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[ Abstract] Myofibroblasts are fibroblasts with contractile function. As a contractile cell, myofibroblasts can regulate
the function of normal organs in normal tissues. After tissue injury, myofibroblasts play an important role in mediating
injury repair, but at the same time, myofibroblasts can also play an abnormal role in the formation of exocytic matrix dur-
ing tissue fibrosis. This article reviews the relevant literature and discusses the role of myofibroblasts in orthodontic
tooth movement. The literature review shows that mechanical stress and chemical stimulation can significantly promote
the differentiation of precursor cells into myofibroblasts. TGF- 3, Rho and Hippo signal transduction pathways play an
important regulatory role in the differentiation process. Orthodontic tooth movement is a complex process of periodontal
tissue remodeling, in which the periodontal ligament and gingiva are important periodontal soft tissues. In vivo studies
have shown a large number of differentiated myofibroblasts in the tension-side periodontal ligament. Myofibroblasts par-
ticipate in the remodeling of the periodontal ligament during orthodontic tooth movement and thus are closely related to
orthodontic tooth movement.

[Key words] orthodontic tooth movement; periodontium; myofibroblast; differentiation; TGF-B signaling path-
way; Rho signaling pathway; Hippo signaling pathway

J Prev Treat Stomatol Dis, 2019, 27(10): 667-672.

(¥Fm B #A]) 2018-07-07; [f&EIHHA] 2019-04-10

(E£TH] LT8R AR 3R AE T H (115-3110617005)

[VEE®IA] WELEHT, BT, i 1, Email: pxm82920524@sina.com

[BEMEE] X128, FAEEN, -1, Email: liuyi256@126.com Tel ; 86-24-31973999



b

AREEMFBE 2019F 108 $27% %108
+ 668 +  Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.10 Oct. 2019  htip://www.kqjbfz.com

FIL BT 24 40 0, DR SHfeA7 P 2 JUL 400 i A i £F
24 240 JL 114 R I A 44, R — b R WA D RE T A
YN . WLBET 4 4 A7 1 T 2 Fh Al 8, n]
F1 22 70 240 M A T A A IE 20 215 4 1 2 41
B AR BT o A ST R S8 LR AT 4 40 i F) A G
P B HAE TE W 24 R 2 v /R A — 250k

1 BB £F 45 40 B ey 48T 5
L1 LB EF 4 2 it 0 45 4iE

JUUSCET 4 40 i 52 B2 P sl 25 S TE |, 0 A 4
i, i Z AR, AR A, P
WURLIRTBCTE 20 A, 4 N & R 22 B, R
O ATTEAR AN TR SR o ILE H
A AE LS E H ED-A B, BT BT,
P e WSR2 20 i B 2R 2 ML B 3 22, A i
I 5 A0 L2255 P PR 4 i 5 400 i A K I A) AH i o
AW NLSh & 220 SIS & 0 ) 25 4 X L
LB 2 ) 25 4E 5 - 1 LA LN AR 4L, OF HL
IX S 20 i 3 FL AT M R ) R 2T 2 A0 i D RE A i
PR AT L AR T P S5, PRI, T L T A 4
JLIE S b 1 3R S L 2
1.2 WUk AF 4 4m R84 R OR,

T N 22 b 240 B AT B AT A 2 204k A LK
ET 2R 40 i 1) T RE A0 R AR AN M P B A | b R
S A L T) 70 5T 4 A AT A A M A AR AN
I (1435 3 7 2010 Ry LR T A 2 L 5 - JUL 44t
A DL I 2 A O LS AT i ff e, o, et
YE A0 i 0 R IR AN M

JRET A A A LR ET 24 240 i o 5 22 1y
WIS B2 55— B B, UET 44 4 i A HILAWUSE ) i A
FHTF 3 A 0 D i LT A 200 B, e, &8 i P 1
4 B 5T WL 2l 2 10 T 27 4, OF DLZT 4 3% 12 3 B
A RIIE G AR B 55 — B B, e AE KR
F-B 1 (transforming growth factor 31, TGF-B1) .ED-A
21 55 MBI, ) 2L [R]375 5 I i UL R 21 24 240 i
AL O LS ET dE A o LT 4 40 i
—RAFTE TR L2 AR A3 A 20 20| I e i g
[ JTT A 2 2 21
1.3 Lk 4 4 2m e b 2 e

JUUSE 2T 24 40 i A7 95 R A 5 78020 1 A0 T3 1
RES) o TEIEH A ZIm, WURLET 4k 40 a1 S — ol
A AL, REAZ R IE W A4S B RO IR . AZBE
WURCET 4E 20 e A2 3 8 2 il 21 2 e H 28
VERT B 5 e [R)I, 7E 20 2L 2F 4R AL S 1R) , LA 2T 4k

240 AL T LA I B 40 0 S0 R RO B o S AR
P i Al (0 LSl 25 1 0 g 2T 2 190 i JUL 2T 24 240
I — A B 2 SRR, 0K O T B
YR % 200 L D o B 3 T A

2 HH N H 5K M R R 2 & A 4 AR e AL AR
FUEMRE 5T IL

BUBR 77 -5 A~ P 0 52 i) 22 7ol 240 i 1) AL
LT Y20 o AL R A BB R o AL A4
K ) R T AR ) AR BT D) 14 e
X5 T A A A TR B Sl ) R T AR
BLA A 40 10 52 30 ) 2 U L 5 e S 3R
S AR AR T, A0 ML A R 5 45 A A R 2
Y2 G i 15 ] N RE eI (ST i AN
W TR A R

72 B0 AT O S T A 240 i 1o L T 4 440 P O
b, FE T2 RN R AR R ML AP B R R
B A AN ) 2 U T . TGF-B 12 iR
FERY AR H AT S )2 8 WLSET 2 20 i 1)
I3k 2 R PR, R IF S b TR) 7S 5T T 40 i
(mesenchymal stem cells , MSCs )"’ | 55 £F 2 211 Jifd 1) AL
T Y A 534

TR OISR S /L TGR-B 155 A\ A Ji i
AT AE 20 L, e ek 40 S e A 2 e (0, A ) -
V-3 WUILB 88 1 i 263k, U0 B B 2l i 5 10 LG &F
YE 20 M, {EF5 Tt LT 2 20 R S AXAE 72 h
WAORTFRRE o B IZ RS H it — 2L BF e R A
JE| RS JUU S T Ak 240 [R) R RE G o 2T 0% A A 0
e MR, TGE-B1 5 AU K/ TR ) % A F
il 5 240 4 1) FJL S £ 446 200 1 64 Ak B AT B )4
I H., 35 Fh b [E) 4 T A 7 8 R0 I T 3R 1
Fang 2528 1, JE il T RE I ) R80T 4 40 i
16 JUL ST 24 20 i A, X R S IR 1 RS
g m JE A

3 RILAK 4T 4 20 R SR VIR RO HH X 4R BELE S 5B B
3.1 TGF-BAz5 % i@ %

TGF-B 54U i TCF-B T 1T 4 32 (A AH
YEHT, BB 22 245035 16 2R 1 U0 (mitogen-activat-
ed protein kinase , MAPK ) , Wnt ,Smad . B 5 9t {JLEE: 3-
P4 B (phosphoinositide 3-kinase , PI3K )/ 2% % g — I
R [ I (serine -threonine kinase , AKT) 25 £
SR 5 00 P 3 2ok 73 % ) 19 32 B R4 TGF-B
G By Kk, Hr, DL Smad I 1555 547



b

ARREmmE 20198108 %275 $108
Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.10 Oct. 2019  http://www.kqjbfz.com  + 669 -

F [ 38 B FR Smad 38 % . TGF-B [MIFF25 & 24 T AU
ZARFN2A 1 RLZAK T8 5 DU 2R A4, 11 AL 32 AR bk
WO, LG TS R 1 RS2 AR R AL TS A 1 3
S2RHF Smad2 Al Smad3 B AL , 9 B2 AL (9 Smad2 A1
Smad3 5 Smad4 J£ i = R A AKX, 15 Smad 45 & JT
PREEE T 5 R R 35, X R 22 LY TGF-B/
Smad {55 #% .

P 1 A& 40 1) B T 7 5T 20 ok A ik
A (umbilical cord-derived mesenchymal stem cells-de-
rived exosome, uMSCs - Exos) ) miRNAs i@ 1 FH #r
TGF-B/Smad?2 {5 %8 i 41 il UL AR 2T 4 20 i 1) 534k
ZAEIE 45 7R, uMSCs-Exos 1] LL7E T By 98 JR 12
JT T A AFAE T

TE TGF-B 38 &, Smad7 J& T4 il 7Y Smad , 18
18 BH 1E Smad2 F1 Smad3 19 8 12 16 # il TGF-B 15 5
¥ 5 o miR-877-3p gl 1L $ [ Smad7 10 il i 95
MSCs [a] HILRSET 2 44 Jf 434k

TGF-B i 7] 3 2o | 25 MU B 617 20 A 5 7%
T TGF-B I #UAZ A4 BEWIE Rho ZX 5 1Y) GTP i
(Rho GTPases ) LA KA THY 80 34 i ——Rho 12 i
% i I (Rho coiled-coiled kinase 1, ROCK1) , 5§
HWL B H a4 R A, I SL T Smad 15
S TGF-B1 S e 32 2 1 LT 4 240 B 1) 731K 1)
PR T, I H, TGF-B AR 5 e 518 % 2 LS AT 4
20 i 1] 53 Al 1) 25 L B0 AL ) B A% M A
AL R TGF-B, TGF-B MRl 5 1 i R/
K
3.2 Rhofz 5 # Fd %

Rho GTPases J& T Ras 8 4 i , /2 HLA% 4i il N
HE WAL 5 5 25> T, 4448 Rho . Rnd | Rac
Cded2 55, BT 43FIF K7 76 GTP 45 & 1G4k
REE GDP 455 AR S A AR 285 8] B AR F% 4, 2 i
VAN HAE 55 M . Rho GTPases 25 4 iU &
SR FEHE, TR R LS B 1N g £ 2R 24
HRRFM RS . kY i i GTP-
Rho \ROCK . # 2 1k 22 Y] 3 H (cofilin, CFL) [ 335
A KT 36 Rho-GDTa fY 28 15 i A\ Jil 448 i 1) 446
JL B R

Rho {5 5 % 53 % 2 5 20 M A 300 0 9 42>
ROCK 1} Rho #Y T #F HLONAF 5 53 1, 24 Rho 5
GTP 2545 J5 W % , 5 Rho #4 )i 1Y) Rho/ROCK {55
B IEPKRE S AT R N B, £
il 20 Ffa R F- 0] 94095 Rho/ROCK {5 5 38 1% . i ik
TGF-B 1 ft. 1) Rho/ROCK {573 fi AT P & MSCs 1Y

Sr46 75 T, 24 RhoA/ROCK {5 5 % 53 % FF Ji it
MSCs 734 WUSCET 24 20 i 5 12238 s SC AL, oAkl
PN B2 4t

RhoA 13 {1k BE A% 112 F 41 i 41 38 Il &2 A 1R 1 B
B BE R AR B R A s
T Rho/MRTF-A {5538 i, 75 5 LAET 24 240 i JE
W LR AR S T-A (myocardin-related
transcription factor-A , MRTF-A ) J& — L 3l 8 H 28
HAE M, 75 P B W F (serum response
factor, SRF) &K IFE/ER™,

Sandbo 25 2 F 37 25 B , Rho/Actin/MRTF - A/SRF
{5518 A — > 2 OCHE WAL 2 4R L 15 5 od
ARG, B REAE LB 2T 20 20 i 1) 3 Ak Fn 4 2L 21
4efl. HIFEE, Rho {55 % Sl #4250 T 1E
Wi 2F % 2l o i v A 2 SR A SO

Barcia 55" [] JBUAFH OC SCHR , 4 ) 2 B i 48 A AT
RE3E 4 Rho/ROCK {5 5 it % 52 Wi 1E W 4 #% 2l 1 55
BN R — Uk . ¢ T ML ) 38 i Rho/
ROCK {5 5 % 31 #5175 3 5 Jo R 4 Jif 22 18 o0k %
HUCERM AR AR 2 AL 2 i 2t
Rho {5 5 % 7 38 #% 98 75 28 J& B 1~ 2 i (periodontal
ligament stem cells , PDLSCs ) [ L 5 £T 4 41 i 1) 53~
&, BRTIE AR WARSCHRIE
3.3 Hippo3 5 4 718 %

Hippo {5 5 18 % & BE AR 5T, A 36 Yes #H O H
(Yes associated protein, YAP)/#74 PDZ 45 & 3 5 1)
5 ST B W) (transcriptional coactivator with PDZ
-binding motif, TAZ) . M L sh W) sterile 20 FF 14 1/2
(mammalian sterile 20-like kinasel/2, MST1/2) } H:
H AR 1 (Salvador 1,SAV 1) K g i 4 1/
2 (large tumor suppressorl1/2, LATS1/2) M .8 45 &
1 MOB1 \TEA 5434 1-4(TEA domain1-4, TEADI-
4) o T [ S IS TR SR AN T 3h R N R
B, AN M R S A T A E RN HEUN B S
V- LA K IR %) LR e

20 T2 90 AEAX , i Jak ok PR AR O 2 1) 0 ik, 7
SR A PN e BT 23 B 1 B — A S PRl —— i 41
il PR Wis ™7, Wes i PR 114 58 728 K 3 B2l 210k s 44
Heo BlJE, AR & BT Sav 3 A Hpo Mg 1 i) &
PKl  Mats K Fll Yki B2 (K, o, Yki /& Hippo i #%
1 EZRN T . YAP S Yki TEFL s b 52
X RE SN (07 F e (A 11922 1,52 Hippo {5 %
I % A OB T i ARV 2T, B 2 RN AR 1 O L
YENT, 25 2 R A% S B i 45 . YAP 7E40



b

ARRERBEE 20198108 %2785 $108
+ 670 - Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.10 Oct. 2019  http://www.kqjbfz.com

JL P B A7 R E T R SR A B S L Y T A
WAZ DY B, 5 0 SRS TR 2L [R) i 3l 3 R 1) e 57
M E AR5 W2 G B B DI RE o YAP (W 2RIk X F
WA E P F/NEA EREER , YAPT £V EF
E4 i O A S W E R L o () S

MeNeill % W55 R B, BF 0 it # v, 22 4
1R /95 2 12 6 1 B LATS1/2 30 YAP/TAZ 1% %
AE5 T B oo AH A0 0 A 3R RS A Ae i e B
LATS1/2 B , A5 0 #H 20 i 4350 1] L8 2F 4 41
[k

Huelter-Hassler %5 '8 | i I 1E 8 5K 1 7 14
BIHA , AT AR S 2 i R4 e e 3 5 T 3O D0 5 e
F1F B, o YAP AT RES N JE S A0 it ) 348 A
X, 40 M AME S E Y I8 ERK1/2 A1 Y AP 7 1E ¥F 5
B e N EY 12 N F o DL RS 4R
715, Hippo {5518 % P Y YAP 18 J% 7] fiE 2 5 341
B VE T 2 JE I A0 i g 2 g [R) s i s
Ui B IG FE AR T R R R 5 A G, YAP R
5 Tl R R S 5 LSS 2 4 Ak X
S ] AR AT o i — 20 5T

4 AERAHEMBESEERTIBINFRNITAAR
3§

E W 28 % 3l e — A A 00 2 i 20 et
o Brin b B, O JRRRE P K A A M i A 4k A%
IEVR ZF V3 i 32 W 75 B i o U, 28 T R i g
BOTWEI~ANH BT R AE R B E
155 F JE B BT 4 4 B B A0 YRR 1 h B AR OG
IEH, AT T R 2 8RR A2 2 A 30U E
Ik, ARk A B A S

TR —Fh s B s R, TR S F
B[] ) S A, B R B TR A IE RS
JPIR 2 BRIRSS R, i T JR IS Rl R
BURRATY AR IR S AR E WA Y- F0 LS g - A 1 R
ST R ) e A L 2F S TR OF R S
IFIA], PO 23 ] DR i, B 8 A R R e 2 1Y
PHARA B .

4.1 PUREtmpe il T R B Bk

AR, A28 B, ER S KR B
1) 5K T ) 2 JR R v A A K A3 Ak 4 I A 4 2
J, B 7 2 ] S 4 3 A 1o JUL S T 4 4 Ak 1)
Wyl If HAg th, WUBLET 4 40 M AE 1E 15 4 % 5
R E ECEEMMER o Xu S5 R FH DY p 2 il 20
Ji 77 2 T # 2R g AN R TGF-B 1 il 3 A oh 85 57

1) JE R 20 I, 45 SR 3R W, TGF-B 1 5 5K/ v 77
(] A5 A2 24 o] 40 e 1) JIL ST A 400 e o34, O HL 5K/
FE R 78R, o=~ LA R A 2 1 -C RO 3R 0K
IRV

Wil I 42 PN SEBG BIFST 25 R AR L IERE T,
18 B Wnt-3o F TGF-B1 55 7R 42 ik LA 2T 4 46 i
] Ak v ke S AR AT, FR FH Wnt-30 R TGE-B 1 53
) SRR ] B A4 L ) AR A0 B e B R A
8 JE S 240 B 1 L S 2T 24 A4 i 1 -7

VU _E— R TR, LK 71 5 TGF-B1
T, 2 o] R 40 i BE A% 1) JUL RSO 2T 24 400 e 534

gt — 2L T W T W 2F B8 gl v o R N 21 4
LA A2 i, Kimura 288 2 B, A K AT
0 70 24 T R SR W5 P DA B REL 240 AR 240 L o) JUL 2T 4
i o34k o S IS PN B 28 RS T 48 i (periodontal
ligament stem cells, PDLSCs ) J& 4 5 7 Ji] 4 2L N £
AR R 78 A TR BB 1 T Ao i
BT B . B PSR AL IR 2
WH T4 8 %175 5 PDLSCs [a] [JLA 2T 48 240 it o347
4.2 WUR A Hetm A F 4615 A

TGF-B 11755 7 i 41 4 41 Bl P9 1Y o135 WLER
HRIR R, I B, a- P L 1A R IA A IR K
I, AR B, O R Y A A A8 I I a) B
0, K — 2 10 RE U A R AR A ST DR AR A I
() TR R S BT LT 4 A4 i 55 28 8 ) A DG A5
Z L AR IS AL I T R £ R s Jy Y i %A
1E W 2 B 8l KRG Je A R i 4 T R AL A
fief /D 3H

5 N £

ZE BT, WU AT dE 4 i & —Fh 2ok T8 . £ 1)
FIE 1 200 M, 76 1E 20 205 0 A 20 4 b B E A
LIt B 5 e B % UIAE OG , 78 5 T I 2 iR
G ALt A EEE

S 30k

(11 FFRAK, GER, BRI USCER 2 40 B ) A 5 a0 Joe B Ly s 2
WA B BE 2R, 2013, 29(2): 140-143.

[2]  Sandbo N, Smolyaninova LV, Orlov SN, et al. Control of myofibro-
blast differentiation and function by cytoskeletal signaling|J]. Bio-
chemistry (Mosc), 2016, 81(13): 1698-1708.

(3] BB 2B, XK, 46 . Fe b B B -1 aE 1™ A i 4
51 M 8] 78 5 20 23 P A LB ET A 0. b s Ry
(), 2015, 47(5): 737-742.

[4] Kim W, Barron DA, Martin RS, et al. RUNXI is essential for mes-

enchymal stem cell proliferation and myofibroblast differentiation



b

AREEMFIE 2019F 108 $£27% #1008
Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.10 Oct. 2019  http://www.kqjbfz.com  + 671 -

[5]

[6]

[7

[8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[J]. Proc Natl Acad Sci U S A, 2014, 111(46): 16389-16394.
Kramann R, Schneider RK. The identification of fibrosis - driving
myofibroblast precursors reveals new therapeutic avenues in my-
elofibrosis[J]. Blood, 2018, 131(19): 2111-2119.

Hinz B, Phan SH, Thannickal V], et al. The myofibroblast: one
function, multiple origins[J]. Am J Pathol, 2007, 170(6): 1807 -
1816.

Pakshir P, Hinz B. The big five in fibrosis: macrophages, myofibro-
blasts, matrix, mechanics, and miscommunication[J]. Matrix Biolo-
gy , 2018, 68(69): 81-93.

Toh BH, Yildiz A, Sotelo J, et al. Distribution of actin and myosin
in muscle and non-muscle cells[J]. Cell Tissue Res, 1979, 199(1):
117-126.

XU e, X, SRR, S5 AMIRIE TGF-B 175 5 K Bl i B
FE 50T 20 M 1) JULR £ Ak 20 A AR ) SRR TSR (D). F R R 2,
2014, 34(1): 1-4.

T, XU, (T 2T TR RS ATLBGET A 240 1) A S 3 B b A
PIRFEAIRL(T]. EFR I BE2E 2%, 2015, 42(3): 285-289.
i, X, BT R R LB AT 2 200 ) R AR A A ARSI 5
[J]. 267G 1 2R 24 A, 2015, 33(2): 130-134.

Xu H, Bai D, Ruest LB, et al. Expression analysis of &-smooth
muscle actin and tenascin-C in the periodontal ligament under
orthodontic loading or in vitro culture[J]. Int J Oral Sci, 2015, 7(4):
232-241.

Fang YY, Svoboda KK. Nicotine inhibits myofibroblast differentia-
tion in human gingival fibroblasts[J]. J Cell Biochem, 2005, 95(6):
1108-1119.

Meng XM, Nikolic-Paterson DJ, Lan HY. TGF-f: the master regu-
lator of fibrosis[J]. Nat Rev Nephrol, 2016, 12(6): 325-338.

Fang S, Xu C, Zhang YT, et al. Umbilical cord-derived mesenchy-
mal stem cell - derived exosomal microRNAs suppress myofibro-
blast differentiation by inhibiting the transforming growth factor-
beta/SMAD2 pathway during wound healing[J]. Stem Cells Transl
Med, 2016, 5(10): 1425-1439.

Wang C, Gu S, Cao H, et al. miR-877-3p targets Smad7 and is as-
sociated with myofibroblast differentiation and bleomycin-induced
lung fibrosis[J]. Sci Rep, 2016, 6: 30122.

Vardouli L, Moustakas A, Stournaras C. LIM-kinase 2 and cofilin
phosphorylation mediate actin cytoskeleton reorganization in-
duced by transforming growth factor-beta[]J]. J Biol Chem, 2005,
280(12): 11448-11457.

Bernau K, Torr EE, Evans MD, et al. Tensin 1 is essential for myo-
fibroblast differentiation and extracellular matrix formation[J]. Am
J Respir Cell Mol Biol, 2017, 56(4): 465-476.

Blyszczuk P, Mueller-Edenborn B, Valenta TA, et al. Transform-
ing growth factor-beta-dependent Wnt secretion controls myofibro-
blast formation and myocardial fibrosis progression in experimen-
tal autoimmune myocarditis[J]. Eur Heart J, 2017, 38(18): 1413 -
1425.

Walraven M, Akershoek JJ, Beelen R, et al. In vitro cultured fetal
fibroblasts have myofibroblast-associated characteristics and pro-

duce a fibrotic-like environment upon stimulation with TGF-beta

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

1: Is there a thin line between fetal scarless healing and fibrosis?
[J]. Arch Dermatol Res, 2017, 309(2): 111-121.

Manokawinchoke J, Limjeerajarus N, Limjeerajarus C, et al. Me-
chanical force - induced TGFB1 increases expression of SOST/
POSTN by hPDL cells[]J]. J Dent Res, 2015, 94(7): 983-989.

Singh V, Davidson AC, Hume PJ, et al. Arf GTPase interplay with
Rho GTPases in regulation of the actin cytoskeleton[J]. Small GT-
Pases, 2017: 1-8.

Van Buul JD. Geerts D,huveneers S. Rho GAPs and GEFs: control-
ing switches in endothelial cell adhesion[J]. Cell Adh Migr, 2014,
8(2): 108-124.

Pan J, Wang T, Wang L, et al. Cyclic strain-induced cytoskeletal
rearrangement of human periodontal ligament cells via the Rho
signaling pathway[J]. PLoS One, 2014,9(3): €91580.

Bendris N, Lemmers B, Blanchard JM. Cell cycle, cytoskeleton dy-
namics and beyond: the many functions of cyclins and CDK inhibi-
tors[J]. Cell Cycle, 2015, 14(12): 1786-1796.

Li CJ, Zhen GH, Chai Y, et al. RhoA determines lineage fate of
mesenchymal stem cells by modulating CTGF-VEGF complex in
extracellular matrix[J]. Nat Commun, 2016, 7: 11455.

Zhao XH, Laschinger C, Arora P, et al. Force activates smooth
muscle alpha - actin promoter activity through the Rho signaling
pathway[J]. J Cell Sei, 2007, 120(10): 1801-1809.

Miralles F, Posern G, Zaromytidou Al, et al. Actin dynamics con-
trol SRF activity by regulation of its coactivator MAL[J]. Cell,
2003, 113(3): 329-342.

Meng R, Song M, Pan J. Rho is involved in periodontal tissue re-
modelling with experimental tooth movement in rats[J]. Arch Oral
Biol, 2015, 60(6): 923-931.

Barcia JM, Portoles S, Portoles L, et al. Does oxidative stress in-
duced by alcohol consumption affect orthodontic treatment out-
come?[J]. Front Physiol, 2017, 8(22): 1-11.

Yamamoto T, Ugawa Y, Kawamura M, et al. Modulation of micro-
environment for controlling the fate of periodontal ligament cells:
the role of Rho/ROCK signaling and cytoskeletal dynamics[J]. J
Cell Commun Signal, 2018, 12(1): 369-378.

Strzelecka-Kiliszek A, Mebarek S, Roszkowska M, et al. Functions
of Rho family of small GTPases and Rho-associated coiled-coil ki-
nases in bone cells during differentiation and mineralization[J].
Biochim Biophys Acta, 2017, 1861(5): 1009-1023.

FOBTE, SPEST, B . LS Hippo {5538 B 23 HLH 5
HERE[)). 18t4%, 2017, 39(07): 546-567.

Yu FX, Zhao B, Guan KL. Hippo pathway in organ size control, tis-
sue homeostasis, and cancer[]J]. Cell, 2015, 163(4): 811-828.
Hayashi S, Yokoyama H, Tamura K. Roles of hippo signaling path-
way in size control of organ regeneration[J]. Dev Growth Differ,
2015, 57(4): 341-351.

Rybarczyk A, Wierzbicki P, Kowalczyk AA. Role of the hippo
pathway in cell proliferation and organ size control. disorders of
the pathway in cancer diseases|J]. Postepy Hig Med Dosw, 2014,
68(5): 503-515.

Justice RW, Zilian O, Woods DF, et al. The Drosophila tumor sup-



© 672 -

b

O &mBAE 20194108 £27% $£10#

Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.10 Oct. 2019  http://www.kqjbfz.com

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

pressor gene warts encodes a homolog of human myotonic dystro-
phy kinase and is required for the control of cell shape and prolif-
eration[J]. Genes Dev, 1995,9(5): 534-546.

Piersma B, de Rond S, Werker PM, et al. YAP1 is a driver of myo-
fibroblast differentiation in normal and diseased fibroblasts [J].
Am ] Pathol, 2015,185(12): 3326-3337.

Mcneill H, Reginensi A. Lats1/2 regulate yap/Taz to control neph-
ron progenitor epithelialization and inhibit myofibroblast formation
[J]. J Am Soc Nephrol, 2017, 28(3): 852-861.

Huelter-Hassler D, Tomakidi P, Steinberg TA. Orthodontic strain
affects the Hippo-pathway effector YAP concomitant with prolifer-
ation in human periodontal ligament fibroblasts[J]. Eur J Orthod,
2017, 39(3): 251-257.

Liao ZP, Chen JN, Li W, et al. Biomechanical investigation into
the role of the periodontal ligament in optimising orthodontic
force: a finite element case study[J]. Arch Oral Biol, 2016, 66(2):
98-107.

Dutra EH, Nanda R, Yadav S. Bone response of loaded periodon-
tal ligament[J]. Curr Osteoporos Rep, 2016, 14(6): 280-283.

i, T e, 5 ORIEW SR sl R bk o AL
T A A0 04 TR ST (D], DU R 2 4 (B2 5 i), 2007, 38
(1): 123-125.

Meng Y, Han X, Huang L, et al. Orthodontic mechanical tension
effects on the myofibroblast expression of alpha-smooth muscle ac-
tin[J]. Angle Orthod, 2010,80(5): 912-918.

T, iy, TS, 45 IR AF RS 3 AT (0 o)
LR T A4 MaL) ). A= ARk RE5E, 2016, 20(04): 371-376.

Xu H, Han X, Meng Y, et al. Favorable effect of myofibroblasts on

[47]

[48]

[49]

[50]

[51]

collagen synthesis and osteocalcin production in the periodontal
ligament[J]. Am J Orthod Dentofacial Orthop, 2014, 145(4): 469-
479.
Xu H, He Y, Feng JQ, et al. Wnt3a and transforming growth factor
-B induce myofibroblast differentiation from periodontal ligament
cells via different pathways[J]. Exp Cell Res, 2017, 353(2): 55-62.
Kimura H, Okubo N, Chosa N, et al. EGF positively regulates the
proliferation and migration, and negatively regulates the myofibro-
blast differentiation of periodontal ligament - derived endothelial
progenitor cells through MEK/ERK - and JNK -dependent signals
[J]. Cell Physiol Biochem, 2013,32(4): 899-914.
Kukolj T, Trivanovic D, Djordjevic 10, et al. Lipopolysaccharide
can modify differentiation and immunomodulatory potential of
periodontal ligament stem cells via ERK1,2 signaling[J]. J Cell
Physiol, 2018, 233(1): 447-462.
Dorotheou D, Bochaton-Piallat ML, Giannopoulou C, et al. Expres-
sion of -smooth muscle actin in the periodontal ligament during
post-emergent tooth eruption[J]. J Int Med Res, 2018, 46(6): 2423-
2435.
Tommiska J, Kénsikoski J, Skibsbye L, et al. Two missense muta-
tions in KCNQ1 cause pituitary hormone deficiency and maternal-
ly inherited gingival fibromatosis[J]. Nat Commun, 2017,8(1):1289-
1299.

(%58 FHIG, X )






