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Enhancer RNAs: Mechanisms, Epigenetic Modifications,

and Functional Roles in Cancer
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Abstract eRNAs (enhancer RNAs) are functional ncRNAs (non-coding RNAs) transcribed from genomic
enhancer regions, playing crucial roles in gene expression regulation and cancer development. This review summa-
rizes eRNA biogenesis, mechanisms of action, epigenetic modifications, and their functions in cancer development.
Under the coordinated action of transcription factors, coactivators, and RNAP II (RNA polymerase II), enhancers
are activated and transcribed to produce eRNA. eRNA can participate in the transcriptional regulation of target

genes by promoting enhancer-promoter looping, recruiting transcription factors and transcriptional complexes, and
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modulating chromatin accessibility. As a form of epigenetic regulation, RNA modifications can occur on various

RNA species including eRNA, affecting their processing, stability, and function. Multiple studies have shown

that eRNA expression profiles are frequently dysregulated in cancer; these alterations can modulate the expres-

sion of cancer-related genes, thereby affecting tumor initiation, progression, and metastasis.A deeper understand-

ing of the functional mechanisms and epigenetic modification patterns of eRNAs will facilitate the elucidation of

novel epigenetic regulatory networks and identify new molecular targets for early cancer diagnosis and targeted

therapy.
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GREENBERG!""f7 451/t 7t 4 A #E Nature 1) 1% 3
N E RN LA TSI R T ) R B
G LN W TEE LIRS B IR /N R4 o0
B 303 R A v A7 A KR 22 0 B AR R 1)
WoR TRFIR . JiAh, XL 55 T RNA (enhancer
RNA, eRNA) MK IE KT 540U 5 K 1135 18
RNA(messenger RNA, mRNA) A ili/K AN, &
RNAJII ¥ (RNA sequencing, RNA-seq). 4eth )i % 9%
PLUED Y (chromatin immunoprecipitation followed
by sequencing, ChIP-seq)%% /il &l 77 H AR 1)k
PL e 4= JR 12 /T )T (global run-on sequencing, GRO-
seq)?s FEHfIZ 1T F (precision run-on sequencing,
PRO-seq) Al Hn M 3 43 A7l /5 (cap analysis gene
expression, CAGE)™%5 ] T4 3R 8 Ak % s i i 5%
EC AR AL U TR N A, I 7T 3 AE ik TR AH Y0 [ Y
Bl T ORE R A HE B bR IC I R R
PERIG 9707 1, ARG FUIG o TR AR A T
FORFA BT, X LG5 IS, W BRI 5 T AR
AR E WA R BB IMRAE, LR RNAR G
II(RNA polymerase II, RNAP 1)) 5% 4 5% K 1 4%
KIES), BB WSL 1G9 T AR R R R R 1
R B LA

WL W], eRNAJZ A IE 1 48 5 5 2% 0 B ok
AR AR X 35X ) e s 7 A R R HL AN A 1) Al g 1
RNA, HARZE7K 5 FEEE DR R 5 L 35 DI AH K1, B
H RNAT- 0 A0 R i AR A ) R 4 [ S =8 55 41 2 3
HH IR F19(clustered regularly interspaced short palin-
dromic repeats-CRISPR-associated protein 9, CRISPR-
Cas9)ZEH AR A&, eRNATEGL R IA b, #4355 [H
T S D A YA 4% T AR B AR O
Bilhn . R ) eRNARES R G o T 5 5 8 1
) (AR e P G (0 o e R B, I HR 2 ARG £
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F g EE R IE M, TR, KB FUR W], R
FAB AR ZI R RNA P Fa e M BT 8 5 80 2
EREUHDL £ eRNA A [ K45 25 R B i 32 45
EfFER I, eRNATE D Fo il R A b R B H 57
WARIL G DIRE . E AT e A O 2 ]
(DES SUREIN- RPNt AW S A PSS Eh=)
I, R JEOIE R AR RO R TR R 4 R AR
4,

JLE H AT AE eRN AT L5 T OB/ B 2 e
(EATAF AR T R ) AU R ok o 9140 0 eRNAE
W HAMRF EMATE N, e SE s R A
I I HER X 73 D e 1 eRNA S5 5 5% 75 475 2 Pk K
eRNA 5 J PRI 2 8] (R R SR O 2 7 23t — 0 B B
ARKTT DAGE & PRI P i DR A g B8 DL e 2 427
BEDIET B, M DIR AR eRNATE R i %
AFEAE A A D REVE T, 9 HAE B fEIR T #E
FALHT IR S 7.

1 eRNARYIFTIHLH
1.1 eRNAR LUFTIR & BEFRIFL AR

HHIWE AL 3R B, eRNAJFAERY o T- 05 1L 72
I TC DI RERI A, T A B AR AR e 1 1R OB
. @IE/NFH RNA(small interfering RNA,
siIRNA) 58 72 # 2 (locked nucleic acid, LNA)# [
AR S eRNA, 1] I 225 101 i A 410 3 56 EAT 1) 17 - —
[ (17B-oestradiol, E2)if5 T 5. #t— Dt I,
eRNAAMMUA I 9 1 5 5 3) 7 18] 1) 25 (8] 304k, ik
REfE SRER M AR, R A 7 B 5
£, MM AR 8 Mk G5 1) H 4 4o 2 SO 38 Y 7E
HEB 25 5@, eRNARIZHRERIAEIF 2] T 56000 .
R B, XU 2 B (dihydrotestosterone, DHT)%: &
HEF R 524K (androgen receptor, AR)J5 , ARF 454
TR RE TN A < BRI 3 (kallikrein-related peptidase 3,
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KLK3)FE R bl & A e E I Bt 1 (androgen
response element 111, ARE I3 58 1 [X 15k, 1555 H
R R B 3 AR i KLK 3e(KLK3 eRNA). ot
1E % KLK3efE5 AR J& /4 (mediator 1, MED1)
Femteds &, WA S &4, DHTAE i —P{E
HEKLK 338598 50 v KLK 2 J& 21 2 [6] (1) 25 [R] FR AL
KLK3 el i £ 5E 120 45 7 51 0 [F) 48 55 AR 53510
IRNAP 11255 51, MG 9 e s D] () e s i
e,
1.2 eRNATALUAT 3 RitiE

eRNARRIE 1E 4 S AL 3R 15 X RNAP 11774 —
SEREETT/EA . S K ¥ (negative elonga-
tion factor, NELF)&E & ¥)/2 4EF RNAP 1154 58 1%
e N7, HNELF-EWV 3547 19 RNA R 51 3%
Al I 455 RNAP 1L ERIHT A RNA, [ RNAP 1115 i
T AT M T AR B BE . 1 eRNARE %8 1
5 NELF-EW. 5 (1) RNA WU BE /7 B4 &, SHE
RNASE G NELF25A 47 £, 1211 175 5 NELF JUHE I
K 2h 7 B PR BHT RO 7R M, NELF ]
L5 DRB-#UZ M 175 5 K 1 (DRB-sensitivity inducing
factor, DSIF) 7 [F] £ 5 RN AP 11/ 5 5130 i B 154K
A I RS R R GO i AR . BT
PLZEFF B4 RNA-DNAZAS A, BELAS 35 55 S e
“F1IS(transcription factor 1IS, TFIIS)4: &, MIfiAE
RNAP IHEHPIRAS; T4 &1 LRGN TFIS S5 &,
I FRNAP IE B 1FAL i s B R, 5 b [R],
1E % 5% SEAH K] T~ b(positive transcription elongation
factor b, P-TEFb) I35 % RNAP 111 4E {3 FE B
A2, AR, PSA eRNAT DL TAR-
F£ (TAR-like, TAR-L)ZE T 7% P-TEFb, MM {2k
RNAP II Ser2ff At , 1 17 <2 I 0 1 356 PR f) e 5 1
i,
1.3 eRNARLUBT & RAT &M

TE JLIR M 35 DR 42 WX 28 op ) LR A A O B o)
T (MyoD 5 Myogenin)/ iz 45 & JE K 71 1 58+
X, 7] L4 eRNAM A . 20100 AZ bE 1% R
I(deoxyribonuclease I, DNase I)&UEE I € 56IE , X
U e RN As ] 1 42 55 78 107 55 1A e 005 7T e vk, gk i i
3E RNAP TT#E ) 45 G AH G BRI AL i B0 A D P
T =), eRNATE I INAE A, 5
CREB%; 4 % 1 (CREB-binding protein, CBP)ff 1 4%
Pk H R I RNAZE & X B B2 R AL A7 i S R &

&, IFHARSEHE A eRNA B B 3 47 5 L ) CBP
3T, W2 eRNABE Y CBPAHE i AU AL ¥ b [X 45k 20,
T WA B, W2 H35E 270 R 1AL
(histone H3 lysine 27 acetylation, H3K27ac), IXfj{&
i 2 ) 55 A% /N R TRD PR AF ELAE D, e 8 1) e B I 25
PR AR . (HAFTE R M2, eRNAJEA T CBP
OERE-Sun ISRV LS S e RN g S WA 5 4
Pty 3 P S BN = 4, A AN B B e BT E W
8 58 7 S ORI A Bl Xk P e € 5 AT R AR 21
eRNAT] LA SE 5 B B i S pit BT R 45 4 38 2
1 4(bromodomain-containing protein 4, BRD4)x /£
TER, B )5 H5 LB E B & L4l 5
IR RS AR /7, INiiAsE BRDATERS 581 F 11
454 . BRDAMFRE 45 & itk — {23k RNAP 11114
5, BEINTReRNAM A B, SOBUE NiEMMPY9. CCL2
AW BLIR (R 21k, T e RNA R 82 48 1 S s o) 3R Ak
BRDA 1Y 85 25 57t M, B 200 ok 4 R i 7 [X 3
(R G a0 R T TECIR A, S B0 06T 200 A 5 1 35 TR A
P IR RE T 322
1.4 eRNAFRLUBT I EFE MR

eRNAAY AT LLR T Y ()5t S5 M A m] Jo ik,
DAS A SESE IR () IR 2. TR B, eRNA
B SR KCOT 5 ER I R mRNA R X KT 2 IEMDE, Wik
eRNA 2> 15, 25 FRAR HL ] W7 S L [R R 2R IA 7K B e
W FE R W], eRNA TS 5 SWI/SNF Je (i i 5 4
2 AW EAL % Brgl i) AT-hook 45 f 145 S PE 45 &
RIFEINAE, Hi% AT-hook 45 #3856 RN A 25 Fl1 17 &
# =T DNA. £/ BRI IET 41 il (mouse embryonic
stem cells, mESCs) I 455 JH 355 A [ K BT EL,
eRNA LU AE F 77 30 SWI/SNF & A 40 L A 47 55
EHr BRI G T, B S SWI/SNF#E— 2 4%
LIS T MLL3/4. p300/CBP R AR E AW
(40 55 B0 , 32T VR 42 B A S 1 5 R R TR T
(v, X A A TR 2 1 398 8 A 4 B ) AR A DG B
DR B A 1% 5% JE Bl G B TR, O ) 2 5 DA 4 SR 2
JiL B 4 A T R AR, 2 A R ST A DL R B
FUHERE , eRNAT] DL L DR J LA 38 45 6] 8 2 A gk
ATIRATT: (1) eRNATR LU S 53R+ Fsati
T FEEO. MRULRRECTHEESEY
S5 M HLAE SR 155 5 G 60 7 R R RT3 T 4% £ 5 T
M, DT 15 B2 [R] (1) 358 27345 (2) eRNAT] LA
T I 50 RNAP T/ T 1) e sy b R >R il 45 B0 L A 1)
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Fig.1 eRNA mechanism diagram

FEFAFIL, (3) KBk e RNA G K AE NO-H IR IR (V°-
methyladenosine, m°A)&1ffi, 1211 J5 1) m°A-eRNAT]
BN meA T 3 385 YTHE M 2R A 1(YTH
domain-containing protein 1, YTHDC1)J¥ il &5 #¢
BEIRAR , 120 SR A AT (e 1 3L 0 R T BRDABE S 14
I IE 1 A B BRDAZE RS 9 1~ b () 5248, e 25005 1
SR IF AR T I 2 R e Y

2 eRNARYRWIEZIEIHALE
2.1 eRNAFImA{ZIH

méAYE N — PP E B RNABM, |2 FET
A% AEY) B mRNAFIHESR 1S RNA (non-coding RNA,
ncRNA)F BT, mO AT = B th IR R 1
25 FRE AR Bl A0 FR LA R ) B 3 Bl A AT I b IR T
B AT DUIE I R 4% RNA AR 8 DA JHCRH R A0 e 4 ot
I, 7225 B A RN Rk R B8, FaEAE
R S AV E D RE R mC AR N RNA
Fo X R S AR RS B AR B2 ) 3(methyl-
transferase-like 3, METTL3)™), H R FEEGFE SR A
14(methyltransferase-like 14, METTL14)“, Wilms
Jif 88 1A ¢ 2% 1 (Wilms tumor 1-associated protein,
WTAP)*!, HEEFEFE F I R 1 5(methyltransferase-

like 5, METTL5)*, & CCCHZYAETE 45 ke i) 2 A
13(zinc finger CCCH domain-containing protein 13,
Zc3h13)"IA VirkE mCA FF I 5 F2 B AH ¢ B (1 (Vir-
like m°A methyltransferase associated, VIRMA)!**!
EPS 1 AN A i S W
T, SRR AR ELHE I Dy o 5 N REAE 5% B (fat
mass and obesity-associated, FTO)"H1 AlkB [ 55
1 5(AIkB homologue 5, ALKBHS)"), ixX $& gt &
FHBEEAEAE F SR TR RNARI D RE . H LI 2 A
FERETE I mC AR T 5 2 85 & I RNAZE S i H
WY THSS M3 K0 970, T By 3R AR K 7 2
mRNA%E5 4 & [ (insulin-like growth factor 2 mRNA
binding protein, IGF2BP)Z & P2, HAXZ UG K F
3(eukaryotic initiation factor 3, elF3)* LA J 57 Jii A% #
#4 1 C(heterogeneous nuclear ribonucleoprotein C,
HNRNPC)* 157 5 #% B #% 5 H A2/B 1 (heterogeneous
nuclear ribonucleoprotein A2/B1, HNRNPA2B1), ‘&
i@ 5 meA B 45 G R RN AR B ANER e R4S
Z IR .

VT AR FC R I eRNA b A7 (ET iz Hodk £ M
FImeAEG, XK mA-eRNABEHFE K., &8 L
RRACHE . Fase 5w, 2 & il PR3 o 1 1
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. meA-eRNARRE S PEH S 4% 9 mOA [ 1L &%
YTHDC1, YTHDC K #i H: C-3ii i) A 7E T8 /57 [X PA K&
R AR L TE RS FERER 1A . XM m°A-eRNA/
YTHDC1 4R KR 5 3L X BRDA AR
SR, BRI (2 2E BRDARE SR A4 1) I8 B H 1) 48 5 1
A%, <, YTHDC1Hk k22 5 3 BRDAKE R (A
A SRR TR, A R T BOE 5 R i
FERIFRIEPE2A). AL, B R 7 EeRNA(MLXIPe)
iR me A T LAY RNAZE & 2R [ KHSRP[¥ KH3/4
SERMIIR A, R KHSRP LA KH /245 #3845 4 ¥ 3
PSMD9 mRNA 5'UTRH N®, 2°-O-— FF BLJIRFF (NS,
2’-O-dimethyladenosine, m*Am){i 55, & il MLXIPe-
KHSRP-PSMD9S &), BH It S ) AZ R i XRN2XS
PSMD9 mRNA [ LL4EFp HAR € ; PSMDI9E—
fitf ATM. DNA-PKcs% DNAEE & (%R IE, R
JH9g DNAR I IE E RE T, 2% S BUE H R LRI 21) IR
T T HRAIN(EI2B) .
2.2 eRNAFIM CI&1if

5-FH AL JfU s g (5-methylcytosine, m°C)s&F8 7E
RN A 3 [ o 1 i g JE C 57 % n H 22k 22 [ g T
BB . AN EZ I R R 07 20, m°CHE
RNAFEN: . & AEARMEEZ IR
FERBEAER B, 5 meABHRLL, m’CH g —Ff
AT RNAG, LGN IR 2 S-iR
T B 2R AE O P B AR S8 i, XA AR 3 2
NOL1/NOP2/Sun#i #4335 (NOL 1/NOP2/SUN domain,
NSUN)Z % Fl DNA H S #E R i 2/tRNA K &R TR
FH L ¥ F2 1 1 (DNA methyltransferase 2/tRNA as-
partic acid methyltransferase 1, DNMT2/TRDMT]1)
FER BTN, XG0 AN F 2R RNA > 7 B R ek
IR I 4, AT e S AR A 7 MR AN B P Ak 3 4
HRE AR 2 R IR A %) < pR o ik AR BT b
mEnE 4k (ten-eleven translocation, TET)Z % Al
ALKBHIM 3, I3 AEKF m°CAUAL Ay 5-2 P AL it i
IE (5-hydroxymethylcytosine, 5-hmC)F1 5- F i fitg s
WE (5-formylcytosine, 5-fC)%5 A [a] 4 - S I AT 6 i
103 J5 2 AT LA Fe(11) Al o- R 1 — 82 A4 Bh A1k
SERmCHY 2 AL, SR B, Wi Aly/REFR S
H [A-F (Aly/REF export factor, ALYREF)A Y-box %%
& # F 1(Y-box binding protein 1, YBX1)#] DL 57
PEUN m° CIEARAL i, AT I 211 4% A= 0 R I A
. Hr, ALYREFS m*C45 & (i g ix 2L 5 S AR 1)

%5 it i ORRINAGE F F1RH 3%, YBX 1] LA T
EURNARRaE M, 140 : NSUN2 R AL 45 B 7 40
i FF o 2 R SKIL I mRNA K 4= m*C& i, 1 YBX1
e o VR OF 45 5 i A2 1 J5 1) SKIL mRNA, 18
Tob 4 R I SR AR R e M DA B A, S U0 TAZ
oK B B e i i3k FRE o6

LK, m°CAE eRNA H ) T E 0 34 347 52 31| 2%
VE. LA ChIP-seq. GRO-seq £ 4 ¢ ¥4
9T /£ mESCsH % 7 th RNA m’°C F Ik 4% 7% i
NSUN2 I 41 g (embryonic stem cells, ESCs)
RE S YRR I SR T, I 0 TR SR A eRNA
AR SR8 NSUN2HI RIS, eRNARIR S 5 51
NSUN2ZRIE e m>C BTG M T % . H R A2 Il
NSUN2A] DL Ak Sox2. PouSfI4 4 GeME b ¢ 3
K mRNA R m CE4E R HLAS E P, 21T RIFESCE
AEE ; NSUN2 mRNAEL eRNARKAK Y £ S8 tb b
VR, HRIA TR . X398 T 7EmESC
I3 A G IR A LSS T TR 2R, eRNAR B I F-
Filist , 2 B R 4% B AT A% 1 4 IR AR R e 1 7 (1
2C). ehbh, HBE TR, Feg Lo R 7l A4k
VIR SE TE DB S AR -y HGE R 1a(peroxisome
proliferator-activated receptor-gamma coactivator 1
alpha, PGC-10)[¥] K77907 s i 4 H S 55 R i SET7/9
B, I 52 B 2 B v 1 Il Y 2E B 1 (lysine
specific demethylase 1, LSD1)f#] s [A] 4%, iX Fhfl i
JE e H R SLBOE D Re () G s pl. O
1) PGC-1a(K779me)fie 7 57 £ 45 & Spt-Ada-GenS5-
LI 7 I (Spt-Ada-GenS-acetyltransferase, SAGA)
H 49 (1 CCDC101/SGF29) 541 i £ &4 (MED1/
MED17), H4HZ NSUNTE UG E &1, % EEY)
BT Pkl Sirt5% AU SCHE L DA 1) 38 98 XI5
FH LAV B2 T3 NSUN7 0] {40 1% 2 [X 335 (1) eRNA K A=
m*CI&1f, MIMHE R eRNAKE M, TiFa e [ eRNAME
— 35 ik A A R A TR B T R {E
it RNAP I PE SRS R 5% . SET7/98 NSUNT#HR
Ko FEeRNAK T BRI AL R R I8 N, MifE
AR NS E T, NSUNT & m*C-eRNA 7K
BETHE, PR AR T B ek E A e
2D).

g BT, X RN R T mC AR m’C
LAY FR R R ALK, 3878 7 eRNAL
RNA H A AR 2 AL LEAS 5 1 BAE N 25
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Fig.2 eRNA RNA modification mechanism diagram

3 eRNAZERIEFHITHEE(ER
3.1 eRNASEEMEER

eRNA K H 14 58+ X 38057 5 7= A= [f) ncRNA, T
PR SEAE BRI R s s b R IE EEE . s 24
LRI R G LS, — KPR BT

FLHE 7N eRNARJEAE A OC T R AR A6 S B4t 1
PR

TEJEIE R IBFFAE 77 10, ZHANGSE [0 i %
A E FE R 41 B 1% (The Cancer Genome Atlas,
TCGA)", Jm@E 40 i 2 H FH4x 5 (Cancer Cell Line
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Encyclopedia, CCLE)"Y, DNAJoff H #4415 (En-
cyclopedia of DNA Elements, ENCODE)"?4 £ 4
FHUE IR EE G e 25 W) BB R 2H % (Genom-
ics of Drug Sensitivity in Cancer, GDSC)"*F1j&
JiE VR JT I N J#E (Cancer Therapeutics Response
Portal, CTRP)" I Zj ¥R N A5 5, R T
eRNA 5 JE 2 (B (5 3 R k. WHFURIL, eRNATE
T b 5 I e A A AR e e R s E, AT
Ry F s Y L o AR S B AR R e B =R, A
(7 e o =i 2L 23 2 A ALLJE Ao ) eRINA R 26 385 i B8 T Jld
Rk, ARBEN TR SZEHME. HRIEFEZ
HAURe e Ve s R A, RS E I 845 P 7E &=
PAFEDE T, 82.0% 57 HHIRIERE S, 170 0003 3
RV R 7 ) 5 B DR ARG E MR B VA G . E D fE
A, eRNAGH I B 557 A0 B AE FH 4% Myc. PI3K.
pI3ERZ ORI B B DN, RERT A ER N AR,
AT 5 T S S M 24 D BRIl R DA o A R
AT 80% Il PR 7T 4 A FE X DL Sz 2 M e i B i
eRNAFFTEWEIZE R R o NHEBN I IR AR 5T, A
HE LS T EeRNA(eRNA in cancer, eRic)E#:
17, B85 T eRNARIRG . ImPROCIG, SBR[ K24
Y BEEEAE R, N IR SR AR 1 B BB S

FESRAL L T T, CHENSE PHEF 11 60674
28 033> RNA-seqtF AN Z A F B & 0, RGH
7N 1 eRNASY T I A% R0 R K AR S By S )
TEH . WEFCE AR T eRNAJE R 21 (eRNA
quantitative trait loci, eRNA-QTL)% 5 &, 4%
21 0731"eRNA-QTL. X LA 5 i B2 SR e, Hoof
REFAE S B — Lot Bl b, eRNA-
QTLZ & £ T+ 3 3 7 X3k, 64.1%nl i85
Y472 eRNA R IA B 1M 5 Wi B K12 ak, 3840 7 o D0 3
I BB SR IR 1 45 6 B PP A2 eRNAVEPE o 7S iE
FHR TR, 28.48% A XU 42 57 5 eRNA-QTL
HEAL, Forh 70.02% 3852 A S AH X Tl T eRNA-
QTLAGI . T FE T eRNA I [ 4x 5 3 41 S Bt
T (transcriptome-wide association studies based on
eRNA expression, eRNA-TWAS) ) #ridt— 20 % e th
626N 5 [ eRNA S 1 011/ [N, okt —
P REEE R 9 % GEmit 7T e 2, B S AR T A
MBS IE S . WSO ST T eRNA-QTL atlasfE 2k
Rt B, A AR g b A8 S AR i b 10 T e gt A%
HUISRAL 7 g 340,

FE A R 5 00, eRNA-H I s 44
FURR S M a5 55 B e e 2 A i = 5 T 3 A
X%, iIXZK eRNA LS ARID4A . ARID4B% T if
PER T T, 00X e PR -6 G 58 280N 40 i v K
Tk HETAHIC eRNAK B 995 V68 I7 FEE (eRNA
immunotherapy signature, eRIS), H& % 5 RS 1 Hb s i
G J% A D REARAS, 78 T S 2 A 7 o5 L BT (immune
checkpoint blockade, ICB)¥& Y7 & .7 AL - 2 H 9
T AR . 7 LS FLICBIAA h , 3K 35 A 1
eRISE 3 = TRk # , Ton HAE N e 1697 Tl
AR/l VA S T A LN

2k ERTIR ) eRNATERSAE IR A R TIRTT
MR EE SVE R - — 5T, eRNAE I 548
IEERNRIEEES SR MI S E 55, 75—
J5 T, eRNA-QTL 5 K & JiE RS g% A8 e g Ar
I 8 AR E S M R Th R . B, eRNATT
PR OCRFIE A RERS ARy T S e ¥6 T IR BL IR AR
WikREW, B NEAEIRTT RS I R IR T e
o
3.2 eRNA SR Z St by

Jit e A 4 BRI B N R T 20 B T 3 de v RS
YRz —, HRAES KB K2 2R AW
HIU, MWEHZA 2R AR A, Ml 32 25 AR/ N
I e R /)N 20 s, HG PR /N B R 24 7 85%, L
Fh M R A K AN M S A . FE il i (lung
adenocarcinoma, LUAD) 70+, WANGEE 785 H
PreSTIGE T H i gt 40 255 5 14 3 5 - % s 1 K
4R ISRNA (long non-coding RNA, IncRNA), J-454
Kaplan-Meier £ 477 #t % 7€ th PCBP1-AS15 TBX5-
ASIFIAN 5 TGS IeRNA, —#{ELUADZ L
B FREIE , Hr PCBP1-AS K35 550
WIS R TG AH DG, FLILRIAFE R & 4 T e #H %
WP, FESM RGN FE BRI SE
S IR KT 2 IEA DG 1 TBXS-AS T =i
PRoREHHUGE, 5 EWA. CD4ACIZ T4 %
PR AT 55 . BT = 2 1 XU P4 1 7 B
TN, T R VP2 B AN AR A 7 T A, HLaZ
R N ML TG N2, RN 5S-G RmE e . 2%
bl B S P 250 B OB B UTAE O, $ROR AR TR
J& TR 5 96 T7 Y s R BV ZE AN BT b4k, BEAE
FAEW], TBX5-AS1 5L HEHEL K TBXS () Kk 2 &
FIEMG, BH MRS B T/ N e
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WEE VMK Difes 0P, TBX5-AS1H]
RE I8 L 45 5 o E R R R 45 G 10 5 BRI A E
P, M HEEL B bR FE N TBXS 0% ; B J5 TBXS
i 45 PI3K-Akt. Ras% /5 5l B 41K LUADI)
BERET. Gy — T TE R, eRNAFE LUADRRE 147
WK R 2 B, xR Bl R B SRR
DUE BE AR O, T 5 4 240 it SR A O I SR B . WA
IRA] 5 S IR il 4 23 e RN AR IE KT Ty, il 4%
IR A RIRREE . DhRE BT R, eRNAE IS
HE AR AL RIEM S, |22 5404
JURA o 8 87 25 S50 B PR YA 4% o dE— 2D AT 2 T 188
M DyREME eRNAR LRI SE, H LUAD & & X 73 N7y
TR, Forp Cluster 337 78 5 I HY 2 K] 40 A% 55 47 A
FhE s A CHEE R R e 4 R T R > R
ot A A OC eRN AV PE FRARAE AR, 52 B gAY
) B R b AL . WAL E A, #5 DI 4N
2 IR 5 eRNA T HE 7 o G (I 22 2=, 40 TERT
H FOXOG6[X 45 eRN A ) £ 12 45 52 FL P AE [X 4y 16 1
. H, FOXO6 eRNATEEGFRRASFEA A It
N, RTRE S IR 24 (0T B DR, tAb, dEad
AEVE B 25041 K B eRNA(ENSR00000188682) 7
1B A 2 3 5 [P ERG R, FFiEid 15813
#)F (enhancer-promoter, E-P)IiE ADRB2K L K
FERAE M, e 4434 i1 T ERG i, ADRB2/K
FEP AR, AR i R 2t g . DhRESRIE o, i
F 1k 1ZeRNA W] S 2 40| fi s 240 i 4 5
3.3 eRNASHLARGME

5 J (gastric cancer, GC) /& &R & T K 58 TL 1)
TR, REARIL A TR RO ) I 3 B0 65 77 51
T, R RpREE . B2 RN R 22 M R 5E
R, T eRNAREAE SR 7 eRicl2 2671 GCA
K eRNAFKIKIE, 7 H456 TCGAUE , it i@it
IR E EE T VE o 00, #7R T GCHI=Fh Az
AU = 5% 0 2 (high-immune score subtype, Im-
mune H). 4% F4 4 (medium-immune score
subtype, Immune_M) 5 {I% 42 1 73 WA (low-immune
score subtype, Immune L). A, Immune LIVAY[H)
s s, B S 0 8 288 474 (tumor muta-
tional burden, TMB) 143 T 2 A F2 %€ /& (microsatellite
instability-high, MSI-H) tA5] ; Immune HO 2 I3
Ay f v 1) b 5 —18] 5 % 4K, (epithelial-mesenchymal
transition, EMT) VP57, TG 22, BbAk, # DR 55

(copy number variation, CNV)#% 1A N2 X 5eRNAFE
K PR GR35, AR A ] CNV AL 4H 28 S
%, HrhImmune L, Mimmune HEAKEY. 7E45>
THREWJT1H, B FIFH TCGAFRIINFI4E JE K
22 36 v 95 ) R SE TR 41 ) Y A% (University of Califor-
nia, Santa Cruz Genome Browser, UCSC)®jii ik H 4
FfE GCH 22 57 RIE [ eRNA, JF I £ 957 RASSFS-
AST. ImARAEAKN SR, GCRE ML H RASSFS-
ASIERIEAKFRET &, RGNS TR, 2l
TAERHE 2 M $em H2 W 3 Ref T % GChr i
Y. R4MThRESRIG I —PAUESE, it RASSF8-AS]
AL ZE ] GCAH M I 1Y FE AN AL AL ) ply | THE AT 1
(Helicobacter pylori, H. pylori)i&4k & GCIF) £ E G
BrR 2. BORTitFe R L, da T IRAT B T 5 5 B
b B 4 e Raptinal(— F B 230 caspase-3 1/ 7)
T Bl A R T AR 24, LA AR T 4 P oA
Tl &5 1 2(cellular inhibitor of apoptosis protein 2,
cIAP2)[{15 S %15 . #E38 BIRC3 eRNAT] i 2% 11K
CIAP2/K-V-, T W | B AT B Xt caspase-3 i 4111
YERT, MNP 52 40 R0 9 T A sk 1, 76 95 40
Mreh, W EmIL A eRNA SRR B, Myt
TR M IR o BA S PR & () Cox [ B A
i EAFAHOC eRNA. i, CDK6-AST ] Cox i
PIERAC, AP NZOTFN R . CDK6-AS]
£ GCHA T 2R mRIE, IF 5 LR CDK6FER
KR IEA K. DIRE#T 7, CDK6-AS1 1]
i 1A4E CDK6 Je A R IL R IE R N, 2 5 48 i J 3
S RNARG S A5 B i, HEBN I B 5E . [FIINE, 3
R SN TA0M . T T4 Pk an
JH &5 1) S IR KT 2 ARURE G, s HL m R o 4
1] Y28 241 A 92 V) R 9B IR R 58, AT 1 S5 LA
PR L e 98 B 3 3L BT

2t . J179% (colorectal cancer, CRC) & 4= R e 3 iy
IR 2 — , R FITE T R AR = 8, fE4S
Jadeg H, MYCTRIEPIAZ Co 42 AL AR T 2500 HE 2
HA4 5587 (oncogenic super-enhancer, OSE)PN CCAT13%
[A i) CTCF 45 437 5 (CTCF binding site, CTCFBS).
AL SSANAEAE T 25 i 4 M, T 75 1B % 45 g B R
Y bR R, BN B ) R R S A S ) OC BEAX
4. H, CTCF4i 4 CTCFBS/G, Wntfs 53 B
i CCATI eRNA[ZKIL, 21 OSEMIZ N EFILH 2
A% J X35k B J5, CTCF 5 B-cateninthE, ¥ 4%FLE
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HARCHEE S I AHCTF1#H 55 2 CTCFBS, 3 OSE
SER<0.7 umRE LA . 1% e i R G N
MYC mRNARIRZHH, WA =K. BT
1% P mRINA [ B i 2R aot v B, A% HE RO 11
WOR H A FBIMYCIAR R, S 20 T 8 4t i e 4
(10 388 A 9 (890 R DR AE 7 3% 2 2% I T L 3 —
L7~ T eRNATECRCHUE F I EZ/EM . WHoss
X TCGARAFH 521445 g B FE AR I R G i, A
1 5804 eRNA it i 394N 5 H 3 il 2 VA 5 1
3T o Hor, LINC02257R I ol .3, FLAREE R N
DUSPI10, —HERIENKF L 2BRIFMC. ERAT
JibRE 5 IE L REA T, LINC02257R 1A 22 7 IR )
RNEE, MREEFEEHER . THW. N R
e R A A BA Rk, LSRR 4. it —
AR R 5 £ R Cox 2 HTH4IE 52 LINC02257 1
4 g B ST 7S IR 7. KEGGE S0 s
LY PIBK-AKUYE 5B S 5 MR it e P, 5 —
TR T TCGARIWE L WL 5 0 T 45 s 5 H e
[FIeRNAKIE W . BT K “70% I 2R EE—30%ill ik
BN, 4565 T0 AR A G 1) 2 A8 & Cox Ml
VA 52 LASSO R I | 22 1007k3E AR 5 20 B A4 2
E e (1 R 03 T I B 41 224 TS FH O eRNARFAE
e E W 19N TS AH ¢ eRNARFAE . (E15E = 1)
T, 1X L eRNA L HAR T ¥ L K I R B KT 2 B3
IEAHDG, (EFE TS Tl Rk Re BAL TR A g, H
FEEETARA A, DNAF L2
S PR

JH e 2 4 BRYE Bl A R L HLB0am S v e
HERMFENLE — BT RNES. BdES
ChIP-seq5 RNA-seq#t#i , WF 7t 34 76 VU B 41 i 1
JiFJ& (hepatocellular carcinoma, HCC)4H il & %
€ H 132451k eRNA . H i, THUMPD3-AS15
LINCO15727Efpg 2 b 5 3 3Rk, HE5 AR
JaE YA, H XK E (hazard ratio, HR)E 73 71 N
L7A11.8. WLEIBEFT RN, IX P eRNAH T eRNA-
mRNA 2 50143 5 5200 DNAE 5 K RNAP 11555 AH
IR . DhRESEIG I — P AESE, MRIX B2 eRNA
AL R RO N, dE AR R R . A
AR O PR, 2 2 195 HCCA M r 848 51T
RE77, MG bR gk 2 P2, o — TR 7S R AR 45
ChIP-seq5 GRO-seq%#ii, %7€ H MYCIH) 641k
5T, HA A T MYC 41800 Kb R2FIRI K I A

BRI SR T, P RA B HCCR M. HE
PE S SR P [ eRNAB YA G . B 78 K B, BETHI
HIF (41JQ1. OTX015) 5 RNAP 1115 (41 DRB)
AT B2 | R2/R3 M eRNA R, AT R MYC/K
Vo THEE A S~ , CRISPR-Cas9Ri & R3 A B i
B MYCFRIEIK-, HHI 55 HCCAH BRI M IE . 57K
TE B ERARTE SRE 775 RIS, [ 55 4% H 1 (antisense
oligonucleotides, ASO)#E[r] R2/R3 ) eRNA R 15411 14
ST RN, [FIRERNH] MYCRIA JB MR AL, X
— RVIEE B, R2/R3IEG 58 Tl 1T 4% 5 eRNAZE R
MYCIRF R Pk, $&7m HAFE NIRRT A A
AEER XY, EHAFERENZ, miRNAHIET S
eRNAKRAHAEZ 5 R, EWu < m, J&
B & 2 FE AR K A7 2(insulin-like growth factor
2, IGF2)JEH 55 — N & T ) miR-483-5p7E HCCH 4!
A b s Rk, HE Biss & IGF2/H 93 5%
¥, IEM R IGF2MHI O #53% . BARNLHN, miR-
483-5pfit it Agol/Ago2 B TR 58 T X Ik 55 45, 15
RNAP II. R ILEE R Fp300fE e E &9, S 28005
PR R B H3K 27ac & SE3G I, 4l 120 &5 218
T2 AR 1 H3EE 27467 i Z I — 1 224K (histone H3 ly-
sine 27 trimethylation, H3K27me3)Jili/b>, M T #is 4
ST IFIREN IGF2/H19 eRNARESR: . HE— L I 78 i
7N, IGF2/HI19 eRNAT] 5MEDI145 4, TRk e 24
VI TG BT R, A0 o Y 5 1 5 IGF2 )¢
HI9J35h 145 41t . MEDIRE J5i85d 5 RNAP II.
p300HIAH ELAE A 3t J3 27 X 4k 4 41 B A& A )
TR, R RBOEIGF2 S HI 3%, R IA 34
BIHCCHERAE 1 e,

JiF i 5 % IR (pancreatic ductal adenocarci-
noma, PDAC) A& & UL A g IR % o ipogg 25 71 ) AL
A AR B AL ZE TS 9. fEPDACHT, W
FUH N8 — R B R R % ) B 1 B 9 T AX A
(interactive hubs, iHUBs). S5/£4#K# i H3K27ac'H
£E (1 34 5 IS B O [F] , iHUBs 5 20 i 42 T 3
3T — )3 3 7 A H./E H (enhancer-promoter interac-
tion, EPDJIE . i eRNAE L LI K & 4 BRD4SY
SN 25 40 S S B R A . iIHUBSHITh B8 % O R #t
0% 2 A 1(activator protein 1, AP1)¥% 3¢ [T JunD:
JunDAET 25 PDACHH it H 45 iHUB X d50Jf 2. 3%
WHEEG/KT, @it % MED 1158 EPIAT %, ki
WS LIF. GPX475 803 ; [FR, B MEK-MAPK
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5 0 % I R AL B JunD, A4 B iHUBs D fig 14
FEE 4, iHUBs ™ 2E [JeRNA N 3 — P Fa €
EPI, 4k & i 24 A0 O 56 (R ek %), (HAR B2,
MYC-490-Kb eRNATEN MYCHE 23 58 1 X 381
RERIL S =), TENSPE IR R % K PDACE #H A 41
3% B, HAEPDACH I H e 5 PR B0, 1 7E IE &
JR AR b A A R LR o F JRE A BE (o
TNF-a#l#)F , ATAC-HATHE 5% 417> YEATS2
1) Y EATS 25 #4 35k  AE % 20 IR 25 i IR AL, 118 1 18
> B -RNAF B HEF, B EmtS
MYC-490-Kb eRNAIZ & . A0 HAER S A
YEATS2I ATACE &¥) s M £ MYCIE BT &
BB T3, M TTTE0OE MYCH 3. ThReszih it — b
UESE, MYC-490-Kb eRNA HI R 7] F 3 MYC mRNA
FIEKF T FEL 30%, 132 1A W) BAFR & A7 5
Tt MYCERIL K-, IF{E#E PDACAH I (135 5H 53T
o ZRIMAAER T eRNATE YRS iR 2k i v 1)
KEEAER, 7R T 817 eRNA-YEATS24H H.AE H
Al R8T TRPDACHE & $2 (L5 1 73 7 SR mg el
3.4 eRNASS%IERGHE

HI 41 98 (prostate cancer, PCa)s& & ER B M
Wi LB 2 — . R R PCatbiTI M
FEFEE o TEH R R, TR R
eRNA(MLXIPe) 1) mC A1 &3 &1, 5507 HK
PUAUAR R AU % V1A% . RNASE 4 25 (1 KHSRPAE
N meA/meAmXL [ gy, 7] [FIE 45 A MLXIPef) m°A
K7 5 5 4R K PSMD9 mRNAKI meAmAz 5, TR E
E IR IE XRN2A T HIBEAE , I 4EHRF PSMD9E H
Ko PSMD9HE—5 IS DNAB 18 5 il %, 35
DNAEE GE 71315 F 807 #-Pt B 78 LB HH1E
I %1 )% (castration-resistant prostate cancer, CRPC)
H, AR I eRNATE RT3t fig v [ RE i 4 0 B
Fl. CAPSA eRNA NG, HAEEH % L. PSA
eRNA{ A 5 HIV-1 TAR RNA }2 7SK snRNA %%
SERIABAL TAR-LEE T, AlESPE4E & P-TEFb . &
YIEJCYCLIN T AL, DL5E 4+ 1 BRI 4 7SK-
HEXIM1/2 8 &1 77 080E P-TEFb, M i fig i3k
RNAP 1I7E Ser2 7 ;5 IR AL, SLILXT PSA % i =X
BUBLIN J VEGFA. SLC45A43%% J X80 3k R 1) s 5%
W%, 4EFF CRPCHIATE /11 5 PSA eRNAAH
tt, FLHE8kE H eRNA(lactotransferrin-eRNA, LTFe)
DU F B H S 7R S T G, AR PCaZl 23 535 N

LTFeitid 55 57 Jii A% i #% 5 11 C(heterogeneous nuclear
ribonucleoprotein F, HNRNPF)%: &, i3t B & FrfE
Haom 7 5 FL8 5 1 (lactotransferrin, LTF)JA ) [A]
(Y R A B, T B LTFI #55% . LTFIE A
BRES TR E, RSN B is , Bk B 1K
SRR PSR R B B, S Z AL R E T I i
JHHE 7. [ L eRNATE PCaH [F]FE A2 2| AR JF
RIFEMFFDIRE . 1% L eRNAEH & 2 M s g 1) 25
RGN, TR IE S A DNA R RS 1 1 (DNA
methyltransferase 1, DNMT1)f] RNAGIE T, I
¥ H A 55 5 PSA. FKBPS5%5 ARBEJE IR 1) 3 [R oK 3y
X3 2 X S 1 R T AR 10 4 1 H3 5 46
PR . H 34k (histone H3 lysine 4 monomethylation,
H3K4mel) X ARZE G AL FEMLTT 5T, ) LeRNA
&3 DNMT141 3 1) DNAH A, AT il i A7
S neRNAF #5511, 38 6 Honr BEJE K mRNAF
TR, SUbERE, Ge )i £E 2 A) b 2 3R
. —J7lf, E-PH Y RCE F T IE L eRNAA T F 1
B SOOI 37, 8 BT~ PR R e A 0 O
) 5 17 [ L eRNARE 1 &5 Ky Aty 4 1 RE 08 K5 10
VBT B DR R o X gl . 3@ i FSR ML, 2 L eRNA
A AZEFFREEE D mRNA AR € 21k, 18 i 20 Ja 1)
W 1R 2R Y. BBAh, KLK3HEEDR )3 5 1 7]
B WA eRNA, Herh KLK3e i 1E SCEE L H
B, RIEZ DHTH T, JF 5 KLK3. KLK2%%
ARFEIE K e oK P B2 3 TEAOE . KLK3edf5 i i
ARE T O 61l 5 AR K A A 8 MED 145 57
i, IWREEZEAEEY, N3 KLK3N 3T
5 KLK2J5 87 2 [ ) Gt B, {23 RNAP 11
AR5 535, AT S KLK 2 11 576 75 5 =X i 42 A
KLK3(H & s . RN, KLK3eid il i £ 1k
et NKX3.1. FKBP5% [ NBEFE R ) RE . mfik
KLK3e£:#lfi AR 5 MED I E¥E 3 5h 1 [ 45 & IF %
IR G G T R, AT 400 1) 38 6 R 3% O B IR
i 1 L ) 84 5 e g0

BlI §95 (ovarian cancer, OC)J& — i WA R}
AL, R A BRI AR R AL T ) R A
eRNA(ADCY10P1) 2 i OCHE B I 54 1, H
75 OCHE 41 M 3 1 R IE 7K1 2 K T 1 91 L4
Mz, HHEARRIA L OCHE 3 e B brid = R 22 5k R
(International Federation of Obstetrics and Gynaecol-

ogy, FIGO) 73 Wl AN RS A A7 R B PIAR G . L]
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DLER e R A T e O B -5 1 7 R A U O B T
FIE, I OCHH M (1) T fif i 72 5 g D7 R AR, AN
T BEL 7 9 40 v A8 75 K DR B PR 1 g e 7 I A1,
5 OCH G <1 eRNA(FOXP4-AS 1) r] e i@t 45 &
DNMT 13K 5 80 5L [ FOXP4[) 5805 , H 3t
RIEHNEE EET Wntfs 5B BURAA K iE
e RS OCHE % YA R prym ik, $Em HonT
R T8 o A 428 X G B A T 0 A OGS . E AR
B2, FOXP4-AST1TE1E F B A 380 Py 5
PR HAET BIRE TR . SR SRR Rk
ANRTEAEIE, T7EOCH N 2 IR PEIER , X5
AR g i R A S eRNA TR ME — 30, 3 —2
i 32 HAE OCTI 5 VA% 5 7 78 8 1) - Pl o ) A e
,fE[lOO]O
3.5 eRNASIMi®&ZR G i

SPERE R M7 (acute myeloid leukemia, AML)
ST PP BA PR ) I R S R, e 1) SEE AR
S AEATFZRAN N 32%, (T 2 A0SR, S L vR I X
FER R, EMYCHB T AMLHT, MYCH AMLYF =
PR G50 Tl I 7 52 BRD4. MEDI. p300% 3%
TR T DL H3K27ac &M, 4ERE MYC 3Rk LUK )
FEIERE . 2K NRAA L NI R 1, W EL s
G MYCHERIG R, ML T EE. RS
H3K27ac7KF-5 RNAP IEYE, I8/ eRNAR AL,
NI BELWT MY CHe 53¢, 38 30400 1 FH O,

SUPEIR B4 AR T 19 (acute lymphoblastic leu-
kemia, ALL)@ 2Bk W0 LE B 2 —. 18
ALL™ | E/R(ETV6-RUNX 1) 401 14 it & % =%
K7 IhRE, HF B IRUNX 2 [ [ DNA S5 4 15
SR Mk 45 A RUNX 3£ FE (1 58 1, 76 E/R I
R sR7H, 67% 0 F RUNXTHE P B RUNX1
gEA AL, H 96%M1 B/RBE I (K] [t i 47 7E 52 E/R 1Y
PR IE5R T, IX LI 50 T 1) e RN AR AT =0 R
WAL R L 5% . RIS /R B3 H01H CD197/CD20" B4
PR R S PR R O 58 T () eRN ARG 5%, FLFERHAS B
YAt £5 b, B/RE 5K RUNX & [ 4514
B O T4 A, R S PRI eRNAFE SR, AR
SR B BE DR (1) 1F [ 1R 4% S B L 2R R 2 3 5
TIhRE, AN T ALLI S 315 /AL i 102,
Wb Ak, A 508 I A AR g T R G € 5 (assay
for transposase-accessible chromatin using sequenc-

ing, ATAC-seq) Wi K Gefilt ER =M B

et i n] R YE AT R I, KRS 5 R B B
I X 4% Je 4 (cis-regulatory element, CRE)¥I o
eRNAY 2 3 580 35 1 (1) B s &, T isid A5
R -5 R R JE BT I e 68 TP A S RS T A
. ML Z TSR 3, 1X 285~ A2 eRN A3 38 1
B RUNX2., ERGEE M B 4% 5 R 1 I 45 & 5
JP, B A A R R T s Ho, MYB-
HBSTLEEH B X B R BLIIS1T KbA167 Kb 7 n] il
et LS 58 ¥ HBSILFI MYBHEE A [ &1k
DCTDHEA |7 108 Kb 326 v 1 585 W) 5 S PR B 5y
DCTD#330%,

mR e K BAH A bk B2 97 (diffuse large B-cell lym-
phoma, DLBCL)/&3E%E 77 4 bk B s o LI 2
J& T R Ge M R, B R AR e
IR KRR 2814 . GECPAR(germinal center proliferative
adapter RNA)ETE T- POU2AF 184434558 7] eRNA,
B PR AR A Hh O BAH RIS R0 e 1, AR IR AR
S o BEAH A M kI8 K BER itk B AR &k B B
41 7. 284 (germinal center B cell-like, GCB-DLBCL)H
ik, Hm#iA S GCB-DLBCL & # ffi R 2
oo HBEEL G . ZRWE. KEFWE. REMKS
BT 5 I RIS AR OC, T8 7R 18 14 DK BAH bk T2 98
(T AL B TV 7Y (activated B cell-like, ABC-DLBCL)
J DLBCLMJR LR HRIARE T . %eRNAE
BUEAL T A, i R AR R EME DR, H
A DA 45454 TLE4. MYC. PRDM%5 548 35 DY i
X3 — 5 5 S Wntil % 608 # K 7 TLE4, il
il LEF 15 1) Wnt 5 1 I NF-xBil B B0 5 59— 7
T 411 1) 448 78 0K 5 35 K] MY C 5 3% 40 i o 4 5% B 4 TR
PRDMI)ZIL, 4R A kO BAIRERS . )
AE SO HE— B IESE, GECPARFK £ {2 # DLBCL
ST, O ek ) s A G GE , I AT HESh ABC-
DLBCL[7 GCB-DLBCL#¥ R4, IbAb, &
GECPAR %A [ ABC-DLBCLXF Wntifl i 7] AZ6102
FORRUR, PR A BN DLBCLYAYT I 8 41
B 004,

25k BRTIR ) eRNATE MR K A5 e it vk
FET EEMEEEM . TEARZRER MR F, eRNA
SRR RIA R RI ThRE AL, B AR
Je 11 A2 R R i 2 v LA T LE I AR 2B AN B AT IR
B TR & FERGMIE KT eRNAKIF AL
AT T RGUR G5 HNETD.
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Table 1 Expression changes and regulatory mechanisms of cancer-associated eRNAs
FERERNSE KHeRNA TILAEA, e YEHIBLH EE BTN
Cancer type  Key eRNA Expression change ~ Function Regulatory mechanism References
LUAD PCBP1-ASI Downregulated Tumor-sup- Regulates multiple oncogenic pathways and im- [78]
pressive mune infiltration, with low expression linked to
poor prognosis
TBXS5-AS1 Downregulated Tumor-sup- Modulates PI3K/AKT and Ras signaling via 7BX5,  [79]
pressive contributing to inhibition of tumor progression
FOXO6 eRNA Upregulated Oncogenic Positively regulates FOXOG transcription to main-  [80]
tain LUAD’s malignant phenotype
ENSR00000188682 Downregulated Tumor-sup- Controlled by ERG, enhances ADRB? transcription  [81]
pressive through E-P looping
GC RASSF8-AS1 Upregulated Oncogenic Functions as an oncogenic driver and potential bio-  [85]
marker for early diagnosis
BIRC3 eRNA Upregulated Oncogenic Induced by BRD4 and activates cIAP2 to inhibit [86]
apoptosis
CDK6-AS1 Upregulated Oncogenic Cooperates with CDK6 to promote cell cycle pro- [87]
gression and proliferation
CRC CCATI eRNA Upregulated Oncogenic Arises from a super-enhancer and drives MYC [89]
transcriptional activation
LINC02257 Upregulated Oncogenic Promotes DUSP10 expression, enhances PI3K- [90]
AKT signaling, and correlates with advanced
disease stage and poor prognosis
HCC THUMPD3-AS1 Upregulated Oncogenic Stimulates DNA repair genes, facilitating tumor [92]
growth
LINCO01572 Upregulated Oncogenic Enhances RNAP Il-related transcription, support- [92]
ing malignant progression
eRNAs from R2/R3 Upregulated Oncogenic Maintains high MYC expression to promote HCC [93]
enhancers down- malignant phenotypes
stream of MYC
IGF2/H19 eRNA Upregulated Oncogenic Forms complex with MED1, promotes E-P looping  [94]
to activate /GF2/H19
PDAC iHUBs-derived Upregulated Oncogenic Stabilizes EPI to drive chemoresistance [95]
eRNAs
MYC-490-Kb eRNA  Upregulated Oncogenic Recruits YEATS2-ATAC complex to the MYC [96]
locus, promoting transcriptional activation
PCa MLXIPe Upregulated Oncogenic Stabilizes PSMD9 mRNA via m°A/KHSRP inter- [56]
action, activating DNA repair pathways
PS4 eRNA Upregulated Oncogenic Engages P-TEFb to enhance AR target gene tran- [19]
scription and sustain proliferation
LTFe Downregulated Tumor-sup- Promotes LTF-mediated ferroptosis, while AR [97]
pressive signaling confers resistance
Antisense eRNA Upregulated Oncogenic Binds DNMT1 via cytosine-rich region, recruits it [98]
to gene-ending regions to enhance DNA methyla-
tion and inhibit antisense ncRNA
KLK3e Upregulated Oncogenic Forms a complex with AR and MED1, mediates [16]
chromatin looping, activates oncogenes, and pro-
motes cancer cell proliferation
ocC ADCY10P1 Downregulated Tumor-sup- Suppresses glycolysis and fatty acid metabolism, [99]
pressive limiting tumor growth
FOXP4-AS1 Downregulated Tumor-sup- Regulates FOXP4 and Wnt pathway genes, exert- [100]
pressive ing protective effects
AML MYC eRNA Upregulated Oncogenic Sustains MYC overexpression through super- [101]

enhancer activation
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Cancer type ~ Key eRNA Expression change ~ Function Regulatory mechanism References
ALL eRNAs from RUNX1  Downregulated Tumor-sup- Regulates the expression of downstream genes to [102]
motif-containing pressive promote the normal differentiation of B cells
enhancers
MYB eRNA and Upregulated Oncogenic Maintains high MYB/DCTD expression via E-P [103]
DCTD eRNA looping
DLBCL GECPAR Downregulated Tumor-sup- Exerts a tumor-suppressive effect by inhibiting [104]
pressive the proliferation of DLBCL through regulating

the Wnt signaling pathway and key genes such as
MYC and PRDM1
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