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GPR48 5§ TLR4 F KA EZ MR B LR B AR RIER EHBXES T
RAEF HNF 2ER, Fabg’ (063000 Yt BRI, lHLIE Ao B BE B R 5 St b))

[{E] HM %] G EAMBEZ 1K 48 (G protein coupled receptor 48, GPR48) Fil Toll #£5Z {4 4 (toll like receptor 4,
TLR4) 7R BRI MR E R IR FEH LU (9 28 728 Ak S ARG , ] GPR48 55 TLR4 7 338 PR e S IR AL 72 v Y T
EM. Jiik  {d5R SD KE 68 K, #e i ALEL T 35 40 L s 4 (44 B, LA M ZE K #4 10 mg/kg, A3 S8 1 W) Fxd fR4H
(24 2SS AR IR AR ER ) , T 2.6.8.10 Jal B 43 HIERE IR 20 11 Rt B2 6 R B 3Um i3k , #7240
B2 5L (HE Masson = (A4 0) Aue2ifb & RT-PCR Kzl . 853k  (OHE Jed R, Sege 2 2 J8 n] W /NRUNT 2,
10 Ji B /N BT RS B R, TE R 5 28 B B 55 s Masson = a8 {8 I I & & 40 BT 7, 5 %0 BREE A L, S 46 25 B 57 T AR
W I B NS 6 JRIF AR TR, 55 10 FAWI 0 N e, 25 A et R (P <0. 05 ) , SEH2H 20 P45~ B ] s 09 L e 2 A 43t
FR (P <0.05) , et & i S T Mt 3 Qe 21 Uk 2 e (8 43 BT - S B 2H 6.8, 10 J & SB[ i GPR48 Kk (1
BUOLREE (5.87 £0.53) . (4.82 +0.52) ((3.94 +0.49) R FXTIRAL (P <0.05) , - B B WikF R 5040 6.8.10 JH 4%
AN E] A TLR4 23K R UG (6.93 £0.58) ((8.10 £0.46) . (8.70 £0.95) ¥y m T X JEZH (P <0.05) , JF £ 3&# £ T}
FAH ST 20 AN [R] I A] 5 GPR48 5 TLR4 ik B MAHX (r= -0.821,P <0.05) ; @RT-PCR #5 il : GPR48 mRNA ik /£ 52
5 20 PN 45 B ] 0 22 ] S 0 M R (PR 94, T TLR4 mRINA %35 ) 2207 b ke dh; 5L ga 20 R [R] B[] 25 GPR48 5 TLR4 mR-
NA FRREMAHK(r= -0.791,P <0.05) , &5 KEIME R B LN LRI h GPRAS 1 TLR4 ) 335 2 i #H ¢
P, JL (R T IR FE A T I S8 AE B8 SN
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GPR48 and TLR4 expression regulates progression of steroid-induced avascular

necrosis of the femoral head in rats
Song Huiping', Zheng Xiaoping', Wang Zhigiang', Li Qijia’ (' Department of Orthopeadics Affiliated Hospital, >Experimental
Center Hebei United University, Tangshan, Hebei Province 063000, China)

[ Abstract ]| Objective To analyze G protein-coupled receptor 48 ( GPR48) and toll-like receptor 4
(TLR4) expression changes and regulation activities in steroid-induced avascular necrosis of the femoral head in
rats. Methods Sixty-eight SD rats were randomly divided into 2 groups, an experimental group (44 rats injec-
ted with dexamethasone sodium phosphate 10 mg/kg weekly) and a control group (22 rats injected with an
equal volume of normal saline). At week 2, 6, 8, and 10, rats were sacrificed (11 rats in the experimental
group and 6 rats in the control group at each time point) to obtain femoral heads, followed by histological obser-
vation, immunohistochemistry assay and RT-PCR detection. Results (1) HE staining results revealed that
the experimental group showed occasionally small micro-fractures at week 2 and displayed a wide range of
trabecular bone fracture at week 10. Masson trichrome staining results revealed that the per unit area of collagen
content in the experimental group was significantly higher at weeks 6, 8 and 10 than that in the control group
(P<0.05). (2) Compared with the control group at weeks 6, 8 and 10, the experimental group showed sig-
nificantly decreased GPR48 level (5.87 £0.53, 4.82 +0.52, and 3.94 +£0.49, respectively, P <0.05) and
increased TLR4 level (6.93 +0.58, 8.10 +0.46 and 8.70 +0.95, respectively, P <0.05). It displayed a
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negative correlation between GPR48 and TLR4 expression (r = —0.821, P <0.05) at different time points.

(4) Compared with the control group, GPR48 mRNA expression in the experimental group was markedly

decreased while TLR4 mRNA was increased in a time-dependent manner (P <0.05). It also displayed a nega-
tive correlation between GPR48 and TLR4 mRNA levels (r = -=0.791, P <0.05) at different time points.
Conclusion GPR48 and TLR4 expression is negatively correlated and mediates the inflammation and immune

reaction in the progression of steroid-induced avascular necrosis of the femoral head in rats.
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W B IR KA R 2 i O R B IR AE, Herb D
JBC B Sk T0 B ke L P PR BE 5 o i DL, AELATL R i A 5 44
B, CAVIRVIBER MR KB IR 2330
BIARAEE Toll ££5Z44 4 (toll-like receptor 4, TLR4) 4}
SHE S G PR IR R 5 JE S I
A H BRI, BRI G B
BX 3214 48 ( G protein coupled receptor 48 ,GPR48) , Fk %5k
JE RS R AL KT SR I Re g it bk
VR TLR2/4 SR 1A G AR AE G SRt A o i
GPR48 5 TLR4 A fEA7 785 A P42 84N, {5 H Rip 18 A
TH A W 7 B IR A% T 19 2 A AR IR S R e i A vh R 444
o AR5 5658 o BF 58 R 5 IRCE Sk IR BE i A
GPR48 F1 TLR4 ik 754k B W25 AH G, B 12 BT A
JE T i TS AE R 73 IR LE

1 #R5H*

1.1 ZEshih B+ 23X A ALE

6 F#% SD KR 68 H AT 550 ~ 600 g, HEHEAR, 4
JEBEIR R Be S g sh ) rh b e ik GPR48 il TLR4 4t (£
SEREHUIAR (AL AR A W BRAG BRA 7)) |, Trizol ( KA KF}
HAMRAE) ,DEPC( 3 Amresco 24 H] ) , M-MLV ¥ %% 5% 2 5
B EHEAEY TREAMRAT),PCR 514 ( FHEY TREARLA
7)) ,RT-PCR #L( Corbett Research /\T]) , K I -5 25 O UL TE AL
(AL AEOHL) ) |, B8 5T R 5t (Image-Pro Plus 6.0) , f1
&) A ML ( Leica, fE[E ) , #8155 ( 32[E Forma scientific A7) .
1.2 MR LR R SR & 5

68 H SD K R AL S RILHEHL /0 0 A, L0 4
44 HONIRZE 24 H SEIO2H R LS b FERAABEIR A 10 me/kg,
BRI R A A KR E . B RRAR
2.6.8.10 FIRBEHIZE R SLIRA 11 H X HRZ 6 H Ab 56 U
Rk,
1.3 WERIEAR

I3 2 A KRRIAEMZE 2.6.8.10 JAIK, 3k

WUk, 22 40 o/ L 2R PR f5 EDTA %5, % MK FE
B, A S, HIE 4 pm JEEED) F, HE YL £4 F1 Masson — (a4

@ B TSR SUE #2510 . Masson = A (4055 T 4%
H/ NN 53 A 175 O , Image-Pro Plus 6.0 4R 53 4l 15 547
TR/ INGE P R B i
1.3.2 GEH gk R & 2 R E R AL
H AR W OBE 0K, 3% H, O, R = i 7
15 min, PBS &% 3 WK, AU 3 min; BRGNS 1,37 CHEE 30 min,
PBS &3t 3 K, &K 3 min; 43 513 N £ 1: 300 7 B 49 S bt
GPR48 1 TLR4 et B Z vabEdiiA 4 C b ; PBS Ui 5 i i
THTAHEW,37 CHFE 50 min, PBS ¥ 3 ¥R, 45YK 3 min; DAB i
o, WA N AR A B BT R s 2R e, SR ACKE
EYMMERE, LIRS, —H 2RE I R e R feRE
LA R 23 17 - 52 9 2 B B[] s B S MR A, A A A
3 kP, Bk U e A R S U B AL A [ — R AR RO
5 A~HLEF , Image-Pro Plus B 43 Bt 51 A4 43 17 e €5 B, 45 R
10D {3578 .
1.3.3 RT-PCR # {1l GPR48 # TLR4 mRNA ik Eirdid
TRIzol RNA ARfES> B 7 iR Sk 2 4UE RNA [ #EM-MuL.V
T SRR AR R RNA 3 57% 5% i DNA SR ] PCR 738 40K,
PL B-actin S, Kiill 2 21 GPR48 F1 TLR4 mRNA %3k, 5l
WIPHI WL 1, RV 45 H G, LIS BRZH (0 wmol/L) GPR48 N
TLR4 mRNA 3k 1, 5% A 2722 g 3 30 35 DY 26 3k 1 A
R

%1 PCRI|MAFEFRBHEEKXN

WEAK 3 SIHFHI(5'3")

7K (bp)

GPR48 L GGTCTCTGGCAGTCTTCTCCTC 104
T GCTCTTCCCGTGTTTCATCAAATC
TLR4 I3 CATCCAAAGGAATACTGCAACA 398
T GTTTCTCACCCAGTCCTCATTC
B-actin Ilif  TATCGGCAATGAGCGGTTCC 150

T AGCACTGTGTTGGCATAGAGG

1.4 %57
BHEF & £5 2%, R F SPSS 13.0 Goil o, b4 s 2
J7 253 B Fl Pearson AHSE 43T o

2 HR

2.1 KRMEBRB AT RAEHBEFAR
HE YL (a8 7%, SO0 20 2 JE I 5 0o W8 200 A 1L 0 B g A5
A6 BCE T B /NG O S5 IR e s /D UL (B TA)
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10 JAIF /N GREEAG ZERL , BT FBl A 1 SR /N B i 27 200
2L, 7T UL S R B E R JE OR AS B A S, BRI AR A I
BERmE (B IB) o X HRAL 2 Ja B BB 3k 561 3B 3R E DG I,
FIRPCE AN HES R S (] 1C) , 10 AR R BN IE# LS
(E1D),

Masson = (A4 (&, (£F 41 4L pL ik {0, ST MM R 4T 60, 4 2
W) LB/, S 2 2 J (1 2A) Dt 5 k5 08 20 JE 1
W6 JA (F 2B) i 0 fe 5 28 4 B0 B R FE, 10 S8 (
2C) B /NS5 A 2 B IC DU , B4 T R A M B 5 e 38 ¥
AR, B I ] 1 SR BT T RS, X IR 10 JA (&
2D) I B /NGRS A3 AT TS RN 24 2, e D 3% e A v o SE 2
50 R BRLSL TR AR P IR D i NS 6 JA O B A L 22 S et
ZFRY(P<0.05) , S R 4 N 45 A ) S iR E R A 5
TR Y(P <0.05) , RF &8 R T REaEE(R2) .

®2 2HAXBRAEMERAMNEARNKESENLE (v+5,%)

R 2 6 Jil 8 J 10 J&
SCUNZH 8 54.84+2.81  45.29+3.20° 35.97 £3.68%  26.69 +4.412
Bl 6 54.59 £2.64 53.8422.30 55.04+2.09 54.17 +£2.81

a: P<0.05,5 s pB 40 b4k

2.2 R AR
2.2.1 GPR48 [k

JeBi T, GPRA8 BB (AR

LT BELRGE , B A0 L A L 0L I B R D A
SR AT DL R IS (] 3) o S2de 2l 2 FA S FHPE A GPRA8 &
IR BT R 6 JA 5 T IR 3K R B, 10 A I Rk i i 25 T
K, TS BRZH 10 IR SR A R m Rk (1 3) o &t b, 52
2 W 2 B I 4 S LR R B B I, 45 B ) S TR R
B 3 0 A0 1 o P 10 5 R 3 IR T X R, 22 5
Beita (P <0.05) o S 2H P 25 A i ) 5 92 38 2 W7 AR
EFAGITFEL(P<0.05,3%3),
2.2.2 TLR4 EEMRE  TLR4 BP0 2 A7 B A
TR , 57 T 400 SR 40 5, 3 S 3k T A0 A L R I 40 e
LR B SRR B 20 Mt mT W dE ik, SEUG A 2 SR A P
0 M 2 1k 5tk B 5 X B TC I 8 22 001),6 J]JS T AR 2Rk 5 B T
10 JHIny TLRA 3k B i 25 T e, XS BRAH 10 J&] I A7) 98 ¢
AR (1 3) o THEEEE R R, SO A TC TR I P 2 K A e 1
B IR R B A = Tk IR, L B [ A S 3% 3
ZFAGTEE (P <0.05) o SEH2H R4 N AN R
BEAMFITFEL(P<0.05,3%3),
2.2.3  SEHRAHRIR] A E] A GPR48 Il TLR4 45 11 33K I AH G
2 Pearson FHEMEMHT (r = -0.821,P <0.05) ,#HEHEAE
0.01 A2 0 3, SBR[ B [|] »5, GPR48 il TLR4 2
FIRYRIE R AR,

E1 2HAKXRARNERARFNE

(HE x100)

B2 2HAKRARERE S Masson Z &R AW 2

( x40)

£3 2HKRRAFERESR GPRIS 5 TLR4 FIEX RIABLILER (3xs)

GPR48 TLR4
2153 n
2 & 6 J& 8 J& 10 J& 2 & 6 JH 8 J& 10 J&
SRGH 8 7.04 £0.56 5.87 +0.53 4.82 +0.522 3.94 +0.49° 6.03 +0.56 6.93 +0.582 8.10 +0. 462 8.70 +0.95%
X IR 6 8.08 +0.58 7.74 £0.16 7.77 £0.69 7.60 +£0.27 5.17 £0.21 5.48 +0.27 7.77 £0.69 7.60 £0.27

a: P<0.05, 53 R4l ki
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SEYGAL 2 A

ELN

GPR48

TLR4

SEERA 10 4 XA 10 J

3 2 AXRARERES%EALINE GPRIS 5 TLR4 HFiX ( x200)

2.3 RT-PCR 2 & 547

SER RE R PCR 4551 B, ISR 4L (0 wmol/L) GPR48 il
TLR4 mRNA 3k 1, 528640 GPR48 mRNA AR X} Fik Bl &
At [E] Y ZE A T %, T TLR4 mRNA Fifi 25 Aisf (] 1% ZE 4 1 - s , 552
5 2 [ 20 P9 25 A B ) 50 L3R, 22 R e it 2 B L (P < 0.05,
#4), 2 Pearson HC 53, S 46 2H O[] 5] [A] 55 GPR48 5
TLR4 mRNA FikEHAHE(r= -0.791,P <0.05) ,

®4 FLEHATREAE R GPR4S 1 TLR4 mRNA HIIERTRIZE (v =5)

5[] GPR48 TLR4

24 5.553 £0.232 7.670 £0. 160

6 J& 4.618 +0.186 8.650 +0. 184

8 J& 3.688 £0. 149 9.517 £0.217

10 J& 2.695 £0.238 10.565 £0. 133
3 it

BB B R SE 25 (ARCO) K 36 [ B B B2 il bl 2x
(AAOS) ¥4B PR FE 195 BRAE s 90 8 - B /N2 HLB B
AR b A — e R R AU " B
B S IRFE A A 2 2 D S A A 1 4, 2 B
w2 BRI N AR T A0 G A AR, T A /N
FERERSE . KR RN TR B0k il P
WRGEAE I PR AT S BG4 578 &,k 3iE szt , Kerachian z=l7]
R FH A K BRI S G2 B M FE KA 2. 26 mg/ (kg - d) 1Y)y
12,3 AN R A I s o B s A B T AR N R N
A E 43 L B KRR D 4 B AR 55, BNy T R R
RUEBE K INFE S YRR A5 R A 5 A,
PiRA T AU L S A R T M Y i N i)' I L

X TR T 5 | S 4 e B Sk TC TR e 1 SR 38 ) B DAL
il AN SEAE A, T RE S5 AR AL B N R 8
RO A 0 3 A DG, e R A LTS Sl 0, 1 240 B

TN, TN B IRTE . IEAERFE R, 5 S 70
OPG" Osterix'”' \VEGF""" 25 3% 175 Bt B 3k IR AL Fl 16
Sl kR HEAEM B ERG SRR Ay
AR,

(AR IR AN RS S A I T A T,
A REUE A 2 0 A8 Ao I i TR R A A W 2R AR
PR B B0 -15 5 B PR AEAR 5 e S G S+ 1) 35— )
1", GPR48 J& T G Z& BB Z IR B b M £ 21k
WA, W98 Kk B GPR4A8 TEZMev B R B h R IEE X
SEVEFT, OB OB I T IR T A T Y A
WYEH, B A el kR R st
FIHEE D R BR AR A 92 R W, GPR48 1) I3 ] f 35 5 |
FE /N UL AR/ B R A R R NS R
R R MEERAE , 2 Fh A M A9 45 S L T RS B
BETRE" . Pk, GPRAS 1E R BifE 5201, X &
PR L 2 T B T, L7 S R I Sk TR T A
AR ZEE M A0, A58 R R BRI
B, W R R 5 T el L IR FE o FE h, GPR48 2R
FIFl mRNA Fik 839887 T [, [ B0 bl B 4L 2UR
FEMIA TN TR , 32755 CPRA8 TEM 2 Mk i Sk it it op &
PR SRR WL , HE— A F 58 T S B0 1] X 71
o S R A B TR AE R LR AL

M Sk YR AU 5 G028 98 0E S0 %% YA 56, AT
i HE 22 Fft 280 [N 7 1 B, fL 4% IL-2 GM-CSF il
IFN-y 2520 AR FHEEHLHIE AT 4 . TLRs 78
KRy rh R 1545 EEAE M, TLR4 SR & T Toll %,
I REEEA, 5 IL-1 AEHUEANX, 24
AN 2 85 (LPS) M AR B M N 5 5 55 S 10 3058
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22 TLRA F2 34776 T P 40 A . 5 0 40t A
SR AGETT , 1] LUF S4B PR 72
TLR4 1% {6 )5 W] I i #% [F + kappaB ( NF-kB) () ik,
PR ECR A0 A (IL-1 IL-6 . IL-8 . TNF-o 4% ) Y B¢
W, PRI R K P BT RIR ST 2 R
3L I B BE U8 TR TLR4 4+ 19 (5 5 55 38
Bt ATV A R . AT )R 2 B K R
FVECE R INFE L SR R o, £F: B 5 YR B8 3 2 1 S W
SN, TLR4 ik Toit 7F mRNA A& 75 & H Rk L #D
BT, UL TLR4 76 Horh & ¥ 35 A 5 Fnii 1 4
FH ARZE R 75 52 3 U A3 T 42 AN BH A

BT & I GPRA48 BRf% M o 1 PR 5% TLR2/4
SEN T O e R R Y $ 7% GPRAS Al fiE
J& TLRA (9 _[-3i7 01, DR I v 28 s 80 = 458 Xkt T g
TR R B LRI R R . AL R %
PELH LML 24 A RT-PCR J7 1 % i 25 M JBB Sk R 4K v
GPR48 Fll TRIA 1133k FORH S A7 A i 2 B, 5 46
4 GPR48 i [1F1 mRNA Fik i3 AL, I HbE %
) R R AT R 4 R 3, T TLR4 (1% 3% 3K i 5] (1) SE
T 2 By T v A B, 3K R A D) 2 B A7 A DG R
AR, S MEA S B RS0 B & i 8 A
G iE SN R — K, L, T A 2P kI GPR48 Al
TLR4 )3 35 1 5 76 [ B Sk IR B8 vh & 45 26 5 o i
BN o

ZE L FTIR ARS8 . GPR48 il TLR4 15 8y 22 A 45
A FEF I PR KL IR I 5 T WL, 9045 25
BRI BRI TFLESRFEMLG] h A5 T RAE G e N
{HEARE T XAE Z iR R0 A FF FIRAERT
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