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[ Abstract] The dynamic balance between bone formation and bone resorption is a critical process of bone
remodeling. The imbalance of bone formation and bone resorption is closely associated with the occurrence and
development of various bone-related diseases. Under both physiological and pathological conditions, non-coding RNAs
(ncRNAs) play a crucial regulatory role in protein expression through either inhibiting mRNAs translation or promoting
mRNAs degradation. Circular RNAs (circRNAs) are a type of non-linear ncRNAs that can resist the degradation of RNA
exonucleases. There is accumulating evidence suggesting that circRNAs and microRNAs (miRNAs) serve as critical
regulators of bone remodeling through their direct or indirect regulation of the expression of osteogenesis-related genes.
Additionally, recent studies have revealed the involvement of the circRNAs-miRNAs regulatory network in the process by
which mesenchymal stem cells (MSCs) differentiate towards the osteoblasts (OB) lineage and the process by which bone
marrow-derived macrophages (BMDM) differentiate towards osteoclasts (OC). The circRNA-miRNA network plays an
important regulatory role in the osteoblastic-osteoclastic balance of bone remodeling. Therefore, a thorough
understanding of the circRNA-miRNA regulatory mechanisms will contribute to a better understanding of the regulatory
mechanisms of the balance between osteoblastic and osteoclastic activities in the process of bone remodeling and the
diagnosis and treatment of related diseases. Herein, we reviewed the functions of circRNA and microRNA. We also
reviewed their roles in and the mechanisms of the circRNA-miRNA regulatory network in the process of bone
remodeling. This review provides references and ideas for further research on the regulation of bone remodeling and the

prevention and treatment of bone-related diseases.
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I 5 PR B SR KT e R R IR I R 4E, N2 B B
DNAFUEAY | e 57 s il 45 — R BE PR 0 % s J %,
EZiMSRNA (noncoding RNA, ncRNA), L $57/NRNA |
L RNA, W& T SAZHEIF AN, TEARZ YR
B, ncRNABRFEA LT A SEBIRA YR 73

K Z2 A IE S nc RN AGE 138 17 5B 25 28 A DG Al
Mur oAk, 3858 . AT A, AR R R R
PRI, Bl e i P HOR 19 & Jg, A N AU TE i
FHRE DG B R - BB 3 Bl TP R I K R GRS R Y
ncRNA, fEFAIRRNA (circular RNA, circRNA) FIf/)
RNA(microRNA, miRNA)"™ Z#li E P circRNA |
miRNA A EAE IR T st 5 BRIk, IimsE 1
SRR A S AT o, TR R BB YA rh kR A
FBM, ARSI circRNA-miRN AR W 45 75 B S 38 Al
AHSCBR BT i Al — 2k
1 circRNA-miRNAE{E R4

ncRN AR I IR 0 S5/ R = &5 43 M
BEIEZMISRNA (short non-coding RNA, sncRNA) | K45E

i3 RNA (long non-coding RNA, InRNA) FlFf MR
RNA (circular non-coding RNA, circRNA) . sncRNAZ$5

BAF B AE200 L) | B EEIRAE AT RNA, £ miRNA
/IMZ{ZRNA (small nucleolar RNA, snoRNA) ., /Nl fi 4%
RNA (small nuclear RNA, snRNA ) . PIWIFE HAHE 1A
RNA (PIWI-interacting RNA, piRNA) . /N THERNA (small
interacting RNA, siRNA) , #iZRNA (transfer RNA,
tRNA) . tRNAFTE Bt (tRNA fragments, tRFs). Y
RNAfGA: BB (Y RNA fragments, YRFs) . H:H'miRNAZZ
B Z Y, RE S IE i A i mRN AR AR A1 H mRNA B
PEM TN B B R R s . B 2R O KB AR g i
RNA (long non-coding RNA, IncRNA ), HE&H K H IR
BOEAE200 DL B o 55 =20 RcircRNA, 554k
ncRNAANE], Hghfg IR, 5 2058 k3, 18
ncRNAH1circRNA 5 miRNAFEAE B UIAR EAE I G R,
Ji T circRNA-miRNA 555 4%

1.1 miRNA

miRNAJE—F N IR i/ RN A ST T, 29224
AT FRYLA, 7772 0T EAZ AR "), miRNASEFR 75
TE YN A H I S Al pri-miRN A, 2R f5 48 Droshaii# & 57 A%
pre-miRNA", 38 it 5418 H 1 191534, pre-miRNA M HE
B B AR . B fa 7E Dicer BERY N TR B Bl B 20 19
miRNA"™,

KT miRNAWIIREC A VF 2 WA 5E . 7E4i
Jiith, Dicerfif 5 BiZAmiRNA . AGOZ 155414 RN AT
FULERE A& (RNA-induced silencing complex, RISC)"™,
RISCHE A P I miRNARER & AR SRISCIE N 2
mRN A P 5 fiff 5 P00 ] 7 5 S5 U KO T TR R TR A 3
ik, miRISCHEH 1 Tt el F4E-cap IR B F140S/MZ A A
VB 4R S el Bl S HL60S W R4 42 | B [ 80S pE A
SLE I KA ] B PR A6 2, RISCUL AR 3E o 0 1 #%
WEUASE AR A0 45 f5 AP BR B R, R miRISCRE S
CCR4-NOTHIPAN2-PAN3 R 1 IR AL & AR EAEH,
{2 mRNARPolyA Bl 2 R H 1k, /5 mRNARYS5’ H i
(m7G) it DCP1-DCP2A S W I IEE A 2535, feZ%
F XRN- VXIS AES T P mRNA LR R

miRNAMRBHE LT LB EAHI 5, 25
TP ZEE N EY SR, R | 5. e, T
AR A AERE | PR TR Y BIFSE R T £
miRNA R _F 55N ] AT B2 | 5 R 9 3R 3k 7K P
AR, [ T miRNA- 5 mRNA 2 8] A 58 4 Bl X AL i
53— miRNABEIEVE ] T2 M EEEA . BOR B R IFSE
U], miRNATEF TSR B w2 AVEH], RERS Y B
BT Bl b S TG S RN T 31, 08 T miRNAJH4EOBFI
OC/MEm B ANk,
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1.2 circRNA HMaE G, WNTHNL—A S FRARE M . I, circRNA
2028 704F 4K, 24 AT B W AR M W 0 B D & R REHRN ASMIT S O R AR VR, ELERMERNATE R, 7R 40
circRNA, A HJE S8 95 R M R4, WA EEA R e B TR,
AEFEIIRES . A i SR A SRR R R, AT circRNATF]VE R N JEmRNA Y354+ 3, =miRNA 1
R BA TR E AT TFE B R s i ST R, 2k LR A . circRN A e & 911 D) RE St A2 A A vl 4
RNAAA, cireRNAJE H — D ERAS MR Fid 3 Fis s IR BHA I miRNA 5 mRNAZS &, AF57 7RcircRNA [/
#1 miRNAER . BB LT

Table 1 miRNAs regulate the osteoblastic and osteoclastic differentiation processes

miRNA Target gene Pathway Sample Function Ref.
miR-139-5p CTNNBI1, FZD4 WNT/B-catenin hBMSCs Inhibiting osteogenic differentiation [23]
miR-145 SEMA3A WNT/B-catenin JBMMSCs Inhibiting osteogenic differentiation [24]
miR-145-5p SEMA3A WNT/p-catenin ADSCs Inhibiting osteogenic differentiation [25]
miR-126a-3p ~ LRP6, CTNNB1 WNT ADSCs Inhibiting osteogenic differentiation [26]
miR-21 HIF-1a, PTEN PI3K/AKT BMSCs Enhancing osteogenic differentiation [27]
miR-200b VEGF-A, ZEB2, EST1, KDR, TGF-p, ERK1/2 rBMSCs, HUVECs Inhibiting osteogenic differentiation and [28]
GATA2 vasculogenesis
miR-765 BMP6 BMP/Smad hBMSCs Inhibiting osteogenic differentiation [29]
miR-494 RUNX2, BMPR2, MYOD BMP/Smad C2C12 Inhibiting osteogenic differentiation [30]
miR-1323 BMP4, SMAD4 BMP/Smad hBMSCs Inhibiting osteogenic differentiation [31]
miR-100-5p FGF21, BMPR2 BMP/Smad mBMSCs Inhibiting osteogenic differentiation [32]
miR-199b-5p GSK-3p GSK3p/B-catenin hBMSCs Enhancing osteogenic differentiation [33]
miR-193a-3p  MAP3k3 MAPK hBMSCs Enhancing osteogenic differentiation [34]
miR-146a NF2, Smad4 TGEF-B BMSCs, HUVECs Enhancing osteogenic differentiation and [35]
vasculogenesis
miR-1224-5p  ADCY2 Rapl BMSCs Enhancing osteogenic differentiation and [36]
inhibiting osteoclastic differentiation
miR-199a-5p  HIFla HIFa/Twistl hMSCs Enhancing osteogenic differentiation [37]
miR-130a Smurf2, PPARy - BMSCs Enhancing osteogenic differentiation and [38]
inhibiting adipogenesis
miR-143 HDAC7 - mBMSCs Enhancing osteogenic differentiation [39]
miR-384-5p Gli2 - rBMSCs Inhibiting osteogenic differentiation and [40]
accelerating cell senescence
miR-206 CX43 - hDPSCs Inhibiting osteogenic differentiation [41]
miR-31 SATB2 - hMSCs Inhibiting osteogenic differentiation [42]
miR-138-5p MACF1 - mBMSCs Inhibiting osteogenic differentiation [43]
miR-214 ATF4 - mBMSCs Inhibiting osteogenic differentiation [44]
miR-182 PKR PKR-IENB mBMMs Enhancing osteoclastic differentiation [45]
miR-29a SOCS2 TNF SF3b BMMs Inhibiting osteoclastic differentiation [46]
miR-125a-5p TNFRSF1B - RAW264.7 Enhancing osteoclastic differentiation [47]
miR-25-3p NFIX - RAW 264.7 Enhancing osteoclastic differentiation [48]
miR-338-3p MafB - RAW264.7 Enhancing osteoclastic differentiation [49]
miR-27a PPARy/APC - mBMMs Inhibiting osteoclastic differentiation [50]
miR-20a PPARy - THP-1 Inhibiting osteoclastic differentiation [51]

—: unknown or not mentioned in the literture; hBMSCs: human bone marrow mesenchymal stem cells; JBMMSCs: jaw bone marrow mesenchymal stem
cells; ADSCs: adipose-derived stem cells; rBMSCs: rat bone marrow mesenchymal stem cells; HUVECs: human umbilical vein endothelial cells; mBMSCs:
mouse bone marrow mesenchymal stem cells; hMSCs: human mesenchymal stem cells; hDPSCs: human dental pulp stromal cells; mBMMs: mouse bone

marrow macrophages.
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S5 A BB H 5 miRNAAH B 254, DI $2 = ok P 1K
miRNA KK,

circRNARBHE A HE Skl fE . AP 7N & IR
RNA (exonic-intronic circRNA, EIciRNA ) 3 Z /77 T 41 ity
%M, EICIRNALE BCPAR [A]Bf 4 & T RNA AN 7 F Y
% ¥ . EIciRNAMN & FIFFI e 5 UM A& A
(U1 small nuclear ribonucleoproteins, U1 snRNPs ) #f 5.1
FITE W EICiRNA-U1 snRNPs & 414, 1% A K fE iR
RNAZE G135 15 DA T 42 5 S T 3l

A — /Ny cireRNART AR EIF A N EA . B
A PR 5 2 i circ RN A B BIE 3h, i 205 2R
EAZAE YRR 4R N T (eukaryotic translation initiation
factor 4 gamma 2, EIF4G2) il i U IS5 & cireRNA & A
IRESJF 4 I 4 BRI RS I — 28 B IRESJF A1 Y
circRNAFFAT B33 2h W 75 24— P RRACHZ 4 3, 3>
SEFIR It me AIBI 2 )5, YTHES MR i 13 (YTH
domain family 3, YTHDF3) | <3 iR jllm6 A A 1T 55 4R
EIFAG2 MM 46 B F2

T 29T & PlcircRNARERS 2 55 1845 T 4 04 i
SRR R . circ-00665237F BMSCs i B i Fidt
Frh 134, i i PI3K/AK T #§ A2 #F BMSCs il 43165
TEH B A 28 S P L SAZ A cire-0000885 1Y ik T
o P3RS K Bl circ-0000885HE 41 I BMSCs 5 1l
Bk, I B R BEBMSCs I TR AE F7' i i X
BMSCs/ili i b fe i 22 AR Ik i cire RNA AT 485
AT XT BMSCs il H 43 fhad i v 22 5 M 238 1 circ RN A HE
P9, R¥circFKBPS B T 40324 W 3 i 1A .
circRNAZESE 5 T 4 Jfa 171 OC oAk ot 78 vt e 1) 5 24
FH, circ-0008542RE 5 {2 JERANKLA T A OCHk, Ticirc-
Hmbox 1 W ELAG AH R B9 A W24 8800, 2 Hl O Corthiy
PERI DL ST U8 W circ RN AZE 20 i (4 i R
Skt R e B B A AE I, (2 B AT circRNA R 2 fE
FAEF A AT b T8 25 W B, B BT 4R 0, B T
circRNA L fF#EmiRN AW B TG (miRNA response
elements, MRE), circRNA ] /E i miRN AV 41 M T A& $5 14
AR, X — ML 7EOBFIOCA M 7 T I F I 7E
Je SO T A
1.3 circRNA-miRNAMZFE THEES

9% & Bl — L6 RN AL FficircRNAFImRNA &
MRE"?, circRNAFImRNA #IMRE 1] LA 3% 4 P L 25 45
miRNA, Xt # FK 8 miRN A 45 5% 5% 4 v I8
RNA (competing endogenous RNA, ceRNA) ., circRNAY
miRNA A GAE ] FEEAH T MRE, i i 5 mRNAZE S+

PEHLES 5 miRNA, MR f 545 15 miRNA 5 mRNARY
FEAER, 281 mRNA R B,

H A, #7822 i IEPE 22 B circRNAYE A ceRNA H
miRNA Z 8] {9 H BAE FJEOBAIOC/HMb . ALt FE vh
SAPFTHLE . CHENAE S i cire RN A A T 7 1 H 7
BT 40 A ) s circRNA——CDR1as . if 340
5 DRI S0 K 361 S B IE S T miR-7-5p 474 T CDR1asHl
WNT5BHILE 4538, CDR1as 5 miR-7-5p 35 LS5, 1R
miR-7-5pXf T iF 5L WNTSBRE Ml . 1
WNT5BREE N B-catenin i) 35, FeZEH| 55 BMSCs I
Hortbre 1. 7o, fEHE R K (melatonin, MEL) i5
BMSCsili /ML EIBFFE R, circ-00038651 2 IA AR, BIF5T
K Bcirc-003865f 5 miR-3653-3pMI 454 . miR-3653-
3pheid it I il GAS1 8 M fE iE T 40 i1 OBk o d
LI e B circ-0003865HE & miR-3653-3pifg 43 1E F 1
M 11 55 miR-3653-3pfE #F T A0 i B 43 L I RE 1), circ-
0006859HE 1 3% 5 miR-431-5pAH 45 4, M ROCK1 /& miR-
431-5pi H I FE ], A I circ-0006859:8 12 5 miR-413-5pAH
HE5E, FEHEROCKIYRIR, DI A 450 41 & 04k
AR FH AU 20 A AR BEAE T, A, circRNA-
28313REW5 5 P45 G miR-195a, f# 5 miR-195a%F CSF13
KRR, 23 B BE A% E AR [ OC A3 4k, JF:
HL3K S N AIMC3T3E 140 R 0 W A Sh i ik p
circ-008542, 1A miR-185-5p )4, AN (L RANKIE
K2R3k, A2 #F O C oAb AE M gt 3 S 4fF 5% 3 1]
circRNARE 1 ceRNAMLH, RIFE I miRN A4 2 5815
OB. OCHYM b, FFTEH M I 1 e A K S sl A rh ke 3]
HEEN . Wk,

2 circRNA-miRNA M % 58 X &%

2.1 circRNA-miRNA W% 58 Bk

B BB 5 UL A P A DB, FLRRIE A dE
% B RO B s i, st R =, B RTAESR
i A R AT AT — > PR BB A8 e A AR A5 R A B T b
Y ZRAY, H e — U530 A1 BT o $HL o 7 v
P T RHEE L, I AINRNAK/RANLE S8 A T OCHr
b KB o W ik R, B Y WY A g B s 57 )
circRNA-miRNA [ 2% 8§

T BT A B 1, 20 MY R 53 Ak B8 1 Bl 55,
circRNA-miRNA W £ 75 H: v 31) 85 22 (09 38 5 7E 17,
YINZES% Bl circ-00068597F B R B /N FLATBMSCs 1
ikTbE, I Hom 283k circ-0006859AE i 4l /N BT 41 L 1Y
MM i e L ITIERTIA T circ-0006859fE 55 miR-



EEl

2% G JR & circRNA-miRNA P 2% i 1515 5 98 A 0T 50 i3k 8 267

R 2 circRNA-miRNAR &SR B LT 78

Table 2 The circRNA-miRNA network regulates the osteoblastic and osteoclastic differentiation processes

circRNA Sample  Target gene Pathway Function Ref.
circ-0016624 hBMSCs  miR-98 BMP2 Enhancing osteogenic differentiation [68]
circ-0000020 BMSCs miR-142-5p  BMP2 Enhancing osteogenic differentiation [69]
circ-0048211 hBMSCs  miR-93-5p  BMP2 Enhancing osteogenic differentiation [70]
circ-0007059 hBMSCs  miR-378 BMP2 Enhancing osteogenic differentiation [71]
circ-0006215 hBMSCs  miR-942-5p RUNX2, VEGF Enhancing osteogenic differentiation [72]
circRNA-23525 ADSCs miR-30a-3p  RUNX2 Enhancing osteogenic differentiation [73]
circRNA-0001795 hBMSCs ~ miR-339-5p  YAP1 Enhancing osteogenic differentiation [74]
circ-ITCH hBMSCs  miR-214 YAP1 Enhancing osteogenic differentiation [75]
circRNA-Smg5 BMSCs miR-194-5p  B-catenin Enhancing osteogenic differentiation [76]
circRNA-124534  hDPSCs miR-496 B-catenin Enhancing osteogenic differentiation [77]
circRNA-AFF4 BMSCs miR-7723-5p PIK3R1 Enhancing osteogenic differentiation [78]
circ-0026827 hDPSCs miR-188-3p  Beclinl, RUNX1 Mediating cellular autophagy and enhancing osteogenic differentiation [79]
circRNA-vgll3 ADSCs miR-326-5p  Integrina5 Enhancing osteogenic differentiation and bone mineralization [13]
circRNA-SIPA1L1 DPSCs miR-617 Smad3 Enhancing osteogenic differentiation [80]
circRNA-0062582 hBMSCs  miR-145 CBFB Enhancing osteogenic differentiation [81]
circRNA-0006766 hBMSCs ~ miR-4739 Notch2 Enhancing osteogenic differentiation [82]
circRNA-0074834 BMSCs miR-942-5p  ZEB1, VEGF Enhancing osteogenic differentiation and vascularization [83]
circ-0006859 hBMSCs  miR-431-5p ROCKI1 Inhibiting osteogenic differentiation [66]
circRNA-006873  hBMSCs ~ miR-142-5p  PTEN/Akt Inhibiting osteogenic differentiation [84]
circRNA-0003865 BMSCs miR-3653-3p GASI1 Inhibiting osteogenic differentiation [65]
circRNA-CDRlas hBMSCs  miR-7-5p WNT5B Inhibiting osteogenic differentiation [64]
circRNA-28313 BMMCs  miR-195a RANKL, CSF1 ~ Promoting osteoclastic differentiation and relieving the inhibition of CSF1 expression [67]
circ-0008542 RAW264.7 miR1-185-5p RNAKL Enhancing osteoclastic differentiation and bone resorption [14]
circ-Hmbox1 mBMMs miR-1247-5 RANKL Inhibiting osteoclastic differentiation [61]
circRNA-009934  Raw264.7 miR-5107 TRAF6 Enhancing osteoclastic differentiation [85]

rDFCs: rat dental follicle stem cells; the other abbreviations are explained in the footnote to Table 1.

642b-5pFImiR-483-3p F4ZEAEH, circ-000685943 | 15 miR-
642b-5pMImiR-483-3p I B %455 HEME A HE EFNA2FI
DOCK3/ 35, HEMHM I Wntf5 S8 #%, 155 7 T 4ai
HrALRETT . YUSE B FE 4 e s A R A
circ-00166241 4 F8miR-98 1) F ik /K T, ikl T
HIEA & 45 H (bone morphorgenic protein-2, BMP2) [¥)
FIk, W T A E A RE Sy o R IR T
G2, MIZE7 % BlcircRNA AFFAfE#S 5 miR-7723-5p%%
&, I OB T BE ML i B A= G Bl . X EERFRL IR K
W circ-0006859 ., circ-0016624 ., circ RNA AFF4%
circRNAT] BECAIAYT B BTB A P TERE Ao

() BF, E-1 BT A 14 Bl A2 v, OCry 43k A5 2 m

i, B9T & I miR-506-3pRefe Il il 1% b T4 A% K+ 149
215 (nuclear factor of activated T-cells 1, NFATc1), 1
NFATCREB A F T4l OC/r 1k . [Flitcirc-UBAP2
AERZ & £ miR-506-3pifE 4 BI/E R, #1HImiR-506-3pHY 4
YO, I Mecire- UBAP2RE WS i i miR-506-3 p it
OCH b 4 00 ] - 412 32 -1 T MR WAL, o s 2 J i A A e g
FEo [FFERY, miR-195aRES3:XF CSE-1( 4l 1M CSF-1/&
e B R 2R S 1] O C A Ak i TE B4R R IR 7, i
circRNA-28313fE1F 9 ceRNA 5 miR-195akH H. 4545, fit 4
miR-195a%f CSF- 1R, {2 1k CSF-11) KA FOC/H 1k,
ey B G RR R GBS R K I RAW 264.7
20 7E DY A7 T 1) B R Ay Ak S B R ) cir cRN A



268 DU (B2 )

55 554

miRNARFRIEHE, 5T 25 F RIBRNAZ B A AHSCHE 53
MrA T circRNA-miRN A f) 3L 1k W 2%, 45 4L R
circRNA-007873. circRNA-010763. circRNA-0156225
miR-1032Z [H] B FRIBHC, BARE A FEiff— L1k, 2
WA /R circ RN A -miRN AT 9 46 7 1% -4 431k LA
A R S A g B A o ) EE A

ok 6 22 119 /=7 3 RN AT T Al cir RN AT 51 AF 5
Bl 2B, KA Y circRN AT B A miRN ATE B RS P2
TR & AR R R P 2 e bRk, HATE A £
WFFEIEM 1353 cireE RNA FImiRN ATE B ST A B0 TP AT
FEPEFEVE R, (AR K (Y circRNA FImiRNA 1Y 5238
15 B AE R B 25 S R SRR B B B, AT ) 1 FH B G 4
HUHAAT REifE— R, JF BLE XX 2circRNA-miRNA
FA IR R 25 A B IS RE A 35 B FRAT T 2 B B il 30
WA YRR S, SRR B BB A S AR R 2R
PR TS AT B B PA R IR
2.2 circRNA-miRNA 5 BFEL %

B A S — 20 LR st A i, 1t T OC B AN
T RERENT, BN - B I B R A, 1 SRR, ()
i e S R e, A I PR A AR A
oA, A A B S 2R S 28 R SR IR AR
4, 5 R 2232 RN I AERE AR . ™ B Y R AL
o S H RE AR TIRYT, (H 2 X My P T Tk
ZARFFOCH LA R 1) R R Ui I ANE L PRI
AT fif B ARG 1 & A & R RO CAr Ak FNA T 1 ) g ) 17
AL T A IR T A R LT,

— LB 5 F I miRN A FIE B AL 2 (B 77 7 SR, 38
RSS2 rP TR DGCRS Fl Dicer i ol # A GO2 4% 1%
XTmiRNARIE AL, B8 FIAT D RE 2 0 Z Ry B K 25 7
FOCH kR 132 o PR AR % FE R/ N B rp it — b
13BN IE, SR T Dicer B /N R R T 52 B9 hif
PRI o XAt B AR R B R 9 B3 1 A ] A A
(peripheral blood mononuclear cell, PBMC ) it % B /7 Al
B VL ARG RN % 5 it [F7 ZR AR 12 20 AT (isobaric tags for
relative and quantitation, iTRAQ) #5 F /R 123 %
miRNAFI 73R &R T 22 5 ERGA™, FItkmiRNA
A PR R T EEEM, R % FcircRNALS
miRNAZ [ % Y] I R, X S/ Wb & A % e
HHFE Y miRNA T 637 B circ RNAA SOV . BF
FE 7R TE R AL S8 G S I PUL I R A BRI,
PU.1REWG M 1 SE A58 7 LA H3K27 £ WAk R i
H3K4 P HAk, fEJENFATCLRF IR, i PR 40 53 Ak hE
SHOCH, i EVAT WFFE 7R PULTAY 265 R P2 2 AH B Y

circRN AR IS, — 5 1 circ-SPITRENS 5 BHPR R IR IH
eIFAA TAH FAE AT HS BT PU LB 3K, 55— THi cire-
Snx5 1] LAVE Ky miR-544 10 16 258 08 55 miRN A A 5 () 40 A A
5 SAL S K 16 PUTE PR A1

R X0 Bl A ok — 2 DL 1 B PR 5 £ B s T
i A TE A A B B, BT — B RE RS E Y AR AR K
BE, B2 W 5 1 IE T MUS T B
B AR BB R AT K circ RN A-miRNA R 45 F T 57
REASTS WY FATHF A RIS W0 431w s W I I ™
HAFERE NS, RS 25 X HA A a7 AT B BT At

3 RBEFREE

ARICLER T circRNA . miRNATEZEW 5t Hh H4E A,
[F] B B R AT 2R T cire RNAAE A miRN A VRS B R 354 12 8
FEHLH A circ RN A-miRN A R0 25 78 38 5 1 5 98 1 72 il
- BTG S AR AR P R B S T
SN AR IE R AT L RS I BE MR 2
KEEMWE L, BUBE S S EE RS S5 &R
BAS | B AR B . BEE EE P RO R T, R
1 1) circRN A FImiRN A A 41 i A= BRI 20 (14 98715 B 1
KA, I EIE ST B ST B ot ) 5 Y
VR H B IS B R 5 R TS R B R
EPEIF ARSI AR 22 circE RN A FImiRN A 4 25 SEPE 5K, [7]
it circRNA A] 38 i3 5 miRNAM B.45 4, i &R EAH
S A EEEVE R o 38 BN AR circRNA-miRN AT 75
WZA7 B I 5E B TR AR R DR 1) & A K R et e e
B, RIS XoF 3 97 1) IR B T8 T A S04, 295 1 Bl
AR EIFE SEM . RIEE X circRNA-miRN AT 7 4%
WA IIRTT 7 A A BB LT A % TR IR T AL
o MZ, A TS S EEB ISR Y circRNA-miRNA
PAT 45 A B T A B B2 W, XHBOR B9 IR T RS
AAHEER N,

* * *

FEERESH 22OUR AT ST E ARG S 1E, R0 515718 S0 8
AN S SR, 2% OOT R BRI AT DRI AR 4
BESTIR B 15 S R 15 2 S 1R, R IUA SR ST SRARIRL, AT |
WEFTT H A PEEEPTIR . B A S S A SR A EEC A
7] BA SCRE RS EAAC T, ELRRH B e R B A HEAT I & TE A, I () ke
TARRIPAT T 5T
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