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Relationship between the biomechanical factor

YAP/TAZ and bone metabolism

HU Xiao-Pan™, LI Shi-Chang, SUN Peng
(College of Physical Education and Health, East China Normal University, Shanghai 200241, China)

Abstract: Mechanical loads, such as exercise, are transformed from local signals into biochemical signals to
participate in the bone metabolism. There is extensive evidence that mechanical cues can act on the nucleus by
transcriptional coactivator YAP/TAZ, which also act as the mechanical sensor. This finding reveals the mechanism
about pathophysiological cellular behavior under the mechanical force. Recent studies have confirmed that there is a
crosstalk among YAP/TAZ, Wnt/B-catenin, Notch and other bone metabolic pathways. And they will affect the
differentiation and function of various bone tissue cells. Therefore, it is important that studying the roles of YAP/
TAZ in bone metabolism and it is very meaningful to fully understand the pathogenesis of bone diseases. This
review, starting with YAP/TAZ mechanical sensing and analysing the correlation among YAP/TAZ, Wnt/B-catenin

and Notch pathways, summarizes the related research in the field of bone tissue cells.
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WAmERE, 5. AW INFYAP/TAZ S5 R 603

AR (integrin) 320K 54 M B 42 RGURCZ JH )2
S, 158 AL R 4 (protein kinase cascades).
2 A5 1 R 4 (second messenger systems). Wnt {5
SR ZABNE @R, A
ESIEMPTRAT 236, FERIARNAL i, I 2500
JE IR e S 9 1) RS A g — 2D N . Ak, TEIME
A3 % 52 R VE 1Y) Hippo 5 5B % 2 5 = 40 i 1)
WHE . ST, BN SN T YAP (yes-
associated protein) [ H.5% 2 [A]J4) TAZ (transcriptional
coactivator with PDZ-binding motif) # % & nJ 2 U 4H
MR Z MRS S (BT ). 20 BRI AR A 2
RIS ) B, IR RO R R R R T, A
VRS SRR T 75 AN B L T AT R 1,
A B2, YAP/TAZ i& 5 22 $t Wnt/B- i& 3 & [
(B-catenin), Notch 5 41 il 5 = % 318 B [ 47 1E
THF, FEXT SR R = A A RN, X
—AERRIFESE R 1 S5 40 B 70 5 51 R BB (1)
BRI AL R N0 BT PR 5 AE WL = v %) 25 I LA
N EAEF AU R s A, RO IR AR B
T BRI B 40 R A ) AR A . AR SO N
ALK, R D) 2 U R T YAP/TAZ X & A
TE I A 2H 232 Y 2

1 YAP/TAZBH KM EM HZESHETE

YAP/TAZ LIk 4% 54 FH A7 42 T 2 Fh I8 A 41
FP, R S R LG I L B A Ve B
D155 F o 2k 015 SR R i i R ek 1 AR
WAES, WrR4EiutT SRR B ) fE . How)
06 T B 2P0 FL A R0 B 2 6 S SR ) BRARRAGE AR
M, (& 2F 4R AL 3N 2 B (fibrous actin, F-actin) 4f
FL B 2R R B 5K RS DA AN T2 40 B o,
JRY) IR 5K Y 1T F-actin B9 GFN5K ), 2E 10 5210
YAP/TAZ 3 1%, e 2 € 40 i 2 fe 1 S 38 e 1
B R T AR, S R R I R 4
J& [ -1 (membrane type-1 matrix metalloproteinase,
MTI1-MMP) S B AR, DUREREEGER, 2
AT AEIRILB R B4 9K T), OE o 1 K
tH H /Rho-GTP i 15 5 Ik JF fih )%k YAP/TAZ 1% %%
Ar U T A R AT R (B 1)

H F-actin /=2 ({115 515 B W5 YAP/TAZ )
LN E A KRR, — R RN, 42 Rho 5 1fL
BN FE K A (angiomotin family proteins, AMOT)
7¢ 24 T F-actin Ml YAP/TAZ 2 [f] 19 HL W& /v i ™2,
Rho [F#0E LI T AMOT Ser176 Rk, MififaE

AMOT 5 F-actin [AIfM BAEF, 46 YAP/TAZ ™,
FAM NN, B R R B 5 SUNL/2 2% 2
nesprin & H J5, P71 KA LINC 2 &%) (linker of
nucleoskeleton and cytoskeleton) % 4% & 4l Jifd & 28 5
W, dipEA% AT 8L F-actin M1 LINC B A E A
2 1) P9 A B A FE 78 AL R ) I 40 i X ==
LINC WA R PG iz L@, (24 YAP i
N A% . 4 B e T LINC () F-actin 52 1 B,
5 76 A A% T I g 47 4 ) AR 4 T LR, B2 YAP
T AR (B 2) M

YN SR 2 R, YAP/TAZ {6 8 582 e v
XAl 3k F-actin 3 FJBOR MRS =, LAt —2D
BOoE S, WM BOEE RS . U oseE
[B] 78 )i T4 fY (marrow mesenchymal stem cells, MSCs)
W YAP/TAZ, W]z nfeidt % &= AEha R EH
(435, HRBLEPEE SV ALS: . X R R IBHL
#iI7E hirame (hir) Z845 1 fA b .15 DLABL 1

2 YAP/TAZSEESRE AR XX E

2.1 YAP/TAZSZH#Wnt{5 S

K& 1 1F 24 Hippo i #% [ N i &5 2, YAP/TAZ
I AT AE ) Wat/B- 3 3 8 EAE 500 2% i 4
Z5E ML MMEE. o, REERELRE.
Wt {5 5 H BN, M5 A YAP/TAZ 58 32 E B
axin. HE & BN GSK-3B 456, TERL B- EI &
HlEMEEY, BERES B-HxTMELTY
5 [ (B-transducin repeats-containing protein, B-TRCP),
Bl B- I R B AR R AR AN A R B AR E AT R
i ", Rz, MIEAERE R YAPITAZ A,
EHME M E ARG, Wnt {55 U469 Rm
LM B B S B 2 Ak Fzd A4 B 2 AR % R IR B
AR I E H (low-density lipoprotein receptor-related
protein, LRP), PAIIE i Wnt/Fzd/LRP5/6 & & ¥)47
5 axin, H—BIGEMEESAGENE ot R
(1) p- M E S LB R, 46 T4
F (T cell factor, TCF)/ ¥k E2 3% 5% [X] ¥~ (lymphoid
enhancer binding factor, LEF) ", %5 OB J& It 4%
B P YAP/TAZ 5 B- IR AR (4 2 1A 3 B
VA RE T Hippo BRWOEIRA N, YAP/TAZ i B
T2 i 573 A Wnt-B- RN R EHE 5 S 0
G AN, G B- IR R B U
P B9 LK YAP/TAZ 1 T Dvl & [ (dishevelled,
Dvl) T4k Wnt (5 55 FH5 &R P, $oRMNI1EH
£ Hippo i i A Wnt 3 i [7] 7] 5 A7 7E LA %,
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PN A b 2 o A ()
2.2 YAP/TAZSNotch{ES i@

KEWFFLE, Notch {55 W% 5 X THE L
B a4 (osteoarthritis, OA) JHFEAHE ; 2017
B, SRER R, TAZ W] OB R 20 R A CD4
T S BIAHAE 17 (T helper cells, Th17) #1434k AR 3 1
4 1 A % TL-17A (interleukin 17A) &5 A 3¢ it K &
ik BT, R A% RE P 1R B B R B IL-17A 1R K
WA, HE— DN TAZ & &id m T fE o R B4R
Jpi 75 % (psoriatic arthritis, PsA) [ & 4 ¥, Totaro
&5 9L N YAP/TAZ 5 Notch & % [8] [£) 55 15 44 21
FRAE. AR BARA K TAME Rz
e IR ERA R, IL-6 ATIL-11 A S [ 130
(glycoprotein, gp130) 15515 5 Src FKjik & H G &R
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ST BUEBTRIRAS, B NS S Ze o, Bpap
26 A YAP K B 1 BT 4R T IR JZE 4H Y (presomitic
mesoderm, PSM) ; 1] 7£ [& ik YAP 15 S IRZS B £h 78
Notch {55, 4 BRI PR 8045 LAV &L B (R,
HEM YAP Jz Notch {5 5 % 5 75 ful A 41 i 7 44 1) 3
NIV IR RN =

3 YAP/TAZX} B4R 4R M REHI 200

3.1 YAPIS#EE MR 5 LTI

Tl H 20 (osteoclast, OC) YT A% / EWg4H L
TR, IR IR B R 1 5% i 7t NF-xB 32 R0
AR (receptor activator of nuclear factor-kB ligand,
RANKL) ¥, 35 PEt S it U T 3508 R sifs . B oK
W9 B R A PO B S YAPL R R
RNA (short hairpin RNA, shRNA) [ 5 1 it 25 A1
AR R, B BERYR BV 4H . (bone marrow-
derived macrophage, BMM) £ RAW264.7 40 ffl,
PUESRE YAPL () BMM H1, OC Fric & (4n NFATel,
TRAP A1 CTSK) M) & ] 2524, J5 RNy OC
IAGSZBE B A S AE FH 4E T i 25 Ab #E BMML A
RAW264.7 41, 1%Z5 7] fH1E YAP1 5 TEAD #H %
ghitikes A, FHZ5IE 00 OC A R RN W K0S 1 32 0
FEPE BRI BT REHLLES R E S LS
BRI 2 B X R S R B, T YAPL sk 23
HI S5 WLBh B AR TE AL ;. HAE YAPL 2400 %44 T,
RANKL Frif5 3 i) NF-xB {5 Sl B [ e 52 4. DAk
SRR YAPL X T fk OC b I RE B R HE
3.2 YAPIFZERE A

WHHNRE 2T RENEBEENLENE, 7E
TR R AR50 B T i BT AR AE I “ 3
A 28 0] 7 52 A58 K A7 et IR R B 4 A K s ) P
YAPI 5 3R I8 T 808 26 0 4 2 11 8L e R 45 4 ol
(Col2al) [f )3 8l TR 5 1 X3 Y, #F 50 N G2 Hh ik
B E BRI B BRI T (8 Col2al-Yap 1™ 3L R /)N
B, HHHE AL Col2al-Yapl®™ 24 148, M
i B Hippo #EJER] Cyr61 1 Ctef (52 FifH. #%
FERHREMMIX 2 YAPI I &FRE, MEE -8
g5E ANEKECE A A b B AR KR K
EET AN . Col2al-Yapl™* /N A H —YCE 16
OSSR REIR, 4 JE WS B R T B X SR
R EEERTRBEARNR Y, HEdRE
YAP1 4B 88 K B8 A K ECE N E .

{AARAEERURA S I A, A 535 R KR
BB BN H 5 WL AR K R 7 (mechano growth

factor, MGF) it |1 B & mRNA £k, JhZe#
Far A UBR A AR PR T AT 280 . A RIK YAP, U
H# T MGF i S 158 40 L% 3 MGF AMUAE Bt
FEB L, &0 4 Rho GTP i (Rho GTPases)
I3 1 40 B B 22 E A (R 3 YAP 54k, RO Ras
[RIRIE R K 51 A (Ras homolog gene family member
A, Rho A) Rho A/YAP 15 ‘5 HEA MGF X 40 i
HOES Al (I

3.3 TAZEMSCsm &

‘B IEAS K4 HE A -2 (bone morphogenic protein-2,
BMP-2) fit fff OB & & M i Ax & W 45 85 1 5 A
Runx2 (runt-related transcription factor 2) 7= 2f /& i&
400 {5 I PED 3, 5T C2C12 40 I B 43
A s T #E I N BMP-2 2 Bif 4 C2C12 41 i # 47
TAZ F5 5% /N T-# RNA (small interfering RNA, siRNA)
Fe4t 24 h, Runx2 RKik3ZR. 9O6R MR R R
MEIR, TAZ fKEE WW Z5 #4358 5] 2 Runx2 3X 3 &
PR BN E B B . A Sk N R
53 AR MSCs, Al HUR G TAZ Ky e PR KR
RNA (shRNA) #5505, BG5S 0 AT el
ARG TR, XA CH BT, B
HA AR WAV SR, K OB 7Ll B 5240 ;
T K958 73 UL 1 R AR MSCs B T AT g 5 41 o 43
TR 24 T RE IR, 4HMIM AL O Betunik. Bt
S BE BT Ey 1 TAZ [RIVR RN, FFAE A A 48 B B B
S S IR AR S AR DL AR TAZ Rk, B4/
TAZ JG I MERGAN BEA7E 8 d, HLHELIEMI fh R & &
SR ALDEK, RO OER, XRAK -
CUH B A X SR B B R, T TAZ T HEE
WEREFE TR 5 R I o] WA B T e X — K IIE
5 TAZ 5 OB s b B DMK
3.4 YAPITAZSEB%E

Xiong % ™ /3 5] f# A Prx1-Cre. Osx1-Cre £l
Dmp1-Cre ¥ HE /N, e 7 PR s B JLAE MSCs,
OB J# A i A [F B BE 1) YAP/TAZ 22K, HT5
AR KB AIROL. KIAE OB tHAMIPY B, YAP/
TAZ [{ SR 3 T OB A2 R, Bl YAP/TAZ 1)k
g T Wat K15 5 % 5 & Runx2 3% . R,
££ OB 73 Ll B [m I 5B YAP/TAZ N2> [#{I% OB 5
=REER, JFnOC #H ; HA KA WHE
AU BBl 7 W RANKL. 7 f& ¥ & (osteoprotegerin,
OPG) H1H i1k, 5 & (sclerostin, SOST) /KF. ix—
25 R KW, (£ OB tH4H ML N YAP/TAZ W [ i) 44 i
] B 77 M 34k s AEAE G OB Al 4, P
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3L FAE AR AR B T ORI B R, AR B
BSR4 R 7 YAP/TAZ X & & WU 8 5 1F A
[F] i) 7E MSCs [7] OB LI5S R B, YAP 5
TAZ & HFTREN DI LrTRe B =R, A
BB, 5t YAP/TAZ [ 5E& 20N i A 43 L 4t
— 4518, Kegelman 25 ™ [&] £ {# ] Osx1-Cre /) i,
Bk YAP/TAZ J& 808/ R LB A4, HmE
i B B R T i ok ) S A B DR B . SRR YAP
Ejz TAZ % ﬂ:ﬁ 52 YAPCHET;TAZCKO *D YAPCKO;TAZCHET
ANER, AR BOAE A i D 83% [ 85%. AR T A
TG 8 w NAFTERFSE A R, BRI IR
WA 7 N T BT @A, (HPFP RN R AFAE
A X Ik AT, AT e R AR KR 4R e T3 2
BUE AL R SN R . [FIIE, K3 YAP/TAZ
(R AT R iR 2 1 B PRI, B DU N TE B R
FRPESZAR s R FOKPEVR YAP/TAZ, 2085595
AR 7 TEAD MAHEAER, k44 P oh s F
R JE A SR R ) Rk . X — SEI6 SUAREL HE YAP Al
TAZ St 4K K B E 1,

4 INEFIRE

TR YAP/TAZ 5 5 i@ o BB A, wlid
SR AR I 3FE A B A0 36 T B AR AR (S 5 1 A
T2, 5 BT 40 M B 2230 7 A S A R A5 5 K,
BEAT B N BN A 1) 53 T B S REFE A3, LAT
22K K 7 YAP/TAZ 35 P I 520 . 1% 86 R A A
FAFEME Sl 5= T YAP/TAZ 3G PR3 T —
NG, THUEIFIERKRES. A4 TSN
I B TR B DG B A T B D 2 R ). YAP/
TAZ i1k 5 e I T 4 o] B8Pk, O AR IR R R
A Y 20 i L 20 R DR B A R R 2 R e T T 4
SAHAN AL B, IO R IR T R R . H
YAP/TAZ 1E45 2B 4L ZR A M N 1) D) REAT 1E 4 7 1 ik
SeS iz A, HOR AR R L, 2 T Al g A
YAP/TAZ $RZEFWIEAL TS 50 F 0)T4H 0 5 25 ks
PS5 ) R AR AR U, RIS, 2T YAP/TAZ 769 4
B “RERorE” IR W, mItieshab T RS
TEAE R B 77 SO P AL N YAP/TAZ 13
FEBOE, KR S A SO AR 1 AR 2 R T B
A BEEIGRE L.
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