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Abstract : Biomechanical factors play a crucial role in the steady-state maintenance of articular cartilage. The
primary cilium (PC) is a kind of organelle which can sense mechanical and chemical signals at the same time. It
is also distributed on the surface of chondrocyte membrane. It is involved in multiple signal transduction pathways
as well as in the process of chondrocyte phenotype maintenance and material metabolism. Abnormalities in PC
are also associated with a variety of human bone and joint diseases. This paper mainly discusses the mechanism
of PC in mechanical microenvironment of chondrocytes and the interaction with other signaling pathways, and
explores its relationship with bone and joint diseases, so as to provide some scientific basis for clinical and basic
research in orthopedics.

Key words: primary cilia (PC) ; chondrocytes; mechanotransduction; signal pathways

s B#A.2019-12-02; f&[E HHA.2020-01-22
EETH . HEARFAELL T H (81804186) , H AR A KA GIH ALY 25 H (201910063002) , K244 L AIHE 45 H (CXJJ2019YC06)
BEEE LS, LK IT , E-mail ; zhaomeidan2012@ 163.com



WHEE, & VRAEEXTRERNEN N ER R
XU Boyang, et al. Biomechanical Effects of Primary Cilia in Articular Cartilage 755

%)Jgﬁ2$%(primary cilia, PC) XRG4l 4, B
HH T A AR T ) — R B A A I AR B A5 B R
J I AR A T 2 Rl RR A A I A A0 R A R L g
B AR —Fh A 1 58 40 B, IR SEAFAE PC,
HANCE A 1R PCP ) BB AN A B
OORLTE S RS RS P AT R AR T L PC 1Y
FEAA [R5 s IR B AR S 45 5 J5 i BE PO kDR T
HTo A T UK AN S5 i il 22, P 38 22 T 3a 2
Y ZFAEAE A U XA A BT PR A,
P A B L PC L, B 20 B AR A 22, L 2 1
IR TR AT 22 5%, PC J&@ T ki3 ) B o 47
B, REAHELZ e, T/ R 2K 5
THE S, ISR A SR B it 7 R
IRARAC I R 45 Ff A0 FEALAOR L PO BRCE 4
LT H A= PRI R A 4E+r 2 OCH 2 B R PR R 2
i RS] ok (S I i b e B E R ) e [ i ¢
BT R, PC e R PR BOl AU B S
FBCEIER ZF RS . Har, & 544
WM AT 32745 5 A8 33 0 BARPL A A BIAf , e
I BCE A0 M B 2R K A Ak 3 BT (extracellular
matrix, ECM) ML 25 1 18 18 ( mechanically
sensitive ion channel, MSC) %&£ 5 7T Ji2¢4: 5 id
Fi, B AV B 03— D WEE, PCOATAE 3K
A — AR ) 2 A IR A S O B Y ) 2
e AL E AL,

1 EKEHENZERIAE

SRR 2 ph R A0 R AR R R 40 i [ iR
TR R —FAS 5 I At 20 RO L3810 R K 4 2
HL, IBOU A BER T , SCE LA 3E 3 40
4 ffg 5] JE 5 ( perinuclear matrix, PCM) | [X. 5 Jii Al
ECM"™ | Lo AR B AR YRR BE 2B 45 ECM
5 R AR 2043 D 1 5 B R R B P S A T R
JEEE AR, A8 I A T 58 2R I £ I R A 4 5 I
EATHEE P R A SR AR B %A, it
W ERVA BRI Ay T 44 ECM BN BE . AR 9 7E 3R
PN AR B2 T80 ECM o i 521 4 ) 4% il 743
fii , P AL G KRR, A AN BB AR,
e N 240 A LRI R A A 7 L 85 0 B /N
1 PCM WIASE T HCB 4S5 ECM Z 8] J1 24055 1%
BRI RE R T ECM A9 g 2 30 3868 3 52 . PCM

RIS S8 A 1225 5 e il f2 . PC AR
SRASE TR A0 AR T 2 Y B B B B R T
(BRI N 25, Sl AT 5 ECM A i i T 2T 4 Fn 2R
W Z TR E A HEVE T, Al SN HLAOR] S0 = 2
2N P 0 £ A g rh T L R T A R S B
o, oy Al B, AT [ B B ALK ECM Y
N fE SRS R R RRER, 25 %kl
T PC 5 AT 4k A S SUAk T BESR A 2 it5 1
ECM 244, ] S0 4 i P9 A5 -5 06O, 3815 A+ 5
AL S 1 i 3Rk, AT A B, B Al P
WSV 2L SO VAWINI R S s: b ket e i )
JrUb ECM MY D126 a2 L 8k i nd
DIJI Rl PC A A % , (2 i 2 % 2 -1 .2 T2 IO
JVEZ AR T Ca™ N TR B AR, i B AR 40 i
PR G

2 MEAESSHFHS

RAEWFFERY], PC IR —Fh ) 27 B2 S 1E
WaHA e h i EEE A A, PC HA R
A g 2 R e R 2 R P A 22 R AL RO i
% JUHIZ i 3 59 U0 7, 53 AL AT R SZ 40 D A1 2H
QuBEEMZER" . WEATIFRRE  1E )% 8
VR R PC FEEB M EARKIZEN
(intraflagellar transport, IFT) R4 LA M5 4 A W
AL A AH ELAE AT 8 42 20 B 4 1 Y ) B A
W,

2.1 AENKIEZEBRS

PC {14 JJ5E 235 ) R ot v 7 35 A 550 2 1 e
EHARIFAREE M AT E H B, PC TR
AT TR A M BTN B, R IFT R SGE
Wiz LR, PC IR A B A Z W] L IEFHIE K
120 ZIBRARGE 9 A IR0 M [ R 1 1 22
P, TR A PC BYFEAS B0 45 M) . TFT R SEHE
—F i IFT A1 553k 2 1 ( Kinesin-2 F1 Cytoplasmic
dynein-2) P} [ £ T 36 Sl 22 B0 2R AT B9 XL 1) 49) it
BRGNS W Y S i B R AR IFT
Hm B AR A, B s B IFT $i2 2 51K B
5, (R BRI, IFT #52 E A1 A
ZHIEnzid i, IFT 512258 B 1 IFT &
FURTE AL S 1A, 7300 S A0 8 52 & AR F A
WA F i, AR & Ml L TFT 38 IFT 52,



EREMAE %358 F6H 202005128
756 Journal of Medical Biomechanics, Vol. 35 No.6, Dec. 2020

IFT 571 IFT 88 E’J*HEYEFHWL %“‘”” 2 A
KAFFEUESE  IFT KIGA FRB AL AERKEE &
B B AR5 R éﬂiﬂ@%%?*“ﬁ%%aéi%ﬂwﬁﬁﬁ
1 TFT 80 1 IFT 88, H Hij A% 5L 4 Kt 4 v T i A4~
SRR TR IFT 88 2 )5 5 S8 PC Hif,
bkl:'fek FEZ P ] 2 A, SR 0 i B AR R
ASKE  WUBHER 110 ) 27 e S SUR W hn >0 i
IFT 80 MY 2 BHASHCH 4l M 43 Ak, 2RI K
HARL, TFT8OBR K YL /J\Luthiﬂu‘lﬁlﬂfz%ﬂd\
A JE A R AR 2 M, ST B SR B R
HRIFT FELF BN IFT )& 5 1 BBSome EE
HEK Eve 8 AP RZE 3, (0 B f7 2 ARPLH] 9 A

B
2.2 HEBHEBEE

BB AL TS A B M —Fh AR B
HAEBCE L ZU (1) % BEARMR, {UEE ECM #F 47 A

A e . WEFEERBT, th T 20 e = i Wt
IO, 200 Y A v AR T A0 . 1 R AL
{1 B AR P A SO0 7 20 M 1 2 — e i R
RIS A T A R i e AR 0 e R A O 1 AR
B S A L 2 R 3 R A 1 7 R A
TS 26 5 240 L 35 7 7 ol B A5 1 A ] 28 A, 3k
AERF R A A %) 25 0 R X I IR R I 1Y) O B A AR
HLIENS SR B R B, FE Rl — AN K B IR K
HANET, PC AN A WERE NS [ nf 3k I Hm 27
ZIAEAESE B FIBLE . Xiang 450 B 5T
KB, 10T 38 i ERK-mTOR 5548 4% PC
A A WAL IK K B 28 Bt # o LS 22 5w
R 5-% FR [ (inositol polyphosphate-5-phosphatase ,
INPPSE) AT BEJENL )4 540 F AL PC AT 22 T
VPRI OGHENL 1, 4 INPPSE SEPH 3K Z M, K
Sl AT B T I VAR 45 1, e A PC R A=
SR, AL 1 W KPR AR

3 HIRAENESREKRE

PC RS 1 8 fix ol i o A 2 P E 2R A A2
A SRR AE RO b A A2 S A T B0 0 1 i
PC B A KA AR N 55 Gk 10 S B AR AL, AT
ZRME T i B g AL R i R T
T 2SR, X B T AR AR S g e A
HABEZEY

3.1 HIMEIRMEEFEE

MSC 2 5 240 6 TR AT AL 8 R R i Rz ()
TEEAl . E AT A IS8 AL A 0 R I RS2 45 A0 3
T R 2 KW EK K (transient receptor potential
vanilloid, TRPV) #1 TRPV4 23k T 45 41 il PC
LI, PC s TRPVA ] AN 20 i ) 2 1 h
Fargis 24k, 15 R A A5 25 1 (Ca™ ) YR
FERYRRAED | (E AR TE RS, TRPVS 7684 o
éﬂiﬂ@ﬂﬁ%@ﬁ BAH S, AR T PC,{H PC 454
HIRem e SR HA T Ca® KN 1Y A B A7 BL Al
Caz*fnﬁ*%;&ﬁ'ﬁ’éﬁlﬂﬁﬁiﬂﬁmmﬁim PERY R R
MERAS SR E S BT R ECM W EE ek
AR DR e B A OE B TRPVA, AR
Ca” IX 15 Ca® REWNIRALTE, M5 T ilF
SR BN, S AR AR R0 o TR E R
OUT , TRPVA QLA7AE— 5 B R IR 1 LA . >4 Hod
BT, Ca® TG , BT Ca™ Wk BE Tt i1, H U AN T
PRI 2R TR 12 30 3 3k R R T S R 5 i — B
BFIE] S5, BB PN Ca™ JH i 28 1 FIR 2% 38 18 ST g
Ca®" A 14 B0 S5z 153 AL T o BEL OB , i ket 200 i 5
BAVIG , R A0 A B A 23 R Ay 3 DR A v 1 22 1
MBS R DT Rt PC KR B B A 8 1 By
SABAILH, PCBE BT T i Ca®™ IR B R R Ve B T
i, DT TE 1) 2 3 IFT & B 3%, i PCAg K i 1Y
I, E 2l PC X TR S5 U 7 B
3.2 HRESHS

R T 1A 175 S 0 5 B AR RO AN, T3 Ak
AL AT IFT REER AU i i FE 2
vl i 155 5 38 [ OC B 43 - & 48 AR I AR AT dn
Hedgehog ( Hh) {5 %5 18 #% | 5254 & - R R R ARG
Hi(( Ihh/PTHzP) S5 AR KA ?( transforming
growth factor, TGF)-B G5 KXk . HIESLEEA
(bone morphogenetlc protein, BMP)f SRR 2R
AR M Wt £5 5 08 8% AT 4R A0 iR KA T
(fibroblast growth factor, FGF ) {5 5 i % Fll Notch {5
SR A XA S S R A Kb A
B AT 2 s N B A B A BORAY SCIR P, Hh
S R A B A 0 G B % . Hh
TR 22 A AN G 538 4% 10 G B 3l I oA 0 1A
W, WS Thh FCAKBEIOG PC SR TR (Y 2
WIEE A MZARE A, KBT PC A SR IFT R4



WHEE, & VRAEEXTRERNEN N ER R
XU Boyang, et al. Biomechanical Effects of Primary Cilia in Articular Cartilage 757

HEATAR S5 5, DT R o 5 T o 4% G ) 38 4 2 v 4
MK LT SHABGE LI, B i Hh i
TG T 5 PC R Y RS A RS
Thh/PTHrP 15558 B 52 15 B0 I, DR 45 501 4 i
AT RS BRI A A A Ak
TR, 7 SCA B b 4R, Hh 3 3% -5 MSC R ek
RISz iR Z B A i B AT — B R C R, 5 2 518
Ca’ ¥ MY T, 05 Wit [5 5B B R
HHAE S ol R A DU L K PC A5
FER AT M AR T , PC B 5 75 X 4% 415 530 %
FE RN R A R R
3.3 MABREZE

PC WS 5N A R E LB RS R, b
FEUESE , PC 1] 8 I 77 3038 04 2 A A 3 0 min ik
il ORI SNl O EE S R AR S b -4 = S
fiff ( histone deacetylase, HDAC ) " EL A5 HIL A f50 1
))& HDAC4 5 HDAC6, J12:#8fu i@ 14 HDAC6
JHTT PC RYZERE i AR OR35S PC IR 3R, B
Wi Fh 38 B R R AR 1 25 5 Rk R,
SR T R A R R ESTRAE M E B A R
IL-1B AU ML AT fiE & i HDACG6 T AL TE ™ iy IFT 451
PERFE RS LB A R Wi,
PC X T 51B 20 M SN UAROR  EL A — 2 115 5 Sk
KBS, IRy H I A i B\ A A7 o 5 5
BB AR YT A

4 MREFESHERTEER

2 TR R TR 2 SRS O 4
HE, PCAEN—Fh B A WU SZ 19 R4 4 i
ar, EX TR R F A A s g E R, PCoaier
BRI Y Kk i 2k B Th BE S AT R 2 2O
JOL R B DT o
4.1 BHEXTH

BT R (osteoarthritis, OA) &% AL H A
W A 58 A RIS A, EEALAR W) 02 R R D R e 22
HHLB M REIGTROCH,, HETTE OA AN
FR I R A R A T AR B PC ORI AETE
BSIEHHLURNE 12, $105 X ECE PC &Ik )
A RE B 8 I, 5 B2 A S 2 R 2T BN iz i
o T30, 0A B 40 PC g M A A 2SR
DR 44 R DA 20 e ) CAE 7R, PC DU 53 1) 240

JEag g N EH RIS R , 2 R 2
IFT Bk sl R A A & OA MR Z —, TEmiBR
IFT 88 HE[A 5 Al o H BL3) OA BB 4 78 OA
BRiC ) ik K 1 8 A [R] B A O T 2 1 B o
fiK, FTHES Hh A2 HIEA %, -1 mRE
& OA 19 £ BERSAE, FUi 52 2B P A ( protein
kinase A, PKA) K #iik 25 S PC WK HAE
IL-18 FEAERIIE LT, Hh H1IF A £ R I S5 80055
B ECM FE&f# , XFF Hh 78 OA A AL H id 48 FH A
BRI KRR LR BRICZ A1, PC A [
TL-1 J5 5 4 5 184 T A ) st b A7 7 AR 08 5 F 7
(hypoxia inducible factor, HIF) -2« kA FR 248 £ 1)
PGS HIF-200 —J7 T8 AT 30 a5 S 3k o 4 £ it 110
FaRMfE st OA K i@ HIF-2a/AURK A
(H G A)/ NEDD 9( £l A & T FiHkk
9) IALfEHE PC E, ik OA FEFE | B4 0F
TR, FE LK | IFT 140 788 g AME K
H RS R AFAE AR LR Y IFT140 76 5B 40 it
TARCE 40 e 37 RRAEPE Rk X R R PC W]
VERMIHE OA 545 BTAMIE 22 (A1 T 76 BREX &R 1)
AEYBRCY) WA FERTHE . EAIETE R W], PC B
AR OA PRI R RGP LRS!
4.2 WEME

R R S A0 TR R R T L
BAZRWIRAL, TE8PCERE N, PC WIE i f#
SIE® o5 (A HA K B 75 48 il 5 A K A 17
(47 W 5 TS T2 B PR P B PO 58 4 3R, Bl
P TR A > e /N SR JE 4R A R
W R ECE A0 PC BIARUKE AT RE 51 A 0 i P st
%o PC R A KM FEAR, X T 1E # #4084 i 2
7 B B A, DT 2 AR 0 R TR IR P AR 2 1
B W7 T, FEER IFT 88 IR PC 2353k Hh
1550 B UE— 25 B0 | X6 B e A i v A KA R A
FAP AR R R R, Hh {530 5 B, 2 R
W R, PCOFE bR I PR 2 W7l el 1
KIX Ay BB AEIRIC Y . (B PC AR BCE b
SRR M HIE R, B A A7 e R, i K
BRCE IR B TRT 375 2 IR R RN ELR A A= ) 1 B FE AL
A R — 2T

5 REERE
PC VEAHUAL A T FCH 2 21 iR s



EREMIE $£35% F6H 2020128

758 Journal of Medical Biomechanics, Vol

.35 No.6, Dec. 2020

H AL TERCE R A R A AR
Mo IFT ZEEHI Hh il B2 PC 245 50 20 i 4% 100
A A Sl LR, B AT Rk R S RE S
HOREE A O IivIed 25 AH I , [R] IR L2 Ife RV
Y BEAEIRTTHE AL, 0] o B A S B R AL
WFFE AN RIS B Bt — B 8 B . ER PC 5
JE I ZUR BRI A I 3 0T AN U, PC By AR K 72
AT ARSI C PR 6 , 5 R 0 R A A 4 A
W sl VAT R Z IR R . X T i 55,

HATREDFFEE T Hh il %A Wat {5 55 5 1

XF T HAWRE 55 IR AN Notch 3 FEAR KAFRJE B

WARATN . BRI E PC R 5 5 W& KA R T

PRI B A T TR TR R A
B RCRMREFPEARFZTESHRKR

AT I AT XA 2T EREF R,

SE

[ 1] WHEATLEY DN, WANG AM, STRUGNELL GE.
Expression of primary cilia in mammalian cells [ J]. Cell
Bio Int, 1996, 20(1) ; 73-81.

[2] POOLE CA, JENSEN CG, SNYDER JA, et al. Confocal
analysis of primary cilia structure and colocalization with
the Golgi apparatus in chondrocytes and aortic smooth
muscle cells [ J]. Cell Biol Int, 1997, 21(8) . 483-494.

[ 3] JENSEN CG, POOLE CA, MCGLASHAN SR, et al.
Ultrastructural, tomographic and confocal imaging of the
chondrocyte primary cilium in situ [ J]. Cell Biol Int, 2004,
28(2): 101-110.

[ 4] GARDNER K, ARNOCZKY SP, LAVAGNINO M. Effect of
in vitro stress-deprivation and cyclic loading on the length
of tendon cell cilia in situ [ J]. J Orthop Res, 2011, 29(4) .
582-587.

[ 5] SUBRAMANIAN A, BUDHIRAJA G, SAHU N.
Chondrocyte primary cilium is mechanosensitive and
responds to low-intensity-ultrasound by altering its length
and orientation [ J]. Int J Biochem Cell Biol, 2017, 91( Pt
A) . 60-64.

[ 6] RICH DR, CLARK AL. Chondrocyte primary cilia shorten in
response to osmotic challenge and are sites for
endocytosis [ J]. Osteoarthritis Cartilage, 2012, 20(8):
923-930.

[7] WANG S, WEI Q, DONG G, et al. ERK-mediated
suppression of cilia in cisplatin-induced tubular cell
apoptosis and acute kidney injury [ J]. Biochim Biophys
Acta, 2013, 1832(10) ; 1582-1590.

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CHANG CF, SERRA R. Ift88
signaling, Sfrp5 expression, and p-catenin activity in post-
natal growth plate [ J]. J Orthop Res, 2013, 31(3): 350-
356.

SONG B, HAYCRAFT CJ, SEO HS, et al. Development
of the post-natal growth plate

regulates Hedgehog

requires intraflagellar
transport proteins [ J]. Dev Biol, 2007, 305(1) : 202-216.
MAES C, KOBAYASHI T, SELIG MK, et al. Osteoblast
precursors, but not mature osteoblasts, move into
developing and fractured bones along with invading blood
vessels [ J]. Dev Cell, 2010, 19(2) ; 329-344.

YANG L, TSANG K, TANG H, et al. Hypertrophic
chondrocytes can become osteoblasts and osteocytes in
endochondral bone formation [ J]. Proc Natl Acad Sci U S
A, 2014, 111(33); 12097-12102.

WILUSZ RE, SANCHEZ-ADAMS J, GUILAK F. The
structure and function of the pericellular matrix of articular
cartilage [ J]. Matrix Biol, 2014, 39. 25-32.

DARLING EM, WILUSZ RE, BOLOGNESI MP, et al.
Spatial mapping of the biomechanical properties of the
pericellular matrix of articular cartilage measured in situ via
atomic force microscopy [ J]. Biophys J, 2010, 98(12) .
2848-2856.

WILUSZ RE, DEFRATE LE, GUILAK F.
Immunofluorescence-guided atomic force microscopy to
measure the micromechanical properties of the pericellular
matrix of porcine articular cartilage [ J]. J R Soc Interface,
2012, 9(76) : 2997-3007.

POOLE CA, ZHANG ZJ, ROSS JM. The differential
distribution of acetylated and detyrosinated alpha-tubulin in
the microtubular cytoskeleton and primary cilia of hyaline
cartilage chondrocytes [ J]. J Anat, 2001, 199 (4) . 393-
405.

MCGLASHAN SR, JENSEN CG, POOLE CA. Localization
of extracellular matrix receptors on the chondrocyte primary
cilium [ J]. J Histochem Cytochem, 2006, 54(9) . 1005-
1014.

BESSCHETNOVA TY, KOLPAKOVA-HART E, GUAN Y,
et al. Identification of signaling pathways regulating primary
cilium length and flow-mediated adaptation [ J]. Curr Biol,
2010, 20(2) : 182-187.

ISHIKAWA H, MARSHALL WF. Ciliogenesis: Building the
cell’s antenna [ J|. Nat Rev Mol Cell Biol, 2011, 12(4):
222-234.

TASCHNER M, BHOGARAJU S, LORENTZEN E.
Architecture and function of IFT complex proteins in
ciliogenesis [ J]. Differentiation, 2012, 83(2) . S12-22.
KATOH Y, TERADA M, NISHIJIMA Y, et al. Overall
architecture of the intraflagellar transport (IFT)-B complex



WHEE, & VRAEEXTRERNEN N ER R
XU Boyang, et al. Biomechanical Effects of Primary Cilia in Articular Cartilage 759

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[32]

containing Cluap1/IFT38 as an essential component of the
IFT-B peripheral subcomplex [ J]. J Biol Chem, 2016, 291
(21) : 10962-10975.

TASCHNER M, WEBER K, MOURAO A, Et al
Intraflagellar transport proteins 172, 80, 57, 54, 38, and 20
form a stable tubulin-binding IFT-B2 complex [ J]. EMBO
J, 2016, 35(7) : 773-790.

KITAMI M, YAMAGUCHI H, EBINA M, et al. IFT20 is
required for the maintenance of cartilaginous matrix in
condylar cartilage [ J]. Biochem Biophys Res Commun,
2019, 509(1) ; 222-226.

XIANG W, ZHANG J, WANG R, et al. Role of IFT88 in
icariin-regulated chondrocyte
phenotype [ J]. Mol Med Rep, 2018, 17(4) : 4999-5006.
WANG Z, WANN AK, THOMPSON CL, et al. IFT88
influences
biomechanics [ J]. Osteoarthritis Cartilage, 2016, 24(3) .
544-554.

TUMMALA P, ARNSDORF EJ, JACOBS CR. The role of
primary cilia in mesenchymal stem cell differentiation. A

maintenance of the

chondrocyte  actin organization  and

pivotal switch in guiding lineage commitment [ J]. Cell Mol
Bioeng, 2010, 3(3): 207-212.

YUAN X, YANG S. Deletion of IFT80 impairs epiphyseal
and articular cartilage formation due to disruption of
chondrocyte differentiation [ J]. PLoS One, 2015, 10(6) :
e0130618.

LOPEZ DE FIGUEROA P, LOTZ MK, BLANCO FJ, et al.
Autophagy mitochondrial

[ J]. Arthritis

activation  protects  from
dysfunction in human chondrocytes
Rheumatol, 2015, 67(4) : 966-976.
LI YS, ZHANG FJ, ZENG C,
osteoarthritis [ J]. Joint Bone Spine, 2016, 83(2): 143-
148.

Ml g, VPV, AT B TR R R R A0 A b R AR TR
[J]. &FE, 2018, 9(6) : 64-68.

XIANG W, JIANG T, HAO X, et al. Primary cilia and

autophagy interaction is involved in mechanical stress

et al. Autophagy in

mediated cartilage development via ERK/mTOR axis [ J].
Life Sci, 2019, doi: 10. 1016/j.lfs.2019. 01. 001.

PHUA SC, CHIBA S, SUZUKI M,
remodeling of membrane composition drives cell cycle
Cell, 2017, doi.

et al. Dynamic
through primary cilia excision [ J ].
10. 1016/j.cell.2019. 06. 015.

PHAN MN, LEDDY HA, VOTTA BJ, et al. Functional
characterization of TRPV4 as an osmotically sensitive ion
channel in porcine articular chondrocytes [ J]. Arthritis
Rheum, 2010, 60(10) : 3028-3037.

ZHOU Y, DAVID MA, CHEN X, et al. Effects of osmolarity

on the spontaneous calcium signaling of, in situ, juvenile

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

and adult articular chondrocytes [ J]. Ann Biomed Eng,
2016, 44(4) . 1138-1147.

LEE KL, GUEVARRA MD, NGUYEN AM, et al. The
primary cilium functions as a mechanical and calcium
signaling nexus [ J]. Cilia, 2015, doi; 10. 1186/s13630-015-
0016-y. eCollection 2015.

RAJASEKHARREDDY P, NEDAA A, SURYA N. Primary
cilium-dependent signaling mechanisms [ J]. Int J Mol Sci,
2017, 18(11), doi. 10.3390/ijms18112272.

MCGLASHAN SR, KNIGHT MM, CHOWDHURY TT,
et al. Mechanical loading modulates chondrocyte primary
cilia incidence and length [J]. Cell Biol Int, 2010, 34(5) .
441-446.

STROTMANN R, SCHULTZ G, PLANT TD. Ca*-
dependent potentiation of the nonselective cation channel
trpv4 is mediated by a C-terminal calmodulin binding site
[J]. J Biol Chem, 2003, 278(29) : 26541-26549.

MOORE ER, JACOBS CR. The primary cilum as a
signaling nexus for growth plate function and subsequent
skeletal development [ J]. J Orthop Res, 2018, 36(2):
533-545.

MUKHOPADHYAY S, ROHATGI
receptors, hedgehog signaling and primary cilia [ J].
Dev Biol, 2014, doi: 10.1016/j. semcdb.

R. G-protein-coupled

Semin Cell
2014. 05. 002.
SHAO YY, WANG L, WELTER JF, et al. Primary cilia
modulate lhh signal transduction in response to hydrostatic
loading of growth plate chondrocytes [ J]. Bone, 2012, 50
(1): 79-84.

MATTHEW D, XU Y, YINGJIE G, et al. Biological and
chemical

removal of primary cilia affects mechanical

activation of chondrogenesis markers in
chondroprogenitors and hypertrophic chondrocytes [ J]. Int
J Mol Sci, 2016, 17(2) : 188.

THOMPSON CL, CHAPPLE JP, KNIGHT MM. Primary
cilia disassembly down-regulates mechanosensitive
hedgehog signalling: A feedback mechanism controlling
ADAMTS-5 expression in chondrocytes [ J]. Osteoarthritis
Cartilage, 2014, 22(3) . 490-498.

FU S, THOMPSON CL, ALI A, et al. Mechanical loading
inhibits cartilage inflammatory signalling via an HDAC6 and
IFT-dependent
elongation [ J ]. Osteoarthritis Cartilage, 2019, 27 (7).
1064-1074.

MCGLASHAN SR, CLUETT EC, JENSEN CG, et al
Primary cilia in chondrocytes .
chondrons to clusters [ J]. Dev Dyn, 2008, 237(8) . 2013-

2020.

mechanism regulating primary cilia

osteoarthritic From

(T4 766 1)



