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JAK-STAT {558 e R M B IR e = X

BRXE', B, KE®:, TRM:
(1SS OB BE AL, TRISE I 4630005 2. TRIE A REEBEFFL, IWTRIAM 450003)

HWE. (BB BT Janus (555 R SE 06 B (5 538 (Janus kinase—signal transducer and activator of transcrip-
tion signaling pathway, JAK—STAT signaling pathway) 53 BB Sk R P8 R ALK Z B 9 k. [ ] RmiKE, 36 2
Sprague—Dawley (SD) KEIZHIHL 0 =4, &4 12 X, 35002 F R . BRI AT, 45 TAHN 2B, 17 ies
3 HE 4eaf1 TUNEL Jea, ARAMES, A 40 BUSTE o B a B0, 4 R RAAR AR R 0 =20, 25 AR R RS B, i
ALP Fll JAK-STAT il #8E H p-JAK2, p-STAT3 FEFHRKK V. [HER] ANIAR, HE Pe82sBaam3mm 2 Mkgch . SR
STHESKEA , 2Z5A G075 3 [(38.91.3)% vs (18.920.9)% vs (3.2+0.6)%, P<0.001]; TUNEL Je 4RI HT 34Ky . ATIZH
STHLHSH IR, ZAGITE X [(42.222.7)% vs (16.121.3)% vs (6.2+1.1) %, P<0.001], {&IMRXH:, TUNEL YL T8 =
BRI« ATV ST SHT IR, 22 A G5 X [(42.323.5)% vs (18.221.6)% vs (10.2+1.3)%, P<0.001]; ALP fRZ @ik
K BT HA<K IR, 25853555 L [(53.627.7) TU vs (79.2+6.5) TU vs (92.4+4.4) TU, P=0.037], M4h, HHIZH JAK-
STAT FASHRAGHE A F A 8 0 T IR 1i4E, p-JAK2 [(1.620.2), (1.020.1), (1.320.3), P<0.05]. p—STAT [(1.420.2), (1.0£0.1),
(1.2+0.3), P<0.05], ZFHAGIH =R, (48] JAK-STAT {5538 B Fr s il 0] AG490 mIHMIER 7 I R A T, HALE
T RE 53] p-JAK2 Fl p-STAT & [ FR5H L.

KR ERIRAE, RWPLHI, JAK-STAT {5 =i #%
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Significance of JAK-STAT signaling pathway in steroid—induced osteonecrosis of femoral head // CHEN Wen—heng', GAO
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partment of Orthopaedics, People’s Hospital of Henan Province, Zhengzhou 450003, China

Abstract: [Objective] To investigate the relationship of the Janus kinase—signal transducer and activator of transcription (JAK-STAT)
signaling pathway with the pathogenesis of steroid—induced osteonecrosis of femoral head. [Methods] In vivo experiment, 36 Sprague—Daw-
ley (SD) rats were randomly divided into three groups with 12 animals in each group, including the blank control group, model group and in-
tervention group, which were treated with corresponding drugs respectively. The femoral head was harvest for HE and TUNEL staining 28
days later. In vitro test, osteoblasts were separated from the skull of a young rat and divided into three groups as in vivo test. After correspond-
ing treatments were given in vitro, the expression levels of ALP and JAK-STAT pathway related protein, such as JAK2 and p—STAT3, were
assessed. [Results] In vivo test, the rates of empty bone crypts revealed by HE stain was ranked up—down as follows: the model group > the
intervention group > the control group, with a statistically significant difference [(38.9+1.3)% vs (18.9+£0.9)% vs (3.2+0.6)%, P<0.001], like-
ly, the apoptosis rates showed by TUNEL stain was of the model group > the intervention group > the control group, with a statistically signifi-
cant different [(42.2+2.7)% vs (16.1£1.3)% vs (6.2 £1.1)%, P<0.001]. In vitro test, apoptosis rate by TUNEL staining was ranked as: the mod-
el group > the intervention group > the control group and the difference was statistically significant [(42.3+3.5)% vs (18.2+1.6)% vs (10.2+
1.3)%, P<0.001], whereas the ALP activity was ranked from low to high as: the model group < the intervention group < the control group with
a statistically significant difference [(53.6+7.7) IU vs (79.2+6.5) 1U vs (92.4+4.4) IU, P=0.037]. In addition, JAK-STAT-related marker pro-
tein expression in model group was significantly higher than that in the control group and the intervention group, including p—JAK2 [(1.6+
0.2) vs (1.0£0.1) vs (1.3+0.3), P<0.05] and p — STAT [(1.4+ 0.2) vs (1.0£0.1) vs (1.2+0.3), P<0.05]. [Conclusion] The JAK-STAT signaling
pathway specific inhibitor AG490 does inhibit steroid—induced cell apoptosis, its mechanism may be related to the inhibition of p—JAK2 and
p—STAT protein expression.
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R BE L IRAE (steroid—induced osteonecro-
sis of femoral head, SONFH) J&—FpCiTELm, A&
J 2 [ P 245 5 T T I PR S, SONFH. 80 A A
REBAE FIHEH Y KIS IR BT R
(glucocorticoids, GCs) & B MK kKB (osteone-
crosis of femoral head, ONFH) A9 2 &bl . SON-
FH FZ R ROPEAE, 200U, IRAE k&A= AL
56, 29 70%0 A TATHOCT EHOR ©. SONFH A
HIREHLUB S INME . B, B ETER S
ONFH Je{Jis ZARSE I GCs, 4 L B AN
ook E R T 0 ik, BF5E SONFH 1y
SRAFHLTR AN 7800 T3R5 . 2GRy B B
B X, HuiAlk, SONFH fyPE4n &L 558 AR
B, KEZHOGT SONFH A bLi (A 5% 5 rh 7E g
(1~ 1= B 1 R e LTS 1 T
BEA X SONFH K AILHil BFFE TR, BB a) 78 5T
40 4 (bone marrow mesenchymal stem cells, BMSCs )
T I AAH DGR 58 s 57 7E SONFH. 1Y & 2B K g vh
TR VR IR 3] 1R 2 538 1 OCTE ' Janus
il — 15 o e S RN ST I TS Sl B (Janus ki-
nase—signal transducer and activator of transeription sig-
naling pathway, JAK-STAT) J&— 4% th 20 i A7l
2SR NZ A Yl iR p R, HUEAR
SERARRRI A, W 3 A EBS N, AR R
AHIRZZAAR , Janus J4HF (Janus kinase, JAK) Flf55-4%
R S BOE A (signal transducer and activator of
transcription, STAT) . STAT B 4t #% JAK % g 1k
TRk, SRIE ALK STAT S EI4NeE N 55
SRR PN EE &, TATAHOCHE R Rk . Z2Fhan
JtL PR~ R A P -3 ik JAK-STAT 5 53 B L i 15
T, WA R 27 RLA N 20 A v )
L HETEN ST JAK-STAT {5 518 B 0915 2 i 58 4
P T SN S SRR P HAE RS2 AR A 1
TR FEAF T, X TR SRR, R
P A S AL ) LA R i 26 FIR A 5 A 1 928 B N %2 Ok
B AR E A B ) S B AR T JAK-STAT 15 53
e I HRR SR 7] AG490 7E SONFH & 7 & e v
MIVEHT, AR L JAK-STAT 5538 4 K b T4l
HEL PR AN HILAE (17l SONFH (iR Y7 LS 3RS,
i SONFH 95 BIL i) b 16 77 B £ 28 4 AL iy iF 5% 2
i

I MBS
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L1 RPN S
L1.1 sh¥ord )ik

THIH Y 36 HMEYE 7 Ji 1% Sprague—Dawley (SD)
KE, KE (210.1£10.2) g, HIbEm ALK sh
YIH ARAT PR TR AL . K SD K B BENLEC T £k 5
=, R 12 B, (D) XA RERAE7d N
5% 0.9% M A BEERK TS (2) BRI . 7E%5 1~2d
FE Bk 1 59 2 mg/kg B Z M (lipopolysaccharide,
LPS), HHRIAING 24 h, TE5S 3~7 d 3@ (LA S P O
SEAIFAE (methylprednisolone, MPS) 20 mg/kg, 1K
[ F% 24 by (3) THi4l: 7EMIAIAL A 3ERE -, 7F
MPS 25 F Bl J6 1 5 AG490 ik (25 merkg) , Hirp
AG490 fy JAK-STAT {5538 HFe = Pl 0] . 7E56
28 d JIRERARSE Y, BUR eE kA, T iE—254)
Mro
1.1.2 KfgE s

A R R S IS R [ A K ik
RGN A A SIBOKPUBK . BBk EW . =
U o TR AL rh IR I A TR O e Sk R AR A T
RIS IS I, BUARIE, SR . R EaE
MR T AW R R, URTE S pm K
PES SV R . Rk T RIS B F R &
Mo

HE Y460 XPUI R AT EE K s SRR AR R G
W, XU T, RRERYL S ming HEY) R
Scott W, VEATIRWEALFE; TEMRLIVEN, AL
F, getn, FREEMFEIY 3 min, kT, k. &
Ao Bt PSR, ASKBE A8 A R 2/ 3
MR, TR 504

TUNEL 4e 5. KU1 EKIE, RAMZE KGR
2% A PBS 2 rRTEUE 5 min, HEAE AT INIK
SIBTEREA A 20 pl 2R K, 7E IR E
10 min, Ffif5 F PBS 2 0P BE: ;. A 10916 2 1l
W, WE 1 h; Bl Label 1 Enzyme solution RAER
(AR 1:9), H FaRiRA W B -k 4141
YR |, fEZREME 1 h, {fH PBS S Pyt 2
min, EE AT 1K, BR, Bk ZEDUE 3
ASPLET
1.2 RAMEE
121 JBCE A B 55557

JU6 1 E 5 300 mg/kg KA S, ARFER B4R,
BT 75% PN EE 5 min, $EES RS, BIEREK
U2, PBS WEREVEY 3 K, FRRHEEY A 1 mmx1
mmx1 mm 2247 B0E Fr o B BTRE 5 RO 0.25% )%
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BB, 37°CHE K HIH AL 30 min, fH45 1
W, HEIHAL 2K, 4CUKFEIIR; FRRCE AR
B, WAk 2h, F PBS MEPEM 2 K. i Bl
B AGA 264 SRR IR, s RE ) 2.d
5, BRI, A DMEM 5550, 3 d#e 1
Wl BRI R, BIMASH 10%164 1
H Y DMEM £ 553k, 7 LU B 5557 3~5 K. s 4l
M4 80% I A i, BIFidshFRu, M PBS UM 11k,
FIA 0.25% 76 B, 37°CTHAL, 78 Wi W
L H] 80% 4 My A [, W RE B, AR A 4R AR Y
DMEM R FR £ 1 . 76 1000 v/min 3BT &0
5min, 845 35, iINA DMEM 85550, FHWAE R 5%
WA, &S AN BRI, %1 1 el —a o
o
122 BUE A AR K th & e

AR FRAE U R 0, AEAL AR TR R
FREGFRHE, PBS 2 mliE e 3 Ik, INAJRE 1 3
ml, ARG TR oAk s PR N EE
YL, HANRNGEEZSTE S, ZEEEsS RIS,
A 4 ml BEFRW, 5 IEIEAE; 1300 o/min .0 4 min,
7 B, AR FEEE 3 ml; $2 8 1x10%4L, 17 96 fL
M i A R T CCK-8 ik &, MR 1d
FEOERN, LS TR, 7 d.
1.2.3  JBUE A o 4 SRS b

W TR IR R SRS A 43R — 4

SPRRZH . DIBEFRIE (DMEM) ZRAN 109864 i
VE R BER RS TR AR

FERIZE . DIREFREL (DMEM) A0 10% 064 s
VBN LR B F2 36, WS N M ZE K AS  (dexamethasone,
Dex) A 100 mmol/L, A #E7EREE KM T 4T
Inge 258 BE a7 24 h ARSI

THI4: LAKEFREE (DMEM) %00 10% 8625 i
VE R FEREBEEFRIE, TIN AG490 (13 5l 40 mmol/L,
PRI Dex 100 mmol/L, 4541 FRAEROE 14 R ik
17, INZy5eEeja 1535 24 W AT
1.2.4  Kpillfsts

B 4 TUNEL Je 8. HORBBCE 40, s
FRIETH N AR, HREAL 5x10° A2 i34 S B
T 6 Lt ., 78 37°C. 5%CO, 455 3546 b 15 95 1
s ARPEAF 4L AL FEAN M 24 by H pH 7.2 () PBS
RRRRVRAIAE 1 R, VKRR H BT E 10 min, FEIRZS
ST YA 5 min, 7E pH 7.2 B PBS FFIEE 10 min
HHKE . MR Tunel IXHF &V, F51E R Para-
film JESCAR ., B 50 wl TAT IR G, T

SR, A R ER N L. 37CHEE 1 h, Bl
W3R BT B s L.

i P T R P O A B R A 12 AL AR
o, BRAL SX10° M, B TASEALEAAE, TRk
J& 1 100 wl 247 22 byl A BRANAR, fi T ALP 350 &
& ALP 1§ PEKE (UmD) o 8535 7d 5, #R4E5
EERVEULIARIIN ALP 35K

Western blot £l . 82 AL & ICAE 2 ml EP 45
W, BIA PBS 100 pl 1R24), TR RIPA 2@ B0IR AT,
FErBR)E, 12000 g, 4°CE L 10 min, #F—E K
s BCA FH FE £ 80 wl BUZEKAIA 20 wl 19 2L fi
W, KEFESFRRE, N ABRUE S R RS R AR
ai, THEAE S AR s A 40 B T I = B B A
IR E R A DR R KR K S
B BIE SOV (WE4EHE), 120V (5L s Hlsoks
MR A KR B, R RS S ER E T 80V,
200 mA, 2 h JFUREE N F 5% NG 4= 45 5 PO
PVDF AT 8] ; —HiiFE PVDF BRI 3 4k, 20
min/IK, —HUFWEERR; —PilFE PVDF PR
3R, ZHUEWFEIR 1 h; 8 PVDF BOiCA TBS-T %
W, FERVES 3, 20 min/AK, )R X &
IKEEAEIEAT53HT
1.3 Gtk

iR SPSS 25.0 #4740, A T
PERLL & s F0R, HP ARG IES A EE R HHR R &R
J7 2% (one—way ANOVA) Zr#r, PP LLHCR A LSD
%o AEEIESD MM HHESEERIR R . P<0.05
MEFAGIFRE L.

2.1 RNEEER
211 REUBCE Sk 4l HE Qe

KRB Sk B 40 0 HE e (& la~le, % 1.
EXRAAH, BRI KT LS A a g, Kd
SLNTRAS L, /N HESIEETL; BIRIR
BRBE B Sk 25 i Pl 8 2 1 35 i TR IR (P<0.05); fH
SRR L, I A B A R > (P<
0.05), JFH T B /NEA UL s sl il
2.1.2 KEBeE ki E 4l TUNEL 448

BB 3k i 40 i TUNEL 3 (5 W& 1d~1f,
#1, BUF4IHE TUNEL Je g5 R L], BRI s
YUARYA T B T R AL AL (P<0.05) .
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HE %¢f8 (x400)

Fi | AN (o %) w S
TUNEL 35, (x400) (SEMESUSHENE S o R e e
G it Fonre: "‘ o o3 L
g T PECS\G a0 2 L O SRR T, - L
5 s X o4 ""'"“‘" e ¥ S § 25 \. i 'y ‘t;"‘ﬂx'\ v
B 1. AR SR B Sk S MEE . Ta: XFHRAH HE Je{f; 1b: AMH HE Jeft; le: T-Hi4H HE 44(@; 1d: XFME4H TUNEL %

a5 le: BIAIZH TUNEL Y4t ; 1f: T4l TUNEL 4o

Figure 1. Histological observation of femoral head in vivo experiment. la: control group HE staining; 1b: model group HE staining; 1c: in-

tervention group HE staining; 1d: control group TUNEL staining; le: model group TUNEL staining; 1f: intervention group TUNEL stain-

ing.

2.2 RS
221 KEUREACHE A A P2 LS %

G BB T, R B AR 20 M 2 MR
(Fl 2a) o TERUEANMEESFRIOEE 2~5 d b, HEs s g

100 1@

HECER 1 d LRk, s 2l A A K 2k, A
JBCE A MLAESS 2~5 d A FE B 2R B T XA R
(I8 2b), HANMLIEFR RS 5~7 d I, BLE il AR
REEV iz, REHEAFGH.

1.5+
E 1.0-
!
)
LO
<t
< 0.5
o'o 1 ] 1 ] 1 1 1 1
01 2 3 456 7 8
K )

2. R BUSAUSCE AR IS S o 2a: S WG T AUB LS WEE s 2b: BB AHILE K2R

Figure 2. Extraction and identification of primary osteoblasts from rats. 2a: Observation of osteoblast morphology under optical micro-

scope; 2b: osteoblast growth curve.

222 BUEYIN ALP 3EPE

B ALP KA IR 1. i3k 7d 5, M
XTFXTREL], BRI ALP 3K B TR (P<
0.05). SEAIAALL, T4 ALP MK o 3
hn (P<0.05).
223 JAK-STAT {5538 #§ 2 H SAHDCI T8 1 3k
K-

1800

JAK-STAT {5538 F§ 8 [ M ARG TR I RIAKF
DL 1, MEHIZH R p-JAK2, p—STAT F5HFAHNT R
Jemigl 3% FiE (P<0.05). Dex NI TR EUSHE4HIAY
o Bel-2 1933k, FIMT Bax AT HIDCEAMEL, ¥
Dex Fll AG490 AR IR FRUSH il 24 h, Western blot
SRR, SERIHARLL, AG490 FiE T RE 4l rh
Bel-2 %53k, TIH T Bax fRET-E AL,
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Table 1. Comparison of test results among the three groups in vivo and in vitro ( X +s)
it YR (n=12) BRI (n=12) THILH (n=12) P1H
PR P8
HE e {0525 fE 5% (%) 3.2+0.6 38.9+1.3 18.9+0.9 <0.001
TUNEL L A8 122 (%) 6.2+1.1 42.242.7 16.1+1.3 <0.001
TRAMSE:
TUNEL BH#:% (%) 10.2+1.3 42.3+3.5 18.2+1.6 <0.001
ALP (IU) 92.4+4.4 53.6+7.7 79.2+6.5 0.037
p—JAK2 1.0+0.1 1.6+0.2 1.3+0.3 0.029
p—STAT 1.0+0.1 1.4+0.2 1.2+0.3 0.041
JAK-STAT {5 5l (i 25 T AT SRS ™. Chen
S R R 21 SR RPN TE b
3 i i 1 JAK-STAT {5 538 i, IS 0B S AE TF R R

GCs HHT#E Z TR WM . B B iEtEfm
T RGN, BT R A IG R . SONFH Al 5
R EE Sk iz s, B A A E B s PE T, S
LR . B SRR AR DI RERRRS , ST
Wk THA #E4736 97, M ESHE 7R WA i
i A B PR T R IR GCs, KIAH
o R B4 45 SONFH & i R 5 B A4E | TH#
#, SONFH —H &, G e A& s i iUk
ARG, SRR, 4B RITE AT
7, BETRC AR % . ERE N R T
BMSCs 14 8% FlBIR 73 fb 2k )8 48 24 U fif B¢ SONFH
MR R . ARk, BE A XTI S A
SONFN &4 (53 F LA TR KA 1. Zhang
A S AT ST SONFH K FUREAY , & IR vl iE it
WFE Wnt—B-catenin 15 538 % N i AHCIE N YR8,
T 52 ) g B 40 AR ) ORI TR 5 5 K B SONFH 119 %
Ao Jiang S RS R, ARSI ATIA YT KR
SONFH, H il id #7%5 OPG-RANKL-RANK {& 5 il
%, Wi SONFH 9 &4 . SR T SONFH (1)1 V]
RIHLE, B %— .

JAK-STAT il p& 5458 . k. T, %
PR RIS I AF AR DI e B IAR DG . 7E JAK-STAT
H T C R 50 R Al AR FE T, )
WisER . TR M =R RS 5
JAK AT 54Ul F-32 k456, i fL s i A4 i e
55, WG STAT S B A0MEA% , JATT RN FE
My 1 REAERFSE R, JAKD FI JAK2 ByBEHEE
PIRIF——&RE ), 1B EPHIE 5 TR %
fif B (ADAMTS-4., MMP-13) ({774 "7, H4h,

T3 ONFH ) & 4= . H T JAK-STAT {5 % i % 75
SONFH % A & JE i A G ST 4B 50, JAK-STAT
{55l 25 SONFH A &5 AN

25 B [ 55 4 £ /& SONFH R iE ek 28 2 — . HE
Yt F43 M ] F T4 AG490 T s K BB B k28
AR A SONFH 1Y &GO, AWM HE LA 2%
BRZSE A4, TUNEL Y (525 5 R K BB
LA T 2, fFE T E B IRAUARE, 278 SON-
FH RS . A AR, T T B A 53 A
BI5), 25 B RA e R0 M TR B > . R
AG490 235 T SONFH KRR H Sk oW &ty , kb
ML T, b T GCs 0B /N R
&, HE/NEEGE EAEWEIEIER . FRSSEIE
Hl, AG490 W] figil & PP il JAK-STAT {5 38 ) />
BB AR T, A ROR B AL

il it TUNEL Jeta,, K BRUBCR Sk i i i Tk
HAME, TEAG AG490 155 R BBk A 4 it
ToIENL, S5 A BRI H JAK-STAT 15 53 i
ARAE R p-JAK2 ., p—STAT3 i 5 & T4 B4 K+
T . BRI R R T CE AEM T Bel-2 RS, b
W T Bax FT-AHCE FBYFRIN . T AG490 H4Hm 1 A%
M Bel-2 35, T T Bax fEIHT-HE 0%
ik, UESE JAK-STAT {55l B #1E 25 T SONFH K
BRI BEAT R o ALP 2 F 8 200 i 53 06 9 T 527 g
HAMIE AR, AR A, GCs Tk AT
RE 233 LK UL B 0 B =z B, AN/ ALP 1Y
AT, T AG490 £ 5 T CE A ALP I PEK
o [RIE, 38 0 A R A i TUNEL 4 % 31
AG490 I T Dex 75 10 JEAC BB Mg T, TESE
AG490 n] fig 18 5 40 ] JAK-STAT 15 5 18 % M ok 3%
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SONFH KA H 454, 15 Dex 155 SONFH #%AY
PR R

gi LArd, ABEIELE SD KRBT GCs 5Tk

Dygsr. SONFH B8, JIESE JAK-STAT 5538 fif 558
WS AE SONFH K BB L IRSE R B E T, JF vl 6e
BCH SONFH S8 58 IRITHE A . AW R Z A7
FXF JAK-STAT 3 f# 28 Ak i i 52 AU AR 4L UK L it
T3, S5, FATEH—DH5E JAK-STAT
{550 e B A B A R R R i 2Rk, DAsE—2P
P JAK-STAT {5 5@ B 7E SONFH H i BEAEH] o
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