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Function of long non-coding RNA derived from endogenous retroviruses
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Abstract: Long non-coding RNA (IncRNA) is a class of transcripts, which are non-protein coding RNA molecules
longer than 200 nt. They have important regulatory functions in multi-levels, including epigenetic regulation,
transcriptional and post-transcriptional regulations. A large number of studies indicate that many IncRNAs are
derived from the endogenous retrovirus (ERV) sequences, which were thought to invade into the human genome
millions of years ago. Endogenous retroviruses have become an important component of the genome, accounting
for about 5%~8% of the genome. For these “proviral”, however, the function is largely unknown yet. In this paper,
the latest research progress of IncRNA derived from ERVs in innate immunity, anti-virus and tumors are reviewed.
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MTE TR, R 584 5 Virus 4] 4
P, HAM AN Virus BN “9R7 X “F
{17B7/ N i P = B 8 [P = o | B s O 21T R =
BIRVFZME SRR A %, (BRITE, 4058 Kk
FEEZ “HmAER”, ANEEAFRES NEKA R
4N . Virus 2 Wik, BAREATH s 5%
Ui B 05, (HA/D Virus HAEX “F” X “#7,
M5 ANKE B, LR Virus 3R, A1
X A7 E T A 4 5 TR 40 R 1) P R 1 7 5 ()R A A iR
o PR B 43 D S R P IR B RS R Y
PRI R . 2o R A YR 2 48 K b i R s
TORMIPIEVER R T A, a0 N PR R B SR 0 7 R
X P VB SR R . AR SR R IR SRR
FERH, — RN G RIEWNIRER R, AT
AVHIV i EE S SR IR N & . ASCE
BUR TS RV IR VE RO S 85 . X S R YR P
SRR R G it . A0 NPT
HFIRTRAEN, HEFHMAGRER, WEHE
REEFRERS R PMBREE K, RS
Rk, SHGETaRARErEAEC, HaTRE 540 bt
A . IE4ES RNA C 8RN SR 4 Y 2E k5t
o, KEMRSEREN, 2 KIEHIS RNA 5
TRTA T VR PE I SR B 7 A R e 5 o ARLRR N
% TR YR R IR B R EE AT AR K AR SR D RNA J
HAER A ThRE.

1 ARMERERRFS

IR S % 5% 9% 5 (endogenous retrovirus) #g& 3
RISy, 200 3R 1 5%~8%, £ Ll “Hifias”
TR . WIRIE S 1o B ) LA I A Wl AL 3h )
(A B BRI ) AEHESIY) (anXy ) FERIH
ELE. FEAR,  PUEE SO S 75 W] e 0 vy e e s
Jpi B2 /% G (retroviral infections) 15 32 5 vk M. i
EXFH IR T, A0 NG N UR S #F
I AL 5% DNA (junk DNA) . K353 3 U5 S
KW B AE BE AL I B P i T R AR (mutation), Bk 2K
(deletion) &5 (R 2R CLANFRIA Bk = 4 5 25 )5 1) R
J1o B UESRRE, — L8 Pyt S 505 B 0 IR

ARE wENEREAERN, WEREEGE L
R T FIRRR T AR 2 fe e < B
P IR S5 S T B 2R KOS T8 1 K R i =L L 41
(long terminal repeats, LTRs), ] iX %% LTRs 7] DLW
B ANE E MRS LTR B # s Py id
PRI e s i B e 91 1) 3 3 AG w1 Dy g, itk Ak,

EHEFETTMEER Y. FREM, IR
SR B I B AN T B K R i B P A1 )
s LY, 3852 BIF WAL B .

FMIAL 245 € LN —F 5 DNA 31 6 /5
REVA 7 BN Rk s RAL M BHME IR . — 71,
PR S SR s B R TR 32 B PR A ], HREHE
UV S RE AN By e . AR 1 2 e 4L ZURI 4
i S 0 5 ) R IS SR B R SR T e 1Y,
T 25 FR 3 Ak 4 3R] DA 5 5 A R M S B SR T SR
& M, WERAESZ, DNA H AL 78 18R 4 Y5 & 3%
SRR PREEEEM Y. ERE TR, AR
M EE SRR B LR S E A ie o< Y, B
H3K9me3 1 H4K20me3 fiizic . JFH, MEIGT
2 BRI A e 1 R A YR S I SR B )T I R
M U T, AR SR S A R 4T
o I #2H A] AR M ) LTR JP 3, X 28 LTR J7
FIVERISRT 355 HoA R BAL A5 B R 3R
IR RITEERE e PR YRR S SR B ) SR L3R £ 1 AT
A5 26 R T % BB M B IR L G BT R B,
ANIF] Toll F£ 32 PR LE FC AR R T LA P 5 e e
IR EEHIRIA ;1 Nucleic Acid-Sensing Toll #5244
o478 1] P I s B 3 2 5 | S R B ITLRE AT = 1)
PR 2 A T 1 Mo LR SZ BUAMIRYE R B, R B
3 8% (HIV-1 f1 HTLV-1). 329 # (HSV-1 1 EBV)
Je U B T DSOS Y IR M B SR R I ARk T,
X LG B L I g Y R B AR G e sk R T
PR S e s i 35 LTR P41 B85 & 62 k1 (41 NF-«B
HUAP-1) (RS T,  ATTT Se QB0 A U 5 s B
fIE 1P, X R S KM g R GURN 5 S E AH O
1R 2 33 DR -1 R A2 R 15 R S e i i (R 308

AN, WUV S S 25 ) e 51 LR
B T AR, Gad IE n)ak 4R DU B PR 2H 1 Ep
SN, 6B LA D R A AN I B S5 B
R RAGRER . GERZ, shiigs:Eaiusr
AR K B WA K, TG RE TR =40 2 IR H L
A ME— AU MR A ) IR . (H2, KT
G 52 2 SR B 1) 2 W A% 2 R TR AL ) A K P VR
P 52 Bt SR S B AR S R A A 2 R v 5 AR A s B i
g A R RAFHEAE, Ui el

HAT ORI SO R d R E 2, (HIEK
DB I SEOR BEAE E IR TR AP YR AR5
P RAFEAE, W& A ML EF (avian leukosis virus,
ALV). FRFLIZJRHHEF (mouse mammary tumor viruses,
MMTV). A 1979 2 ( feline leukemia virus, FLV)
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WIFPE, A AR SR SO BERT AR AR I RN A I D E 697

Ik = ili IR IR 993 B (jaagsiekte sheep retrovirus, JSRV)

sz [20]
-3 o

2 KIEZRAZRNA

K AE4 1t RNA (long non-coding RNA, IncRNA)
gD RNA P EE R A, © A RARK
L 200 nt [f) RNA 737, EATFEZLL RNA [
RZEZERNIAE, BIERWEE 7. Hx
KT DL R # 5% J5 RNA KRS . 5/
i RNA, 41 miRNA H1 piRNA —Ff, B A1 %

5 DA I8 I R R R 3R B M A A RO
A1

IncRNA # 4] #) 2 T\ Jy /& 5 R 21 557 3% DNA
(junk DNA) # 5% 1) “Me” (noise), AEAG AW
Difg. HIT A FEIEHE R B, IncRNA 241 N
FME B R BENREBERT, 257
ZEBEAEYFARE, X e iRyTER . BRI
Y A DNA BB, e sk 4 8BS 45 2 P s
TR PR . X IncRNA B AL AR R M Bt ok | H
NEMEMEYI LR, 2 REN,
IncRNA 55 2 F il s 1) 2 Fh 8Ue B 3= A ¢, i
BAK. B, SRULYIRET: B,

2.1 IncRNASRIZEFIFIT
211 XBEEOARRE

TEMFLBNAIH, MEME I — 2% X Qe tofgk 22T ER,
EMILGR AR Z A5 EAME RN (dosage compensation
effect)””. P CLAITE, IncRNA B 5 X YLtk siF
AR XGetafE b —> X Geta i 2E o (X-inactivation
center, Xic) H— Xist ZE[A, EREF X H IncRNA,
B X Qe bk kg P B S Xist IncRNA
AE 5] AC DNA HEEACRIAE ¢ 1 88 1 s R AR &
Bk, SECFYLE AR R R KT P A
J&, Xist IncRNA 57 )¢ X Tsix IncRNA f 5187, Tsix
IncRNA fi¢ i i % 4 DNMT3A DNA H JE 1¢, i 5
Xist JAB¥IX, ] Xist Z R s P
2.1.2  IncRNA 5K 41 E[J 7F(genomic imprinting)

WK B, IncRNA 1) # 5t 5 — 28 51 7F
(imprinting) FE PRI HIEA ¢, X L5 B iAo
(1) IncRNA #B /& B 728 £ [K] ] Je S IncRNA.  — > 44
¥ 2 5 BWS 25 & fiE /H 5% B0 28 X ) KCNQOT1
IncRNA, iZFEH A7 F KCNQ1 ZE K E 10 &1,
31 KCNQI B/ 3 IncRNA, B4 KCNQI
FIEDid. M2, 1E L KCNQI M REJE S5 7 1
Rk, & X KCNQI IncRNA X M A2 I &5 47 & [H]

ik, H& Y KCNQOTI IncRNA @it g0 KCNQI
I ERTE 42X (imprinting control region, ICR) ) DNA
FJE b ok4% il KCNQI B[R EiE BT
2.2 IncRNAS#FEKFFE

IncRNA 1] 7E#% K i 5 3L R Rk, Hofis
J7 3 ALHE ¢ (1) IncRNA [ 55 ] T3 B 36 R 1 2=
15, WIEERF SER3 K22 52 3] FJif IncRNA SRG1 ¥
SFHITHE Y (2) IncRNA W] 3 i 3 BH 5 51 (X 3k
TFHIEF 13234, W DHFR EJ##1— IncRNA f
5 DHFR JE2) T RNA-DNA B4k, M
5 SR 7 TFIID (11454, #ii] DHFR % [H %54 P
(3) IncRNA 1] 5 RNA 45 & AEH, I 34
F LK R 3 X T A $ 2L R R IE, W CCND1 J&
¥ L — IncRNA A 95 RNA 454 5 [ TLS
(v, FEMT R CONDI £ F A Y (4) IncRNA
RE A R TIE I, 0 IncRNA Evf2 G858 5% K]
¥ DIx2 & Jlid 3 A4 TS Dex6 17854 ¥,
(5) Alu RNA fgifi i ] RNA R4 H RS2
(156 DR ) 14,
2.3 IncRNAS#FRFIEE

IncRNA 1 §E7E# 5% J5 /K-Fil it 5 mRNA JE B
BUEEAR AT mRNA 7K, @1 p53 /x X RNA (Wrap53)
[y 3" % AJ 5 p53 mRNA 3' 3 JE BOUUEE, AT 39
7 p53 mRNA [fyfaEtE *, AR, IncRNA 2K W]
AT R A T RS 1 2 R R 42 P 6% A T i 1 1
¥ EATBERTfER N, XOnT7E Ak HiE g A R
YEFINLE], 47 (R ThaE. fEMIZEH, IncRNA £
BTG AP E R, XA HE R % g
i3 ) mRNA [ Fa e PR, SO 0 1R 200 ok 1 47 2
R ik/KF ; asET miRNA 8%, W1fEA miRNA
HIl P A Dy P4 Y P 5 1 RNA (ceRNA) 3K 1 11 4
3 K mRNA [/ B0 ghah, mRNA 7KF 1
T AT E 5 AR T g A R (1 2 SRAR TR B EL A XL
B, {E Dicer FgAEH T =4 WM siRNA. IncRNA
WA SR EEALS S, R EAERT b EM, 5
R AR R R e

IncRNA 5 28 WL A% 27 1 2 DL K e ) /K P ) 1
Py R EAE A% . IncRNA T S5 42 Y 6 ) i &
Ak, W PCR2 B &K FR; € A7 5, 5] DNA H
Bl B B AR A, AT A A SRR TR
#1411, HOTAIR. pl5AS. Xist. AIR. KCNQLOT1
%5 IncRNA $5A] SEAE Y 85 A A4k, @
HIL R A L F5 R0, U0 Ezh2 5% G9a SEHLR W it
PR ™. RAHT, Chu %5 ™ i 7 A RNA 4l
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Fb G )i 4325 (chromatin isolation by RNA purification,
ChIRP) £ ARH 7T IncRNA 5 HoAth K 751 1 45 & FAH
HAER. B, HHARXIHEFT IncRNA [ H HLii
HA EE TR P

3 IRBEARRMRERFERINCRNA

4 EH 1 /724 IncRNA #ikiE ™. 5460
RNA A6, IncRNA FiA/KF K H B HL =7
P B 8 IneRNA 7838 R 41 M T 28 1 5 4
LR AL E . sk 7 MM TIRE, 1 IncRNA 43
AT IncRNA (stand-along IncRNA). 4 i [z X
RNA. % 7 RNA (intronic RNA), & [X [i] RNA
(intergenic RNA). J5 /] F#H< RNA (promoter-associated
RNA). 1557 RNA (enhancer RNA) ALK RNA
(pseudogene RNA) &5 ™. Gt &8, FEHELA N
PR T 02 IncRNA [ — /> 5 BDRYE B0, Jr 4
Ko NATTAR I PR S 2 S5 25 W] 7 AR B 15 5
A KB G T RNADSS, K25 10% m N P P81
S sy H A} (human endogenous retrovirus subfamily
H, HERVH) fiT A= [ s 448 9 IncRN AP i
HERVH 1 5 —Ffi % W K 3E 9w i RNA, #liEid 5
OCT4 F 3L 30 B 1 F BA SOB0E K JE 9 i RNA
M ARG A R D IR I B S A G
K45 9EgmIS RNA (endogenous retrovirus-associated long
non-coding RNA, ERV-IncRNAs) JlI| 7& i 987 1 4 1%
i P AEXS K ARG ID RNA B4 E (domestic-animal
IncRNA database, ALDB) 1, K 2 %&KEAW 15
et R A 4 bl YRV I S B ALVEL fiTAE (1)
KA ARG RNA ALDBGALT0000000876 i1 ALDB-
GALT-0000000877, FHAKJE5 514 1404 nt £ 1655 nt™,

FIA, R E A VR R B S B T e
¥ (transposable elements, TEs) M| 0] ¢ 5 ¥ #E s 4
IncRNA W& 2 #4033 5 Th RE 2 U1 A 5% .
P ARGE, TE & 47 7 T 7 HE 3P 1) IncRNA JF 41
rp O IX BB N TE 7] A /& IncRNA ) 58 ) fig
XiH, W25 RNA, DNA fIE A4S . ik
it #Edr, —#i4> TE 4 A2 IncRNAs Z 46
BRIV, 0 HAD—E TE #6 A Al 58 F 204 %1 IncRNAs
(KB, FT 3556 IncRNA, B2564 TE 2 H A,
BTMFE R

FrLAN N, VR S e s 85 a2 1 KR AR S
RNA BJHEERIFEZ —, AMUATLAEZ M ZH E
T AL 2, sl 4s Sl s e s 4 ) TR 45 A
(RIZIEK, T HA B A IR AN B (1) 4 5

fitte £ NIRIE S AMIRIE B AR ELAE IR T, AT
HE S S5 B SR 25 R RE 2 BELIT A1 525 25 ) S
JURE i) N R H AT B RAEE SR AR
P I 5 SR 15 72 2R 1 IneRNA AT DUHR I /M8 47 25
&G, AEIZ — HEDLE SMIE A RE B T A5 RIS
AR B e R 75 HIV RERS 2 i S S IncRNA,  Jf:
HL 3 1 22 8t £ 2 AL i HIV O B ok 1 1
BEIR T NATIR AR S e S 28 7 A 1Y) IneRNA [
T he K A R PLE 0 5% . PR 55 7 AR 1Y
IncRNA D BRI FUH 2 — A 4T A4k, ARl BE
W7 PSR BE ST AL (A AR T 2D o

4 AEMRERFSITENKIERBRNAR
IhEE
4.1 XARRE

ITHER, IncRNA TE KR G 9% b (14 F 3% 8
AR T, 2], MITRIBUIEZ BE (lipopolysaccharides,
LPS) Hll3#0/) BE S SR G0 H J5 51 42 IncRNA S8
FKik, BEJEUESCIX LS IncRNA 55 /)8 B 38 f) 97 745 1k
Yo BN AT A0 B 0 B 2 DDA R L N
A EVE4Hf s, lincRNA-Cox2 1 THRIL X iff 5
TLR2 {55 H REEMH . St stR ], TLR3 i
A8 5 FOK B IncRNA 5% £ 7A, 7% IncRNA
A REAE R TLR3 (5 55 S — 02 5 KI5 9% 7
F5 191 KRS RNA line-MAF-4 7] L5 T ke
Y546 U, T Inc-DC ik % 5 R ¥ STAT3 #5#i|
N R IR GE 4> 4k 7M. NEAT1. NeST F1 THRIL
X = Ff IncRNA 43 7l & i i 4% IL-8. IFN-y #l
TNF-o (%% 5% R 35 40 B R AR s s i 7274, — il
BRI K JESR AS RNA NRAV 1 38 ik 5 i 4 2%
o R, G0 IFITM3 Il MXA ARt ¥ 5 5
508 EPmR R R e s T Ak, IncRNA ]
YA Toll B 32445 5 RN AR e (H1 i 5 (5 7 U7

A2, VRT N UR M R 55 3 B8 1Y IncRNA 2
MAIERR G h RIFEEHE? THAERH, KRA%
925 FH D 2 S DR 7 e e s P D P e B S s B R
ik AR, PR S 2 S R T A I I AR
AR B 52 A (1 Toll KE 32 44 ) 0% K 4R 4 s 77,
PR SR SR B IS SRk T R e A — e B
5 B Y RNA (41 dsRNA. IncRNAs) 8¢5 5,
AT 1 T LAAG A 5 14 955 B P98 A % 70 A5 X — AR 4
16 ERRBIERGRA " CHIEERE, AN
P I % 5% 95 B HERV 1] L5 Toll #5246 M HAEH,
I H I AZ R 77 40 m] LA 4 B3 S5 A =X S 52 Ak
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P, S YR R B SR AT A MK IESR D RN AT D) g 699

o, AR, PR AZA 4R DL
WO R M SO S B I R IR) B s, AT T B
dsRNA Z 2R 450 S T3 R N2 O ™. [ i,
SEAABHMGE, WIS ENTAER IncRNASs
FETE ERRIIE RF AR 7, HS5AEE
G I8 I IR o

42 MRE1ER

IncRNAs 1 —REZ [ RNA {707, ©
WAL A 2 5 5090 3 R AR S v ™ el sl e 4y
Pries, JREREGL S — R TE 3 IncRNAs [ 7
WRIE . DIREIRTFEUHR R SLESTESE, — 4% IncRNAs
(41 NeST. Lethe, IncRNA-CMPK2. VIN £l NRON)
B B BT d AR TR B 4y, T HoA— 4% IncRNAs
( W1 lincRNACox2, NRAV. NEATI1, 7SL F Inc-DC)
FEHUR TR RN P LA AR H B ME A B JFH, &
R YL R, 15 35 IncRNAs [ 2658 7] L s 25
GRSy BE R E S S AR . IR EL
Rl FEEAT . IX 2872 5 RIS IncRNAs A g 1E 7]
B[] TR T 00 R O T 2 OGO BE R
RGP oy F R B 3 2 T e E YU R
7, DRI 5 s B R L A

EAEER R, —SERR LT BA R
i F B9 IncRNAs ¢ 95 25 7 425 ] LA 00 25 S L,
A IE A FH ) IncRNAs U #0925 BT 3 i1 . 5120,
NRAV j& — i K LK IR A RNA, F 2l 5
i 4 2 R o B 56 K, IFITM3 it MXA [t
UEE SRS 5 PO R R AR G b Y — e A
I FR R RO B (influenza A virus), 5] BLYRZ G 5
(herpes simplex virus). Z H3 I'F Ji 9095 B (muscovy
duck reovirus) Flll 955 8 (sendai virus) .35 i NRAV
FiL. NRAV [N FE— L3RR,
MxA. IFITM3. IFIT2. IFIT3 f1 OASL #{i5 S %%,
M LSRR SRR T FAN, TIRIF R
IncRNA-CMPK2 #% & I AT AE 9 — R 51 P02 il
A, 1 1SG15. CXCL10. IFIT3, IFITMI. Viperin,
CMPK2 25 i 615 K F . IncRNA-CMPK2 7£ 7 fiT
iR (HCV) B FEH 2 B 2 B, X TR
FF HCV &l ™,

TENR B Y, 15 F IncRNAs 0] B8 15 ¥
BN AR FE, LG 5 B 1 IO 35 MR AT #2
TR 722 T30 F g P 1 4 5%
KM HAREMBEI R EEE. REHATCT WIRMER
SR R AE B IncRNAs 7EPUIH B S5O H A F %0
Z L AR IR T AR SIS = ) S A R AT LA E R

P G S AT 1 IncRNAs B HUREE 6. 5
Ah, X W A AN R BT 7T R AR EESE . Ah
PR I 3 7 HIV AEf5 405 2 S IncRNA, JF H.
I o WAL LR HIV i @, B,
ATDAARG, P I e 7 S B AT A2 ¥ IncRNAs 7] LA
TP R R AR e I N B X IncRNAs, &
PUAMIE I 1 BRGNS )
43 rElER

X} IncRNA HF 75 (1) Bl K % R4k B H 5 N2
MR B V) e &, I VF 20 L 45 SRR IncRNA
Mg 2 MEUs R REG%, nhEsEK. B
2 W1 WER R, PR SR SR B A LA DR
IncRNA 7F 1E % 20 28 41 i o PR FFUTER, T 78 s
AN B P B B A AN, AN
PRI EERZ IR E 41 A IncRNA 76 1F 5 2 Jifd rh 2 {47
DUER, 175 988 20 Hf B e SR o X R “ORERR”
JRE BRI R, R 1) PR S B SR 7 T RETE L
iR G g R B AR SR T AR Y B T
e, YUY % IR F AZA 8 N R
SR BRI T R A B 1 AR e S e Y, T ik
T R AR F 9% 0T DLSE s LR e BP9 02 e
PR YR S 2 37 95 EE R S5 1 IncRNAs 78 58 (5, 2598 v 1)
BE W, BT LA R s 7 S BEAIT AR 1Y) IncRNAs 1]
REE A bum 7 B AT E IR AR &8, X R T
PR IR S S 75 2 FLAT AR 1Y) IncRNA TE /g oy
4 5 8B -
44 Hith

PR 2 % S R AT AR K AR GRS RNA SE AT
Re SRR TaNM R & H 5. #EiE, HERVH 1R
—FiiZ K AR 9 RNA, Al 5 OCT4 Flit i
WA TFER IR TR E Y. BIEREER
DL, BETFERT “NR” AR AR Ll
AT NS T4 (ES 4Hf ) g3 R IF R 5 %
P 5 3 s s I B AR s A BRUIE
Jits 7 4t B (ES 20 Mo ) H = i 35 B 3 i (OCT4,
NANOG 5 CTCF) s ta ik et (FEFHE )
(R FE R I, O 3T EAT 1N N SRR DR 2 )
SE R B DA M O T NS 4 A i DR
FEmgg B FERRIG T AN, PRI SO S E
O PE S RMB AL 121, 41 DNA 54k I 4H 8
HAEM A 55 ) % B H3K9me3 F1 H4K20me3 fir
Fric U I H,  IRBG T 40 A TE A P TR I S e R
RS T A e U PR S SR R AT AE
KBS0 AY RNA A] REAE N 08 ) 15 1 2 5 Ik ia
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THREEH, T 7 HRERKIZIEE
5 HESRE

KA RNA O HARED 2 B0 T

I HBCRM 2 (AT 7ER W, ¥F 2 KRS AS RNA 2
THIAET AR IE SR S5 P I e . Ol 4%
A “NR7 NSSSR N AL 3 T Rtk KIS 5 1 4l
P2k AR A R, TR R B RIR %R
P LR A A R A o BT T IR e N YR Ak S B s
B IncRNA ) Zh B AT FHRE & — 4> 4208 (1 A0,
AR PAFE Bl s AR 0 B O B IE D REAIAE T
A BT B AR IR IE SR B S S IR 2 A
S DR AL RO A 2 R P LA

[10]

[11]

(& £ X #f
Weiss RA. The discovery of endogenous retroviruses.
Retrovirology, 2006, 3: 67
Villarreal LP. Viral ancestors of antiviral systems. Viruses,
2011, 3: 1933-58
Kurth R, Bannert N. Beneficial and detrimental effects of
human endogenous retroviruses. Int J Cancer, 2010, 126:
306-14
Yu P, Lubben W, Slomka H, et al. Nucleic acid-sensing
Toll-like receptors are essential for the control of
endogenous retrovirus viremia and ERV-induced tumors.
Immunity, 2012, 37: 867-79
Lu X, Sachs F, Ramsay L, et al. The retrovirus HERVH is
a long noncoding RNA required for human embryonic
stem cell identity. Nat Struct Mol Biol, 2014, 21: 423-5
Manghera M, Douville RN. Endogenous retrovirus-K
promoter: a landing strip for inflammatory transcription
factors? Retrovirology, 2013, 10: 16
Khodosevich K, Lebedev Y, Sverdlov E. Endogenous
retroviruses and human evolution. Comp Funct Genomics,
2002, 3: 494-8
Moyes D, Griffiths DJ, Venables PJ. Insertional
polymorphisms: a new lease of life for endogenous
retroviruses in human disease. Trends Genet, 2007, 23
326-33
Buzdin A. Human-specific endogenous retroviruses.
ScientificWorldJournal, 2007, 7: 1848-68
Ruprecht K, Mayer J, Sauter M, et al. Endogenous
retroviruses and cancer. Cell Mol Life Sci, 2008, 65:
3366-82
Leroy V, Kihara M, Baudino L, et al. Sgp3 and TLR7
stimulation differentially alter the expression profile of
modified polytropic retroviruses implicated in murine
systemic lupus. J Autoimmun, 2012, 38: 361-8
Bourc’his D, Bestor TH. Meiotic catastrophe and
retrotransposon reactivation in male germ cells lacking
Dnmt3L. Nature, 2004, 431: 96-9
Matsui T, Leung D, Miyashita H, et al. Proviral silencing

[14]

[15]

[16]

[19]

[22]

(23]

in embryonic stem cells requires the histone methyltransferase
ESET. Nature, 2010, 464: 927-31

Rowe HM, Jakobsson J, Mesnard D, et al. KAP1 controls
endogenous retroviruses in embryonic stem cells. Nature,
2010, 463: 237-40

Mikkelsen TS, Ku M, Jaffe DB, et al. Genome-wide maps
of chromatin state in pluripotent and lineage-committed
cells. Nature, 2007, 448: 553-60

Macfarlan TS, Gifford WD, Driscoll S, et al. Embryonic
stem cell potency fluctuates with endogenous retrovirus
activity. Nature, 2012, 487: 57-63

Assinger A, Yaiw KC, Gottesdorfer I, et al. Human
cytomegalovirus (HCMV) induces human endogenous
retrovirus (HERV) transcription. Retrovirology, 2013, 10:
132

Bhardwaj N, Maldarelli F, Mellors J, et al. HIV-1 infection
leads to increased transcription of human endogenous
retrovirus HERV-K (HML-2) proviruses in vivo but not to
increased virion production. J Virol, 2014, 88: 11108-20
Gonzalez-Hernandez MJ, Cavalcoli JD, Sartor MA, et al.
Regulation of the human endogenous retrovirus K (HML-
2) transcriptome by the HIV-1 Tat protein. J Virol, 2014,
88: 8924-35

Gifford R, Tristem M. The evolution, distribution and
diversity of endogenous retroviruses. Virus Genes, 2003,
26:291-315

Hu X, Feng Y, Zhang D, et al. A functional genomic
approach identifies FALI as an oncogenic long noncoding
RNA that associates with BMII and represses p21
expression in cancer. Cancer Cell, 2014, 26: 344-57
Barnhill LM, Williams RT, Cohen O, et al. High
expression of CAI2, a 9p21-embedded long noncoding
RNA, contributes to advanced-stage neuroblastoma.
Cancer Res, 2014, 74: 3753-63

Yuan JH, Yang F, Wang F, et al. A long noncoding RNA
activated by TGF-P promotes the invasion-metastasis
cascade in hepatocellular carcinoma. Cancer Cell, 2014,
25: 666-81

Yang L, Lin C, Jin C, et al. IncRNA-dependent
mechanisms of androgen-receptor-regulated gene
activation programs. Nature, 2013, 500: 598-602

Du Z, Fei T, Verhaak RG, et al. Integrative genomic
analyses reveal clinically relevant long noncoding RNAs
in human cancer. Nat Struct Mol Biol, 2013, 20: 908-13
Yang F, Huo XS, Yuan SX, et al. Repression of the long
noncoding RNA-LET by histone deacetylase 3 contributes
to hypoxia-mediated metastasis. Mol Cell, 2013, 49:
1083-96

Lyon MF. Gene action in the X-chromosome of the mouse
(Mus musculus L.). Nature, 1961, 190: 372-3

Rastan S. X chromosome inactivation and the Xist gene.
Curr Opin Genet Dev, 1994, 4: 292-7

Wutz A, Rasmussen TP, Jaenisch R. Chromosomal
silencing and localization are mediated by different
domains of Xist RNA. Nat Genet, 2002, 30: 167-74

Zhao J, Sun BK, Erwin JA, et al. Polycomb proteins
targeted by a short repeat RNA to the mouse X chromosome.



WIFPE, A AR SR SO BERT AR AR I RN A I D E

701

[33]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Science, 2008, 322: 750-6

Lee JT, Davidow LS, Warshawsky D. Tsix, a gene
antisense to Xist at the X-inactivation centre. Nat Genet,
1999, 21: 400-4

Bacher CP, Guggiari M, Brors B, et al. Transient
colocalization of X-inactivation centres accompanies the
initiation of X inactivation. Nat Cell Biol, 2006, 8: 293-9
Xu N, Tsai CL, Lee JT. Transient homologous chromosome
pairing marks the onset of X inactivation. Science, 2006,
311: 1149-52

Fitzpatrick GV, Soloway PD, Higgins MJ. Regional loss
of imprinting and growth deficiency in mice with a
targeted deletion of KvDMRI. Nat Genet, 2002, 32: 426-
31

Thakur N, Tiwari VK, Thomassin H, et al. An antisense
RNA regulates the bidirectional silencing property of the
Kenql imprinting control region. Mol Cell Biol, 2004, 24:
7855-62

Smilinich NJ, Day CD, Fitzpatrick GV, et al. A maternally
methylated CpG island in KvLQT! is associated with an
antisense paternal transcript and loss of imprinting in
Beckwith-Wiedemann syndrome. Proc Natl Acad Sci
USA, 1999, 96: 8064-9

Mitsuya K, Meguro M, Lee MP, et al. LIT1, an imprinted
antisense RNA in the human KvLQT1! locus identified by
screening for differentially expressed transcripts using
monochromosomal hybrids. Hum Mol Genet, 1999, 8:
1209-17

Thebault P, Boutin G, Bhat W, et al. Transcription
regulation by the noncoding RNA SRG! requires Spt2-
dependent chromatin deposition in the wake of RNA
polymerase II. Mol Cell Biol, 2011, 31: 1288-300

Shi X, Sun M, Liu H, et al. Long non-coding RNAs: a
new frontier in the study of human diseases. Cancer Lett,
2013, 339: 159-66

Song X, Wang X, Arai S, et al. Promoter-associated
noncoding RNA from the CCNDI promoter. Methods Mol
Biol, 2012, 809: 609-22

Berghoff EG, Clark MF, Chen S, et al. Evf2 (DIx6as)
IncRNA regulates ultraconserved enhancer methylation
and the differential transcriptional control of adjacent
genes. Development, 2013, 140: 4407-16

Bond AM, Vangompel MJ, Sametsky EA, et al. Balanced
gene regulation by an embryonic brain ncRNA is critical
for adult hippocampal GABA circuitry. Nat Neurosci,
2009, 12: 1020-7

Yakovchuk P, Goodrich JA, Kugel JF. B2 RNA and Alu
RNA repress transcription by disrupting contacts between
RNA polymerase II and promoter DNA within assembled
complexes. Proc Natl Acad Sci USA, 2009, 106: 5569-74
Mariner PD, Walters RD, Espinoza CA, et al. Human Alu
RNA is a modular transacting repressor of mRNA
transcription during heat shock. Mol Cell, 2008, 29: 499-
509

Mahmoudi S, Henriksson S, Corcoran M, et al. Wrap53, a
natural p53 antisense transcript required for p53 induction
upon DNA damage. Mol Cell, 2009, 33: 462-71

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[56]

[57]

[58]

[59]

[60]

(61]

[62]

[63]

Zhang K, Shi ZM, Chang YN, et al. The ways of action of
long non-coding RNAs in cytoplasm and nucleus. Gene,
2014, 547: 1-9

Wilusz JE, Sunwoo H, Spector DL. Long noncoding
RNAs: functional surprises from the RNA world. Genes
Dev, 2009, 23: 1494-504

Redrup L, Branco MR, Perdeaux ER, et al. The long
noncoding RNA Kcnqlotl organises a lineage-specific
nuclear domain for epigenetic gene silencing.
Development, 2009, 136: 525-30

Chu C, Quinn J, Chang HY. Chromatin isolation by RNA
purification (ChIRP). J Vis Exp, 2012, pii: 3912

Vance KW, Ponting CP. Transcriptional regulatory
functions of nuclear long noncoding RNAs. Trends Genet,
2014, 30: 348-55

Marques AC, Ponting CP. Catalogues of mammalian long
noncoding RNAs: modest conservation and incompleteness.
Genome Biol, 2009, 10: R124

Derrien T, Johnson R, Bussotti G, et al. The GENCODE
v7 catalog of human long noncoding RNAs: analysis of
their gene structure, evolution, and expression. Genome
Res, 2012, 22: 1775-89

Cabili MN, Trapnell C, Goff L, et al. Integrative
annotation of human large intergenic noncoding RNAs
reveals global properties and specific subclasses. Genes
Dev, 2011, 25: 1915-27

Kung JT, Colognori D, Lee JT. Long noncoding RNAs:
past, present, and future. Genetics, 2013, 193: 651-69
Kelley D, Rinn J. Transposable elements reveal a stem
cell-specific class of long noncoding RNAs. Genome Biol,
2012, 13: R107

Faulkner GJ, Kimura Y, Daub CO, et al. The regulated
retrotransposon transcriptome of mammalian cells. Nat
Genet, 2009, 41: 563-71

Wang J, Xie G, Singh M, et al. Primate-specific
endogenous retrovirus-driven transcription defines naive-
like stem cells. Nature, 2014, 516: 405-9

Fasching L, Kapopoulou A, Sachdeva R, et al. TRIM28
represses transcription of endogenous retroviruses in
neural progenitor cells. Cell Rep, 2015, 10: 20-8

Gibb EA, Warren RL, Wilson GW, et al. Activation of an
endogenous retrovirus-associated long non-coding RNA
in human adenocarcinoma. Genome Med, 2015, 7: 22

Li A, Zhang J, Zhou Z, et al. ALDB: a domestic-animal
long noncoding RNA database. PLoS One, 2015, 10:
¢0124003

Kapusta A, Kronenberg Z, Lynch VJ, et al. Transposable
elements are major contributors to the origin, diversification,
and regulation of vertebrate long noncoding RNAs. PLoS
Genet, 2013, 9: ¢1003470

Johnson R, Guigo R. The RIDL hypothesis: transposable
elements as functional domains of long noncoding RNAs.
RNA, 2014, 20: 959-76

Tandon R, Cattori V, Pepin AC, et al. Association between
endogenous feline leukemia virus loads and exogenous
feline leukemia virus infection in domestic cats. Virus
Res, 2008, 135: 136-43



G gEEd

8%

[70]

[74]

Murcia PR, Arnaud F, Palmarini M. The transdominant
endogenous retrovirus enJS56A1 associates with and
blocks intracellular trafficking of Jaagsiekte sheep
retrovirus Gag. J Virol, 2007, 81: 1762-72

Saayman S, Ackley A, Turner AM, et al. An HIV-encoded
antisense long noncoding RNA epigenetically regulates
viral transcription. Mol Ther, 2014, 22: 1164-75

Aune TM, Spurlock CF 3rd. Long non-coding RNAs in
innate and adaptive immunity. Virus Res, 2016, 212: 146~
60

Satpathy AT, Chang HY. Long noncoding RNA in
hematopoiesis and immunity. Immunity, 2015, 42: 792-
804

Guttman M, Amit I, Garber M, et al. Chromatin signature
reveals over a thousand highly conserved large non-coding
RNAs in mammals. Nature, 2009, 458: 223-7

Wang S, Li X, Zhao RC. Transcriptome analysis of long
noncoding RNAs in Toll-like receptor 3-activated
mesenchymal stem cells. Stem Cells Int, 2016, 2016:
6205485

Ranzani V, Rossetti G, Panzeri I, et al. The long intergenic
noncoding RNA landscape of human lymphocytes
highlights the regulation of T cell differentiation by linc-
MAF-4. Nat Immunol, 2015, 16: 318-25

Wang P, Xue Y, Han Y, et al. The STAT3-binding long
noncoding RNA Inc-DC controls human dendritic cell
differentiation. Science, 2014, 344: 310-3

Imamura K, Imamachi N, Akizuki G, et al. Long
noncoding RNA NEAT1-dependent SFPQ relocation from
promoter region to paraspeckle mediates IL8 expression
upon immune stimuli. Mol Cell, 2014, 53: 393-406
Gomez JA, Wapinski OL, Yang YW, et al. The NeST long
ncRNA controls microbial susceptibility and epigenetic
activation of the interferon-y locus. Cell, 2013, 152: 743-
54

Li Z, Chao TC, Chang KY, et al. The long noncoding
RNA THRIL regulates TNFa expression through its
interaction with hnRNPL. Proc Natl Acad Sci USA, 2014,

[75]

[76]

[77]

[78]

[83]

(84]

111: 1002-7

Ouyang J, Zhu X, Chen Y, et al. NRAYV, a long noncoding
RNA, modulates antiviral responses through suppression
of interferon-stimulated gene transcription. Cell Host
Microbe, 2014, 16: 616-26

Murphy MB, Medvedev AE. Long noncoding RNAs as
regulators of Toll-like receptor signaling and innate
immunity. J Leukoc Biol, 2016, 99: 839-50

Blasius AL, Beutler B. Intracellular toll-like receptors.
Immunity, 2010, 32: 305-15

Hurst TP, Magiorkinis G. Activation of the innate immune
response by endogenous retroviruses. J Gen Virol, 2015,
96: 1207-18

Chiappinelli KB, Strissel PL, Desrichard A, et al.
Inhibiting DNA methylation causes an interferon response
in cancer via dsRNA including endogenous retroviruses.
Cell, 2015, 162: 974-86

Ouyang J, Hu J, Chen JL. IncRNAs regulate the innate
immune response to viral infection. Wiley Interdiscip Rev
RNA, 2016, 7: 129-43

Kambara H, Niazi F, Kostadinova L, et al. Negative
regulation of the interferon response by an interferon-
induced long non-coding RNA. Nucleic Acids Res, 2014,
42: 10668-80

Trimarchi T, Bilal E, Ntziachristos P, et al. Genome-wide
mapping and characterization of Notch-regulated long
noncoding RNAs in acute leukemia. Cell, 2014, 158: 593-
606

Rupaimoole R, Lee J, Haemmerle M, et al. Long
noncoding RNA ceruloplasmin promotes cancer growth
by altering glycolysis. Cell Rep, 2015, 13: 2395-402
Tanne A, Muniz LR, Puzio-Kuter A, et al. Distinguishing
the immunostimulatory properties of noncoding RNAs
expressed in cancer cells. Proc Natl Acad Sci USA, 2015,
112: 15154-9

Kunarso G, Chia NY, Jeyakani J, et al. Transposable
elements have rewired the core regulatory network of
human embryonic stem cells. Nat Genet, 2010, 42: 631-4



