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Functions and research progress of long non-coding RNA (IncRNA) and
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Abstract : [ Background] Breast cancer stands as a primary malignant tumor posing a significant threat to women’s physical and
mental well-being. Due to its molecular heterogeneity, patients often confront issues of primary or acquired drug resistance, leading to
tumor recurrence and distant metastasis, the foremost causes of death among breast cancer patients. Consequently, identifying
sensitive and specific early diagnostic markers, prognostic indicators, discovering safe and effective novel therapeutic targets, and
overcoming drug resistance during treatment are pivotal challenges in breast cancer diagnosis and therapy. In recent years,long non-

coding RNAs (IncRNAs) have garnered significant attention as key players in epigenetic regulation. Some IncRNAs contain open
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reading frames (ORFs) capable of encoding functional proteins. Growing research underscores the close association among IncRNAs,
their encoded microproteins,and tumor initiation and progression. L.LncRNAs and their encoded microproteins not only regulate the
expression of cancer-related genes, such as oncogenes and tumor suppressors, but also impact cancer cell proliferation, differentiation,
invasion, and metastasis. Moreover, by modulating immune-related genes and the tumor microenvironment, they may influence tumor
immune responses. These findings suggest the promising potential of IncRNAs and their microprotein products in the diagnosis and
treatment of cancer. [ Progress] This article provides a systematic review of the functions and molecular mechanisms of IncRNAs and
their encoded microproteins in breast cancer. Regarding IncRNAs, we comprehensively summarize their regulatory roles in cancer
progression within breast cancer. At the transcriptional level, IncRNAs can recruit specific transcription factors or chromatin-
modifying factors to regulate gene transcription. At the post-transcriptional level, IncRNAs can interact with RNAs or proteins to
control mRNA stability, protein translation,or N6-methyladenosine (m® A) modification, thereby playing crucial regulatory roles in
breast cancer oncogenesis. Moreover, compared to protein-coding genes, IncRNAs generally exhibit tissue-specific expression patterns
in vivo smaking them potential biomarkers for breast cancer diagnosis, metastasis, and molecular subtyping. Their pivotal regulatory
roles in breast cancer also suggest their potential as therapeutic targets. For microproteins encoded by IncRNAs, advancements in
genomics. proteomics,and bioinformatics have facilitated their identification and highlighted their significant roles in human diseases,
particularly cancer. Current research in breast cancer indicates that microproteins derived from IncRNAs can act as oncogenic or
tumor-suppressive factors, thereby regulating the initiation and progression of breast cancer. The functional importance of IncRNAs
and their encoded microproteins also suggests their potential as drug targets or diagnostic markers. [ Perspective] LncRNAs and their
encoded microproteins have shown great potential as noval therapeutic targets and anti-tumor drugs. However, verifying the coding
potential of IncRNAs is a prerequisite for further studies on the function of micro-proteins. Accurately identifying encoded ORFs
from tons of ORFs in eukaryotic genomes and distinguish them from true transcriptional or translational " noise" are great
challenges. Additionally, the specific structure,localization and expression level of these microproteins still require further study.and
their clinical practicability as new drug targets or biomarkers also needs to be further explored and evaluated.
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Tab. 1 Function and molecular regulation mechanism of IncRNAs in breast cancer

IncRNA IigE S F LT S22k
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AT A 198 SPL 0 200 B ) S 8 TR 22

DSCAM-ASL i 5 YBX1 AHEAEH, FIRZLARE CHEE S N+ FOXAL F1 ERa 1Y3RIA , (2 1 i 2k Jie [21]
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M DNA 2 F FE A fi a8 5 PR 4 5

TDRKH-AS] &5 1EN T4 EH miR-134-5p T e S CREBL HY3R35 , MM 2 2L W di 4 L 19 A 4 e [28]

PNUTS 1255 AER PRI miR-205, 3% ZEB1 I ZEB2 ik, A{E st EMT i [29]

GAS5 M MERTIB4EE TS miR-221-3p 2560 4, 1% DKK2 ik, 9] Wnt/B-catenin M #$H%  [30]
T o 52 1R A0 A 0 e 2R AR

UCAL 1255 AERTFHEAR I miR-18a, 1 HIF-1a 23K , 350 A0 M X Htb 508 2R A TR 25 4 [31]

CYTOR TE9E AE R T4 IR miR-125a-5p, 178 SRE 3k , 1 5 40 X b 5 4 35 B it 24 1 [32]

DIO30S &% 5 PTBP1 AHEAEM . #8% LDHA mRNA MR8 M, 806 5 & (B0 ) 50 s 25 2L g iy [(33]

WA C U, 3385 20 T 24
DDIT4-AS1 &4 #3 AUFL, 425 DDIT4 mRNA FGE M, AT Hl mTOR 15538 1, 15 5 B v R E LI [34]

RIERIE

LINC00969 {4 5 HUR%5A . #5 HER-2 mRNA BIFREYE, 1 Jd HER-2 ik, b mifef HER-2 YRR [35)
14 % 1 K e

ROPM @9 EHEES G PLA2G16 mRNA Y 3-UTR, 84 inH e M #F i % PISK/AKT, Wnt/B-catenin -~ [36]
H1 Hippo/ YAP {5530 4 4R LA T 40 H ket

HITT P29 5 RGS2 AN LRSS & 2 Rk 4 5 PD-L1 mRNA 9 5-UTR, i PD-L1 B9 8%, 9 [37]

T AR 2 SPL s 40 L e 928 396 36k
MIR210HG %  EH#E45E HIF-1la mRNA B 5-UTR. et HIF-1a (B0 02 28 FLARIE A0 B 0 B B A, b e [138]

HEFLR IR R
RP1 W 5 eIFAE/p-4EBP1 B &5W454 ML eIFAE 5 eIFAG M1 AE ], B p27kipl mRNA B9 EIF  [39]
R TS PR 40 i Y 4
DILAIL @9 5 Cyclin D1 M EEAR AR A28 A D035, 1 0m 20 Mo 35 2 1Y it 2454 [40]
NDRGI-OT1  #% E#:5 NDRG1 454 AEiE 5z 24k, i il e (228 [41]
ANCR M WSR CDK1 5 EZH2 AR E AR 80 EZH2 12 AL FGAE T30 ) LIS R 2 sk 7 [42]
SNHG5 {298 ¥ IGF2BP2 #i55 % ZNF281 mRNA I, $% ZNF281 mRNA [Fa &M #7% p38 MAPK {55 [46]

I8 L T I LR R RS

A1BG-ASL {29 ¥ IGF2BP2 #8552 ABCBL mRNA I, &% ABCBL mRNA 193255, YR ZLAE 4 X BT [47]
R N 2451

KB-1980E6. 3 {29 ¥ IGF2BP1 #% % C-myc mRNA I, 4e Hifa e vk, SEMME LS T4 7E IR A MO E T [48]
B A B T AP IR T A
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1.2 IncRNA 7EZ| PR %= A BVl IR 5z A
1.2.1 IncRNA 1EAZLBRERIIE K12 BT bR A&

5576 P 9 A HE [ AH G S IneRNA 7R AR P Y 63k —
P LA A 2R S M R B JMRE R U Y IneRNA 1]
R 5 22 ) B A YA A o s A I 2 S Y e A
P00 IneRNA 193 Fi 32 58 R 1E FLAE A2 T 200l 3L
AR R IR b ZLAR 2 B 0 A= AR 9. 1 IncRNA
HOTAIR € 8 iE I 2 FL I8 77 15 2R A0 20 57 B 46 b »
SRR AN R TS RN AL i A G AR g A O
BLEF 2 40 5 3236 19 IncRNA SNHG5 7] 75 R 1%
TE () B2 12 Wik i ) » SNHG5-ZNF281-CCL2/5-p-
p38 FliFE FLARIE 5L AL 2 Bt v R 43 SCHEVE FH D f2 2k 4
A KA I T IneRNA GASS 7L 2H 41
AR,

BRAE AR IZ W A B AR 41 IncRNA I8 BE
S5 2 ME 4 F o AL2 W a0 Jin B0 K B
IncRNA TROJAN 7EMEM 2 32 4K (ER) BH 1 3L B g v

S R A L A N U BE RN CDKA4/6 #1500 (4
it 25 7. Yang %% % Bl LOC100288637 () ik 5
HER-2 B335 /K15 B IEAH G, 7 HiAE S8 HER-2
B R L A AR B Y T B, Zhang A0V & B,
IncRNA GATA3-ASI 7£ =B FL IR B & m &
K, FLFR IR T BR AT A0 b e e R L TR Sy = B
FLBR IR A A bR ). BEJS  Meng %655 2t —Fp
FT 44 IneRNA 9 2R FAE X LRI 251 1 XU F- 4
B 7 e 8 3k XF IneRNA  AK024118, U79277.
AKO000974 F1 BC040204 1335 R AiF 847 KU PF- 45 »
AU £ A R A AR AR I 2 e KRS R A A T
BAYT . A, Ma S0 45 A BEECE 22 A s i
HIFER LT HT 8 MRIZEHL IncRNA X
W PEo3 07k s T PPAl L s i 2 AR AP Ha 4.

1.2.2 IncRNA fEAZLBRERIE TR

Bfi# IncRNA 2549 5 D) fE A B & 30 . B ok b 22
W H TR TT R AT IneRNA B/ T35 50, A1
FENRIE G RIS WG 7 5 THEAT ) R 1 P A 5%, %
IncRNA (R8T RUATL 8 245 -t . 1k Bt o 9o 24590 % e
BT RaE, HRT, $81H IncRNA B3 25 ¥ 0F 58 © IS
— PR, FEARE/NTHE RNAGIRNA) fUR U
R (ASO) &, siRNA & —ZEKFE R 20~25 ML R
I RUE RNA BT/ 5 RNA TH0 8 270 il 4 2 SL A
(¢ 15, 0 1) 7L AR 8 AH 5& IncRNA (41 HOTAIR) fY
SIRNA T gk B AT DL i 2L B 8 04 A6 1 FniR 28000,
T3 —MWE 58 & B, (40 K R ZE Y sIRNA R i

IncRNA BM, A5 %000 il L B9 i I 37 . ASO 2
— PG AR AL R B 5 HAR IncRNA BAb, 7]
JEH—1~H RNase H YJ#I/#) DNA/RNA 5§ 3. 78
FLIE T 263k LINC02273 AJ {2 ik b 47 7% o 117 412 11
LINC02273 ) ASO FJ B 1F hnRNPL-LINC02273 & &
YIag e, T 2> AGR2 3k, 76 7 P9 A4 1 30 i)
FLIR IR RS

IncRNA f4 [] 422 I8 452 351t J2 245 ) FF & W 3 1)
n H19 ok F ik n] {2 ok g 3k — 20 % e, i 22 24 1%/
TR PR ARG PIM o] LU 9 H19 J5 30 a0 B e qk
KSR R H19 1 33k K. R BF 52 34 T 126 I
PRI H R /N 4312 PIML 41 4l 53] [ 422 98 775 JofJed 4
JfL i) H19 7K, BT & BT /R A

2 IncRNA FAENMEBSFIRE

2.1 IncRNA 4EBHIE B#E iR
2.1.1 WEAHNARASEE

IncRNA 7] gt ff & 11 09 B0 4 e & 9T 2002
AEXT RME Y A5 5 AR L R M (Drosophila
melanogaster WK BB T — A1l dg i 4 4> 5B A
B IncRNA, IR B2 8 mRNAM ™ 3%
SEHT bt S R T S8R R sORFE. SR, B T 40
I ORF (5320 H R /N A RAE A 300 MZ TR .
sORF 38 7 9 M VR T3 b G 0k =2 288 H e B fe R
18 BRAAE B 1 A TE — B AT 22,

Bt T — A 5 AR 1 Je T A A A T 3
I I Y e RS T B AR S R, 2011 4R,
Ingolia % FE/N U T 40 i b & 30, K Z 50 B
FERZH T UTR 5% 1M 77 £ 19 IncRNA #6524 1Ay
EHEIAR B S5 6, R WITE G i IX A A7 78 K B 1 BPES
o). B I . W 5% B AT 4 0l AE X 3RS It (Arabidopsis
thaliana) W S (Danio rerio ) NI 5 57
AR R I T Ko SRR SE 5 Y IncRNASH ),
NRAIE SORF A & B ™ AR /Y R B P94 1
NI i HE ORI 8BS T AR AAR B 43 BT 45 2R L P S AR ~F
PE L TF] S5 78 Bt 25 0 G Al R IR 1 A 0 B kLT,
Crappé 55 JF & T — 4 PROTEOFORMER f#]
SYMTOTIE  TE R A B A T R R X sORF A4
Ik — 25 0 e %5 08 , B0 iE T 3k e AP AE. FE—
T AR 42 R o0 i 58 T, Wilhelm 5570758 8 43
BT AR S o 1 a6 31 430 > H IncRNA %
T4 . van Heesch 887 BEFRORA B3 4L AR i
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A5 v 30 1 Y 4 T X T A ) R R A A AT
G RGN T 220 2 0 WAL 2P gl B3 ORF AN
X B RRAE S, BT —4t IncRNA SRR Y
sORF, R T 22 I 48 BUy AR S0 B0 4K R 30 13X
Y6 SORF B B, DFoE &1 e Ik e 1 1F
M4y B EFAHURD AUG 2848 BRI RNA, JF7E RSN
SEIG AT Al Ak s B R 22 IR IO S AT AR A R
T PEPS-methionine 8 A A AN B B A4 B0 . HEL Tk
S BG4 HIT XS I - o 2 3 B N ) 25 5 2Rty I R T
HE T ZFh IncRNA HAY sORF 0] g B¢, 54 i 2
TEIXLEH IncRNA Zifith B SR 1 iF R A Tkt 1
3~ IncRNA ) sORF #E17 4510 Bl & J5 9058 98 656
UE S 85 BAUFSAMIE R 1 238 1 3 R 2 B A 2ok
TRTENL., LRI G 45 S 7 X SE I A SR T
PRIRIATT » AT 1 25 0V

2.1.2 %Y IhEE

PEAER , IncRNA S figh 1) S 8K 11 400358 18 A F 5 o
IO TE A A S X SO 1 T 72 AR 8RR AR | 4
JiLZ AL Gk, FLrh A e R A SRR AS rh 2 R
2R IRFFIE. H1 IncRNA 7742 (930 1 E 8k B 7E
B B A LR S e A B iR e e 45 22 i A i A B
Wahh Z R EAE R, I o A FLE S 5
YA AE H A PR T RE Y 4E FE, DR 4 2 R R kA
K,

Anderson 7 BT — AN B B LR E FIA
IncRNA LINC00948 , gt 1 57 i i £ 1 MLN, ‘& 7]
BELAS: JUL 5 1) X 06 225 - 1 8 A o DT ik 3555 UL PR %) e 4.
Nelson Z 16 T — 4~ M IncRNA 45 55 19 K B4
34 aal LA R S MR 1, IF0% Hofi 44 9 DWOREF;
DWOREF 1 g WU W4 1) — Rl 35 4 & #EE R A2/
SR I H R o ek , 7E A Bl I 42 O O 4 48 27 1 1
il , 3% $2 78 B P RE 5 0 1 5 U £7 7E X K. Huang
EI TR g 1 2 0 6 B — A 8 T Y IneRNA
HOXB-AS3, 3 & M 1% IncRNA A] % 5 — > K 5y
53 aaffEE (s i — e AT 5 IR T, &
IOZEE F R IB e 5P haRNP Al AN 20
IR R M2 (PKM2) 59 42 8 £, il PKM2 A9 1K
B DT 410 31 45 i 9 200 G F 398 9 L S0 B8 R 2817 Bl
J&i » B GT A BA St SE 7R 25 W i v R BT 55 A 2 AT
i B IncRNA: 1) IncRNA LOC90024 , 4 fith
— KR 130 aa MME A (K8 KT 100 aa, {H
PR R IR ) 5 BIF 9% 3 13 ok S5 i G ) & B
TR A SR A 0 IR T T i — 28 DR o At
FKUZME A F5 5 mRNA 57 Y] #4540 74 B AE

T2 8 Hodw 44 0 35 U1 4> F 458 /N (SRSP)
SRSP ] 455 55 A F SP4 57432, 1 T 42 45 1 9 114
KRR 2258510, 2) LINC00266-1, 2 i — 4
KR 71 aa FIRHEE PR A E 25 RNA 454
EEL A, B HAar 48 RNA 456109 2 K
(RBRP) ; RBRP 745 g9 th 3Rk L, Al @it m® A iR
g% IGF2BP1 #4558 m® A X} c-Myc mRNA A3,
MHE58H c-Myc mRNA AFRE PR IR IE s A2 i Mg
KAk SRR A AT RE BV A 45 e TR R B U A
VbR R R 25 e 6 7 S 4L 1 o LIS, k4,
Xu ETEHER KT — A H IncRNA 4ifi% i K 5
999 aa YR 11 KRASIM, %308 11 78 H L% 9
FWFh 2 B FE I — 2 PR SF M KRASIM 7] UL 5
SAF = BER A KRAS FHZEA M T Wedn i oh 7
BB P (ERKO A5 530 [ 4 075 o DA T 400 i) FHF-9 20 g
(DI RE 2 — 1> PN U5 %) B T 41 o1 B . Woa 5079 F
2RI, LINCO00278 ] Zaihith— A7 55 1 48 bR 40 g
P O UE M R R R AL K H Ay 48 YY1BM;
YY1BM a4l S K1 YY1 5HESEZ K (AR 1)
FHEAER, IFE st AR 15538 % R IR ECA 240 o 42E
T 2 W (eEF2K) By Rk, NI A A K 5
HATH.

25 LR IncRNA i i ) 1ok 85 4 76 40 it A9 IF
AR B Bl CAn S B 1At L LA e 46 55O DL g i Can
SE M R ) 1Y R R R R R e 4 O R R
fEH.
2.2 IncRNA HEBMMEREZLIRERRThEE

UL AFR g AH DG BB I I 58 AN R AL FL R
I TP DGR B9 R B 22 (EATS AR A BR.
2.2.1 LINC00908 #w %5y ASRPS 1€ =A% ZL AR =

B By 3 1 & F

R & WA, =R IR E R B A R
80k, H B3 TS A R 4 25, BE T A X A e,
Wang 2550 % B IncRNA LINC00908 4 i — > K Bif
h 60 aa WITCER 1, 306 Ham 24 ASRPS. ASRPS Af
B3 SRS I STATS 454 . 3 STAT3 i
PR Ak - DT REARR AL A PN B A K TR (VEGE) g 3Rk, iF
T F ] Ao eg B A K 5 F 98 3 AT AR /N BRFL IR g S b RS A
BRI ASRPS #4730 Rk, 45 5 s g A= K 52
SR DD, 220 ASRPS 7] LLAE S —Fi ik g8 10 4 £k
L TE =B FLIRIE a7 T R TS TEVE .
2.2.2 LINC00665 % f3 ) CIP2A-BP ] ] = BB 14

BB EEINER
BifiJe » LR A BAAE = BRI T R BT — A
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PR A K e 24 A CIP2A-BP By LINC00665
Uity K B 52 aa ™ FH LT ER BH 2L 8 40 i
MR P E = IR FUAR R A M R rh 2 ARER A B
T %A R e 7% 10 B B AL 20 P i B KR T AR #E
R M LINC00665 HYZRIA A TEH % SR R
HZHA A % F. CIP2A-BP KB 5 =R
[ A RN S TIER- ¥ S W T
CIP2A-BP ifidE LINC00665 1 1 = BF ¥4 L it i 41
ML AR 22 . dE— 2 AL 98 = B I (A aT
522518/ 75 2 IR R i PP2A 1) B56y WA 3
ek 45 4 I oRs 2O I CIP2A, BE 1M 4 ) PISK/
AKT/#%HF «BONF-«B) {5 5538 [ 0 30 . il F i
I R 20 L Foc 24 i) = BH 1 L BRI 0 5 7% R 28,
REGUE CIP2ZA-BP A4 Y4t g 1 P 15 7 A /)N BRUSS
IR VR 5T CIP2A-BP, 45 3 & B nT A 5 s /0 fih g8
(A6 3%, P i AR AR A7 . X 47K CIP2A-BP [A]FET]
VB R — P (04 B g 0 i B B 3 ok B LR R
2.2.3 LINC00992 %% %5 ) GT3-INCP {2 i#t | iR 522
X EE R RIE

J 45 7R TR 9 IneRNA 19 8135 ¥ BB, Dutta
SESE T R BN B R Rt T ER FH
P L A 00 e A TR 3 1 P S AR I ik A A =2 i
H FJF &/ Ribo-TISH 35 T H M 1 40 b B A
TETE B35 31 19 IncRNA 3K ¥ 9 ORF. Bt J5 F
CRISPR/Cas9 RETEH A, £ X H A L AUG M
RIS T 758 /1 IncRNA SRR ORF #E47ZhfietE
G3HT s I B 9 I A DR A PR s . S e AR 28 T
ER P FLAR AR Fh AR X T 1E B 41 27 1 22k HL G 4 it
K B AR R VR A IncRNA SR AY ORF. 1T
XA LINC00992 4R 6% i it 8 11 GT3-INCP i A7
RABESE IESE GT3-INCP e N 2 A e 1 A L %
K5 R N TS 2 DDAE O, [RIR, EER RE A
GT3-INCP 3k , 1M i 7 0k 30 22 A0l iy 20 M 2B . 7
B L GT3-INCP 5 ZL R 9 240 i 3 B 1) O 5 7 it
T GATA3 MHEAEH 456 2L i a2 o4 1y
VF 2 FU IR XS I 7 (Cin MYB Fi PDZK D 263k, |
A5 GT3-INCP A 78 1A P9 A 32 2L B 98 1) % A=

IncRNA LY6E-DT % 3 i MRP 12 i3 3 B5 4
HEZEMER

Liu ZEBU RS Y858 T —Fl IncRNA LY6E-DT, aJ
St (1 MRP. MRP i i $2 5 RNA 254 & 1

2.2.4

HNRNPC 43932 B2 A K A F 2 7k (EGFR) & 1 2
FEMEFIRE S 1 EGFR 1553005 , 3450 FLAR I (R 28 Fn i
. JAN, LY6E-DT if n] FLEEME #E Y-box Z5 A& H 1
CYBXD) Flki A Z& 11 (importin) o1 2Z ] (4 40 5.4,
MR HE YBX1 #E A4 A% ; LY6E-DT/YBX1 B &
Wy 3 A SR RS fEHERERE E-box Z5 A RIVREE H 1
(ZEBD ik, B g5 /8 T LYSE-DT A 38 & 25
FA RNA P A [8] 19 33 48 A 3 808 AE . 7R
LY6E-DT K H4mf% i) MRP 1] 1 Sy FL 5 96 Vs 72 1A

2.2.5 BEERIEA CASIMOI {2 it LR = 4 fa g E

Polycarpou-Schwarz 255 #¢ ER BH 4 3L 98
W TE FNRAE T —4~ 10 ku B9 BUGLE (1 I8 Hdr 4
i CASIMOL. X — 25 RS0 1 £or T 4t A ST 9 A N
Wb It 5B I E LB (SQLE) AHEA/E 5 1 SQLE
SR A A 1 S e g L 7 7L B e 2 L R 1) B0
HF,CASIMO1 5 SQLE (A HAE H 2 538 SQLE
A U BRI g Jo T 7 4 3 . Ak, mIR CASIMOL
FEHFRIA 2k /> SQLE £ 2 F ERK B2 1k, M 7E
22 P I8 200 R v 40 S 240 i 3 2 R LV 48 B GO/
G115 [mI s, o 2 2 PR AL AL 3 2 1 4t B 22 i 2
20, JEmAM A0 G v, Bk gk R CASIMO1 541
JLRE AR A5 A G, I 76 2L IR i 350 oo B b R R 4R
YEM.
2.2.6 IncRNA CTD-2256P15. 2 43 i) PACMP i ¥
B 8 Y i3 R AN 25 1

Zhang %51 & IncRNA CTD-2256P15. 2 4w fid
—A 44 aa TLEE 11 PACMP % (W8 1 B A 4355 5%
iBH.i& H ¥ CtBP #H BAE & H CdP £ Mg it 2
R BERR MR 1T CADP)-R% M 3L 4k 2 1l (PARylation) 1)
WHEHE. PACMP AMGE ] CtIP 5 Kelch FE%
JERCR 15 (KLHL15) B 4546k B 1E CUP iz Z 1k,
WHE E 45 A 2R ADP-EFER A M 1 (PARPD JE AR
() PAR %, 2 #EHK#5 T PARP1 ) PARylation, HE i
PR WSS 0 5. PARP RE LA e B =04 — 4%
i (NAD™) WA o ADP- B R 2 | 8 i3t
# PARylation. PARP1 K H A4S PARylation | 72
Z: 5 DNA #5018 52 A1 34k | Sy mie 1 45 £F ) 2 aod
2. PARP il 50 (PARPD 7 Ifi A< _E 4% F 3697 [F) V8
H2H BB BT . © O IR YT FLIR R B IR K 2. SR
17 [ 068 2 S50 o i 9 F PARPA F4 T 2457 € ik B 2
s PRI FH (%) S BB {ELAE i) PACMP R4 ] 2L B s £
K I PR A X PARPE 8US, XA IR IR I PARPI Tif
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B H BRRITIERE TSR,
2.2.7 LINC01420 4373/ Nobody &5 mRNA H %
BIENNETRITE
D’lima 257 % BL7E FLAR 6 4 M R MDA-MB-231
H, IncRNA LINC01420 gt —A> 7 ku B H0E A, 9t
T 444 Nobody; Nobody & mRNA fi# & & A R 19 #r

M1 - BES5 mRNA WS A1 SO 3 3 il e 2k
17T e P e e e % o (L HC A LR A A Je v £ 52 T D
HREHLHE T BE— 2L 5.

L b AEFUBRIE AP AE R — 28 IncRNA g #5119
AR 1 AT TR T A 1) K A A R T ke 44 O B R A
FA I T RERLFH THREAE 2 W 51377 (R 2).

2 FUBEH IncRNAs S i H R SRE & 70T I L]

Tab. 2 Functions and molecular regulation mechanisms of microproteins encoded by IncRNAs in breast cancer

IncRNA EH e S FREENL 52 3CHik
LINC00908 ASRPS M P STATS BYBEER AL AT FEAIE VEGE 361k , T ] = A vEFLAR S & [81]
LINC00665 CIP2A-BP 4 #0 PISK/AKT/NF-«cB 15538 1 A9 38006 » #0603 R g s mdndl - [82]

ZAVEFLRE R RS R 2

LINC00992

GT3INCP  fiefi  SCHEAE N T GATA3 AHEAR L 25 3 LR AR ook 2L [83]

Fr - (it MYB 1 PDZK D i %35

LY6E-DT MRP {28 25 HNRNPC /-F19 EGFR FaE P, 36 EGFR 15 518 i WAL sz 28 [84]
¥R

CASIMO1 CASIMO1 5% 5 SQLE MEAEH . $3 SQLE & [ BRAs SR Rtz s anie - [(85]
pi ey

CTD-2256P15.2 PACMP {95 EOEIKET PARPI (9 PARylation, fE LR A K A1 PARPL Tit 24 [86]

LINC01420 Nobody 125 25 mRNA KR AIIC XA S5m0t 72, o i fe vk i 272 [87]

2.3 IncRNA ABMIRE B EZLARE P HI R A
A=

2.3.1 1EAFRERIZHIRE

5 IneRNA 25181, IncRNA % 75 59 4 85 764 9
(1 22 3R B H A AL ZURR S0 3 — R AE (0 AT 4 A I
PR SR 2 W 0 AR W0 As AR . 4 LINC00908 Zi fith 14
8 1 ASRPS 78 = B PE LM b 2R e Rk,
Log-rank ¥ % Fll Kaplan-Meier 4 77 i £& 43 #fr & 01
ASRPS {3 15 19 = BF 1 2L 2B 8 0 BB A i e T
ASRPS 5261k 1 = B 2L g £ 3 1. LINC00665
B 1 TR 11 CTP2 A-BP 78 = BH 1 3L I o 210 i 2
R SRR AR F 0 . FLAE AR TR B B ) R 3 1 41
TR TR B B IR LR R 5 = B
FLIR I BB IR RIS % D) A 56T LINC00992 4
R 1 GT3-INCP 7F ER FHYEZL IR & h 2 4
SR R AR OF 5 OR R R RS 2 U0 A D60,
IncRNA LY6E-DT 4afith i) i & 1 MRP {7 3R i5 5 3L
A SR N = s AR i€ S S a5 18
IncRNA i ith () fof 2 1 18 £ 76 7L B 8 40 i & o 52 4
SRR IR AT BE R FLR I & AR VR S TR A
YibriE).

2.3.2 1EAFLBREHIEITHA

IncRNA it fi5h 1) ok 2 1 78 V8777 2L Mt s 40 e 114 34
B FERS A28 R A S 24 45 7 T A AR
T B AT T R IR 97 F0 A B AT R, X T A il
JEEAE I TR 1, A B g AT g R W AE TR 9T 24
). 1 LINC00908 it (1) 1 2 11 ASRPS A I 2 41 ]
I L A M P 8 B LA /N BRCEL R S A A AT
B A v i) ok 6 3k nT S ) R R K 3R B
ASRPS 7] 4 = B ¥ 3L MR8 B EIR T 2 Y.
LINC00665 4 (1) 34 2 F1 CIP2ZA-BP 0] 411 il = BA ¥k
LI 200 L 7 42 28 RN AT L A /D BRUSE 7R oy 4 v A
CIP2A-BP 1] A7 2800 70 i 98 1) Jili e % , 18 oy e 1A A A7
R IR CIP2A-BP AR by —Ffr i 7 i) i g 410 61 2
FH, O HT AL R FIR YT 2. IncRNA CTD-
2256P15. 2 i i1 EE 11 PACMP nl i ik 2L Ak e 41 it
(A= AT PARP Tif 2 , 1778 1) PACMP A fff g A= 4<
SZFIE L TR T PARPI (9 R5URrES, B =]
A FL BRI TR AE R T T, 25 BT i T A
XL BRI ()3 B e AR 28 RN 25 EAT OGS R 5 A
FH 0] AR R 2L M98 76 7 F0 a5, R FLIR R R
B .
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3 BEERE

IncRNA 7R %5 4 T\ Ry 2 J5 DR 21 7 S g g 7
1M IncRNA Zfith i) 33 2 11 78 & B0 300 0 4 oA ok 2
PRI EE . SR B SE R 24 R L2 AE Y1 B
DM EE AR HE AL TR S IneRNA - K H: 2 5% A 33405 141
IEZ A , IR UE B B0 e 2 i e 19 &
A R B R T E A (0, 7E R GA b 3K 2 IncRNA
T L 9 o B 1 7 FLNR g h S O 22 vk R Uk
e AT TG T 3 Ao S i R - i € SO A T A R 4
RSB S RNA SiEAMEERAS S5 2 ME
i {7 5300 5%, 2 1717 5 M L Y R

A AATX IneRNA [ AF 5% C US4 2 3
XF IncRNA fRe SHLHIESA T AN Y T SRR .
SRR IncRNA 4 A (1) f0 2 11 04 AR 45 B HE 0 26
By Bt Ak . LA 42 A5 5 ik kg Al 0 B R i A5
Bl TSI & . i 22 B AR R 1 % A RN A%
PRI JECA A WA 222 o B v] 28 A dm g e i)
sORF . 38 £ A &1 B0 15 B3 2 11 Jo 4 92 B 3 7] i — 25 0
i SORF 19 2 5 68 7 » [ B Y8 AH €2 335 H 16 o 33 (LC-
MS) H] 1 4 46 4t 4 5 0 K A7 AE AR 3E. BE A, i3
CRISPR/Cas9 i A4 fig H5 By A0 1 H BT gy
TR 1. SR, XL IR & H BRSO R fE7E
I sORF s Fi4E1R sORF Ay AT fE. PR, fnfal i
%E IncRNA Frdd & i sORF LK 4] % i 86 sORF
PEAT R SCAAP28, IR XX 2 sSORF A4 B3R 18 ik 2 nl g
ity P Bl B A T ARG I A A ) D RE B R R R ROk
AR5 Ao v 0 5 i X R DR ) i) 5,

IncRNA K H: 2Rt fi S 2 11 78 e g S At g v
S VI S A ) S A B A R )2 A7
AAER ALY S AV 0. HAT, 210 RNA B
25 I KR W B A IER A, W ASO F
siRNA 225%). ASO 76 20 g N B A 1R 4 (0 48 [a] T
RO SR AEAR BRI K HLB = A 800 3% R 40
B a7 LI PR INE FH. Ay o JHL 24 38 2 1 I, 3 4
T Btk st ASO 5 58 35 (K] (1) 555 A )7, 1 o
Xof AR i PRI BL PR A R AR B e D . B A % TR A=
Wi AR & . Bl ASO B2 E LR E45 =01
IR L3550 7 R B AT s % A A D (R M AL 5 ASO) 26
6L, sSIRNA 254 (4 & J7 )[R RE S 285 A2 A A ok 2
o LR S M R SR T A SRR e L IR AR AR N 1)
BEPE TG RE . Al B0 R A T R 1 4 L
W K B 4 0y 1. H AT A 2 A mRNA 8 ) 1)

ASO il siRNA 259 9l 4t v 1 77 sl 0k A I PR3 58 By
BT JCHR ) IncRNA FORZ TR 2454y A i,

H T, LA IncRNA 4% i) S50 18 8 A 25 9 15
FERTFF RAT AL FAI T 45 A B BE L 2 IncRNA 2t (1)
TR P 7 R e At 3 0 v ) 25 S M R R R R B T
REIRTE A 17E R 25 00 5 A0 i vk i . B B Ae 4
()RR 1 AT BRSO i E TS E YR YT 25 9. VE R 25 Y
AR U 2R 8 A B R SUR S 1. e B
ATTRT LA 5 8 g 457 1, 00 0 9 40 L ) A K R B 5
AN TE 20 3 B A8 4. TR Bt s FR T 7 R R 40
R R R SR L AT AT DA A B e 40 1 A P
AR LT A FEB IR AR L i T B S AR AR
FAMITICE (1 v LA T IF & 0 ) 38R 1 04 /N 93 7 il
B 50N A N e 1 I B R (SR S W S 2T 7B
2 2578, AT 3 3k A 57 B L L7 B g B bk
SR /INGY T 25 A AE X 2 A 50 1 M S 801 R =
PERGR, 5 A RE . 5/ T 25 He Ja Ik
YWIFE S RE IR T O T R B MR M A A A e R
P A A RO KX IE H 4L SN A IS s Bl
FERRZR 259 1) 2 Ge 75 1, A0 48 E I B VR A O I 5
P AR I PR 1 30 790 2 7 FH 27 31 7™ B il

SR IncRNA 2 % 1) S & 11 76 Jig i v B A o 22
() ) 2E D) RE AR TR SR AE 12 W RA T Hh 0% 182 T
REMEATI AN TR BT 30 T B AT R i AR 5T AT 45
RS S i 928 200 i m ol 4 6 28 g R B )
RT3, IPEAL & AT T4E R 25 W 5 25 W 38 13 1 FT g
P BT HRR EANT PR B IncRNA Fi 5 (1)
Tl B A A 98 0 12 W R I %) A 9 b R 0 T RE R 5
SEPA. GnaE A T A A B T R A T AR A Y B
PRAIMFRIC ik 2 B M B SR T, DA 2 W A
T2 i R 3 A AR A7 AR 306 o i, T RNA il
B EYT SR W AT IncRNA K 45 14 7= 4 7] e
FLIRIE IR YT R B .
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