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5-azacitidine, a DNA demethylating agent, is an epigenetic drug for the
treatment of hematological malignancies. However, its mechanism of action has not been completely
elucidated. Recent studies suggest functional involvements of transposable elements, including
endogenous retroviruses, in the mechanism. In this study, we tried to elucidate the function of
LTR12C using epigenome editing technology that promotes DNA demethylation in a site-specific manner.
The anticancer effect of 5-azacitidine was not observed after over expression of LTR12C. In the
future, it is necessary to investigate the functions of other type of transposable elements. On the
other hand, since the function of LTR12C is unknown, we tried to clarify it. The induction of host
human gene expression by LTR12C is regulated not only by the LTR12C sequence but also by the

surrounding region.
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1. WFERHME S RO 5

DNA A FIALBHERITH D 5-7T o F VU id, MEEEICHT 2B AFE L THW LT
L0, X OFEENRIIB L ZEHOBE RSN TEBY  /ERAKEF b 223 s Tuni
W, T, Fox B ETe D T —T 5, DNA i A FARIZ K 0 FEBIOME S T EEAL IR -0 —Fl
THDHWNIEMEL b oA LA (BRVs) 28, 5-7 v F U OIERBFICB W CEERKE 2 H -
TWAHZ & 2 L7~ Roulois et al., Cell. 2015 72&). ERVs H12EMD RNA 23, 15 F D H R %
EREIEMAL L DA AMIBIC T R =V 2R 2FETH B2 6T D, ZOSEEFRICES T,
ERVs Z & el 7D RNA 23, #RSRPEL R 7oA /L 20 RNA L [REEIC, 15 £ H RGBS R IR
WMEINATHLAH ZEIFELS PO ER I LT X 2N (Abraham et al., Clin.  Immunol.
Immunopathol. 1990) ., R7Z+078HUIE LN TELTE DEMZELTVWD,

2. MEEOHB

AWFFERREO BH9IE, BRGIERIEMEALD b U —& LTD, ERVs % & Lefinf K+ DI TER %
EBIZA O L, DATREEIEICEH -2 Nz 52 & & Uiz, BRI BN 70 5
W ERN, 7 AORLZEICEND Z L0, HERERBOV A7 b tEZHNT
WBHZ e, ELLEBKTIZE MIELZLIFTHO “Enemy within” 7ZEEZ N TE
(Kassiotis et al., Nat Rev Immunol. 2016), L2>L7Z2MN6, HEHEOIXIZ N E TIZ, K
F-DIEMALS 5-T L F U OHNABIE LTOEREFO—HEH-> TS eV B MZ
Lo THWRH LWEREOHFIEL R L TE 7, o T, B AMIBKERIIZRE DA 1 D%
REFETL 2N TENE. KRR TY 27 DR ATERIEDBIFEICEN D & HiFk S
N5, &2 CARUERE TIX, ImTHFERE SN2, FFEDT / AGEIIZ DNA i A F AL 2 3R
(TETD % VU 7 v— 3252 & T, VA FMFERERIC DNA XA FIALIREEZ BIET 2 HIFCTH D
CRISPR/dCas9-TET1 system ZH\W\T, FREDEBK 17 7 IV — OB EZFHEET 5 Z LITHkA
72

3. WD kL

D) Hpagk L 5-7 L F B E

b b IR B R 2 A AN (HEK293T) (2 PBS (2> b u—/b) 3 L< X 300nM @ 5-T o F v v 2 # 4
L7=t%. Mifld% 5 A% ICEREL, & NSRBI ESZ2 M (HCT116), b b FLEEEE ML (MCFT), B8 X O
b MRS (A2780) IZBI 9% 7 — &1L, JeATafZE L W AT (Ohtani et al. 2018),

2) 7IAIRDEHLE I NTFVRTzT T a v

pPlatTET-gRNA2 (Addgene #82559) % CRISPR/dCas9-SunTag-TET1 3 A7 A3 L X CRISPR/dCas9-
Suntag-VP64 > A7 LD Y — A L L7, VP64 EEHiL pcDNA-dCas9-VP64 plasmid (Addgene #47107)
ZILIZ PCRICE VIR L7=, LTR12C 2% —7% v b & L7 #H A K RNA(gRNA) I%, RepeatMasker %
FEZLTRI2C 7 7 R —Darkv b ARSI T A LIz, 777 A2 ML Gibson assembly
12 & 0 L7z, HEK293T i~ b7 > A7 = 7 > 3 %, Lipofectamine LTX Reagent (Termo
Fisher Scientific) BL W 500ng 77 A REHWTIT- 7,

(3) RNA-seq

5-T YW F B E L%, BILTCRISPRa £ D Total RNA I Direct—zol RNA MiniPrep Kit
(Zymo Research) |Z & W ¥58., cDNA 74 7 7 U —|% RNA HyperPrep Kits with RiboErase (KAPA
Biosystems) {Z & Y {Ef%, RNA-seq I NextSeq 500 instrument (Illumina) % fHV T single—end
75 bases DA TIT -7, human GRCh37/hgl9 reference genome ~MD< v £’ 7% HISAT2 IZ
LTV Kim et al. 2013), WIEMEL bR YAV AZELEBNT~OT /7 —v 3 Vi
RepeatMasker (http://www. repeatmasker. org) & Hu 7=,

(4) RT-gPCR
cDNA DA FlE iScript ¢DNA Synthesis Kit (BIO-RAD) % fHV>, gPCR /% CFX96 Real-Time PCR
Detection System (Bio—Rad)iZ X WiT-7=,

(5) ChIP-seq

FTURT 27 a OB E V- ChlP-seq 135E1THIZE D FEICHESWTIT - 72 (Ohtani
et al. 2018), LATFICHIRRICE T, MAE% 1% formaldehyde 10min 2LV 712 Y 27 S
#%. 1% lysis buffer (50 mM HEPES-KOH at pH 7.4, 150 mM sodium chloride, 1 mM EDTA, 1%
Triton X-100, 0.1% sodium deoxycholate, 0.1% SDS, protease inhibitors)iZ & ¥ Bk, B
K% 300 base pairsiZy =7 VU7 L7=1%. HA-tag antibody (Cell Signaling, C29F4),
anti-H3K4me3 antibody (Diagenode, C42D8), % L < I% anti-H3K27ac antibody (Active Motif,
MABI 0309) # AW Tt a2 1172, >—27 = A7 4 77 Ui TruSeq ChIP Library Prep



Kit (I1lumina){Z & ¥ {ER% L. ChIP-seq (% NextSeq 500 instrument (I1lumina) % VT single-
end 75 bases DAL TYT - 7=, human GRCh37/hgl9 reference genome ~MD < » v’ 7% Bowtie2
IZE 0TV, BBINF~DT J T —3 3 X RepeatMasker (http://www. repeatmasker. org) &
LAY
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dCas9-SunTag-VP64 system

FARBEERESNR - = (Y &
2A,B), % Z T. CRISPR/dCas9-Suntag- /,s“"““ g ,le
VP64 > AT M L % LTRI2C D3 A X

2k A 72 ( 2A,B) . CRISPR/dCas9- N
Suntag-VP64 ¥ A7 A% WA D SEeRA

HERWEEL EANED N, Y
v A 52 A % u T » gﬂ% Eﬁ a: )EH w f: ° B c Innate immune system genes
LTR12C Z)S g %ﬁﬁ%*ﬁ?ﬁ‘l\i'fh@ }\ U jj 12 4 Il non-target gRNA W non-target gRNA
— R VEAONETHET AT D, o B LTR12Ctarget gRNA 0:08 I LTR12C-target gRNA
CRISPRa # @ HCT116 |21} % B Ry
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FIXFBEO o= (X 20), - T,

Rela%ve expression
(Gene / GAPDH)
Rela%ve expression
(Gene / GAPDH)

-7 W TF U OREGBRICBESIND 2]
H R E R OTEPEIE, LTR12C (2K AF o mmmm e B HN S EmS
LNy lEX 505, SINE R LINE LTR12C RIG-I MDAS IFI27
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&

LB DR END BT (Jones et

al. 2019), A% LD ARG L LI m2: CRISPR/dCasd-SunTag-VP64> 2 7 A lc & 3LTRI2COSRHE

CRISPRa (ZHkTe = & RO BN B, A. dCas9-SunTag-VP64mE TV, 2A self-cleaving peptide (2A);
Single-chain variable fragment (ScFv) B. dCas9-SunTag-TET1, & U}
dCas9-SunTag-VP64> X 7 LI & 2LTRI2CHOHEIRFE % RT-qPCR TR
3, C.dCas9-SunTag-VP64> X7 LI & 5LTRI2COFIBFE% D BHAR
% FEETF (RIG-1, MDAS, IFI27) DEE L ~ L% RT-qPCRCR T



(3) CRISPR/dCas9-Suntag-VP64 IZ L % off-target ZRIXBER
LTR12C @ CRISPRa (2 & % H ARG OIEMHALIZFRD b2 o 723, B4 LTR12C D =2 &' —
Z R ICIEMAL S-S IL o E TIT R zd, LTRI2C ORFOEREDMEIICHRA TS, 21T

WFZE L V. CRISPRa AT AT LD off- dCas9IciEA L TLWAAZEEL FAYA LR
target ZWRDERMEN R I TWTZT2D (n = 503)
(Kuscu et al. 2014)., F 9 CRISPR/dCas9- LTR12E

(1%)
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7. Hemagglutinin tagged dCas9 (dCas9-
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A2 b EICAE LTV (K 3), 70 D 1% Hoon)
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PIZBAL Tk L00ROARIAIE 23 L 7o, 6 [3: CRISPR/dCas9-SunTag-VP64% X 7 A I= & LTR12CH
PATIRRAN > = : as9-SunTag- VAT LIS
2T ARBFIEICHN T, (RISPRa W AT L gopsenss off- target R ORIE
BH72B7 off-target ZIRITENITH  HekoosT I B BLIRIZCE 2 —4'y b & Lf-CRISPRaik
-7, [CdCas9 ¢ fEA LA=NEMEL FAYALZRD 77 I Y —,

4) Faoe—x—EEERTLIRI2CIZT—O L A MIBLRD

WNIEMHEL ha oA VAT, T —F —Rom o — COEREGEHGHERLE LT . BEETh5D
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610)
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(5) FaE—F—/T NP —iEMEZEO LIRI2CIZTTHHOE FBEF2EMEIET S

ZIZ T, IhB 2 BEO LTRI2C 23, EREFAFEEKE L TED X I IZTFIRD e MBEIR DB % )
ﬁbfmé@ﬁ%%ﬁbtoiyﬂyﬁ TEMED I & FFO LTRI2C 1%, FHROBE L~z K&
B E 2 TWIghoToZ LIk L, Pee—F—/ = o —{EZ2 D LTR12C i, KX
RRBOEAZFHEL T, - T, FitliC e MEGFIMIE L TV DA, ORI
FEINDLZEITRD, DX, —EDOLIRI2CZ L Ay hOZRN T BE—F—/T W
—IEME AR B O OFEMIXI & 251 ﬁofw&w#\umucmﬁ%_u T 25 DM OERIA
FHEDFEIEE NN T B — X —Z2HF L TCWDE00E LR, 5% & 673 Dok
HHND,
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