19 5 /) B
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1.1 ##)

1L.I.1 XA Recombinant Mouse TNF-a (#410-MT)
IR &Dsystems 2y &) (3 [H), Osterixji{A(#ab22552)
H Abcam Inc. 2y ) (35 ), Runx2 ¥ i [ HiR#D130-3)

M SR 7 W B BRICR U5 3 S IR B B B 1 i R 1) 78 BT A M R A

I H MBL International 2y ] (3¢ [#), IRDye 800 anti-
rabbit IgG (#611-132-122)J H Rockland Immuno-
chemicals, Inc./A 7] (32 [H), IRDye 680 anti-mouse IgG
(#C00512-04)I%) H Odyssey® Infrared Imaging System
(GE[E), DMEMJ F Hyclone 2y 7] (3£ [H), 1-Step NBT/
BCIP solution (#34042)ll4 § Pierce Biotechnology s ]
(32 [), TRIzol® 351 H Invitrogen/ ] (& [H), Tag-
Man &2 # 553857) f1 Power SYBR® Green PCR Master
Mix (#4367659)5 H Applied Biosystems s &) (3¢ ), H:
Bk A SigmaZzy 7] (&)

1.1.2 HE Chromo-4 real-time RT-PCR/¥ 25 %4
HMJ research.

113 @miebidik Pl RBM-MSCshyAsi
% > B AORAE, K HOI8A JT HICSTBL/6HE /)N
BRI B R, Jee B IR s AR BE AN I, 11520 0K H 455
A HUARCD45R/B220. CD11bMISca-1 {1 4% Tk i v
4lifk, 9 FICD45R/B220. CD11b¥] 44 Fi1Sca-1 P11 )
MSCs. Jrf3/)EBM-MSCs/ il £ i 85 5 iR
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FHFRBNIE TR, RIEBAA B . Bl
SRS A = ) oAk g, TF ARS8 %5
RN RWIHZITIEAF 2/ FBM-MSCs
HAZ B R T4 . e ARSE0 ek
IRHALAR 25T AT = 1 b i . MSCAN i
E10%J6 2 1L 75 (fetal bovine serum, FBS)f{)DMEM
B2 e Lh L N
1.2 7%
1.2.1 M@ R IAGFPARGILZ Y 1% 4% Fe s 2 AR
GFP I GILZ 1) 3 i 5% 3 15 2 A& (AU3-GFP 1 AU3-
GILZ)W M Z M S ik [2]. Wi E 2, ¥
AU3nlsLacZ# 44 Pt (1) LacZ )y 51 H BRI A D)
Xba Ui BamH 1) 1%:, F¥4 GFPMIGILZ cDNAJG A . 24
HIPCRY #4GFP cDNARY, ¥4 Xba 1R1BamH 1R il 14
PIRL 153 B4 3 NPCR=H11 5 5 A3 S (B 1) o
122 4 $293GPG%m it 160 mmi 75 L
TH293GPGHAH iy, 15 40 M A= K 22 K Z180% gl & Ji& Ihf,
$293GPGH; 7 )y DMEM, ] Lipofectamine Plus
Reagents % 4 IAGFPRIGILZ 1) 38 4 55 95 B3 2 A4 i 4t
A293GPGHI M, #: 4 )56 h, INNZE B ARF 1K) 5520%
5/ L5 [WDMEM, 435 1124, 48, 72 hifit 85 73
L S 55 75 PRI Ret-GFP HIRet-GILZ [11 55 F2 W, T 4o
Ret-GFPHiIRet-GILZ ¥ & 73 1] 47.9%10° cfu/mL A
6.7x10° cfu/mL, 3 i #% 426.7x10° cfu/mL, —80 °C{#
fE8H .

123 REMSConle ¥ 8 A7 0 309 2 0N
Ret-GFPuRet-GILZ [ % 7 43 ) I 55 78 16 /)N B
B HEMSCH, g T HE4T GFPELGILZEE R i ik . A
I 5 ., 7E60 mmFE ML R FEMSCAH i, 7l 55 77
FErP IR, 2R AN A K 2 KL 50% A B I, B
LR IR, DU £ (multiplicity of infection, MOI)
10 (R FRZ H199% LA _F) 380 e 559 75 JURI Ret-
GFP. Ret-GILZ#%1.5 mLJE4MSC, [R] 15775 4%
JNA1.5 uL 10 mg/mL polybrene, 6~8 h)i [ 22 1575,
e g W W RS R 724 WP AT ISR B 9k

1.2.4 seEH LS HSCERIA1H 5 VLT .
fai i & 2, FMSC-GFPFIMSC-GILZ 4 il 43 51l L 2%
JE1x10Yem PiAE T-96 fLAR, f— A B B3N AL, 16
5% COLMMEEFRAA3T °CHi R . 2R e G TR Ak
e B 1B 7 Ak B 5 5 (osteogenic medium, OS) (Hh
DMEM. 2% FBS. 5 mmol/L - H i F150 pmol/L
2-WIR-L-PUR MR AL K) . X T ALPYe(D, FIAS S 45
EMIPBSZE MR VLS4 MY, 7 % il N 4% % 5K H
[ 72 30 min, FHXZE/KPERR3R. RIGAEER FH—
ANBT/BCIPH M G4 (415 min, FRZEKBEE, R
RFHEIHRE . S TARSH A, ESHEF721 d, bR
Pl . FHANE E5 I PBSE Ml e 4l i, I 70% 1K
LB 521 hy KRS, F 40 mmol/L Alizarin Red
S (ARS) (pH4.2) 7E 5 F Y410 min. H/KPEEA
H5UR, FFHPBSZE M & i T RE AN P41 i 15 min

PCRAFEIGFPHIGILZIFA1, M il _EXba TRIBam™ THEHITE A DIBERT 5, 285 50 B A JT 5 R AU3nISLacZ ¥ Xba TR BamH TREVIAL 53 Z (7] o
GFP and GILZ sequences were produced by PCR, Xba I and BamH I restriction enzyme sites were added on both ends of the GFP or GILZ sequence,

then GFP or GILZ sequence was cloned into the virus vector AU3nlsLacZ by replacement of nlsLacZ between the Xba I and BamH I enzymes cut sites.
Ell #3RmERAAU-GFPAAU3-GILZA
Fig.1 Construct of retrovirus plasmid AU3-GFP and AU3-GILZ
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DAYR D AR ek I ARS G 8, SR I A A4
125 kAR CmieRE IR0 6 3
Ji b, 7E5% COLfREFRAI 37 °Ch IR A HIPBS
SE PR GRS K, 8= T 4% 20 58 T ] 5
15 min, FIPBSZE MM LS A # ¢k, H0.2% Triton
X-1003% & &b P15 min, FIPBSZE i Uk ¥k 41 i 1
Ko FR N B P 22 p L (PBS 2 i i 75 1% I
THE 1 he IN1:20084%8 52 (1) 2 ve B ST GILZHT AL
WH b, SN CE D h, FIPBSZE vt 41 3
o IN1:600MkE 5 1) HCy3 - BT fRIgG, %0 T
I AL TECEL L h, FHPBSZE e 4n i3k . H1300 nm
[114°,6- " JPRIE-2- 205 Wpe £ 1 G (0 450 T S 4 i
2 min. YEEE, K oG BT R ABAEN 15 uL SlowFade
Gold antifade reagent #5355 Fr I, LI B ¥ FF v 3t 4]
B PU A

1.2.6 RNA#RIF2Z 0 RT-PCR  RNAK/; 5.
I R PCR AT 4% 2 26 SCHR [4170) 71516 T . fali
5, MR 3 f 4 A TRIzol® (Invitrogen 23w,
)X/ 2 41 s RNA, H TagMan Reverse Tran-
scription Reagents (Applied Biosystems) [z #%2 g
RNA, $5 52 55 A [FImRNAZK V- H{ Power SYBR® Green
PCR Master Mix (Applied Biosystems)flIChromo-4
real-time RT-PCR instrument (MJ research)>k 04T, ¥
3N L. mRNAJKVJ B-actinff 24 W ARKAL IE , 2
PRI eIk DAAS 2 ) A2 A oK 67k (AACH)T ). PCR X
NAE R 51050 an R TR o

1.2.7  Western blotik#| Runx2 #=Osterix & & & 49 &
ik ¥/ MSC-GFPHIMSC-GILZ4H il 53 5 7E A
A M A1 ng/mL TNF-affJOSH £5 F2 7R, 4 4
I &, F & BV £ 1A 5TEAT10% SDS-PAGE., %
RESTRETYEZR ML, S%IB IR U P . T 1:5008RE 1)
Fi Bl Runx2Hi A48 5t 0 Osterix A 7E %30 FIE & 2 he
PBSTEME3K, 4110 min, 1:20 0005 F% [JIRDye 680

anti-mouse IgGuk IRDye 800 anti-rabbit [gGHTA, ZE i
NOFE 1 he PBSTYRAR 37K, AKX 10 min. JH Odyssey
Infrared Imaging System (LI-COR Biotechnology)4 4.

2 %R
2.1 FRIZGFPIGILZAT 4 Rfm & 5 MR RMSC
BrfgEd R

H T RWS S i s N T I GFPRIGILZ e 75 A
MSCH K 3E, FeAl1H 2 IEGFPRIGILZ 3 4 55 95 75
AL SAMSC, 206 e N M EEGFP/EMSCIA I
FIENGOL, T g5 5 60 M g A MGILZ/EMSC A 1)
RIBE L. 4R EoR: ¥ GFPFIGILZIP) i i 5
BEIRGLESAAMSC 24 hJi5, W0 s 245 I GFPAI
GILZIE 5 HEMSCH =Rk IA, 18399% (#2). iE
T SR B I JEMISCAS 21 8 € i R IAGFPHIGILZ
(FIMSC-GFPHIMSC-GILZ 4 ..

2.2 GILZj3 571k & & 1 52 MSCHI 55 % 53 B4 B 3=
XA LB TR X

MSCHI I A £ ik fe, EAENAET
AL B AT T R AR MSCit
FIAGILZ)G , s i o4 g g . AT 1L
MSC-GFPI it 4 % 1, %) MSC-GILZ AN i 34T B i
SIS, TRIG TR E B R A YL €1, 21K 5 04T
PR L b e ta . g5 0 oK MSC-GILZ 41 i 1
TARPR WIS W 1 (P 3A) . AL 1 T R o
= (K13B), £ GILZid %K IA 18 351455 /)y FRBM-MSCs
(1 R 73 A
2.3 GILZit 3k %5 B Z 1 38 MSCHIRunx2%10s-
terixBImRNAFI & B R KRiX

h T B SR GILZA] el 204k o i A S
IR % 5% [ 1 Runx 2 F1 Osterix [ mRNA R 2 [ it 1Y) &
ik 05w, FeAT 4 ) K FIRT-PCR il Western blot>}
K MMSC-GFP FIMSC-GILZ4H il [¥] Runx2 1 Osterix

&1 RT-PCREFAMSIHFSI
Table 1 Primer sequences used in RT-PCR

S BE DA 1EXHE(S-37) S EE(5-37) 7K /M(bp)
Genes GenBank No. Forward (5°-37) Reverse (5°-37) Size (bp)
Runx2 NM_ 009820 CCACCACTCACTACCACACG TCAGCG TCAACACCATCATT 250

Osterix NM_130458 ACCAGG TCC AGG CAACAC GCA GTC GCA GGT AGAACG 373

p-actin NM_007393 CTG GCA CCA CAC CTT CTA CA GGT ACG ACC AGA GGC ATA CA 190
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FH 235 GFPHIGILZ {3 % 5595 77 (Ret-GFPFIRet-GILZ) & MSC5 BIMSC-GFPRIMSC-GILZ 4 fitl . GEP 1434 F %8 56 B4k M, GILZI %
TEHIBUGILZIF ST A4 1 G e 5 ehr i KA
MSC-GFP and MSC-GILZ cells were prepared by infecting MSC with retroviruses expressing GFP (Ret-GFP) or GILZ (Ret-GILZ). GFP expression
was monitored by fluorescence microscopy and GILZ expression was detected by immunofluorescence labeling with anti-GILZ antibody.
&2 MSC-GFPFIMSC-GILZ4H A
Fig.2 MSC-GFP and MSC-GILZ cells

A, B: W5 TR B SRR A BN A A: 87K FH ALPRR 1560 40 i i €5, SRAS I ALPRH P40 fitd; B: 5521 K F 6 38 20 L SRR 1 i 45 11 T 1o
A, B: the cells were cultured and treated as the method described; A: cells were incubated with ALP substrate at day 7 to detect ALP positive cells; B:

cells were stained with Alizarin Red S at day 21 to visualize mineralized bone matrix.
E3 GILZi#E38/ ) R B 88 R TR ST 2L
Fig.3 GILZ enhances osteogenic differentiation of mouse BM-MSCs

FIMRNARI & B R I8, g5 B 2 IRGILZid Kk (& 4B) )£ 1A . FHI MSCIt £ 1A GILZ I g H bl i
1 35 B 58 Runx 2 Fll Osterix [f)mRNA (KI4A)F1 2 [ )5 I RE .
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A-C: SEIN i S RT-PCRAI Western blot43 5l 4347 /s FlMSC-GFPAIMSC-GILZ Al fid Runx 2] Osterix 3 K [(JmRNAFI 2 (1 it 10 %35 . #4571 MSC-GFP
FIMSC-GILZAH Hfl 53 531l LA BE1x10% e Bk 156 45 I e v, 5 R3S fie i 73 85 77 2 (osteogenic media, OS), H5 27K A: 2EUEARNA, Xf
SEHRNA (2 ng)dEAT S s, 73 Mt Runx 2 Osterie 3L P I mRNAZK TV, 51 WAL . Firfs Bl B B-actino kAL 1E, K 7EOS 1= [FIMSC-GFP4I i ff)
mRNAJKF B 1, DUAHX T-OS G IR 40 I K mRNA K (1 LA S (R RTR(AACTT ) . R FEER SR fhi 22, *P<0.01; B: Western blot/ 4t
Runx2HOsterix [ 82 [ FT/K 1 S Runx2FI Osterix (R4 A4 53 AT A7 g3 i P 45 1 8 1 5T C: R IS0 ISIBREAT 5 523 H7
A-C: mouse MSC-GFP and MSC-GILZ cells were plated at a density of 1x10* cells/cm?” in regular growth media at the previous day, then switched to
osteogenic media (OS) and cultured for 7 days; A: total RNA were extracted, equal amounts of RNA (2 ng) were reverse transcribed and the mRNA
levels of the indicated genes were analyzed using SYBR Green master mixture and primers listed in Table 1. Data were normalized to B-actin and
expressed as —fold changes relative to the mRNA levels of MSC-GFP cells in OS (AACt method). Error bars indicate standard deviation, *P<0.01; B:
Runx2 and Osterix protein levels were analyzed by Western blot. Equal amount of the proteins were detected with anti-Runx2 and anti-Osterix antibod-
ies; C: bar graph showing quantitative results of B.
El4 GILZ3iE58/\FF BM-MSCsBRunx2F1 Osterix By mRNAFN & H R R iX
Fig.4 GILZ enhances Runx2 and Osterix mRNA and protein expression of mouse BM-MSCs

3 it 2F D’ AdamioZE AR FH b ZE KA AL B I /)N Bsl I i ok
B AN 2 AR 22 3 (1 2R 05 i SRR K R AN N L P RIS T S PR TSC-22 5 1M, b 5%

ST, TRITWORUR, — EE i e KB, E%EEIE@EE ﬁ#/l\éﬁ“ﬁlﬂﬁﬁéﬂf@iﬁ(@l):N

ANANZE ZAN I A 1) 8. GILZ 219974 72 KA R} 2t ab: AL R OB =N E DA 22 AP N G T E 2



AATIREARSE - W 13 I 22 5 5 1) e U R b R 1 (GILZ) ] /I B A 1) 70 400 M i - AL M T 7% 1341

M2 MR = L5 M. GILZH A £ Fh e YangZs®
WFHL A 7R GILZAN 38 K 5T % (glucocorticoid, GC)
P2 AR, BM-MSCitt 1A GILZ 23 il 98 4 A -+
TNF-of1L-1B% 5 [HICOX-21) 33k, 1 HH /N R e
RNA (small hairpin RNA, ShRNA)J# {LGILZ 2> ik />
GCXICOX-23R L M. 3t — 20 (AT 9T R GILZ
T8 3k B 1 NF-kB R AZ 3 A K A I COX -2 35 . it
FEEE K], GILZt— ME L GCH R N T4, 1E
PRI PATARR 199 705 ShifEPgE— 2B Fo W
GILZ 7] 454 31| 4m TS PPAR-y2 (peroxisome-proliferator-
activated receptor-y2)Jit [l J3 5] -CCAATHE o 1 45 &
K 1 (CCAAT/enhancer-binding protein, C/EBP)] & ik
EEJFH) L, I S, GILZ AR 30 G i e A 1
a1 M o b 1 b 7 JE RIC/EBP-a IR 2 11 06 W I (Li-
poprotein lipase) 1 fig [Iij 41 } &5 H B (adipsin) ) & 14
ZhangZ5 P HIF 57 5 7R GILZ A MSC R B 41 o 4346
JSR 5 40 W 3 AR R 13, i R IXGILZ AT LAEMSC
JSCE A0 153 A0 R I A48 23 A 2 ) £~ 46 ) T
BCE AT ), 45 SR B GILZAS A 1141 i v] e H
TACHH B B B e =G YT .

JSCE A0 MO AR Y TR 70 5T 40, BM-MSCs
ST 2 RETE I, TR G I 4 F T 5E 20 A0 ok B AN [+
A0 R, g, S dnfe. WlgnfssEs . BM-
MSCs [i) B 40 B 43 A e 58 2 53¢ BT 16 1 ) 4 o
Runx2 M Osterix & 15 5H 70 AR B B PR S 5K
T M ) S TR T, Otto 25 1OIF 57 36 B, Runx 244 1
KA/ A G AN A HET WS 38, 53 B HoE i,
RILIEFh /N BB Bl Al A i A2 S T RAR
B Ak 75 H AR AR B S, R W Runx 225 RO i
BRI TE 2 2 75 1) Nakashima5 U IRIHF9T &%
M Osterix 3 H i 4 2 WA B TE K, KW Osterix %
ERIOT T iy 23 A B T 1 06 5 () .- Zhang Z5EPIH
HF 5T W] ik R TA GILZ AT i 25 19 5 /)N FBM-MSCs|¥]
Runx2fimRNA K 1A, KXW E /R L IAGILZA]
35 25 B a N B BM-MSCs 1) Runx2 1 Osterix[FimRNA
MR E RIS,

B, SIS DU S5 15 4 A 3 e D R ek
FILGILZIFMSCHI Jfi(MSC-GILZ), W57 T GILZ
XT /N FBM-MSCsHCH 73 46 1) 5% Wi, 3] B GILZ XS /)y

FBM-MSCs B 73 16 1R 385 5% 7] 6 38 43 2 i 1o i 1F
JSCE 53 A4 TR P AN G B IR e 5 IRl Runx 2R Osterix 1Y)
FiE RSB, NGILZIGIT B R Bk — B 5T 4%
PET EERRSZI0AKHE .
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Effects of Glucocorticoid-induced Leucine Zipper (GILZ) on the Osteogenic

Differentiation of Mouse Bone Marrow-derived Mesenchymal Stem Cells

He Linlin'?, Lan Fei?, Xue Xiaoping'*
("Faculty of Life Sciences, Northwestern Polytechnical University, Xi’an 710072, China;
*Institute of Molecular Medicine and Genetics, Georgia Health Sciences University, Augusta 30912, USA)

Abstract To investigate the effect of glucocorticoid-induced leucine zipper (GILZ) overexpression on
mouse bone marrow-derived mesenchymal stem cells (BM-MSCs) osteogenic differentiation, green fluorescent pro-
tein (GFP) and GILZ genes were delivered into BM-MSCs mediated by retrovirus and MSC-GFP and MSC-GILZ
cells were prepared. MSC-GILZ cells were cultured in osteogenic medium (OS) using MSC-GFP cells as a control
group. The results showed that GILZ significantly increased ALP expression and bone nodules formation. Real-time
RT-PCR and Western blot results showed that GILZ significantly increased Runx2 and Osterix mRNA and protein
expression. The results indicated that GILZ enhanced mouse BM-MSCs osteogenic differentiation partly through
the increasing expression of Runx2 and Osterix which are the two key transcription factors of osteogenic differen-
tiation.

Key words  retrovirus; glucocorticoid-induced leucine zipper (GILZ); bone marrow-derived mesenchymal

stem cells (BM-MSCs); osteogenic differentiation
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