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Functional Properties of Enhancer RNA and Its Important Regulatory Roles

in Human Diseases

LI Xing, MENG Zixing, LUO Qineng, LIAO Qi*
(Health Science Center, Ningbo University, Ningbo 315211, China)

Abstract Enhancer is a region of the genome that can recognize and bind to transcriptional regulatory
proteins, and is involved in the gene transcription process as a cis-regulatory element together with promoter.
Enhancers, in their activated state, open local chromatin and expose DNA mores to attract transcription factors,
thereby further recruiting RNA polymerase to produce a class of non-coding RNA—eRNA (enhancer RNA).
eRNA can promote the remote interaction between enhancer and promoter-specific chromatin to participate in
gene transcription regulation, or combine with regulatory proteins such as transcription factors to promote gene
transcription. eRNA has a variety of functions and regulatory mechanisms, and thus plays important roles in
many biological processes such as cell development and differentiation and disease development. In this paper,
the characteristics, function, identification and database resources of eRNA, as well as the functional role of
eRNA in human neurological diseases, cancers, immune metabolism diseases and cardiovascular diseases are
systematically reviewed, and the future research direction of eRNA, as well as the possibility as potential thera-
peutic targets in diseases and the existing challenges are discussed.
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S RN R SRR R OB P IR, A A
WAV 2 I EDNATC A R A E - B A . i
VAT 0 A B4 22 RT3 i 1) S8 305 DA B H Atz vy 14 55
TCAF (a3 s 1 AT ER T4 . o, B 0R T2 S5
F Al %% 5% [ 1~ (transcription factor, TF)45 & ) DNA
TOAF, Ar TR DR AR 5 X Jak, B A R P 1 s )5
ik, U gt R E . R TR TSR
BT NS 5 IR B LB R e s

BB TAEBOERIRE T, FIIF R g i - 2
DNAZ 7 LIWR 5] TF, Mt — 0 11 55 RNAR & iy
(RNA Pol 1I), {3581 5% I L JE S RNA, 1X K
RNABFR NG 5% 7 RNA(ehancer RNA, eRNA)?., [ifi
FHHED S S FPER R R, BF9E K30 eRNATE N 2R
AN AN R EAAE, HEA ZMAEYETEE, LA
A L A 47 10 B A e B A DR A SRk B, el
eRINAH 1ot WY A b 3248 £ 19 - i 1 15 2 DR e ok A
H45% T3 2l (enhancer-promoter, E-P)M &5 #41; it
R K T-CP300/p300F1 RNAP ITE #1% 5 E-PH I
BB G 5 TR FH 25 1(Yin Yang 1, YY1)]45
A IR AT G 0T sk T AR e B R R ILSE . eRNA
TENBAFHLMAN R E h EAAFEPRIEE,
15 22 T 240 0 248 28 v 7 - o ) 98 ) R R (1) 2R 1 Y
HIRUS, FERESEF , eRNA R4 & B F4r1b
FHIRIMZE R, R ARV AE VR T A0 IbAh, ST
I 14 R 2 B 43 #T(genome wide association study,
GWAS) 4 i 3038 58— 1 EE 2 38 5 A3 AT R TRAZ )
F X A 00 B IR AN 4, (quantitative trait locus, QTL)
II BT IR NG 9T 208 P RRERG #7320 (6.8+1.5)%
AL U, 0 Ui eRNATE NS 2 44 N
fil R EEAER

SR, HETR T eRNAMBE A AL, K5
eRNAK)ZhEEMAE ISR A B, A, eRNARIZR
AN REWE FU A — AN B EE M U . AR SRR
eRNA S5 Dy Redr mi B0 B2 IR S HAE B9 U H
S PR ZR GURIERE H (1) D e A FH ) SR ik 7 ik Fe AR
—ZRIR, F PR eRNAYE N E A Yhs S AR 16
I 58 KU AT BE At LSRR RAIE T — 877 1] .

1 eRNARYFFIEFNINEE
1.1 eRNAHEMHIER TR

H AT, DNAJGHFH % 4: 5(the ENCyclopedia of
DNA Elements, ENCODE)!"), Iy 3, 5} 45 5] 21 Bk

(the ENCyclopedia of DNA Elements, FANTOM)®' Al
FENL2H 27 5 28 &1 1Kl (Roadmap Epigenomics Mapping
Consortium)!"1IT H T2 75 A [] 7 240 i A1 2 23 Ao il
FIEA TG 5R T . FAE20104F, KIMAEMIAE 5T K
I 57 AT OB B 5 Y — SR I AR Y RNA——
eRNA. 5HAf IncRNAEE mRNAAILL, eRNAHA
JUAN SRR FRFAE © eRNA I 151 % 20 255 (1 F R Ak B 1
) 3G 9 DX IR 1) 3 sge 7 A, DR ke B A s K 1Y
H3K4mel MTH3K4me2 &1 119, 5 mRNAMEL, K2
£ eRNAKEL (2979500 bp) HAEZ RIEH IR, A2
BN BAFAET AL A U7, DB A 5 TR
PEFE S A2 eRNA A (5 Kb), HRAEZ IR
TR . FEZ R R IR eRNA 32 SR A 2
VAEEAERT, T AAAE T 20 B A Hh 0 SE A E 1 SR R IR
HeRNAN AT AE S Ui o R H5 4
1.2 eRNARJIFTIHLHI

eRNAFE T IR Y RNA, THFEHLHIR 2
Forb gz AT ) — B R L R SR /RS e
E-PYtOJfi 3R, W70 K I, eRNAF BT 53 % H
FIe i E-PH ) B A8 A R AL #EmRNA R %121, [A]
FE, Ge a5 A8 BAE AT FCUE B, 5 8 0 g B ik (A
JA BT A I 5T BT B ) eRNAK IS, AT I
eRNAXS E-PHHITE R HE . JAk, eRNAIER]
TV BUJRS #8 RIAME HE 3G 538 1 5 J5 ) 1) (R e e PR
o B AR, AT 5 = 4 DR A o (1 % € 5 1y
SRR, ST IS IR PR T B2 4 ) BROBE AR op
HS5-148 58 7 [X 457~ 4 ) eRNA PEARL(Pcdh eRNA
associated with R-loop formation)if i 7 i Ja) RN A -
DNAXUEEA (R, SR 7 48 HE ] J5 45 %b 22 E (proto-
cadherin, Pedh)ffj 21k, DA v 4 5 1 ML J5 5)
T IR KR B G 0 5 AH HLAE P

eRNA 1) 53 — A HE 5L 5 D) g 5 PR3
ST Gt BB RS AR, JF H eRNAZ 5 4&
Wit #E ™. p300/CBPYE N AL PIE A, 540
R SR DL A ) R R R, 2 —
KARH HE W K ILEOR I T, 5 2 M R
WY K. GG T AL, CBPH# 5%, eRNA
Al It 45 S CBPI 4L R 1 O e AL % F2 8 (histone
acetyltransferase, HAT) 45 M35 {2 it CBP [ £ BE4L.
M2 3 8 (R e 5 41, FE R WML |, eRNA
FIEE T pre-mRNA B 5 26 mRNA FL A ¥ 5 [ m6A
KA 23 G A mo AE A 1) e RN A W] JE i 41 5%
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YTHDCI1(YTH N°-methyladenosine RNA bind-
ing protein C1)8 [, 7E34 50 T U & il i 6k 5%
A, AT IE [v 0 75 16 iR R B R R ) S, T
eRNAFI I Ath % 2 57 A ¢ RNA | m6A Rl 2k 4 2>
FHEOIT TG 5T R R,

B4, eRNAIE AT 5 e i 15 A7 A0 ELAE T A
PR R Ak, W eRNAR S# S (YY1 A0
BRDA)HH ELAEH, 30 s R 7E g o1 B s SRR
JEZ, T SRR R e 5%, R A AW A E 2, &5
b, HATRF R I eRNA T B2 @ i 2 3 E-PIA k)5
FERINTE B S Yz B R 42 Pl s a7 thm] BLod
ARGt B IIRES 53k R 1A BLAE F AR
THLEER . Bk 4b, eRNAIGTTiE IS 5 NELFEL P-
TEFbAH FLAEH B RNAJE A BEII(RNAP 113 15 i
NI 2 S5 AR E N A P M S A B, BT T
SO FEPY, KT, BT eRNATEA [FPARES T IIRIE A
SEr A S v, HLDhREHLHI R — PR R .
1.3 eRNAHJERE

T KR ZHeRNA 34 G polyA, & HWAZTR N
VIR R P A, R ReAAAE T4tz N, [Fl itk eRNATKG
EAERSASRNAMN PP 7 5P iz il R0, tedh, i
TeRNA JE HE L PR seoAAIG, AR 7R 2 5 i s 6
(I 7 B AR R 3K eRNA, [H I, A& S ik fi A
A5 RNARI £ AR 40 RNA-seq BE B 16 (1) eRNA
PR, S AEPRE A b (3G 9 15 1 DL SO eRNA TR
TEATI IR EAT R A o

WA e B P BOR B, H AT — L0 T
4= RNASE IR A 1 S50 ARG A Ji 97 T eRNA
M5 E . WA ERIZE S 7 (global nuclear run-on
K A% IE 520 T (precision
nuclear run-on sequencing, PRO-seq)P" & HAT4EY)
5'GRO-seqfIPRO-cap, VA% i ] % 5% 2H il 7 (transient
transcriptome sequencing, TT-seq)®'". Mg & M F¥

sequencing, GRO-seq)*").

(cap analysis gene expression, CAGE)™*¥, 57K il
J¥ (Exo-seq) 45 | 3x L83l /5 77 V5 A R I A= AR =F
fERNA FEA & RBUE . WRAHNAMOUNES 25
FH GRO-seqfE SW4804H il H 45 5 H 3 i X I R XL
] 55 53 77 1) eRNA; KRISTJANSDOTTIR %5 POl itk
PRO-seq & {4 itk L £E4H Y & (lymphoblastoid cell line,
LCL)M 3 T a1 A8 AL, Al 241751~ eRNA
s L, SCHWALBSSE U H TT-seqfarilll A K562
Y G SR T R R T B BT R AR Y

2R K eRNAT] LR SE36: 73 (40 3'-RACE.
5'-RACE.RNA J7 {7 4432 . qRT-PCR & Northern blot%%)
HBEATIGAE . BEAh, siRNA. shRNAFICRISPR-Casl3a
S SIS VAT DLt — 8 F T F T eRNATE B B 53¢
VAR R AE D REAE RO

TESRAHMIKSF |, 20174 SHIBAYAMA % B84
b — it o R 2% 58 JE AT IR A5 5 K (tyramide
signal amplification, TSA) K H. 731 56 JF A7 24 58
(single molecule fluorescence in situ hybridization,
smFISH) 1% 77 58, AT E B 40 J 7K ~F b Ao ) 4 7 i
RIB A, I BUAT DL [R] I 78 % 55 9 it o 7]
AL eRNAMNIEE H 51 9 i 5 e A o AR PP 7 7% b,
HAYASHIS: P 1 — PP 40 ff 4K 5 RN AT
Ik, MENLE Y 8 (random displacement am-
plification sequencing, RamDA-seq), X Ffill ¢ 75 12 %}
AEpolyA RNA B A Hm (BUR M . HAYASHIZERX]
/N BRUVR G 40 73 A FEAS HEAT RamDA-seq ) K6 1 5]
BRI K F-eRNA K A0 A S VR, 1207 A B
TR AT 20 H ) eRN AR 75 eRNATE B4 g
(RIS [ B] ek A 2N, AT 5 B B e RN A I 4%
B o

2 eRNAKIEEZIR

R eRNAIRIBREK, HZ AW polyA, 44
1M H 71 RNA-seqZUIE AT 98 0t 5T eRNAE & H.
J7 A (A5 B VR . 5 dn, HANZSE B4R i 4 5 4
RNA-seq#U# 24T 3 58 LU A B, 4 45w 201
BTG RIS Kb SUNeRNA, FEE 725
1) eRNAKIE & & WG B0 T fTh e s 56
k. BeAh, B Z O s B 5 I TCGA. GTEX
KRB N 29 fE A IE H ZH 21 RN A-seq B ¥ 2k &
fiE NEEE R 2H eRNAKIETE L, HeRAMIHI eRicP %)
Pt g 8 Ik B B O3 M 2 B SE (W ENCODE. FAN-
TOM eRNAVEREEHE, LA GTEx. TCGAR RNA-
seq B, $EAL T IEE AN PRA SURI IR 4H 21 eRNA
(2235 VG AN R 7 M 4% . HeRA K FEH 1L T GTEx
5450 NS IEH 44 h eRNA L ILE . MR AH E
eRNA. eRNA T [AF A eRNAKIE[H (5 E . eRic
B B RS e SR AR AR A 4 R
(1) 2% 41 22 A2 B R 20 22 00 - TCe A%SHE 122 1A
FH TCGAF GTExH [ RNA-seq BB IR R T #8150
T eRNARIEH L, 1R4L T A E1 30/
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Table 1 eRNA database information

Ko Bt AUt (I8 URL 73k
Database Source Module References
HeRA GTEx (1) eRNAs expression profile; https://hanlab.uth.edu/HeRA/ [40]
(normal tissue)  (2) trait-related eRNAs;
(3) regulators of eRNAs;
(4) eRNAs target genes
eRic TCGA (1) eRNAs expression profile; https://hanlab.uth.edu/eRic/ [39]
(tumor tissue) (2) clinical relevance eRNAs;
(3) eRNAs target genes;
(4) drug-related eRNAs
TCeA TCGA/GTEx (1) super enhancer region; https://bioinformatics.mdander- [41]
/CCLE (2) eRNAs expression profile; son.org/public-software/tcea
(normal/tu- (3) super-enhancer eRNA loci and genes associated
mor) with responses to immunotherapy;
(4) clinical outcome, CNV, and CpG methylation
related eRNA;
(5) 3D eRNA-locus/promoter interactions
GPIeR TCGA (tumor (1) cis-eRNA-QTLs; https://hanlaboratory.com/GPI- [42]
tissue) (2) trans-eRNA-QTLs; eR/
(3) eRNA-QTLs associated with patient overall
survival;
(4) eRNA and drug response;
(5) eRNA and different type of immune cell abun-
dance
Animal-eRNAdb RNA-seq from (1) eRNA expression; http://gong_lab.hzau.edu.cn/ [43]
10 species (2) trait-related eRNA; Animal-eRNAdb/
(3) eRNA regulator;
(4) eRNA target gene;
(5) sequence similarity
eRNAbase Human/mouse (1) genetic annotation; http://bio.liclab.net/eRNAbase/ [44]
(2) eRNA-mediated pathway; index.php
(3) eRNA-based genetic variation;
(4) eRNA-mediated TF-target gene
ASFEBIeRNAGE £ 075 50 JEk P . GPLeR$Cd eRNATE A 255 h 103 B1E B RIS R

18 F K B TCGA KRR ZH 2 50408 0 i 1 a8t% A8
X RNAZRIEAIBR IR0, 255 1 29100771~ eRNA
B AR AT 5 (eRNA-QTL) . GPIeR%(#E FEml ] T
PRE eRNAM KB AL AR 5 . 2459 S B FH G e i1
it 1t eRNATEJEAE H 1) T RE AN R AFF 78 . Animal-
eRNAdbEHE FEWHR ML T 104Nl | TFEA HeRNA
Pk Wy a] eRNAFF FI AL 2515 B - eRNAbase
¥ 2 Y9 ) GEO/SRAFI ENCODEHE i il 4 1
147 eRNAMH G SLER R RV G, XF NZEA/N L eRNA
X IR HEAT T VEGH I R AE VRS, 245 T eRNAAY
SHGEEREHT . FET eRNA AR F R 2 A
eRNA S TF-FEJE R 3 BT 5515 B . eRNAAHCEL
P EEZE B MR IR,

2
3.1 fHERGRHEXeRNA

eRNA FAEM & oAb 4 R I, WIAERT
B[ ZI) L B 2L K] (immediate early genes, IEGs)(Ulc-
Sos" IR Arc'™y . WFFTEL ], eRNATE KN H A7 LI 8]
el IS & i RS LS I RN R T LB il P RN
Evﬁvkﬂuﬁﬂ%mTﬁﬁﬂnﬂ (2T B Rk 45 %6 &
BRI, NRIZ RGBIH AT 11%5)24% ) 5
J& 15 2 16 ﬁﬂﬁr’ﬁ:mﬁii@ﬂﬂﬁﬂ: WL R I
RINRE 7 1 eRNAE 8 K5 K B FERFAH G )i 4%
A e P,

TSR, 7 TV SPIBA DL S st
B2 B 0 KL R eRNARL AR 7 5 #0422
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Gupdvi AH %, HE Ik A [ Th e ML 2 5 1 15 599 A
K BEIEN R RIL, R200% T HETC R 5L
FGUER I 0 H R P 2B AT V0 S5 AH DG 1) eRNA
Blan, a-ZfiliA% & H (alpha-synuclein, SNCA)3E K/
NN IIA & AR 5 IR TR, GWASHF 7L s if 4
PR E MR LR 7 2 5 4L 1E SNCARIL AR D
TR T 04 B9 eRNA AANCRIEIT #15 RNA
RA G ARl 3L &L 2048 APOEZEIE H- ki
IR IR HFER A (Alzheimer’s disease, AD) ] 5 Jik 4 1481,
R6/11SUIR s ke 2 38 55 1 (1) H3K 2 7ac i M PR MK AE
% SN F A2 91 5 B (Huntington”s disease, HD) &34
P2 T eRNARIF=AE 5 30H S 4 J0 L R 1 3
SR B, A, BERA ORI T R 5 KR B K
R P PG 25 AH S eRNA . 14, eRNA PEARL
A2 5 HSS- 1150 7 X I RIFE i, M R 5 #E L [R]
JFE5 %6 3% 55 [ (protocadherin o, Pedho) 1315, 15K
R Hh R A TR A A P S0 E 4 2 Y R PR K B
o AT A A A% Kdm6bER Are eRNA A AT 5]
R AR F4N, eRNA-QTLZ M7t & Fl L R A7
S ] E I 52 eRNAZRIA AR A0 AT A1 T 4 28 95 093 B8
06 S8 AR S IR R A R U, I SRR AT BRI R T
eRNATEA [F#H 22 R 405000 1) AT REATLH, (HILFER
2 I BTSRRI RS PEAR KRR B EATI AR
KA
3.2 FEAEHHXeRNA

TE N, S0k 5 R B S0 (5 - 5 Il R e
A R AR T eRNATZ 2B, eRNAAMLIH
Tk R e g A et 5 R A A S MR b Rl S AE
R A S0 R ) B TR T, R IR R
FEIHRERS, 225124 7 H RIHT 7 O -5 A\ SSAEA
KHIeRNA. HUmwHE 5 F (1) eRNA T DL B F2 i3k i
Ja R, BN, MYC-eRNA TGS AT (L1t — R AR
e AR BTAIIE . EE e sE
(R JE PO, TP53-eRNA RS Z 5 3L I . T 41 i 5 e
S 6 22 H pS 3G A e ] A i R BT, Bt
(E2)HH 5% eRNAT] LA FL I B2 3 R i
1% 121, eRNA NET1 el ] e 2 7L R 20 o fr A= K B
FLIR I T LE 25040 5 eRNA WAKMAR2;H 1 1 45 4
325 F ORI DR 8 4 i g sk P 15 %), KLK 3-eRNAFJ DA%
I 51 e R IR S AR A DG BE R s, FH Tl
FAS TP, R AR ) AR AR SN DR AR T AR
VbR A%, P2RY 2ePIE B IO i Rg 2 24 i Hh 205

W, AIE SRR IG T . (RZBAITAS , PRI N B
PRS2 20 B (2 88 R 1Y) HPSE-eRNAE it BK 5h J 4 )5
G hnRNPU/p300/EGR I /HPSE K (i 38 iE
(F1E g 1, eNEMAL_E I w] fie it NEATTHE R e seoA
A 7L e A B R SRS S

B _FR I SRR 7 1 AL 1K) eRNASL, HAN
& DO F e 40 L 5 71 42 Fi(Cancer Cell Line Ency-
clopedia, CCLE)% 4 i & I 21 il 5 H (1) eRNA SR
12 7K P 5 4708 4 0 24 ) R AP T A7 AE S DR TG
XEHUE L AR 7R T eRNATE 8 & 28 b i) 8 AR
1, J9eRNABE [FE 7 I PRS2 I VESR 1 56 22 HOAEE
¥
3.3 RERBHEARFIEReRNA

B R0 2 e SRS LB R AR G 0 R e
At , eRNATE JE L8 G 2 AH ¢ ROAE B0 # G AR M 20k
T3 TP R 2 DR S T s AR . AR
FE 201 557 HIF 55 K It L 3 490 ik [R] 40 Ty e v e ot
J# (function annotation of the mammalian genome,
FANTOM)FEA i i 1~ X IR BAZ 7R 22 251 (sin-
gle nucleotide polymorphism, SNP) A fif ¢ H J5 25
3 15%1)3EE% J771, BE A 6F NS S 40 (1) A T 43 #
BRI A SR B Th REME eRNATEIX £655%
W EIVE IO . 2502 T HETWH i 2 i 5 A
I RAPIFA K FIeRNA . 7l 75/ FRAE A H
KK dm6aidid HEINIFN-B 57 'EeRNA S-IRE 1]
SRIMAEHE IFN-BHIZRIE , TS 5 G e e 52 B4 72; [
FER I FEAE /N BB AL b 5 T AR e A% o 56 R i AL
R 5 B & 2 ARAZ R 12 FE 2 11 1 (brain and muscle arnt-
like 1, Bmall)n] DLid i i 75 B R 40+ eRN AL 5%
DA $8 51 R R 88 A DR 285 A 428 11 Wi 2 58 i B8 )
FE R I I ] IEE

B AT P B 1) S5 RGUEw A, BT FT R 1
853 e AR S AR G IeRNA - 451 il BENHAM-
MOUZE VIFE R T A S22 A D00 800 K /)N B S
Y v LA 4 eRNA T BEF) IncRNA-OLMALINC,
Al I X 3 G Ak DNA-DNA PR AH BAE FH A 38 1T Wik
e 51 T 4 P A 25 e A il a2 SR U Y IR i S A
G H @SN [F - 2(G protein pathway suppressor 2,
GPS2) % 32 A FHI& 4 2(nuclear receptor corepressor
2, NCOR2/SMRT) {47t 4 Sl # il (R 75 454 (GPS2 &
B )AE B DR 3 AR I R v B F B,
FEFEREA 24 P T £ (4 i 17 2EL 23 5 4 P A I v
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Table 2 eRNAs and their functions in human neurological diseases, cancers, immune metabolism diseases and cardiovascular diseases

BREL SRR it KA WU Th L% ik
Disease type  Disease name Species Targer gene/function References
Neurological ~Anxiety AIEMouse Arc eRNA Arc [49]
diseases Neuron Mouse, ESC cell utNgnl Ngnl/ESC differentiation [51]
Mouse/HEC-1-B cell PEARL Pcdha/R-loop/act as a neuron [22]
Schizophrenia Patients, HEK 145 cell enh3256 GOLPH3L [52]
Alzheimer’s disease GTEX AANCR APOE/R-loop [48]
Mouse Bdnf-Enhgl, Bdnf-Enhg2  Bdnf [53]
Parkinson’s disease Human brain KANSL1 eRNA KANSLI [54]
Cancers Breast cancer Patients WAKMAR?2 IL27RA, RAC2, FABP7,IGLVI-  [33]
51,1IGHAL, IGHD
MCEF7 cell NETle NET]I/cell proliferation [39]
MCF7 cell eNEMAL MALATI [62]
MCF7 cell PGRe, KCNKSe, TFFle,  Activated E2-dependent gene [21]
FOXCle, GREBle,
CAl2e, P2RY2e, NRIPe,
MCF-53/MCF7 cell P21le, PRKAG2e, SUFUe, p53-dependent gene [55,64]
TOB1e/TP53-eRNA
Head and neck cancer Patients AP001056.1 ICOSLG [64]
Lung cancer Patients TBX5-AS1 eRNA PI3K/AKT pathway
Carcinoma of urinary Patients P2RY2e Promote cell proliferation [59-60]
bladder Patients SMAD7e SMAD7e knockdown leads to [66]
apoptosis
Prostatic cancer PSA cell KLK3-eRNA Involved in the androgen receptor [58]
circuit
Patients/CPRC cell PSAe AR [67]
Squamous-cell carci- HCNSC/COAD cell CCAT1 MEK/ERK1/2 pathway, PI3K/ [68-69]
noma, intestinal cancer, AKT pathway, c-MYC gene
gastric carcinoma, pros- SGC-7901/PC-3 cell HPSE-eRNA Drives chromatin loops and regu- [61]
tatic cancer lateshnrnpu /p300/EGR1/HPSE
Ovarian cancer TCGA UCAle UCA1 overexpression via activa- [70]
tion of HiPO-YAP pathway
Leukemia Patients MYC-eRNA MYC [56]
Immune Inflammation Mouse S-IRE1 IFN-p, IFNB1 [58,72]
j;etabolism Inflammation Mouse Unknown Unknown [73]
iseases
Gastritis Epithelial cell BIRC3 eRNA CiAP2/influence Helicobacter [34]
pylori infection/improve the anti-
apoptosis ability of epithelial cells
Obesity/type 2 diabetes Mouse CCL2 eRNA Combined with CBP, Pol Il was  [75]
recruited to promote the E-P ring
Obesity Pregnant woman IL6 eRNA, IL1I0RB eRNA IL6/IL 10RB [76]
Obesity Patients/mouse OLMALINC Regulates SCD/region chromo- [74]
some DNA-DNA loop
Cardiovascu- Myocardial fibrosis Human/mouse Wisper Affect CF proliferation [77]
lar diseases Dilated cardio myopa- ~ Human/mouse CARMEN PRC2 [78]
thy/aortic stenosis
Cardiac failure Mouse myocardial cell HERNAI1 HERNA1-SMGI1-SYT17 [79]
Congenital heart defects Mouse myocardial cell Nkx2-5 [80]
Progressive heart con- ~ Mouse myocardial cell RACER The recruitment of Pol2 regulates [81]

duction disease the expression of TBXS-depen-

dent gene Ryr2
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FAZ AN CCL2(C-C motif chemokine ligand 2)72& #
GPS2E S WAMHI 1) F 2 RAEFEEE R Z —. HUANG
8 USVEE /) B, SIZ B0 AR Y v R 30 15 Wk 240 P s S % CCL2
eRNAH]HL 5 CBPZ: &2 CBP 4 kit Z24: Pol 11,
HEHEE-PAH A F RARHE CCL2%: 5% YTERCCL2 eRNA
A AR CCL21A R IE KPR g 40 i 28 9 7K
0T AR OGP i i R AR IX L) S I AR
R FE R T eRNA SR N G2 B8 B ARHHE R 2
VIR R, NGB G T He 4 T 3 AL
i
3.4 LMEEREReRNA

O MBI AE Ny — s DL, 2 AR
FET- I B BRIAL L — . O ESIF A IncRNA H
AT AR B Z AL, X T eRNATE o JIEZ 7 H (1)
FAIATSr . 25125 T HATHE TR I O 1L 5=
Ji A eRNA. 41, MICHELETTIZS Ui %) /)N B
O S A R 0 AT R I T — PR O JIE 4T 4 41 i
(cardiac fibroblast, CF)H &3 1k I 3EAL LR 57 FY) Wisp2
A2 1 58 T-FH < RNA-Wisper, et CFRJ 39 4H 2046 Ny
JUURSCET 2 4 i 51 0o 77 36 0 559 0 781, (E /N B A ik
1T Dy ek 2 9258t R YT ER Wisper v] {2 3 /) CF
W5, AT LF AL TS, /N R AR lE 45
A AH 5% R 2 384 55 F A1 5% IncRN A-CARMENU, 37
T R JE R S R S DR AR N 4 1 i, TS £
Tt 2 A H0 1 &2 54 2(Polycomb repressive complex 2,
PRC2)IAL 5 SUZI2 M EZH2AH HAE 2 5.0
TRE AR IF HAE N SRR RS 5k A0 L (dilated
cardiomyopathy, DCM)#1 == 5l ik I 4 (aortic steno-
sis, AOS) 3 th & Bl CARMEN V. 4 CARMEN3 %k
W3 B $EE 3 R La(hypoxia-inducible factor-
la, HIF-1a)7 4 /) eRNA(HERNA 1) 7E 0 % s g8
ffef i Rk B B, SLE8 R I H HERNA A By
1EZ BT IAT A I N O WLAR I 1) A K AN Th RE A
[FAEAE /DN B oCo JULEH 0 5040 2 A v i B Nk 2- 5 5%
PR S/ A =W b £ iRt R P A 7 T TR
A M e R eRNA(IRENE-SS. IRENE-div),
HIRENE-SS ] {ig 2k JL 3 [ Nkx 2-5 % 53¢, IRENE-div
B R 40 BB 775 O R & O LA R fe A I 72
Hh R B B,

TX 1 B i A AR O i 25 SR AE AR A A LA
B S8 AR A5 3] T IGAE, BT NS /N R TR AR R
(1) 7 B1) [R] — 1 A TR A A7 A R s 2, 3 S IE 4 1

SRR T eRNAME IR ST NS0 J) 3 05 55 0 L5
PRI FERR T RETE

4 HETRE

B s N B AR SR
IR B R F BRI eRNA R A ZFEAYIIIRE,
LN, Mg OIS R E a2
ERIFEREREER, HS5ME KRB FRIE.
o P2 AU s AR I B S 0 4 22 P i 1 R AR
K& ; GWASHT T8t & B VF 2 5 959 A1 5% [ 845 AR
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SR R B . (HIET eRNATE Mg S A FR
STFRERME. ARt AR R EIF R E M
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BIREMBE A O A% B — 25 N B AT
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b LA P 1 T e s AL A B DL RRE AR B
3G, X L eRNAKHE TR R 75 ZEAN W 58 8T IF
L3 3% SH B4 R0 S 56 56 E W B TN 280 A K
eRNAIH > ThReALH , 75 25 e R B HL] K 5
FEIHIBITIE 1, T R IR AL R AR U0
HR NIRFEARURE S A R 3255, TR N 58 1EeRNA
e LR 2 Flm R A AT A AR KBkl

T B EESRAE 7T R B, eRNAHL A 5 miRNAF L
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T T R SR SR A, DTG I [ 0 = 384 5 1 0 I [R]
(1) B0, TTeRNATE S Lt TR R, & 7t
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