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Research progress of competing endogenous RNA in bronchial asthma

HE Shanchuan, QIAN Fenhong*
( Department of Respiratory and Critical Care Medicine, the Affiliated Hospital of Jiangsu University, Zhenjiang 212000, China)
[ Abstract]  Bronchial asthma is a chronic inflammatory disease characterized by airway inflammation, hyper-
responsiveness, and remodeling, which are manifested as recurrent wheezing or coughing and chest distress. Recent studies
indicate that IncRNAs and circRNAs competitively sponge miRNAs via microRNA response elements, form a competing
endogenous RNA regulatory network, and therefore regulate post-transcriptional gene expression and play a major regulating
role in the development and progression of asthma. This article reviews the mechanisms of ceRNA and its effects on asthma.
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W 2, mRNA (R IncRNA I cireRNA 7] E
KN IEPE miRNA 43 F U4, 3 miRNA 45607 5
TEAPELE A A R A miRNA A I 8 92 35 R 63807
FEAEIRRAE O M55 9595 RO PRI 55 22 P vh & 75
EEMEH, UL ceRNA R AL B 32 7 27 g
TR R A TR A

1 ceRNA B HLHIHEA

miRNA & — KB R A 20 ~22 MEIT IR H
HLA 78 7 53 5 7K 7 8 45 36 TR 3% 3k T g 1 A G 1%
RNA, miRNA 7] 5 H 0 mRNA A9 37 3 JF 19 X
(untranslated region, UTR) 4% &, 5 ZCH 15 400 ) A1
(5%) mRNA F& %, miRNA J¥ % 7T 4 ( miRNA
response element, MRE ) J& #§ mRNA . IncRNA
circRNA 25 HA 2B AU 1) RNA #4524 |5 miRNA H.
AMEZE A B —BUF 3, OR8] H bRt
KD 78 ceRNA JASEHLE H , MRE J& 4% Ff
RNA % 5 728 32 i B9 1 A, mRNA | IncRNA | circRNA
SR SEARY A I MRE A S0 B S 7 IR,
B HA AR MRE A9 RNA i i3 v 4 Ph 45 S AR )
) miRNA K% miRNA #1 mRNA A BKFE,
ARG LR ) R 45 X 4% . Ebert 55817 438 A T4 0L
A ZAHIE ) MRE 749 miRNA“ 4587 RE 0845 5 HL
BRI H miRNA DIEE, 1 ceRNA FE AL S5 A
TA BB miRNA “ 62407 KB [, 7] 88 ) 45 &
miRNA F- 406l miRNA (5936 1, B DA gl #5798
PE miRNA 7345

S b AT 605 MRE FF 41K RNA 555548 (£
35 mRNA) ¥ A {5 ceRNA | I3 1 5 G P 45 45 [
—Ff miRNA 2045 H (198125 K F5) Horf IncRNA
Al cireRNA /EA ceRNA B2 8 SE B0 1ESE . IncRNA J&
—RRKERT 200 MEITIR A H A g 85 1 5 )
AERY RNA 431, MY Z 5T 2B, IncRNA 7 R AE
JNE A B A 0 e R A B S A B R v
RAF PR N R R A AR RN R G gi
TR IE AT, A BFFE IR IncRNA 7ERE MG AR/ i
it A R B AT AEAL S T VE A ceRNA R 54
VR, SRR IER Y cireRNA &2—2K M &
IRAESAYS RNA , K A 7E T A% A i e sk i,
SEEFEME R G RENERHEEY, AT
circRNA AR5y W % R AN g A, HLBAAS 40l 4
T2 MRE JP, B4k RNA 401 30 34 I FF
MR ceRNA TIfE" , Hansen %511 %@ 1 —

FIFR A CDR1as(/NEAEPEMCE F 1 R LY,
AR ¢iRS-7) 1) cireRNA , 16 H ¥ %1 A it 60 4
miR-7 45 & 7 15, AT W FfF miR-7 & 4% < o Y5 Pk T
4 VR, W miR-7 Y 6 Pk, 7E BE D S 5
CDR1as AZSLT “ R BR miR-7" A4 5 2CBELAS T A figi
RHE . WEIREI, A Y Yt i e
X FE A cireRNA, 155 16 4~ 1] 454 miR-138 1)
MRE, fig 4% f1 % ¥ miR-138 f9 3 351 H #i
circRNA T HIESSAE O LT a4 PRI F2
RRPE ST R g T B miRNA 4> T4
Tifg,

2 ceRNA AEXSEERNZE LR

2.1 ceRNA FESEFFIAMILIE

SGE 1 WL 40 B (airway smooth muscle cell
ASMC) S 11 75 22 20 5B 43, ASMC 3 JiE 3 =
AT, 25 3 35003 19 JEE A AR 78 B 28 <03 BH 2,
ASMC 7€ W% By 12 P BH %€ # il % 5 ( chronic
obstructive pulmonary disease, COPD ) &5 & 1 ' W% &
P 1 S B YR A AR b B G EEYE . e
LIRS, ASMC HH 52 31145 25 4 M IR 5~ A9 08k, Ak
T2 T T R B 7 8 RSO R ASMC
AT LA b R 22 i 2 11 T L 25 28 4 PR Rk Ak A
FZHRMERAERN

HATC A 250584 7~ T4 ¢ IncRNA & 5
AMSC By 3454 . Zhang 25! & ¥ IncRNA BCYRN1
AL R e R Az 2 L A A 1 SRR R
Wi B ASMC 35 AN RS, iE— 2B AEoE R 3N
B 2 1 SR B AMSC 77 IncRNA BCYRN1
IKHE I, miR-150 FIKFEAL, H IncRNA BCYRNI 7K
F 5 miR-150 1 AH 5&, RNA pull-down 5Z 5 JE 52
IncRNA BCYRN1 A 5 miR-150 4% 5 1 45 &, {12 2t
ASMC 3858 F1EEFS | i FLBR T £ &K ( Schisandrin B)
A — 3 B Lin 251 & B IncRNA TUGI
FELE W A5 78 K B ASMC H 9 83k 38 TRl i £k
miR-590-5p FRIRRFFEAR, 28 58 37 35 B whak 52 56 ik 512
IncRNA TUG1 #£i% 5 miR-590-5p £ 7 4H2% , IncRNA
TUG1 A /E N ceRNA W Bff miR-590-5p, 87 miR-
590-5p HHEHE A 1l 21 4 240 i 2 K R 1 (fibroblast
growth factor 1, FGF1) By R KK ¥, &Rk W
IncRNA TUG1 3@ 3 IncRNA TUG1/miR-590-5p/
FGF1 {2 it ASMC RYBGFH AT , I A ASMC
T, B—TF5E ™) IncRNA GASS5 7 I i 455 1
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KL ASMC HERIA7KF- TR JF A g iF ASMC 357
IncRNA GAS5 BEMEH miRNA ¥ 43 W2 B miR-10a, ¥4
i D A 255 57 I F- (brain derived neurotrophic
factor, BDNF) B % 15, miR-10a fE B #4545 BDNF
19 3'%i UTR X, 41| BDNF ik i B2 IK 1) miR-
10a A 22 24535 S 1 ASMC 3 5 ik /1> 50% , 1
0] miR-10a ffi ASMC 3458 g J1 38 0 40% , RA
IncRNA GAS5 RE$ & miR-10a (93K BK I B E
fRIHE B BDNF (3835, i ASMC BY3851 , mfik
IncRNA GAS5 5 [l 19 W7 Wi /s BR8Pk B
REAL

TENORIE ) ASMC H R BEAETE ceRNA AL
il Perry 517 HZAE AR A4 N FH HiL ZE KB RN IR 4 1M 55
B3 N ASMC J5 , H: mRNA .miRNA I IncRNA (1)
ki K AP A 4 Fh IncRNA ( RP11-46A10. 4 .
LINC00883 .BCYRN1 #i1 LINC00882 ) ik i, i
X 48 IncRNA 7] {E } H b7 miRNA 4+ ( miR-150,
miR-371-5p .miR-940 F miR-1207-5p) K43 T 43
RYEVEEME T, Hoh IneRNA BCYRNT F1 miR-150 f
FHEAEFC R CAE S B ARL rp B e 52, il /A U5
A K R F ( platelet-derived growth factor, PDGF) 4§
B 2225 S ASMC 3o B B 5 | A E S
HE M Lin %4 ] PDGF-BB 4 3 A ASMC
J&, & B IncRNA MALAT1 33k & 84 fn, Jf 42 fiff
ASMC BT FIIE RS, 2¢ 0 R il 4 15 52 30 ik 52
IncRNA MALAT1 5 miR-150 7780 [ 45 & V60, i
miR-150 W %8 ] § 3%F d 4h B 7 4E ( eukaryotic
translation initiation factor 4E , eIF4E ) &7 =EEH
Akt FBERR fL K F . B IncRNA MALATI W] 38 i
miR-150/elF4E i % 7 ] ASMC 34 5% flif 5%, Liu
Z2130) 4 71 IneRNA LINC00882 7£ PDGF &b 3 i) A
ASMC H7 5 25 2634 IncRNA LINC00882 7] 5 miR-
3619-5p 45 & I 7 P I 5 miR-3619-5p 1 % ik,
miR-3619-5p # 1] B-i% ¥ & [1 ( B-catenin ) I 7
ASMC (/3858 . "I IncRNA LINCO00882 NI i 2% b
T ASMC (35, X K W] IncRNA LINC00882
18 1 W% BfF miR-3619-5p {2 ASMC H458
2.2 ceRNA iz CD4'T 8 598 R [

HETIASH CD4™ T 41 i 2 2 g /<38 4% 4E 1) 8 22
Z5&Y ) ARPEETR I RER AR AR CD4™ T 41
043 A B T 408 (Th 400 ) F03R T PE T 40
(Treg 1) %5, Th 4] HE— 25473k Th 4
Th2 20 AN Th17 40H855 I RE, oT 2 4% I 41 i R 1

Z 50 R

Th2 BYZHAE A F (40 1L-4 IL-5 1L-13 55) 7E %
M RAE PR ERC )2, TR
AR Th 41 Th2 408 A5k 520 Th BUAT Th2
RV R 72 A, Th2 40 A B S0, AT X a2 02 iy
() A2 F 2 J Al Th2 0 41 it PR 7 % il el 42 1
Th1/Th2 LCAE R REAT B 28 A 27 i AH OC 989, — 0t
H B Liang %5 BOBESE A T 772 15007 Wi 3 A
441 fofg R xs B g 7ERE M 2H R 5 SN I CD4™ T 4
i G I 3 7 #3819 IneRNA MALAT1 AUk 1Y
miR-155, IncRNA MALATI #357K°F 5 Th1/Th2 It
{8 B 5% 57 T T-bet/GATA3 B 2 A AH G2, T
miR-155 F3A/K 15 Th1/Th2 H(H I T-bet/ GATA3
FOAE S IEAHE, IncRNA MALATI 5 miR-155 &£k
gihy, P The RYER FRRE, S5
Th1/Th2 4,

INEWFFE I cireRNA A /EN ceRNA £ 5%
Miti Th2 B JE , Huang 5% & BHE i 1 25 41 & i
CD4A™T 4 i P 4 circRNA has_cire_0005519 # fgt
ANEIEW N, H hsa_cire_0005519 357K F 5 hsa-
let—7a—5p 23k K AH 5, SEHGIE 52 hsa _cire _
0005519 35 4+PE4E A hsa-let—Ta~-5p JFAE#E IL-13 I
1L-6 23k, NI SE A M & /% o D A/, 76 W g F8 3 1Y)
A JE i B % 20 - R £ hsa_cire_0005519 &
KT

Th17 ZiffdJ& ThO i ffL7E TGF-B 1L-6  1L-23 fE
R 504677 A2 1 2 38 A% 3Z 4Kyt (nuclear orphan
receptor yt, RORyt) i) CD4" T 4 Jg V¥, Th17 40 Y
AL A3 W0 TL-17 %5 403 PR 7 & 4 5 K 1 4 5% 1
FH . Treg ZHML 2 EAT S M H DIRE R T 41 A A
HABRE T 408 55 & T RE . 78 1E & HLACIR
AF, Treg 1 Th17 AUAEAH B HEBT, 4b FP-HRRAS i
Treg/Th17 (1) 2% i 75 B¢ Wi 1) & Je vh 2 % 8 2 AE
AP, Qiu A5V HRAE , FE SN CD4T T 40,
IncRNA MEG3 7J4E K ceRNA W has-miR-17 1875
RORvyt 23k , DI 52 16 2% g £8 35 9 Treg/Th17 ~F-4 .
HAFGE A& B, 7 E G R E CDATT 40 IncRNA
MEG3 /K FHE R A W35, 1 miR-17 7KFEE
W AN, IncRNA MEG3 ik /K F 5 Th17 5
CD4'T 4 A 43 Lb IL-17 7K IL-22 /K- K RORvyt
) mRNA Fl & (17K F IE A0 ¢, miR-17 38 1o 42 7]
RORyt 45 Treg/Th17 HfH, fflk LncRNA MEG3
ATHEIN miR-17 (3R IR 7K, FFAH N Hb B fIE RORyt
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FEIRAKF, W EFE Th17 Z0HEThAE,
2.3 ceRNA BEE MR

ity W 240 A A i 96 s R il ) S5 oy, R # A
W S 36 PL I | 3 WA S IE A ot M 2 5 R g IV 2K 1 T
fE, EWEANEA 3 PR, M1 20 5 g i i HAT 4 4
YRR, M2 2 B w5 20 e B A7 e 28 A e e 1 A,
A5 PE BRI (PR g M2 RE S WE A M ) T A i
N7 S 393 PR o 8 RE 2 JE . I A i AR b T R L
KR Y], 5T B W40 MG A0 15 £k DL B ) M1 36
R AR G 1 2 S i R Pl E B T

Zhong %58 345 PM2. 5 g S H W 40 i 1] M1
RAVFE AL, IF Bl TL-6 . b 988 38 3E H F - « ( tumor
necrosis factor—o, TNF-o ) £ Z R 46 71 76 2
#& T PM2.5 (/N Bt 24 22, 885 > IncRNA 43 F
F1 142 /> cireRNA 43 B RIBKE A2, Hrp
IncRNA NONMMUT065867, IncRNA
NONMMUTO064312, IncRNA NONMMUTO18123 ) 3¢
KB i, cireRNA CBT15_circR_1011, circRNA
mm9_circ_005915 335 W2 M, i —25 70 b i
R EEAEGAS RNA 5 TNF-o 755 75— 48 1L & A Tl
(iNOS) \IL-1B IL-6 5542 & 24 s X+ F1 NLRP3 4k
IMAERE

Shang 45100 X /1N B 1% W 455 7Y 1) F 5% & BHL,
circRNA mmu_circ_0001359 /£ % miR-183-5p A
JEPE miRNA Vg4 3558 T 4% 5% 1 FoxO1 {5 5%
1) M2 A E RS ARSI S50 FTE AR S 56
R IR & mmu_cire_0001359 9 4 W 44 18 1ot
mmu_ circ _000135/miR-183 - 5p/FoxO1 fliJik /> M1
FERUA A AN K7 (iNOS | TNF-a TFN-vy ) 3k | %
RARIEIK I B E A, X I sE$E s, v] LA
FIH IncRNA 5 circRNA 4 /M A A DL ceRNA 4
7 ) 245 Sy 0L T 2 Wi A B T 0
2.4 ceRNA =SB kR 240 5 fE |2 M2

A R A0 AR R il 5 A SR B 8 A 1 B —
T B BE , R AR IE 25 F M D RE e B e S 5 RE
ey O R B AR, ORI R R -
B AR 53 W R RPN B/ T B B U 4 5 41
A SE SRR AL 5, 2 5B RAEM K £
Dai 25" RIS NI TR IR 2055 T 10 S AE R R R
FUI 2H 20 IncRNA MALATI1 23k &8 FF 55, miR-146a
ik TR TEHNR 205 5K SR AR il 48 9 /i
SN RNA fdi MALAT1 A] FEAR A SUI54%3
PE43 Al IL-6 . TNF-o  IL-1B Y #3X, [A] B miR-146a

FEIR N AL BGE S 7E BUI I B 20 i AR
Jiti 960 5 0 40 9 P IneRNA MALAT! 5 35 W% B miR-
146a P45 R AL 0L 53 W . 53— #6 & COPD
KM B FE 48 76 2 B MR SR B A B Y
AT S F AT IncRNA TUG1 %35 755,
IncRNA TUG1 i1 ¢ 5 45 & miR-145-5p {2 XL
Y5 Ik W TR B 6 ( dual-specificity phosphatase 6,
DUSP6) i3 1k , it < 40 M E R I %
JEFINSIE b Bz AN e Th B9 G058 s vy A 2 4
Mo A: o B FEEVE FH, HED IncRNA TUGT 76 i <,
E_E R A AT fE R ceRNA ZAETREMER
2.5 ceRNA 5ERMERR

e AR L= 388 43 W Wit KB 5 4 7 R e B T B R
JEATAASREAS B BRAR (IR T7 RO, L 2R s e Sy
EICPT R G . ASMC H % ceRNA I8 £ ML) AT
AE 508 R B R HEPUA OC . BEAEAF Y & B IncRNA
PVT1 76 9E H5E W2 Wi R ASMC Rk BEAIC, 764
SR E AP e R T RSB T, B
IncRNA PVT1 5 ASMC )34 58 Fll 1L-6 A i Ff A
ST Yu AR K BRI i AR R UE S IneRNA
PVT1 0] ER miR-203a /)4 F 16 43 K FEAVE T, T i)
JA7T miR-203a F 3K 7K I 1F 1] 8 57 H i i s 1A
F E2F3 (335, WIMifE E ASMC #3858 AT A% | ifi
o= 7 ik )58 52 IncRNA PVT1/miR-203a/E2F3 %
Tl ASMC (385, 55 A W55 & P IncRNA CASC7
AT g 5 0E R 0 3R ORI A D B SRR, Liu
AL A TR I R B ASMIC RS T 3 4% 2 35 Y
IncRNA CASC7, 1fif miR-21 FEik /KT Akt 3% P
i, i3k IncRNA CASC7 i i #0454 miR-21
T PI3K/ Akt {55538 [, 12 W R T 3 28 32 1A
PR AL, TSI 18 B T 2% A AUtk
2.6 E9Y{EEFETNEERIEXE ceRNA

Chen 25" 3 3 o 52 0 P 4 R 3645 Tk A 3R
T I iy S5 ™ I g R A BRI mRNA |
miRNA £ IncRNA %‘%ﬁﬁ%@}ﬁ, 1] 4 1 € has-miR-
133a—3p . has-miR-3613-3p Fl has-miR-93 -5p J& &%
it 9o 175 2 B AH 5 9 miRNA-mRNA-IncRNA %45 1 5
B miRNA . 7555 — W58 H | Liao 24 2 Gene
Expression Omnibus , StarBase , DrugBank 55 7F £& 5 4}
A B 2 T EA A I AH DG ceRNA 45
WiE T 5 4 X8 IncRNA ( MALAT1, MIR17HG,
CASC2, MAGI2-AS3, DAPKI-IT1) , 3 %F Xt %t 5 A9
ceRNA FOLGTUI T 8 F il #E 1) 25 (fh 32 2%, &
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R AEP IR M R kb e, 2 R BT, JE R
W ASFIANE) . FETH A —2E R 95 RNA £dls 1%
A LLTION 5 2 i A DG ceRNA W25 B AN [6] (1)
IMFEAT RN SR AR, HAT SR B
A3l A | A AR 5 5 R AT R S0 56 U A
i PRRFEA 4G5

3 ceRNA 5EEMGIGKIZTT

Li 21 F) F RT-qPCR G 0 182 Wi 2 2 A £
DR iy S5 AR I3 T IncRNA NEATI
A miRNA-124 [ 1k, & B 0 200k & 1R A 1
IncRNA NEAT1 £kt m T R84, HE TNF-a,
IL-1 A1 IL-17 7K Ko ™ f i S IR AH G, 5 1L-
10 7P BT RS AROC ; T miR-124 ik 5 R
PR 7K B ™ i A B 47 AH G, 55 i D g 2 1 A G
eI R A W W 2tk R R P, HRHE IncRNA
NEAT1 5 miR-124 % £ #H 3¢ 3¢ &, #E 3l IncRNA
NEAT1 A] BEJ2 38 0 0 BfF miR-124 Sk 875 & R 3£ ik

SRS I, FIREM, Ye 25 & BLIM A
IncRNA ANRIL #iA7KF5 miR-125a FiEKF-1HAH
%, IncRNA ANRIL 5 miR-125a Al 5 4 5 A 7
(TNF-o IL-1B  IL-6 1L-17 ) 7K i ) BE K 5 1% 7™
HARELAH G, H W N & A B H 1Y IncRNA ANRIL/
miR-125a AR & T2 MG E . v DIRE B2 1
Ak 0 W 5 b 4 BB i 2 e R EL A R R
ceRNA JEHE ML T84 T A H b (1 JE 45 RNA
FEIR AT 5 P A 12 i 25 55 R Al i R 2 AL 1% A
Wi £ DX 43 T ke, B0RE A Bl T 22 W L 2 W AT
T, LA K 2 Wi BEALLE A B DB 2

4 REERE

H AT 208 ceRNA W3R 1, FEEZRRTH
REAF T AR 472 AR AR W7 & J , IncRNA Fil circRNA
EL 2R [ N AMIE 58 A 30O, (HR R ] 2L 2
HATFE ceRNA BFFESTIAT A7 AE — 6 ] EATHE A5, L
WA RS T BN SR 1 2R AR AL AS 2 LA o)

R1 S5 E N EALE Y 5E A A TR RNA

Table 1 ceRNAs involved in the pathogenesis of bronchial asthma

EAAPEIEYE B miRNA  FIAREER L/ gl Bl 27 3CHik
RNA ceRNAs  miRNA sponge Target genes Species/ Cells Functions References
IncRNA
KRBl LA ASMC JEFAFIER
1 A BCYRNI iR-1 ? (23]
neRNA BCYRN miR-150 ' Rat/ASMC The proliferation and migration of ASMC
PNV R Gk ASMC AR [
IncRNA TUGI1 iR-590-5 FGF1 2]
e m P Rat/ASMC The proliferation and migration of ASMC
KRBl LA ASMC $5t
IncRNA GA iR-1 BDNF (26]
neRNA GASS miR-10a N Rat/ASMC The proliferation of ASMC
N/ SGE- LA ASMC H AR [
IncRNA MALAT1 iR-150 1F4E [29]
ne m ¢ Human/ASMC The proliferation and migration of ASMC
N/ RSB LA ASMC 2 ffd 3 5 [
1 A 2 iR-3619- -cateni [30]
neRNAOOSS miR-3619-5p  B-catenin Human/fetal ASMC The proliferation of ASMC
K/ SGEF- LA ASMC HFHFIITH [
IncRNA PVT1 iR-203¢ E2F3 [44]
ne m 4 Rat/ASMC The proliferation and migration of ASMC
P PIBK/AKT {5 5-f 5 |
NGB LA B B RPN % .
IncRNA CASC7 iR-21 PTEN ) ) 4]
ne m Human/ASMC Regulating PI3K/AKT signaling pathway ;
corticosteroid resistance
oy i )
IncRNA MALAT1 miR-155  T-bet, GATA-3 A/CD4T A Thi/Th2 - fi (33]
Human/CD4* T cell Th1/Th2 balance
A/CD4"T 41} IL-17 43 | Treg/Th17 “F-f (36]

IncRNA MEG3 miR-17 RORyt

Human/CD4* T cell

IL-17 secretion; Treg/Th17 balance

circRNA
/CD4*T 4 IL-13 F1 1L-6 ik ;
hsa_circ_0005519 has-let=7a-5p 1L-13, IL-6 A i 4 %L [34]
Human/CD4*T cell IL-13 and IL-6 exprssion
/N B M2 I 20 Y :
mmu_cire_0001359 miR-183-5p  FoxOl IR/ E A i [40]
Mice/macrophage M2 macrophage activation

97 B SR B AGE

Note. “?’, The corresponding reference do not point out the specific target.
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miRNA [ 7% 4, H A 2 ceRNA 1Y 3 B2 42 3 T 48
miRNA ()3 B A G ] miRNA 2R ; L5 A
R R IR Ty ik i, IF AN e LS R N AAR YR
AT ceRNA AEHT 5 BTS2 50 i+ AT A7 M R0 55 5
ZAFR BRI, ceRNA 32 BLAE O BIF 78 A 13 Jmy B T 2
AN H AT 22 it 58 A7) 45 B8 e 40 i 2 BB BT 5 K
V- T EEAE S AR G PR S5 e rh A5 B 90k, A
mRNA Al i ceRNA HLHIBA B miRNA A 44 454k
FH B 75 0 iy A9 00K 1 e &

25 LR , ceRNA fBCid i 8 th 4 8 T 5% 5% 57K
-3 PR R PR B AL, X F ceRNA 1814 1 4% 1 A
FAs T HAEGIR M LR R REEAEN, BRI
MR E 43R LA IncRNA BCYRNI  IncRNA MALATI
AR FENAEGIS RNA 72BN A 2R (HAH
BT B9 TR, 7F S8 W Wi AL R B 5 b K
ceRNA [BFFEARXT /0, Bl 5 XFAE 4 RNA AH G
G IIR A, BOR R 22 ) miRNA | IncRNA | circRNA
HE 2 BT A Sk ) 0 Wi 15 L 1) 6 A 50 IR
STRIHE AT . DL ceRNA 845 W 45 S #ILAR 1 36 7 SR I
A B RCAIRTT VNG RRTE RS BT

SE k.

[ 1] AR o PRI 2 o 2e B 2 2. S B s B YR 48 B
(2016 4FfR)  [J]. HAEGEAMIFR R, 2016, 39(9):
675-697.

[ 2] Huang K, Yang T, Xu J, et al. Prevalence, risk factors, and
management of asthma in China; a national cross-sectional study
[J]. Lancet, 2019, 394(10196) . 407-418.

[ 3] Salmena L, Poliseno L, Tay Y, et al. A ceRNA hypothesis: the
Rosetta Stone of a hidden RNA language [ J]. Cell, 2011, 146
(3): 353-358.

[4] Tay Y, Rinn J, Pandolfi PP. The multilayered complexity of
ceRNA crosstalk and competition [ J]. Nature, 2014, 505
(7483) . 344-352.

[ 5] Thomson DW, Dinger ME. Endogenous microRNA sponges:
evidence and controversy [ J]. Nat Rev Genet, 2016, 17(5):
272-283.

[ 6] Fabian MR, Sonenberg N, Filipowicz W. Regulation of mRNA
translation and stability by microRNAs [ J]. Annu Rev Biochem,
2010, 79. 351-379.

[7] FEbet MS, Neilson JR,
competitive inhibitors of small RNAs in mammalian cells [ J].
Nat Methods, 2007, 4(9) : 721-726.

[ 8] Wei MM, Zhou GB. Long non-coding RNAs and their roles in

[J]
Bioinformatics, 2016, 14(5) ; 280-288.

[ 9] Mathy NW, Chen XM. Long non-coding RNAs ( IncRNAs) and

Sharp PA. microRNA sponges:

non-small-cell lung cancer Genomics  Proteomics

their transcriptional control of inflammatory responses [ J]. J Biol

[11]

[14]

[16]

[17]

[20]

(21]

[22]

[23]

[24]

Chem, 2017, 292(30) . 12375-12382.

Sun R, Wang R, Chang S, et al. Long non-coding RNA in drug
resistance of non-small cell lung cancer: a mini review [J].
Front Pharmacol, 2019, 10 1457.

Yu W, Li D, Ding X, et al. LINCO0702 suppresses proliferation
and invasion in non-small cell lung cancer through regulating
miR-510/PTEN axis [ J]. Aging (Albany NY), 2019, 11(5):
1471-1485.

Wu F, Mo Q, Wan X, et al. NEAT1/hsa-mir—98-5p/MAPK6
axis is involved in non-small-cell lung cancer development [ J]. J
Cell Biochem, 2019, 120(3) : 2836-2846.

Zhao X, Sun J, Chen Y, et al. IncRNA PFAR promotes lung
fibroblast activation and fibrosis by targeting miR-138 to regulate
the YAP1-twist axis [ J]. Mol Ther, 2018, 26(9) : 2206-2217.
Kulcheski FR, Christoff AP, Margis R. Circular RNAs are
miRNA sponges and can be used as a new class of biomarker
[J]. ] Biotechnol, 2016, 238, 42-51.

Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a
large class of animal RNAs with regulatory potency [ J]. Nature,
2013, 495(7441) . 333-338.

Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles
function as efficient microRNA sponges [ J]. Nature, 2013, 495
(7441) : 384-388.

Tang CM, Zhang M, Huang L, et al. CircRNA_000203 enhances
the expression of fibrosis-associated genes by derepressing targets
of miR-26b-5p, Colla2 and CTGF, in cardiac fibroblasts [ J].
Sci Rep, 2017, 7. 40342.

Jiang G, Ma Y, An T, et al. Relationships of circular RNA with
diabetes and depression [ J]. Sci Rep, 2017, 7(1): 7285.
Zheng F, Yu X, Huang J, Dai Y. Circular RNA expression
profiles of peripheral blood mononuclear cells in rheumatoid
arthritis patients, based on microarray chip technology [ J]. Mol
Med Rep, 2017, 16(6) : 8029-8036.

Halayko AJ, Amrani Y. Mechanisms of inflammation-mediated
airway smooth muscle plasticity and airways remodeling in asthma
[J]. Respir Physiol Neurobiol, 2003, 137(2-3) ; 209-222.
Perry MM, Baker JE, Gibeon DS, et al. Airway smooth muscle
hyperproliferation is regulated by microRNA-221 in severe asthma
[J]. Am J Respir Cell Mol Biol, 2014, 50(1) . 7-17.

Zhang XY, Zhang LX, Tian CJ, et al. LncRNAs BCYRNI
promoted the proliferation and migration of rat airway smooth
muscle cells in asthma via upregulating the expression of transient
receptor potential 1 [J]. Am J Transl Res, 2016, 8(8): 3409
-3418.

Zhang XY, Tang XY, Ma LJ, et al. Schisandrin B down-
regulated IncRNA BCYRNI1 expression of airway smooth muscle
cells by improving miR-150 expression to inhibit the proliferation
and migration of ASMC in asthmatic rats [ J]. Cell Prolif, 2017,
50(6) : e12382.

Lin J, Feng X, Zhang J, et al. Long noncoding RNA TUGI
promotes airway smooth muscle cells proliferation and migration

via sponging miR-590 - 5p/FGF1 in asthma [ J]. Am J Transl



o P AR R AR 2021 4E 1 4531 545 18] Chin J Comp Med, January 2021, Vol. 31,No. 1

119

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

Res, 2019, 11(5) . 3159-3166.

Hu R, Pan W, Fedulov AV, et al. microRNA-10a controls
airway smooth muscle cell proliferation via direct targeting of the
PI3 kinase pathway [J]. FASEB J, 2014, 28(5) : 2347-2357.
Zhang XY, Tang XY, Li N, et al. GASS5 promotes airway smooth
muscle cell proliferation in asthma via controlling miR-10a/
BDNF signaling pathway [J]. Life Sci, 2018, 212.: 93-101.
Perry MM, Tsitsiou E, Austin PJ, et al. Role of non-coding
RNAs in maintaining primary airway smooth muscle cells [ J].
Respir Res, 2014, 15(1) . 58.

Ingram JL, Bonner JC. EGF and PDGF receptor tyrosine kinases
as therapeutic targets for chronic lung diseases [ J]. Curr Mol
Med, 2006, 6(4): 409-421.

Lin L, Li Q, Hao W, et al. Upregulation of IncRNA malatl
induced proliferation and migration of airway smooth muscle cells
via miR-150-eIlF4E/Akt signaling [ J]. Front Physiol, 2019,
10 1337.

Liu Z, Mei L, He Z. Long non-coding RNAO0882 contributes to
platelet-derived growth factor-induced proliferation of human fetal
airway smooth muscle cells by enhancing Wnt/B-catenin
signaling via sponging miR-3619-5p [J]. Biochem Biophys Res
Commun, 2019, 514(1) . 9-15.

Muehling LM, Lawrence MG, Woodfolk JA. Pathogenic CD4* T
cells in patients with asthma [ J]. J Allergy Clin Immunol, 2017,
140(6) : 1523-1540.

Lambrecht BN, Hammad H, Fahy JV. The cytokines of asthma
[J]. Immunity, 2019, 50(4) . 975-991.

Liang Z, Tang F. The potency of IncRNA MALAT1/miR-155/
CTLA4 axis in altering Th1/Th2 balance of asthma [ J]. Biosci
Rep, 2020, 40(2) . BSR20190397.

Huang Z, Cao Y, Zhou M, et al. Hsa_circ_0005519 increases
IL-13/1L-6 by regulating hsa-let—7a—5p in CD4" T cells to affect
asthma [ J]. Clin Exp Allergy, 2019, 49(8) . 1116-1127.
Ding F, Fu Z, Liu B. Lipopolysaccharide exposure alleviates
asthma in mice by regulating Th1/Th2 and Treg/Th17 balance
[J]. Med Sci Monit, 2018, 24 3220-3229.

Qiu YY, Wu Y, Lin MJ, et al. LncRNA-MEG3 functions as a
competing endogenous RNA to regulate Treg/Th17 balance in
patients with asthma by targeting microRNA-17/RORyt [ J].
Biomed Pharmacother, 2019, 111 386—394.

Korf JE,

reprogramming by mycolic acid promotes a tolerogenic response in

Pynaert G, Tournoy K, et al. Macrophage
experimental asthma [ J]. Am J Respir Crit Care Med, 2006,
174(2) : 152-160.

Zhong Y, Wang Y, Zhang C, et al. Identification of long non-
coding RNA and circular RNA in mice after intra-tracheal
instillation with fine particulate matter [ J]. Chemosphere, 2019,
235; 519-526.

[39]

[40]

[41]

[43]

[45]

(48]

Zhong Y, Liao J, Hu Y, et al. PM2. 5 upregulates microRNA-
146a-3p and induces ml polarization in RAW264.7 cells by
targeting sirtuinl [ J]. Int J Med Sci, 2019, 16(3) : 384-393.
Shang Y, Sun Y, Xu J, et al. Exosomes from mmu _ circ _
0001359-Modified ADSCs
signaling-mediated ~ M2-like

attenuate airway remodeling by

enhancing  FoxO1 macrophage
activation [ J]. Mol Ther Nucleic Acids, 2020, 19 951-960.
Dai L, Zhang G, Cheng Z, et al. Knockdown of LncRNA
MALAT!I contributes to the suppression of inflammatory responses
by up-regulating miR-146a in LPS-induced acute lung injury
[J]. Connect Tissue Res, 2018, 59(6) : 581-592.

Gu W, Yuan Y, Wang L, et al. Long non-coding RNA TUGI
promotes airway remodelling by suppressing the miR-145 - 5p/
DUSP6 axis in cigarette smoke-induced COPD [ J]. J Cell Mol
Med, 2019, 23(11) : 7200-7209.

Austin PJ, Tsitsiou E, Boardman C, et al. Transcriptional
profiling identifies the long noncoding RNA plasmacytoma variant
translocation ( PVT1 ) as a novel regulator of the asthmatic
phenotype in human airway smooth muscle [ J]. J Allergy Clin
Immunol, 2017, 139(3) . 780-789.

Yu X, Zhe Z, Tang B, et al. a-Asarone suppresses the
proliferation and migration of ASMCs through targeting the
IncRNA-PVT1/miR-203a/E2F3 signal pathway in RSV-infected
rats [ J]. Acta Biochim Biophys Sin ( Shanghai) , 2017, 49(7) ;
598-608.

Liu JH, Li C, Zhang CH, et al. LncRNA-CASC7 enhances
corticosteroid sensitivity via inhibiting the PI3K/AKT signaling
pathway by asthma [ J ].
Pulmonology, 2020, 26(1); 18-26.

Chen Y, Mao ZD, Shi YJ, et al. Comprehensive analysis of
miRNA-mRNA-IncRNA networks in [T].
Epigenomics, 2019, 11(2): 115-131.

targeting miR-21 in severe

severe asthma
Liao Y, Li P, Wang Y, et al. Construction of asthma related
competing endogenous RNA network revealed novel long non-
coding RNAs and potential new drugs [ J]. Respir Res, 2020,
21(1): 14.

Li X, Ye S, Lu Y. Long non-coding RNA NEAT1 overexpression
associates with increased exacerbation risk, severity, and
inflammation, as well as decreased lung function through the
interaction with microRNA-124 in asthma [J]. J Clin Lab Anal,
2020, 34(1): €23023.

Ye S, Zhu S, Feng L. LncRNA ANRIL/miR-125a axis exhibits
potential as a biomarker for disease exacerbation, severity, and
inflammation in bronchial asthma [ J]. J Clin Lab Anal, 2019,

34(3) : €23092.

(Y 7E HHE7)2020-05-11



