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[ Abstract] Bone defect due to trauma or tumor resection is the common disease in orthopedics, oral
maxillofacial surgery, plastic and reconstructive surgery. Existing methods including artificial bone material
filling and bone grafting all have limitations. Adipose-derived stem cell ( ASC) is multipotent stem cell
isolated from adipose tissue. Stem cell therapy and bone tissue engineering based on the osteogenic
differentiation capacity of ASC opens a new era of bone defect repairment and regeneration. The osteogenic
differentiation of ASC is a complex procedure associated with interactions of numerous genes, proteins and
signal pathways, in which the activation and transcription of Runx2 and Osterix play an important role. Wnt,
bone morphogenetic protein, Notch, fibroblast growth factor, cyclic adenosine monophosphate/ protein kinase
A, Hedgehog and mitogen activated protein kinase are also involed in the regulation of ASC's osteogenic
differentiation. In vitro osteogenic induction of ASC using chemical had been well established. Cell co-
culture and various biomaterial scaffold can promote ASC’s osteogenic differentiation. Osteogenic
differentiation of ASC can be verified by alizarin staining and detection of osteogenic genes and proteins.
Factors that may affect ASC’s osteogenic differentiation include donor factors, experimental factors, growth
factors, hormones, medication and chemicals, physical factors, biomechanical factors, micro RNAs,

metallic and nonmetallic ions, et al. Although research, clinical trials and applications of ASC osteogenesis
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are the most focused fields, there are some issues need to be clarified. For example genes, transcription

factors, and signal pathways involved in the early stage of ASC's osteogenic differentiation are still unclear.

Interactions between signal pathways are unknown. Factors that may affect ASC’s osteogenic differentiation

are lack of summary. Therefore, it is essential to review pathways of ASC’s osteogenic differentiation, to

combine growth factors and various scaffold for improvement of ASC’ s proliferation and specific

differentiation. This review focused on the genes, transcription factors and signal pathways, induction and

verification methods, factors and their mechanisms of ASC’s osteogenic differentiation. We also looked

forward the future research interest of ASC's osteogenic differentiation based on current issues.
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stem cell; Differentiation; Genes; Signal pathway
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A BB A3k oy 236 BE i 5] DAPT 3@ 43 B 11 Notch 3%
IR B s, e fd Notch 246 A1 NICD #£ 457, M i 4] Notch {5
5 3E B, BN Runx2 1R 5K  35m th 48 A R D3 i R BE A
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E MSC B AH OG5 PR RIS i A 32 a8 43Ik, 5 5 MSC i
o34k TE A, . SHH AT LAYSAR = i 2 4 45 i XF BMSC 1)
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B-catenin Z5 45, Jdi/b B- catenin 4% P EE AR, 100 240 Jif S 190 2
F D3 40 M 5 3 2 4K 5 M i B ( cyclin- dependent kinase,
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J50 5 T S R S HLA A ) 2 R R 1 S AR A AR
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FIHEAE A RRY, I8 2R 3 1 43 A 0 I A5 TR 18 i) 440
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ICHY ASC /NERFIE TR e S b AN S OB LS
MHEBVNRWEME T, KIWE &P 0 8 TE s ae T RAR,
i 14 d )5 o0 BB . H R T BRI N FREE (i 2
AR ASC K4k, I 26 5 T HE A IR B A8 RN RS R
EMBIEE S . AWFFE 44 hASC FhiE T 40 o0 3 R AL S
AR S e b /I BB AL v T UL B B 5 00 Jli , hASC R4

TRCE DI A TR A B B A B A R A
P, U WH A 5 R IR T hASC,

T BIE ASC SR Y J5 i

(—) Bt

Bk ASC ML B R T i R R AL 6 (H 2 A
AT 2 A T RE Y BEBH 1, PRI R LG I A2 ASC A
BOMEI R RAERIE L ™ o A SRS B R L (i Bk
R BB VR ZIGORE K 1 g PR LA 100 mL K37
K, P pHAAEZE 4.2, 71 0. 45 um (938 98 99 5 0%, B0 2L
Bo FEAIMEI, PBS EEVEANAE 2 U, UK S min, ZE1RK
FHEDE 2 Ko 4% Z R REZER T HE 5 min, X5 7K BB
2 W, BRUCS min, ] _EIRTC B AR A9 PE R AL A T 4 (@ 20 min,
ZEFKIEEVE 3 W, BHR S min, RS T WA IR,

() HORHE P B 3k ik

TERCE AL S T, ASC R I 4% Runx2 | ALP T B
Jii .OPN J& H: mRNA #ric 4 SPP1,OCN } H: mRNA #Ric ¥
BGLAP ki % % 1 . BSP . BMP-2 . BMP-4 } BMP 3% {Ak % —
FRH L AT SC I PR R

ALP J& JH 7 AL IR ARIC Y, 7R 4 d 224 H B,
7~ 14 d B RGAHCR B A TR, OCN 29765 14 d J5 &
K. OPN REMSAEHE M A i e 85 B TTAR, J2 B Ak i 1 30
PricHy. TRV U BE A0 o i 9 R E A LS
R R #RA 2k o 23 I P SR 20 e AN 1 iR 2 D sl 1 1Y
A, FT AE H BN P — R SR R

(=) HAh S UETT %

Bagnaninchi FI Drummond ™ & ASC 15 9% 7F 22 H 1 14 %)
I G ISR RS 24, 12 b s IR A BT, K BUAL
HIAEFHRmE R LTS 1.7 ohm - em’, i AT N
0.63 ohm « em’ iS4 d J7 , WUIR 55 10 20 B P, 25 Bk 5 1o
TR 5 T ASC i 4 IR 8] Fe) N, A B  A80H75
T ASC HEBAANFRI AN RPERE. X — T LM H] ASC 73
AR A 290 6 TP 4 PR BHLDT A2 JE 2 5, S M ASC i o3k,
IREFRESE SR £ 1 N B6IE ASC 9 AR B0 T3 ) S B

N FE ASC R S AR R 3 B L

(—) PR

L FiE R AR, B AR B AR R s B
ASC 253 AT 734k by 1R 20 M, (52 L3 AE BE T T REAS T) , A5
FR N ASC IAMERL E 15 T hASC,

2. AR LR RS XS ASCRGHE 3K RE 1 )R IR R 3 B
4L, Schipper % Ak B 2 AF 4 1 K, ASC A U T2
T, ALP 35 P05 5 1 e BE R AR, 1l PE e T R

3. NG ARG AL « i 15 AR HGR AL xT ASC B L e
RS R R IR . A7 22 A B IR IR IR ASC 734k
JSCE BB AT PO AR D75 1 ASCH

(=) ERNER

LB R E: ZFLME W RB R EH
27.5 mmol/ Ly & (A A5 HEFN 100 mg/L v J& (1 Bl SE AL 284 7=
Wi B IR ] ASC 3 SRS 234, AR AL i A

vE
{ﬁ%o

2. ASC %10 ACLIRT Y ASC RUHR IR 3 fL RE ) 4%
AT, 10 10 ACLUS ) ASC Tl B 4 M 23 Ak , 1 BE 1 72
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& AWFFERART K ASC L F 4 4 48, SR 5 70 335 F 21
RERG B PR R 22 AN T 1) 41, 25 3 B R 81% 1) ASC
AT LA g i —Fp i, 52% 14 ASC T 434k > 195 o i, 7 e
0y W A1 0 o o) 1 N = e = | B2y = i e 8
N 52% 48% 43% FIl 12% ,iE B %5 4 R ASC A4 AR 1A%,
BRI, A S RSNy B TR 24 6 £ ASC 4
FE i ik S 3 B g A R BB , 2 BREE 6 {RAY ASC T L
P 1 MR S B e B BRI, R R T A, el i 20
LUREER

3. URAT : ASC AT LAT 82 4 A A IR VR A7, B 90 5 716 %
5 R RE T TR B

(=) ERHETF

AR R 5 IR A2 A 2 [A] 52 4% 0 AH BRI IR ASC 43
AU RCE, FAE R B T A PR BLIRAS T i nl B RE L 3R
S AEYTETE AT 2 R Rk SR AE AL AR
TP U BN ) A K PR T[] A9 AR /R . BMP A FGF 454 K
FIFXF ASC L 43 AR P2 I S B il LW A

1. VEGF . [l 381 4= - IE 1 T e i S 487 ) 45 2 241 21
TR R N AETE 1Y ek, VEGE 2 f5 98 4% 19 1 45 % Bk B
T MR T AR £l 1 A2 AR R M ST R 4
fbo 7E— 0 H. % VEGF 1 BMP-2 % & % 5 6 11 0 WF 5%
F VEGE 3554119 Runx2 Hl Osterix {3535 %4 BMP-
2ESHE, HE TRaiis S 4l, VEGF + BMP-2 iS4 5
SR Osterix £ IKHKE, (0 Runx2 (U255 0L 0 225 i
VEGF #£ ASC 434k st 1 7 W B B Runx2 (194 FH 3+ A~ B4
o TEBLZ Runx2 £ Y ASC H, VEGF 1] 138 i3 Smads {5
S LA Msx2 ik, Msx2 #58 Wnt 5538 %, A
Osterix ({15, ik ASC B 404k, 24845 VEGF
FERMBRG ASC 45 G358 B 4 A R AR PR 9 K BB ST
FAPE B B X, 2 FJ5 & BUA /NS WA i, 4 R %, B
o T )

2. KL F-5 (growth differentiation factor 5, GDF-
5) :GDF-5 fEim 8 in VEGF (1) &k il #4 ASC i E 71k

3. Wi EFA K AT (insulin-like growth factor, IGF) .
TGF-1 3 i 380G 7 o 25 S AR T A e 1) J i34k, TGF- 1
W TR B, SECEB T IGF-2 W4T
A L ae et By 1k =k

4. TGF-B:TGF-B BEH# G B- catenin, i i3 4 #t wnt {55
T A E ASC AR B TS 20 A4 28 A, 80 A Al R
5 ALP W35 AR I I AL T, (e kB 01k, 4
HlSNg sk TGF-B X ASC B 434k FL A7 e B AH 5 i) AL 1)
VEEVERD, R i v B2 B 400 1 e Ak, AIG ik B B A 0
I

5. LIM 5 b\ A 1 LM 7 b B 1 2 —F H2A S sul
BN E A AT A 2R B SR HE ASC K
Fortbe B B LIM 5 b\ A 1 5 A5,
BMP-2/4/6/7 Runx2 \TGF-B ) ik i, AN LIM 51k
EAE @IS KE TS5 8E 98510 BF 5t 8o
VEGF B4 LIM 54k 19 1 A7) 3 Runx2 3£k ,{H OCN Fi
TR SR A I 2k T B BT

6. K% 1% 5 A T 1 (hypoxia-inducible factor, HIF-1) .

HIF-1 220 2L Kb F % 030 5% BT 77 A2 10 7% s IR 7, o {2 g
VEGF . Ifil. /Mg I8 4 42 K A 7 ( platelet derived growth factor,
PDGF) i3 M — 4 AL A Al AN 2T 25 A 178 A B
2 M AE A R ARk BT 20 i R R B v L R
7 ARBEMAETE R, §7 3K 048, 2o R EknuE . 5 s il HIF-
1 Z¥ BMP-2 Runx2 . ALP OCN {35 JeH B3 in, HIF-1
5 LIM g b8 1 B AL HE FE Y i ASC 1) ALP Jz OCN
B8 B S 42 v, AL AT BB S K B [EIVE AT, HIF-1 1 5%
Smad #E 1L, $ = Runx2 /K, LIM &4k & 3 1 1 BMP-2
DL R Runx f2ik , IRt — #1566 0 i — 25 (2 i Runx2 (1)
FRH ASC XF BMP 1 J5 R, 42 3k i1 436, TGF-1 Al
TGF & HIF-1 [§EILR , BB TG HIF-1 {55 30 i, {2 5 40 g
FEUBE , ARG 0 i A i

7. JEREE-1 #143F (Nel-like type 1 molecule, Nell-1) .
Nell-1 Jj& 5 A g A S A K B+ H Nell-1 1 BMP-
2 FEPMEME ASC, & T i e i ASC YU 731k, H. Nell-1
A ASC (Y RUAR b, PR IR R A LA AR . {H Nell-1 56
RS O R, R R R

8. MBI ERZE AT o tumor necrosis factor, TNF-¢q) : TNF-
o X MSC 45 5 ¥ HEAH & i 0 m] i MR, LA SR AR
FEI AL E R 434k, SR BE ] Runx2 (ALP (OCN (1 3K35,
I E 43l o H TNF-o X ASC B 2k B 7 i fte 2>
5%,

9. FHe&E vy (IFN-v) : IFN-~ 0] il 2 3 38 TNF-« {55,
i Runx2 435, 4% BMSC 1 S 434k , 38 i 7 5 Foxp3
+ Treg, FEAIK TFN-~y A1 TNF-o 4 4% B, Tl g 35 52 2 AN VR
BMSC W HREST o H 2 IFN-y XF ASC JH 43 fk 0y /E T
BLHESE .

10. 4042 6 (interleukin, 1L-6) :IL-6 W] iifi 33 & 34
Ror2 il WntSa 35, B0iG AE 20 81 Wnt {5538 4% , 129k ASC 1y
LR 2R X A

11, i 950 M B 42 %8 3% I F ( brain-derived neurotrophic
factor, BDNF) : BDNF Xf ASC 4 it 731 HAT ¥ JBE A ) 3L
TV AF 98 2 77 85 W< (¥ BDNF (100 ng/mL) 7] fi¢ 7f
hASC 3 58 , # il Runx2 | ALP OCN (¥ 523k, il ASC B
34k

(M) &

T S R R Y A DR P B S T A I PN R
PIVRER 2RSS & {5 5 i S R 2 T A M i 234k, sl 42
b AR T 440 i L A R B 3 400 i [ 4 8 5% 0 A
PAEE T AR 53 Ak o M ZE K PA SR B BT ZE T ASC 8 43
AN AL B REZRE St L7 N K S

L MESER MR AT LUE i IR AT S IR R E2 . BMP,
TGF-B . IGF 4 [K -, W45 ASC Y B e 7, HiX A
5 R R B S IEAC . Taskiran il Evren™ % 815047 50
mmol/L [ 17- - Mt — T H1 1000 nmol/L () My ZE K ¥ 1 5B
VR T LA ALP 3EME, 8 (e i, MEE 52 il it
JE42 Wnt/ - catenin {5 538 B 412 32F T 41 8 1) 38 58 A0 0% B 43
Ak, B 20 B v 1) M 35 3R A2 AR S ke BB R B R T
W R e = 3T 20 M Y S I AL TR i A IR,
ML TNF- o JFN-+y IL-6 45 K F 7K 5, 40+ 40 i
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A

2. JHE JHFE A LUEHE ASC (Y3FE , I8 i 9845 B 15
S AR

3. RDE 2 N 2K A 4 B TR R TSk E A
ARSI AR 3 . Zaminy 2550 GOBIFSE SR, AR B AY
FE BB ZME T ASC BEE , IR HE U T, SR ASC Y
=g e

4. B R JELS RS IGF-1 it [F]—1F S B # ASC
(E) R A

() b2 Tk 259

1. —S LR —E AR T LM ASC U 2, oL
e — A RS T AT BRI, S AL AR
TWAR, IR S 5 HE A G 84563 A, 2
Runx2 ALP BMP-2 1 T %1 546 11 7k, v i &
2R 70V B 1 T LA b b — 4R R R, £
ASC [ AL

2. 4 HI: Hsu 2 BBFSE BoR TN T 48 11 HI
(75 S AT 1 98 MAPKs/ERK R A F-kB (%407, £
Ht ASC B RCH 434, 1T AL /s RNA 00 i 20 85 /1 HT 3 gk
T ALP S5 1B AR R ih . AR (% 2B AL i
HDAC A[ %54 % Runx2, 41 HDAC 1) p300/CBP #3: K F
Bt 2L Runx2 , i k1B 4 44k

3. AT E & A(trichostatin A, TSA) : TSA 2 Z Ft{b ity
IR, FIH S TSA BB 32 AR S5 S5 K L ASC, &3] L
fEift ASC (1 B 43tk HALHIZ TSA $25 ASC h & H
H3/H4 (EAZHN L BEAL I KT, 30 5 i . 2R 45 1y
WG R IR TSA 456 =45 A 9K FRIETE A + e JF 348, ]
DL AR E ASC B 4k

4. BT Dosier 2 FI I 25 pmol/L A2 S Y
B SHEFR WG IR ASC, IF RV T3 2 NS I S50 3D %
40 1, B ALP BMP F1 OCN f35 3 T 5, iF B 11 2 % it v
PIRHE ASC Ay 43k

5. Hoft s NBERE T HIER £ K BT ] D AR 5 4 RE
Runx2, fiei#f BMSC & 41k, 48 & i o 2 (Rt 77 00 3 1
MAPK/p38 15 53 A2 iF BMSC [ i 404k 57

() PHEHAE

W ER Y ¥ ASC B T 0.5 TR 7 d, 7]
DA Hmd o3t . SRAIE R 12 Hz 35580 1.1 mT (1) )ik
LR ASC, AR 8 h, 4k 2 JE T LU ASC B
Sk SR <100 mW/em® A5 B ok w75 % fE 4 1k ASC
9 S AR LR AR AR

ERER/FIEIES

SE R AR 1 20T LR E ASC BB 4346 . Hese ik
FRII ) B 9 0 S T 38 1 ASC. 44k S 1B T 1 4 . v e
1], 32 25 ASC B B E 7, EL WAL BIC R A 0 T 3 g e e
Wk SRS U1 )1 N4k 7E ASC b, & B ASC R [ i1 3
B LRSI A KR R ASC, R BUES R 7 d J5 ALP
SEE ARG TR T T I AR AT

(/) f#/)> RNA (mircoRNA, miRNA)

AT K B miRNA-218 $1 ji /5 FI T Wnt 416 30 2>
WAL AR R 11,3958 Wt/ B- catenin {55 {27 ASC A&

434bo BEAk, miR-233 miR-141  .miR-200a 4 7] 8 15 T 41 g
W 534k, miR-204 miR-211 7] DL 8225 5 Runx2 , )il
Runx2 (&35, M6 i o0k, 75 BMP-2 4 FR A4/ BLS ULt
Ml C2C12 H1 miR-133 ({335 TR, miR-125b /N MSC
il T BMP-4 i S RE b

(@INE VS EI -

L. 0 B B S R R B IR R vk B R R B/ A Y
LUAE, IS IS 25777

2. FF : Haimi 25" 3946 7 AT LR R 85 114 3D L9 Bk
FEZHRXT hASC HGFE TN 43 520, e LA AT LA 92 2
YIS AR R A A 2 I hASC B9 BORIS 4 , (A X5 hASC 1
DNA & ALP 35 M1 OPN ¥ & TG i 520

3. G SAREE R GSK-3 #3785 P K B
B- catenin , TG Wnt/B- catenin {553l #% , fiE #F ASC ilH
Vit

4. 80 FREENE BTG B- catenin F ik, il i Wnt/B- catenin
{7530 1% R4 L 41 R SR DG R IR 1) R38R iE ASC i BB
534k

SCBEEKA HERRKH B R AR B R A i
Ve BE R A IR AR T LR hASC B o4k, HH AR
WRHINE . AHEAREE Iy 1/4 e B 8 B K A R 4R T L)
P ASC 4 Hh B GE TR LR oAb . AL P BE R B
KA AT B ik B )R 3 ERK G B, PR 45 40 i T 7% 3
B AN AR HARBLEIATIAS B .

6. fili: Zheng “E' AT 5% 5 /% B 44 oK 590K AT L) 5
BMP {5538 [ 4580 40 A i B i 434k o

() FeAth

1. & IM/NH I3 (platelet-rich plasma, PRP) F1E I/
W 4% H (platelet-rich fibrin, PRF) :PRP 24 1 2 0 J5
5B 5 v Ve BE /N B B MR I 3R, e % R i PDGF
VEGF \TGF- B IGF &£ A K K 7, 5 T 41 e 431k , 30k,
BT ARG AT 225338, 15 T 4 Mg o, 42 a2 4 i A 2 I
BRSNS g F T PR S S R 40 M P SO ) 2
M p27, fE i ASC (3G FE FUE 40 Ao R 1% (R TR 40 5K
I PRP (OB S0, 2T 14 d i 936 2 20 e @ s 455
WA, AHLE PRP, PRF REAE S22 47 A M B AE K IR T,
AR ASC g5 AL

2. [&45 & K K AH 56 K (calcitonin gene related peptide,
CGRP) :CGRP 5 ASC (1) CGRP ZZ2{k&5 4, {1t ASC H 5w , #2
i ALP 1 78 i J5 . OCN Al OPN [ 3 ik, {2 7 ASC n &
e

3. gl S R - A AT R AT VLT LB
fEHE ASC BB R Mk BRSSO R A
Z B 4F Rbl 0] i hASC (3451, 1 = 77U & 1 AN 2 B 4 Rbl
T4 hASC B3G5, I s oAk

4. 0 - Su 7Y B BESE SR IHE B X T ASC R Ry
B 5k ARG a7 AT, 0. 1 M (3 ik PR AT LAk 9]
ALP OCN ., & 497 2 . Runx2 HI Sirtuinl 1) 3 ik 7K F, {€ 9k
ASC B4k, 15 0.3 mM [HuinmE PR 6l Runx2 35 ¢, i
T B 534k



+ 132 - AR 5182 2k (D 2016 4FE 11 #2465 2 3] Chin J Injury Repair and Wound Healing (Electronic Edition) , April 2016, Vol 11, No.2
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TERIH A LSES
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5 DS AT 8 1 7 ARk ol e i
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4/ RNA miR-218 \miR-233 .miR-141 .miR-200a
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i PRP il PRF ,CGRP £ /4iL
Btk GSK3 Sk EhHE IR 5L IGF-2 JFN-y B ZE miR-204 miR-211 .miR-133 .miR-125b
0 AACEL A B T
R[] Notch .TGF-B . TNF- o .BDNF | A Z: 5245 Rbl Wik &l
WIEER Hedgehog .FGF ,cAMP/PKA MAPK ft0RF g 45 I8 i 3 G £

T ASC IR T 400 ; BMP B2 I 1 VEGF : U N B AR AR 1 X175 GDF-5 A R B IH -5 5 IGF B B AR A PR 1~ HIF- 1 B4

AR T 15 Nell- 12 Je /R A 1 ZUR 75 PRP: &7 il /MR ML 3 ; PRF

s B ML/ RET RS 115 CORP : FEAS R IE AR I TFN-y: TR v; TOF-B - e fk

A KT B3 TNF-oc: HiRAIRFEIN 5 o s BDNF - IR 2275 37 9 1 FOF ST AR A IS TH 7 5 cAMP/PKA - PREAR IR/ 55 FHE A MAPK . 2258

J i AL H

LA EIREE T ASC a7 A D 2 S PR E 3] TG
AN XXﬁ{”Efﬁ*ﬂE’ﬂﬂr"ljcﬁl’Eﬁ THEGER D, UHMTT
*J?‘T“FFJ

L g SRS

ASC Wi oAb & 22 B IR R 1 RS 538 5 BRI Y
B Had R, REH 847 AFEHFN 95 M55 B S 5 ASC
B CE 43 o FeH Runx2 B0E Fl Osterix 3% 58 R #E T EEY
YER], Wnt .BMP Notch , FGF ,cAMP/PKA | Hedgehog , MAPK %
BB Z 5T ASC W k. X T ASC 1 i
BRI SRR , R H MBI 5T Jay BT o sl 5l ) 52 36
By Bt , ROMNFIIR AR B A AR O R 1 22 55, i A5
PR AR RO SA T e ki DN N R S S U
ASC 140465 I iy B A R IR AR 2 E & 1 (55 d i,

1, ASC 7R R P75 A 0 MR i BT S s i I A

R A I A R X AN e S A i
JIT AR B UIAR DG, An e LA 53 6 =2 [ B AH B A
LA HAUML B, 45 G 240 i 40 35 5T S BRI AR 3R
R HE ASC R 14 58 F1 A2 1] BB 434k , 26 T A 2 4 2 T
BT R, R AR BT 7 1]
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