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Abstract

due to the adhesion. Thus, the effective improvement and promotion of healing and recovering of tendon function

Tendon injury is one of common clinical diseases. It is very easily to do harm to tendon function

become main problems to be solved. In order to find the methods to solve the problem at the source, many scholars
on tendon development mechanism carried out a large amount of research, finding that the key transcription factors
of tendon development and differentiation are SCX (Scleraxis) and MKX (Mohawk). In order to have a better
understanding about the tendon development mechanism, this paper mainly introduce the discovery of transcription
factor SCX and MKX along with their function, signaling pathways and some other aspects involved in the tendon.
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1 #FEFSCXFMKXHI %I

LI R 1P A HE B0 1 3505 e JBi 2 11 4T 4 5 g
PRI 0 1) e B AL 41, 16 R UL R G vl AR 2 B Y
1 F, A S 15 UL P 2 T8 £ 82 4R A6 55 7 % 20
R R . T WU E A PR3 R K

WickR H 191: 2016-03-20 $:5% H): 2016-10-10

SENUVBA A, PRIt 2 32 45t LB 15 73 S 45t 4
AR LA o 1 5R 05 AN S 475 52 P A DL A 2 UL
editi, 2 Kk AEAEIEE . PR U AR AR L
Wie SRI, KZ BRI DTG RORAE, Sy H
HIT RS B B 2 A0 i Bk M (o 2 — o T

X E ARG HEE S 3120101 7)AIHF LA R G ATALIE 51 2013TD11) % B iR

*EIER . Tel: 13819104508, E-mail: Tracy7405@hotmail.com
Received: March 20, 2016 Accepted: October 10, 2016

This work was supported by the National Natural Science Foundation of China (Grant No.31201017) and the Key Scientific and Technological Innovation Team of

Zhejiang Province (Grant No.2013TD11)

*Corresponding author. Tel: +86-13819104508, E-mail: Tracy7405@hotmail.com
URL: http://www.cnki.net/kcms/detail/31.2035.Q.20161226.1542.004.html

X128 HE I T : 2016-12-26 15:42:49



1550

LR PR AR T m PR EE TR WL & & LA L
TIRABGRN . B, A2 5 0 WU & L
BEAT T OREME A, AL T LR & A
S % 5k K] 7 Scleraxis(SCX) AMohawk(MKX) »
1.1 #REFSCXHI %I

HuZ5§ &, bHLH(basic Helix-Loop-Helix) % ji
Hh e S DR TR A 23 A G B DL e 1 AR
AR H . bHLHEZ 438 b i MR e i B R G514
bHLHZE [ R85 R 57 7 51 E-box 45 A T it AL — AR,
M RE S R e o o AR 2 — SRR RS et A
S gt B DNALL K KA T7 055, BurgessS5 2 bHLH A
F173 2 KK, Hordr, —28bHLHA I 4EE12. E47.
HEBZ%; 75— JRbHLHE F £ 22 LA R £ 7
W MyoD1(myogenic differentiation 1) myogenin.
Myf5(myogenic factor 5). MRF4(myogenic regulatory
factor 4)555. 19954F, CserjesiS“I N A % & 44 &2
SIEI 0 3% Y — AN B bHLHER H o X AN E 8L
bHLHEE H BEW FIE12JE LR — 284K, 1Z 8 H R
Scleraxis(SCX). SCXseIZYbHLHZ % H (1 ak 1P, 5
E12. E47# H KR 57 7 FIE-box 46 & T il 5 L — 5%
PRI, 0T 5 8 45 IRIDNA ) B 3090,
1.2 #FRERFMKXH A

Carroll 5Pk 18, B A [A] 5 57 1Y HE ) Jk X 21 B
1) % S IR 1 768 5K IR, TR A% 5 VR i AL 2R 2 TR A
I RR 1 L ZHZUR B A G E AN A4k . MY ()
7] Y5t 7 20 45 )l 3 R K /N D180 bp A% HF 1R 57 471,
A RAG60 N Z LR, 3 MIRBE A A, P RT2
B T Al —sF B b, 5N AR 5 R4 ol i
il — e A, T {EDNAZL & £ I, 2006
4, Douglas®5"WE /N B JG o R B T — #3534 &
FE 1R 2H B Y BT 2 I Mohawk(MKX). X NMEHET
TALE(transcription activator-like effectors)if & %
A SR [R5 S B AE [ R 510 van Tuyl 55 IE [F] —
CE AR I8 5 — Fh AR 8 8 i Irx(Iroquois homeobox) [ Y&
S 1 &5 ¥4 35k 1¥) 25 A Irxl1(Iroquois homeobox-1like 1),
B AN WA R, SRR ST, AN BagIrx K
& B A () TRO A (C-3ii X 38 153 T/ <F [ acidic motif)!®l,
JEEEBFFAESE, MKX 5 IexI 1 [R —Fr g 517,

2 SCXFIMKXZERLEEH B> ANThEE
2.1 SCXZEANBEH B> FR FNIhEE
Schweitzer: % B, 78 IR G & & FIE9.5~E10.5

T, SCXPH 14 6 UL Rk AEL 41 A HE BRL7E AR 5 A A i
L1 5 AR IR 2 proximo-medial ) [8] 78 5T T 41 ffd .
Cserjesi®FMR I, 744 % 18] 78 )57 1 40 Jfd £) 1 4% 4
AR fild e O . B0 SCOUE B
HSCXFK L Fifl. HAZ, 78] 78 51 14 i 7] 3 i 21
ZURK G I, SCXH R IE & B B FRAKM. 44 VLI &
B iR, Ak SN 43 WAFGF(fibroblast growth
factor) &5 A= K IR 7175 -5 SCXBH M 114 JUL Figk KL 240 ko 7 2
R b 2 A Bl X S BMPE S i A4 fiix — i i . 1E
Jiz 2 J 6 X 3k i N 410 i) 7 Noggin v 1 | BMP1E 5,
T 5 5 40 i R SCXI 2RI, {H 2 LA & A 38 el
X R, SCXAN A2 ME— A 428 TR A= 1 A 3 55k IR -7,
Nzt A AL T2 5.

—HUCK, SCXI IRt — B IGEFRIG R, 2%
DRl R 4 1 1) 2 TR i B /D BRZE IR i SR BE T, TR
R AR, TR R TE VR TR B T VR AR L
F R IEBEC, 5K, NicholasEVk FIL, 547 5
DRISC X S R /)N BRI A7 37, UL P™ 2552 40, R0 AE DY
e 2R 2%, R IGEES). XU, WU S L ATE
Bz B4 AH S, SCXIEA XS BT A (1 VLI A
FHIF B2 o kA 36 7 27 R LIEE AR JUTL AT ] F LA
2B T A [RIRE BE I R, (H 2 A A E AR LA
RS, HRFRIIREN. XKW, SCXZ 5 LA 4N
Jitd SR DL IURE 734k o BB AN, FESCXBR R 1) 948 14
LB ) S 5082, HLUR AR 2L, ™ B UL 4
i B P R B R AR . X B, SCXORA S i &
WU 20 B A B, 52 25 FTURER 40 i 40 1) B 0 o
2.2 MKX7ZERLBEHHY 53 70 AR ThRE

Douglas&F!"k B, 7522 BRI K B W, MKXHE A
TEARTTHHGH I R P e 5. 7EE9.0R, MKXTEAR T
()T HH e I 43 FH R R 38 7 LA S IR AMI P A8 Bz JUL75
IR RIR o AL T H S X I8 MK X 53 75 B3 5%
Kl fparaxisi1 2 5. B & 7415 1) B0, MKXH) ¥ 5%
= BELE R 5 AU 2 4 DXt DA B A 4 v SR AR 11 )
TN BN, EFRE T AR S, MKX
RIS SN R & —20. "B IES 77 1% RS T2
DL K 52 AP iR A A AEMKX, 36 BIMIK X 326 ME 5
MIMKE -

E12.55K, #7548 1 b H IS CXBH M UL #H. 41
M, A/ EFMKXEIE. fEE13.4~E14.5K, HLEE4H

R UL TG 77 B B, WU MK XK 2 3Rk

NS, MKXI R IE & B N, H2 DK



R HR I TSCXRMKXE DR 7 A1 L T SR 2l

R 8 S0 P UL A 4+ 3R 08 B B v 72

I FAMKX P D fe, B0 # A a7 MEXHR RN
o LiufF!"R B, MKXGR /N R T 4738, I HAE
BRI, DRBETSRIEIRE . SEARIMLL, 54N
BT R B A R RIEE T RS SCE . 7ERRAG 1,
IR AR IE R, (HA2 A F /N, E16.5KE, AL
TR TF 0 1 B AN 4, LA AN B S A RRURD 22 8 1 9 B
B WUBEATL A 7E IR iR 5T AR IR B FR R K
AR o AN, LR TR AN ) 2 PR R TR 720,
XK, MKXZ 5 WU R, ARt IUEE R
HI,

3 SCXFMKX7EABE A B HRE S8
3.1 SCXEARLZBEYHESERE

W 7t % W, FGFSZ ik MTGFPZ Jt %t v ik 2
T RCAE & B2, X A KK A FEBMPS. nodal fll
activinZ5 il 712122, NishimuraZs: 22418, FGFSFITGFB
W [FE FH B AR A A VR 2 B % B LA R A Hh R J2 TR 1Y)
XIkRIE, Hor, BMPXTAMMIE Z 20 A ) 38 5 A e ik
JEH IR EE, Kawa-uchiZE®R L, 7880 40
TC6H, BMPHITGFBRE# | SCX, iX — 45 J Ak
WA T A BT AN o
3.1.1 FGFfz 5@ 5SCXiA4zms  HEREY,
TEE6.5 K (R Ji i IR TE 1 ), FGFSFITGFREL#E AH %
5> FBMPEUE o VR JZ 20 M o0 Ak . 75 TR iz R T 1% 04,
SCXAE W IR JZFAMIE JZ Rk, A a7 & AR L
TR 2, Pax 1 BH 4 A 40 f gk /L, 3805 T FGFA5E 5 il
PRI, FGF{E 5 % 175 5 /& 47 HSCX Y K IA, Pax1
FEARTT R RREERIA, (H 2 A5 IR AU A o 26 i 4R
R 7R RN I A AT, SHH S FPax1
MRk . I RAEPax 1 BEEHIHISCXMIRIE, FIFE, #F
SR IASHHWB M HISCX R L. H &, ESCXPH %
A T4, FGF R Pax1 RE™, KL, 4
B, SHHT] fE il i Pax 14011 7 SCX I3k .

LS 0 40 i % HUFGEAS 5 3% & A FREK A&
A ARFE 32, SR 5 M UCBEE L4 & FREKL T 1 A4
BTN P SCX I E L . SCXFEIE I HR AL 3 E 2
AT A5 S AR . W gTiE— DR M, FGFS
L SCXFI R RIATET AL BT . EskFTH
Pea3flErm, ZFGFI M & H. EAIXFGFE 5
PR H R, (R AESCXAEARTT Hh 31812 15 B Pea3 fll
Erm & [ 1 22 35 1 2 SCXBH 4 AL figk +EL 4 P 1) 2 i

B P A SCXIFGF AR A P — KR Fefrl i H,
FEARAT R RF SR IE, & M D Re 2 fESCXE HENLTY
b, R BT 5 2852 A JE Frek/Fefrd
1, LR A S B SCX I Rk,
FGFsili it {E FH T"MAPK/S 538 i, ¥ i5 cascade
FERK1/2, M0 8 350 A= 45 m A4 18] 78 J53 1 4 e
MR RN, R R E H, BRI ERKATSCX
AIMKP3 [R5 £ 75 1. MKP3 /2 ERK 14 B
It EMKP3 s AR 1 T ERK 0% . Kb, 7675 55
A 1T IFGFAE 5 18 B 4 MKP3. ERK MAP# [ 1t
RGP, 8 ERKAS 5, BE5MKP3FRIX,
VA NI SCXATEME . %W 7Tt — D R, Wshol
IS5 T IR AL ERK 1) 7K T B8 PR AR SCX (1) i 71,
AT T B AN A, AE LT WL PR AE 48 Jfd o 2%
EmyfSFMyod, M T UL A0 FIFGFs(H 45
FGF4. FGF6%5)®, FGFi#t— DAL #5545 L F Ty
(1) 18] 78 J53 -2 L, A8 A5 5 A DA K% i 0 26 i 5 H IR
SCXPH P WUjgE AL 20 f s, RIS, 35 AN AR 35 A7
TESOX PH 14 & #H 41 g (1) tH 3. SOXOBH ¥ (1) 4Kk &
ML 5 SOXS5 . SOX63IE, IX B85 B T i
T, SOXS/SOX6[H 584 Mk v, ## kK B BB,
AT VLR AL 2 £ B . AESOXORH 4 1 ]
7o T4 R IE VUL B ), (H2&SOX9M KA IE
RS0 B, T AU PR 1) 78 5T T 2 1R 3 e A L
it ek F B iR R . SOXS. SOX6HMHISCX#
i, MR A R A
3.1.2 TGFpE 5@ 5SCXAEM%E  TGFPES
I8 0 UL A A Y R 2. TGFBS 5% %
Ui BASRICSCXRIA . 7ETgfb2 M Tgfb3 " A EH R
A5 )N BRI R B ST AL TGFBI) 52 A TGFBR2 /)N i,
1, TGFBE 5 2 BIRA, M1/ N U . I8+ 2
DL Sk WU RN )75 7 B A2 4552, R ke DL, TGFB
T WU A R 4R B 2. TGFB2FITGFR3 H UL
. WL BCE B AE 40 5y k. TGFRHIEL I 2
2 AT A2 32 T FIUBER PRI PR 234, R TR IR -
TGFBIE i i Smadf5 5 18 % T 1SOX9F1 Aggrecan,
SCXAMITNMDH Kk & FFt. BEARKREE, B2 TGF
SIS Z ARG & T AR IR A9, iR ik
Smad2fl1Samd3, ¥4 (FJpSamd 5 Samda 4t & #4 iz 21 24
PRAZ A, AT U 92 (R R A B0, [t TGFB-SCX
BERBNERE .
3.13 SCX#y T4+ BRI B K&



1552

0B 5T 2H i, W AR 5T bR R R A 4R A R SR A
B. LéjardZEC3 30, SCXEEfir K PR i 2k (1) /N B, TR
I Rk B R R, BB R . TE L AN R
SCXFINFATc 4% H 1AL R R i K ik . COLIal%:A
(5 s 1 A TSELFTSE2iX 24 ot . A AE A
F 0] LUFITSEIMITSE245 & . Léjard55 ik & I, SCX
Re 1 45 5 TSE27u M, MM 5 SCXFIE4TIE B Y —
Bk, B RIASCXAEATHS, 50 S T 1M, N
T R 25 7 70 % 2 HI4 N TSE2 70 . NFATCHS 5% [
T Res 45 S TSEL U, NFATeR R T EAERKE N
VU JEZ L o ik . ZETT-D64H i b 400 NFATe A A%,
COLlal A /LB, b 4h, ShukunamiZEBPYH) i 7T
F W, SCXnT LA IE w1 4% i 1 2% I TNMD) R IA .
i R B 1 T B R M R 1, 2 AR LR AN ) DA
T BE LA IS A 202k, 2 LR 73 A0 T o S 1
o TEXGE B AAR 2K & I 54, SCX L £
HTNMD%: % iA, 3 HSCXME #ETNMDI R k. X
LA, 2 A AP 52 SCX I
3.2 MKXZEARLZBETHESER

1 FMKXH) & B SCXI, #HL 2 T, &%
MKX ) EJE(E 5 il g A 2 IR 2. (AR
B, MKXAE % 1 42 JUL gk i /1 385 o 737078, MK X
BRI/ B, IR R R A SRR B R R R [,
15 15 S 41 4 A= K 1 i & 53 F-decorin. fibriomodulin
SR HE G, T, WRBH ZE R A AR I, TE (A
785 20 i i A MKX, AR 3 i 3 R - SCX R 4H
Ji A0 JE T 4 T IRk . 325 7 R B, MKX
Al A#ESCXZRIE, BIMKX AT UL 5 TGFB214 )8 3
ghity, PRI SR, B2, TGFRIE 5 M B0,
SCX 1A T, WUREAH SChrid B BT R R &5 A,
TNMD%#R A F R, {2 WU 73 AP X — R IR
RAEHE T X MKXAH ISR B 12

4 SCXFAMKXHHE 2z [BfY XK &

H %6, SCXFIMKXATE f /N BRI IG (1) 8 R iE
L. LiuZHRIE, MKXH /N E13.5~14.5K, Bl
JULTEEREL 41 it 5 45 DL K2 Ak (I B, SCXTRImRNAZKF
DA R SCXZR A 2 A B8 A KA AR A . UL
YR IR . X R, TEMRIG K A B, MKXA
REHARSCX M FE K R ik, [FIFE, FESCXHRI /N,
MEXFFEERTE . PR, X2 NS TR IE AT g
AN A E KA o

FL UK, SCXAMKXTE IR Jif & B I (1) 32 12 1 38
AN 7 LB AE 20 B Hh, SCXPH 4 41 il 15 4 7R E9.5
K, BEETER12. 5K UL R85 R 40K
= A, fEE12.5°K, MKXTENLE & & A G &
1Ko TEML A VLA i, SCXFFEERIA, (HAE
MKXZ T i, B, MEXE AUk .

P38, SCXFIMKXR bR/ R R B SCX
SR 1) /N B 2 B A LR ek L, H R MEXERR:
(1975 ERVUBER S B0 T B, E 2 BGRB8 4k
XK, SCXXf LI K & 12 46 B R 8 2, MKX
Xof UL F) o 26 B B B, fE MKXBR K /N B P it R IA
SCX, TR R FRIR /> . XK, B T SCXIBA7EH
1 R R TR i D 1 R 08 . SCXAFNMEKXON JUTL g
(R B F o AR

55, WRPH 2 H5 0 7T 4009k B, AE AR /N R T
Fo 5 T 40 L R IEMK XA i3 5% % K P SCXFR I
BB R B, MKXA] i SCX KI5, ETMKX
A5 TGF2IM B8 ¥ 45 &, Rk i fe. Bz,
TGFB{5 5 % 0E, SCXMRIE T &

5 RE

JVUBgE R £ 72 B A% A RHE W 2 —, HT1&
B HEA G LT a2 kAR %, ™ & L)
REMIIR . el R 5 AR i iy ISR DL
Thiie OO R AR ST ff e i im) . TR, 0t 5
JVLBEE & & AL, AR IR b 21 i v 1m) 85 1) 7 9253k
BANCNEE. T LER R, 3K FSCX
FIMKXCH 2 5 U & & F1 20 40 11 O B 4% Sk TR 7
FHOGHIT T2 B, 76 N S LI 98 AR Rt 453 3 110) 4 238
fn HH, MKXI R AR IA R R kb . [, 2%
RIR, FEA5A5 AT 28 X0 H 23, MIKXBH 4 240 i
T N i O N S T B R N L O F 57
MK XFE 45 $5 1E 5 UIE: 2B 2 Th g DA R 7542 ot &1 2
ER . H#T, SX2A 8 R 710 %A R IR b
11z B 29909097« BRI, XFSCXATMKXAH I 1
s AL 140 33k — 25 B A R B8 IE A S 11 BB 1) 24547,
RFFRE G RV IT T B pe f B LAt . pb4h, H
HENATIR /DN B R S5 R T B 4 B T MKX
AISCX ] 7E L & & B fER . BLEFRZRFRA,
A PA i — P il RBFEHARFBR AN AT W2
P SCXFIMKXER I, NS F IR ZE A 2T
Ti ik



=1

B

A e R T SCXAMIMKXAE UK B A7 A R 83k fig

1553

11

S EHK (References)

Hu JS, Olson EN, Kingston RE. HEB, a helix-loop-helix protein
related to E2A and ITF2 that can modulate the DNA-binding
ability of myogenic regulatory factors. Mol Cell Biol 1992;
12(3): 1031-42.

Burgess R, Cserjesi P, Ligon KL, Olson EN. Paraxis: A basic-
helix-loop-helix protein expressed in paraxial mesoderm and
developing somites. Dev Biol 1995; 168(2): 296-306.

King JA, Marker PC, Seung KJ, Kingsley DM. BMP5 and the
molecular, skeletal, and soft-tissue alterations in short ear mice.
Dev Biol 1994; 166(1): 112-22.

Cserjesi P, Brown D, Ligon KL, Lyons GE, Copeland NG, Gilbert
DJ, et al. Scleraxis: A basic helix-loop-helix protein that prefigures
skeletal formation during mouse embryogenesis. Development
1995; 121(4): 1099-110.

Carlberg AL, Tuan RS, Hall DJ. Regulation of scleraxis function
by interaction with the bHLH protein E47. Mol Cell Biol Res
Commun 2000; 3(2): 82-6.

Schweitzer R, Chyung JH, Murtaugh LC, Brent AE, Rosen
V, Olson EN, et al. Analysis of the tendon cell fate using
Scleraxis, a specific marker for tendons and ligaments.
Development 2001; 128(19): 3855-66.

Furumatsu T, Shukunami C, Amemiya-Kudo M, Shimano H,
Ozaki T. Scleraxis and E47 cooperatively regulate the Sox9-
dependent transcription. Int J Biochem Cell Biol 2010; 42(1):
148-56.

Olson EN, Brown D, Burgess R, Cserjesi P. A new subclass
of helix-loop-helix transcription factors expressed in paraxial
mesoderm and chondrogenic cell lineages. Ann N Y Acad Sci
1996; 785: 108-18.

Carroll S, Grenier JK, Weatherbee SD. From DNA to diversity.
London, UK: Blackwell Science, 2001.

Douglas MA, Arredondo J, Hahn K, Valente G, Martin JF, Wilson-
Rawls J, et al. Mohawk is a novel homeobox gene expressed in
the developing mouse embryo. Dev Dyn 2006; 235(3): 792-801.
Selleri L, Depew MJ, Jacobs Y, Chanda SK, Tsang KY, Cheah
KS, et al. Requirement for Pbx1 in skeletal patterning and
programming chondrocyte proliferation and differentiation.
Development 2001; 128(18): 3543-57.

Brendolan A, Ferretti E, Salsi V, Moses K, Quaggin S, Blasi
F, et al. A Pbx1-dependent genetic and transcriptional network
regulates spleen ontogeny. Development 2005; 132(13): 3113-26.
Moens CB, Selleri L. Hox cofactors in vertebrate development.
Dev Biol 2006; 291(2): 193-206.

Dilorio P, Alexa K, Choe SK, Etheridge L, Sagerstrom CG.
TALE-family homeodomain proteins regulate endodermal sonic
hedgehog expression and pattern the anterior endoderm. Dev
Biol 2007; 304(1): 221-31.

van Tuyl M, Liu J, Groenman F, Ridsdale R, Han RN, Venkatesh
V, et al. Iroquois genes in fluence proximo-distal morphogenesis
during rat lung development. Am J Physiol Lung Cell Mol
Physiol 2006; 290(4): L777-89.

Takeuchi JK, Bruneau BG. Irxl1, a divergent Iroquois homeobox
family transcription factor gene. Gene Expr Patterns 2007;
7(1/2): 51-6.

Liu W, Watson SS, Lan Y, Keene DR, Ovitt CE, Liu H, ef al. The

atypical homeodomain transcription factor Mohawk controls

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

tendon morphogenesis. Mol Cell Biol 2010; 30(20): 4797-807.
Ito Y, Toriuchi N, Yoshitaka T, Ueno-Kudoh H, Sato T, Yokoyama
S, et al. The Mohawk homeobox gene is a critical regulator of
tendon differentiation. Proc Natl Acad Sci USA 2010; 107(23):
10538-42.

Murchison ND, Price BA, Conner DA, Keene DR, Olson
EN, Tabin CJ, et al. Regulation of tendon differentiation by
scleraxis distinguishes force-transmitting tendons from muscle-
anchoring tendons. Development 2007; 134(14): 2697-708.
Kimura W, Machii M, Xue X, Sultana N, Hikosaka K, Sharkar
MT, et al. Irxll mutant mice show reduced tendon differentiation
and no patterning defects in musculoskeletal system development.
Genesis 2011; 49(1): 2-9.

Edom-Vovard F, Schuler B, Bonnin MA, Teillet MA, Duprez D.
Fgf4 positively regulates scleraxis and tenascin in chick limb
tendons. Dev Biol 2002; 247(2): 351-66.

Nishimura R, Hata K, Matsubara T, Wakabayashi M, Yoneda
T. Regulation of bone and cartilage development by network
between BMP signalling and transcription factors. J Biochem
2012; 151(3): 247-54.

Kawa-uchi T, Nifuji A, Mataga N, Olson EN, Bonaventure J,
Liu Y, et al. Fibroblast growth factor downregulates expression
of a basic helix-loop-helix-type transcription factor, scleraxis, in
a chondrocyte-like cell line, TC6. J Cell Biochem 1998; 70(4):
468-77.

Liu Y, Cserjesi P, Nifuji A, Olson EN, Noda M. Sclerotome-
related helix-loop-helix type transcription factor (scleraxis)
mRNA is expressed in osteoblasts and its level is enhanced by
type-beta transforming growth factor. J Endocrinol 1996; 151(3):
491-9.

Edom-Vovard F, Schuler B, Bonnin MA, Teillet MA, Duprez D.
Fgf4 positively regulates scleraxis and tenascin in chick limb
tendons. Dev Biol 2002; 247(2): 351-66.

Brent AE, Tabin CJ. FGF acts directly on the somitic tendon
progenitors through the Ets transcription factors Pea3 and Erm to
regulate scleraxis expression. Development 2004; 131(16): 3885-
96.

Smith TG, Sweetman D, Patterson M, Keyse SM, Miinsterberg
A. Feedback interactions between MKP3 and ERK MAP
kinase control scleraxis expression and the specification of rib
progenitors in the developing chick somite. Development 2005;
132(6): 1305-14.

Giordani J, Bajard L, Demignon J, Daubas P, Buckingham
M, Maire P. Six proteins regulate the activation of Myf5
expression in embryonic mouse limbs. Proc Natl Acad Sci USA
2007; 104(27): 11310-5.

Takigawa Y, Hata K, Muramatsu S, Amano K, Ono
K, Wakabayashi M, et al. The transcription factor Znf219
regulates chondrocyte differentiation by assembling a transcription
factory with Sox9. J Cell Sci 2010; 123(21): 3780-8.

Sugimoto Y, Takimoto A, Akiyama H, Kist R, Scherer
G, Nakamura T, ef al. Scx/Sox9™ progenitors contribute to the
establishment of the junction between cartilage and tendon/
ligament. Development 2013; 140(11): 2280-8.

Maeda T, Sakabe T, Sunaga A, Sakai K, Rivera AL, Keene DR,
et al. Conversion of mechanical force into TGF-beta-mediated
biochemical signals. Curr Biol 2011; 21(11): 933-41.

Pryce BA, Watson SS, Murchison ND, Staverosky JA, Diinker



1554

33

34

N, Schweitzer R. Recruitment and maintenance of tendon
progenitors by TGFbeta signaling are essential for tendon
formation. Development 2009; 136(8): 1351-61.

Léjard V, Brideau G, Blais F, Salingcarnboriboon R, Wagner
G, Roehrl MH, et al. Scleraxis and NFATc regulate the
expression of the Pro-1(I) collagen gene in tendon fibroblasts. J
Biol Chem 2007; 282(24): 17665-75.

Shukunami C, Takimoto A, Oro M, Hiraki Y. Scleraxis positively
regulates the expression of tenomodulin, a differentiation marker
of tenocytes. Dev Biol 2006; 298(1): 234-47.

35

36

37

Liu H, Zhang C, Zhu S, Lu P, Zhu T, Gong X, et al. Mohawk
promotes the tenogenesis of mesenchymal stem cells through
activation of the TGFp signaling pathway. Stem Cells 2015;
33(2): 443-55.

Murray MM. Current status and potential of primary ACL repair.
Clin Sports Med 2009; 28(1): 51-61.

Brent AE, Braun T, Tabin CJ. Genetic analysis of interactions
between the somitic muscle, cartilage and tendon cell lineages
during mouse development. Development 2005; 132(3): 515-28.



