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TRPV4 BIEEEREXT RS
MR R ThBERIA *

R, BRRE, BT, FRR, RAR, Wk, HiER
(ARFEHZAFWEER BHF, LA Bx 210000)

HE. B ATHRMASELEETFRERE (TRP) FEELRERARANE (TRPV4) #94F .5,
W HEALZRF mie T s Rk, B THE AT X (KOA) & L. ik A% KOA #F @itz
¥R, HARREA 0, 1, 10 2 100 ng/ml, ABGRIEH 14210 wg/ml 8905 S48 (LPS) A3EWH 24 h, AR

JEA 1 wg/ml 89 LPS A3 5 A5 0. 4. 8. 12, 24 A= 48 h, qRT—-PCR M #K B 40 e, TRPV4 $9L B &k, 3k

By A S G4, LPS 41, LPS+TRPV4 dphl 20, 47 92 0 98 045 mAG L B 4045 B F A L, JFeas i
bR, BBE S 98 SR XIS (ELISA ) A& R4 B % & B MMP—1, MMP—3 & MMP—13 K-F, &R KEH 1,
10, 100 ng/ml #= 1 p g/ml 89 LPS 34 38 m A £ 2Bt i, TRPV4 B a9 L B &k (P <0.05) 5 S0 & A4S R
SRIVLEE 20, 40 F= 60 s 695 HIRE AN ¢ LPS A58 RBER T GLIm (P <0.05), LPS+TRPV4 4] 7285 &
7% E R LPS A% (P <0.05); #bF, LPS 2869 MMP—1, MMP-3 & MMP-13 R+ Z T =G4 (P <0.05), M
LPS+TRPV4 34 #1484& F LPS 28 (P <0.05 ), 45t f&2 KOA ¥ ¥ EIR3L T, TRPV4 RALAE LR LI G, BF
DR A IR, TRPV4 i@ 7A@ it %ok MMP—1, MMP-3 & MMP—13 #) & £ K-F A5 KOA 8RB fit)
A,

KR BRTE, B AEESRERARANE ; S Fmit; stk ; AR EEOH

FESZES : R684 XHRFRIRES ¢ A

Functional expression of TRPV4 channels in chondrocytes of
knee osteoarthritis*

Li Zhang, Pei-min Wang, Song-jiang Yin, Xiao-chen Li, Ling-rui Zhao, Bo Xu, Yan-Cheng Xiao
(Departments of Orthopedics, The Affiliated Hospital of Nanjing University of Chinese Medicine,
Nanjing, Jiangsu 210000, China)

Abstract: Objective To explore the functional expression of transient receptor potential vanilloid receptor
4 (TRPV4) in human chondrocytes and its significance for knee osteoarthritis (KOA) based on its characteristic.
Methods Human KOA chondrocytes were primarily cultured. Then each culture was treated with LPS in the dose
of 0 ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml, 1 pg/ml, and 10 pg/ml for 24 h or treated with 1 pg/ml for the time of 0, 4,
8, 12, 24 and 48 h , respectively. RT-PCR was performed to detect the gene expression of TRPV4 in chondrocytes.
Chondrocytes were divided into 3 groups: control group, LPS group and LPS+TRPV4 inhibitor group. The calcium
influx in each group was observed by calcium imaging and the level of matrix metalloproteinase MMP-1, MMP-3
and MMP-13 were detected by ELISA. Results LPS with concentrations of 1, 10, 100 ng/ml and 1 pg/ml increased

the gene expression of TRPV4 channels in human chondrocytes (P < 0.05). Real-time fluorescence intensity observed
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in 20, 40 and 60 seconds by calcium imaging showed: the fluorescence intensity of LPS group was higher than
that of control group (P < 0.05); the fluorescence intensity of LPS+TRPV4 inhibitor group was weaker than that
of LPS group (P < 0.05); in addition, the MMP-1, MMP-3, MMP-13 in LPS group were significantly higher
than those of the control group (P < 0.05), while the LPS+TRPV4 inhibitor group showed a significant decrease

compared with LPS group (P < 0.05).

Conclusions In the inflammatory environment of KOA, the expression

of TRPV4 is not only a quantitative increase, but also is enhanced. TRPV4 channel may be involved in the
degradation of KOA cartilage by affecting the expression level of MMP-1, MMP-3 and MMP-13.
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%%3\%4‘5% ( knee osteoarthritis, KOA ) &—7f &
SRS AT BRI YRR , H 3 2 R GG AR 1 |
AL . NS 1JJ o IR ERIE IR

BOCI . BRSO RO IFEAE " HHTXT KOA
HSR PR v R e 4 1, DR R A 1%
Tty R RAE O R R R IR T
R LA A 2R RS I R K A A
[T, DA R AR B AEAp 20 D RE BT ) R A 2 AP
AT 52 Z2 R0 PR IS, 0 A A Dl 1
4 )E & AN (matrix metalloproteinase, MMP ) K
AR,

Wit a7 2R ELA B B K% (transient receptor
potential, TRP ) HERZRWFEN IV (tansient
receptor potential vanilloid receptor 4, TRPV4 ) B TR
JBE E RGPV T B s, ATRRSE e . DUBORR
WRIRAE Z R 2B . TRALR TRPVA 51 Ca™ 5

FRRAEIA, BE SSRGS @R, Ak,
KE YR RIGE P, TRPV4A /S35 40 4L

IR, e Rt EAACH LR 20 A A

TRPV4 EZ HLMAIOT 2 5 PO B R i S
KOA [ AL+ 3 325 . AR SCEAR I KOA 4H 41
M, IR ZE ( Lipopolysaccharide, LPS ) @J{E/ﬁﬁ?)

KOA i 19 RAE AL, WEE TRPV4 1818 19 D g

A, PIKX TRPV4 @i 5 MMP-1. MMP-3 Fl MMP-13
MEE R, KB TRPV4 iEiE 55 KOA S R
S EEHL I

1 #FR5AEE

1.1 EERF

DMEM =i IRk i i ( S Gibeo 23 H] ),
LPS. e 11 #Y ( 36 H Sigma A F] ), Trizol, %%
GG ENPOEE B RS MHEE L ( quantitative
real-time polymerase chain reaction, qRT-PCR ) £l

osteoarthritis, knee; TRPV4 protein; chondrocytes; functional expressions; matrix

Mg (REFA A TRABRA R ), B TRPVS 1§
BB GSK-1016790A ( 32[E Abcam AF] ), Fluo—4
76048 (HY-D0041, 3 MCE A+ ), HEPES ¢
il . MMP-1, MMP-3 K MMP-13 g 5k 6 52 WK Bk
iR & (A RAEYHARARAF ).
1.2 XE5E&

afi 7K A (Synergy, 2 Millipore 28 A ), IR A& EK
BEAY ( MM400, 7%[E Retsch 23 F) ), I B a8 % TAE
5 (ACB-4A1, Frim ESCO 24w ), 88 Wik (&
%] Leica A H] ), B2 HKAMYL ( Bio Photometer plus ).
T VS VR B0 L (5810R/5417R ) K 3 s 5% PCR Y
( 7% [ Effendorf Minispin 2> & ), qRT-PCR 1% (7500,
F [ Applied Biosystems 23 Al ), #OGH IR £ WU
B (LSM710, T2 Carl Zeiss 257 ), FARY ( BioTek—
EIX800, 3£ Biotech A H] ),

1.3 KBHE

131 A%#% %émﬂ@ﬁwa A PR T EOR
BEBRRAHE AL A, BENERZ, BHTS

%@Mwﬁz—ééﬁ:\%ﬁ{ﬁ Mﬁ%ﬁaﬁﬂzﬁiﬁ%w
a5 g = A A0 S D1 At v o SRR AU A Wi
2 100 w/ml FIFEFEER 100 mg/L> E’Jﬁﬁﬁaﬂ*é PR I
Ve 283K, FARIIRHIBOC T Ry, IREET5)
PRSI . 0.1% 1T HY R AL 60 min J& ,%iﬁ( 20%
G4 I35 A9 DMEM 853738, & 1% B H R MEHEER )
2k . 70 BRI EABSGAE, 1500 r/min ?:4;
3min, F LK. &FEREEBEARFI, 37C, —
AR CO, SEFAHMFE , A H IR . BJE& 5 RI,

Frek 2 A, RS AZERRECE 4.
1.3.2  LPS FTFKE 2o oA il KOA K IEER3E  B%
TR0 KOA #CE MMt T 24 LM, 23 BIHHEE R 0,

1. 10 F1 100 ng/ml, PhRWEEEHR 1 A1 10 wg/ml [ LPS
ST 24 h, AW 1 o g/ml B9 LPS 250 E
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o523 1 k1, 4% . TRPVA 38 26 s T s AiE i oh iE 3k

4.8, 12, 24 f148 h, 2 #R

133 qRT-PCR #n| R Trizol 8 LPS T/

» s B ENA s ;iﬂum ‘\ ; 21 LPS HRIsEIm TRPVA EiiTE A2 KOA K
HECE I B RNA, 400606 2 RNA He St R

LS, A260 nm/A280 nm HLfFAE 1.8 ~ 2.0 AT 2519401, 1 ng/ml LPS 41, 10 ng/inl LPS 41, 100 ng/ml

5% & RNA JIIA Prime Script ® R reagent Kit 10 1 LPS#H. 1 pg/ml LPS ZH 5 10 w g/ml LPS ) TRPV4

W SRINAR R , #ie 37 CHIAEYE 15 min, 85CAME S s
{4 SN 25 HAE PCRAX P AT S, B 4 CORFRIR AT
Oligo V7 FAFBLH5 13T 38 g E W) TR AR RS A
B FEIA R, HIGFEE TRPVA IE [ 519751 : 5'-ACCTT
CAGCACCTTCCTCCT-3', JZ M5 |¥F5:5'-AGGGCGAT
GAGCATGTTAAG-3' ; N2 M & [ GAPDH iF 1] 5| 4
J£41 . 5~ACAGCAACAGGGTGGGTGGTGGAC-3', JZ[f]
5141 ¥ 51 : 5'-TTTGAGGGTGCAGCGAACTT-3', % I
SYBR Green PCR &7 & U W 454738, 2l i ith 4.
Z55L) GAPDH NS P Bt aa, SR 2700 ik
(A Ci=HEAR Gl - N2 o) Xt B BFER A FIRT =
IR TR T

1.3.4  BEEE 9% A M X3 (enzyme linked immuno—
sorbent assay, ELISA ) ¥ KOA BB 403 T 6 LA,
Iy REE 4. LPS 4. LPS+TRPV4 #7240, LPS+
TRPV4 #5541 $#2 7 F TRPV4 #07HI5I8%E 1 he LPS
2. LPS+TRPV4 #ll il 5 40 ¥ BE A 1w g/ml 1 LPS
28, FHHMEE AR TR e . 24 h JFIE B
TG ELISA £ LPS il /5 &2 Ei5 Wb MMP-1.

MMP-3 & MMP-13 3k 7K, 208 ELISA {57 &
VoI 541
135  FEREEASSIE  KOA BE 40 ph T8

FE/NIL, 43 25 4. LPS 41 K LPS+TRPV4 411 5
M, BHTHOrXWETIER ., 5 2405, FHHH]
£ 5 wmol/L Fluo—4 ) HEPES 2% &7 30 min. Bl
O AR W, SR A AR
EI’J TRPV4 #h 7 10 w1, 7E 495/518 nm ()3 & I K
AbIE SR Ca™ TEAMLN G I ZE Eom B AR, FFLkic sk
2 min, A5 HIMEGIL R
1.4 SitEFE
BHE TR SPSS 22.0 GEi Tt HHRERL
B = bR (xxs) FoR, REBCRAIBHE ) 225
Mraf s T 7 22008, E—2D I LR H]
LSD-t K55, P <0.05 HZERA G = L

mRNA 1 XF 2R 35 84300 R (0.996 +0.065 ), (1.102 +
0.093). (1.948 +0.060 ), (2.335+0.147 ), (3.041 =
0.195 ) 11 (1.745 £ 0.206 ), £ ZHHE 4 TRPV4 mRNA
XA A, ZRFASIFE N (F=149.52, P=
0.000 )., 255 1 ng/ml LPS 4 4%, ZRSiHE
X (£=1.213, P=0.237 ); 25 1405 10 ng/ml LPS 20 14K,
10 ng/ml LPS 27t (1 =10.719, P =0.000); =5 1415
100 ng/ml LPS £H F#5%, 100 ng/ml LPS ZHF1 (1=15.033,
P=0.000); 25415 1 we/ml LPS 4 [b4E, 1 wg/ml LPS
IR (1=22.989, P=0.000); 25205 10 p g/ml LPS
HHH, 10 pg/ml LPS 4T+ & (1 =8.427, P =0.000);
10w g/ml LPS 2H5 1 wo/ml LPS 2H [£%F, 10 pg/ml LPS
HREAR (1 =14562, P=0.000), ¥ & HMAE1 po/ml
LPS [T , TRPV4A mRNA FHXF63k B A {1

i FHHE ] 1w g/ml LPS 43 B2 KOA #0
A0, 4. 8, 12, 24 148 h, TRPV4 mRNA X}
KA (0.980 +0.053 ).( 1.060 + 0.029 ).(1.984 +
0.084 ). (2.610 £0.074 ), (3.931 +£0.073 ) FI1 (2.383 =
0.075 ) 45415 H 40 M TRPV4 mRNA A% ik 7 L
B, ZRAGIAE X (F=1325.846, P=0.000), 0h
HEAhHILE, 2R 5T E X (1=1.878, P=
0.073); 0 h 415 8 h 4l H#k, 8 h T (t =23.568,
P =0.000);0 hd15 12 h 4 e, 12 hZH (£ =38.263,
P=0.000); 0hZHl 524 h L, 24 h T+ (1=
69.249, P =0.000); 0 h ZH 5 48 h 4 %%, 48 h 4T}
# (1=32.864, P=0.000); 48 h 4] 5 24 h 41 It %5,
48 h 4IIEAL (1 =36.385, P =0.000 ), LPS & 24 h )5,
TRPV4 mRNA HHXFFeik ik # I
2.2 TRPV4iEEZEAZE KOA RS
xRk

it FH 52 ) 9 56 55 A5 F WL %€ TRPVA 38 I8 75 A
Z5 KOA BB 4 i b i D RedE a5 . 3 4 4B 40 il e
20. 40 F160 s MR 2 8 5 W i 1T 1Y 7 2253
Br, Z58 : OAFB S E SR E A 25 (F=
147.001, P =0.000); @ 3 HH5ImERER (F=
36.337, P =0.000); 3 3 LAY 7 5 AR b AT 22
5 (F=262.411, P=0.000), 20 s i}, LPS 4 5% H
HI#, LPS 4T ; LPS+ MiIFIZH 5 LPS 4 bk,

AR IhRETE
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LPS+ fHIFIH AR, 40 s I, LPS 4525 (4 b4,
LPS 47t 5 LPS+ 1405 LPS 4l Hed, LPS+ 1l
HIFILLAAR ., 60 s I, LPS 2578 F4H i, LPS 417t
T s LPS+ A7 2H 5 LPS 4H FeAs , LPS+ il 771 2H A1
LR 1R 1.

2.3 M TRPV4 @IE AT AR MRS EiE
MMPs K% i%

3 HCE 40 MMP-1, MMP-3 2 MMP-13 f{) 3
KESH LI E L (P<0.05), LPS 4] #) MMP-1
Ha A ki, LPSHF & (1=9.306, P=0.000);
LPS+TRPV4 #HIFIZH 9 MMP-1 5 LPS ZH He#, LPS+
TRPV4 I ZHFEAR (1 =4.234, P=0.001). LPS ZH§)
MMP-3 525 (4 b #, LPS A THi (1=13.962, P =
0.000 ); LPS+TRPV4 #ll il 4L () MMP-3 5 LPS 41 [b 4%,

B¥
or
%

(=)
w

LPS 41

LPS+TRPV4 #1541

20s

LPS+TRPV4 fHIFILF#ME (¢ =8.690,P=0.000 ), LPS 41
) MMP-13 5725 4 s, LPS 47t (1=19.108, P=
0.000 ); LPS+TRPV4 #li i 572H () MMP-13 5 LPS 2 L%,
LPS+TRPV4 il ZH B £ =10.620,P =0.000 ), L3 2.

x1 HEKBHBE 20, 40 F160 s SEATTE LR EF L&

(x+s)

ZH 5 20 s 40s 60 s
AN 0.942 +0.109 1.094 £ 0.559 1.350 + 0.059
LPS 41 1.958 £0.267"  4.412+0.354"  5.556+0.101"
LPS+TRPV4 . .

1.220+£0.172% 2278 £0.318% 2.988 +0.088“
I * * *
F1i 36.747 185.501 3143.136
P1E 0.000 0.000 0.000

H: OS2 AHILE, P<0.05; @5 LPS 4HIL#, P<0.05.
40's 60s

2 L A HARR LTI O R

6.000 4 —zxpH4
LPS 4

5.000 4  LPS+TRPV4 fjihl5]2H
o 4000 |
:‘E_{»
B 3.000 -
D_ﬁ
z 2.000 -
#

1.000 -

0.000

20 40 60
A 1] /s

2 L AN P e i AN [R] of 1] s AR Ak A
1 TRPV4 j@i#E7E A ZE KOA S EAM P A ThRE M RIE
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373, 4 - TRPV4 B TERE B G R4 A P R ek

*2 KRAHTHEE MMP-1. MMP-3 & MMP-13 7k F

b (ng/ml, x+s)

ZH 5 MMP-1 MMP-3 MMP-13
FHA 27.996 £4.726 47.332+3.169 5952+ 1.742
LPS 4H 60.468 £ 7.186" 73.134 +£2.507" 28.434 +2.461"
LPS+TRPV4 ® o ®

45.694 +4.162% 57.074+3.047% 15.938 £1.137
sk * * *
F1H 43.418 99.405 183.283
Py 0.000 0.000 0.000

e O HALkE, P<0.05; @5 LPS 4%, P <0.05,
3 iTig
AHFSE T RIESS, TRPVA HU U B 118 186 78
AR AR, BLAh, FH LPS RR2: i LA
L KOA M RIEIEE, ML TRPVA By TfigtkE Rk, LA
FOEA 5 MMPs ZEEAFATERR R . S5 R, FELPS 1Y
FIFCT , TRPV4 AR RGN, YR 1 pg/ml 1Y
LPS fige KBREEIS I TRPV4 19363k, [HIF, TRPV4 [y
FEIR IR 0] (A 15 Z2 3G 0, A 24 h iR
Bifife A, PRGN, SXFPREARA TR LPS Btk
Xof S L TG VAR AE SR o S 2 G AR 53 BIWRER 20,
40 F1 60 s IUZEIEHREE « LPS Lo enm s, 5451
HIE, ZFAGTE X LPS+TRPV4 il 2 2¢
JCHRESS T LPS 41, ZRA G L. 4R,
BESETT R R IE RS IE A2 1 AT fES T3k Ca™
R A BE AR Ak, PEBEE TRPV4 35781k, HH R 40
Mok 3% 3 W MMP-1, MMP-3 &% MMP-13 77778
k.. LPS 41 MMP-1 . MMP-3 ;2 MMP-13 %25 (4 FH 5
I LPS+TRPV4 il 57 ZH 45 LPS 4 F kR, b nT
I, KOA #CE 40 o v i TRPV4 A e i 5 i MMPs
MIFRIBAE- S 53 R R .

TRPV4 3 18 f5c 2 AR By B e 70 R 1
FAERCT | WSS Z RN Bl gUh Tz Rk,
HETIOAESE £ 2R E T AR ARSI, W
E IR Z L LT A AR A2 ", KOCHUKOV % ™
WESE, TRPV4A E NI IR AAERGE, I Hixid
B PIREF IR ] IR RSN F - o 358, LK
T FEEAH L P BB I 5 ARAE RS R R ALK . ARHSE B
Se kB, TRPV4A FEANZE KOA e diffirhkik, [,
PCE AR LPS, — P 2= [ R 40 M BE P i N B R
AGERAAE . A UEYEFEI LPS Rl AEAE &1 2 B K w bl
Hil R EFEEEAER ", IRkl 5 i R A

I T O AR5 S, TRPV4 AYFRIARE LPS
VAR IR ) A B g B . B e AR, TRPV4 78
KOA WA RE 5 RME R B AR E A G

5 TRP G0 i HAlh 5% 52 AH L, TRPV4 BEAT HLAK
O R A, O R R S LB 0 A )
Ao BN, 7Erg e R RIFARAZ 5, TRPVA j#iE
AT NF- « B 55 @BAYHE , IHRAS 5P
BB . ARFTER, NF-« B {5598 %22 5 KOA
HEBE @ik —, 15 MMPs AR P R B
TRPV4 /31 Ca™ PITLITE QIR A5 5-m, XTAEy
HRSEXEE", % TORZILLI %" K3, FEiARsh
o R rh HUBR (T REXS I MMPs 1Rk, |
WIFRIER, TSRO A R R, 62
B PR R AR BT RE , TRPV4 355 KOA 43
Ay ARSI E I Ca® NI IE KOA 50E 40 i
TRPV4 illiB [T REME IR . G5 BIR « ANt
S EAR AL IR W3 5 LPS 2B S8 0 5 LPS+TRPV4 1)
IRV RS A B, (S mAsREESS T LPS 4. 1%E 5
HEH] KOA 3 4 776 TRPV4A I TIREZR k.

ARG BRITE KOA #9 R IEIIEH TRPV4A fY
WS A5 RE JH T MMPs [ 323K, MMPs & — Ji% ik 4%
WY, REREMR ECM Hh i ZFKY . Kk
B, MMPs 762G 15 8CHE IR e 25 SCsE . 7E4Fh
MMPs H1, MMP-1 F1 MMP-13 S i, MMP-3 J23
J W i i, MMP—1 I MMP-13 2 5 35U 5 1 5 44
Fefen) EERE . ARG, TRPVA (I ] T 4
MMP-1, MMP-3 & MMP-13 i3k, 4275 KOA JEfe
o TRPV4 5 MMPs A ¢, il TRPV4 7] G2 41 ] 4K
BRI RO

A5 JEIR TRPVA I 7E A KOA B 4 fig
() L RE 22 4k I 2 5 4% MMP-1, MMP-3 & MMP-13
IR, A KOA A 124 R R S EECE IR e
HET RS, SAME] KOA F it rp 0B B R 4 it 1
R s R, AR AR, B, TR
KRAELE SRR FIMULASSE 3 Hak, TRPV4 /S48
ReEAf () AL B = 858 . A I dE— 2B I F S0k Rl 58
TRPV4 S TFHUE A5 i 1% 3R IT
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