Rapid Communications [ &ag55i

) q EMUF EEYIR R
. . Progress in Biochemistry and Biophysics
)i 2014, 41(2): 153~162

— /N RFIEE KK iEIERAD RNA B FE R 54T

B OB[LOn g e R 20 sk FRGAD R
ZERY REF? BAT#Y BEPE? GiE4E? B B2 L 2
?'1‘34\2) f]-l;; %&7 1, 2,3 ? % 5) %éﬁmza 1, 2, 3)%xx ?7&/? 1, 2, 3)%xx
O R R A S 2 e Y T R e, M p RS B, 90 4100135
D PR RS IR E AT, LA R A D B T T S S N T A AR AR S B S R, Kb 4100785
¥ ep B R AR = B SO SE DR 2T 0, TR A AR TR R SRR S IR RS =, KD 4100135
O [H PR R AR B R G TR E LR E, K 4100735
> Department of Biochemistry and Molecular Biology, Center for Genetics and Molecular Medicine, School of Medicine,
Unaversity of Louisville, Louisville, KY 40202, USA)

WE T AT H— 480 5% (next generation sequencing, NGS)3 A X JIT 4 fitt % (hepatocellular carcinoma, HCC)H# iGH

FRAR B %k BETF LRSS 1047 8 i RNA Y7 (RNA-sequencing, RNA-Seq), fEFH R de ik 11q13.1 B3k i 51 )1,
AR 1 RNA-Seq {5 5 U, 11 42 1 8 6 IRAL Uk B R B, FLAZ B €0 A X B0 H 0 0 2 0 IR s, 3RO I LA

RNA-Seq U] REARR —ANELE A RINHIFR . DUOY 2R, IESEIX JLAY RNA-Seq Uk B [l —ANHE A, JF obE T x5 K
ERFA, ERBEZEN AR TN, RIZEFNGIG K RNA FEZREER, SEKPHERAN 3562 bp. K i%E K 4
511y 12 SR RNA e R 751328 3 52 SEAEY B AAF A H L (National Center for Biotechnology Information, NCBI)ff
GenBank ¥4t %2, GenBank ID 543 %l 2 KC136297~ KC136308. %35 Kl 4w i (1) RNA WA 2 BB 5 16 FF 780 i 352 4E (open
reading fragment, ORF), ¥7xi%3E AT e 5 K 55 3F 4% RNA(long non-coding RNA, IncRNA). X T ##1]1% IncRNA HE X AT
BeR i s IR, BATTH A5 B 0000 T 1% IncRNA FEIVETE S 80 F X3k, RIS sl 4 1wt Ll -719~ —469 bp
W —ANEERRE T, HAhaE 74 Sply 14 STATS Fl 1 /> EGR1 %Kl F45 &7 4. 1% IncRNA 75 40 i & 2F % e
TEFR A A RIS AR 1 — P R,

KR KHEEARSAS RNA, FRARMo, Jetafhk 11q13.1, JEPIkE, AW R

FRAOES Qol

Ji A T 9 5 358 43 A W b DX s
Jei, HR AL Jm TR R 1 58 A, AR AR AT
R 5% A, FHEBT i KRR T —
TR B 2R 7 ) UGS T4 e
(hepatocellular carcinoma, HCC) & Ji & 1 9 1 —
R EBRA, R H TR0 s s W RNa T 7
TR TR R, RN TR A e e T RS 1
IRV SRAE AL R A1) ) i

A% /3 (next generation sequencing, NGS)
FAR I R W 55 R ALK IR s N T — N8
IR B, VF 2 56T A 5L D AL (0 B 9T 1 A v R
RNA ] 5> (RNA-sequencing, RNA-Seq)" sl /& F) H

DOI: 10.3724/SP.J.1206.2012.00613

B — AR BN A PR 5 e sk 1R 43 RNA HE4T
[T i IS P RO G [ = SO = e
(transcriptome) £ 1) — P E ZLH HOR.

* [H K AR R 4 (81372907, 81172189, 81171930, 81272298,
81272255 #1 91229122), W44 H AR 542 (141J1010), FE 98 R &
T A O FE 42 (121036), M 0 i B JE A BHI b 4% 2 4 T 0k 4
(2011JQ020) & rg K21 e Bl A= 4 e Bh I H

e L] B — R

sk SEIE R N, Tel: 0731-84805383

W EARH. E-mail: zengzhaoyang@xysm.net

ZEfEYR. E-mail: ligy@xysm.net

Weke H 9 2013-03-20, #3%2 H Ml 2013-07-11



o154+ EMEEEYYEHR

Prog. Biochem. Biophys. 2014; 41 (2)

S A BRATTR PR — AR 3B AR 40 e 2
TR B AN B 1 % B 2 23K & 3E AT RNA-Seq,
TEFFEAE S ORI 2 B (544 11q13.1 RIEAFEAEAR 4B
(1 LA B2 ) RNA-Seq 15 506, 1M 5 1E 3 % 2L
U AT, HAZ ORI H AT G SN SE R &
S, PORTATREAFE — A EE A RENIHIER . BT
DL A 2R, ESZIX ) LAY RNA-Seq U4k H [/ —A4>
WL, FErolE TIZAE R A KT, R ek
(PR P AT T A5 B2 00 HT

1 MR57E

1.1 #H—KNFEE

RNA-Seq Jir F1 8 — X W /¥ °F & 4 illumina
solexa, &M%V & Ui W 45 B R BF AT S il 4 2
W
1.2 ek
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TGTCACTGCCACAAAA 3', 2R, 5 CATGTG-
GTGAGTGGCTGTG 3’, 3F, 5" TCACTTACCCC-
TGCGACTCT 3', 3R, 5 CATCACAGGGTGTG-
TTTTGC 3’, 4F, 5" GCCCTGCTCTATCAGCAA-
AC3', 4R, 5' GCCTGCTGAGTTTGCTGATA 3’,
5R, 5’ CCCAAACCAAGCTGACAAAT 3'.

FIH GeneRacer™ il il £ (Invitrogen) 4™ 34 & %11
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Fig. 1 RNA-Seq peaks on chromosome 11q13.1 and primers used in this study
(a) Several RNA-Seq peaks found in HCC samples located on chromosome 11q13.1. (b) RNA-Seq peaks and their adjacent genes. (c) RNA-Seq results

of normal liver tissue and HCC sample, primers used in this study were also marked.
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Fig. 2 RT-PCR confirmed that RNA-Seq

peaks represent a novel gene
(a) Using primer pairs 1F & 2R or 1F & 3R, HCC cDNA as template,
RT-PCR amplified multiple bands. (b) RT-PCR products of Figure 2a
were ligated into TA-clone and sequenced, five transcript isoforms were
found. (¢) RT-PCR amplification results of primer pairs 3F & 4R or 4F
& 5R. (d) Three transcript isoforms were found from RT-PCR products
of Figure 2c.
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GeneRacer [T H 519 W18 3a, B 5 HI S 14
FEWE IR I (tobacco acid pyrophosphatase, TAP)Z: [k
RNA 5'%i i 1~ (cap) &K, ARG AE L BRIE T 458 1)
RNA 53 il RNA % # i (RNA ligase)i& £ — B s
S RNA $23k 77 51 (1 3a o Ze iy B2 €8 26 4% 3
5%), R ORH S um N T 5y BURE e kK
oligo-dT & 51#(&l 3a H 473 LA TTTTT-NNNNN %
7N), A RNA AT 5%, 3k cDNA 5 —4%
B, ULI cDNA 75 9 Sk #843 nl n b 7 P Bk
PRI A. B I P KA, R A&
WAL T 57 A0 3756 ] GeneRacer A 3L 514, FHAE
TRATVEGHRIE) H R 7 91 b e DR S v 5 1)
(gene specific primer, GSP) 5 24 It ff) 57 5 3’
GeneRacer 5| #4145 347 PCR 47 14 75 31 8 D R (1)
FEDR 5 R 3 A K R AL K e 4128 RNA H

@ Forward GSP primer
|
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—_ %‘

TTTTTTT-(NNNNNNNN)

First-strand cDNA G
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(b)
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1 kb + + + + +
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Fig. 3 Full length of novel gene’s 5’ & 3’ sequence
were cloned using GeneRacer kit
(a) Sketch of GeneRacer experiment designment. (b) 3' GeneRacer PCR
result. (¢) Sequencing of 5' & 3' GeneRacer PCR products got variable

transcripts of the novel gene.

GeneRacer 5l 5 1 54 % 1) cDNA (P 3k 2 n#z:3k)
B, A B 1ot Ber i 2 4%k DR S
GeneRacer 5|%) Racer R1 Fll Racer F5 5171 & 1
GeneRacer 3" AL 59147 PCR 714 (14] 3b), 45
Racer R1 5 GeneRacer 3' A 3L 5| WA fed 14 H (1)
2%, 1M Racer F5 5 GeneRacer 3’540y 4 H T
AHTE R H 14547, KB Racer F5 521l H 12
DRI 373, LRSI 1e 35 6 4 RNA-Seq Wt
SEAZHT RIS 6 ‘54 1. FIH GeneRacer 15
e P HeLa 40 il cDNA SA#5#, Racer F5 5
GeneRacer 3'5 | ARY 4 e M4k, RIX
FLNE HeLa 40 il h AR IR B R IAR 55, Kl 3b
1 Racer F5 5 GeneRacer 3" 2 3551 W14 34 74 vk
SRR T AR H 4k oh, fEixdkalr b7
A P 4855 [ 2%l (B i Sk ), R AR
3" %y i] BE [FIFEAAAE nf A8 BT 42 K PCR 724 TA W
P&, Sanger VAU, 193] T iZBi A 3/ 0 3 FhA
[R5 s AR P A 3e A7l sr). B kA Racer
R1 5 GeneRacer 5" AL 5| W4Ty 14, 315 T
ZOBT LR 575 6 AN [ ST 7 A1) (B 3¢ Zeil
H1).
24 HRBEMNEREZNERABSERAEHH
HRNISAE

7 HAb 9 A ZRFEA gk — 22 K& PCR. TA
SO BERTI o> A, 493 T B K 2 1) e sk AT
H1, B da @AEHE A 2 FR A LU A 1) 12 Fip
B RBTEERIC, BAT O 12 AR MM %
AP IBAL B 5 [ [E 7 AD)HAAF B A L (NCB )
GenBank #{ #fi /&£ "7, GenBank ID 5 43 7l A
KC136297 ~KC136308. 4 1%k P 55 1< ) e s A
(Kl 4a 11 isoform-1, 3 526 bp)/F 414 A\ NCBI ()
ORF finder #AFHEAT FF I8 BSCAE 0, A 3 5 K 1)
TFIUSEHEN AT 429 bp, PN (PR (AN 142 Na
PRI S (] 4b), JLAh 11 SARTR M I s A Tl i 1)
T 13 HE £ K A 570 bp,  FIEI 12 (14X 189
MNEIERE S (isoform-5, 45 RARTIR). FPra#
7t: ORF 4t [f) 2 kP41 5 Pfam ¥ 2 b CLANTR 2
iRl g AT LEXy, AR [FYs . R
% 45 AT BE g 65— A K 4% IE 2% B9 RNA (long
non-coding RNA, IncRNA).
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2.5 #5E £ IncRNA 7£ ENCODE ##E R &
@ M " " PR E
Y Y Mk UCSC (9 56 PR 4176 45 49 H7 T L (genome.
:Isoform-l T ek — ucsc.edu) B THT ST IncRNA 7515 ENCODE
e R L), S S — H3 v () GENCODE (Version 15.0)#E4T T it
N i . R g S LEAZGL (AR U 2 4 115 4 S AL A2 AR 4 )
= EZ;ZZ:: - j:izzz - E— FEREREAT DAL NG % (K 5), d#E—2PuEsE T3k
e 7oiTp, - — ST RE K — AN BT AR A
o T, - — 2.6 FEFEAY IncRNA #HLIRSFIES T
e soform s T 337 pp T — XLHT e FE K] IncRNA LEAN [P Fh A B 4T 7 [R) U5
:Isoform-g : omty T — PERIHEAL LRGP HEA T, RILIZ RNA 5L
-Isoform-lo- 3191bp TR M (chimpanzee, %44 Pan troglodytes, [R5 1
Isoform-11 3374 bp IR I8 98%) i 1] 2 i #E 42 (Sumatran orangutan,
o Isoform-12 2 487 bp Pongo abelii, [FYETE 95%). HiM% (thesus monkey,
— T T T ] Macaca mulaitas [F)JRPE 91%) A6 75 8K

[ o] Toe]  ([ooessiife [ ] 5
Length: 142 aa

Fig. 4 Representative transcripts and predicted open
reading fragments of the novel gene
(a) 12 representative transcripts of the novel HCC associated gene were
cloned and deposited into the GenBank database, their GenBank IDs
were from KC136297 to KC136308. (b) The open reading fragment
(ORF) of the longest transcript, Isoform-1 in (a), was predicted by ORF
Finder, the longest ORF was only 142 amino acids.
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Fig. 5 Mapping the novel IncRNA gene onto the ENCODE database

Using USCS genomic online analysis tools, the longest isoform of the no

indicated 5 exons of the novel IncRNA gene, there was none known gene

vel IncRNA, KC136297, was mapped onto the ENCODE database, "Your seq"
at this chromosome region registered in the ENCODE database.
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K i B 4 B (Monodelphis  domestica)~ K & H
(Ailuropoda melanoleuca) % 1% W 5 (Ornithorhynchus
anatinus )35 FLEN ) TR AR K IVA FIPEFR, 2]
IR EANDRSY

Color key for alignment scores
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Fig. 6 The homology genes of the novel IncRNA

were only found in some primates

2.7 #FeFERY IncRNA R 7

KAHEIE S i RNA R 472 i 2 1 D g i) — 4%
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AT T K] 4a FHT I IncRNA 438 12 FRAL
TN SR A5, RIVEN I3A B =
ot (B ST, WIHZSRREAE), BT Sk 3 A~ F %
5y 3, SRR, AT B K B A
(Isoform-1, ¥ Sla), JL At A [] BY £ 8 Ak 2K (1)
RNA FBEAZ IncRNA 20 25 1 () YR 3 A b 3
SRR S5 R LI S1b F1 ¢).

FEXT B 58 B 1) IncRNA JHEAT T [R5 Fidkfe
PR S VE o BT I, FRATT R I, 3% IncRNA 5% 1~
374, 1806~2 083 fil 2 833~3 187 bp =& /7 54
XPRSE PER R, FRATTE— 2B P T axX = By A
BRRAT 1% IneRNA &5 K I RE W, B H e
K 2833~3 187 bp J¥*41l, IncRNA -2 45 ¥ 54T W
WG R EIR), MR S 1~ 374( K] S1d)
F11.806~2 083 bp(F Sle) AT B & i 45 1% IncRNA
() gy, 5B R Bk 1~374, 1 806~
2 083 F1 2 833~3 187 bp JT 41 i 1% IncRNA 4 &5
Fa SR BT A ) ik (18] S16).

2.8 F#EBERY IncRNA BEI FHMMNEREEAL
B

h T HR 1% IncRNA 71 JH-4H g Hh 218 1)
AIRERL], FRATTEE— 22 I T 1% IncRNA JE A |- if
JEI TS, B4i% IncRNA 55— 540 i1 b He F i
2 000 bp /7% % N\ Promoter Scan 7E £k 43 T 4 1F,

RN 3 S AR AT s B -719~ -469 bp b5 — A
WAEM 8 (- Dy gt keid, B0 E A
91.46, ZXIRAFLE 74 Spl #E K 145 A 47 s (K
7 RS AR, BRANE B T IX R AE 1A
STATS (B 7 W 40 tabric A 2)F1 1 4> EGR1(K 7
H AR bR AT ) 45 B s

1st exon

Promoter Spl

-2000 -719
STATS EGRI1

Fig. 7 Some important transcription factor binding
sites on the novel IncRNA promoter
A 2000 bp sequence up-stream from the transcript initiation site of
the novel IncRNA gene was used for predicting potential promoter
and transcription factor binding sites, there is a potential promoter from
719 to —469 bp, and there are 1 STATS5, 1 EGR1, 7 Spl binding sites in

the potential promoter region.

3 it it

LncRNAs /& —RK T 200nt, GRS
(P SERETF TR SAE , AT BAR DA 8 (1 T4 s ) e
(F9ES S RNAs 73129, fEE A A 5
e K ELH]. 4] IncRNAs #1A 42 RNA B4
Bl I e =4, IR ARSI <, A
B ALY TR, HI 4 Kk oT & REw,
IncRNAs 5 miRNAsE—F¢) {2 2 5 T 41 g 3 15
RRIE A, HAETENAEYSIhRE. K258 H
TV R ILIF) IncRNAs HH RNA B4 T 455, &)
BRI, IR 2 BRI TR (poly A, A
AT SO BE Y IncRNA 7] #% GeneRacer A1 £
PG SR 3 i KT A, R mRNA —FF,
HA 5'ME ¥ (cap) M1 3' %1 poly A FE&5H4.

LncRNAs 7ER Mtk #5356 S 55 7K1 55
ZA SRR MR IL: A1 IncRNAs @ i A
SROmERNAEABHTINES:; A0
IncRNA 13 i/ 17t PR By Eeii X, A2/ RNAs,
L RE RS Dierios P & e S D R DA Y W L8
f&; A1 IncRNAs 18 i 5 miRNAs AH B AEH],
S5 PERI R miRNAs 5458 mRNAs 2550887,
WIER R IEE, IncRNAs il FREZMigits 5



«160° EMEEEYYEHR

Prog. Biochem. Biophys. 2014; 41 (2)

BUAAEK RE . HE T E LA G s i
(PR, DAL B R Bk 52 219G 12719, LncRNAs L
mRNAs /N F RNAs PR R %, &%
PIEEL s 13/, ABAT IR IncRNAs 5848 X 3 <5
PEAHX ALy, IR ELLR ST TOI IR A% TR P 410 4
P G A5 R RS B IneRNAs Th fig (1) & 45 v]
REH A EZEH. A YRRV, IncRNAs 7] i@ it
P8 AT DR R aim), S A S 5
ML IR 45 5 T R AE =T RE, 5\ A FUAHLL,
IncRNAs 7% [A] 85 #9188 PEIR 22, ] PR ™= A= F1 43
il A HUAA S AL S D RO ) 1 0,

T JE 2 1 IR A O IncRNA J5 1 43845 T
— U BRI R, R T —RAEACERR
s A 4 3 1 RNA-Seq £ AR 78 4t 6, 4k
11q13.1 X R I IFBE 5 e B T — /N8 IncRNA,
% IncRNA 7E [ 5 5 AT AL p B R0k, MifERT
T2 R, R W% IncRNA 78T 41 i i 5
TR TR A R R R FE R AL X (oncogene) IR H .
% IncRNA %A W] 5 (0PI B2 AE, fE/E 2 AN 4%
SEA, HAN[) e gAY 00 T AL IR — R 45 4.
18k, % IncRNA H7E gk bOR~F 1 75, (HILAS
1~374. 1806~2 083 A2 833~3 187 bp —E{F41
(DR S PEAE R w8, AR R A T L 2 1~
374 J% 1 806~2 083 bp, F#jl /& 1 806~ 2 083 bp /7
H1, %Fi% IncRNAs — ¢ 45 4 I 4 R H AT B ZE 1)
YERT. % IncRNA A7 7] G838 1 JE BB 22 10— 2 45
¥, 590 i Fe At B 1 S T R R AR A D R
A HEE ) IneRNA 7548 g th Wi 2 5 40 i
{10 5 DR R TR T 4 B an e ssgmi HoAth i 1 BRI D g, 1%
IncRNA KA 2= D) R & B WO T e 4 & 7= A2 1
F%., 1806~ 2 083 bp [741X}1% IncRNA 4% 1)
REMR IS, SS{EAE— B IRANIT AT,

Ptk 11q13.1 2752 P e v W) Gy ok
G, A2 — AN X (oncogene) & 4 X P,
TEFRATTFERE ) IncRNA J 8] B st o0 A A J LA 22
98 3L R T CCNDIPY®)., ORAOV 1™, MYEOV?).
FGFI9™. FGF4 Fl FGF3™%%, I3l W 5T 3 W
IncRNA 17 1] fi 5% M SL il i SE PR (1 Rk i %, Al
WP IncRNA S FLAHAR I R (1) 3Rk #5251
MR, S04, Btk 11q13.1 721
0 s AR AT, AT RS R B G LA X
I AL G FRA 1T O B (1) IncRNA 78 P AH 3L R 1)
ik B, {HHT TR IncRNA 78 T4 i g o 2k T
WA AT AE S LIS 12 2 BATTIR I3 8 7 o Hr T

W, KILZ IncRNA _EJiE-719~ -469 bp A1 — /N
TEMABN T, A3 IXIAELE Sp1P9, STATSP 2K
EGRI1PIEEHE SR 745 6 7 i, X S5 S R 7 A I
FHORIAE B £ 2 5 T 1% IncRNA [ 315 4%
MR ANBF RN . R, WEANETZ
IncRNA 75 JH- 41 i A A2 i J s # v i Y B G AL
i, A A0 T AR B (R R R, R T
i) 577 N2y PR I G E P2 TR X e = e

MifE &SI, Mg SCRIZR AR http:// www.pibb.ac.
cn/cn/ch/common/view_abstractaspx?file

n0=20120613&flag=1

2 % x M

[1] Qing T, Yu Y, Du T T, et al. mRNA enrichment protocols determine
the quantification characteristics of external RNA spike-in controls
in RNA-Seq studies. Sci China Life Sci, 2013, 56(2): 134-142

[2] Gong Z, Zhang S, Zhang W, et al. Long non-coding RNAs in cancer.
Sci China Life Sci, 2012, 55(12): 1120-1124

[3] Ponting C P, Oliver P L, Reik W. Evolution and functions of long
noncoding RNAs. Cell, 2009, 136(4): 629-641

[4] Zhang W, Huang C, Gong Z, et al. Expression of LINC00312, a long
intergenic non-coding RNA, is negatively correlated with tumor
size but positively correlated with lymph node metastasis in
nasopharyngeal carcinoma. J Mol Histol, 2013, 44 (5): 545-554
(DOLI: 10.1007/511427-013-4577y)

[5] He S, Liu C, Skogerbo G, et al. NONCODE v2.0: decoding the
non-coding. Nucleic Acids Res, 2008, 36 (Database issue): D170—
172

(6] ZEwg:, ¥ 7, 4 A, 2 microRNAs 15 TP53 3L K 4% ) 2%
WEFTRERE. AW 2 S R Bk RE, 2012, 39(12): 1133-1144
Gong Z J, Huang H B, Xu K, et al. Prog Biochem Biophys, 2012,
39(12): 1133-1144

[7]1 Zeng Z Y, Huang H B, Huang L L, et al. Expression profiles and
regulation network of Epstein-Barr virus-encoded microRNAs and
their potential target host genes in nasopharyngeal carcinoma. Sci
China Life Sci, 2014, 57 (DOI:10.1007/s11427-013-4577y)

[8] Wilusz J E, Sunwoo H, Spector D L. Long noncoding RNAs:
functional surprises from the RNA world. Genes Dev, 2009, 23(13):
1494-1504

[9] Tsai M C, Manor O, Wan Y, et al. Long noncoding RNA as modular
scaffold of histone modification complexes. Science, 2010,
329(5992): 689-693

[10] Gupta R A, Shah N, Wang K C, et al. Long non-coding RNA
HOTAIR reprograms chromatin state to promote cancer metastasis.
Nature, 2010, 464(7291): 1071-1076

[11] He S, Su H, Liu C, et al. MicroRNA-encoding long non-coding
RNAs. BMC Genomics, 2008, 9: 236

[12] Li L, Feng T, Lian Y, et al. Role of human noncoding RNAs in the
control of tumorigenesis. Proc Natl Acad Sci USA, 2009, 106(31):



2014; 41 (2)

B, Z&: — M IFEHEXKEIESRS RNA MRERFIISH

°161-

12956-12961

[13] Gutschner T, Diederichs S. The Hallmarks of Cancer: a long
non-coding RNA point of view. RNA Biol, 2012, 9(6): 1076-1087

[14] Liao Q, Xiao H, Bu D, et al. ncFANs: a web server for functional
annotation of long non-coding RNAs. Nucleic Acids Res, 2011,
39(Web Server issue): W118-124

[15] Guo X, Gao L, Liao Q, et al. Long non-coding RNAs function
annotation: a global prediction method based on bi-colored
networks. Nucleic Acids Res, 2013, 42(2): €35

[16] Li A, Wei G, Wang Y, et al. Identification of intermediate-size
non-coding RNAs involved in the UV-induced DNA damage
response in C. elegans. PLoS One, 2012, 7(11): e48066

[17] Pang K C, Frith M C, Mattick J S. Rapid evolution of noncoding
RNAs: lack of conservation does not mean lack of function. Trends
Genet, 2006, 22(1): 1-5

[18] Yang Z, Zhou L, Wu L M, et al. Overexpression of long non-coding
RNA HOTAIR predicts tumor recurrence in hepatocellular
carcinoma patients following liver transplantation. Ann Surg Oncol,
2011, 18(5): 1243-1250

[19] Yuan S X, Yang F, Yang Y, et al. Long noncoding RNA associated
with microvascular invasion in hepatocellular carcinoma promotes
angiogenesis and serves as a predictor for hepatocellular carcinoma
patients' poor recurrence-free survival after hepatectomy.
Hepatology, 2012, 56(6): 2231-2241

[20] Zhu Z, Gao X, He Y, et al. An insertion/deletion polymorphism
within RERT-IncRNA modulates hepatocellular carcinoma risk.
Cancer Res, 2012, 72(23): 6163-6172

[21] Yang F, Zhang L, Huo X S, et al. Long noncoding RNA high
expression in hepatocellular carcinoma facilitates tumor growth
through enhancer of zeste homolog 2 in humans. Hepatology, 2011,
54(5): 1679-1689

[22] Huang J F, Guo Y J, Zhao C X, et al. HBx-related IncRNA Dreh
inhibits hepatocellular carcinoma metastasis by targeting the
intermediate filament protein vimentin. Hepatology, 2013, 57 (5):
1882-1892

[23] Ying J, Shan L, Li J, et al. Genome-wide screening for genetic
alterations in esophageal cancer by aCGH identifies 11ql3
amplification oncogenes associated with nodal metastasis. PLoS
One, 2012, 7(6): 39797

[24] Che Y, Ye F, Xu R, et al. Co-expression of XIAP and cyclin D1
complex correlates with a poor prognosis in patients with
hepatocellular carcinoma. Am J Pathol, 2012, 180(5): 1798-1807

[25] Yang Y, Liao Q, Wei F, et al. LPLUNCI inhibits nasopharyngeal
carcinoma cell growth via down-regulation of the MAP kinase and
cyclin D1/E2F pathways. PLoS One, 2013, 8(5): ¢62869

[26] Xavier F C, Rodini C O, Paiva K B, et al. ORAOV1 is amplified in
oral squamous cell carcinoma. J Oral Pathol Med, 2011, 41 (1):
54-60

[27] Takita J, Chen Y, Okubo J, et al. Aberrations of NEGR1 on 1p31
and MYEOV on 11ql3 in neuroblastoma. Cancer Sci, 2011,
102(9): 1645-1650

[28] Sawey E T, Chanrion M, Cai C, et al. Identification of a therapeutic
strategy targeting amplified FGF19 in liver cancer by Oncogenomic
screening. Cancer Cell, 2011, 19(3): 347-358

[29] Arao T, Ueshima K, Matsumoto K, et al. FGF3/FGF4 amplification
and multiple lung metastases in responders to sorafenib in
hepatocellular carcinoma. Hepatology, 2013, 57(4): 1407-1415

[30] Yin P, Zhao C, Li Z, et al. Spl is involved in regulation of
cystathionine gamma-lyase gene expression and biological function
by PI3K/Akt pathway in human hepatocellular carcinoma cell lines.
Cell Signal, 2012, 24(6): 1229-1240

[31]1 Yu J H, Zhu B M, Riedlinger G, et al. The liver-specific tumor
suppressor STAT5 controls expression of the reactive oxygen
species-generating enzyme NOX4 and the proapoptotic proteins
PUMA and BIM in mice. Hepatology, 2012, 56(6): 2375-2386

[32] Liao Q, Zeng Z, Guo X, et al. LPLUNCI suppresses IL-6-induced
nasopharyngeal carcinoma cell proliferation via inhibiting the Stat3
activation. Oncogene, 2013(DOI: 10.1038/onc.2013.161)

[33] Zwang Y, Oren M, Yarden Y. Consistency test of the cell cycle:
roles for p53 and EGR1. Cancer Res, 2012, 72(5): 1051-1054



*162¢ M E SR HR Prog. Biochem. Biophys. 2014; 41 (2)

Cloning and Functional Characterization of a Novel Long Non-coding
RNA Gene Associated With Hepatocellular Carcinoma®

TANG Ke'2™, WEI Fang?”, BO Hao?, HUANG Hong-Bin*%, ZHANG Wen-Ling?, GONG Zhao-Jian?,
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Abstract Recently, we sequenced the transcriptomes of a hepatocellular carcinoma biopsy and a normal liver
tissue using the RNA-Sequencing (RNA-Seq) strategy based on the Next Generation Sequencing (NGS) technique,
and identified several adjacent high RNA-Seq signal peaks on chromosome 11ql3.1 in the hepatocellular
carcinoma biopsy, while not in the normal control tissue. In this chromosome region, there is no characterized
genes have been identified, implying that these RNA-Seq peaks may represent one or more novel genes. Further
study was confirmed that these RNA-Seq peaks were transcribed by one novel gene. Through cloning the full
length of this novel gene, we found that this novel gene transcribed many splicing isoforms, and the longest isoform
is 3 562 bp. Then we deposited twelve representative RNA isoforms into the GenBank database of the National
Center for Biotechnology Information (NCBI), and created the GenBank IDs from KC136297 to KC136308 for
these isoforms. None significant open reading fragment (ORF) was found in any transcripts of this novel gene,
implying that this gene may encodes long non-coding RNAs (IncRNAs). To further elucidate the potential
transcriptional regulation mechanism of this IncRNA gene, we predicted the promoter from the upstream sequence
of the IncRNA gene using bioinformatic tools, and found that there is one potential promoter in -719 to -469 bp
from the transcript start site of the IncRNA gene, and there are seven Spl, one STATS and one EGR1 transcription
factor binding sites in the promoter region. The molecular mechanisms of the IncRNA gene in carcinogenesis and
progression of hepatocellular carcinoma are worthful for further investigation.
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Fig. S1 The predicted secondary structure of the novel IncRNA

(a) Isoform-1. (b) Isoform-2. (¢) Isoform-12. (d) Isoform-1, deleted 1~ 374 bp. (e) Isoform-1, deleted 1 806~ 2 083 bp. (f) Isoform-1, deleted 1~ 374,
1806~2 083 and 2 833~ 3 187 bp.



