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Advances of long non-coding RNA encoded micro-peptides
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Abstract: Long non-coding RNA (IncRNA) refers to non-coding RNA longer than 200 nt, with one or
more short open reading frames (SORF), which encode functional micro-peptides. These functional
micro-peptides often play key roles in various biological processes, such as Ca®" transport,
mitochondrial metabolism, myocyte fusion, cellular senescence and others. At the same time, these
biological processes play a key role in the regulation of body homeostasis, diseases and cancers
development and progression, embryonic development and other important physiological processes.
Therefore, studying the potential regulatory mechanisms of micro-peptides encoded by IncRNA in
organisms will help to further elucidate the potential regulatory processes in organisms. Furthermore, it
will provide a new theoretical basis for the subsequent targeted treatment of diseases and improvement
of animal growth performance. This review summarizes the latest research progress in the field of
InNcRNA-encoded micro-peptides, as well as the progress in the fields of muscle physiological
regulation, inflammation and immunity, common human cancers, and embryonic development. Finally,
the challenges of IncRNA-encoded micro-peptides are briefly described, with the aim to facilitate
subsequent in-depth research on micro-peptides.

Keywords. long non-coding RNA; short open reading frames; micro-peptide; muscle physiology;
inflammation; cancer; embryonic development

NEFEHHA 34 e pifest, HRAAY
2904 PR ELA 4 i 25 1 R 19 i ™. DNA T

RNA (long non-coding RNA, IncRNA) &
ncRNA i —~IE2 , HAS it 200 nt, i RNA

- H B4 (encyclopedia of DNA elements,
ENCODE) my##l R, 78 % 5 1 B4k A
ShIEE YR, BA REMIAES S RNA
(non-coding RNA, ncRNA)?, S 4E Y BF58 R IR,
X4 ncRNA 1 A] f8 & A — A~ s 2 A Tk
IZHE (short open reading frames, sORF), Jf: H 7]
REdm S —Fh/NT 100 A2 5L IR A0 /N B 1 5
(K), BB (micro-peptide)®4, K3k 4wl
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B4 1T (RNA polymerase 11) #4557, 2554 H
A 5l F45 kR 3 poly A B, JFHE#
HESEHFF 1 ARSF 1Y SORF 1] 4R An k7, it
Hh, TR B e/ . TR
B By i 28 AL 1) DA B ARG I AR A By BR 1l F2 3
FH A28, X 0] RE 1 BT 2 H
PR BIL T B, BT AR ST i 2R AiE 5k
WA EE,
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FLIE 2002 4F, HA gifSHE S8 IncRNA 5t
O k. Rohrig B TRRm s h &k
P—F & A P SORF Y IncRNA, I H H: 4 f5
IR IR T L5 A 5 i 45 & . 2007 4, Galindo
il Kondo 11~ A1 BA 4331 & B 224~ 5 SR B R Jif
B AR, I FLX LUK H IncRNA ) SORF
B9 2008 4EF] 2010 4E, 47 ZAHESTH
BA % BLFH INCRNA 2 % 1) SR A gl it 2 541
KBS pe B, R AE Y & 2 5 o et
2015 4E, Tonkin 2:M3% BL7E B LA AF 3 fie
J T, INCRNA  Zt fith (1) ffC R [R) 6 473 3 7 2 A
o, IFATE R ek LA PR BB A 25 0 A5 o T AE
VT TAE, A% IncRNA - 2 i 34 ik 33 — HIL 1 1)
W55 S 2 AN S R S B, IR BUS R 2 74
PERY R o T 7E X L5 &, H IncRNA
LUK TS 25 Cca® s Yk
g LR AR A TS S R
B mRNA 3532 | (554 5P
20 il A POV R 4 g S PO AR IR LAY
A EIEMBRMEE S KR LTSS
HEEFAREE (K 1), Bk4h, B IncRNA Zifd
PITOIR T2 5 2 8 WL T R A 5k e
YA SG, FonT3d i 7o Y i N 7 sl 80 I 15
M S8 i ) 2 8, 3k — & BT Ry H 5 0 [ YA T 2
MR BN (E A S . 1T 0L, IncRNA 2t 4 Sk
e R R A s A A, W
WA WA BT AMTE A ENLA N IR)Z
PITRPERLIE, JE XIS 1036 97 25 9 0 B
DA AH R B I RIGIT B AT (B9 SR

ASCHGR T B INcRNA 45 it 14 T B P fHUIK
FENLIR A BRI AR . RAE S R TT | B0 FU E
MEA S KR, BREEHE Y IRG & E 5%
T AR B O A ST R, X AR R AT o B T
I F9 [00) AN 78 B Pk R B AT T T PR3k, B AE
N ARG K SRR A I E Bl E 2 %
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1 IncRNA 4a A48k & B 50 AL )

HORHE 2 IR R, K240 IncRNA H
A — £~ sORF, Jf HixX 48 sORF J& IncRNA
IR K AU AT 4% . SORF A B2 /N T 300 nt, &
MRS T (ATG 5 AUG) JF A JE i 3 28 1|
Y R S35 I I N v w5 V25 2 71
I IncRNA . circRNA Fil pri-miRNA 2562728
W1t ORF Finder, CPC2., CNIT %4:— %%l ORF
U K o f vk 7 % % T T R Ribo-seq
RNC-seq 5 il i 41 27 25 PR KO 20 S i
BUR I, sORF AIZEA R il B, JF HBk
K sORF A 5 i fiix 2% b, sORF
B B PR PR 6 52 2] IRES, mBA 151 (A5 5T 37 A5,
S5 TF I B E b 3 i e 0 Ho,
N A% WA AL A5 (internal ribosome entry
sites, IRES) & —Fp ey RNA T3 T, B
A fii A SORF 254 (1) RNA 478 SEAZ A A - 3K 5
BEHHEA K, IFH IRES AFEFHKE T m'G i§
T2 () BHEAIL T 7 2 LA B R IR R AR 1Y
mEEE R, Ol 5 B RGN T EE R
VERIF e o BIIRAR LR 13T, Ak, meA Bk
PRSFAL S & BUAT LSRR S PR ncRNA fY BH%E
I BHAEVF Z Al #@En IR R IR RNA (circular
RNA, circRNA) &4 meA £ 1%, iy
MBA & i) ST 15 7] RE 3K ) IncRNA il
VRRY SR OC . A, FEWFSE Ok R BH
) INcCRNA i 5e v F A i, ik $iiE
IncRNA W46 56 2 v, T4 M A% . Jf H 46 g 5a
INcRNA [ BIFRCE LTS5 mRNA (1) BHFRRCE
Y, T HBEA BIERE I IncRNA 1Y sORF
A RN TR AP S E R % R NP ]
INCRNA 5 B A #ZMA & 95 (19 IncRNA AH L HA
B 25 Y R A I B R T T
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INCRNA 7EZ0 B rh i #iie, JF HHBESH a9l sd g, EPLERE shAsE e AR s
SORF #{ 4% W 1A o 4l 3x — #IL ] 25 U1 40 G . P07 KA SRR AL LRI I ca?t
INcCRNA Za i ik AL R R E 1 PR o ATP fif} (sarcoplasmic reticulum Ca?* ATPase,
. SERCA) J&—Fhulkt Ca®* 4 i iz 2= 13K
2 —EE}LWW%%%%"&%HK K (sarcoplasmic reticulum, SR) FIIEZE, Hi@
21 5 SERCA %:35& Ca2'#8 3t 19 1% Bk A NLANI P Ca R SR wI LA U 4 5 &7
HHIEANRZHRGE P RARBERE  SRE, AmRILA R, 2015 4,

IncRNA

3 Ribosome Tl \Smnc(;d" Stop codon
‘e A Ca’ transport e | NATG/AUG

u-‘_g"»?.\}{.. B Wa%te degra(iatlon Mechanism of encoded micropeptides
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Figure 1 Schematic diagram of the various biological functions of micro-peptides. A: Ca®* transport: MLN
and DWORF respectively mediate Ca?* transport by inhibiting or activating SERCA; B: waste degradation:
SPAR regulates waste degradation by lysosomes; C: mitochondrial regulation: Mtin promotes mitochondrial
Ca** transport, MOX| binds to mitochondrial trifunctional protein in mitochondrial inner membrane to
regulate mitochondrial metabolism; D: transcriptional regulation. IncRNA Six1-encoded micro-peptide
activates Sx1 gene transcription; E: translation regulation: TGF-p inhibits LINC00665-encoded CIP2A-BP;
F: mRNA splicing: SRSP interacts with multiple splicing regulators to regulate MRNA splicing; G: signaling:
SMIM30 activates signaling by driving membrane anchoring of the non-receptor tyrosine kinase SRC/YES],
micro-peptides conduct intercellular signaling through extracellular vesicles (EVs), toddler activates
signaling by driving internalization of signaling receptors.
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Anderson 257 RF 5T B LA A B A v & PR
— B B LR S IncRNA 2 5 A9 42 51 ik
MLN (myoregulin),iZ k5 PLN (phospholamban)
1 SLN (sarcolipin) EL.A AHL A &5 AT EE .
MLN 7] i 4% 5 SERCA 454 B Ca? Ml
Z SR, MM HINLA R EFSKHLEITY . I
MLN A 36588 L Ca? AbFRAE 1 IF iR iz )
A LA MLN S R LA B2 oh R rp B
MR A . B , IZHTBAFE MLN 53 A 35A 1
MR T 735 Fp s ISR ELN (endoregulin)
A1 ALN (another-regulin), Efi15 MLN —FE#S
el 1 SERCA BHLAS Ca®* Wi 2= SR, MM
PEHILP AR A1 Anderson P BA f4 33 4
FHE~ T SERCA i M UK S % A2 WL IR A
LA 40 M 2 A s Rl A . CaP* 2l J1 2 I U<
Bl . Nelson 2% 3 —FhE 2 F SR AT
JiIk DWORF, H:Hi LA %5514 IncRNA il . i%
PO AT 33 o 4 SERCA #I41%] . PLN. SLN
1 MLN 55 SERCA %™, 14, DWORF
X SERCA ELAT kb PLN B & () R M4 & 25 F1 7
I Hoad #2319 DWORF 7]y §% 5 i 35 PLN A
SRR Th B RE AR i it bk B LR /)N B
PRI P, DWORF A 3855 5k B0 LI /1N B
R0 WS 28 70 I T BT 00 T 20, RN B O L
RO, e R % ] DWORF A5 2 Bl — Ffidl
HG 5| S0 iRy e 29 . 25 LTk,
INcRNA Zifih 1) Dy GEPE T IR AT 3 i 754 SERCA
)T 70 BT 1 300 45 SERCA %515 CaPtix — it
B2, LA AR RS I Fax — R e o H
JEFHIGIRIT 25T R B LS SRR (18] 2A),
2.2 5 mTORC1 8% 89154 Ak
BMERLEALZAEY 1 (mechanistic
target of rapamycin complex 1, mTORC1) J&E
A% A0 B HP R B R ST Y 22 E R 5 R R 1
HHEY, TUIEARKETF . BERFNEERET,
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i 30 40 A, 0 A A0 S e e AT
2017 4, Matsumoto 45 17E St 5 403 I 11 i
WL % B LINC00961 T i fig— Fh 7E A A/
SR S R 0 03 N 1 =0 P AN (R BN
(small regulatory polypeptide of amino acid
response, SPAR). Z{HUIk Al 75z FL 2 [ = 5
BF, (HVEEHALL Y v-ATPase fil Regulator 42
BYRER R B G HPIRE, T mTORC1
TS R AR T, A% mTORCL 1Y%
(% 2B)!L, i mTORC1 W3 i e A S A HEAL
P4, RIS 00 )5 B s WL LA 4=
Hh SPAR 7 24 2 41 il 351 1 7 0,
2.3 SR RREHEEE KB R

2R KL SEYIIRE S ) [ R o i O S €
WA R A, IFENLNZShRE S iR E
A OCHEVE . 2018 4, Makarewich S IZE LA
HA P R —Fh ] B SR R IR -4 A i Lok i
Ik MOXI (micro-peptide regulator of beta-
oxidation), H: i —Fp 2 5 7E /N BRI RS 4
HiyE B 1500011K 16Rik £ LINC00116 f
INCRNA %t fith o 2 UK P 7E Sk (4 N 55 2o (4
=IfiesEH (mitochondrial trifunctional protein)
4, B —MAENR TR B-4A AL R B ]
R A e R MOXI Y /N BRUBE AL v
I JEE R UL R A 2 3 AR i 7 R e
J1ss, IR Sl RE ) W RS,
T MOXI TR R g R U TR 4R
Stein 25 R % LR WE H & B8 — Fof AT 24 i
fHOK A LINCO0116, H: g fith— b 2 b A 45 ik
(mitoregulin, Mtin). ZHUIRTE LA PN JEE 3 o
H.OBEE (cardiolipin) 454, 43R AR AL
5 0 W 5 A W AR I B AR B S ) B S5 58
Bbe, UASRFEARESYRAEE, fieik
B BRI 3o 1k Mithn A fili 2R A
HLAL, IPIH RN Cal™ (R B RE Sy 1N, Zokifk
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T4 (reactive oxygen species, ROS) FlIJGE
i Cat i, X sesE R ST AR E A Y
02 A TR it A —2Y L X R B Mitin AT
i TR A R A W A s R R
WeaiR . LIRS Ak 2 LR & B R A o A v
f—ANEEFLE, 2019 4F, Lin 25376 LA
R IR — P AR AR A TR MPM , ] 38 i
£t PGC-lalpha JEH (kAT I AH C 5 )
FEIR TR LR AW B NSRRI, AR
i b VR O RE S AT ATP P A3, AT 038
WURHE SRR £F 2 A K, 32 @ LA 3z 3
fEf1. R MPM AIRERNE 3 1E . A ailA
B AIRA B R R, OF T AR SN IVL A ZE 4
MPUE R TERI TS . 25 ETiR, IncRNA
e O G NI B BB ka2 7N N AWl IS A LN
W3 2 b Bk AR N B 1 B G I 2 e A i
S E AT LA B AR BR
24 S5HN4HBaFEE S H X B9 RBR

BV A — OGS R, AR TIILA
e K T AR v B A KR I LT 4 g P15
2017 4F, Bi VR BBl 84 A EIERR Y L
YR SEPEOR myomixer, IZUIK 2k 5 AL
YRS AEAR G, XTI IG A i i v A il A
R il 2 X F 2, myomixer 7] {2 7F s L4
A, JFSRG AN myomaker 4551550
£F 2 240 M - 18 2T A 40 A 5 08 2T 4 48 - UL
A FLAY, F2H] myomaker FI myomixer &
LB B B R S R s I &R . JF A
U myomaker AN{UAS &2 LB 3l 55 UL 240 e il
G, S TH R T 20 MU Rl I R L LA R4
TS S5 7 0 7 A4 L PR RO, 33k a5 R B
TE LA -2 A A A R Gk F2 b, myomaker Fl
myomixer J& 5 Z S5 AR, P I A B P
) W LA M A #E . Zhang 2R RS
KIS —Fa] 5 myomaker 5 IF5 S 1ERE
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P A1 B A2 HE A 40 MRS R UK minion
(microprotein inducer of fusion), % fi% ik
LOC101929726 %t . I Hk= minion i ILIR
PEFHL 4 M (myogenic progenitors) iF # 41k
TCIEIE A AR (syncytial myotubes)™®,
F W] Minion FENLA & B Rl B by 2, JF e
ST 5 LB Y A R Rl G R SRR
25 HS5ALREEHEXBIRK

2013 4F, Magny Z5:077E S i % 31
PR ] ek A 2 i s el L PR R A A A Y
TR, 33X 2L F R ABL P A g 3 NS5 — R 51
YR O AE T At 5.5 124F, I H 5.0 ERA
. 20174F, Cai FEOENLIA 4140 R & B —
W HIHE InNcRNA Six1, 1% IncRNA — J5 [ ] Xf
Gty B H By SixL HER ST, 5 —
7 T 2 R 1 GRORK T BTG SixA R SixL 3
ik, (RIS T AT AR A ARG 5 O 2 5L
WK, 2020 4F, Wang %PIE B, —
75 ME Zh W b B R SF R fIK LEMP
(IncRNA encoded micropeptide), H: i IncRNA
MyolncR4 (1500011K16RIK) #4ifid, I A=
AR AT A /)N B JIL PR T R P e R A2 R
DIepr s kMR ka2 (B 2). &b
Firak, RS /N BUREE S £a i LA Ak v
ORSF IR & ¥ EEAE AT, JF HiX — AWy
B B UK % 1) Dh e A R E 2 PR .

3 53R SR K B BUK

RIESEW KO E B (cardiovascular
diseases, CVDs) WHEEZ L, M& A nod-like
ZRZ % Pyrin 3 3 (nod-like receptor family
pyrin domain containing 3, NLRP3) % 1f
INR S S R G 8 R R E B B S 5 5 1Y,
20204F, Bhatta %% *E /)N L AL P & 3 —
fift INCRNA 1810058124Rik, & 75 % 7% Tk 24
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Ca*'reuptake

§ ! ! !

Ca®'release A

e ) ) ™ Gt £ B
@_)® b@ @_/éaj '&ng\ ,JEI @‘ %_/§)
Cytoplasm oL SERCA ,ihDWOR/Eﬁ—f.? MLN o PLN /Y , SLN oo ELN ogpo ALNfW:’ -
:d] R R — ) I ] = [ m - =
& J | A \ . ¢4
SR 'y OISIEED & A U A < i
® - @ & SR e & ®® TR @ &
®® %' B°' v BV et T
Myocyte  All skeletal Cardiac and slow skeletal Endotheliaand  Ubiquitous
muscle muscle epithelial cells

v-ATPase

Lysosome

Amino acids — 3

2 AAHEXMAEENIREE

Amino acids

. Amino acids
deprivation

Figure 2 Schematic diagram of the regulatory mechanism of muscle-related micro-peptides. (A) DWORF
activates SERCA activity to promote Ca?* uptake to SR, and MLN, PLN, SLN, ELN and ALN inhibit SERCA
activity to prevent Ca?* uptake to SR. (B) SPAR binding to v-ATPase prevents mTORC1 from being recruited
to the lysosomal surface during amino acid stimulation or deprivation.

(lipopolysaccharide, LPS) LA K HiAth Toll ¥£5z 14
(Toll-like receptors, TLR) 14 4i g K 759 A
B BEAN I PR N . I HH G R B ok A
f# Bk-47 (mitochondrial micropeptide-47, Mm47)
BEUESE AT 3G NLRP3 R H/IMA, Z 5HLIRRYSE
RAPES A AEHERE . LAF, B INCRNA i
1 B SR 5 4 A BT 2 N T 0R A
%o Niu FCUFE A % B —F i IncRNA
MIR155HG % fi% 1 i3Ik miPEP155 (P155), % il
JRTE A RE T it 2 3B A b sy B Rk, JfEad S
RE9EAR 400 (dendritic cells, DC) H i Ji iz #i
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TR 3 i o RO AEAR , SR SCRIIRE 70 (heat
shock cognate protein 70, HSC70) A4 i t5-5'-=
Wi R I8 45 & U AR P8R HSC70-HSP0 L
i, NI 4 A b s 2 N T 4HM S 30 .

MANEPEESS P155 i A B AT DLl P b 26 i
DC 3K 31y H B S AE /N BB AY | 3 TE ] —Fh gl i
TR A 2R 1 B 1 2 St A 4 i P A 1) 1 1
PEAEAE, JF HaX Bh i aT P S e it 52 38 i ] 4y
TN S IE PP AR 0], T ARAE PR 1Y)
H AT, BeAh, Jackson S CALERF I RAE Y
JER e R I — UK, IO FT HE S T
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99 /1N R TR v 7 A e o G % AR 48 1 S8 K 4R
PELN o A7 R I S22 UM 1 — Fp 2 R
ORF 1 INcRNA Aw112010 %%, DX s £ 55 JF
FVE ORF ML (RS IR FERE M AR 4wt RNA 1T BB
28 35 R LA A & WA 2K 5 4 ) 2 PR
JE RN o 10 B A A
4 5 X WRUK

B S AR K — 38 B A o 2
INCRNA , A5 & R AE RRAE o ORI 2 1 IE
P52 IncRNA 417 sORF, X4 sORF n] # #
PR EL A DIREMROR . BFIT R, X REE
IR AE INCRNA AR B X6k A 2855005 KR iE L 2
SCHEAIEEAE R, OF BT A Bm R IR T 4R
A5 5 O vk SR AR . (H i T IR BR R
KOS R BRI, X s REME UK 5 N2k
Ig SIRIE 2 18] B9 G AR AR R AR FE B ATRSR R A1
AN, FHBE INCRNA 25 Fo 39K 32 B A5 ok 4
FEAE Y . BRI . . FLIE .
R . AR . B R A . i
S S5 9898 R e MR P MG 2
41 BBERE

BAZER (melanoma) & — Mol I
T I IR IO e 2008 4EF] 2010 4, i
FEE AR A I AN b &3 MELOE-1 FiI
MELOE-2 BFPfAK, ZMFPRIAKER T IncRNA
meloe (melanoma-overexpressed antigen)
IRES it B (& 3A). I HAERFSH &
P MELOE-1 fl MELOE-2 5 (5 K9 R i &
WM K . Godet 254 A4 MELOE-1
ettt T A g i 2 i vk L 40 (tumor-
infiltrating lymphocyte, TILs) 5 AZ&4H 214
YA AMBL)E A2 (human histocompatibility
leukocyte antigen A2, HLA-A2) H#4 & i
B 2 (AT SCI AT R B, 9 & A B R

& : 010-64807509

H, A 5 AWE TS MELOE-1 Rtk T
MR TIL, 121 A kBB T, A 0Kk
HETXFEA TIL MR 400, Godet 4127
fE T TILIGYY e IR S L W N TIL #EA
T kS MELOE-2 it T 40777
XUEEER R, meloe Fufthiix 5 BB R IEHT
JRATREE N 2 5 T 40 e A R, b i
B MR, XAl o R SR i T SR
i &L Gl
42 HEBRE

25 H W (colorectal cancer, CRC) &8 %
T H UL pRE % 2017 4E, Huang 451
£ CRC H41rh kB —Fh Al 4l il CRC &M%
JEH K, IZ UK INcRNA HOXB-AS3 %
. Jf Hiziokos i 5 5 AR B 1 AL
(heterogeneous nuclear ribonucleoprotein A1,
hnRNP A1) RGG £&J7 i H 2 IR ik 5k 56 4
gE4, TP hnRNP AL 45 A4 T4 R 1R 8
M (pyruvate kinase M, PKM) 57 %345, M i
o A A U 2 e R W R 14 0 e O]
(& 3B). 1M o5 —F dy 7 B 55 544 LINC00675
o i %) 30 T 9 O B PR & R 1Y M Ik FORCP
(FOXA1-regulated conserved small protein), H:
T I o R P J P S O Y CRC AR A T
i R FE AR T (B 3C). b, i
INcRNA Zi s [ IK#E CRC ik il L3 X 80
IR0 R AE O E B . 2020 4, Meng Z:12U7E
W3 25 i b e B — b Rl g 22 3
5 A B AR AR i e E % M TR B TORK
SRSP (splicing regulatory small protein), H
LOC90024 4i#fi% (&l 3D). Ff A.7E [F—4F Zhu %
W CRC H kB —Fil LINC00266-1 Zwfth (1)
Wk RBRP (RNA-binding regulatory peptide),
A AT S R R AR AR A -2 mRNA
25 &1 1 (insulin-like growth factor-2 mRNA-
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binding protein 1, IGF2BP1) #H & 1 FI 4% i g
Mk g O (/] 3E), 2021 4F, GeZ5%97E CRC
HeE — B LINCO0467 4 fi% B MUk ASAP
(ATP synthase-associated peptide), Hifid5 a
il y W (ATPSA I ATPSC) HHE.1E FHE5H
ATP SEERIAEE, TG ATP & B M2
FLAFEER, 2k CRC 4l ss (K 3F). %1
Ik, IncRNA 4t i ik T 7E CRC &2k 5 &
I AR P A Y PN B U R PR R E A
4.3 FLAR¥E

FLIRJE  (breast cancer, BC) & &4t 2H 41 4F
FLIR A LI ) — R, 2018 4E
Polycarpou-Schwarz Z:"7E BC vk Bl—Fh i
INcRNA il itk CASIMO1 (cancer-associated
small integral membrane open reading frame 1),
TR TE 3R 32 A BH A 1% L e P e b i 3R 3
(Bl 3G). Jf H iz ik i i 5 9 5 A5 % E il
1) BC U K M & 5 7 A L (squalene
epoxidase, SQLE) #HEAEH, #7174 fufs Fifads
IHAF BC & SR, 2022 4%, Zhang %517
7£ BC H &k Bl—F i IncRNA CTD-2256P15.2 4
i B i Bk PACMP (PAR-amplifying and CtIP-
maintaining micropeptide) , 1% fi Jik i i I 45
DNA  $5 £ 1 2 1o 2 52 el i 958 1) A Ji A it 24
(Kl 3H)., Jf ¥ [ PACMP fiE 5% DNA [F]J5 &
MBS GhbG, A2 E IR A0 oY . Ay . R
MR YT 55 2 R 2 W) U E , I B8 Bk i R
Jrapl@, =BAYEFLIRE (triple negative breast
cancer, TNBC) J& BC iy—Fhi A, HEA HH
12 28 1 1 2 R A 22 Y B iR A 77 R ¥ Wang
SEUE TNBC 44U % 5 tH —Fh il LINC00908
ALK ASRPS (a small regulatory peptide
of STAT3), ZMJik7E TNBC H s FiHIT5
RN SRR ARG . BEAh, LR AT 3 i
il TNBC #9148 A= B, 4 i) TNBC Y1 &
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U4 (& 31y, W LINCO0908 i fi i i Jik
ASRPS A E4 TNBC F¢ MG THILA o 2022 4F,
Wu ZE TNBC 4141+ & 153 4h—Fi 5 TNBC
I A8 A RN B B A O B9 TRk XBP1SBM
(XBP1s binding micropeptide), F:f IncRNA
MLLT4-ASL gfth . E2E5m % TNBC g4
AR (glutamine, GIn) 7K P42 3 1M 48 Az B Al
R, MMIEHE TNBC HEMERIE., A5
B, %4k A4 K1~ (transforming growth factor-
B, TGF-B) {5l B 7E BC 4475 ikl LA
I H & TGF-B 24 P2 IncRNA 5t 5
Bt AR R n S . H LINCO00665 2 fith
HI CIP2A-BP (CIP2A binding peptide) , H: ]
W SR C R R 2A #IHIF) (Cancerous
inhibitor of protein phosphatase 2A, CIP2A)45 &
i TNBC HyE 1 % 0 (B 33), {H7E TNBC
4l = h CIP2A-BP [ BP9k TGF-B T, X
(AR AE MM &, T X — o R Y A
ST TGF-p % B9 Smad 15538 JE75 5 19 B
PR A 4E 4548 M 1 (4E-binding protein
1, 4E-BP1) #Iifil BPER I I+ B A A Wi s
¥ 4E (eukaryotic initiation factor 4E, elF4E) &
By xR 7E TNBC B9 K& TGF-p Al
REI P BEUEEN , JFE A H S CIP2A-
BP 7£ TNBC My [a) 36 97 S BB i 7 vk
4.4 BEIRIE

TR (glioma) & — il i Ay A P 9
V224 2 B /KORI B8 73 38 P AT S e R T
fif g3 sE TR PR TR R e R T
WF5E & I — 54 SORF A IncRNA 7] i i I i,
FH T K S I8 SR IR IR, SR, BT
PO R Bl LR, 5 Oy RR AL A 38 A
AT AR, 2021 4F, Cao % e g k0
— AT G A I B SR AR T A SO Y IncRNA
DLEU1, Hfu# P4 sORF (ORF1 fl ORF8).
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FERLRUKFIE T (Na Rl CI7) il i 3% 1 3R {4l
B R FALH A BUNES A 23 ORFL 4t
49 JOR T SR A AT A Sy — > 18 2 2 1% K B T A
B fiHiE, 1M ORF8 MIEEAEIE & T MARE
KT, ZEHA IncRNA 4 1A IR K 1 8 138
T R s AR, X AT R AL B
BB IT B2 T S S A0 bk BRI 1 S Hf o fH
HEEE, 2 IncRNA Bt £ 4325 %)
40 1 Ah e (extracellular vesicles, EVs) H1, If:
LA Z2 b7 2R IR 0 2 A R e R,

MRS WA LY EVs —R A (it
o FE5), DIk B 49 J) Bl I 25
(7 RAIML . 7 2021 4F, Cai 2519 P22 5 I
T EVs FREE I — KBS T 20-100 2 5k
MR Rk, Hid IncRNA 4, IF BHAF5E AR
3 DALY S 1 J2 o g S o R B 52 & 1) EV's
IR IRTE S, SE T 64 R 48 R

X W HEATNF L, R BURRAE R Hh sk 17 i
JO, (EASIN S 19 N TR, SR E RIS
L EZES, KR EVs AR AT BE7E 151
JE5E TR 58 3 T ELAT TR 2 T R P e,

W E AER A NI, 5 Sl by EVs,

S MR E EVs By I3 h % 1 48, 11 A1
3 PR, RMIKEE E & T EVsth, JFH
Hi EVS I YR L3R aT ReARR T —Fh
T Y 20 B I 38 LA 29, 2021 4F, Huang %17
TERE AR (glioblastoma, GBM) Hik BE
— ol Fiy B4 R il AT 5K ) &R [R1R Y (phosphatase
and tensin homolog, PTEN) I Ji# FF Jilt %) 152 HE
(upstream open reading frame, UORF) s A9 1l
K MP31, %0 kG o 5 4o 4 3L R i A il
(mitochondrial lactate dehydrogenase, mLDH)
T, BRI ZRAR LR - A B R 1 R T i i e
W — K F R (nicotinamide adenine dinucleotide,

NAD"). M4, B fEmlR MP31 By/h LA

& : 010-64807509

N IRFLIRAC S R AR 3G o, T AR MP31 /Y
2817 died il D S T VAN b i S 4 S
Sy ) ) J A 0% ) T e 4 e A 1 1 U7 sk e
L, GBM 1 MP31 nJ i i P ZLIR AR =
YuAe i FE, VAR TRk 2 MR e
45 RreBpafE

HF4i it (hepatocellular carcinoma, HCC)
S — Bl i 2 T T ) A iRg B0, 2020 4F,
Pang & Bl AN P A 17 2 IncRNA 1] 54
WA S6 (ribosomal protein S6, RPS6) %%
A, JFHIX 2 IncRNA HA i i i ik it i gk
Hrp LINC00998 # )" 1Z )&iF:, FFTEmFE b & 3K
LINCO00998 AJ i fith— b 2 59~ 2 £ 1R A4 F <1 ik
SMIM30 (small integral membrane protein 30)!%
(B 3K) o Iz UK AT 3 3k 1 7 248 i 1 B AT RS A
#E HCC M A& A=, i Hox — i 2 5
INCRNA A BT, KU SMIM30 A M7 1)
HEEP ., 55 —Fh HA Il 7 T BE A UK KRASIM
(KRAS-interacting microprotein), H: i IncRNA
NCBP2-AS2 #4ifth, Jfiliid 5 Kirsten K PR
i 700 2L I R R Y (Kirsten ratsarcoma viral
oncogene homolog, KRAS) #i H. £ I K& %
KRAS (2 F7KF-, il HCC 4 i v B
L (A 3L), KW KRASIM Z—Ff
KRAS i f% B8 BL A= Py FAm il ), ml o 3
FE {55 UR T HCC IR YT R A B R 3R IS . )
Hb, 15 IR A A TS I R SRR [ A
JRREZ 7. B INcRNA HBVPTPAP Zifis 1%
JRaE S H Y Janus i TR IG5 5% 5 5 5% %
BT (Janus tyrosine kinase/signal  transducer
and activator of tran-ions, JAK/STAT) {5 5l i 15
T HCC 4 dd T, il HCC bk % e (®d
(B 3M). BARC AT ZC NS5 N R
7 INCRNA Bk I a] LA g bt HL A A: 1) 27 D RE Y
ik, 1HJ2 IncRNA Zifth 1) i IR 7E HCC 4l 3 2
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A VR AR KRR B B R, Xiang 25094k
T —FfE HCC 4 2 2 rpold B ZE/E H
Ik PINT87aa (p53-induced transcript 87aa), %
UIKH LINC-PINT %ifth, PINT87aa 7 i A ik
AEFM HCC izl 3 B, Jf
Hid kK PINT87aa il i A K0 . 40
WA E R R I E (B 3N), X —&5 R R
Bl PINT87aa ] fig i H J5 HCC iR YT 1 v 7
ROMBE BB B AR E Y . A, LINC-
PINT 955 A4+ T ik [ SR8 itk
53F circPINT, Ff- gt D gt ik PINT87aa,
MiZWMKRA HESREMMHCHTFESY
(polymerase associated factor complex, PAF1c)
FHEAE M ] 24968 5 G e SR K, AT il
) 2 R A 240 9 P e 4 e 5 . B LINC-
PINT FEHAAE B & A R bl B 2R, 7T
YER B JE IR TT X WU B A Db &Y
46 BEHIKMAEE

BRI (esophageal squamous cell
carcinoma, ESCC) &£ 8 H & i UL 1) A
B2 BRI 90%, &P IR H A E
PR, SR, ESCC ‘5 IncRNA 2 it i ik
Z I OCHRFEAR KRR B AR AR . 2020 4F,
Wu ZBE By ESCC HRAE T —Fl Y 18I
LINC00278, i% IncRNA % —A~4hi 71 sORF
Al gfih—FP BB 1254 (0K (Yin Yang 1 binding
micropeptide, YY 1BM), I H iz & —fpigre
PP o RS0 ALKBHS & 11 nl
143 IncRNA m6A 25 H LAk, B Ik LINC00278
fl) SORF BHIFZCRE, AN, YYIBM 1255
ESCC #E -l YY1 FllfE# R Z & (androgen
receptor, AR) Z[a] (AR ELAE A, Mt AR {5
5 P PR AR A RE R K -2 W (eukaryotic
elongation factor-2 kinase, eEF2K) FF ik,
I YY1BM B I A2 i eEF2K Kak T

http://journals.im.ac.cn/cjbcn

TP T, Ml ESCC 41 i T 3 Ry 65 5% 5k
ZRE . XEGRIR TS B 1 ESCC #
Jeh AR {5 S S Z MMHLHIEE R, Y A
FFH Y Yo A A IncRNA mBA 2 FJkfL
IF, 55 S e ) XU 184 o
A7 HitgEie

fitidg (lung cancer) iz Jili P 41 Jfd 1 38 35 B
RAS, BB K R . Lu 207 il h
R —FE AL T AR MK UBAPL-ASTE, H
H IncRNA Jrfih Jf-7E i 4 & b 2Rk, H S5l
SN A IS TE AR G . Li S50 Sk R itk
4iffed%E (head and neck squamous cell carcinoma,
HNSCC) % ¥l i IncRNA RP11-469H8.6 i it
F N TEPERIK MIAC (micropeptide inhibiting
actin cytoskeleton), % Uik i 5 /K@ E 1 2
(aquaporin 2) AHEAE A HNSCC fa) % 1
KJE (KBl 30), WA, BFsE&imit4sa 500 i
TCGA ¥#ifEH HNSCC RNA-seq Y% A
154 i1l RAE A G 73 A iE 52 MIAC 7E HNSCC
HAPRIX W FM TR AL, HERILKES
BH DA REIEME, SR, X
Btk LR AMEIC, 28 MIAC AIES.
HNSCC Iifi R 12 W7 F B B 2E s s 1™, &
PEBEE 1M (acute myeloid leukemia, AML)
S I RGN, T R B
LA A 40 L A 7 B B 3618990 2021 4, Sun
4 AML & B—FlH IncRNA AHSLL -
AS1 Zii% )tk APPLE (a peptide located in
ER). ZMIKTE AML Hhm ik, Jfad i ik R
RFRE GHE A 1 (polyadenylate-
binding protein cytoplasmic 1, PABPC1) 5 H.#
HYA 3 A F 4G (eukaryotic initiation factor 4G,
elFAG) HEAEH . mRNA 31k LL % el FAF i G
BEWHE, VSCRerE s misfry, M
T2 39 1 i 2R 0 A B gd 1 & R (18 3P, 1%
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Figure 3 Schematic diagram of the regulatory mechanism of IncRNA-encoded micro-peptides in cancer. (A)
The micro-peptides MELOE-1 and MELOE-2 encoded by IncRNA meloe are involved in melanoma
immunotherapy by participating in the T cell immune surveillance process. (B) The micro-peptide
HOXB-AS3 (aa) encoded by IncRNA HOXB-AS3 inhibits the malignant growth of CRC by interacting with
hnRNP A1. (C) The micro-peptide FORCP encoded by LINC00675 inhibits the malignant growth of CRC by
responding to endoplasmic reticulum stress. (D) The micro-peptide SRSP encoded by LOC90024 promotes
the malignant growth of CRC by interacting with serine- and arginine-rich splicing factor 3 (SRSF3). (E) The
micro-peptide RBRP encoded by LINC00266-1 promotes the malignant growth of CRC by interacting with
IGF2BP1. (F) The micro-peptide ASAP encoded by LINC00467 regulates ATP synthase activity by
interacting with a and y subunits (ATP5A and ATP5C), and promotes the malignant development of
colorectal cancer. (G) The micro-peptide CASIMO1 encoded by IncRNA NR_029453 promotes the malignant
growth of BC by interacting with SQLE. (H) IncRNA CTD-2256P15.2 encodes a micro-peptide PACMP that
inhibits ubiquitinated degradation of CtIP (CTBP-interacting protein) by binding to Cullin3-KLHL15 to

& : 010-64807509 <. cjb@im.ac.cn
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promote DNA end resection on the one hand, and enhances RARylation by binding to RARPL1 on the other
hand, thereby regulating DNA repair, breast cancer cell survival and drug resistance. (I) The micro-peptide
ASRPS encoded by LINCO00908 inhibits the malignant growth of TNBC by interacting with STAT3. (J) The
micro-peptide CIP2A-BP encoded by LINC00665 inhibits the malignant growth of TNBC by combining with
the oncogene CIP2A. (K) The micro-peptide SMIM30 encoded by LINCO00998 promotes the malignant
development of HCC by inducing SRC/Y ES1 membrane anchoring and MAPK pathway activation. (L) The
micro-peptide KRASIM encoded by IncRNA NCBP2-AS2 inhibits the malignant growth of HCC by
interacting with KRAS. (M) The micro-peptide encoded by IncRNA HBVPTPAP induces apoptosis of HCC
cells by activating the JAK/STAT signaling pathway. (N) The micro-peptide PINT87aa encoded by
LINC-PINT induces senescence of HCC cells by binding to FOXM 1. (O) The micro-peptide MIAC encoded
by INcRNA RP11-469H8.6 inhibits the malignant development of HNSCC by interacting with aquaporin 2. (P)
The micro-peptide APPLE encoded by IncRNA AHS1L-AS1 enhances translation initiation by interacting

with PABPC1-el F4G and promotes the malignant development of AML.

ST T $E AL (A TS 2 B, a0 W) APPLE 1
AML AU AERE ) VA7 S5 B R YT TR

5 HEMKRAXBK

fifi 5 ik 7= % (pulmonary  hypertension, PH)
S UL H B P, R BT [ R it B
k-F- 45 40 Y (pulmonary artery smooth muscle
cells, PASMCs) 441 J& PH 198 20 FL it /2, Of:
LB 1k PASM Cs 1478 Al 45 54 I PH 3BT 5%
Liu 20075 e 40/ SRR v 2 30— b EL A 1 2
HEE B Inc-Rpsal,, HAEARSA ST ol A &
PASMCs #4758 , % A1 BA R f5 S A 30 H: G L 114 34
K RPSAXL (ribosomal protein S4 X isoform-like)
A3 o 5B AZE 1 S6 (ribosomal protein SB,
RPS6) #54H¥E RPS6 BEfRfL, #H|HiA 5]
(1) PASMCs 34581, 3 — & B3R W] H A 5 4
REJIIY Inc-Rpsal "I /E R BAE PH SR IZIFNG
7 VRS . S O WLEEZE (acute myocardial
infarction, AML) J&lIR BTk & A4 2 tkiE %€, 5l
R 43O UL B o A2 SR B A — o 7 o e %)
Spencer %1% Bl —Fh e i A A A Pt B AR
FHARYE SPAAR (small regulatory polypeptide
of amino acid response), H:H LINC00961 4w .
TE/NEE R, R 3 LINCO0961/SPAAR E[H
JE R R Al /N R E O LB ) S AL LR
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FEOIE R BT, K, LINCO0961/SPAAR
A B FAERKAEE DL B LA 1l 55 o)
fE . RO LA ZE XU .
6 MK EMEAMBIK

B R/ 3EA (segmentation genes) &
FE A ARG AR R o3 B b 5. 2006 4,
Savard ZFU% % B —Fh s B L (Tribolium)
O3 T IR R B K 5 mipt (mille-pattes), i
I mipt o] 30 5L T, ARG R 2
KX . Ak, mipt A1 Tribolium A EL 1Y ]
B 35 PR 22 [0 A7 A 28 SO YA, O FLmT e
—Fh {5 4 Fp SORF U2 ¥ mRNA, X—K&
MR/ L g IR REFE AU B
WG R R E CHEEA, L HAR LS
AR, Galindo 2 07E i b & I —Fp 2
HI Wt M AE gD RNA 95 tal (tarsal-
less), HAT#E BRI —FP A 11 A2 3K R 1 il
K, I ELIZGIOUIK AT 380 2k 425 i) SR e A DG L PR ik
AL B EFIIG LT o 05 —Fh Z AT R
i gl 2% E M AR SRS RNA O EEH pri (polished
rice), H:iEfb EARSFIK SORF 1] 4ht 11 =% 32 4
AR GUIK , IF B pri TEIRRG & A 1 & P rE B
A EE AR Ak, pri gL 5T
ST TR ARG, FHEFHRES
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Y kBB WX A S R AL AY IR I
pri AE4HAE A EHEMEH, JFH pri I 4 RS
f) SORF 7EZIRE LT RESZRTUAR MY . (HIRTERES
FIBFZE IR, FESRBRIR G & A s AR, i pr
) SORF i fith (i) SR mT 3 2 A& 1 4 5% 17 Svb
(shavenbaby) ¥ Sl 114 22 2 43409 3F B 78
MR IRNG KAz 1 R, pri S B R BROBK AT Ry 26 K
WA K A 0 SRR e B AL P ks n ), 3R pri
St () T IR TE D RE O R TUAR Y . LA, 75
RIBRE b Mo T 268, 85 mipt,
17 FE L Ubr3 fil Svb, 03 TR 1R dUIRG
B AL B ol 2 % A OO i A 1 43
T YIREAY R 5 R MR R D Svb 1Rk Az
B [l piof 2 A= 1100 25 A Rk &2 30 Svb iR iA 4
SR T mipt DIRE R 431 B RG  X R IR
W REE A AE AR W AR, (Hh 2R T T
HAEFEAM T . X R RS TFE
B RAE LA B I 45 1 20 51T A Ak T S
BAh, Pauli ZE1227E BE O fh iR AG % 2 1o B ef &
M —Fh i LOC100506013 % fih fit) 44 <1 P f ik
toddler, Jf HiZ IR iy Bk Fl it Rk #2320
BE A0 J7 i T w72 A YRR )2 40 B Y i
Bl ZF LA, SO SRR BE I £n i IR IR &
A CHAEN, (AR MKTERFL s IR IG &
B 7 TR AR, L EARAE LA
AN, PR SRR LS G & B 7
TH] A AF 8 B B PR ARE

7 HARHRE

Bl WF 75 AR BIER A, 152 HA St
) IncRNA 8 & B, f8i 45 A AT I 46 22058 A7 AL
INcRNA 7EAEW iR AR o i IncRNA 4%
FITOR R HT A0 7 T IncRNA 7545 R A= 15t Fe v
RAEVE, POAERIZE b 0 B IR Y T fig
Fl IncRNA AR B INGEX 43, 734, 7ERHT
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FIBIF 5T H & UK RT3 2k 2 5 A A 20 i A ) 7
PEIETS . LR . F5E s . SRR
PP W A LA M Al AR R, L
RRERES L WLA B A B )R8 . 90 AN AE 1) &
A SRR WG EE & R (RUIKD) fig S 45 0L
1), HI, CTRMIKMBIOEA B T &
Xof A Py A A B ) i 1 AT RN 9 B i i A )
BITAWBE A

FEIE 10 AR ARG rh R SRR 430G T RUIK
P 5T 32 BB T e NP AU AE . I ELIUIR
T2 B3 1 75 Y O R s R T R R E 1
HERE . YETAATECH T AR AL R YR T
259, IR R BRI MBI 25, AL
TUHTS R Y SRR BT 25, BRA R
SRR VR . AU REE /D L SR RPN AL
S5O0 E AR 1R T 25 M0 T B A
R — NG| T R G YT 25 o IncRNA i
T SO AT IRBER . oyt /DA KR IR
JEARAERR A, 13X 7] B8 3 B WIK 2 245 4 42 HURD
B 1R X LA K A DR D 4% AR TG 32 o A 1) 46 [
RO RO B AR ) — 25 A R T A 1) S 5
Wit B R IR S A R S R Y DG . Ui
Ah, MOk Z BT ST A B BIR AL 2 1 & R AT
TR GBS SR AL IR S B 7, Hoh Ribo-seq
B YTHTATSY IncRNA Zaf e I BB TEL
WF5E % Al K Ribo-seq 5 RNA-seq % IncRNA-seq
HATERG 40T, b R B i Ty Y O B
INcRNA . [F]Hf7E LIl 25 & B A g, ol
XoF BT OB R A7 B R A S i B AR UE . I HL 3RS
SR INCRNA A ] 3 5o AH ¢ 4 i 5 1 1EAl S
T T B R TS 2B PEAR S, T
ARATE g A T A R

S AN WA UK ) ) B R AE R
B, AB I REPETLR B SR AL R 0 A2 G i,
B W TS T OR ST P 43 A R Y Ak 7 ST 7 3
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F 1 IncRNA ZmIZHITIAK R E I &8
Table1l Micro-peptidesencoded by IncRNA and their functions
Species IncRNA Micro-peptide Length Function Physiclogical References
(aa) processes
Soy bean ENOD40 ENOD40 (aa) 12/24 Interaction with sucrose synthase Plant physiology [8]
Human/ LINC00948/ MLN 46 Important regulator of Muscle physiology [14]
mouse AKO009351 skeletal muscle physiology
Human/ LOC100507537/ DWORF 34 Enhances muscle contractility, Muscle physiology [15,46]
mouse  NONMMUG026737 prevents heart failure and
attenuates cardiomyopathy in
mouse; candidate drug for heart
failure treatment
Mouse LINCO00961 SPAR 75 Regulate muscle regeneration Muscle physiology [16]
Mouse LOC101929726 Myomixer 84 Promote myoblast fusion, regulate Muscle physiology  [54-56]
muscle development and muscle
fiber regeneration after injury
Mouse LOC101929726 Minion 84 Control of cell fusion and Muscle physiology [25]
muscle formation
Mouse LINCO00116/ MOXI 56 Regulation of skeletal muscle Muscle physiology
1500011K16Rik mitochondrial metabolism [18]
Mouse LINCO00116 Mtin 56 Regulation of skeletal muscle Muscle physiology [17]
mitochondrial metabolism
Mouse/  MyolncR4/ LEMP 56 Promotes muscle formation and Muscle physiology
zebrafish 1500011K 16RIK regeneration in mouse [58]
Chicken Six1 Six1 (aa) 74 Promotes cell proliferation and Muscle physiology [19]
participates in muscle growth
Mouse 1810058I24Rik Mm47 47 Controlsinnate immunity and Inflammationand  [60]
influencing inflammation immunity
Human MIR155HG mi PEP155 17 Regulation of antigen presentation Inflammationand  [61]
(P155) Suppresses autoimmune immunity
inflammation
Human Meloe MELOE-1/ 46/39 Involvedin T cell immune Melanoma [11-12,64]
MELOE-2 surveillance; optimal T cell target
for melanoma immunotherapy
Human HOXB-AS3 HOXB-AS3 (aa) 53 Modulating the process of cancer Colorectal cancer  [66]
metabolic reprogramming and
inhibiting colorectal cancer growth
Human LINCO00675 FORCP 79 Regulates colorectal cancer cell Colorectal cancer  [67]
apoptosis, inhibits proliferation
and tumorigenesis
Human LINC00266-1 RBRP 71 Promote colorectal cancer Colorectal cancer  [68]
tumorigenesis
Human LINCO00467 ASAP 94 Promote colorectal cancer cell Colorectal cancer  [69]
proliferation
Human NR_029453 CASIMO1 83 Promote the malignant Breast cancer [71]
development of breast cancer
Human CTD-2256P152  PACMP 44 Promote the malignant Breast cancer [72]
development of breast cancer
fipsk

http://journals.im.ac.cn/cjbcn
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i1
Species IncRNA Micro-peptide Length Function Physiclogica References
(aa) processes
Human LINCO00908 ASRPS 60 Inhibit the malignant devel opment Breast cancer [74]
of triple negative breast cancer
Human MLLT4-AS1 XBP1SBM 21 Promote the malignant Breast cancer [75]
development of triple negative
breast cancer
Human LINCO00665 CIP2A-BP 52 Inhibit the malignant devel opment Breast cancer [20]
of triple negative breast cancer
Human LINC00998 SMIM30 59 Regulation of cell proliferation Hepatocellular [23]
and migration, promotes tumorigenesis  carcinoma
in hepatocellular carcinoma
Human NCBP2-AS2 KRASIM 99 Inhibition of oncogenic signaling in Hepatocellular [81]
hepatocellular carcinoma cells carcinoma
Human LINC-PINT PINT87aa 87 Induction of senescencein Hepatocellular [26]
hepatocellular carcinoma cells; novel carcinoma
biomarkers and potential therapeutic
targets
Human LINC00278 YY1BM 21 Inhibit the malignant development of Esophageal [85]
esophageal squamous cell carcinoma squamous cell
carcinoma
Human UBAP1-AST6 BAP1-AST6 (aa) — Involved in the malignant proliferation ~ Lung cancer [87]
of lung cancer cells
RP11-469H8.6 MIAC 51 Inhibiting the malignant progression of  Head and neck [88]
Head and neck squamous cell carcinoma  sguamous cell
carcinoma
Human AHSI1L-AS1 APPLE 90 Promote the development of acute Acute myeloid [o1]
myeloid leukemia leukemia
Human Rp#l RPSAXL - Inhibition of hypoxia-induced Pulmonary [94]
proliferation of pulmonary artery smooth hypertension
muscle cells
Human LINC00961 SPAAR 75 Reduce the risk of myocardial infarction Acute myocardial  [96-97]
infarction
Fruit fly Pri (polishedrice)  Pri (aa) 11/32 Control of Drosophila epidermal Embryonic [10]
differentiation during Drosophila development
embryogenesis
Fruit fly Tal (tarsal-less) Tal (aa) 11 Control of Drosophila-related gene Embryonic 9
expression and tissue folding and control  development
of embryonic development
ZebrafishLOC100506013 Toddler 58 Promotes zebrafish embryogenesis Embryonic [22]
development
Mouse Gm9999 Kastor/Polluks 53/40 Regulation of voltage-dependent anion  Reproductive [101]
channels (VDAC) and spermatogenesis  physiology
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