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The Roles of Long Non-Coding RNA in Hematopoiesis

Wang Fengjiao, Shi Lihong*, Cheng Tao*
(Institute of Hematology and Blood Diseases Hospital, CAMS & PUMC,
The State Key Laboratory of Experimental Hematology, Tianjin 300020, China)

Abstract Genomic studies have uncovered that less than 2% of human genome encode proteins, while greater
than 80% of the genome can be transcribed into RNA, namely non-coding RNA (ncRNA). Recently, the long non-coding
RNA (IncRNA), whose length is longer than 200 nucleotides, has been emerging as important regulator of cellular
functions. The deep transcriptome sequencing data indicate that IncRNA is almost involved in all hematopoietic dif-
ferentiation stages, such as maintaining the adult hematopoietic stem cell quiescence, regulating the enucleation of
erythroblasts, modulating differentiation and immune response of lymphocytes, and so on. Further analyses reveal
that IncRNA regulates the hematopoiesis mostly via transcription or post-transcription mechanism. Here, in this re-
view, we will discuss recent advances and future perspectives of IncRNA in hematopoietic development.

Keywords long non-coding RNA; hematopoiesis; epigenetic modification

“DNA 7T H £} Fi(the encyclopedia of DNA 15T G 5 25 R JIT oy LA AN A2 2% s 1 3 28 E G
elements, ENCODE)” 1 &I 57 27, 78 N RIE K 4] RNA(non-coding RNA, ncRNA)H, K & it 122004
2D 80% 1 R i il ARG SR INRNA, HILh & BTFIRIMRNASHR N KA RN A (long non-coding

ek F 39 2016-04-13 3% H - 2016-07-15

[ 5 TR RIO73 T R AHE S 2013CB966902. 2015CB964902. 2015CBI64400). |85 (14K R 34 (HEHES: 81421002, 81430004, 81330015,
31471291 )R T N Al Ry BRI 700 - R HE S+ 15ICYBIC54500) %% B (1) UL

*HIEHS . Tel: 022-23909448, E-mail: shilihongxys@ihcams.ac.cn; Tel: 022-83336930, E-mail: chengtao@ihcams.ac.cn

Received: April 13, 2016 Accepted: July 15,2016

This work was supported by the National Basic Research Program of China (973 Program) (Grant No.2013CB966902, 2015CB964902, 2015CB964400), the
National Natural Science Foundation of China (Grant No.81421002, 81430004, 81330015, 31471291) and the Application Foundation and Advanced Technology
Research Program of Tianjin (Grant No.15JCYBJC54500)

*Corresponding authors. Tel: +86-22-23909448, E-mail: shilihongxys@ihcams.ac.cn; Tel: +86-22-83336930, E-mail: chengtao@ihcams.ac.cn

9 26 HH SIS 2016-10-31 16:21:03 URL: http://www.cnki.net/kcms/detail/31.2035.Q.20161031.1621.010.html



1270

RNA, IncRNA). 4t % IncRNA ) I e 0T 5% & 3R, In-
cRNA 1] 5% i 22 Ff A B BRALRY, 40, " AT BEs 4
FrRBG T-40 0 4 e vE R4 2L T A0 L 2 el . wesE
R ATIE . R I R B R G e R R A 2 P
AP RS, T IneRNALE i L 20 4k o 1) T BEBIT 9%
R, eI R . S E DL RS 2 AN K
S HA A I 20 T SR A A R A 4 L ) 40
LRI . IncRNA U 55 R 208 1 25 0 24 1) K 4l 4L
W ORI B R . i, AR SRR T AL L
SEIncRNAYE 1E #1851 434k b T 5T 0t g

1 IncRNABYEAH4HE

IncRNA K 73 7 A7 141 Hia A% P, 57 i b 4
Ao Al HRRE 2, Jm K, RIS, 1
RIEFEL N E A TMLIER I+ 2 —M 5EA
Jic bt S RIAH L, K823 Inc RNA 1 ] £ <5 PR
7281 IncRN A FLAT 12 25 1 20 23 41 3R e S L

2 &EM5 i3 A EYIneRNA

34 Ik FE 3 0020 fd (hematopoietic stem cell,
HSC)IZ 2 53 4k e 34 A 5 25 T BE 1 if 40 A 1) ik 2
HSCe B BB H AL [ ik Re i — R & iyl
LU0 M. AE L 3 2> A R b, HSCHE 20k
;A 22 v e AH 41 i (multipotent progenitor cell, MPP),
HBE— 25004k R B R FIIR B R AN i, S TS R
JSCEAAN ™. IneRNAYE by 438 PR -1 5 365 1 23 A6 45 By
BRI RE DR i R i i wh e g TR FE B ELfe
2.1 AEEN A% e E AT IncRNA

Cabezas-Wallscheid 22845 /N FHSC Az MPP A 7
ST e, R AT 682 IncRNA{EHSCHIMPPA
i R S Rk, R 79k 2 SR . (HIZAF U IR
A H A i 13X 26IncRNAEHSC A MPP 4316 H1 1) T
RE S BHJS, Luof PRI it X A e 4 AR 4y 15 3
M40 M5 AT e S LR FE DN e 23 A, B T 3234
MAFRTE BT [ IneRNA . Xf LE e AT 7E 3% 2R 204k R 1)
Feak W, UE ST 159N IneRNAZEHSCH 3 ik /K -
B, o — 2 HATHSCRIA R . X 4EncRNA
FEPR 5 H 1 o g 5 DR LA AL ) SR A A T R
fiE, 170, DNAFF A0 JE R IA f i s i fE 45,
REX6FEHSCH R S KK 112N IneRN A (Inc HS C-1 /11
IncHSC-2) AT M Ik 52 5, &K MIncHSC-1M1IncHSC-2
STHSC H B 5B RS R 40 38 A B s .

IncHSC-2 ChIRP-seq&4i i & 715, IncHSC-245 15 1F it
AL 55 PR -F E2 A 45 457 fU(bHLHAY. 5i0), 4 [ a1 4
7 oAl 3 1M % 5% KT (Brg/Flil/Meis1/Pu.1%%), 1 H.
IncHSC-245 5 47 xi ff 3T ‘& A7 H3K4me3/H3K27ac4]
B, $E7RIncHSC-247 1] HE i ik 5028 i 2 DA 1)
FMIBAIRE TR e sk R ok R LR IL . X
P IGURIE G A i T2 S AL 2 0 A, A5 A ] 45
HSCHEE A 7RSI IneRNA, 4 J5 Gt e it 1
BRI

B 7 M P e s 2 K 080 ok 9 32 95 A6 I 45 HSC
it SO A0 ) IneRNASR, 38 A7 0F 58 AE I Ath 4 2L 25
B i B AE A M IneRNATE 38 1M 23 46 1 2 fig
18] Tt F DT B 328 3 458 2 Rl IneRNA H19, By T 8 2 1k
Jif R B, AR S /N BHSCA T 5 B 75
THE AR S AT R R BERH19_E il i B 32 1
5 X, K 22 e B 3 4L X (H19 differentially methy-
lated region, H19-DMR), i3 T 1gf2-Igf1rif i, fifFx
FoxO3(forkhead box O3)41 7 ¥ 4 fitd i W BHL v, Je A
AT U T HS CIE N 40 Jitd 43 24 J& 38, it sl HSCHE
Yo MAEAEFRAAT N, 1ZIB B H19FE R 4 W1 P i
ThmiR-6754 Mo il g e A% AH O 4% 5% A< 1(the me-
tastasis-associated lung adenocarcinoma transcription
1, Malat1)J2& %) Fi 4] /5 B 08 57 ¥ IncRNA, & 75 /) i
By BiE - g 1T #H 410 Y (Lin Rhodamine*YHoechst'")
i AR, T AR 3 A B A TR I 44 48 9 (Lin Rhod-
amine™ " Hoechst*") ' & ik [, $#7xMalatl £ 7] g
YERF i T HH 40 B R AR o R 4 S (e
% (all-trans retinoic acid, ATRA)¥ T L fifi ¥k 4% 4]
Jit(erythroid myeloid lymphoid cells, EML4H i) 7 14
AR, BT SN GATA 4 4 1 1 2(GATA-
binding protein 2, GATA2)F1ZL & kruppel £ A 1~ 1
(erythroid kruppel like factor 1, EKLF1)Z ik i
FIoMELASE, ATRAIE H] LA EIRPS3MIRIL; PS345 &
TMalat1 #5351 IX, #llHfilMalat] i, 240 40
oy s, (Al HE SEEMLAN M 046!, {H 2, Malat1 7
385 0 40 PR AR G 534 1o -4 40 s
T IR AR i AN 2
2.2 AR LIEXAIncRNA

HE 2R 40 i 40 45 58 & AH 40 i DL R e A AR
MR BEZRMR-FZ R, CHRIE 2 R
IncRNAZ 5147 1% 70 AL i fi

221 LA 5ALAREIncRNA 2140 M0 SE WA
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A . AHSCHr bk 4140 M 15 56 28 5 41 Z AH 4
JfU(BFU-E. CFU-E)I1) 2 a6 58, B 5 78 )50 a6 21 40 i
) By o RS20 0 i S W 2R 20 AR i 1) Ak i R e,
A MIARBUZ W AR S, MRz ds, 20 B s 4, w2
It A SR 21 A0 i, AL 120 R ) T A A L T AN
H o IncRNAFE A B I s Az R, 6 T I iE9T
W AT IR s A R, A7 B T WAL AR
LIS N AR = = R/ T E I I R B EA R )
PN AR Y IR a0 % o o =3 78 R i 8

138 L 3% 28 50 A R BF 58 P, IneRNAK ik 3% 7
LR ST R O R S8 HufS I/ BUIR
AN 43 AR B B I 41 BR(BFU-E CFU-E N Ter 119+
ARy ) & 4 7 43 ployA mRNAFJRNA-seqi K,
R IMA27 N IneRNATELL R h 22 S e ik o,
IncRNA-EPS(IncRNA erythroid prosurvival)ifi i3 1 7]
PR T3 R Pycard i) 26 35 KM /)N 52140 i & A2
TZo IncRNA-EPS3E 55— N E 20 3 73 A v il B 2y g
[1/IncRNA, {H /& IncRNA-EPS 4% Pycard3& R KI5 1)
BUHMTIANTE 2E -

Bt i, Alvarez-Dominguez 5" F1) H 4 4 5 21
FEBA (poly AFTEpoly A RNA-seq i A) 7 /N LI T
AN TF] 53 A B B 21 40 o vh 4 1T 57 T IneRNAK R ik
B, ORI T 1324 R R IE A 20 R S IneRNA, 0 3L
AT T R D RS E, RILEATEA A AR
JE B SE M 240 W o3 A s, H T shine-EC6 )
YRS AR B o m i shine-EC6 {4 £ RasAH L C3
A 75 AT B 7% 22 K4 1 (Ras-related C3 botulinum toxin
substrate 1, Racl) Iy mRNAFI & [ it /K °F ) 1 i,
Racl 335 5 FUFPIPSK AR ()5 1) i, S &4
NG EL ANl . W58 A E0, shinc-EC6RERS 7
Pk 454 Racl mRNA 3'UTRIX (3 untranslated regions),
A 3 53¢ e 7K1 45 1 T 2 R Rac 13 35, Shine-
ECOH & 1a 4 A 1 ME— 7R 20 F 4040 i B4R R B
f/IncRNA .

Paralkar35! e/ /IR UL TR B &R
FH.41 ffd (megakaryocyte-erythroid precursor, MEP).
EORZ T AR 40 i DA S 20 SR AR A0 1, AT R 40T £
JE KRBT 3002 > K B AR IE I 21 R FF 57 1) IncRNA,
FErp7AN AL E21N) IncRNAAT 1] /S B 21 41 g ¢
AR A A D, A 20 40 PR I A% 26 B AIK £025%
XL SHEL W], IncRNALE LT 2 504k Hh e 3 22 (1)
AR

1 T IncRNA R A ]R3 1 22, A0/ bk
B P 4F F 1 IncRNAZE N 21 40 i o A Rk 8 A
FEAE NS R, 8 AL R 04 I IneRNA R 5 3
BT AnETHEAR SN S BT .CD34" 4 i
LR fE b, R w0k & 5 T AR
B B IR0 40 0, 64T T RNA-seq. 1] Shi%s!SI7E 44 4k
75 S N AN E I.CD34 40 il [7] 21 & 40 4k, A5 AR
I 534k I 3 FR 40 B 10847 T RNA-seq, 57 T IncRNA
TEL R R IA S . XS N Ja SR AT
N ZL40 i P IneRNA [/ D e FIHL I 295 T JEfifi. &
2, T NIE S/ ST 40 i Inc RN A I 52 1 Ak
TP B, 40K 2 BN D Re A, FERPLE AN

*/TEO

222 H-$HEHMILAAIKInCRNA K-
2 B A1 2R 20 AL B AR e e ) T A G, AE
PUASZ BRI EATRE DR )32 M e, T
FE A% 1% 2R I IneRNAS A= B 3 1 7 4 A7 o 22
17 o IncRNA EGO(eosinophil granule ontogeny)
F 5 AN R I AR A L AR A AR R A
IncRNA, ‘&7 T-ITPR(inositol 1,4,5-trisphosphate re-
ceptor type 1)EEPR A 711X, 7EE R VK41 7tk it
o A e R ok 40 i = R 2K 1 (major basic pro-
tein, MBP)HMINE IR LK 41 i 77 7 #h 28 75 2% (eosinophil
derived neurotoxin, EDN)FE [X K 175 5 g R 1140 41 g
S0 (HEEGOHYEMBP . EDNIIHLEIANE 2 .
HOTAIRMI1(HOX antisense intergenic RNA myeloid
1), JEA77E T HOXAIFIHOXA23E A 1] [z L IncRNA,
TERLA M A R b R Bl . IKHOTAIRMIS,
HOXAL. HOXA4[N#IE FF¥%, 51 CD1IbAICDIS
i, AERL R S A2 BHRY, {HR, HOXATFIHOXA41)
il FIHCDIIbRICDIS{HR A

7EHAZ% EUGE A0 3 A3 7 P A B IneRN A
WA o e IR FPUL L A JA% 0 R AL I
KO 1o ChenZE2WH5E &3, PU.1 R Ine-
MC(long noncoding monocytic RNA) Al miR-199a-5p
E Y 1 B A%/ 0 0 A P RS A LS A, Ine-
MCHE A PR 76 FRNA % T (competing endogenous
RNA, ceRNA)fE 5 miR-199a-5p 3% 4 45 & N i #L 5E
[Xl ACVRIB(activin A receptor type 1B gene), Inc-MC
— H 25 & fif miR-199a-5pXtACVRIBI) 1 4l
PU. LI Fiflne-MCHIZKIA, 5MmiR-199a-5p k4%
Diie, (et Frz/ B w40 i 3 A o
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1515 5 BAA% A B 1) B SR 40 i o Ak i R v,
S5 [Kl-f- STAT3(signal transducer and activator of tran-
scription 3 )i R A4 i P L R Ui A5 o i B ok R 45 1%
S B WU B, BT Ine-DC(E N M 5%
R 41 o A S 2 3A [ IncRNA) 55 STAT3 45 4 RE % B
W8 STAT3 5 2= W 1 Ak, B SHP-1 (11, 7 SH2 45 #4158 () £
10T I 24 R W IR I 1) 45 5, AT 4E+F 1 STAT3 1) fof
PR AR A, (Al A 40 0 ) B0 SR 40 L AP A
2., TER—HAZ B il R ot b i = B8 R 48
IncRNA R IA %, BFFEAI X /b
2.3 B RHXAIIncRNA

TN M2 55 40 o e e M BAH L 2 5 M S s, ™
A TR S, R WL 4 B s 1A 2 1)
HEERTE . HuSEP S0 6420 4k 1A [F] 43 4L
B BTk O 40 BAREAT i s L 53, IR 542FT
SN My e R A0 M1k 2 B AR IL [ IncRNA
fATT IR 2 A s, AE TN 73 Al B, IncRNA R
H v B2 Bl A AN R S Pk ) AR, e e A T
A R DR 8 T gm A L R 21X, 5 M0 g 2k
LI ) e Thfg . Horp, lincR-Cer2-5'ASJEGATA3
VAT R (1) 06 2240 Gy, P | GATA3SK AP T4 4 B T
Y (T helper 2, Tu2)ff 7 3 K 1A R T2 40 ML 7%
lincR-Ccr2-5'AS I 5 T2 a1 A5 5 1l 4 B 14 i g
i 5 AT ) s A AR s AR AH DG, s IKlineR-Cer2-5AS
23Uk /b 55 AR A (1) G B A A TR 1 52 40 [ 33 DR R 0k,
M T2 40 JUiT#% . {HlincR-Cer2-5'ASH 5 AHAR 2
1 5 2 o s DT 58 PRI L) ANV 4

B 7 R A [E] 4 46 B B (1 40 B2 & 4b, Ranzani
SRR A A RN AR I B A ik T 134N T
ANFE ALY BT BIbk L0 AR, I8 ek vy 0 o A 5%
A2 P 3 A, A6 AR B KP4 T 7 IneRNA R R 58
W IR ORI T 5002 AN A B HUE Y IncRNA,
EATTAEA [ bk 2 0 B v o R S A S, T DA
WA AL BET BAI R I AEAR IR 4> T {E
CD4"-T4H Jid 7] Ty 1 73 A4 IS OC B 4 5% Rl - MAF(MAF
bZIP transcription factor)} % (3 d) i K 15 )5 4 47
R IRIRAS, 1 7ECDA™-THH Y 1) T2 43 AL I MAF 4
YRR RILIRAS, IR I, lineRNA-MAF-4 5
MAF [ 35 5 7 C, $27R1incRNA-MAF-4 &2 MAF
() SR DR ) % (A AL 5 4111 3R 43R (chromo-
some conformation capture, 3C)7 #1 A& Hi, lincRNA-
MAF-4fi¢ 1% 5MAFJE i 18 #£ B¢ 4 44 ¥ (chromatin-

looping), [A] B}, lincRNA-MAF-44E & 73 1 S B 5545
e o, i K W 158 A 1% 1 BFLSD 1 (lysine-specific deme-
thylase 1). EZH2(enhancer of zeste homolog 2) %
eI e B EY), A5 XU LB E &Y S
MAFZE %5 0] F5E4 . EZH2Z50 i L HEMAF 13 3 1
X HTH3K 271 A B, 1 P MAFI &L, 52
N CD4*-Tn) Tyl M Ti250 fh divds . 31X 28 i 16 45 e
I IncRNA K H4 KT 58 AT o 8 28 46 1) Dy BE ML
T T ALl

NeST(X % Tmevpgl) & WF 53 45 5L ] 4 4
9% [F)IncRNAP), & A7 T+ # 2 -y(interferon-gamma,
IFNG)REH T . ETul 4 f b, NeSTH Tyl 4 7 4%
Sk B P T-bet b [F] K 155 FIFNGIH R IEP B i 5%
5 7, NeSTAETHN My 1 ] H #2 45 5+ WDRS(H3K4
SRR O IE) . EINeSTRIE R FIFNG
HEPR 2 AN 418 (167 A H3K 4me3 FEAL S 1, 75 5
IFNG# 3k, 5% Wi HUAR fo 2 98 0E N2 [ W7 Thy-
ncR1 7E T4 MY (1 195 40 il & (T-cell leukemia cell
lines, i T-stage TR AR 2T A0 ) HhoRE S ik, I
PSR I CD1JE PR 5. 1% 35 DR ) ) o 32 B 3 s o
A 38 o 3 T Hup 1O 18 2 (2 2EMFAP4 mRNA [
fift. DSk, Hupflaid i 2 MFAPAK: 5% Wi T2 i B 24
N3 FE(T-cell selection)®, {H j&, Thy-ncR1 & Wi frf
U P Hupf U 6 1K 75 AN 2o AETA0 ML i 5, Inc-
RNA NRON(non-coding RNA repressor of NFAT) ff
KT A5 TIQGAP(IQ motif containing GTPase
activating protein). % i £ 9 L X NFATI} g T2 1
RNA-# [ it & & W) 4E FFNFAT (nuclear factor of acti-
vated T cells) B AARZS . NFAT #1150 20, 4ERF
A0 PR SUIR s o BE A SRNRONAENFAT 2 IR AL,
A%, WOENFAT ) MR, (2 2E T8 i o402

5T A te, A0 & IncRNAZEBAL i o
] o g 43 LA ¥ 8. IncRNA BIC(B-cell integration
cluster) 7E Jif AL BN i v 5208 19, A& I B4 L 4
by o P BImiR-155-5p AmiR-155-3p ) i 4, 1H &
BICE T H#EZ 5 T BA MM 734k J G i [ N AT
A [ B EO1,

I BE AR AN NI, 255 EALARR: 7%
AR e M e N . (R AR, B ST AR
PRGN BT — o PR LR E R H LR SR
8, B, 78 % N R L IneRNA K 2 5 ik
TR R 55, WISARS-Co Vi # = 28I R



TR K ARG AIRNA 538 M 1% R /0 4E

1273

4, W 1wl T R BRS 329F % S 3 A ¥ ne-
RNA 55955 8 B S W 22 G5 1 BT A H 110 G 328 1 25 2%
PIAH B, AL AH 6 [ IncRNAKG ASTE AT 1k
AR RS T IR s I AL R P R IneRNA (R
1.

3 IncRNAZEE 4% & B9 1E B #L4I
3.1 IncRNA7ZEF: RIKFRYIFIEHLH
IncRNATE % 55 K ~F- P 5 AL TIPS 45 - (1) 1) 3
1§ H (guide): IncRNAYE A 5 5% 17 5, 5542 36 W ist 1%
&Ml 5 B 1 iU G )5 o) BN BE L R RUR 5 D)
AE, WIncRNA NeSTZEH42WDRS I IFNGEE AT 1527,
(2)3Z AA Hi(scaffold): IncRNAFE 7> 55238, K %
AN T RAE R, L — N IIREE AW, W
lincRNA-MAF-4%Y, IncRNA NRON®, (3)f554EH]
(signal): & ¥RIncRNA W] AE 4 41 {5 5 45 5 1 alidi
NIy To (8)iEAHAE M (decoy): F5IncRNA B 4% 5 A%
W) 53 5 () A o B 1 DR A, A RS
VB SO AN BE RS DI RE . HAU, J5 PR HLEI7E
153 AR R G I A
3.2 IncRNAZER R G AR BRiE K FRYIBIENL
IncRNATE 5 35 i LA SR BE AT (1) R 423 AL )4
FEAGAPI RS — 2 IncRNA T # HHmRNAEL

1% WA —RNA (heterogeneous nuclear RNA, hnRNA)
gy, AR R ()% A Alu/7 ¥ I IncRNATR] L5
mRNAFJ3'UTRIX JE f B4R XUEE, 52 MmRNAR) £
SE T, G 7 2140 i B A% ¥ shine-EC6™; (2)IncRNA
454 ThnRNASM G 75 N & FAC X, Mtk
BY 32; (3)IncRNAYE 4 X L RNA 5 mRNAJE Ji H. #h
BUEE, P TTmRNA R G I 72, 15140 T me Uk 5 4R IR
M 24, XTmRNABEAT G4 . ()M 3) P RIALTR AR
R R R IR . 53—, IncRNAJE
i HmiRNA K pre-miRNA A B A F (7] 42 5 I mRNA
ifiE, HAK R (1)IncRNA ] {2 3 pre-miRNA [ &
R EER, R P AEmIRNAR KI5, 1 4 nf 4k FFHSC
b T i S () IncRNA H19™; (2)4F A miRNA 1
G 45 (R0 2 1 Sl miRNA, 54 k9 U5 1 35 4
RNAZ%) F(ceRNA) 5 miRNA 7% FrmRNA I 1) # £,
FIHMIRNATE B TER 2 5 P)(RNA-induced silencing
complex, RISC), 1 15 ¥ 4%/ E Wik 41 g 43 4¢ 1¥ Inc-
MCPY, b AN A —FhRER LT, IncRNA RS 7 i
B TFS 4, dERFTFINBE R AR, W15 5 k% 40 e
A6 )Ine-DCP?, Inc-RNA 5 mRNA B & miRNA )
ghb ] AR B B R RO .
IncRNAE iF 5 DNA. RNAULL M 5 A Uk HAE
H, RSG5 Hsk)a . RS RFRAKCOTi0 2 Rl

&1 ETEMS L2 H AYIncRNA

Table 1 Examples of IncRNA with roles in normal hematopoiesis

IncRNAF 57 35 41 Jfd 7 ey i e PRl R e AR EE BTN
IncRNA specific expessed lineage Name Loss of function phenotype Reference
HSC and MPP IncHSC-1 Impaired myeloid differentiation [9]
IncHSC-2 Decrease the capability of HSC self-renew [9]
IncRNA-H19 Increased activation and proliferation of HSC [11]
Malatl Inhibition of the myeloid and lymphoid proliferation [12]
Myeloid lineage IncRNA-EPS Elevated apoptosis; compromised differentiation [13]
Shinc-EC6 Impaired erythrocyte maturation 15]
EGO Impaired expression of granulocytic differentiation genes [19]
Impaired granulocytic differentiation
HOTAIRM1 Inhibit the differentiation of monocytes/macrophages [20]
Inc-MC Inhibit the differentiation of monocytes into dendritic cells  [21]
Inc-DC [22]
Lymphoid lineage lincR-Ccr2-5'AS ~ Downregulation of the Ty2 differentiation genes [23]
lincRNA-MAF-4  Impaired the differentiation of Ty2 cells [24]
NeST(Tmevpgl)  Imbalanced sensitivity to viral and bacterial infection [27]
Thy-ncR1 Impaired T cells maturation [28]
NRON Impaired the differentiation of T cells [29]
BIC Impaired the differentiation of B lymphocytes [30]
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MU R 3 L 2 T fg. [ —IncRNAZE AN [7] 21 27
A0 M v mT T s A [ AN [R] (AL R e AR R g B
R, 7RG I R Y, 0% T IneRNA I ALHIHR 1E
Wi/b, HEFIT ST = ZE 55 T IncRNA L R AL & i
SE5W UL SmicroRNA A B AEH . Bz, it
o T A SR A Y L4 T T IneRNAZE 3 ifil 46
90 DL AN [ R A I R IE TS, A MR B4
750U T IneRNA R TR, AR 2 D HULA
IncRNAHEAT T LI 1) 13 BH, K & IncRNAY) ) fig Al
YERNURIE A £ T3 — D

4 HLESRE

Zr EPTIR, MR 2 TR B, IncRNATE i
74 5 B B 38 R B EAE ] . IneRNAFE b #%
S B Ja DRI BE KT 1) R 45 R - 4E REHSC IV B
R R E AR A= A EE AN S L 1= I /3 13
HAZ R AL DL T BIbk E 40 i T B8 A . 3
H #1415, IncRNA T 545 A0 F 2 i B Be. Bl &
RNA-seq 5 — 5 5113 DU 7087 12 AR (1) % ), ik
% 22 IR IncRN AR & B AR, AT 32 3 = R 3
IncRNAE — 48 0 5%, AT miRNA, ‘EATK
ZAEP R AR RS, FER T K 2. XAl
A IncRNARFFT HLAT BBk, I 50 0y 55587 7 vk
BRI, LR B IncRNA 1) 42 21 ) g K A
FHMUH, 45 2 0 3 3% 2R 2040 R s LR, JE i
FE4EIncRNATE MLV AH G W2 W, Ve 97 FTUE
¥ LEM A
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