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Long non-coding RNA and cervical cancer

Wenhui Fu, Gan Hou, and Dinan Huang

Institute of Biochemistry and Molecular Biology, Guangdong Medical University, Zhanjiang 524023, Guangdong, China

Abstract: Long non-coding RNAs (IncRNAs) are members of RNA that are structurally similar to mRNA. They cannot
encode proteins because they do not have a conserved open reading frame. LncRNAs were once regarded as abnormalities or
noises or without any biological function after gene transcription. With the further development of research, it has been found
that it can participate in normal or abnormal biological processes as an important regulator. LncRNAs are closely related to the
development of nervous system function, metabolic disorders and tumors. LncRNAs abnormally expressed in cervical cancer
participate in the regulation of various biological processes of cervical cancer by inhibiting or promoting tumors. This article
reviews the recent reports on the abnormal regulation, molecular regulation mechanism and potential clinical application of
IncRNAs in cervical cancer.
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A AH BAFE B B 2% 53 R L B i o A0
EEUE LT AR N, BUE RAF, e
B AT AR HALST A E, P&, g
P 2 W AR T Bk = W R 56 A% L KIS
3R VLR AR T R SRR bR, TR,
SR IAE A R I o AR AR, AT
P2 W RRYT A R L. HATA ko
BTN IR S FR A2 IncRNAs, BRT
PR N i IncRNA S8 F B A I B 45
e ZURNE % B #2042 IncRNA A TER AL,
LG 30 586 4% INCRNA,  BEFF SR04 Fl HE
WG, KIZEFIERIKN IncRNA 3 22 043 4%,
Hir 11 545 33k EiH, 10 498 S L
LW IncRNA 755 U h ¥y 8 LA M, 1
T AE 5 S v A A2 D s ey & 4R AMETS
A

4 R Z BN A Re s % o, (B D
T 2% BE R 40 o B 1 B A 6 I8, FLAR SE IR 4 5
SEAE IR 2R S RNA (Non-coding RNA, ncRNAS).
ncRNAs #4737 BE AT J3 R R 2, B/
F 200 nt AY%E45IESAS RNA (Small non-coding
RNA, sncRNAs)FIH B KT 200 nt (14 58 A 4 5
RNA (Long non-coding RNA, IncRNAs), 4
T8 G A A X B, IncRNAs 7] 434
1E X IncRNAs, Jz X IncRNAs. X{[H IncRNAs .
JENPY IncRNAs, JEP ] IncRNAsU, Bl — AL
I F 4 AR A &, IncRNAs 16 ZLA% A= W1 10 4= 2%
HREFNAT AL Wi B B . WF5E KB, IncRNAs
A5 DNA. RNA DU E A A EAER], @k xt
DNA HJb . 4 B miIRNA 5544 £
P A [ 435 B 8 42 200 B 1) A o s 70
INcRNAs A 22 HHMRIER AR ET L
i, H 5 AN kA K BTG . BF5E
A ZF InCRNAS 765 SV 1) & A A e I e 8
A7 R IR B ECE R, AT IncRNAS

&: 010-64807509

5 U Z B BRI E SUE B I R 2 W
A ORI IR BEBT IS . IncRNAs 15 S 1)
SE PR LA 1.

1 IncRNAs EEFEHRERT

LncRNAs TE 4l i i) 24~ A i ft vh R 45
It WFEEBI 2Rl IncRNAS 165 S th A 7E 22
SPERIE, IF BRI R s R N 2
SRR . k. T R T
R, TR IR B R 14 e Sk SR AR
1.1 IncRNAs Mg e H 2T A

BHEERZMEER. Z2PEEUKLZAH
3 o 5 24 1 43 T IR AL TR AR AR R S | &
AOBERG o Ok Z 15K R BT IncRNAs A F i
SR 2 AN TR AR UM Jin 2538 5 IncRNA %
[ 1) 58 B % BX TCONS_00026907 S ik T8 #0i
9%, TCONS_00026907 7E 7 M2l 41 33k W& T}
[ S SN (341 O I 7 N« o 2
AR, DASC A0 R T ML 5T 3R BH T R
TCONS_00026907 J& , miR-143-5p # ik 2 #1755,
I miR-143-5p i (1 L 5L ] ELK1 235 g B AIL,
HETIH e S & R (K 18). B4h, MIE
WEMHS, B NEAE (Cervical intraepithelial
neoplasia, CIN) ZE & #E44!, Fan &M% 4%
SiEAH & IncRNA F A E 7 3 1K (Interleukin 7
receptor, IL7R)F A, FMEKXILIRY
IR K/ . FIGO 43, IkELEE B 2 IEAHOG
HHEERBEEEEEARS M, BARRN
Tl - Cox [ IF43#r Z&  IL7R R4 A B 2500 Ji 7
T B o DI RESE S /R T8 IL7R &3k AT # il
EHENAR, RSN RN Bel-2 FIAREE,
caspase-3 Feih Fh iy, A I A 200 B YR Tk v 4
EHUR AR I ELAAR Y S50 A R PR e AR b
Y Ki-67 FIRREARTT ] 5 S8 1 £ < (A 1b).

LM, KaEdE4iS MEG3, ZNF667-AS1
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TSP R . BEREBER 3 (Materally
expressed gene 3, MEG3) J& & M#i kKA ENIC
INCRNA, A #il bgg g /E o o F Y e fk
14932, MEG3 {5 T H ik H Y5 FIGO 431 .
bR R /INFIHE L2 5 3% 2t i 560, wang: 4501
Wit RT-PCR I Western blotting 434 /R ik ik
MEG3 J&, PI3K, AKT . MMP-2, MMP-9 # Bcl-2
SEPURN AR 1R IAER AR, T Bax 1 P21 BEK AR
MR BT X RULEE B MEG3 i@ 8 7
45 PI3K/AKT/Bcl-2/Bax/P21 F PI3K/AKT/MMP-
219 15 ‘538 A E S A iR (8 1c). 5ish,
55k F4E5 11 667 (Zinc finger protein 667,
ZNF667-AS1) L #i#% & INcRNA MORT ., H:7E & #i
bR E LR, BRI R SRAERR . W
K/NFI FIGO J3- S ARG, TRk ZNF667-
ASL AT AR B 200 2 4 e e e e 1 T (18 1)
1.2 IncRNAs # 'S Mz R 2T

12 28 02 M e 240 B e A% o b R QR Y 2D R
S AL 40 6 D5 O P R A L e 0 L ) g 3 3
RS . AN IS R A8 1T IncRNAS X
PRI A AN T A IS R A B R
YA AR AT KA R4t ZEBL J2 X 1 (LncRNA
ZEB1 Antisense 1, ZEB1-AS1)7E'E & ik |
P, HIHSE SRR AT I R A
Gan ISR Sz vh % BE i T4 ZEB1-ASL ik
A 5 BEAIR p-p38 Kk, RHVIIR ZEB1-ASL Al
AN p3BMAPK {5 5l . iF— 25 556 Kk BUAH
XX E, HEEE Y ZEB1-AS1SiRNA #il p38MAPK
1 [ R 75 SB203580 T il L Rz - A] S AL
(Epithelial-to-mesenchymal transition, EMT) #i¢
R E-E5KE 1 (E-cadherin) ik % EiF,
MAEdE EMT $4b3E & A (Vimentin) Fl N-£5
¥ (N-cadherin) %A W 87284k, teah, T4k
ZEB1-AS1 J7, il HelLa 40fitd EMT %54kt Fal
B p38MAPK I il i 77 8 R i i, RUMREIX
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ZEB1-AS1 Wl i BHIWT p38MAPK {55 i i 41 il
HelLa Zi/itl EMT ¥4k, #Emii| HelLa 4248
TR (K 1e). %4, Huang %5 & LI JR & 5L K
B St ) L RNA (Homeobox gene transcript
antisense RNA, HOTAIR), —FiE3RikT & #im
19 INCRNA, H: 5% Bt 19 R BLTUR AH M, Kim
s 2O1L BT ER HOTAIR J&, VEGF #l MMP-9 %
ik B EREAK, E-cadherin £iAFHE, 1 B-catenin
Il Vimentin FRIAFEAL, e EMT FAbiy 4 A
- Snail F1 Twist FIEFEAL, 0§ S Sid (= 2%
TS . X SEhR ) F e si DR 4R 02 g 4 28
TRMEESS5H (K 1f). B4, 78 HOTAIR IT
BRIS, miR206 ik i, 1M miR206 T YiFHE & 1
ELRZ 40 (3 15 1 1 (Megakaryoblastic leukemia
1, MKL1) KX, JEHATEIN MKLL 75T
o3, R HOTAIR sd i #iih] miR206 ik ik mfie
#E MKLL A FIAE MKLL 4 N 9537 T i
HEE S R 2R RIS . ARTT, MKL1 AT 454 HOTAIR
8T CArG £1i%{k HOTAIR #%5%, Jf5 HOTAIR
TERIE S 2E HOTAIR 263k . B 7 2, MKL1L
J& HOTAIR 72y S8 (2 2% FITE RS 1) 1 B Ai o 12
(A 1)

1.3 IncRNAs %2 Mi'E FijE /Y 8 T F0185E

INCRNAS i 1t 8455 /it 8 48 e i) 1 B A T

T 52 16 Jieb 96 2 B 0 5 0 . AR TR BRI 1
(Taurine upregulated gene 1, TUG1) J&7E 'S #iJ
Fik FIARY IncRNA, 358 2500 240 B 14 26 ) 7
PEFIAR KLU 2 V1R 6P, Hu 250158 & B, il i
SEEGRRER TUGL, 4 M T (% 2ok 1458 % A G 2R
1 Bel-2 &35 B K, caspase-3 Kik & T+,
T A2 30 25 508 A L 72 (1 1g). b4k, B 5
Jii = #2375 IncRNA 1 (Cervical carcinoma high-
expressed INCRNA 1, CCHE1) Hid FiAn{Eits
U0 A LIS, T RERS CCHEL DUl 4 pfa g e 24
RNA pull-down 4341 i /R CCHEL A #1 | 5 PCNA
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MRNA 254, W& ZEMHAEAER, SEMEEHE
T i3 40 488 5 40 g A% it J5 (Proliferating cell nuclear
antigen, PCNA) k& FE, MWife vk i gl
MadgsE (B 1h). 534h, T IRNLSIE Fa4iaeE
F 1-5 % RNA 1 (Actin filament-associated protein
1-antisense RNAL, AFAP1-AS1) e A 06 X I,
K dE %% i RNA (Cancer-associated region long
non-coding RNA, CARLo-5)a] fdi 41l it & 4 S HIFH
Hir, S WIAHCHEE 1 CDK2 il Cyclin A2 ik
ANRIFRFER) T, #Emp i Hela 4 54 fig
W] AFAP1-AS1 il CARLO-5 3l 12t 3 3 41 fifd J& 191 v
AL =E Y el (TR BT)B
1.4 IncRNAs & In'E S B AL 77 3K fE B
Ok 2 TSR B, IncRNAs A 3 13 18 7
UM . TR DNA #6185 & Jr k18
WAL FHRIT R I AES 2 1den 25 % S 200 a8
AV TR 1 (Plasmacytoma variant translocation
1, PVT1), —MhiR2 308 T 5 U AY IncRNA,
s 28 5 Ak T 25 W I AR Ik AR e B0 [l
Shen 23Uy % B ] PVTL ik al i CaSki 4 i
th E-cadherin 323k B % FE, 1M Fibronectin Al
Vimentin #5835 FEAK, TSI CaSki 4 X
SRR, = R E PVTL 055 EMT §%4k
I el 2 #9098 40 M F 55 A2 B 7 A I o X R W] PVTL
WL EHE EMT 54k I 02 2 5 25090 240 i X 2542 i
PR (B 1K), b, B ik HE R 2 (Cancer
susceptibility candidate 2, CASC2) &K F L TH
A ) INCRNA, UTBR CASC2 2 1k AJ it 35 il 55 It
AN TR S0 20 MR AR AN R R B UL R (1C50)
(B, T 2 05 D AT 48 o O 410 ) 29098 4t 33
FIREAIG 1C50 {H . X R WIMRRIE CASC2 fig k5
S X REARHT o AL ST B CASC2 R 34+ M)
il miR-21, MifdE miR-21 FFEE H PTEN (I
FEIHF) ik B, PTEN il ks AKT {55
SER TR AR 250988 2 o I A1 1 2 SR B2 (1 20y

&: 010-64807509

FAN, BEEFEEKEA 1 (Nuclear enriched
abundant transcript 1, NEAT1)/2 & &k TRUTHE
PUE SUEAN AR INcRNAP®L Ji8k NEATL 23k ]
U8 5553 ST KL 240 38 G RN ek /D H B AR SR A, T
i #IE NEATL WAz . XKW mRIL NEATL 5
B B OT AP V)M DG o LRI 5 & BT R
NEAT1 &, miR-193b-3p ik i, cyclin D1 3%
5T IR i A0 BB A T GOo/GL M, JF HL
caspase-3 Fil caspase-9 £ ik b V#7540 e i 7=
R RIS NEATL 381 I8 57 4 f ] JA Fn s T
Pk B SR AR X O TR (B Am). Zf BT,
FEB SR, IncRNAs A i — & 15 F
P AL R O IR RE . BRI, %R i
BEINGYT, NIRRT ST I B,
AT IncRNAS 7] g2 — 4~ R 4F 1L+

2 IncRNAs % & FUE 20 T F L%

2.1 IncRNAs 5&BR/mRNAs B+ E{ER
INcRNAs 7] 57 15t . mRNA 5 miRNA #

HAEH, EAEEERES S EMREARNA
Y2 oiee, BIanIEEENd . A8 FEM . mRNA
B4 B HiE AR OC IncRNAS 7] B 35454 1
i mRNA T 5 5% 5 K & 808 4E
LINC00473 J& = & ik T 5 FJE Y IncRNA, Hm %
I AT A2 T 500 40 e 7 R o 20 g L AL
Tl 5% 27~ LINCO0473 W] T £ 5 410 i 344 5 A O i
FHRTHANRLENT 2 (Interleukin enhancer
binding factor 2, ILF2)454, XX ILF2 mRNA 7K
SEIERM, A ILF2 FE A UK KA T B E A
TUER LINC00473 Ji, ILF2 25 W4k, miid
F35 LINCO0473 &, ILF2 B E K, X%
B LINC00473 Rl ILF2 & IR, Mimfe sk
EE R 8T B BT O | o Y = 2
Fi#i5 CCHEL Al 454 PCNA ) mRNA {# PCNA
Fik B, PRI R S A M A P i e
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b
a c ;
TCONS-00026907 IL7R MEG3
d
ZNF667-AS1
Bax PI3K MMP-2 MMP-9
iR-143-5
Caspase-3 Bcl-2 P ¢
Caspase-9 Ki67 P21 HOTAIR
FLK1  PAKT AKT
g
TuG1 SIS g VEGF
'/ngression &
h - !
\ o Prognosi
CCHEI Proliferati ) N\
[ & [ Cervical ,‘Invasmn‘&
] APOPLOSIS cancer ) MCSIASIS  imentin (B-catenin
\ ;‘,‘
CARLeS CDK2 ' ~ / N-cadherin E.cadherin iR206
/O mi
i CyclinA2 / Rrggll;/a ([“]E‘:‘ém@ Fibronectin T
AFAPLASI . fesistance -
CyelinD1
PTEN AKT
miR-193b-3p m
1 S~
CASC2 miR-21
e
PVTI ) p38MAPK ZEBFASI .
NEAT1
m

1 IncRNAs ZEE HUE = F 1T

Fig. 1 Abnormal regulation of IncRNAs in cervical cancer. a: TCONS_00026907 regulated ELK1 to promote cervical
cancer progression by inhibiting miR-143-5p!*?. b: IL7R was an independent prognostic factor for cervical cancer via
regulating Bcl-2, caspase-3 and Ki-67"%; c: MEG3 inhibited cervical cancer progression by modulating
PI3K/AKT/Bcl-2/Bax/P21 and PI3K/AKT/MMP-2/9 signaling pathways™™; d: ZNF667-AS1 was associated with overall
survival, tumor size, and FIGO stage of cervical cancer and inhibited cervical cancer cell proliferation and cloning™; e:
ZEB1-AS1 regulated EMT-related protein E-cadherin to promote invasion and migration of cervical cancer cells via
promoting p38MAPK signaling pathway™: f: HOTAIR promoted invasion and migration of cervical cancer cells by
regulating VEGF, MMP-9, EMT-related proteins E-cadherin, p-catenin and vimentin, transcription factors Snail and
Twist, and regulating MKL1 through inhibiting miR206%°?!: g: TUG1 inhibited apoptosis of cervical cancer cells by
regulating Bcl-2 and caspase-3%%); h: CCHE1 promoted proliferation of cervical cancer cells via regulating PCNAP4; i j:
AFAP1-AS1 and CARLo-5 promoted proliferation of cervical cancer cells by regulating cell cycle-associated proteins
CDK2 and CyclinA2%; k: PVT1 promoted chemotherapy resistance of cervical cancer via regulating EMT-related
proteins E-cadherin, Fibronectin and Vimentin®Y; I: Low expression of CASC2 regulated PTEN to promote
chemotherapy resistance of cervical cancer by promoting miR-21%%; m: NEAT1 regulated cyclin D1, caspase-3 and
caspase-9 to promote radiotherapy resistance of cervical cancer by inhibiting miR-193b-3p*l,

http://journals.im.ac.cn/cjbcn
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FERWIEE S0 KRR F, IncRNAs 5HEH
Jir mRNA F G A FH A A5 35 AR

2.2 IncRNAs 5 miRNAs B8 E1E
74 P RNA (Competing endogenous

RNA, ceRNA)fE 2 ncRNA 15 H11#4 IncRNAS
mMRNA | {EIEF FIFRR RNA i i H miRNA S
JufF (MIiRNA response elements, MRE) w4+
255 miRNA, SR )Rk Wil
INcCRNAs 1] 7524 ceRNA 7£ 5 53t Jm /K - _E 41 4l
MIRNA 235 FE PR, Gao 4:4tiH PVTL %Kik
5 miR-424 RHAHC, R PVTL Rl Gk
5 miR-424 IR AL & B A MRG58 . A
1278, ML HEE S 1 & B RY. 541, CAsC2
A g ESS A miR-21, fff miR-21 T
PTEN ik B, M2 2E 5 2506 4 i % I B Ak
P AR TP B U G 2 SRR, Ak, NEATL
A4 ceRNA il il miR-193b-3p ik, Mifif#
miR-193b-3p T #i##E 45 cyclin D1 ik FiH, ik
240 6 B T A S0 Y R 2 BT iR
INCRNA 1] 75 24“miRNA V483 miRNA (3%
ik, i miRNA THEEAREIR FIHECT I, M
At g S 400 ) e ) K R
2.3 IncRNAs BJE#%H L % 754 (Single nucleotide
polymorphisms, SNPSs)

KL EBRHFSY (Genome-wide association

studies, GWAS) $5 7~ JC i 5 559 A PR AF 6 (1) 38t
AR RZEY, HphE0H =52 —E 15
AR SEONTE R (A A L R P, T e g 30 3 4 A
IX 8] %, Verhaegh 25 YR 8 H19 JE PR fy B A% 17
iR 22 251 5 T eS8 2 O XURS: 25 DD AR 56, At I
T INcRNA FHAZTFRR 5 Mg it s v s, £
TR 2 B 09 JE R s A1 4 35 PR B T 1R 22 Ak 5
PR ARG B SRR 4 B B bt i B 2,
Guo “E 151 1 Xt 510 44 B U B 5 713 M IEH
N9 (%6} B8 23 A %2 B HOTAIR 14 3 4~ LA 1A

&: 010-64807509

Fr%s SNPs (rs920778, rs1899663 Fil rs4759314) 5
B BRI AR C R B % . H P TE HOTAIR 15k
TIE Y SNP rs920778 555 S A7 5 K HEPE .
AN T 5 A2 7 rs920778 CC JE K A, #4717 rs920778
(CT+TT) 570 Kk [K 704 4 58 35 T0 B e 3 1 JXU S
Hafn 2.17 £% . HOTAIR rs920778 SNP T 78 454
FEFEN T HOTAIR W& F 2 X, AldfsRf T
HOTAIR N & ¥ 2 XISy iE k. IF HARXF
rs920778 CC #, #:4 rs920778 CT &l TT AL [ #!
fEr U L% HOTAIR mRNA ik BB ThE . X
FI KBS A L ZEA LR T 5 HOTAIR 3k B 8 AH
*, I H SNPrs920778 nl{i¢ #F HOTAIR ik, #
T T B 008 9 52 4% S Stk o RIS, Jin S5 s 4
HOTAIR rs7958904 i #:J 18] 17 B £33 44H Jitd 184 5 52 il
B B 8 S RO A, BTSRRI TNF
Al HNRNPL AH ¢4 45 IncRNA (TNF and
HNRNPL related immunoregulatory IncRNA ,

THRIL) KE[H A4 rs7133268 Ay /b5 5509 wi s 28
3845 B BOPET . X e B IncRNA 1 B A
TRESHAEEIENERE SRR KRS
EHL.

3 IncRNAs 75 FU Hy % 72 It JR B A

BRSNS s B S0 i DRV T Y e R P
B, -4 R0 e B 25 0 0o B8 v S0 1) T
5 HAEEME ., IncRNAs A T3 S 1912 W
OEE WAL o il an, 32k E AR R AR 4R
(Receiver operating characteristic curve, ROC) 43
MriZ ks SPRY4 N & THE5EA 1 (SPRY4 intronic
transcript 1, SPRY4-1T1) [k & X 4B e £
LFNEFHAR IRy (REJE . 78.3%, FF
Sk 63.6%), ROC ik T aYTHi FL(Area under
ROC curve, AUC)J 0.741(95%Cl: 0.632-0.849,
P<0.001), W] SPRY4 Fl¥ & #5312 Wi vl off 1k
sl Ak, HOTAIR HUml T X 43 2 S 4
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SUSTER AL (U 60.6%, 455 87.2%)
DI Rk LA R I R AR R (U : 85.1%, FiR
P 64.9%), I HZHZE Cox [IH#ERE /R FIGO
434 (P<0.000 1, HR=1.994, 95%Cl: 1.359-2.927)
MELZEH:FS (P=0.005, HR=2.636, 95% Cl: 1.348—
5.156) F HOTAIR #ik/K - (P=0.012, HR=2.863,
95% Cl: 1.263-6.490), #HH HOTAIR X5 #ijE 2
R = R (o= S () e & Y R L VA GBI
70 2 FFFR, IncRNAs H1i9 SPRY4 Al
HOTAIR J& & s A Nk An &9, wIAE R i
P12 WA A AN TS H W R AP PR ) .

4 HiEHRE

INCRNAs 51 2¢ TAE Wi By ar 26, Hal i
A5 FIAS R 4 438 5 LTI 2 5 R 4 B 300 240 B 1
WagE . PrRTS . R Uk IT ISR R, R E
TE 5 898 & R s R b R SRR VE
I, X 6 IncRNAS #2808 BRAR 1 7 FAn 5,
AR B SRR T A A . EARAE T SiE
i FEE TR AIHLE P, IncRNAs FIRTFSE B 2 BUE T
—E WU, RE S0 1 kA R SRR R R
INCRNAs 2 5 & $t38 g HAK I PR #E L & g
A Rt — L IRARF Y, B RS0 E S0
RIR AR Z AL Ao . IncRNAs 530
WALFIBESY, 3% DNA AL . 2028 8 .
FEPR BRI Y 6 (4 9 4 J T 5 IncRNAs 5 miRNA
PE4E R 28 9 BF % LA B2 IncRNASs 5 40 55 4% 55
IR % . R SRS T AR O LY LABLA A F
FEBAR AV, DAL IncRNASs 715 5 £
S R A R RN MBI TY 4 148 7 A BB
INCRNAs 1E Ay 1ifii K B 0088 1276 1A R0 4 4
FLAT ) e 0 g i 5 o
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