FT2THEE 1M & A F AR Vol.27 No.l

2023 42 H Life Science Research Feb. 2023
-3E45F0 RNA S#2. DOI:10.16605/j.cnki.1007-7847.2022.08.0189
IMR RNA 5HZ %R & LR 5E &Z Ryl H pyHE <

G

mE L BREY, ZBE H IR AR R AR, AT ER
(1. Hr B2y R BRI AR B, T EH R 2290 7300005 2. HORA BB BRL, PEHH 220 730050)

R %% B K 3R 58 (steroid-induced necrosis of the femoral head, SANFH)/E 4 8% % ¥ % W& 9@, -T2
B b IT 8y WA, G4 SANFH 4-F £ i & sF - F- 2195 A £ %% 3L, 374k RNA (circular RNA, circRNA)
& — £ A IRIKIE % A RNA (non-coding RNA, ncRNA), 7T i it i# 45 %% H % RNA (microRNA, miRNA)., £ 4
RNA % 4% @ (RNA-binding protein, RBP), A Z#EF O M AX AR AKX FFZ XA S X SRR L AL,
AR E R AR AT, EF K, % SR T circRNA 384+ SANFH £ B4, A I3k circRNA 49 24 4 5 4%
AE T A, ABCE AR A SANFH K Ukl 64 s 5 B4R SR AF B A 300 L B A+ 4 o w9 iR 45 4F B i 47 4%
#, AT circRNA 484 F 4194 7 SANFH & #4% &40 89 T itk

KR # A IE K SRAR(SANFH); 209K RNA (cireRNA); 4 5 9 4 Zomplhl; £ is &4

HESZES: Q752, R681.8 SMCERFRARTD: A X E S 1007-7847(2023)01-0016-07

Correlation Between Circular RNAs and Pathogenesis of Steroid—

induced Necrosis of the Femoral Head
GAO Xiangming', ZHOU Mingwang®, WANG Xiaoping®, XIAO Zhen',
ZHENG Haotian', HUANG Kesong', FU Zhibin®

(1. Clinical College of Traditional Chinese Medicine, Gansu University of Chinese Medicine, Lanzhou 730000, Gansu, China;
2. Orthopedics Department, Gansu Provincial Hospital of Traditional Chinese Medicine, Lanzhou 730050, Gansu, China)

Abstract: Steroid—induced necrosis of the femoral head (SANFH) is a common disease of the hip joints, and
its early diagnosis and treatment are difficult. Finding molecular biomarkers of SANFH is of great signifi—
cance for its early diagnosis. Circular RNAs (circRNAs) are a kind of closed circular non—coding RNAs (nc—
RNAs), which are involved in the occurrence and development of many diseases by adsorbing microRNAs
(miRNAs) like sponges, binding RNA-binding proteins (RBPs), directly translating proteins, regulating gene
expression and so on. They are important regulatory factors in the body. In recent years, many studies have
explored the pathogenesis of SANFH based on circRNAs. This article reviews the biological characteristics,
functions, and regulatory roles of circRNAs in vascular microcirculation, lipid metabolism, and bone meta—
bolism related to pathogenesis of SANFH, and discusses the potential roles of circRNAs as biomarkers for
diagnosing early—stage SANFH.
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TR S FE (steroid—induced necrosis of
the femoral head, SANFH)/Z I AR FHWE B2 T 3%
(glucocorticoid, GCZELSYNIAYT 5 | L 1 I 45 TG B4
pEfig QAL R e AR e S N
TR B A B 2H R A 25 F FIh B S kg, 4k
M5 1 & ERBE — 5 R WLEEER, 2RI N
I TR S iR 8 2132 B B rh S B e L IR B | 71
X IR FAAEN, —TURA TR AT s, FRE
SANFH & T4 200 70, H AT, GRS Fr 5
PE SANFH A Wibr&Ey, FH112 b LRk s2 4
SR A, IR - SANFH 12 W 19 4= Mk 25 9 %
PR IR A B . AR RNA (circular
RNA, circRNA) T 1976 4-7E EAX A= Wy 240 Jfd Jot
KR, PG FRAE SRS RNA (non-coding
RNA, ncRNA). FEEHFEHIRA, ATER cire-
RNA 0 h R PR Z/E L, A ds Mg 8 B
B BT R L LA S I A T R R
REACIZEAL i R 55 & SANFH S22 Al
il T cireRNA T 9IESEAE X S B AR R I8
I FAFAES T, ARSCIET X cireRNA FRAF K A= W2
WIRERYHE IR, LK circRNA 7E SANFH & 9 HL il
W R EIVE L, 1HE cireRNA 1E SANFH 424
PR IR R 250357 R S R RT REE, S SANFH
BRI G RIGTT 5 BT AT L
1 circRNA B4 YF4FIE R ThRE
1.1 circRNA BY4HE

circRNA & —2&8 18 [ 10 B E2IE B 24 1A
G IR neRNA, TC 5'uillE 1 H1 3" 3mZ 5 A &, 16
PR AR N KR A, SR AR R R

5 — jrmpmnf
A l
5w jm
circRNA
miRNA TprrremeT reps @

"4

circRNA R5)5Z RNA FMIIEGAE FH i, HA =
FERRRETE R S A AR N i s e X [ AR
circRNA BATESARISIE TR A Whs S W
EAEVIE
1.2 circRNA BJThEE

KAEAFFTFRM, circRNA HAH RNA (micro—
RNA, miRNA)RFARICT 455 RNA 4538 F(RNA-
binding protein, RBP) . BAHE 15T A% 5L 3R 5A
ETREE 1),
12.1 5 miRNA £ 444

miRNA & —2 34k % /N 31 RNA, 5 i
22 ML HTRAE, TEA WK N2 5 i)
Ak BB G T AR A S T R S A
RNA (messenger RNA, mRNA)#0 014545, #lHImR -
NA A1, cireRNA fE20 miRNA #45, BA +
& A miRNA 25450705, B miRNA B2 70 (mi-
croRNA response element, MRE), 55 miRNA a4+
S54 THIS miRNA XL PR AR 70, DLIA 3 3R
TR IR B ATFI R, cireRNA_Atp9b
YEHR miR-138-5p 344, W] miR-138-5pF&
IRTAT R A 4L A PR (extracellular matrix,
ECM) 13 A B AT SRz, AT I B DG R
(osteoarthritis, OA)IZEFEM, circRNA_0000423 7£ 5
KT R AIELRI S miRNA—-27b—3p R [ i s 3
4 JE B -1 (matrix metalloproteinase—1, MMP-
DFRIR, JEMTETHCE ECM BA R,
122 %44 RNAZLSEG

RBP J& A4 4 P 3 22 1) 2 5 56 R 4 1) —
FKE AT, B8 RNA 20T 55 55 in TR 1)
KHEZ 5309 TR B AR P S T T A&

)
Rz,
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3
=T [ [
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B 1 IR RNA JEEREE
Fig.1 Schematic diagram of circRNA functions
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HEEMER . cireRNA IR AT 3ZE] RBP [/ 4%
PR, £EXT cireRNA 3 K F 81 B9 A W5 82445
Mr % B, circRNA 7£ RBP B4 & 07 & 5D,
#B53 circRNA 75 RBP 454> T-45 & Mtifr otz
FREE A0 7 &, FEIHE cireRNA [9ERIBIK
S, ARSI IE R IE, —2E RBP W05 A% A M
£ 1 (heterogeneous nuclear ribonucleoprotein, hn—
RNP) F1 22 & iR - K6 AR (SR) & H, REEAEHE cir-
cRNA BI774:, 1fii—2%8 RBP W1 KA & R-F R R -
AR - 2R & ER 9 [DEAH (Asp-Glu—Ala—
His)—box helicase 9, DHX9], "I #ll#l circRNA AYIE
B, A2 EH KR, cireStagl T 5 AR R (hu-
man antigen R, HuR)iX#l' RBP A#H B AEH, i
HuR #F A 5T, 10248 M N =5 7K 719 HuR 38 3
R A I B2 N B 1 S AHH G B 11 576 (low—
density lipoprotein receptor—related proteins 5 and
6, LRP5/6) 1 B—i% ¥1 2K [ (B—catenin) (1 3 15 2K L
T Wt {5 530 f, DA T SR 35 4 1] 7 o 1 40 i
(bone mesenchymal stem cell, BMSC)f4 B3 E2,
123 #WEEam

circRNA 5= 5" TEFI poly(A) 8, P ILTEAS i
AT b, (B iy F BT DR, )
circRNA 4 5 52HE (open reading frame, OR—
)2, B R rig e, 2018 4F, SRS H 7
BAPIRFTE 2B, cire—FBXW7 REMSFRLHT 8 (1
FBXW7-185aa, H:_F i AT # i ofveg 40 Mo 58, %00
FEEWIESE cireRNA FEAEY)IARN B B TIRE, 4T
W T SIS A T neRNA FIAAT, — 04T
22 %M B BEYRE (multiple myeloma, MM 5 A& 21,
circHNRNPU %t i — #1444 circHNRNPU_603aa
PR 15, PRk W 3 4 e B oA B 1Y)
PP AN REPE BT HAMH] MM 1) & JER,
124 A4 R EA

b L R 2H 2 ) & e, BHIF A B & PR circRNA
AR SOOI S R 3R, K58 BMSCHY
BB RE T RSB A AL R Sk A 25 R N T
ST S LT 7 BB Sk SR AE Ty 1 k44 A DGR
HHFTREM cireHGF W28 Wt miR-25-3p, #1
il miR-25-3p MYFRIK, JFLAHGRFERE I Smad7
MR35, I ESRFEh BMSC 3G 58 Ak
o3, FEFLRE AR, SMARCAS i ik mT $2
NI ML DNA 1B HETT, T circSMARCAS 5
HOEAKED SMARCA'5 TR R-loops, AT SM-
ARCAS TR AR R g EREK, T2 55 DNA

BB A TFFERGE, hsa_cire_0076690 ()3
IRTERCE e B T BT, miR-152 B9FRIA TR
K%, 31X F W hsa_circ_0076690 1 i4F 26 W B miR -
152, FE i Ml miR-152 Fik e 7k BMSC h &
A,

2 circRNA 5 SANFH % 5&#HLHIH3%

UTAER, BHIE A BIXT cirecRNA 5 SANFH &
SLEIEAT T RERITY . BEENTFERITRA, 4 Bs
FHTTZINT R SANFH AR HLEA GC ¥ A& 1)
MAE TR RS NS FCEZETL B A e i S50,
M KB RY] cireRNA 16 R ARHLE thh &
HEAEH, XA cireRNA H&4E N 518112 Wr
SANFH M4 Wbs S 71 o
2.1 circRNA 5ERERER

GC ZEENY) 2| & L AE T A R A5 1 2 2
R o Hon i AN RIAL B2 2% S5 50 B R 1
A TG, fi A= WA A I A S S I A A
S BRI, TR & IS G PR AT, X 2
BB R K BN AE PR I e A, BELAH IV A2t
NIV & =g )TN AT e = g 27 O N1}
1 W Sk B TR DX B 9 ] 453 £ 1L 4 P Bz 4
JHL, 3 R A PRRE AT B N S = 5, ] 3k
JBe KK RFER, cireRNA 7125 GC XA
TG SER L4 SANFH Y & A & s, Ak
{155 B 2 H (oxidized low—density lipoprotein, ox—
LDL)/&—ZRizHfH [ B2k A SN 22N A0 M A 2
P, JEL T s ] 0 RS o 4 RE b AR VLR 40 Y
A, RTINSl DK A A R it A P 9 B S BELAS: i
1z; ox-LDL H B 7R A 40 EEYE, FTIEIR 48 N
B2 AN A ZE AL FIDIRE, (21 20 M 58 R AYH T2 &
Az, DTS BB Sk BB A 1128 PR AL 2
MLIRFE . EXT Bl Kok FE AL (atherosclerosis, AS)
5T KB, ox-LDL ] il cireRSF1 F14H 25 B
L TERE 1 (histone deacetylase 1, HDAC1) [ ik,
1M circRSF1 A3 &1 755 AS 1) miR-135b-5p/
HDAC1 %ll, 4% ox-LDL 1755 B9 L4 PN B 2 a4
B DT FNARAEMAICS, DATIIZE AS HIFERE, X 5)
ki AE R B O VR T I N B AR KA T (vas -
cular endothelial growth factor, VEGF)/ZH# % /E H
TN B AN A AR AR I U B B, Rk
A PRI A A B RE TR I 12 - 7E GC
FFIPRR, cire-RanGAP1 WML miR-877-
3p AI_LIAIMAS BB IF A (vascular endothelial
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growth factor A, VEGFA)RJ KX, circSHKBP1 N
Al i e 4 PE A A miR-582-3p H Il HuR fI 3%
ik, PEIMTHESE VEGF mRNA FEVE, TEGRE
SKBERARIF A GC THS, VEGF [ mRNA
AR KT B 2 AR, Yao SF05H I WG ER
Pit i 45 i PRI S 56 R0 28 O D A6 2% 52 S 3 IE S
hsa_circ_0058122 i # [1] miR-7974/IGFBPS
SN B AR T, A AR At AT B GC 75
SBCE SRIRBE . 73— W5 R, <ZFP609 TE I
P 5 22K TR 407 8 T (hypo-
xia—inducible factor—1la, HIF-1c)iit B 7E LI,
NI VEGFA FRIAFIIA K I A8 A D RE,

ZE LA, cire-RanGAPI .cireSHKBP1 4§ cir—
cRNA ] A IS PN B2 AN A 3558 U - &% VEGE
MIFRIB(EE 1), 78 GC FHUME TG G A &
BRI, IXHER cireRNA 7T GBI i 38 S0 B3
—HLHIEZM SANFH (9% /LK%
2.2 circRNA 5h5{X it

H A AT 5T C IR S IR 1R 2L 2 8 SA -
NFH WL Z —, X2 T GC & 5% E
AR A AR SR TS B, TS R R DG Y 2 1 Bk
ik, P A8 P B g e T AR EE AL 2 3L
ARSI A PEIRAE R ZE, AT S0 I R
FE, 51 S8 PR R i, 2R | A B Sk IR AE .
circRNA TEARCI B BIFSE Hh © BIEIE SE TR R R o
AT IR TS 5o — I X A=A A 4R A 1k
NEWTANEET cireRNA 22 R BIEHITE R, 2 215
™ circRNA B L, 1 865 1 circRNA %
P, Wu SFSUE I, cirePPARy 8 13 15 27 W [t
miR-92a~3p & i i 17 4H 43 A 5490 ) JHC 3 5 A
P12, H Jiang S9N, circFUT10 W43
B let—7c RE A& 2E B 7 40 3 78, LV 405 W 56
let=7c [ circFUT10 7] 38 3 255 5 107 40 B b it
A BRSSPI 52K (peroxisome prolifera—
tor—activated receptor, PPAR) y #i[Al ¥ 18 (PPAR
gamma coactivator 1-beta, PPARGC1B)#lI il H34k,
XKW cireRNA X G 17 40 B34 58 K o3 A i 5 A

HATRAE o cire_0090231 circ_0003546 .circ_
0028198 Fil circFASN E 8 1IE 55 5 I5 & A AR 2
YIAHSEH, Hod | cire_0090231 1 2 It miR-
9—5p U [ i 423 K 11 AH EL A 2 A (thioredoxin—
interacting protein, TXNIP)f, J8/0> ox—LDL 51 A2
A5 A BB A R 38, FLARZR IR AT 4% ox—LDL
V5 B IS P9 R AR5, cire—BANP JR W] #EAIK
FEIR R A ) miR—-370/8% A 2 AT ox—
LDL 17551 N 2 I 4319, D\ LR 4 SR vl
M, 53 cireRNA 38 1 P45 B8 A8 ox-LDL
(A FATL A 52 M PR Bz 40 6 1 184 58 R 8 T, AT |
RIS THAEPABERT, 3 SANFH Y& 4: . Guo 554
XTI R 0 4 B i AT T RS B2 oA, A T
circRNA-miRNA-mRNA J#¥ W 2% % 885 ig i
AEPEAE KB cireRNA A 357 4>, HH cireRNA_
021412 PRZKF-FRIA S miR-1972 XTI R A
1 (lipinl, LPINT)FHHI, 5200 LPINT 75 34 6%
BT ST A & BB (long—chain acyl-CoA synthe—
tase, ACSL)ZRik T, HZFBUR A1 ZHATA
WE— 2L IFFE KRB, cireRNA_0046366/miR —34a/
PPAR« il 1) 22 35 R 18 W B8 A2 5% 1 200 Jf 1 s A5 P
B — AR HIL 0, 3PN cireRNA_0046366 3l
T2 B miR—-34a THBR T miR-34a XI PPARa
FIRMIHI, PPAR« SN %5 UIAH ¢, kg
SRR SRR, I SR A v e
[ 53t S Ak, BRI B AR .

25 PSR, #57 cireRNA 1] 2 5 05 I 40
L3 Ak AR BN AR L ARIAE, X2 cire—
RNA 1E R IR I E 2L N 7 (3% 2), &2 W
SANFH R AEYIbREYIE T
2.3 circRNA 5844

EACUE B RE A E M R A B B AT A
IR . BCE 40 (osteoblast, OB) N & 4 i (os—
teoclast, OC)*EFLVEFH, I8 BT R S W AR
BB & . GC 2825 23 R A i
B A B R I RE TR i A A s, TR A
IR AN B A TR -, 5 | A s e,

F&1 circRNA 7E1 ERIEIRHEER

Table 1 The roles of circRNAs in vascular microcirculation

circRNA name Downstream miRNA Signal path Expression Effect
RSF15 miR-135b-5p HDACI1 Up Promotes cell proliferation
circ—RanGAP1%" miR-877-3p VEGFA Up Promotes cell proliferation
circSHKBP1™ miR-582-3p Down Inhibits cell proliferation
hsa_circ_0058122% miR-7974 IGFBP5 Up Increases expression of IGFBP5
cZFP609H! - HIF-1a Up Inhibits VEGFA expression
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Table 2 The roles of circRNAs in lipid metabolism

circRNA name Downstream miRNA  Signal path  Expression Effect
circPPARy*! miR-92a-3p - Promotes adipocyte differentiation
circFUT104! let-7c PPARGCIB Promotes adipocyte proliferation/inhibits cell differentiation
circ_0090231%7 miR-9-5p TXNIP Down Reduces endothelial cell damage
circ-BANP#! miR-370 ox-LDL Down Regulates endothelial cell damage
circRNA_021412*1 miR-1972 LPIN1 Down Promotes steatosis
circRNA_0046366>! miR-34a PPAR« Reduces steatosis

b R N 1 N T /A = ) R i R = g
Az CE R SR A A AR R Sk N/
EIRBEIRIE . BCE A H BMSC 4k, X
Hh B BAESEZ RN cireRNA 78 BMSC G E 43k H
Ay A RS2 S E . Wnt/B—catenin 38 %
EINGECE 23520 DR 3/l w0 s 1bey T e <]
IR GC 225 W BE 1% 2 3L Wnt/B—catenin i
PR IRAZBR, I HIH BMSC [ BB 40 g 4 fk A
JEH: Zhang FFBIFEERIE N BMSC U E 7L I HIL
il B & B, cire_ FBLN1 X2 /5 %35, il 1 i 3
let =7i —5p/FZD4 i F1 Wnt/8 —catenin il [ {2
BMSC 358 A1 H 534k, TAERFER cire_FBLN1 J&
Wnt6 Fl B—catenin /K-35, [AEF BMSC #Y A
HorfbzZ B . Besh, —3 S KT &L,
circPVT1 T 3 13 ¥ 28 W B miR -21 -5p Ff ¥ ]
Smad7/TGF-B i Ik F% GC KWk sk
IRFES, X T B cirePVT1 859 T GC i
S A AELYE TR 20 BTG AL Noteh 38
SR TR ) A T AR AL, 7 40 B fa] A4 35 4
oAb, FERCE b B B Rk, VA
IEAEAER . WF5ERM, GC 2P FERMA Y
fd FHREBE BHAF Notch 155 B L 557, S BUHX [A]
o5 | Jid (mesenchymal stem cell, MSC)EI"J%TF
YERIURES, S MSC B /b . A2 BV
N MSC J8 8 43 At ad F HHESE, hsa_cire_0006766
TR miR-4739/Notch2 %2 BMSC [ 1 41
JL 4 B R A R Y, L b E 25 BHAR miR—
4739 F3K, % miR-4739 XF Notch2 155 (111
fil, TR 2 MSC BH o B IE A KA (bone

morphogenetic protein, BMP)E A 55 % (1) it il B
1, #E3h MSC & M) 404k ok BCE 4, cireRNA 758
ALEGLIET BMP BZRIER200 MSC B - Zhou 555
TEWFSE B BMSC WUE a2 rh & 3, miR-142-
Sp BEWS I ] BMP2 ik, BHAS A E 4> 1k, T
cire_0000020 7] 38 &3 1 45 W fff miR—142-5p 114
BMP2 ik, fiti#k MSC a1 s 71k

DL ERFIE 25 SRR, cireRNA 755 AR 5 5
X — SANFH & bl r e 2 22 a5 4 HH (3R
3), #27R circRNA Fll SANFH 3 % T 22 7 2 () Bk
R, I AT ReiE o R Ak S e SANFH 19 &
R

3 BREERE

ZE BT, circRNA 76 2 F AR f2 b & 4
YER, 7€ SANFH &9 1L H i) i st {225
YER R W SANFH A= ibr ST 1. B,
circRNA 5 SANFH AH 5T b T 45 BB,
VFZ A FFE AN, 55—, circRNA BIDIHENT
FERZAEPTEMEAR I miRNA J5 1, Wi ¢ cir—
cRNA BHFIE B8 AU AN T RE B A B
ML= IRAIR ST, A5 45 A 4L F R 5T
circRNA 8 1579 PR DR LI A GC 1)
SN, 5 circRNA B E WHIE 32 7E I35 G 34
NEACHS B AR B B R, BRI
=R ATE 5h S SANFH & % VI ¢, 22
circRNA 5 SANFH ELHAH G TR 8 R D UL, R
R TR ARIIL G, 1298 circRNA 7E SANFH
KA KRR T HLE, RV cireRNA T8 $5

R 3 circRNA EEREFHER

Table 3 The roles of circRNAs in bone metabolism

circRNA name Downstream miRNA Signal path Expression Effect
circ_FBLN1® let-7i-5p FZD4, Wnt/B—catenin Up Promotes BMSCs proliferation, osteogenic differentiation
circPVT1™ miR-21-5p Smad7/TGF-B Up Inhibits apoptosis
hsa_circ_0006766"" miR-4739 Notch2 Up Promotes MSCs osteogenesis
circ_0000020 miR-142-5p BMP2 Up Promotes osteogenic differentiation
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GC FEMR N IR B A F 0 ELEE A SR 56—,
circ—RanGAP1 .circ_FBLN1 .circPVT1 2543 cir—
cRNA B9 AKX SANFH ) % 9% L il 2 25 1A
SIRPEME, R F ] X HAE SANFH B2

KRR RYT 7 T VE AT R X EIRTT . Bk
PE, BE N2 e S 2 ST R A,
P I circRNA F [RUECHE 1 ) 38 5 52 4%, cireRNA
ALY SANFH 1) 5302 WAL Pnbr & P Kl IR
BT o
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