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Abstract

Background: The number of steroid-induced avascular necrosis of the femoral head is increasing
year by year, and the pathogenesis is not clear, which may be related to the programmed death of
bone cells. The unfolded protein response mediated by endoplasmic reticulum stress and its re-
lated signaling pathways play an important role effect. Objective: This review summarizes the
signal pathways related to endoplasmic reticulum stress, unfolded protein response, and the rela-
tionship between the two and programmed cell death, summarizes the regulation mechanism of
unfolded protein response and the pathogenesis of hormonal avascular necrosis of the femoral
head Research progress. Methods: Relevant articles published from 2000 to 2021 were retrieved
from PubMed, Web of Science, CNKI, WanFang, and VIP databases. The keywords were “unfolded
protein response, endoplasmic reticulum stress, femur head necrosis, glucocorticoid, cell auto-
phagy, cell apoptosis” in English and Chinese, respectively. The old and duplicate articles were ex-
cluded, and 55 articles were included for analysis and discussion. Results and Conclusion: First,
the unfolded protein response monitors and regulates the state of protein folding in the endo-
plasmic reticulum through three signaling pathways. These three pathways are inositol requiring
enzyme la (IRE1la), protein kinase R (PKR)-like endoplasmic reticulum kinase (PERK), and acti-
vating transcription factor 6 (ATF6) pathways, which play an important role in relieving endo-
plasmic reticulum stress and cellular homeostasis. If the stimulus is too strong or persists, the
ability of the unfolded protein response to maintain protein homeostasis is overwhelmed, and it
will induce programmed cell death. Second, programmed cell death may be regulated by a specific
signal network in unfolded protein response rather than a single signal pathway. Third, the un-
folded protein response may be an important link in the pathogenesis of steroid-induced avascu-
lar necrosis of the femoral head, but the specific pathogenesis is still unclear.
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1. 5l

BB SRR SE R T E S e DR 20 E0 45 A U AR PR B R« A ek DR SR A AT I A FE R/ 2T I S [ 1]
[2]. BUWE R PO A RIR RS B 5 S VRSO ALV AR SR VR YT 2 b a2 B H TR Bl
2 S BER I LR E SRR i IR Z —, (5 EE4) 5%~40%. SO ARERZ hEH N3], HEH
i B A A A IR AT B AL R L, T BOREYOR ST . R EREAE B2 IR, W R KT
BRATT, W SBOCTT IR E R R, RAFBURE WIS [4] [5], 2 nlRE R 2l id 2
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KA BIABATIIT6] [7]. 1H H HTBER B Sk SR SRFE A AT A B, T A 5 20 5 R R
I B A RN A A5 5 Il A e A .

AR MW TERT, 25N A RS B B R YT B R W HERR, SRS B M LR AR RO SR TR
S BRMIRBE I — AN W] BRI RS R 2 (8], RIS BEAE R FC AR N, AT TR PR o X 38 3 O A0 M e 5
HETBIZH A W A T SR R i Sk sk L P SR R AL SR ARSG AR PN I 23RS S A 5 A T
i PE AR B R E RS E B B LUK E R IARAS R AEAI A s 2 P o o i LR
BATAERS, T AR EBGE R TSR A AE T RS RR T, ORI B R S B PN 5 R R
RS, RN ER—FETH ML, W URE A BN E AR S R e, RN &R
JREGHTBRES, BCEERMEROIRIRE O, FH SRR AERTT8]. IR, RITBERARNE —DE
SRR, AR RS ZHRRITEERA G, EAEZME N BT BRI G 40 AR A5 77 TR A S
FI[9] [10]. FEIXHL, FAVERIR 7RI Bk 1S MLAE P 5T I RS 3 (10 s B A R PP A S T A P LA
LARIBTr Wt Fe it e, IF AT BN VR S SR M PR SRS B AR SGTR T 3 BT (0 S

2. BRIFIAA
2.1. BYRRIR

21.1. BEABEARE
e

2.1.2. WESCHETPR
2000 % 2021 4F.

2.1.3. BREBUBE
CNKI. Ji/5. 4. PubMed. Web of Science Z: %4 % .

2.1.4. &

LA Z A N “unfolded protein response, endoplasmic reticulum stress, femur head necrosis,
glucocorticoid, glucocorticoid, cell autophagy, cell apoptosis” , S KZiA A “RITBEARN, WK
WIS, ICESKIRBE, BERBTER, MMM, BN, KRR SN, BoH RITEBEAKR
¥ (unfolded protein response); 5 —2H: P45 W B3 (endoplasmic reticulum stress). fii - k385t (femur head
necrosis)- i 5% i i % (glucocorticoid); 28 —4H: K41 & 5 H & (unfolded protein response). P 5T I B
(endoplasmic reticulum stress). & <A 5E (femur head necrosis); 5 PU4H: ZHf1E T (cell apoptosis). H%H
SLIRFE (femur head necrosis). P4 it X 5 (endoplasmic reticulum stress); &5 F.4H - 411/t F 4 (cell autophagy)-
A8 & 1 ) N (unfolded protein response). P4 Jii X B % (endoplasmic reticulum stress). & kI8 3E (femur
head necrosis); A% tHAHISCHR, SEECHR o 5 E VIR B Sk SR IMSRFE R R B . R 3T 8 B 1 S AL %
GBS RNUEIAE SN Z, LRI SR O R & S 58 2 -5 40 i 1 W AN T2 8] ¢ SR AR R A
KNE, AT
2.1.5. BFCERAH

IR E . Rd . PR 5.

2.2. MANFIHERRIRE

2.2.1. MNERE
O BRI BSEARNAESTEBENCE, @ WiRKITEEARMNESIEEHS RSSO
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PEAETEIENLHI L& @) Wik RTS8 A RN 5 R M kSR IE Bt 7R S .
2.2.2. HiprdrifE

FEEMIF, BHEIHSCHR, Meta 04 .
2.3. RETH

B ERHENERSFIRER, R 2600 A TR i FEbr sk 1 280 5 5i%4sid
AR SRR, I PR S R e A SRR S A e ZE R BRIBISCHER, & YIN B5 R SCHER.
HRAS R FE WLIA 1.

BIEIRFFRECNK, | | FSHRE | | HEC | | 2808 BEECER | | RE&
BT BTEGREN | | AAXSGR | | EIRE | | SBE | | BREX | A
FKPubMed. Web of 3£2600 #7H | | RAEK | | HBRARE | | 558
scienceFIEE =8 SEE SRR SRR R

Figure 1. Document retrieval process

E 1 XEieERie
3. &R

31 RBEARNMEZENF

PRI —NE 0. ShAAMgIReS, RO BamEARKNITS. Ca® MRk LA g I Ff K
AR, T2 5N TR, R4 AR S R R BRI [11]. P I B R
IEHT SR 4R AN AR S RIS Db 75 25 fFs AR, XA FR AR s, R 40 M PR 5% Hh (9 e 2
AT RE S SR AR AR 2 [12], M4 MRE A F RS, s, R, Ca¥ P AL, A
AIE SR AT B TR A B A B R A SR, IR IE OB RR P S 8] [13], BE K E AR AT
ST SR O N T IS AR SR, AT R AR AR AT B B RS DA ST 1A Joft DX A s e 280 R4 40 i () 1
F[14].

Rr@E O RN FE, R A 25 A T AR R R A AR, RS = AR RS
JULIE 5 22§ 1a (inositol requiring enzyme la, IREla). £ F1HEG R FF P4 5 WEF (protein kinase R (PKR)-like
endoplasmic reticulum kinase, PERK). #5458 1 6 (ATF6) [4] [15], ‘EAITREDS Wi i 5 9 vh 2 1 5 4
BIPRAS,  JTT R A ST, 3K 0 A 25 st 2 B A [ BTG B B SRR IR AR, AR R AT
B SR PR E S T [16] [17] [18], XSkt A2 FL R Hip R/ F vk s 1 PR 0 SR S, AT
ROE T A0 A 75 2 BB S N PR BT ASAS B0 20 AR P M SE T2 [19]

3.2. R BEARNSREXESEENERE

TEMEFLhAI R, PO SR R B R A AT B R R 4 RR A A N PR BT A, AR T B A RO
M= B E AN S DI TR la (IRELa). 25 EEEE R BE A 5 WIS (PERK) . HO& 5 H T
6 (ATF6) [4], 1 2 fivn. IXEeZ: 50478 5 RN 18 A — B BOR LTI ST A, SEbr
b, =R AR (5 S E RS AR AT, S5 MR R0 SRS S a8
oAty S BE VS Bl AT 5| D40 M Xt 4 S AN S B 22 5] S A AT T [20] - e ATIHE P9 5 9 s 9 5 1
BEABIP)Z IR AR, AT EE A R RFEEARBIRA . 2N T RS, X =P i 5%
WIE B AR AR IREEE, M 268 30 R PERK (5 5@k fE 5.
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Figure 2. Schematic diagram of the mechanism of unfolded protein response and related signaling pathways
2. RMFEBEARNAKABEXESBRERNGIREE

S TS S R I R FEN B ISEE(PERK) S Sl . 1B AR, BEEEIERIGET 20 3
fiff 3 (EIF2AKI)IE K 4 fs 8 1 0E R FEP R e . ERRSIET, REAKEE R BE PR WSEe 5 R &
FAEAE, %8 AW RO AR E E 78 (GRP78), AR LG B AR S A4, PYJGR I L
TR, T 5 (I R RE PR MEF[21]. PERK [ AT D2 — 2 R T R R
MVER[22], & REBEBRA BRI T 20 (elF2a) (B4R, I m38 3L 81— 7 T 51 & (B R &
BRI T 22k, 45 R IR T B R I HEAR 23] 9 — T T B RRAL. elF20 J3 31— 41452 1) mRNA #4780,
XL mRNA (1) 5'HERIE X B —ANEREA R REAE, Fodh — AN RS EeE 5 R 1 4 (ATF4),
BRI SR RE T, WEIES SEMIC R RN AR EERA R R TR R
FREERRIE, TERE M e B BRI [24]; SIS FERT 4 B SHED 34 (GADD34), 5
IR 1 (PPL)ERUE GV, 11 elF2a 2Bk, SRIKE & & R[25] [26]. IT4EK, PERK {5 5iEE
FE B0 M B S B SR T 7T IE H T 22, Saito Z5[271 K80, 7R TR 1 2 (BMP2) AL FE (1) j 21
fiirh, PERK-elF2a-ATF4 15 518 B A SEROS0E, 1072 BUR 40 M b ke S MEmiBs PERK J5, Ok A+ 4
eIk 2 PR

BT AE SIER NI S 1a (IRELa)(S S . IRELe /& —Ff | B Py 5T W 5 I 2 1 il o —
T A DA REAZ Rt , 6 PAJ5R X 2T, o 2 B0 SRR AN ) Sl R Ao M T o5 28 HLAZ M A% R Bl 7% 12 [8] [28] [29],
M X EE5 A 1 (XBPL)Z (R4 4R 552 N 5 I LI 5 % 5 X 24 v 7 B B2 20 B 43 o 24 IRE L B0
B, E e WD 2 AN AP S N T X 454 A 1 mRNA FP)R— 26 RN &7, Miliek
A FLEAT R O T BB A, XN TAE 2 AU AE Y R RR Y “XBPL1s” BYEEIE, REW FEUSME X &4
HEA 1 ERHETRERE, ZRTF EASS5ARMNEE SN 2ot RrRE, DL RTS
HEMPEAEB] [29] [30]. I X S5-AEE 1 L A R R0, 240 A A i P 5T 0 38 e 2 B 2 38 5,
AT RE S BB TRAR DG SRE R AR o AE— PRS2 IR T LS 75 2208 1a MM 2 )R (RIDD) i F2
JULIEE 75 R 1a V)#E]— 4] mRNA E{HT4A& microRNA (MIRNA), SECEATREAE, K mRNA £ E[31] [32],
NI AL A J5i I o 10 28 1 J0T HERR S 47 o 0 T 9T 28 Y, LI 75 20 la ZE (R 40 M AR AE RIZE T IR e AR R
RIDD =& HAXZ 4y 115 5 H R 1) —#43 [33]

B S T EER IE HRI T 6 (ATF6)(E 5l . 24 PN i X R, KBS #4518 6 (ATF6p90)
PR S5 DX PN B 6 38 e 7R A, TR B A A 1 B (I (SIP) R A 2 BRI (S2P) 24, R & vk o
AR BE Bt (bZIP) % 36 R, RN “ATF6p50” , 5 & Al k% DA% T L BE K 5R3% - ATF6p50 1 XBP1s
SEATHRAVE R, BT E S A AR A 1 G i A 5T 0 23 - R AR R Bl P B R e 5, X SRR 3 1A J5it DY 2
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AL & BN, DLRERRYT & B HKIFEMR[34] [35]. tbAh, XBP1s Al ATF6pS50 it A 5t Al
SR EAR AR AR, AR N0 B LE P9 5 X ST (19 0 WA e J1[36]. B USRI, Wum Sk R F 6 15 il ik 2
— PR PR MR AE AR, R B AR DGR I B VR ITE ), A H B = I 2% B R 5 2 Bk i
PERCBI R, S e S R T 6 45 e PR R (14 /)N BRUBE 25 5 R A Co LR L BRI [37] [38] 0 PRI, ARSC R
BT B ()3 2 M 1 S ER B 1 R 0L 32 50738 A DG ML) AT BB AR A5 5 2 B B AR O

BRI S, RITBEARMAE T —RIUE TIEB A G, X EAE 5 10 M T s 4 0 R3S
RE ISR YERE 9T A RS E ,  FEAE P 5T I ST 4R A PR D e

33. A BEARNESHAMAT

MARYT B AR N YEREE AR AR A RS DAL E U, e N R 2 SUA A T 42 [39], ELEE B
IREL AR -2 JE R (BCL-2) F R HR AR I T2 Rl 2 (P, AR T /AR (1) A RN 2 e K 44 Ti-3 - (caspase3) [T
WOE o BRI, 20 AR PR PO P B e 2 2 R A LS S4B TS 5 A 5. B —, BCL-2 KRN
BH3-only & & 3 I0, & BCI-2 8 A S 8 S AN T A M T i S B R 0Y, AR AN [R] A 40
BOE A TG, 25 PN RN S 020 B T 1 A R 4 [40] [41]. =, — B4 TR
JEE, WS 4 A CCAATHY 3T 454 5 1 [R5 2 1 (CHOP) B g i AH ¢ 25 1 B0 1R 30 43 I JE A
AL A P 2R R G N, MG P T D SIS ON 3 B Y R SR AR N R R s, Sl
M A AET[26].

JUURE 5 B La A 202 Jkids 12 (RIDD)AERFEE IR P9 5t I SN S (4B 8 T b R S AR . 38—,
RN T I R OIRAS 5| 2 AR 3 B B R AR G VLS 75 B2 a5 5@ B RF SRS, EUE B A AR
F(TXNIP) & — R4 A T30 A 7, (5 Sl i) RIDD i FE AT LLRF AR I miRNA, {2 bt R A& Bl 2 A
AP Fh i, bR AR 2 AT kiR BRI TR s OE, AT shan e vE T RE P [32] [42]5 2R
=, FRE RN IREle A V] RIEIE RIDD @ARTHAEA B E B RSy, B RES, RS =
e AR AT B B IR AR G [P T B A8, RSO R AT 2 B OB, S 4 xS T SE &R, [RIRT PERK
A1 IRELa 5 518 B FE0E 7] AR AR 4B M T 55 [8]: 5=, RIDD &2 LAR#f# H CCAAT/HE 5
TEEAEARVEEE 5115 S 9L IFET- %14 5 (DR5) ) mRNA, Pl CAESLFET- 524k 5 At K 4§ 8 7E
YRR TS AR PR B OCHEE I [43] [44], FFEEMIATM LT, RIDD 75 LL 40 1 B R A 0 0855
M AR INBE T FET 5244 5 HIFRIA FF s 7 T F2 P [45]

3.4. HRVRAT- SRR E SKERIMIFTE 2 (8] 89 KBk

R ERES, BB TEMFERRE, AR TSR R 2 EH R, BHifg
R RS A R R TR R MR B Sk BRI A IR AR K B P ke B AR

FRRAE,  BERVEBE S SR IR PR A 5 A 4R IR T PR O — S R 5 5 e AR e
o 9, Bai S NMIWEFURBER AT LR AL — AL RN LS Y B4, $0]— AL R S BRI T,
AL — AL R S R, MBI E2E ., M RERE A . PR IM/BCRER . ARG BT LU AR T B
IR IR R AE AR Sk L FIIVE RS0, At R E SRR RSE, it fed, — %k
Ra BN HRR R EESA P, JFHEIEMRRR, RY—ANRRE MMM T, ZREaH
PRV T 0 E LR TN T [46] 0 B8, Hu SE[A7]HHIE TR B T B FE R AL T fE R W B i 1) 78 5T T4 A Y
R B AR, SHEAMENHORES, BT, LR, S S BURE SRR,

TUOMR I, 200 5 5 3 B 1 A R 0 2 AL PAY 5 I IS A PR AR 3 28 B 1 S AR TR B A SR
Jict SRR SE I A R R AN AT R — . B, AR E R T A AR T, B RS ER E] LUR
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FTAN A E WA SC BT 1 Beclin-1. LC3B-11. P62 DL P4 J5ii M N AH 5G 25 1 (ATF4 Fl CHOP) IR IA, 4R
Wk P Ik P2 YOS fe 2 5| AR A L H T, Peng S5 [48] AT 7 R IURE 2 S5 i 2% 175 5 BB 4 M ) 2 PRk R v, p-INKS
p-c-Jun. Bax. FMERAHEE 3. FHRARF 9. UL C. Beclin f1 LC3 /K FEET &, FFHE 4
JABN AR AT B, KIABOR AT FWE He PR, i ) 70 o A0 B A A A I I, AT ]
KT BE A RN NG S IE R Ea0E, B ARFET-FER, Cheng 25 NSLIGHF7EH£, 24
BERIREEINRET, K378 8 N AH S 5 8 2 5 R 1 PERK IFRIAI N 2%, 1A% R+ B2 A G
- 2 /& PERK {5 S BB (1) — N E ) R 7, dkmifiiR A% K1 E2 M5CR 1 2 AKP T, 5S4
T, BCEED, BEER, RAKRARELERINLIAGE4].

4. W1ig

WM SRR MR T2 5 ARG P i SR %8, | 2010 4F “HEM ARt ” Lok, BT R
MAEFE, BT KEWH]. 2019 A8l IR J5 R AT 24, BB B H L S P B a ZR AT,
H S G ™ E ) B DR AN LB, 55 AT IR 3T 1R Y7 [49] (H KA B A8 F £ 51 e A B 240 e 2 2
B, SO R R B S B SE I 2 A, I o B B I P AR P AR e I Y R AR A A
BEMLIhReRAG . AT, EMESE[50] [51] [52], (HA 4 A ¢ BB # B FLur AR ROmHLE] . BRI, SNRE
B TT . RS W R yT O R MR B AR, BRICH AR HLER T B, AT R R T AR
R VGRE RS S

R RO AR S | N 5 Y SR, R AT R B R NYOE T PERK. ATF6 Fl IREL =245 5 il %
W 25 R S AR P9 0T D RO ELAE DL R =A@ AR, S—, MRIE AR, PikEZ R RTEEn
R A R, BT NN B E A IE SR E AR ERIT S B, BUE N MAE G
B, ZBRNBEMP R R Z MRS EE . BN RTS8 O AT DS > R & 8 5 HER
KRG IEE NN ThRE, REEMMAEFIER, AR, MaSBERRFETE 5@, RE
SEENMACT[53], SIS SR AR SR, Rk, RYTEE A SN AELERE e AR s o e b ok 4%
HEBEE.

AR, RITEE O RS &I RIS B R RS S REFH R TR (BRI
P SR ISR BT R AT B B 1 SN B AR OG5 530 B 1 R L L F e B A 40 o 2 [ 8 3R i
AT DA S A E T, eATTRT DIOE I (3t i 40 B RN B 40 B 0 R TR D B AR R AR R, S i i
fTee, tHar DU T P0E B 78 5T AR a4, AT AE 2Bk D R 1S S AE R T, AT S ECE
Fo o W T BRI AR o TS AR Z R, 1 Nrf2 #1171 ML385. Bl +EfkftyT
AT R AU T, ARSI (4] [54]: B2 R AR Y S B R (TFRD) B A e AR Fl b
JREEAATEYE, S TR B A R O 52 248 [T B 2 (AR A9 [55] s R, R 14 A i Sk sl AR B Py 0
FVETT JEAIR & T A PRI o IR SRR 8 I %o P 53 I S 5 PR AR T 2B B 11 U DA R AH DA 5 3 2 o)
ML TR AR, A B TR R T B B R SR NI R T B R S BRI B R S AL AT AT
T, HRRFEERA: WERIERNRIBR BRI TRCE A, 5] RrE2 000 N 5T I S 3 E B R SR s R
BEARN, RITEEARMNHCEE ERE, NEES, B R EstT, s sk k
AR, & SRR MRS . FIR SRR T B — P RS 2 I0IE SR IR R MRk
SR MIRFE R SN, I8 B TR AL A6 ST AR

&E 3k
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