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Roles of Non-coding RNAs in the Occurrence of Laryngeal Carcinoma

and Their Clinical Significances

Li Qun', Lu Dakai', Cui Xiang', Xia Tian', Shen Zhisen®*, Guo Junming'*
("Department of Biochemistry and Molecular Biology, Ningbo University School of Medicine, Zhejiang Provincial Key Laboratory of
Pathophysiology, Ningbo 315211, China; *Department of Otorhinolaryngology, the Affiliated Lihuili Hospital,
Ningbo University School of Medicine, Ningbo 315040, China)

Abstract Laryngeal carcinoma is one of the most common malignancies in human head-and-neck region.
Patients with laryngeal carcinoma usually have serious troubles in swallowing, respiration and pronunciation. They
suffer from pain of “hard to express”. As a result, patients’ life quality is deteriorating sharply. To improve early
diagnostic, treatment and prevention of laryngeal carcinoma, characterizing its molecular mechanisms has been of
major interest. With recent technical developments in next-generation sequencing, transcriptomics, bioinformatics
etc., several non-coding RNAs (ncRNAs) associated with laryngeal carcinoma have been identified. Short ncRNAs,
miR-16, miR-21, miR-106b and miR-1297 are up-regulated in laryngeal carcinoma; While let-7a, miR-1, miR-24,
miR-34a/c, miR-137, miR-203 and miR-206 down-regulated. Long ncRNAs, H19, HOTAIR and MALAT-1 also

express aberrantly in laryngeal carcinoma. Acting as oncogenes or tumor suppressors, those ncRNAs affect cells’
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proliferation, invasion, metastasis and apoptosis. Therefore, ncRNAs play important roles in the occurrence, devel-

opment and progress of laryngeal carcinoma. Potentially, related ncRNAs may be used as novel biomarkers in diag-

nosis or drug targets for anti-cancer therapeutics.
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size ncRNA)FHAE IESi RN A (long ncRNA)“,
1.1 52%EncRNA
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interaction RNA, piRNA). /N4t RNA(small inter-
ference RNA, siRNA)ZE . 1Tk, 5% ncRNA il
I B EIX S B neRNA, B4 258 BRI
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B2 5mRNA 32 R gn 3505 5000, ik e vh B
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R, VFEnCcRNA 55 NSSMRTES DIAH G, & A IBERT BLAS
S S DR ST A S A, S R R R
FEAL R

=1 neRNAMIDEE T E I8

Table 1 Classifications of ncRNAs and their main roles

J&) K (nt) 2545 e Z2% 30k
Classification Size(nt) Examples Roles References
Short ncRNA <31 miRNA, piRNA, tiRNA, siRNA Targeting of mRNA, regulate transcription, [4-7]
DNA methylation, transposon repression
Mid-size ncRNA 20~200 snoRNA, tRNA, scRNA, PASR, TSSa-  Regulate transcription, rRNA modifications, [4,8-9]
RNA, PROMPT activate targeted genes
Long ncRNA >200 sense IncRNA, antisense IncRNA, bidi- Regulate miRNA or mRNA, X-chromosome  [4,11-12,17]

rectional IncRNA, intronic IncRNA, inter-

genic IncRNA

inactivation, imprinting, chromatin modifi-

cation, degradation of RNA
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2.1 5. H{%EncRNA S g

miRNA & — Z 0 57 #3 LB IR A [fIncRNA, A
IAEAE R E Mo Fe vk 5 B R R, i B AE
iR %) AR T R v R A R B IR A F . A
miRNAJH i 5mRNA 3% JF # ¥ X (3'-untranslated
region, 3'UTR) /741 5¢ 4> H AL X B fiEmRNA; 75
—SEmiRNAM i 5 A EmRNA R 58 4 B AMIC X, Ut
BRAZIE DR (312 Sk R DT o5 LA g 1) e Al

miRNA5 IR 1) A7 SHIE I e 4] 7 11 1955 AT
FH ORI . Calin®E 1 58 K I, miR-15FImiR-16
7018 P bk L 40 A s R 0s TR BB . R,
A KmiRNAL IR ¢ R 0T 70 E T 2

VLA 55— 25 HEncRNA—piRNA 5 iR
KR MINIFTIN N, piRNAZE e 45 . BRss
Jiggg v i R, I FLRE RS A5 B S R 1 H R AL
VER SRR, 255 I 40 i 1) A A R 4o

KT BEncRNA L IR OC R I WF 9T = B4 h
fEsnoRNA. snoRNAFREWS i1 B KA, 7k E IR .
/NGt filiges LR R T 5 g A5 R 41 2L 1
RIL T A snoRNA [R5 ik 4815,
2.2 ¢$%EncRNA 5 BhE

Bl T EEncRNAL i 1F 58 & AU &EncRNA
L ge X & vk it —ff. IncRNAZ 7> rncRNA
BERI80%, 1S T RMBAL F IR koK
R S R AP R S E A i Y. H an, X
IncRNA P AJF 5T 4k 12 2 B BE, {HIncRNA CL48 Bl K
A5 7 A A R A R TS
Bon, R Bl PR Br g i A 9 A5
JigRE TR K K B Inc RN ) 223 AT g e 16171

3 ncRNA5HzjE

e i A2 foe AR 28 Ik R SR BB IR 2 —, TR AR
A TR R R () 2492.4% 08, BIFSTAE W, W
RN D AR L SktR IR 1 B G DL R AN R AR
1 TR W 2 S SO R 1R 1/4, o s
IR (5273, R AR LA DR 17302, L Ak
Jee M LAIS T, AEL S ST 0 g Tl ok TR B 0T IR #
R TN BRI R A PRI AR S T
RESA) 32 2™ R, (B 2032 e S AT B, AR
TR AR R AR AL, HSFEA A7 R L) 0 64.2%,

e 100 IR 27 B Ak 22, AR L 53U oK B i,
o FLER X 558 (1 50 1) 299 S SE DR T 5k

B, DA, 7E2 17K BIF e R A R LA
WFFEKAT B T3 =W (K216 K
3.1 SiBEFIENRREHEXncRNA

BEAE O M AP R 3 T AL SR,
—LEncRNABEUE U] 55 Wi 40 o PR S 0 R A 1
R FERE LS B A (tiling array)s  JEKFRIE R Y
53 #T(serial analysis of gene expression, SAGE)F AR 4
P SR 5 A v A R i 0k 7 e AR FE R T R N
BFSEE PR S5 IR A DGne RN AL T A2+,

hy 3 R MR AT EncRNA, [H 4 46 5 1 2 5 %
Mg 2L 23 BT T neRNAZRIE 1 73 7 o 41 Mirisola%s>
0T 20006] F9U 5 A [ M Jees 87 B A bR A HEAT FE A
RIETABEZ o0 M7, 45 BRI, 213FSE R R I8 B Ay 2%
Jt, JF R I BEF EIC A PR 5 5 ACH19(the reciprocally
imprinted partner of Igf2) 7t i 5 XU g 4 S 20
K35, AR, 172FsnoRNA(SNORA16AFISNOR-
D14C; 43 7))@ TH/ACA boxF1C/D box™)7F i 5 & X
6 I 4 P 2Rk . Nurul-Syakima 523 o X6 3k 201
B bR EAT miIRNAZ IR 3% 204, BB T 780 B, 3
BN W mIRNA . [ AR50 0 Mg S 5% 1R
ZAHEAT O v 20, TRiGE 470 A Wi vh 22 S Rk
(FImiRNA, I 47 10FmiRNA R {565 LL 1, i 533
FImiRNA_L 345 LA P, Lin%528058 i H AL 5210
TN ZEmiRNAGREL RS Fr % 350) Mg b A HEAT 70 AT,
gt % UL, let-7a-1. miR-16-1. miR-21. miR-98.
miR-203 FImiR-205 71 Wi i 4 21 o i 34, 1MjmiR-1-
2. miR-26a-1. miR-34c. miR-100. miR-122a. miR-
143 F1miR- 145 7E MK AR L TL . CaoSEPLRE XS M i
HAFRA B TMIRNAZR L 1S 7341, 73 3 A 2640 A3
Tt 22 ik BRI AT 1 I miRNA; AlATT3E— 2K A
SIS S FE I S SR I EE SO (reverse transcription-
polymerase chain reaction, RT-PCR); RUEATHALE, UIE
S TmiR-21. miR-93. miR-205FImiR-7087F: M J 41
Zlrh B RIA, MmiR-125bAImiR-145 EAR KA.

KL 2SS, MO LRI T — L2845
W S 1 S A ncRNA(£2).  fEmiRNAY 1,
PUF IR 2 i ineRNA S L B4 3
3.2 5@#EncRNASRSE

H T, T 5 8EncRNA L Wi 5¢ R A 9T 32 22
P EmMIRNA S W SR 7M. AT, miRNA
A A AR FH 3 SR 2 B8 ke TS5 o W s 4 L ) B 0 52
T BRI T (B o AWEIH LU H, fRIX e
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Table 2 Non-coding RNA expression signature in laryngeal carcinoma
ESIIRNA P IR R Bk
NcRNA Location Expression change References
Short ncRNA
miR-21 17q23.1 t [28-29,31,36]
miR-205 1932.2 t [29]
miR-93 7q22.1 t [29]
miR-708 11ql4.1 t [29]
miR-1297 13 t [20]
miR-106b 7q22.1 t [34]
miR-16-1/2 13q14.2/2q25.33 1 [35]
miR-125b 1q24.1 | [29]
miR-145 5q32 ' [29]
miR-375 2q35 ! [36]
let-7a-1 9q22.32 ! [28,37]
miR-34c 11923.1 ! [28,38]
miR-24-1/2 9q22/19p13 ! [39]
miR-206 6pl2.2 ! [40]
miR-137 1p21.3 | [41]
miR-1-2 18qll1.2 ' [28,42]
miR-34a 1p36.22 ' [43]
miR-203 14q32.33 ' [44]
Mid-size ncRNA
SNORAI16A 1p35.3 t [22]
SNORD14C 11923.3-q25 t [22]
LncRNA
H19 11p15.5 ' [22]
HOTAIR 12q13.13 t [45]
MALAT-1 11q13.1 t [46]

B2, AN T gk A A i A

321 CEEFEAIEEZMEAMIRNA  miR-2152
PP IR A0 1 i AL S R R IA I miRNAZ —, B AE S
FEL AUBU IR FUIRE . B SE EL e S rh A
FEHARIEPY . miR-2 1 [RJFE IR B 2 Mg ) i 20 S0
PEmiRNAPY . Liu#%P i i 52 I 52 S RT-PCRECAAN
G A HARB IR I, miR-21 AJ 3 a1 25 41 Bt
[X] PTEN(phosphatase and tensin homolog deleted on
chromosome ten) 1) 2% 1A A2 HE M 1 A& A (K1) . A
A% B, miR-21 ] A W% Fit Hep-2 240 10 (10 389 5L 37 1 48
5k, WT-RETT B BE; S5 IR S bR A i, IR
RIEIKV 5 R 5 1 0 W B IR AR M. EASE
R, L% g o R L, miR-1297 48 @ ik i)
THIPTEN F T4 15 41 Ji 18 5 AN % RE ) 153 1) 1 ik (14
D)o X PIHFFEEE 25 U], A FmiRNA R LU [
— PSR D R IA AT R AL, XA B miIRNAA: D)

S IRE I — AN EERE

miR-2 136 v] LUIE T 8 BAH i 5747 2 P12 (B-cell
translocation gene 2, BTG2)[1 1A (FE 1), 141 o458
RE B miR-211% o) —AME H A SUE RASYS Bk
K1) 5 0F7T K B, miR-2138 i i 5 RASH) % ik
TP, A T W 0 38 R AR 2R B [ P 2
ORI, 0 HImiR-2 1 (¥ 28 m] LA I8 25 400 3] i 3 &40
HHE X LTI, ] PP miRNA R 38 i 4%
Z PP LR (W R IE S 5 Wi (V) R A R, IO AR
miRNAEY) - D e it 53— A ZERFE

T W e v R B0 B A I 3 e 440 R 38 R FH T
miRNAIE F miR-106b. CaiZFBUE 43 41 A 7] 43 3 1)
e Jes 2 2 Ubx A H miR-106b (1) 2 35 475 10 I A B, 4 W
e IR S0 AR ) 9 2 2P, 3K miRNA ) 7K > B
BT S B R AL SUh K. AL
WFGEHE— 25 % B, miR-106bEL A5 $014H] 25 44 (1) 30098 H&
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Fig.1 The mechanisms of miRNAs in the occurrence of laryngeal carcinoma

— 0 19 JI5 B 41l 987 I K] (retinoblastoma tumor
suppressor, RB)FI1EH (B 1),

i g e s 2 1 | A g AR B AT R R Bt
FER I, miRNAAE 7 Mg % B 1 Ft rp e A8 8 0 E 2
(RI/ER o 49121 miR-16 1] LA R0 3 B A 1 (zy xin,
ZYX) IS (B, 1040 M &G B g 7 R B, S8 ik
AR R BE )0 BREIDE AR 12 41 B S0 R 4 i )
Pk E a4l sy, Z 5RERRIE L, ERRIA
BRI IR A
322 CERETEAWEEMEAMIRNA  EFIE
g, NIRRT &0 T —28 Fab i HA (e g 4
FImiRNA, I KT — 28 H AT $00 F HI R miRNA .
LU G let-7asz & WL 1) B A7 095 7% P I miRNA, &
7 W g 40 B rh A AT IR0, 1T TR B L DR RASHN
c-MYCHE B RI(EIT), DRtk W 2H 23RN 40 i let-7a
(R BAT ) T 1 U G 507

41 Hu S I A 9T & IR, miR-34cheng il L 4E 1T
I g A= A PR - 52 AAME T il Wi Hep-2 41 i 4% 28 F0
A fE T, JF HAeE 75T 40 M E TR, i ARAH T
RN, miR-34c ) FRIL K AEMRE 4123 2 RS,
GuoZEPTAV R I miR-247E M 2 23 BARERIA, 1M
HUE B e n) LA SR /KA 90T H L [RIS10048
()32, 3 11y 10 T Hep-240 i 1) 42 28 1 34 B fig ) (K]

1) WangZE I 43 HLHIHT 7T IR, miR-10] DL i
N £FIE 8 1 1 (fibronectin, FN1)[¥) 2 k4 Hep-2
M A AR 2R (E1).

ML T8 AT AT b g 40 i 1) 2 A7, ol R v
Jo B AL HE L4 B A K R - (vascular endothelial
growth factor, VEGF){E N [f] 2 ' Al 7. miR-206(1]
Difez — Wil eE W AE KR EREED. A
BTN, FFmiR-206%% Gl 15 Ji 40 ks 410 11 40 o
SRR R ), JET5 2 41 M T2,

20 it ) 0 S 2 e R A PR ) — N R AE . B
SR I, A VF 2 W A SSmiRNA 1] LS Wi 41 i 5 34
HERE. i miR-137 0] 38 3 5% e 40 i J5] 300 400050 1
fi#6(cyclin-dependent kinase 6, Cdk6)[1] & ik 1 5| &
A AR KA (D (EA 12, AR K
B, miR-34an] LLill i A= 47 25 (survivin) [ R I8 fi
Hep-241 g BHL 75 Go/G oI, M 17T B AT 41 1 38 58 R
(BI1); 254 Wi 25 I AR A DLEAT 23 #, FRATTIE
1iE B miR-34alf) 1A 7K ¥ 5 Wi 25 16 90U 5 R AH
KT, b Ab, Bian%5H i i 5256 % I, miR-203H 1]
DL 22 52 Wi A5 A7 25 10 2 3 T A7 0 95 40 1 FFL A 72 Go/
GUH(KEI). EfFmA - FEEZNET I ED, B
AT U0 0 L 98 TR A 0 L 2R R XU D, A M
ot S5 446 K 22 B30 IR AL RN o A i SR S
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HOXCI13

HOXC12

HOTAIR

HOXCII —

A WA

v

| Suppress transcription

Suppress transcription

HOXC: [AlJ £ 4: K C; HOTAIR: HOXHE K[ e SCEE R FIRNA; SUZ12: L ATTER 2 115 EZH2: zeste bk K1 351 [7] J547)2; EED: JIEfif A2 K & AR
KA PRC2: Z RIS A92; REST: BHAMIGAF1IUBREL 5K CoREST: BHAMICAF 1T BREL 5 X4 BHAM AR 115 LSD1: i 2 B S 11 I FH
LEL

HOXC, Homeobox C; HOTAIR: HOX transcript antisense RNA; SUZ12: suppressor of zeste 12 polycomb repressive complex 2 subunit; EZH2: en-
hancer of zeste homolog 2; EED: embryonic ectoderm development; PRC2: polycomb repressive complex 2; REST: repressor element-1 silencing tran-
scription factor; COREST: corepressor for repressor element-1 silencing transcription factor; LSD1: lysine-specific demethylase 1.

E2 HOTAIRBI A S PRC2LSDIE 474 R ELERA S E X R ELERMBIERERARESZ XM 411EE S 1820
Fig.2 PRC2 or LSD1 complexes are recruited by HOTAIR, and then lead to silencing of genes through methylation or
demethylation (modified from reference [4])

KW,

35 7~ Mg TP miRNAIC 2k 1) Ji PR T2 e i
28 M98 o LA () DA TR RN A 280R I miRNA R 251
R 1276 S B3 B A T2 . Langevin %5 HFT
JBL, miR-137FEDR A 31X AL 2 3 S0 40 i
HmiR-137355 N B 3 SR 1 R AR 1) A A7
L ATt 5 UL, iZmiRNAKE K )5 31 X [
PR 5 Mg B OIS S SR 5
3.3 KiEncRNA SHRHE

I (I F 9T R B, IncRNATE PR & 2B KRB
R HEEEMA O, LECH ORI T
IncRNA 5 LSS R AR G . GibbAE IR TISAGEH,
ARWFFE T HE R ZH 2P IncRNA TR 548 1%, R I
R Bl B 55 A0 B 55 5% W) 1 (nuclear paraspeckle assembly
transcript 1, NEAT1) /& 1EF & & 28 08 S5 i 1)
IncRNA; Ji 2 xf b wF 78t — 22 R L, A 218 1645
IncRNAE 5 B 38 74 Zl st v 52 0245 DL b 3k 5
FE A A S W 9 40 I P H9 2 v 3Rk, I B 5 s
RS, i, IncRNA SIS KA KA
PSRRI R G F SYN PGS

HOXHKE IR 1) J SCHE [A [HIRNA(HOX transcript
antisense RNA, HOTAIR) &7 1 A\ 25 G o R K A
T HOXHE PR )36 3 53 1¥) IncRNA, Ja8 328 2 7 5 20 ok
PR I IncRNARY . HOTATRYE J5 & 1 FL i 4147
FIK BB =, BRI S R TS A ORRY,
HOTAIRF)5" 3 1] LA A 5% 22 4 40 1 & & #)2(poly-
comb repressive complex 2, PRC2) M ifij 2 AZH3 2 £
P27 07 6 2 12 (¥ FH K (H3K 2 7me), 3 17T 56— 5
G H IRk, T 193 5 ] DL 41 8 B R 2k
A g — B 2 IR e 11 It HH 2 A 1 1 (Ty sine-specific
demethylase 1, LDS1)4%5 &, 13111 #4 A1 S FE R e o
THFEPA(E2) . A TR I, HOTAIRLE 40 i JHH- |
gl v A I 2 ARk, I HLS R AR T
Ji AH ORI, Lige I o) ik g 2H 2L P HOTAIR 1) 4%
K IFE T — RV, 45 R I, Wi 20 21
HTHOTAIR [ 218 7K 1 5 Wi J g (1) 40 3 Mg 40
ATE JEE IS0 9K B2 4 3 7% A D) A 5%, 281 Kaplan-
Meier) #7 & I, HOTAIR i 235 1) £ A2 A7 010 6
AR, i B X — FhincRNA L A 1A W 18 38 Tl
PrEP R e, A 32, A LI K L,
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HOTAIRTE Wi Jie 41 il Hep-2 7 AT LI AR I 2k —
K H F B4R 7 P PCR (methylation-specific PCR,
MSP)Hz AAF WTHOTAIR A L) 3 458 1019 Jik K PTEN 3
B IX I B K, Bl S, BIFFTE KT HOTAIRGHL
B (- Hep-241 i A% hi 21 2R Bl i A ARLRE S, AIER T
HOTAIRBEWS £ A 5 I (1R A A2 AR Ji

Jiil JU g % 7% AH G 3 5% K 1 (metastasis-associated
lung adenocarcinoma transcript-1, MALAT-1)HHNEAT1
BEPA R 258 Kb I e e AT E S
Ak /N2 B it S 1 2 RN 20 LR S AR OGP, A
BRSBTS B DR R A AEATMALAT- 1.
MALAT-17E AR Z B 8 B (CURTZU IR IR B JIEAS)
AP RIL, BAETE KKk B BHa2ih A
RIK R AR — LSRG HIE W], MATLAT-14£
NBVFZ IhRg(n: FUBRAE . g5l s R o1 iR
S S A S R IAET . B, MATLAT-1 .5 W @
ISR R IE . Feng ol o 52 i 52 S RT-
PCR{) J5 12 % B, MALAT-17E M 4R 40 i i 4 ffa o
FIA S 1, 1A HIMALAT- 1) 3 55 g % PR A g
FRAN M ROIGTE . AL RE T R EBUH TIR R A FERR
BURS AR B v, AT R DR, AT HIMALAT-1
(1) 23 Fe 8 1) Sl 1) R o s 10 74 A ST AL,
MALAT-1W] G875 M A AE vk A S22 E ], A ml Be
J8h Wi v E VR T T HE A

4 [EBERE

NS R 41 BT 9T A ne RNA T W 5 | k2 K 5% 1)
i, IneRNACK Sl 1) 43 7 A W) 24 53O T T 46
TNPBIPT B L 1) e BT — 10

AR, NATIAE 55 DAL 2 6 Jie g PRI o H R
N, FERIIA S g R R e A e R R KT
FUR TG 24 10 H . B A A% FncRNA K %
KT AR R FmiRNA Y T, 5 W6 AT 26 1)
miRNAR A1, 56 J5 A7 B 70 HGE, 1K LEmi 50t E B
miRNASHGESE ) & A2 R AT R 1 0,

H 71 X IncRNA I WEIT M A IR N, IncRNA [ 3¢
IR AR I R N FH e i i ) R SR AR 22, Bt pAs
TEIRAT A7 il 2 A1 T HME DL e RNATK B fi# . IncRNA
H s PEARRT AN 56 3 55, (H 2 IncRNAKUHRE B 2, il
Ji R, KRNI S AT BT 0] Wi 40 i 43 1Bl
T f AT

B2, MRS A C PEncRNATT 1E W 2 . 4

T 93 0 PO A T RE L, O A MR X — P E A TR
At RN A= i PR R LI PRI T I A T S
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