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Progress of Osteogenetic Differentiation-mediated Proteins of
Mesenchymal Stem Cells
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Abstract Mesenchymal stem cells (MSCs) are becoming ideal seed cells for clinical treatment of bone
injuries due to their potential of osteogenesis. Osteogenetic differentiation of mesenchymal stem cells could be
induced by the biological and chemical reagents and physical factors. During the differentiation, some ligands
and transcription factors were involved in this process. In this review, we summed up studies of osteogenetic
differentiation-mediated proteins of MSCs based on the literatures reported in recent 10 years in order to provide a
basis and scientific guidance for the clinical application of mesenchymal stem cells.
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Differentiation process Makers of different stages
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Fig.1 The process of mesenchymal stem cell osteogenesis (modified from reference [24])
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Fig.2 The role of Wnt/B-catenin and BMPs in the process of osteogenetic differentiation (modified from reference [28])

1 M R T2 4. BMPsH 202 Ak ft, o, BMP-2,
BMP-4. BMP-6fIBMP-7/&BMPsZ Ji& /1 %5 5 i &
T R ORI K 7 . BMPsIE i BMP-SMAD/E 5 18
AR 20 A 43 24 88 (1 8 1% S B A B Th g, LR T
FHORAFEE FE AR RS, ZEBMP-SMADTS =il %
H, 4 4P BMPs 5 41 i E (1 B 22/ 95 S R G
5 MR R 32 A BMPRI. BMPRIIZ; &, BMPs & 56 g
K BMPRIL i — 5 & BMPRI, #4005 IBMPRIFE
% 1% F2 {LSMADI/5/8(SMADI1. SMADS5HISMADS)
C-3iti [R5, SMADI/S/8 1) 18 2 Ak 7 ¥ 5 SMAD4TE
FE AW G 3N B 40 % A IR LR, TS 5 SMAD
SE A ECE B GCHIT A A, R R A 1)
e, 1IX— I RS 5 YB3 T 2 Al A% DL 5
FSAE B ) D RECO(E12) .

BMPsfit 75 5 K BT/ B IMSCs R IA ALP, fi2
HERSCE A 4B 325 LR SR B, 7R R
MSCsH', RanBP3L(ran-binding protein 3 like) ] &
15 1] ABH WrBMPs AT 3 (1)1 7] 4304k, w5 RanBP3LI
InsEBMPs A5 /18 1] 34K, 1% 42 B T-RanBP3L 1] LA
H IR AISMADL/5/8FF 1 5 Ho i th 4 i i, BT 1
BMP-SMAD/E F il i, il sleg 74P, ) — 4
BMPsIH- 5 MMSCs 5 744 1 B8 7 72 IfiL /IR BT AR A
K [X-F(platelet-derived growth factor, PDGF). Ifil 7>
B AT A A K A T--AA(PDGF-AA )i i /MR AT
A4 KR F- 52 R a(PDGF receptor o, PDGFR o) K

BMP-SMAD1/5/83 #, i3t Ifi {2 #EMSCs ) & A 7 1£
R,
4.2 [EFFRTHEEME 57T HRXAEERE T
421 RAEMSMCEREEZRE HEAKRN, A
TMEBZ 5 TMSCsHUE o 1L I IR %, 7099 8
RUNX2. OSTERIX. TAZ(transcriptional co-activator
with PDZ-binding motif). SATB2(special AT-rich
sequence binding protein 2). C/EBPB(CCAAT/enhancer-
binding proteins ). AP-1(activator protein-1)F1%% %1%
14 [K]-F-4(activating transcriptional factor 4, ATF4). FH,
RUNX2. OSTERIXFITAZJu Ay ZED,

Runx24E Ji B 240 M 0 73 A0 A 8% 78 35 1 & R
AR T ECEEMEN. B4 RUNX2JE
T T RUNXSR, W59 0 4 B L % A
TR IL . RUNX2E I 25 5E oc i) H5 B 3 3 7 X 45,
J& B BCE A0 M A 4. R FHRNATF L H AR T I
Runx2 mRNAW) K IA, BHW T & S0 ) BT ids S
K B H BEMSCs ) 1 23 4k, IFFEBE T ALPAIOC
E D, T 3 K Runx 21 RMSCsH 1 3]
B FR) B T AL 23 B A3 B P v, AT AR BRE 21
HEM, X-BRAENEMSCsH AR, WA
7 4L 23 SR R AIMS Cs M Y H %5 LG el Rad Rk
Runx2, 7] LA #E AMSCs I8 17 5 4k, [5] B A U0 1)
ALPHIOCH )R Ik &I N,

Osterixse 4k Runx2 2 J&, Hrilt RIS — A il



TLIEE 46 T8 78 B3 T 4R i 3 A% B BT 7

239

AR AL pT e 75 A9 2 A, g Y )OS TERIX AT
TREEM) . WEIG W RR Osterix S BUIN R 58 A 1% A 5 1
B T R, HA 2B 5 R R Osterix ) /) BB 200 M it 24
R ) “H 440 B 0 A D Al R T B A2 B 647 32 7R Osterix TG
VRAE VR i 134 5 H A2 I B A8 R R s v 4 S B
SEH . AR, IR T BIMSCsH it ik
Osterix ] LG IMALP & PEFIOCH LM,

Tazje — i B ATPDZES /) ) 45 & X AT WW
SR I I b G A s A S AT R B,
O i B TAZ & — 83 S IR WOE B 1, W BLIf 42 K
I B s DR R T 5 R B ) AR B, INTAZAT BL S
RUNX2AMISMAD [ 5 Jik Bl 5% 45 65 15 5 B A 40 i 1)
oA AN, N7 A 23 SR ETMS Cs 72 Jih 783 4
HE PR o) S35 AT DLE I NF-kB ) 0 A Taz i) %
KT A

SATB2(special AT-rich sequence binding protein
2)re— MR RATIF B 456 8 H, 7T LA 5 MARSs(matrix
attachment regions)2% 7, £ 1 EAMARs A8 (1) 77 20
TSR . SATB2AIN e B 4 I 701 F) 5% B
WA . AR, BE 90 mRSarb2)5, 7T
PARH 1E e 4 i 34k, I g/ OCHI RIS, £
B BEMSCsH i % JASATB2, A LTHTRUNX 23 1
R HEMSCs I H 7] 73 AL

C/EBPBJE T-C/EBPZ %, & W 17 Bl & 4f i
IS I T 2 — . C/EBPBAN 5 5 ik 5
BRR] R AR B T R AR . C/EBPHZ IR R AR MK
FLA] g3 D9 A B m R R A, G e A Y R AR AT LA
75T RCE 4H B IR 3 . C/EBPPHI DL B 42 46 i€ 2
Runx2JP1)5 8T, i Runx21) 2 15 G OCIT
ﬁﬁi[S}—M]o

AP-142 1 JunZ Jik MIFos 5 1 40 AR 1) 5 o — 58
. HWTFEY], FosBIId A AT LAKE s i 1) T B o
FosBid % 1A 19 /)N B 23 B 1EMSCs 1 Bl 431k, 1 12
MSCsHIECHE 7o 25 AT R BRJun B2 I8 /0 i 4
JL A RS B AT OC ik & 1555,

e A, P 3 55 R -4 2 T RO A0
MR8 > 1. ATFAEL#EYS E Blockk R A 3 1 X
ST 0 e SR R, A R Bk A et 2 40 1) B B AR
)52[57]0
422 mESMAAEEE  HAET, MSCsHUH %)
e A 42 5 ) 245 3 5690 19 A5 Ppary(peroxysome
proliferator-activated receptor y)Fl7wistI(the basic

helix loop helix transcription factor 1) PPARY & H
PparyB: K 4mig ), A P A4, PPARY1HIPPARY2.
PPARY2 W] UL 5 Runx2454, M| HoFE 68 77, dEm#
1] A 43RS . B TSR B, GW9662(PPAR
5, 472X CisHoCNLO5) #li| PPARY &, {218
B-cateninfE A% N (AL 5L, 21 3 5MSCs A A6 H
HEr (1) A2 B0, A SCERARGE, 7E BRMSCsH, fi
Kr Ppary22: 5 BTG 73 A A0 B 7] 43 AR 350 9k 55, T 7E N
MSCs™, il Ppary2 A 2 I 53 BUIR 7048, X 70
TG BA B

TWIST 15 3 A I AR — s P £ < ROl 1 R
e R i e s R 1, AT LGS & BIRUNX2H8 75 [X 5k
AN HIRUNX2 [ VEPE . Twist ] LA IR A 2 (55
AL EEDR b ) — AN R AR RAR 2 5 A i B R,
SE 5L PR HE I L BUR SK IR W T 25 45 Y. TWISTI
A LA MIATFAAH B 521, 11| ATF4 5 oc 8 5 1 () &5
£, 21 A0 HIMSCs ¥ B 2 4. fE AMSCsH,
Twist] I Twist2{) i FRIE W] AEBMP-2. B Hf 8
OCHHALPH) R IL R L,
43 HitoWiEEER

B 1 ER S E R 2 A, — S H A ) B
2 5 7 W EMSCsIH BCE 70 ik #2 o B 2T 4 40 il
£ K [A] F-(fibroblast growth factors, FGFs) & ‘& #% /£
. Mg KE. MERE. @ E. 4tk &
fhE e EE S 5% 2 —. {£ 5 BEMSCsi F
if 7% 71, FGF1. FGF2FIFGF18#) n] LAJd i 3 52 44
FGFRI(fibroblast growth factor receptor 1)-5 FGFR2
WO Runx2, TR 2 R 73 A1, ik Ab, TF % 4
FfL () EEAN R E AR, AT 4 R 2 G BE RN R UG o)
LI ERK (extracellular regulated protein kinases){5 5
W25 T MSCsHIRCE 73 18, LN )
- FMSCs il 2 I ERKAS 5l B%, 2K
ERKFHIT, 3t < #MIHRUNX2 K IE, &Ik JE 8108
I 3 A A,

5 SHiEE5RE

183 2 1 4E, MSCsci 2 4k 1 12 2 1 I i
ROGWA T —ElE. KEMNWHRENH F5
MSCsE [0 734 ) 5 AR, 2 51 E 0%
ASHIE. H 19974, MSCsi B 7 4t 1 S 4 4y 1
RUNX2# R B LAK, HAth 3 A i A4k HiE 2 5
TMSCsiii it #8. HA2, B ATEMSCsis



240

Ir AR R RO FUE U R L, st —
FIBIEFT, B0 78 73 ML IRMS Cs R 704 i 4% 2R
H, R BT IR B 053, S m B B 2 g
U

SE Ak (References)

1 de Santana Santos T, Flores Abuna RP, Bacha Lopes H,
Goncalves de Almeida AL, Beloti MM, Luiz Rosa A. Association
of mesenchymal stem cells and osteoblasts for bone repair. Regen
Med 2015; 10(2): 127-33.

2 Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD,
Ortiz-Gonzalez XR, et al. Pluripotency of mesenchymal stem
cells derived from adult marrow. Nature 2002; 418(6893): 41-9.

3 Liu H, Xia X, Li B. Mesenchymal stem cell aging: Mechanisms
and influences on skeletal and non-skeletal tissues. Exp Biol Med
2015; 240(8): 1099-106.

4 Choi J, Hwang MP, Lee JW, Lee KH. A glimpse into the
interactions of cells in a microenvironment: the modulation of
T cells by mesenchymal stem cells. Int J] Nanomed 2014; 9(S1):
127-39.

5 He Z, Hua J, Song Z. Concise review: Mesenchymal stem cells
ameliorate tissue injury via decretion of tumor necrosis factor-
alpha stimulated protein/gene 6. Stem Cells Int 2014; 2014:
761091.

6 Zhang ZY, Teoh SH, Hui JH, Fisk NM, Choolani M, Chan JK.
The potential of human fetal mesenchymal stem cells for off-
the-shelf bone tissue engineering application. Biomaterials 2012;
33(9): 2656-72.

7 Davies BM, Morrey ME, Mouthuy PA, Baboldashti NZ, Hakimi
O, Snelling S, et al. Repairing damaged tendon and muscle: Are
mesenchymal stem cells and scaffolds the answer? Regen Med
2013; 8(5): 613-30.

8. Kim JM, Lee JE, Ryu SH, Suh PG. Chlormadinone acetate
promotes osteoblast differentiation of human mesenchymal stem
cells through the ERK signaling pathway. Eur J Pharmacol 2014;
726: 1-8.

9 Heo SC, Shin WC, Lee MJ, Kim BR, Jang IH, Choi EJ, et
al. Periostin accelerates bone healing mediated by human
mesenchymal stem cell-embedded hydroxyapatite/tricalcium
phosphate scaffold. PLoS One 2015; 10(3): e0116698.

10 Mathews S, Bhonde R, Gupta PK, Totey S. Extracellular matrix
protein mediated regulation of the osteoblast differentiation
of bone marrow derived human mesenchymal stem cells.
Differentiation 2012; 84(2): 185-92.

11 Ledda M, D’Emilia E, Giuliani L, Marchese R, Foletti A,
Grimaldi S, et al. Nonpulsed sinusoidal electromagnetic fields
as a noninvasive strategy in bone repair: the effect on human
mesenchymal stem cell osteogenic differentiation. Tissue Eng
Part C Methods 2015; 21(2): 207-17.

12 Hronik-Tupaj M, Rice WL, Cronin-Golomb M, Kaplan DL,
Georgakoudi I. Osteoblastic differentiation and stress response
of human mesenchymal stem cells exposed to alternating current
electric fields. Biomed Eng Online 2011; 10: 9.

13 Hess R, Jaeschke A, Neubert H, Hintze V, Moeller S,
Schnabelrauch M, et al. Synergistic effect of defined artificial

20

21

22

23

24

25

26

27

28

29

30

extracellular matrices and pulsed electric fields on osteogenic
differentiation of human MSCs. Biomaterials 2012; 33(35):
8975-85.

Peng F, Wu H, Zheng Y, Xu X, Yu J. The effect of noncoherent
red light irradiation on proliferation and osteogenic differentiation
of bone marrow mesenchymal stem cells. Laser Med Sci 2012;
27(3): 645-53.

M, ROz, #EE, EHL, 25 3 thBMP-730 /il H-4
V73] 78 S5 T 40 A ) 3 A 2 A R S . A 5 20 1 SR e o Ak
% (Wang Guodong, Wu Shaoyun, Han Jinxiang, Wang Shili, Li
Ping. Effects of rhBMP-7 on osteoblast differentiation of murine
bone marrow mesenchymal stem cells in vitro. Chin J Cell Mol
Immunol) 2012; 28(10): 1025-8.

Green DW, Kwon HJ, Jung HS. Osteogenic potency of nacre on
human mesenchymal stem cells. Mol Cells 2015; 38(3): 267-72.
Carrier A, Ducancel F, Settiawan NB, Cattolico L, Maillere B,
Leonetti M, et al. Recombinant antibody-alkaline phosphatase
conjugates for diagnosis of human IgGs: Application to anti-
HBsAg detection. J] Immunol Methods 1995; 181(2): 177-86.
Gundberg CM, Lian JB, Booth SL. Vitamin K-dependent car-
boxylation of osteocalcin: Friend or foe? Adv Nutr 2012; 3(2):
149-57.

Han S, Li YY, Chan BP. Protease inhibitors enhance extracellular
collagen fibril deposition in human mesenchymal stem cells.
Stem Cell Res Ther 2015; 6(1): 197.

Lee YJ, Park SY, Lee SJ, Boo YC, Choi JY, Kim JE. Ucma, a
direct transcriptional target of Runx2 and Osterix, promotes
osteoblast differentiation and nodule formation. Osteoarthritis
Cartilage 2015; 23(8): 1421-31.

Murshed M, Harmey D, Millan JL, McKee MD, Karsenty G.
Unique coexpression in osteoblasts of broadly expressed genes
accounts for the spatial restriction of ECM mineralization to
bone. Genes Dev 2005; 19(9): 1093-104.

Lee NK, Sowa H, Hinoi E, Ferron M, Ahn JD, Confavreux C, et
al. Endocrine regulation of energy metabolism by the skeleton.
Cell 2007; 130(3): 456-69.

Bonewald LF. The amazing osteocyte. J Bone Miner Res 2011;
26(2): 229-38.

Long F. Building strong bones: Molecular regulation of the
osteoblast lineage. Nat Rev Mol Cell Biol 2012; 13(1): 27-38.
Takada I, Kouzmenko AP, Kato S. Wnt and PPARgamma
signaling in osteoblastogenesis and adipogenesis. Nat Rev
Rheumatol 2009; 5(8): 442-7.

Colaianni G, Brunetti G, Faienza MF, Colucci S, Grano M.
Osteoporosis and obesity: Role of Wnt pathway in human and
murine models. World J Orthop 2014; 5(3): 242-6.

Huang H, He X. Wnt/beta-catenin signaling: New (and old)
players and new insights. Curr Opin Cell Biol 2008; 20(2): 119-
25.

Taketo MM. Shutting down Wnt signal-activated cancer. Nat
Genet 2004; 36(4): 320-2.

Si WK, Kang Q, Luu HH, Park JK, Luo Q, Song WX, et al.
CCNI1/Cyr61 is regulated by the canonical Wnt signal and plays
an important role in Wnt3A-induced osteoblast differentiation of
mesenchymal stem cells. Mol Cell Biol 2006; 26(8): 2955-64.
Bennett CN, Ouyang H, Ma YL, Zeng Q, Gerin I, Sousa KM,
et al. Wntl0b increases postnatal bone formation by enhancing



FEE S 8] 78 T A B A R i R A I

241

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

osteoblast differentiation. J Bone Miner Res 2007; 22(12): 1924-
32.

Baksh D, Boland GM, Tuan RS. Cross-talk between Wnt
signaling pathways in human mesenchymal stem cells leads to
functional antagonism during osteogenic differentiation. J Cell
Biochem 2007; 101(5): 1109-24.

Briolay A, Lencel P, Bessueille L, Caverzasio J, Buchet R,
Magne D. Autocrine stimulation of osteoblast activity by WntSa
in response to TNF-alpha in human mesenchymal stem cells.
Biochem Biophys Res Commun 2013; 430(3): 1072-7.

Chang J, Sonoyama W, Wang Z, Jin QM, Zhang CF, Krebsbach
PH, et al. Noncanonical Wnt-4 signaling enhances bone
regeneration of mesenchymal stem cells in craniofacial defects
through activation of p38 MAPK. J Biol Chem 2007; 282(42):
30938-48.

Massague J. TGF-beta signal transduction. Annu Rev Biochem
1998; 67: 753-91.

Guicheux J, Lemonnier J, Ghayor C, Suzuki A, Palmer G,
Caverzasio J. Activation of p38 mitogen-activated protein kinase
and c-Jun-NH2-terminal kinase by BMP-2 and their implication
in the stimulation of osteoblastic cell differentiation. J Bone
Miner Res 2003; 18(11): 2060-8.

Abe J. Bone morphogenetic protein (BMP) family, SMAD
signaling and Id helix-loop-helix proteins in the vasculature:
the continuous mystery of BMPs pleotropic effects. J Mol Cell
Cardiol 2006; 41(1): 4-7.

Xu C, Di C. The BMP signaling and in vivo bone formation.
Gene. 2005; 357(1): 1-8.

Chen FF, Lin X, Xu PL, Zhang ZM, Chen YZ, Wang C, et
al. Nuclear export of Smads by RanBP3L regulates bone
morphogenetic protein signaling and mesenchymal stem cell
differentiation. Mol Cell Biol 2015; 35(10): 1700-11.

Li AN, Xia XC, Yeh J, Kua HY, Liu HJ, Mishina Y, et al.
PDGF-AA promotes osteogenic differentiation and migration of
mesenchymal wtem cell by down-regulating PDGFR alpha and
derepressing BMP-Smad1/5/8 signaling. PLoS One. 2014; 9(12):
e113785.

Ohata Y, Ozono K. Bone and stem cells. The mechanism of
osteogenic differentiation from mesenchymal stem cell. Clin
Calcium 2014; 24(4): 501-8.

Men T, Piao SH, Teng CB. Regulation of differentiation of
mesenchymal stem cells by the Hippo pathway effectors TAZ/
YAP. Yi Chuan 2013; 35(11): 1283-90.

Paredes R, Arriagada G, Cruzat F, Olate J, Van Wijnen A, Lian
J, et al. The Runx2 transcription factor plays a key role in the
lalpha, 25-dihydroxy Vitamin D3-dependent upregulation of
the rat osteocalcin (OC) gene expression in osteoblastic cells. J
Steroid Biochem Mol Biol 2004; 89/90(1/5): 269-71.

Zhang P, Wu Y, Jiang Z, Jiang L, Fang B. Osteogenic response
of mesenchymal stem cells to continuous mechanical strain is
dependent on ERK1/2-Runx2 signaling. Int J] Mol Med 2012;
29(6): 1083-9.

Zhao Z, Zhao M, Xiao G, Franceschi RT. Gene transfer of the
Runx2 transcription factor enhances osteogenic activity of bone
marrow stromal cells in vitro and in vivo. Mol Ther 2005; 12(2):
247-53.

Lee JS, Lee JM, Im GI. Electroporation-mediated transfer of

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Runx2 and Osterix genes to enhance osteogenesis of adipose
stem cells. Biomaterials 2011; 32(3): 760-8.

Baek WY, de Crombrugghe B, Kim JE. Postnatally induced in-
activation of Osterix in osteoblasts results in the reduction of
bone formation and maintenance. Bone 2010; 46(4): 920-8.

Zhou X, Zhang Z, Feng JQ, Dusevich VM, Sinha K, Zhang H,
et al. Multiple functions of Osterix are required for bone growth
and homeostasis in postnatal mice. Proc Natl Acad Sci USA
2010; 107(29): 12919-24.

Wang B, Huang S, Pan L, Jia S. Enhancement of bone formation
by genetically engineered human umbilical cord-derived
mesenchymal stem cells expressing osterix. Oral Surg Oral Med
Oral Pathol Oral Radiol 2013; 116(4): €221-9.

Cui CB, Cooper LF, Yang X, Karsenty G, Aukhil I.
Transcriptional coactivation of bone-specific transcription factor
Cbfal by TAZ. Mol Cell Biol 2003; 23(3): 1004-13.

Cho HH, Shin KK, Kim YJ, Song JS, Kim JM, Bae YC, et al.
NF-kappaB activation stimulates osteogenic differentiation of
mesenchymal stem cells derived from human adipose tissue by
increasing TAZ expression. J Cell Physiol 2010; 223(1): 168-77.
Dobreva G, Chahrour M, Dautzenberg M, Chirivella L, Kanzler
B, Farinas 1, ef al. SATB2 is a multifunctional determinant of
craniofacial patterning and osteoblast differentiation. Cell 2006;
125(5): 971-86.

Hu N, Feng C, Jiang Y, Miao Q, Liu H. Regulative effect of Mir-
205 on osteogenic differentiation of bone mesenchymal stem
cells (BMSCs): Possible role of SATB2/Runx2 and ERK/MAPK
pathway. Int J Mol Sci 2015; 16(5): 10491-506.

Henriquez B, Hepp M, Merino P, Sepulveda H, van Wijnen AJ,
Lian JB, et al. C/EBPbeta binds the P1 promoter of the Runx2
gene and up-regulates Runx2 transcription in osteoblastic cells. J
Cell Physiol 2011; 226(11): 3043-52.

Gutierrez S, Javed A, Tennant DK, van Rees M, Montecino M,
Stein GS, et al. CCAAT/enhancer-binding proteins (C/EBP) beta
and delta activate osteocalcin gene transcription and synergize
with Runx2 at the C/EBP element to regulate bone-specific
expression. J Biol Chem 2002; 277(2): 1316-23.

Kveiborg M, Sabatakos G, Chiusaroli R, Wu M, Philbrick
WM, Horne WC, et al. Delta FosB induces osteosclerosis and
decreases adipogenesis by two independent cell-autonomous
mechanisms. Mol Cell Biol 2004; 24(7): 2820-30.

Kenner L, Hoebertz A, Beil FT, Keon N, Karreth F, Eferl R, et
al. Mice lacking JunB are osteopenic due to cell-autonomous
osteoblast and osteoclast defects. J Cell Biol 2004; 164(4): 613-23.
Yang XG, Matsuda K, Bialek P, Jacquot S, Masuoka HC, Schinke
T, et al. ATF4 is a substrate of RSK2 and an essential regulator of
osteoblast biology: Implication for Coffin-Lowry syndrome. Cell
2004; 117(3): 387-98.

Akune T, Ohba S, Kamekura S, Yamaguchi M, Chung UI, Kubota
N, et al. PPARgamma insufficiency enhances osteogenesis
through osteoblast formation from bone marrow progenitors. J
Clin Invest 2004; 113(6): 846-55.

Lencel P, Delplace S, Hardouin P, Magne D. TNF-alpha
stimulates alkaline phosphatase and mineralization through
PPARgamma inhibition in human osteoblasts. Bone 2011; 48(2):
242-9.

Krause U, Harris S, Green A, Ylostalo J, Zeitouni S, Lee N, et



242

61

62

63

al. Pharmaceutical modulation of canonical Wnt signaling in
multipotent stromal cells for improved osteoinductive therapy.
Proc Natl Acad Sci USA 2010; 107(9): 4147-52.

Kang Q, Song WX, Luo Q, Tang N, Luo J, Luo X, ef al. A
comprehensive analysis of the dual roles of BMPs in regulating
adipogenic and osteogenic differentiation of mesenchymal
progenitor cells. Stem Cells Dev 2009; 18(4): 545-59.

Isenmann S, Arthur A, Zannettino ACW, Turner JL, Shi ST,
Glackin CA, et al. TWIST family of basic helix-loop-helix
transcription factors mediate human mesenchymal stem cell
growth and commitment. Stem Cells 2009; 27(10): 2457-68.
Danciu TE, Li Y, Koh A, Xiao GZ, McCauley LK, Franceschi

64

65

RT. The basic helix loop helix transcription factor twistl is a
novel regulator of ATF4 in osteoblasts. J Cell Biochem 2012;
113(1): 70-9.

Hamidouche Z, Fromigue O, Nuber U, Vaudin P, Pages JC,
Ebert R, et al. Autocrine fibroblast growth factor 18 mediates
dexamethasone-induced osteogenic differentiation of murine
mesenchymal stem cells. J Cell Physiol 2010; 224(2): 509-15.
Kodama N, Nagata M, Tabata Y, Ozeki M, Ninomiya T, Takagi
R. A local bone anabolic effect of rhFGF2-impregnated gelatin
hydrogel by promoting cell proliferation and coordinating
osteoblastic differentiation. Bone 2009; 44(4): 699-707.



