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DNA, RNA HE&= o]E59] FEAZA, RNA W] R Al Add AFsle] RNAS 28-S AAgT:. TE A2 &2
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ZRE FAR7F T el o&] AxE 4 9t

2 dbofA] o], "siRNA" 2 "ShRNA" RNA Wal & f-#x) AW 217 (Sllencmg) wjziE 4= Qh
AA2A, B4 FAe 2Es gAE ¢ A7) o & t.'.]ﬂ L2
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¢ Eo]4 enhancer ¥ eRNA &S $3 AA T2 M2of 3k A =E YERATE,

= 2% TCGA(The Cancer Genome Atlas) HIOJEHE 7|22 AT thy] 7oA HA aEE eRNAS 4
3]

I AiE vepig

<

= 3¢ TCGA(The Cancer Genome Atlas) Hlo]E|E
TAD Wl Fzte] wrdgF 2po], F948 A vhx

I 4¥ TCGA(The Cancer Genome Atlas) H|oJE]E 7|%Z&E AANZT the] HetoA A4 3= LINC015729)
TAD Wl F3zke] wdsk 2po], F94, ¥d ddeS YeEfge= Zo|t}.

= 5% TCGA(The Cancer Genome Atlas) HIOJEHE 7|22 A ZT the] 7htolA A e w= LINC015729
I A #4S Bd #gd8 ske eARRAle wEE zo], oS #ldk waEs AiE
(SRS Rni=

% 6& TCGA(The Cancer Genome Atlas) HIo|EHE 7|Z= AAZET the] 71FdolA =4 @3 EE= LINCO1572
oF Wrd A BAe B3 &3 skl AR A] ddeg 2o, F94, IdE dYEs e Eolt).

= 7% LINCO1572¢] th3t antisense oligo @ W& oA £%5& 23 A= e,

= 8% LINCO15727} Knock downell W& A|¥E AA oAAE 3Heldt A2 e,

wgs YAl 9 FAEA HE
o3}, B ulmo o]a|2 7] 9ste] wfEA e Al 9 AA G2 AA ST, e 179 AAe] 2 AA
Vs Bo G olssty] flste] AlFEE AU B, AAle = AAdd] o & 3ol o] A

9 Ae ol

<& 1> ChIP-seq (Chromatin Immunoprecipitation-sequencing) 43

£

[oX

ZFe} Eo]A enhancer @ eRNA =S 93] & 8709 7H¢HHCC) M ZZF (FT 3-7, Huh 7, Huh 7-5, PCLC PRF 5,
SNU 182, SNU 387, SNU 449, HepG2)E ©]-& o}iiﬂr.

HCC AI2FES 1 % FHEEddsleg a4sta Z4le Hrlste] jbeS SAAHT. dA8lE &3 &
(5mM PIPES pH 8.0, 85nM KCI, 0.5 % NP40, 1X ZZEo}A] JAA] (Roche))ol £3|A|7]3L sonication €+
(10 mM Tris-HCI pH 7.4, 1 mM EDTA pH 8.0, 0.1% SDS, 0.1 % Na-Deoxycholate, 1 % Triton X-100) 2.2 tj¥-
Fo] 7 =77} 200 ~ 300bp Wl ASuwW7bA] milliTUBE EE—E microTUBES A 60 # &9t ZS3A
(diagenode)a}3ivh. Ztz+e] WS 7o) dja] IdAE H7bst A2olA 2 AF #AAAH M= (DynabeadsTM
Protein A, Invitrogen)oll Z&AIZth. AHEH &A= H3 (W z; A9 2ug, Abcam abl791), H3K27ac (WY
A A 2 pg, Abcam ab4729) % H3Kdmel (WS H A 2 ug, Abcam ab8895)o]ut}. otz glolH el 9]
A9, 1 ugd H5ol4 Igh vk FAE AMEgE WY HAo] AFEHRATE. block® FA-HIHE v=E A
FAAATAE AASIAL 257 AEE &ES vl H7Ee vh A7), 4 7 CollA 3 ~ 4 ATF St W)
etk v=E A Us HaE H]'o/\]?ar/} Nextra® DNA Library Prep Kit, illumina). H|Z=& A3}
AL 2.5n19 Proteinase K (Roche) % 1.5ul®] 10 % SDSE *¥3}sl= 1X TE €= (10mM Tris-HCl pH 7.4, 1mM
EDTA)Oo. 2 65 ° ColA HHIES 853} %EL |3]= cross-linking= revertd}titl. wpx|=to = DNAS
AMPure XP ®|=2 AA st zZF glolBHEglE FE31tF (Nextra® DNA Library Prep Kit, Nextra® Index
Kit, illumina). SZ%¥ #olB & g]li= AMPure XP H| =& AFE-Slo] AAIg U AMPure XP H| =& A}83}e] =7]
£ AEste] 200-400bpe] x7F HolE 7R gelHEEE HTekith. RNA ZholH ] A4S Illumina
HiSeq2000 Z#Foll A 2= e},

<Ago] 2> ChIP-seq ¥ Total RNA-seq +4

ofj o
2 2

2

I-H

n)

11

O

#443}¥ enhancer =S $13l H3K4 monomethylation (H3K4mel)¥} H3K27 acetylationol] thdt ChlP-seqs 479
Shoie. R @43he enhancer 2RE] WAL eRNA) WS A3 3] 87le] AHATTRRE F RN F
3te] total RNA-seqS 43319},

[U{N' ot

TFAAH o2 Chip seqE 913}o], ‘FastQC = = AgE A=F JP 3, ‘Trimmomatic’ o2 = FEHHS
AgP3FAt.  Bowtie2' = alignment= X33+ % non-uniquely aligned reads & potential PCR duplicates
Z AAZ BAFLEE AT, o]F  NACS14 & A& peack callingg A3Pstar, ‘HOMER® & peak
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annotations Fa3FATE.

WS, RNA seqE 9I8Fe], ‘FastQC = = FTE A7 F& T, Trimmomatic’ &2 = HEPS F8Ps}
).  ‘Tophat’ & AF&3}9] total RNA-seq B]=% Reference genomel|l alignmentd}$it}l. Reference genome-
Ensembl 9] GRCh38S AF&3&tit}. o]F  ‘Cufflinks’ & F3star, Fdxe] HdZS FPRMCE T3,

<AFd 3> 7+ Eo|3 enhancer & eRNA o=

MEFNA Eojx oz FA3}%E enhancer X o] ZHE W3 H+= eRNA TS 98, @435 enhancerol A

ElvE Aoz 43R H3K27 acetylation peaksS A genome Aol AWsldtt. &4 3l¥ enhancer
ut23l7] el A Ake] promoterth UlF-ol A el H3K27 acetylation peaksS A9ttt thgo®
enhancero] ™3t m# 2 <27 H3K4 monometylation (H3K4mel)9] peaks2 A A genomeolr AHeAx, H=
Ao 2 H3K27 acetylation®} H3K4 monomethylation®] EAlo] =A £A13t= EA3lE enhancer 95 A3}
ATH.

foHE A
o X no

_4

3l 34319 enhancerol A LHEHE eRNAS 2E317] Yl total RNA-seq HloJEl 9} 58 A4S P31},
ol¢} AHE dHo A mALE & 1o et

<Al 4> eRNAS] B9 BIARAA A
1) T B4 B 59 BAGAR A8

TAD(Topologically associating domain)+ A} ¥dHS ZH3E enhancer$} oo 93] 2do] 2HE =
AFAZ7F 42 A lﬂoﬂ/‘ic TSt Fko] ETE o] = om)stt}, AEE eRNAQ EMAG-AA HEE
A

& TAD 48 a3 o]Z Z3& Z} eRNAol 93] 2HE Ao ® ditEE BAFAAES AEsY.
2) ¥¥ A#AFA 71 gAFAR

RNAL f4 WRARA, 58 BAFAA 2@ B Fad 4TS e o dud Y. meA
cRNAS] BHAESE B4 o) #AE ekl 5ol qltk. mebd 7 eRNACE
Aol 37 2o 729 HAF WAV UG Vel HARES A¥se] oF BARAN FREOR A
4.

<& 4 5> TOGA(The Cancer Genome Atlas) H|O|EE o] &3 AZF

IOL

of target genes)
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Akl 7k A& 50#E 9} FHSEAE A& 508l A] AALE RNA-seq HIoJEHE E-&3le] AHE eRNAS e d®

LINC01572 %JXM 6 A A YxElE A7) E (5 -CAGTCTGICTCTATGT-3" -~ EW¥E 2) } %E@gi A
el Aow I 9L by (5 -ACATAGAGACAGACTG-3" -A9WE 1).

o] customized ASOE transfectiond}”] 938l lipofectamine RNAimax (invitrogen)-e— A}8-3}SI T}, Transfection
A, customized ASO(20nM) ¢} lipofectamine RNAimax (2ul-24well”]F)S 41-& & FT 3-7A|1%d] A8k, =
A transfections Z&sta 24A17F o] %o F WA transfectionS A3 48A17F & (F 72AI%F
incubation) cell& harvest 3}$lth. Cell®] total RNAE RNeasy Mini Kit(giagen)E A}83}o] isolationd}$l
3, A2 Knock-down efficiency™ real time PCRE o] -&3}o] &els)sict.

<28 o 75LINC015727}F Knock downoll WE AX AR AA| <

T+ W] transfections T3] &I o= LINCO15727} Knock down® FT3-7 cellS 24wellol] ThA] seedingdt
%, seedingdt BUFE 72A7F M| Az LS AT

<dddsp>
1. ZFAAZFON LAEHE RNA B2 L 4709 FAHEFE o] &3 £

AA 8o M EFE o] &3] FA3E enhancer? o] ZHE WHEHE eRNAZS EAIE], F 67019 eRNAS
1= e g
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[0156]

[0157]

[0158]
[0159]

[0160]

[0161]

[0162]
[0163]

[0164]

[0165]

[0166]

[0167]
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a3 yUA, MY FAET F AEA ZE dido] fARSE 47l TAAMEST (F-3-7, Huh-7-5, SNU182,
PLC-PRF-5)Z o]-&3}o] & 45719 eRNAS A3}l o] = 6719 eRNAE 8719 7He} AMEF E5oA] Way]
E AL .

I FAA B4 AAE ol 19 YERATE.

[E 1]
( 45 eRNAs )

AC005104.1 AC096947.1 AL513327.1 LINC-PINT THRE-AS1
AC007319.1 AC103591.3 CASC19 MIR181A2HG THRB-IT1
ACD07388.1 AC104046.1 DLEU1 MIR4435-2HG THUMPD3-AS1
AC019080.1 AC105942.1 HOXA-AS2 OLMALINC TRAF31P2-AS1
ACD25031.4 AC231533.1 LINCOO261 PLEKHABP1 793930.2
ACD68631.1 ALD23755.1 LINCOD511 PROX1-AS1
ACD73332.1 AL031963.1 LINCO1006 PSMA3-AS1
ACO87482.1 AL136311.1 LINCD1572 SAP30L-AS1
AC090673.1 AL137782.1 LINCO1578 SNHG22
AC096921.1 AL355916.1 LINCD2331 STARD13-AS

A7 F 1A Feld = 9= uhel o], THUMPD3-AS1, TRAF3IP2-AS1, LINCO0511, SAP30L-AS1, LINCO1572,
AL136311.1¢] 6% eRNAZ} 8719 7FPA|EFo A BF 3= Zo] e},

2. TCGA HIo|HE o] &3 AF

TCGA dH]o]E]E o] &3} vh=3H 45709 eRNAS] Yl ujel & zl%é} Aok, & 117019 eRNAE= A (Normal) 7HEZ
(50#]) HH] ZFFZZ (Tumor) (50)olA HE& o] F71sF3it). 2oﬂx1 ol 4= 9l upe} o], 1 F =5
LINCO15729] A% 3 At a3 (F, 7+ A g2 Aloldd wl$- f94 ouis 7MxA]= @d 2o
) E YERSIH.

3. eRNAS] &9 BFAfHA &l

D T ¥4¢ 59 39 A H
eRNAZ} 4+8F TAD Wlo] 3zt & S B4 234E ofgf 3 2 2 = 3% = 4o YeERASATH. Q < 0.01 ©]
=0 Hglo

[¢)

=y

WX normal.mean < tumor.mean ¢l A=} A3k, box plotdl E71¥ F93k2 Q value(adjusted P)
o]t}
X2
eRNA mRNA TCGA TCGA adjust.p
normal .mean |tumor.mean
LINCO1572 PMFBP1 3.42E-02 1.21E-01 5.40E-03
LINCO1572 ZNF821 3.53E-01 4.73E-01 6.78E-04

gl o= 9h= mhel o], PMFBPL, ZNF821el whal s & e (S, A3z o] 1kt

eRNA(EE o] Z } 2 )t AR 2w s yekd
o7 MAse] AEDH -



[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

SS=50] 10-2238258

oA F7F, 62.5 B UEHE AS &8s,

A 29= % 3 2 = 59 & 69 YEHAE. Q < 0.01 ©]WA normal.mean < tumor.mean ¢ FAAES A
H3Itt. box plotoll E7]1® 9%k Q value(adjusted P)o|t}.
X3
eRNA mRNA TCGA TCGA adjust.p |Pval Cor R.squared
normal.mean |tumor.mean
LINCO1572 [Cl4orf93 |9.18E-01 1.30E+00 1.00E-09 2.78E-03 9.05E-01 7.29E-01
LINC01572 |CEP152 1.36E-01 2.76E-01 3.07E-05 3.97E-04 -1.00E+00 |9.80E-01
LINCO1572 [DXO 2.02E+00 2.48E+00 5.30E-07 2.78E-03 -9.05E-01 |7.82E-01
LINCO1572 |HELLS 1.51E-01 4.91E-01 6.80E-08 2.78E-03 9.05E-01 8.36E-01
LINCO1572 |NCAPH2 2.75E+00 3.33E+00 3.27E-09 2.78E-03 9.05E-01 7.98E-01
LINC01572 |NFKB2 2.92E+00 3.55E+00 3.92E-05 2.78E-03 -9.05E-01 [7.69E-01
LINCO1572 [NMB 8.69E-01 1.71E+00 1.34E-06 2.78E-03 9.05E-01 8.24E-01
LINC01572 | SFSWAP 1.21E+00 1.52E+00 1.69E-08 2.78E-03 -9.05E-01 [7.95E-01
LINCO1572 |STK19 1.13E+00 1.40E+00 1.94E-05 2.78E-03 -9.05E-01 |8.31E-01
LINCO1572 | TIGD5 7.46E-01 1.49E+00 1.70E-11 2.78E-03 -9.05E-01 [9.73E-01

=59 & 6ol BT = e npe} o], Wy JadA EACA TY T HES
Z}E= Cldorf93, CEP152, DXO, HELLS, NCAPH2, NFKB2, NMB, SFSWAP, STK19, TIGD5Z &1 t}.

7] A9E BeA, LINCOLST2 Wek ol ool TAD o) faxish WA Auw) $AL B o9 e aA
7h Rrgrel Ag mAR o gE & Qe st

4. LINC01572¢] ™3} antisense oligo A EE 3 oA &% &<l

LINCO1572¢] thdt antisense oligo (MEWE 1)AHFAE E3 A £5< ¢ 4742 & 79 ey, =
7oA Bl 4= Q= ufe}l o] LINCO15729] o] AA HAaste], oo &g

5. LINC015727} Knock downol W& A¥ A4 A &<l

LINC015727} Knock down®l FT3-7 cell< 24wellell THAl seeding® -, seeding® FUN-E 7247 742 A2 2]
Ao Folatgtt. 1 ARE % 8o LERYT).

% 8ol B & Qi vhsh o], AE B 39 F 1 Age] ARAE wal FelmahA 25% AAHS o

Q3.

o/2 Bl LINCOST2e] olAl7b ALl A4 oAl 53 el 44 oxle] $4@ mush des
?_]_ o

s,

ok
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k1
N2

1
(g
~

H3K27ac Peaks
" HOMER v4.9
Locate peaks into genomic regions

. 4

Remove peaks located in
TSS (Transcription Start Site)
TTS (Transcription Terminal Site)
Exon of protein coding genes

Overlap with H3K4me1l Peaks

¥

[ Find active enhancers ]
\ 4

Map RNA seq after selecting noncoding RNAs only

. 4
Find eRNAs
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EWHA UNIVERSITY - INDUSTRY COLLABORATION FOUNDATION
INDUSTRY-UNIVERSITY COOPERATION FOUNDATION HANYANG UNIVERSITY ERICA CAMPUS
KNU-INDUSTRY COOPERATION FOUNDATION
INDUSTRY-ACADEMIC COOPERATION FOUNDATION, YONSEI UNIVERSITY
<120> A NOVEL BIOMARKER FOR DIAGNOSING LIVER CANCER AND A TREATING
METHOD USING THEREOF
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