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Abstract

BACKGROUND: Circular RNA is the most concerned star molecules in the field of epigenetics in recent years, and has been proven to have such characteristics
as universality, evolutionary conservatism, structural stability, tissue specificity and functional diversity. With the development of basic research on
osteoarthritis, various kinds of mechanisms have been revealed, in which circular RNAs play an important role.
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OBJECTIVE: To summarize the progress of circular RNAs in the research of osteoarthritis, including the regulation of inflammation, the senescence and
apoptosis of chondrocytes, the change of extracellular matrix components and the mediation of mechanical stress stimulation.

METHODS: The first author used computers to retrieve PubMed, Web of Science, and Medline. English retrieval words were “circular RNA, osteoarthritis,
cartilage, chondrocyte”. The retrieval period was from March 2015 to March 2020.

RESULTS AND CONCLUSION: (1) It is suggested that circular RNA is a pivotal link in the occurrence and progression of osteoarthritis, and can be used as
diagnostic markers and biological therapeutic targets. (2) In addition, current studies are limited to circular RNA sponging, articular cartilage degeneration and
repair, while other functional mechanisms and the chondrogenic differentiation in mesenchymal stem cells are still unknown. These may be the direction in

which basic research will translate into clinical outcomes in the future.
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0 5|= Introduction

FEFRAE—FPERME, KA. BBREHEALEERR,
BRBE. RETH. FAKR. BE. MPRILAF S AL
M. BXPROLREFT ERERFRE, ZLERER
KW EF TR ERFM L d Y, B ELBBER LY.
KB BES Y HAr B R K B d, B2 Atsb, AT 4E
WRAMEENRRRAL P, FATKEX B IREN
K ZE A ez R, RAAANPHRLEREFREMR. B
o, FEAFFRERT RO L RAE, Muh EFIRELL A
K RINIE, T e AR B 28697 ¥ 8.

FNEAE T E B AR LRI XTI R T L RIAL
AT EAAENRE., FATAMBELEIREEZRYGZREE, &
kA RNA £ 454y, shig skl e AR, REAER
4L IEF ( AR RNA RULIEAE 5 ) ATk, BILT F 5 89
R HEE AT KA RBRN, L RILEAE AU
BFWAB T, hdeik il k. Ko, BAE RS, Kt
AR, minRE. ATA AT Y,

LK RNA 2 3F % 20 RNA T EL A Fare)— K, 37 &
FAa 57 ALIEIA LM AEARE, TR M L4 H (Closed-loop
Structure), #LELIF L, 20 #4290 X4, NIGRO 5 ¥ &
AFE e RN IR B AT RNA “EL5F 7 373869 4 A+ =
MEFE T IRIK RNA 69 4578, 122, 3Rk RNA — HARIA A 2
AR RNA 482508009 4, R BE&AMF 4", 2012
25, 135 TFHFANF (RNASeq) 694 &, FRIK RNA 3
EE T RALETAZANAR . M HF AN, KR
RNA AT B X P KE A F K ) S AN KB T AR L EH
w, FEALBEGETRE ™, Bk AR RIRIK RNA 89
A FAFAEA R FAE R K, E ARG AEF LT K A8 K
7P IR RNA B R I Ty e B 16 AR R 89 8 7= .

1 BRIFNSE Data and methods

1.1 BRKE &% 1% 5 At B4 & PubMed. Web
of science. Medline % 4% & ¥ 2015 4 3 A £ 2020 % 3 A
£ Lk, 3 A &8 A “circular RNA, osteoarthritis,
cartilage, chondrocyte” , %5 FAXLFR T 3E L LAk,

12 Nifkehpg

121 AAFFE O IR RNA T ALkl . A4 3 4FAE.
LRBATANRG T, QR F AT LK & foidt BAAH

G EHE;, O T @Rk g . kg T4

FRIARAXFE.
122 HeARE SR B MR AGLFE, WEKEAL
WAEAH By L F,

13 MBS @@L bRHEIkEF IR, k3
205 Bk L LR, BANBATESTA LR, HkL A4
KMERFL . B LEK, RAHN 82 Bk, AN
ROGLRQIERTRE . k. Re%F, LRALILEL

H—1E# L “circular RNA, osteoarthritis, cartilage, chondrocyte” #52 PubMed.
Web of science. Medline %4 /4

Y

ﬁﬁ%ﬁﬁiﬁﬁXEﬁ‘

#——————»ﬂm@ﬁEMﬁ,mm%m&amm%mmﬁ

‘ T RISHH R, I 82 RIS TERA ‘

'
Y v v v

43 SCHRIRST TR || 16 RSCHRERIT T || 9 F SCHR IR I || 14 B SCIR IR W T 30R
R RNA BT || B 5T AR || T FR RNA XS | | RNA ZEFAR5 b, K
AW AREAERIGIN || SIS SIRAL || B R SRR | | AR A %
L BTENR AL AR | | ST IR

1 | ¥FIK RNA FE B X TR P I R ILRAR SRk G ZORAE E

1.4 FUBHVZEX A5 Lk diAR Z Ak 49 3 AFRIRFFB it )
20 % RATIRRE R, 4E BT A EIRIK RNA 25 %7 K47
IREG AR

2 258 Results
2.1 YK RNA BYTSRRFDUEIR v 2Rk RNA 84 3208 5 5] #E 47
mk, BB FIKRNA. A4-FIRIK RNA AR SNE F -
M 4T IRHK RNA 3, IR M 69 T AR BUAF 2R 09 6] 3] 42
(Back-splicing), BP T it 3] AR R &) i 4% £ L 3] 24K,
FEAS b A, JECK 5 "9 £ 2013 4R T 2 MR ey 4
9 25 RNA SRALALA]: R4 F Bext £ X (Intron-pairing) fe £
ZHEX (Lariat-driven). P &F 3RIK RNA £ 24R#i 5 iL 5
Wb th GU g B3 S i b6 CE EA I
R EANE T v M), B 3R TAn 37 Bk i 3R 1Y,
b, QKI ZRAFFILAEEA 15 RNA L6 & L% 5
A AT OB AT R =Rk B,

ZRIK RNA 69 A % B K 3T 4 (Cis-splicing) e R X 3 4%
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(Trans-splicing) *F % # 374 A F 49842 "%, V2 M & &
3 3E4K (U2 snRNP) F 12 4% RNA ATAR T3 B F 2 F XM 3T
LAF G TR LA T STk A, il i T T 3T iR 42
(Alternative Splice) 184% 9} B F 2Rk 49 & 4 PO STH4 % A A
F st ss My P REASE 1 ML AL, SR
FRAK RNA B g4, 5 22, ST 200K RNA A A& 89 R R dE B F .

K RNA 897 i Al dx R AVKR A AR BT A2 0 & %

RIS, RERRAFHAR, TGRS, 67 FRY
B, CHMELB TR ; Ensmib3Ar T K RNA 24 K.
PEAE, T IRL )G R 0TI, R4 T F 6 RAE
ey &7,
2.2 WK RNABUKFHIE OFRSF44: ZR4K RNA £ 7 B AF & 18] 49
PRI A 6 PR bk B0, K B 49 IR RNA PR b
B, TLE FEE G IR R, A 4L B e E P,
Q-Fimtk: K RNA JZAAETAMKY, SEFARERIA
4 5%-10%, L EL&EH mRNA W EE E5 Y, @mitR. @
Moz dnd b, vl e AR R T AR B A AR S R
RIR RNAM 20 45 7 bk o F 4y K% RNA 3™ K% 8h
poly(A) &, FHKk RNA £ Jniet & AZ 44 B S 40 B R 44 Fefig B,
JEJR % 893K RNA ¥R 19T 424t 48 h, i & F &bt ke
x4 00 @A LA FM: NICOLET % B2t B 86 2% o 4 Jf,
W+ IR RNA 7 4T k= RE AT, RINE oA BA 5 /EMN
i, JFHIXEIK RNA 4R AAER 69 A, REET#E
12l EAEESF, W —IRIK RNA £ RF) 48 F 45T R 45 R
) 444k A A B2,

IRIR RNA 69 ) FAFAE R K I %€ 37 69 TR RNA w4
BENEL NG T RAE, RRTAE—RARRABLE, 2
YAZRIK RNA £ 3 P R I GG 4 AR, 3 B AR iZ 7 @ EAF#F
FE A, A B TR E T2 AR .

2.3 HVIK RNA BILDAE

2.3.1 ceRNA % miRNAs Sponge 3k RNA £ & % # #% /s
RNAs(miRNAs) &9 K5 7LAF (MER), 6549% 7% & 44 M B M
RNA(ceRNA) 2% # vA i 45 B W 7 X & 7f miRNA st ¥e & 7 #9
A8 A . CiRS-7/CDR1as & st fE4Y 42 20 4% P AR A ILAL 4% A 4
MiR-7 89545, W 70 A5 A5 B R 16 A A B3R 5 5 208
B e A B,

2.3.2 &Y Jf Sponge IR RNA 5 RNA £ 46-% G 44 4554
A& A Fi Sponge, X K& AR FH 5 IKRNA £ . &
B AR EA K. circYAP Ae s A ERiF ALK B T 4G, 55 R
M 250 T R A B L YAP ey dnig Ak ¥,
233 &AM XK (Scaffold) 14K RNA 588 2 3 AE R R —
R A, ARG FRAGWACR AL, WA LS
3R, circAmotll 45 F) B 45 A BE BR DUBSAR #7 & & i Bs 1 Ak &)
W B, MEILHE QM B ARBALI AT AME RS A
A% B9,

2.3.4 PEEFATE @ T, SF2F - A4 TR RNA
CAGE LT A 5 4x L H 6944 . CircEI3F) v circPAIP2 3
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FAL T @mietnf, B EFRRA BT RRLES, M ULE
AEAZE G B4R (UL snRNP) ) #4612 3% K 3Rt i 6 R AL
44K, #E RNA 25485 11 (RNA Polymerase 11 ), £ 2 F -
M 4T 2Rk RNA PR st L R oy 46 3 B2,
235 #iEEEG 2017 5 YANG 5 "9 4ok vl 330 4h A B IR
JK RNA W 3E 23X —Zh fg: FRK RNA k9 N6— F 2L A #Z o4 (m°A)
AR AL B R YTH 4 IR K2 & @ 3 5 A E#iFR4E T
elF4G2 #4T % k&%, ZHANG 5 ™ & % H R K AN B
AR RNA FE98 A R R A6 & & AL R EE e & G .
IRAK RNA 2 e AL 2 2 R 2 &AY £ 0% 20 F R AF
YR EZE N A, RABILIK RNA A9 I3E, M
EF e T E 6 SRR X AR W%, Bt ATk
G HAZ,
2.4 K RNA 58XDHHE NN EH — RN GAFRBTT
IRK RNA £ X Kt R b ag1E R . RBEREF AT HF AT
KB JAAH 69 &7 FHE R KT, BRI AKX
JERRLGGIAYE . RPRE @RS XV E MR
Z R TABRK T BB AL A #35F, LR L.

R 1 | HEHEBIFIK RNA SCERIRIE

IR RNA BESER 1EF L ke BRATR KK
Fik 5 (1]
hsa_circ_0020014 DUSP5 - BRI RE L 2020
Wiz
hsa_circ_0032131  PRKCH - BHRT R LA 2020
Wz
hsa_circ_0008365 SERPINE2 miR-1271Sponge  #JSEiE#E T 2019
PR T
hsa_circ_0005105 SEC24A miR-26a Sponge IEWEE A 2019
hsa_circ_0023404 RNF121  miRNA Sponge AT i 2017
hsa_circ_0091702 VMA21 miR-200c Sponge  ZHlffIshAER i 2017
CircRNA.33186 Umad1 miR-127-5p Sponge  4UfEIAT: T 2019
hsa_circ_0010026 PDPN miR-875 Sponge DI TAIR s | 2017
hsa_circ_0058097 FN1 miR-365a-5p Sponge ALI I i 2020

2.4.1 3R RNA 5208 X9 K a9i5mr  FE8 X5 Ka9E
Ko AR RHEAL, B AT SR 2 2G5 AT S A AT Bk
KR, mduR. SRR, AR, R RAER PG EAEE.
F 5 493RK RNA, fe4%42 8 PCR #EATH R 5 &, Rt s
AE. 2 BB SR BHARIBARRRA. BT R KA IRIE A B G
FymBHE T, $AEL IR RNA TTAE A58 . FUEA7&4 0,
2020 5 WANG 5 " A 53t KB H B EFF AP L E LY
BB HEARBATIIES 54T, K I 1627 ANIRIK RNA 2 2 4049
FAH EF. FRIAEF R R F ) 20 MIRA4R RNA #1417 KEGG
Fo GO £ M 13 & F B4 A7, ¥t —F JFik B circ_0020014_
CBCL T # AL B 54 F A X @3, 240 %549 F it
AFZ IR RNA A A4 R, 43R 706 R E A 7T 46 7T vAid i
i EERNKRE T RAEXT K, ZHARAS —BIRE
g, ME 5 AMNELIRIKRNA £ 25 SR AT B AP KB H A
1k B3t BB LR 0 5 S 9N B fn f 64 Rk 2, K I circ_0032131_
CBCL /2B % K 4AAn ik B xt FRLL GG 4K B L oM El dn b R ik &
A REEZF, mARRREZXEHIAEW LK (ROC) 247, 4



SEATA A5 W B E (AUC=0.8455); F HLE circ_0032131_
CBC1=9.365CT B, Yoden #5434 3 #& K& 0.55( 4/ /Z 0.90,
B 0.65),

TRAR RNA JR4§ 69 I IRLE M) . A8 A BB L. ThhE
SR RAE AT I K KIS W AT E A 6 RAFHFAE.,
242 FORRNARGF XD X KERMEAE KEHFLEA
B, BAPEEMENKERTAX. @i 1. IE
AT oo AT B FZ MK @ICE T AR XT XL
AV RERZAR, BT TER TS AR B X 40 e )
o &g 0,

FIR G mieNE 1B AR BIAE T aZshWE X
FRAA R R KRR, ZHOU & PUIRE T 428
AR T RE @IEA AR R G M@ ie/~F 1B A= 1 R B K &
P2, & I circRNA.33186 MK & . B 1] A0 % 89 KA AL,
7 circ0008365/SERPINE2 1) /£ 10 ug/L & 4@ e/~ % 1B A=
10 pg/L MR 3R ILE F o R4 32 24 h B Hp i LR 2 F e B2,
R TEGMICANF 1B AP IRAE T aiX 2 £52 34 K
FEAE 5t , IRIK RNA A 48 5 6945 A

RAEFXTRKEERRHXT X REIFA X5, 12
R F 0 KRB 3, o BB BB AT MR L 4 S B
ERXPXAEREEXT KEHI . X TR b ARl
BABPRLI G, FHLEAROSERLEIEML, EXAH
F 5K F B BRI i T X OB Bkl B BAAZ AR FL A5 A B AR A AR K F
FAME T, WHRT@RE S R AR LR
ik, miX —yR T AL 48 % BKAEF B F 20089383 B,
2017 4 WU % P9 3R3& 7 hsa_circ_5105 1% A @ @i/~ 1B
RIS IR e P 2 IR AR ey B A 24 h BEREE
¥ EiE 5 4%, X Y5 BB AL S5 L 69 miR-26a &
BFAR, MR KK BIRE A RAAMIEIET hsa_circ_5105 5
YA BRI B BRAZAE AR AL B AR AE 5 miR-26a 4. A, =it
&% PCRIZ =4 4 hsa_circ_5105 /5, miR-26a ¢94:FF R %
¥, Au 3t N0 BE R AR BRAZOME HL AR A5 Bl 6 3 I AE ) B AR
F A, JF B 244 hsa_circ_5105 49 /> F 3£ RNA(siRNA) &,
AP IE A A R HE— - A R B B B AR R 4R A
B AR B m i P Rk B, AR T AR E E2. @itk
6 fe mie & 8 F E AT K ER Ty M. EHFEZTNE,
iR 4 F SR A hsa_circ 5105 2R M4 F KT & ik 8y 216 P Ak
FH, RFX A AL IR RNA FT4EA .

2.43 IRJKRNA 5 X9 8RB misP ARASE  SF @itk
SR HRR T IRT hIF— LR GRERD, MEX
PRI B ZREGFABGR Y, RRRBERS QAR LI,

LIU & 9 2 2019 SF3RE T 3P B £ KA EFRB 4R
B FE R EG SN, FTFMEHERE EF6) 71 IR RNA
#2112 mRNA 693k &k W%, ¥ circ0023404 5 4 45 %
€ B 13 #FE & 5 miR-136 494 415 .5 fE circ0023404 % 31
e, ARAEBEAOH 13 RAZINIETH, KT Ei
P IR AR 8RB 38 A, fEAE R 4 MEAZ s IO AR F A

FAAEG R 45 %, 2018 5 CHENG % P9 £ I circVMA21 #44%
FOARIRY T RFKGEE, W FeREAH 13, MREL
BEGOHRA MRELBEAOS, WmEmT IAREfEZ
aRENEE.

244 FRIKRNA EXF8EF@ior. AT (T EEAR
K E AT XD KMIRE F B A7) DNA Hidh . B 5 ik
TARRHE e R B AL, FF7T 6 T ¥e5) DNA 345 m
FlAess AR B 7, R ERICE mIe X KA LB e mi,
K i8] 64 S 1A A4k am ARG AR R B A B B B,

m Jig, JB) 2 & & AR M K B 47 4 A 1(Cyclin-Dependent
Kinase Inhibitor-1, CDKI1, AL4k# p21) ¢y L2 el % % &
RETMNZ—, Hd it b e e R BB G R AR 2 A
Wik bR AR am e B B b4 B 2017 £ DU Y S A me
% P HRIE 52 circFoxo3 46495 5 p21. 4m it B 21 & @ AR Bt R
B 2 T R = A A o BA-S-tm e B B4 . A AS BEILES 3-
M & Rk ST VR A48 R AL B & BB AL, I hI4E R A
AR B 3B AR e i R A0 O M & R 2019 44 A
MC3T3-E1 2B/t % it & A circRNA AFF4, 4iE 52 2% 04 T 3 miR-
7223-5p/PI3KR1 A 4x4h, 94| T wfe A 3 sk 3g sA 410,

ZHOU % ®Y £ 2019 F 4R 18 T 12 A & e A% 1B &
S Y BRI TA T b B 9 AT 4], CCK8 X &4
Auso nm B ICE A EAU 20 Jleb AR A% 52 B 349 52 1R 4 i 7 MR AL
LAY 2E Kt T {22 454 T circRNA.33186 o F F 34
RNA(SIRNA) Z &, # Bt MA S5 s, @R ks
BZ T, FFEZ V4545 72 h, f£ CHENG & 72018
AR P R I, 35 circSERPINE2 69 AKE 4m it [7) £ 3R
SR ETO@mIENE 1Bl R WA T ER o, HH, 4o
E ¥ CircSERPINE2 it /£ ¥e.,5 miR-1271 —F T, W) mn/A
TR b # 5% T circSERPINE2 T4 F 4 8 3.

SR R P IRK RNA ST A ST afe k. ATH
PR, B R KK IRE fa 08 T ARG A AE B —
VAL
2.4.5 IRIK RNA AL X0 5 R A gk HUR L F 6438
MmERXPREALEGEEZRE, BXT A, SMEE
L) TP R A K AL T B K T AR SRR A 46 K
B& Y, B, B RnF ARG 5 5 X b d
A FHF DR S E AT KA AR B,

LU S ® oM TIRE 29 £ &85 RRARGAZEKET R
B IRIK RNA A58, A 104 ASZRIK RNA 2 32 5 AR 45 A= =
TR 2408 KA EF R, P hsa_circRNA_10026 &
REZHGEF G2 ERGIET RREEZLE, £ GO EMfs
EMMENEERARNE Y, ©5MBRLE T a#5 miR-
875 A etk A4 k., HE—F o4k sh 5230 ) B FX-5000 28
& 35 Z G A IAAUAK L A k)L, hsa_circRNA_10026 £ % %
BB 6 FE A B A R AT ) A Kod 2 E BB S BTk
F 28 i, ¢4 hsa_circRNA_10026 SR JE, 44 M 5 R A ¥e ik B
I SRR T o kA N R TR
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FBAAEY, XIAO 5 1 3 Afk o] £ L5AR AR B 38 hm L ) i #T )
7K ) B% R 49 circRNA0058097 4 ik E 3, M 3Lk iZ 3R K RNA
J& M B A1 #r 2t tm e b R R 04 % ot A R BR B4 %) 35, miR-
365a-5p ) Y -E- A circRNA0058097 =4l & &) & L BLILEE 4 ¢4
sk, L& G & TRUVLERE I AR R A AOR e e
FARS . BF @ISR AR SR IS KA AR R AR
FAEAER T, X A R 4 R AR IR RNA T AL SR
B IOAAR ) B e R s P IR E R A &

25 WK RNATEBXTRIARIIEBE IR, K RNA MK
BB B G RN, SRERZH—BREGNE, BX
KA KA IR RNA FRR AL FRS N, ARRARFTE
T A BLKRFEARTE, FFR T miRNA 89 FF 7 A ml, A FIRK
RNA 69k sb AR it e, *5F X XX, A HRMNE27
R RIneYAUR AT R A,

2.5.1 ZRK RNA 49 m°A 1545 m°A 1545 £ mRNA. tRNA #=
mMIiRNA % £ #F RNA 4k )52 R 3L, R ¥hL3 4. ik,
M ff. MR AL, #1iF & @ vA A& DNA 345 09 & 21546 £
A1 10872018 4 MIN 5 " IRE T FHF 5 L FABEN A
A F A7 R mPA SRR £, AR ZUEE, A4 mA
fEAm 69 5% TR n, T4 AGO2 89 F E 5 F A2 A
W RAK, XAPK ALY AT RLH AR MRNA 49K A,
LI % 73 4| ] GSES5235 7= GSE55457 ¥/~ GEO 4438 £ ¢4 £ &
FARMEZARRATENGE CF oM, LINFXTRELES
XTRLAAE K JEAE 5834, @it AT, MWBIRALEF alfz 53
HOABRE MNE S ST BB EAERZHN T A EFK
o, AR AEP mA FEMMSTRART XD KXER
ZHRme R EEAER.

FERE L H 7 @, TENG F U i@ i 40 M 3% METTL-3
A AR, AIMETTEL-3 494 £ BT 55, w7 H
BEAE . H—F e9RIN F IR ) METTL-3 #94 K 4% m°A F &
WREFTRFBAELRELA AT, FRALKTF @
JORE B8 ) T, IS AEIG 0%, o 52 Ee gk RALIR T A%,
RERARH T THEALFREE, ZERTT —/T R A
IR T RIS A B 7 @)

FRIK RNA ¢ m°A 1540 f2 2016 A& R ARiE, 1S 69 5F
A m°A TR ALASAF T HEERK RNA 09 & & #ik, F A
i din. B, REFHRRETAA T, BAATA
b, MALESHRERF . BEVARE XF LKA FE XK
HK RNA T AR 6 Bl . 5T F AR E R sk
. BRT KRR T A IRIL, T meASARE h B R
R ARG T AR, THRADARXTEXT L9IK
RNA B 50 69 — A 34 5.

252 AR RNA 9 EGEFHG B, H5FXT EMEXH
IRIK RNA A7 #) R 3 & miRNA Sponge L4, H b4 & &
MR S h kR A Y ERE T, AP RE,
— 7 & & Sponge HUH| &) A B AR B, xF EI St e 2
REAK, T EATH R KB & BAE XA mRNA AARE, AT

1596 | PELRRTIEHASR | 5525% | 55108 | 2021F48

HHAE A L, THELSTMNILKERS; A —F @,
K RNA 5 &G ZARNBR T EML FTRINE, ST KA
HIRIEF EIRARRIR - KRB, BIREIRFHLEHEAK,
42 RNA pull-down. RNA %46-% & RN A AR Fn b ik A5 5
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% & 5. CHERUBINI % ®2 BF %0 4E 2, circFOXP1 i it 3%
EARZ 6 Wt 45 58 B Ae RO A KB T AR5 5B R
B R T he % et fe e gt

B BT % 4k 2 BRK RNA f2 19 7% F 48 16 s 3k B oAb it

2P AR A 04 KBRS, A RIE LI LH S AT
mIiRNA 277 44 5 Ze e Bdapuh] P R Faeah 453 e 2 ik
FEIRIK RNA A5 b, S B - oh ae L) s 45 - T — Mk
AR L, XARBL T X KR AR TA2E R4
R AT 694+ F m e,
254 IR RNAAE A B A0 Koy isnde s FAFEAR
B M is g7 Rk R AT B 1R T AR R KR Sl
HATF . X9 REARE RIFE 0 IR 5 A HUARBL Mo e
R, RERIG T M G N T ik R AR R 9% 4 40
R EAE P, AR RNA 2 HF 1R T 69 MU & R Ak 1 A
122 A F IR T A2, BEIRE @I R0 F i
IRALAFHE R K,

ZHOU % PV s 5 7 WMl A AR AR N R, MRE %
1 B FF 44 vA 8.3 circRNA.33186 #9 SiRNA 12 J& bk 47 1 3k /
J o £ RS, 3 RS T R R P R m R R
M ik = G 3t R RIEK, m I RKRRSEHNREAS.
72 SHEN 5 ©2 4% 7 B 9% 4 144 )5 #9 circ0008365/SEPINE2 j&
HEH XX A E R AR RIEX TR, 65



HRAFIFHEFE 27 LW F o B KT Ea, mid
it Micro-CT Z 4 AR ALIZ 06 J7 2004 B AR V. X Sk 2153,

F R IRIK RNA A AR A B R Kb ehieie s, Bk
Lt ZFRIK RNA ARSI 5 SR TS . FRRSEME T
. BF RS, B LIRS 4 AE 4 AD RNA F 45 (ncRNAI)
biEs T A SRR, M%ﬁﬁ%%%ﬁﬂ,ﬁ&%mmA%
K4k IE AL RNA £ A T HFRA R F 450 16 Rog 7 T B,

3 2% Summary

AR RNA 69 B 50 K R ik, B8 R 7 KA A8 X402,
0 0L 69 RS AL TR AT BB, A2t T IAY R R S 69 HLE]
NFnfa R R 4916 REEALAD A AR K 89 By T, ARAZ A AR 70 09I
N5 FRIR RNA 455k 69 438 Fo o G405 & A 95 2 IR %) 5 48 AE
JERAEE % R, e KA IE,

TEZTk: HRF, REM A, FRE. 25F. REMA
TORE A, HRE R TR, BRI TFR.

REXH: ZXFHE2T “BROAXHAFLALTBRE (81972051)”
AT, PTAAEE BB, 2% XIFEA Hrm X F ISt B 5 435
BALE %é’]%ﬁ' AT A SIRE.

FIZMZR: LT3 A, ERAMAf L FRE L, =
ﬁ&ﬂsﬁé?ﬂl’%n

BEIER: 2R ET (RAASEFEZESWIREAL) (PRISMA
5 ).

NEEE: LFHRA LT H LR35 Lakbn A LT3 RE
z.

XEINE: XFZDEATINF FERREINT, BATIFBUAN L4
YT EAGEE.

ER: LFHRAT R E O AR FRAALE T st L
L.

FFRGRENFERR: XA — BB FE, ARIE (Foitdk 5T L)
“EL - AR ML - AE T XEF 407 £, ESEIIAGEALT,
AHFMAAIET kbt B R T RXA RSB, ARy &, BN AHFE
TR P e, TR, #0. i, 7. k. BREEIZIK, Fh
ZE T RG], AR ASIE R CIEFTA R AR,

4 &EHL References

[1] HUNTER DJ, BIERMA-ZEINSTRA S. Osteoarthritis. Lancet. 2019; 393
(10182):1745-1759.

[2] DIDOMENICO CD, LINTZ M, BONASSAR LJ. Molecular transport in
articular cartilage- what have we learned from the past 50 years? Nat
Rev Rheumatol. 2018;14(7):393-403.

[3]  ZHUZ LlJ, RUAN G, et al. Investigational drugs for the treatment of
osteoarthritis, an update on recent developments. Exp Opin Invest
Drugs. 2018;27(11):881-900.

(4] WANG KC, CHANG HY. Epigenomics: Technologies and Applications.
Circulation Res.2018;122(9):1191-1199.

[S]  RAMOS YF, MEULENBELT I. The role of epigenetics in osteoarthritis:
current perspective. Curr Opin Rheumatol. 2017; 29(1):119-129.

[6] NIGRO JM, CHO KR, FEARON ER, et al. Scrambled exons. Cell. 1991;
64(3):607-613.

[7] COCQUERELLE C, MASCREZ B, HETUIN D, et al. Mis-splicing yields
circular RNA molecules. FASEB J.1993;7(1):155-160.

(8] HSU MT, COCA-PRADOS M. Electron microscopic evidence for the
circular form of RNA in the cytoplasm of eukaryotic cells. Nature. 1979;
280(5720): 339-340.

[9] WANG PL, BAO Y, YEE MC, et al. Circular RNA is expressed across the

eukaryotic tree of life. PloS One. 2014;9(6):e90859.

JECK WR, SORRENTINO JA, WANG K, et al. Circular RNAs are abundant,

conserved, and associated with ALU repeats. RNA (New York, N.Y.).

2013;19(2): 141-157.

[10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

SALZMAN J, GAWAD C, WANG PL, et al. Circular RNAs are the
predominant transcript isoform from hundreds of human genes in
diverse cell types. PloS One. 2012; 7(2):e30733.

SALZMAN J, CHEN RE, OLSEN MN, et al. Cell-type specific features of
circular RNA expression. PLoS Genet. 2013; 9(9):e1003777.

REYNARD LN, BARTER MJ. Osteoarthritis year in review 2019: genetics,
genomics and epigenetics. Osteoarthritis Cartilage. 2020;28(3):
275-284.

ZHANG XO, DONG R, ZHANG Y, et al. Diverse alternative back-splicing
and alternative splicing landscape of circular RNAs. Genome Res. 2016;
26(9):1277-1287.

CONN SJ, PILLMAN KA, TOUBIA J, et al. The RNA binding protein
quaking regulates formation of circRNAs. Cell. 2015;160(6):1125-1134.
ERRICHELLI L, DINI MODIGLIANI'S, LANEVE P, et al. FUS affects circular
RNA expression in murine embryonic stem cell-derived motor neurons.
Nat Commun. 2017;8:14741.

ASHWAL-FLUSS R, MEYER M, PAMUDURTI NR, et al. circRNA biogenesis
competes with pre-mRNA splicing. Mol Cell. 2014;56(1):55-66.
PAGLIARINI'V, JOLLY A, BIELLI P, et al. Sam68 binds Alu-rich introns in
SMN and promotes pre-mRNA circularization. Nucl Acids Res. 2020;
48(2):633-645.

YU CY, LI TC, WU YY, et al. The circular RNA circBIRC6 participates in
the molecular circuitry controlling human pluripotency. Nat Commun.
2017;8(1):1149.

LIANG D, TATOMER DC, LUO Z, et al. The output of protein-coding
genes shifts to circular rnas when the pre-mrna processing machinery
is limiting. Mol Cell. 2017;68(5):940-954.e3.

KRAMER MC, LIANG D, TATOMER DC, et al. Combinatorial control of
Drosophila circular RNA expression by intronic repeats, hnRNPs, and SR
proteins. Genes Dev. 2015;29(20):2168-2182.

LI X, LIU CX, XUE W, et al. Coordinated circRNA Biogenesis and
Function with NF9O/NF110 in Viral Infection. Mol Cell. 2017;67(2):
214-227.e7.

EISENBERG E, LEVANON EY. A-to-I RNA editing- immune protector

and transcriptome diversifier. Nature reviews. Genetics. 2018;19(8):
473-490.

GLAZAR P, PAPAVASILEIOU P, RAJEWSKY N. circBase: a database for
circular RNAs. RNA. 2014;20(11):1666-1670.

YOU X, VLATKOVIC |, BABIC A, et al. Neural circular RNAs are derived
from synaptic genes and regulated by development and plasticity. Nat
Neurosci. 2015;18(4):603-610.

RYBAK-WOLF A, STOTTMEISTER C, GLAZAR P, et al. Circular RNAs in the
Mammalian Brain Are Highly Abundant, Conserved, and Dynamically
Expressed. Mol Cell. 2015;58(5):870-885.

DANAN M, SCHWARTZ S, EDELHEIT S, et al. Transcriptome-wide
discovery of circular RNAs in Archaea. Nucleic Acids Res. 2012;40(7):
3131-3142.

LI'Y, ZHENG Q, BAO C, et al. Circular RNA is enriched and stable in
exosomes: a promising biomarker for cancer diagnosis. Cell Res. 2015;
25(8): 981-984.

BAHN JH, ZHANG Q, LI F, et al. The landscape of microRNA, Piwi-
interacting RNA, and circular RNA in human saliva. Clin Chem. 2015;
61(1):221-230.

YU F, XIE C, SUN J, et al. Circular RNA expression profiles in synovial
fluid: a promising new class of diagnostic biomarkers for osteoarthritis.
Int J Clin Exp Pathol. 2018;11(3):1338-1346.

SUZUKI H, ZUO Y, WANG J, et al. Characterization of RNase R-digested
cellular RNA source that consists of lariat and circular RNAs from pre-
mRNA splicing. Nucleic Acids Res. 2006;34(8): e63.

NICOLET BP, ENGELS S, AGLIALORO F, et al. Circular RNA expression in
human hematopoietic cells is widespread and cell-type specific. Nucleic
Acids Res. 2018;46(16):8168-8180.

OUR, LV J, ZHANG Q, et al. circAMOTL1 Motivates AMOTL1 Expression
to Facilitate Cervical Cancer Growth. Molecular therapy. Nucleic Acids.
2020;19:50-60.

YANG Q, DU WW, WU N, et al. A circular RNA promotes tumorigenesis
by inducing c-myc nuclear translocation. Cell Death Differ. 2017;24(9):
1609-1620.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.10 | April 2021 | 1597



Review

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

TAY'Y, RINN J, PANDOLFI PP. The multilayered complexity of ceRNA
crosstalk and competition. Nature. 2014;505(7483):344-352.
KRISTENSEN LS, OKHOLM TLH, VEN@ MT, et al. Circular RNAs are
abundantly expressed and upregulated during human epidermal stem
cell differentiation. RNA Biol. 2018;15(2):280-291.

WU N, YUAN Z, DU KY, et al. Translation of yes-associated protein (YAP)
was antagonized by its circular RNA via suppressing the assembly of
the translation initiation machinery. Cell Death Differ. 2019;26(12):
2758-2773.

ZENG Y, DU WW, WU Y, et al. A Circular RNA Binds To and Activates
AKT Phosphorylation and Nuclear Localization Reducing Apoptosis and
Enhancing Cardiac Repair. Theranostics. 2017;7(16):3842-3855.

LI Z, HUANG C, BAO C, et al. Exon-intron circular RNAs regulate
transcription in the nucleus. Nat Struct Mol Biol. 2015; 22(3): 256-264.
YANG Y, FAN X, MAO M, et al. Extensive translation of circular RNAs
driven by N(6)-methyladenosine. Cell Res. 2017; 27(5): 626-641.
ZHANG M, HUANG N, YANG X, et al. A novel protein encoded by the
circular form of the SHPRH gene suppresses glioma tumorigenesis.
Oncogene. 2018; 37(13): 1805-1814.

HAQUE S, HARRIES LW. Circular RNAs (circRNAs) in health and disease.
Genes (Basel). 2017;8(12). pii: E353.

HADDAD G, LORENZEN JM. Biogenesis and Function of Circular RNAs in
Health and in Disease. Front Pharmacol. 2019;10:428.

KRISTENSEN LS, HANSEN TB, VENO MT, et al. Circular RNAs in cancer:
opportunities and challenges in the field. Oncogene. 2018; 37(5):
555-565.

ALTESHA MA, NI T, KHAN A, et al. Circular RNA in cardiovascular
disease. J Cell Physiol. 2019; 234(5): 5588-5600.

LU S, YANG X, WANG C, et al. Current status and potential role of
circular RNAs in neurological disorders. J Neurochem. 2019;150(3):
237-248.

WANG Y, WU C, ZHANG Y, et al. Screening for differentially expressed
circRNA between Kashin-Beck disease and osteoarthritis patients
based on circRNA chips. Clin Chim Acta. 2020;501:92-101.

WANG Y, WU C, YANG Y, et al. Preliminary Exploration of hsa_
circ_0032131 Levels in Peripheral Blood as a Potential Diagnostic
Biomarker of Osteoarthritis. Genet Test Mol Biomarkers. 2019;23(10):
717-721.

SCANZELLO CR. Role of low-grade inflammation in osteoarthritis. Curr
Opin Rheumatol. 2017;29(1):79-85.

GREENE MA, LOESER RF. Aging-related inflammation in osteoarthritis.
Osteoarthritis Cartilage. 2015;23(11):1966-1971.

ZHOU 7B, HUANG GX, FU Q, et al. circRNA.33186 Contributes to the
Pathogenesis of Osteoarthritis by Sponging miR-127-5p. Mol Ther.
2019;27(3):531-541.

SHEN S, WU Y, CHEN J, et al. CircSERPINE2 protects against
osteoarthritis by targeting miR-1271 and ETS-related gene. Ann Rheum
Dis. 2019;78(6):826-836.

STEGEN S, LAPERRE K, EELEN G, et al. HIF-1a metabolically controls
collagen synthesis and modification in chondrocytes. Nature. 2019;
565(7740): 511-515.

WU Y, ZHANG Y, ZHANG Y, et al. CircRNA hsa_circ_0005105 upregulates
NAMPT expression and promotes chondrocyte extracellular matrix
degradation by sponging miR-26a. Cell Biol Int. 2017; 41(12):
1283-1289.

LIU Q, ZHANG X, HU X, et al. Circular RNA Related to the Chondrocyte
ECM Regulates MMP13 Expression by Functioning as a MiR-136
‘Sponge’ in Human Cartilage Degradation. Sci Rep. 2016; 6:22572.
CHENG X, ZHANG L, ZHANG K, et al. Circular RNA VMAZ21 protects
against intervertebral disc degeneration through targeting miR-200c
and X linked inhibitor-of-apoptosis protein. Ann Rheum Dis. 2018;
77(5):770-779.

HARBO M, DELAISSE JM, KJAERSGAARD-ANDERSEN P, et al. The
relationship between ultra-short telomeres, aging of articular cartilage
and the development of human hip osteoarthritis. Mech Ageing Dev.
2013; 134(9): 367-372.

LIU L, RANDO TA. Manifestations and mechanisms of stem cell aging. J
Cell Biol. 2011; 193(2): 257-266.

1598 | PELRRTIEHASR | 5525% | 55108 | 2021F48

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(771

(78]

(79]

(80]

(81]

(82]

JURK D, WANG C, MIWA S, et al. Postmitotic neurons develop a p21-
dependent senescence-like phenotype driven by a DNA damage
response. Aging Cell. 2012;11(6):996-1004.

DU WW, FANG L, YANG W, et al. Induction of tumor apoptosis through
a circular RNA enhancing Foxo3 activity. Cell Death Differ. 2017; 24(2):
357-370.

LI T, WANG G. Computer-aided targeting of the PI3K/Akt/mTOR
pathway: toxicity reduction and therapeutic opportunities. Int J Mol
Sci. 2014;15(10): 18856-18891.

JERE SW, HOURELD NN, ABRAHAMSE H. Role of the PI3K/AKT (mTOR
and GSK3B) signalling pathway and photobiomodulation in diabetic
wound healing. Cytokine Growth Factor Rev. 2019;50:52-59.

MI B, XIONG Y, CHEN L, et al. CircRNA AFF4 promotes osteoblast cells
proliferation and inhibits apoptosis via the Mir-7223-5p/PIK3R1 axis.
Aging. 2019; 11(24):11988-12001.

THYSEN S, LUYTEN FP, LORIES RJU. Targets, models and challenges in
osteoarthritis research. Dis Model Mech. 2015;8(1):17-30.

LIU Q, ZHANG X, HU X, et al. Emerging Roles of circRNA Related to the
Mechanical Stress in Human Cartilage Degradation of Osteoarthritis.
Mol Ther Nucleic Acids. 2017;7:223-230.

XIAO L, DING B, XU S, et al. circRNA_0058097 promotes tension-
induced degeneration of endplate chondrocytes by regulating HDAC4
expression through sponge adsorption of miR-365a-5p. J Cell Biochem,
2020;121(1):418-429.

NISHIMORI'S, LAI F, SHIRAISHI M, et al. PTHrP targets HDAC4 and
HDACS to repress chondrocyte hypertrophy. JCI Insight. 2019;4(5).

pii: 97903.

WANG H, ZHANG H, SUN Q, et al. Chondrocyte mTORC1 activation
stimulates miR-483-5p via HDAC4 in osteoarthritis progression. J Cell
Physiol. 2019;234(3):2730-2740.

XIAO W, ADHIKARI'S, DAHAL U, et al. Nuclear m(6)A Reader YTHDC1
Regulates mRNA Splicing. Mol Cell. 2016;61(4):507-519.

COQTS RA, LIU XM, MAQY, et al. m6A Facilitates elF4F-Independent
MRNA Translation. Mol Cell. 2017;68(3):504-514.e7.

XIAO CL, ZHU S, HE M, et al. N-Methyladenine DNA Modification in the
Human Genome. Mol Cell. 2018;71(2):306-318.e7.

MIN KW, ZEALY RW, DAVILA S, et al. Profiling of m6A RNA modifications
identified an age-associated regulation of AGO2 mRNA stability. Aging
Cell. 2018;17(3):12753.

LI Z, ZHANG R, YANG X, et al. Analysis of gene expression and
methylation datasets identified ADAMTS9, FKBP5, and PFKBF3 as
biomarkers for osteoarthritis. J Cell Physiol. 2019;234(6):8908-8917.
TENG H, MAO F, LIANG J, et al. Transcriptomic signature associated
with carcinogenesis and aggressiveness of papillary thyroid carcinoma.
Theranostics. 2018;8(16):4345-4358.

YANG Y, FAN X, MAO M, et al. Extensive translation of circular RNAs
driven by N-methyladenosine. Cell research. 2017;27(5):626-641.
CHEN YG, CHEN R, AHMAD S, et al. N6-Methyladenosine Modification
Controls Circular RNA Immunity. Mol Cell. 2019;76(1):96-109.e9.
CHEN RX, CHEN X, XIA LP, et al. N-methyladenosine modification of
circNSUN2 facilitates cytoplasmic export and stabilizes HMGA2 to
promote colorectal liver metastasis. Nat Commun. 2019;10(1):4695.
GARIKIPATI VNS, VERMA SK, CHENG Z, et al. Circular RNA CircFndc3b
modulates cardiac repair after myocardial infarction via FUS/VEGF-A
axis. Nat Commun. 2019;10(1):4317.

HUANG A, ZHENG H, WU Z, et al. Circular RNA-protein interactions:
functions, mechanisms, and identification. Theranostics. 2020;10(8):
3503-3517.

ZHOU W, LIN J, ZHAO K, et al. Single-cell profiles and clinically useful
properties of human mesenchymal stem cells of adipose and bone
marrow origin. Am J Sports Med. 2019;47(7):1722-1733.

ZHUY, GUI'W, LIN X, et al. Knock-down of circular RNA H19 induces
human adipose-derived stem cells adipogenic differentiation via a
mechanism involving the polypyrimidine tract-binding protein 1. Exp
Cell Res. 2020;387(2):111753.

CHERUBINI A, BARILANI M, ROSSI RL, et al. FOXP1 circular RNA sustains
mesenchymal stem cell identity via microRNA inhibition. Nucleic Acids
Res. 2019;47(10):5325-5340.



