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Role and mechanism of endoplasmic reticulum stress response induced by wear particles in osteolysis LIU Guo-yin,
XU Yuan-sheng,JIANG Wen-li ,LENG Nan-nan ,and CHEN Jian-min. Department of Orthopaedics ,General Hospital of East-
ern Theater Command , Nanjing 210002, Jiangsu , China

ABSTRACT Objective:To analyze the role of endoplasmic reticulum stress response in the development of osteoblast
apoptosis and osteolysis in osteolytic bone tissue,and to explore the causes of artificial joint loosening,so as to provide new
ideas and theoretical basis for the prevention and treatment of artificial joint loosening. Methods : The animal model of osteoly-
sis induced by wear particles was established by mouse skull ,and randomly divided into 4 groups,7 rats in each group: group
1,blank control group ; group 2, wear particles tial6v4 nano alloy powder (TiNPs) group ;group 3, endoplasmic reticulum stress
response positive control (TiNPs+Tg) group; group 4, endoplasmic reticulum stress response inhibitor (TiNPs+4-PBA) group.
The pathological changes of osteolysis were observed by toluidine blue staining, HE staining and ALP staining;the expression
of endoplasmic reticulum stress response marker protein was detected by Western Blotting ; the apoptosis of osteoblasts in oste-
olytic skull tissue was detected by TUNEL and Caspase—3 immunohistochemistry. Results: Wear particles TiNPs can induce
osteolysis in vitro , aggravate the infiltration of inflammatory cells and inhibit the differentiation and maturation of osteoblasts. At
the same time , wear particles can also up regulate the markers of endoplasmic reticulum stress response and promote the apop-
tosis of osteoblasts in osteolytic bone tissue. After adding 4-PBA ,an inhibitor of endoplasmic reticulum stress (4-PBA) ,on the
basis of wear particles TiNPs, the symptoms of osteolysis were significantly relieved ,bone erosion and inflammatory infiltration
were significantly reduced , the differentiation and maturation of osteoblasts were improved , the number of apoptotic osteoblasts
decreased sharply,and the expression of endoplasmic reticulum stress marker protein gradually decreased. Conclusion : Endo-
plasmic reticulum stress is involved in the formation of osteolysis and plays an important role in the occurrence and develop-
ment of osteolysis. At the same time, endoplasmic reticulum stress can be used as a new therapeutic target to provide new ideas
and methods for clinical reversal or treatment of osteolysis and aseptic loosening.
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1 #M57FE
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L 1.1 TiAI6V4 4K 5G4 K (TiINPs ) iy 2 B Sy By
1k 40 T B 5% BR 9 #E R 51 R AE  TIAIOVA 410K & 4
k3 AR (TiNPs ) 8 70% LW T 28 il & S 5288 A3
3, IR 30 min, BRIR BRGSO BESE 2. 4
T VB 58 1 ORL B F 70% L BE iR 48 h, DL T T
12 £ 2% WK (phosphate buffered saline ,PBS,pH7.2-
7.4) VU 3 3 5, R LAL 050 & X A o 47 0
Rl o AR U0 i 3R A B DL 0.25 EU/ml 2y
TR o 25 80 PR Ja B R C R 45 TR T, T
T A A 4 CORAE3 A, (0 A A G 1 g 30 mg/ml
R . ARG SR iR, B2 5.

1.1.2 &7 % b E (Thapsigargin, Tg) ,4-7
F T (Sodium 4-Phenylbutyrate,4-PBA) , 2 [l &
H 2 (BSA) L& B B4 6570, 2210 3 55 [5 Sigmae
Avlo WORBEHERW, TIAKE-HHZL (hematoxylin—
eosin, HE ) Je a1 ) 3 ot dEUEM A IR A W o
T 6~8 JAI% ) ICR MEM: /N B, B/ o ZE X L =
2RSS Hpo D AL . TUNEL 20 i 8 7 460 328 551
&, H ZE[# Roche 4 7], Cleaved-Caspase 3 $ij{#&,
) A 26 B CST /A A, Co-Cr-Mo 44k & 4 ¥ K
(TiNPs) , g1 A 156 7 1l 1% 7% 5% [E DePuy 2\ & (Rayn-

ham, MA ,USA) 50, TEM 5 H 7 ¥k 42 51.7 nm,,
L2 Wil e 55 407 ik
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S WA
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8 JH & i) CSTBL/J6 MEPE/NEL 28 H (i st X T
R 2EF B Y S 0 3R L) , 2% Dong 511 U
Pt g A DU 2B (70~80 mg/kg) IR
P2 (5~7 mg/kg) 16 W JE TE S5 RR /I B, IR T B
Iy B HARFEMZ 5 2 THE S o RIX&KE, L
0.5% 1) BILER T8 25 , Bl I 1 T B JBC/IN B Sk PR T I v Ok
ROE, BETFUHEEL A, TIETRIREL S
LR 10 mm, VIR R, B8 10 mm x 10 mm K
BB R K A 3 ST b T I L i S
BRI ARG RIS E R R P LG TR A
—ZHMRHEIN T 1 d NSERL, SEe B 0 T A %
WA T o R Z8VROK T, TR ™ A i BT TR
BAE
1.2.2 Semrdl B/ NEBERLT I 4 41,14 7 H,
MRS TSI 25 TR 25 4 1,25 (I IR A, HeaZ 40 pl
PBS [l 54 s 20 2, BE 3 ks TiNPs 41, H 5% 40 pl
(30 mg/ml) f*) TiNPs 2 & 17 134 ; 2H 3 ,ER stress fH
PEXT IR (TiNPs+Tg) 41, #2540 pl (30 mg/ml) ¥
TiNPs 2 +40 pl (106 nmol/L) 1) Te 1 H11 ; 41 4,
ER stress 1l ffill 7] (TiNPs +4 -PBA) 41 , 45 ¥ 40 pl
(30 mg/ml) f TiNPs Bk, RiGE% % 1.2.3.5d
77 ) 1 s 32 55 300 mg/kg [ 4-PBA.
1.3 kdimi B 505k

ARJG 14 d AR FE N B, BN BB 2H 28 it i
WP RB B . — PO A7 T TV 1Y W R 26 22 np
¥ (phosphate buffered saline,PBS) #, i F FF 25 il 5
et o —F 4% 2 W E , T 0000 o R il
(alkaline phosphatase , ALP) 3t {t, It AN, 18 45 & 4= 5
T 0 /N B FEAS , DA RSP FRBSORA 7] B 5 i 41 21
— WA . EERMRE, RAFTE-80 CH&MF
T E B g% BN (Western Blotting ) 46 P9 5t
P 07 38 S I A 3l A8 A 5 05— R 53 LA 4% 2% T
EEE 24 h, £ —j P 4 BR (ethylene diamine te-
traacetic acid, EDTA) fii 55 3~4 J& , & B4 05 0 3 1)
F T AL K s bric % (TdT mediated dUTP Nick-
End labeling, TUNEL) %% {%1 1 Caspase—3 #3401k .
L3.1 B uellae i ORI 607 ik ke
N W2 s B 5 0 AR A o e AR IO DN B E AR AR
PBS 3216 T L, 2 R 2% 1 & s B 4 R
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5 min, ANEKPE . BB B G G b g 6
5 min, KBk 30 s AL AR WS EL YA 2 min, KT
30s, FAR RGP g 1s (AR — T2 %
VAL BVECH ST B ) , K Pk 0.5~1 min, & 5%
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B B AIEAT R A T R S A
1.3.4 PN oc 0 8 s iy 2B AT R ] Western
Blotting 65 I 7 7 it 1o i 4 20 Hp oy J5 I 0 980 g B
H IRE1-a,Grp78/Bip,CHOP py ik, 414 ik &
FI AR i 5 5xSDS $i— & il (5:1) IR 45, ik K A2 1%
5 min, 12 000 rpm/min &[> 5 min, FHfimiiRES b
FE(ZHZ 120 pg) , LAVRAEE 70 v, 43 25 i 70~120 v,
FELUK 3 h, T2 P50 M = H Uk 2 R SRS L 4% 1k LYK . HR
VK /NOBCR Rk AL eI, B TR S bl b
S-fff 5~15 min, F5 B — 8 & 4 IE (polyvinylidene
fluoride ,PVDF) 7£ 100% H 2 #3823 1 min LA 1, filk
T SRR -, T 0 AT B A % v i iR
W, AR BN 2 L HE I 300 mA HE Yk 120 min, HfH

VK1 PVDF & F 5% BSA &l 1] 2 h, 43 518
A% $it /N B IREL-a, Grp78/Bip, GAPDH il L4t />
i CHOP iy — Bt A7 0 & 4 C i 4, Ix(BEiR #h 22
I+ 7R -20) (phosphate buffered saline and tween—
20, PBST) P B xR 10 min, B 5 4 FH 50 B0R 3
HALEG (horse-radish peroxidase, HRP) #5ic i 41
/B P E IR E 1 h, Western Blotting #1. %% 1
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Tab.1 Pathological changes of mouse skull osteolysis after 2 weeks of

different stimulation in each group (x+s,%)

HORCRERU N TR D, FERAER RE(D  MERERE  HERE  ALPRG
BRI B . Gt R TiNPs o 7 6.662+1.713 129153916 72.145:9.838
LA K TiNPs+Tg 41, X FA A ninesa 7 58242:8414  49.112:7251  26.105:3.347
W, BB G255 L TiNPs+4-PBA 41 TiNPst4-PBA 4] 7 24.155:4.337 0.145:4.158  52.499:6.052
FHXS T TiNPs 2 22 5 A Geit % 8 3 (3R TiNpseTg 4 7 8646510681  86.883:9.332  16.506+4.994
D)o RN RO RN BB F 81.442 103.197 45.072
255 EMNIE K. Pt <0.05 <0.05 <0.05

CON TiNPs

B1

TiNPs+Tg

TINPs+4-PBA

TiNPs+4-PBA TiNPs+Tg

TiNPs+4-PBA

TiNPs+Tg

VA R U R S (5 (A) JHE e (B) , ALP e 5 (C) 45 2R, x40

Fig.1 Hhistopathologic changes of osteolysis after Toluidine blue staining(A ) , HE staining(B) , Histochemical staining (C) , x40
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R A RINE ., gt R, TiNPs 241 DL
TiNPs+Tg 41, #HX Fas XTI, 2 R B G i %5
X ; TiNPs+4-PBA 4] # X} F TiNPs 4l 22 % H G i 2%
B ), UL LS55 FRB, P ) 7 3857 1 17 ik 1)
KR T RE — & AE- .

A 2H B 20 A ALP Je (8 25 5 UL ] 1C, fiig v
B 0 ) BH M B2 R S BT B 0 R s HOR UL,
TE 1B 3 5 B TR 0 2571 o R BE R AMORL TiNPs Ji5 , 71
SR ) B A M A D, B R G R
JES 5 SRR () 0TI 328 T AV o 2 T PR JBiE oA o 33 g 41
il 58 4-PBA J&5 , B 20 1 1) 5 a0 B TR A B i sk
L ZEL B S B IO P 5 R 5 R T s
AR RN T iz B it — 5 . Gt i R
TiNPs 2 DL J TiNPs+Tg 41, A% F 45 X R4, 2 57
H 55112 & L ; TINPs+4—PBA 41 A %} F TiNPs 4] 2%
SAGIFEE (R,
2.3 BV TR LS ) P 5 N R R

T T 0 5 2H 0 o R Joi O R 38 S 118 s 7
% 11 (Grp 78/Bip , IRE1—-a, CHOP) #E 47 K5 1] , 45 4 i,
2, 437 %) TiNPs 19 R0 L /N BUCE ) Py ot g i
W IV 7 75 % 11 (GRP78/Bip, IRE1-a, L J2 CHOP)
IOESSVN T A = oY K 1 @ AT R S A R B |
A5 0 Tg J5 , P9 099 07 98 s o s s 2 1 1 3R
IRAG B FE— A (R $5 i o SR, R T S P 5 O 5
IR 4-PBA J5 , P9 5T R 3 s g s i AR T B 3R GA
A P R T 2 B S BRI o LA, 3K Ay 5 I N 38 2
b b B AR AR A T AR B A A R —
. B4 B, TiNPs 2 L) & TiNPs+Tg 41 , 41 %f
T axX A, 25500 % & X ; TiNPs+4-PBA 4
FHXT T TINPs 4, 2 R A G2 B L (F 2), D%
SRV RH S 5 GORE 5 S 1 T R R N S S T I
fife 1) B A o
2.4 PN ST R IR N A S )R I AR PN A

Ha Ay T
2.4.1 HHERSEALUPRCE AR AT T X
®2 SAATARNN2BENRAEARREHEEFEEANER

Tab.2 Changes of endoplasmic reticulum stress response markers in mice
skull after 2 weeks of different stimulation in each group

IREl-a - == Wl 130KDa

Bip — o w— G 31D,
S—

crop IRER—— 27D

GAPDH "D G > @ ' 36KDa

. TiNPs TiNPs
CON TiNPs +4-PBA +Tg

2 E VAR TR ZH L P ST I RSN 25 A A3 4 T A )AL
PBS (Control ), TiNPs, TiNPs+4—PBA , TiNPs+Tg 5 /)> B, i 55 H P4 5z )
I 3845 N b 7 2 B IREL—a Grp78/Bip #1 CHOP ) Western Blotting
S

Fig.2 Western blotting results of IREl —a,Grp78/Bip and CHOP in
mouse skull were obtained after different stimulation of PBS (Control) ,

TiNPs, TiNPs+4-PBA andTiNPs+Tg

VoS it B L2 PP ) B A0 O T E AT A, TUNEL %
25 ULIE 3A, BEIHORE TiNPs 2/ B 4L U 5
A ) B AN B R T, AT AR 31K A o 0 ok,
FAO I AN A R S SR TR 25 2 R B 1 1 2
ZUA % B0 ) 08 T R M o SR AE R T Ak
Wi, 4-PBA 20 1) 98 T B E A A s b, AR
TiNPs+Tg 41/ T- A0 e R 22 TH & o it dr s,
TiNPs 414} TiNPs+Tg 41, ¥ %) F25 X B4, 22 5%
H G122 X ; TiNPs+4-PBA 41 #H % F TiNPs 41 , 2%
SAGEE (R 3),

2.4.2 P12 [ Caspase—3 £ ¥ it il 2 2
MIFIE A AR g2 g8 12 8 Caspase—3 [

FIR 45 W WL K] 3B, Caspase—3 7E B F WOk: 20 vh 2 32
T AR TE A 4140 P, Caspase—3 FATRME . [
BE, 5 TUNEL 5256 2% B — 30, 16 i 55 o8 5 I 57 354
i 77 4—PBA J , Caspase—3 ) %35 i 2 F#AK 5 11
i P BT R 3 5 S 7] Tg )5, Cas-
pase=3 W) Z kB B F 8 F T R,
TiNPs 41 ) Jz TiNPs+Tg 41, 4%} F 25 (4
XA, S A5 2% B L TiNPs+4—
PBA ZHA1%FF TiNPs 4, 2R 42

415 B (D) IREl-a GRP78/Bip CHOP N
py BEX(FR3),
25 [ % IR 40 7 1.000+0.304 1.000+0.320 1.000£0.333 o

i 3 itig
TiNPs 41 7 5.627+0.464 4.698+0.513 6.208+0.572 X X e
TiNPs+4-PBA 41 7 3.808+0.554 3.339+0.425 3.435+0.373 CIEPNEE A g ARV SN
TiNPs+Tg 41 7 8.015+0.604 6.338+0.625 8.457+0.761 AP A R R IR A, ST B 2
FAH 83.727 43.573 91.855 §$Hﬁﬁi§o ?Jﬁﬂﬁl‘ﬁﬁﬂﬁﬁiﬁﬁiﬁﬂﬁ%’
P <0.05 <0.05 <0.05 A I) ) JE K, AR ] ] - fid A G T
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TiNPs+Tg

3 RV AR AU R AN TUNEL 3 5 (A) il Caspase—3 3 5 (B) 25 R, x400
Fig.3 Results of TUNEL (A) and Caspase—3 (B) staining of osteoblasts in osteolytic cranial tissues were x 400

®3 BAEAGKTFARRNB2ARNEHABEARBHBETH
L (x2s,%)
Tab.3 Changes of osteoblast apoptosis in mouse skull after
2 weeks of different stimulation in each group (x+s,%)

21541 BB (H)  TUNEL Jefs  Caspase-3 ik
Z5 I R AL 7 1.862+2.927 2.567+2.639
TiNPs 41 7 48.561+4.553  86.434+9.595
TiNPs+4-PBA £ 7 19.995+4.249  28.912+7.892
TiNPs+Tg 41 7 66.878+7.870  96.041+11.801
F i 91.090 89.401
P <0.05 <0.05

s 2 ™ H 52 M O B AR S5 ARl R, AT E
BFREEE B2 H, e TFARTERN
T M T RO, FARKES K
I WA die R . (BAR b 38 & A e R FE A S 10~
20 4 B T BB R B XS T 0 R AL Bk Ay oAt
UFBRYT T, T RME AR 23 %00 i 3 8™ ERORS A
1B A 50 B i DA kB i Y A R
TN L ERARTER A T 2 o, 55 8 B B
AH LR A8 77 A R Y S B OkE , X SE A M AR
1) P 453 SORE 5 41 1 S]] 4L 2 400 i 3 ik — 2R 9 A 2
ER A U O N el S = L U A )
A E AR, B 2 30E U R R C TR R R B 1 R
H 30.216]
3.1 YORIBHUBRLRGIA

b, AT B LA TOK 900 S 5 J0RE 2 1 %5
fife R B R 2R, (H B % 3% 5 L B (trans-
mission electron microscope, TEM) [ 5| A, 1 4% 1€ &

Tl AL 20 e BT & b gl R BORE T L A 4
Ja& AR OK BEABURIURE | B 4 K B 0 ORE D K 43 F 2R
TR B UKL o, BT 2 BP0 & JE x4 JE AR A
REAF =4 K29 1012~1 014 19 BB SR A0RL , - YR A%
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