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Dikte F/RNAEES shRNA XELSS ZRNFRED MBMRRIGTEEX IncRNA

Screening of proliferation related IncRNAs in leukemia cell
lines by lentivirus shRNA library combined with
second-generation sequencing
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Abstract: Long non-coding RNA (IncRNA) has become an important regulator of many cellular
processes, including cell proliferation. Although studies have shown that a variety of IncRNAs play an
important role in the occurrence and development of hematopoietic malignancies, a more comprehensive
and unbiased method to study the function of IncRNAs in leukemia cell lines is lacking. Here, we used
short hairpin RNA (shRNA) library combined with high-throughput sequencing to screen IncRNAs that
may affect the proliferation of leukemia cell lines, and identified IncRNA C200rf204-203 among
74 candidate IncRNAs in this study. Further experiments showed that C200rf204-203 was localized in
the cytoplasm in both K562 and THP-1 cell lines. C200rf204-203 knockdown decreased the proliferation
of K562 and THP-1 cell lines accompanied with the increased proportion of early apoptotic cells. We
observed the increased mRNA level of BAD gene while decreased protein level of TP53 and BCL2. The
expression of Caspase 3 decreased and Caspase 3-cleaved protein increased in THP-1 cell line.
However, their changes were inconsistent in the two cell lines. Our experimental results showed that
knockdown of IncRNA C200rf204-203 in leukemia cell lines affected cell proliferation although the
mechanism of action in different cell lines may differ. Importantly, our research demonstrated the
feasibility of using shRNA library combined with high-throughput sequencing to study the role of
IncRNA in leukemia cell lines on a large scale.

Keywords: IncRNA C200rf204-203; shRNA library; high-throughput sequencing; leukemia cell lines
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P, A 2 IncRNA 1955 5 F1/a% 57 32 1o 72
HAREIT IncRNA JEHIA B 1835 S e
SR E N TAIME A mRNA R, IncRNA
A LA, F AN A TR A X (B ange e . 4%
B WAZLE R ) DL R AR E X H
mRNA L, KZE IncRNA i # 5KEHA
Tk R EA AL RE ST, Ak,
MOk £ I BF ST 2 W] IncRNA 7 I 7% 2 58 % 1
iR g B L2 bk A AR

T 0011 240 P PR S 5 R A N ML Y A A 1) T
BARHS T A T 5% S S AN R A% (8] 1)
FHEAEA, BT T 40 B IR .
1k BB Ak e S T SRR SRR Y
WA AT LA B 1) & A, e SoraE & A i
i (acute myelocytic leukemia, AML) ., 2Pk &
H %5 (acute lymphocytic leukemia, ALL), 1%
P8 2 1 LK (chronic myelognous leukemia,
CML) %, HHETCHECTF IncRNA A 35740
MZREM: . 1% 2 1) AU T 45 2 Fhad Al o,
U IncRNA HOTAIRML 7£ [ 1ML 3% 2 it = 4 A i
S 0 DN RE 8 R AR BE R LA . AR R I A B
3151 T neRNA ANRIL 38 32 2 g 4 AdipoR 1/
AMPK/SIRT1 #iZ A8 fg {2 F AML 4 g
fy 385 " LncRNA NR-104098 7t {4 41 BH %
AML i i A K T2 E AML 4 i 434607
LncRNA i 343 microRNA-608 4+ DDA1
FE B35, TR I AML 40 0 Fé) 438 B 0 40 it
JAHAUS % IncRNAs B9 E BT i A [l @ 4%
P AML i A SR, 25k, Bk
L) HA TEERY IncRNA A #8534 IncRNA (1)
3%, L, T — A M 9T R T4k T BE A
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MaF AML 40 & s BERik, H LINC01255
= 22355 AML B I A7 A 2B
TEAE s, IR HE— R E I F %
J&if 1k RNA T4 (RNA interference, RNAi) HJ
Oy R A G A BE S R, (ER 4 T RNA
(small interfering RNA, siRNA) 7E40 N 1y
5, HXELLE: siRNA A& 25 AN s i
& J& RNA (short hairpin RNA, shRNA) A L) 115
TR, ME BT EARX A . AR,
shRNA 3L 114 H 301 55 38 200 7 4 AR 1 & e il
1N A BRI ER  hREMFSE B P RE, JF HAT
B FRF58 5 8 Rl A D Sh A S G 3 R 22
RS oY B 2 B —se it J | (HJ2 I
N R 45 A shRNA  SCE T Ve iY 7 b 5%
AML FfiH IncRNA BN BEFE AL T By
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S T I AE 2 A O G A R AT L
Fih 5 B ETFE B IncRNA , 3 5 15 055 42 i)
74/~ IncRNA JFFIFIXT IR 51111 456 5547 5 ShRNA
SCIE, HE BRARUMEREA T AR O S SR I, R
Hrp IncRNA C200rf204-203 % T [ L5 211 it 22
) 154 B RN R T SR S RS A AIF 9 U SR A
shRNA T2 A i A FH 7 6 11 100 4 B 3 v )
DIREME IncRNA 19174, AiF5Y IncRNA 7EH
L7 1) 2 A AR A S e R v AV P ARARE T JEL B

WEERE

1.1 HpEiEs

203T AU 5 . = Hi-DMEM R 3ebi3%, &
10% G4 L35 ; K562, NOMO-1, Molm-13 il
THP-1 41 3 : 7 10% 1 Jif 2 135 i) RPMI-1640
B R LR 5%
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1.2 BREXEEER

T 10 cm 40 FR M EE 3R T H 4100 293T
ENIEEE FE IR E] 80%-90% , ¥ H By Tk SCE £,
B TR psPAX2 . pMD2.G ##BRF LN 705 03
(ng) MBI AR 293T 4if Figdr, ffiHdt
Fede 2 293T Pt fr i@ m e e, 6-7 h 5
o BB 55 3735, 48 h A1 72 b ) 4 U SE 4
Ml B3, MR SCEAE T RS, RS
I FH R 0 ML XS i SO HEAT 10 A5 MR AR
1.3 £ A KS62 MR MEE

W W 4 Je 1 e BEAE YL I AR (multiplicity
of infection, MOI) & 0.5 AN T B YL K562
O FR, o A5 1R SR R A i R Ry o i R 1Y
2 IR A R M AR EENE (1 pg/mL) &5
5 BE I 0 L A RO L JRLJS 72 h, TR B
CAEAEEMMPMERAT, MAERER
(3 pg/mL) 537 2 d Tk HH s i S g 1) A L
XA A0 R, 7 S 8OE S 5 R iR
B (1-5 pg/mL), #%£E 72 h AT LLEEIR 90%LA
A4 AR
1.4 shRNA MEHIED#77%

WERS B R e 2 T I AN M 5o i 2y, — 3B
U MR AE T80 C HIFEILZ T (baseline
sample), — B dfifidk2E 57 5 d (Day 5 sample),
5 dJEHRBGX M- AR DNA, ¥ b2 7
A1), 38 ek e A e I R — AR A A1 A
K, IF HR S B AR2 T 500075 /Y SR hn HE AL 3
FAWEFIEK B L, “Day 5 sample” il
“baseline sample” H b5 25 bR HE AL 32 K B9 LB AT
RAEA shRNA B34 o [N shRNA 45
RO FEHEHLE, BTLl“Day 5 sample”H %t HR 2
XTI shRNA A5 %47 X} F“baseline sample”H
X HEZH X 07 1) shRNA A58 () AS AU A 4H, 45
“Day 5 sample”H1 5256 2H Hh 5 — IncRNA X Y
shRNA A 3 45k 3 Z5 LA EAMIAAH X T “baseline
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sample” %] N i) shRNA A5 % i) A8 £k, Fb B (E A,
NIA R 7E K562 2 i 2 H i F% 1% IncRNA J5 i 4
It 384 5 fig T A1
1.5 {HiEiEsELIe

WCEXT B KA, 115, FE ek
SLE P TR, AR B A RE,
AT 96 fLAR, HEALIN 100 pL AR .
MITE 37 C. 5% CO, i34 EFR 1-6 do
R —AKi e, SFLHmA 10 uL CCK-8 &
F 37 CH:FFAHWE 4 ho BRRIRG T
Synergy H4 Microplate Reader Fillj5%E 450 nm
PARAL R . AR 2
1.6 DNA 2E1

A 0 Y0/ 400 B/ 2H 23 [ 21 DNA 2 B
% (TIANGEN, DP304-03) #H4ififi DNA, Qubit
R o it A B i) 6 DU fiat DNA MR B
1.7 #JR RNA S ELW

i 1 Cytoplasmic & Nuclear RNA 4lifk iz 5]
& (NORGEN, 21000) 43 21 Jitg &2 Al 40 Jifd J5 )
RNA, | qRT-PCR #4743
1.8 qRT-PCR #&i0

il RNAprep FastPure zh#)4H2/40 g B
RNA $#2BGAF & (ERL, TSP413) M4+ 4
2 RNA, il il W% 5405 & (TaKaRa, RR047A)
¥ 100-1 000 ng RNA %45 H cDNA, KH
SYBR Green & & RT-PCR il & (Roche,
57313500) #4177 it RT-PCR,
1.9 ZHREE EA RS 4E

K562-shC20-scramble . K562-shC20-B .
K562-shC20-C . THP-1-shC20-scramble ., THP-1-
shC20-B Al THP-1-shC20-C £H/3HIHL 1x10° {1
AR FR T 6 LAk b, ¥55% 12 h J5 ] FITC-Ki67
(BD Bioscience 7y 1)) Fll Hoechst 33342 (Sigma
ONHEL) BUARFRIC AL, 3 A SRS I 20 it
Wi
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M R R T RO AR

K562-shC20-scramble . K562-shC20-B .
K562-shC20-C . THP-1-shC20-scramble . THP-1-
shC20-B F THP-1-shC20-C £H 43 I 1x10° i
MR 3R T 6 fLAh, H53% 12 h J5H FITC-
Annexin V 1 7-AAD #ii{& (BD Bioscience 2\ F])
P iC P T2 i 2 SRS I O T 4 L 48
1.11  SIRENE SR

K562-shC20-scramble . K562-shC20-B .
K562-shC20-C. THP-1-shC20-scramble, THP-1-
shC20-B HI THP-1-shC20-C £H 435 HL 1x10° ()
Y, 1 mL PBS SRR —i, #0510
W, WA 1 mL RIPA Z i i A0 2 1 A1 i 5]
(Invitrogen A w]), fii FTE A BERRAGE TS o 1
PG FEAR BT 28 EP & . BCA 30 & & 1
WBE 5 AT S BN 3L . 48 12% SDS-PAGE
BERE LUK RGBS, ARUCBE S — PR —ht, i
I ImageQuantLas4000 (GE 23 #]) Kl
1.12 FIrEFRZE

#¥E-% H GraphPad Prism 8 WA VEATS 1T
208, FAEBCX Student’s t # I Ui TH 2%
22500, P<0.05 HA G2 5 P<0.05,
#%: P<0.01, ***: P<0.001).

2 BERXR504

2.1 &it5H %t 74 1 IncRNAs B9 shRNA &

AWFSEE JeHERR: AML/MDS #3 1 1 140
20t Hp S R e A R H A L R L B TR
g 35 PR A DX, 7 R 4% X B P 19 IncRN As,
SAHTIXEE IncRNAs 7Efa 5 A 1 1L T4 2 i
AML/MDS £ 35 1 I T tH 40 Jf A () =ik & 2 15
AR, XERE S T A Rk T
BEABELE I T A4 Y IncRNAs 47~ — 2 40F
Ko MATHEEH 74 4~ IncRNAs &5 F—5¢
I (Kl 1A).

1.10
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B4 74 4 IncRNAs Fl % 18 41 (Y
shRNA SCJE B¢ shRNA J7 4144 5| pLVX 123%
FEME L, K EfS mCherry 2 Y64k
I R EE RS B R U MR SE N, o o = i
Hri¥ (fluorescence activating cell sorter, FACS)
T R e Y % 45 3 DR 52 PH A A 40 B IT o B 4 B LA
B o B AR MR A % 0%, IR RIS & 3R
i 1 R B AR TR BLARIK - U6 i
B0l ShRNA M3RE, B4 7 shRNA 1)
AR T 3897 A — AR R 2 v A
JE SR, SCFE XSS IneRNA 4350 1
T 6 ZXFRi ) shRNA, B4 12 4 shRNA
AN [ A AT DR R S S BR2H . el T4 g Xk
HEZH A 12 4% sShRNA AN {Tfa] 51, fir A
D i A 23 43 A AR Ry B K 1Y) IR{E (1] 1B)
2.2 FJF shRNA X FEiFiEANH] K562 £ A
ZIEIEAY IncRNA

W ShRNA JEORE ST £, 25 i1 o 7 SC 28 I
L K562 4l &, MOL{HIX K 0.5, i {r%s
AN B — A AT ShRNA (19958 8%, Sl
5 72 h BRI OF R R R Tk 2 d 5, 8
YRS 3 P, — 3 VR AE T80 "C IR+
A, B AFIMER R, dheidhsi 5d, 5d
Jei R B B IO 1y A L () SE L4 DNA 647 (38
HIF . A TR SCPER SR, FRATTX R
SCIE RN FL LA AN Y J5 i3 K B0 R4 T T A o6
PEOHT, 45 R AR AR 1 32K Bl A DG 1
RLGF, 100 BH R 2R A A b R SC PR 78 5 R
(B 1C). XFELRFEARIESE 5 d Ja ik A
BRIy 8 ST oM, W B — N BRI AR
A o A5 — > IncRNA FITXJ i ) 6 25 shRNA 1,
A 348 3 4L E shRNA Y32 K K I ) iR
fIE K #9140 C200rf204-203 (& 1D), Ml
A% IncRNA 8 i B Je 2 3 i K562 4 il & 1
BB ¥ BRI TR e AR o , S 20 1E HH 6 1> IncRNA,
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The abnormal karyotype of hematopoietic stem progenitor
cells in patients with AML/MDS

Annotate IncRNAs in chromosomal regions that do not contain
known oncogenes or tumor suppressor genes

The expression of IncRNAs in hematopoietic stem progenitor cells of AML/MDS
patients and normal human hematopoietic stem progenitor cells were analyzed

LncRNAs with differential expression were incorporated into shRNA library

€ 15y

B Infection of K562 cell line with shRNA library

.

High throughput sequencing of shRNA library barcodes

Analysis of sequencing data
Identify IncRNAs that may have potential effects on K562 cell proliferation

Knock down the corresponding IncRNA in leukemia cell lines

Validation in proliferation assays
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Figure 1

Selection strategy of candidate IncRNAs (A) and screening process of IncRNAs affecting

proliferation (B). (C) Library infection quality control: scatter plot of the log 2-transformed DNA sequencing
read values from baseline sample versus the sequencing reads of the input pooled plasmid library. (D)
Sequencing reads of shRNA barcodes against IncRNA C200rf204-203. Data are relative to barcode reads of

shRNAs of control.

YK &y PAN3-204, C200rf204-203, RPL21-209.
NELFCD-202, MKLN1-211 F1 SUGT1P3-201.
2.3 C200rf204-203 7£ K562 #1 THP-1 48 /@
HE LT RE R

TEFFEHI 6 4 IncRNAs Hr, FRfTiEH:
IncRNA C200rf204-203 # 17 F — £ W 5% .
C200rf204 L {7 T 20 4&@12!% ENSEMBL
$4%)% Human (GRCh38.p13) WonIiA 5 M
A, Hi i sEA C200rf204-203 K KT
200 MZEFHRAVAES S RNA, qRT-PCR 3256 3%
B, #£ K562, THP-1, NOMO-1 F1 Molm-13 iX
4R AR S, THP-1 408 & 7 IncRNA
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C200rf204-203 [HFRBTAHNE & (B 24), [F
A A2 o 43 B R B UE SEAE K562 Al THP-1 41 i &
o, DUERL TAMZ (DLFEEN"#RoR) 1Y U6
SEHAMEN TR (BLFR“CRR) B
p-Actin Jy BHEXT B, IncRNA C200rf204-203 4
XHENMTEA M (B 2B-2C).
2.4 C200rf204-203 RiP&H) K562 #HAaF0
THP-1 4 f & 55 &€ 11 P&
M\ shRNA SCZEHERT 3 454 H] C200rf204-203
f) shRNA, ﬁ}EIJA%%j shC20-A . shC20-B #il
shC20-C, ¥ 3 5%/7 54 B4 & 5 pLVX 1897 &
LN @%ﬁi‘gﬁa, MR R
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Figure 2 C200rf204-203 was localized in the cytoplasm of K562 and THP-1 cells. (A) Expression of
C200rf204-203 in leukemia cell lines. (B—C) Subcellular distribution of C200rf204-203 in K562 and THP-1
subfractions, U6 expression level in nucleic fraction and f-actin expression level in cytoplasmic fraction

were measured and used as positive controls. *: P<0.05.

K562-shC20-A . K562-shC20-B . K562-shC20-C .
THP-1-shC20-B #l1 THP-1-shC20-C, £ K562 4l
Jifl 2 H k& C200rf204-203, &P shC20-B i
shC20-C X iZ A FAT @iFEAEAT, 1M shC20-A Xt
IR AR E AN . (] 3A-3B). CCK-8
SIS UESE A HF X B4, K562-shC20-B (K 562-
shC20-C HI THP-1-shC20-C 4 Jitd 4 7 AH %of i 18
(Bl 3C-3D). DA E45RULBITE K562 4 R A
THP-1 41ifg & 7 # % IncRNA C200rf204-203 1]
DA 240 e 164 5 i 7 BRI
2.5 BiF% C200rf204-203 Y K562 1 THP-1
WP ATHXEERREERETL

T HE—HHRSY K562 FI THP-1 41 g 7 &
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F% IncRNA C200rf204-203 J&5 % 40 il (520, F
Ki67 F1 Hoechst 33342 #rict K562-shC20-B \K562-
shC20-C. THP-1-shC20-B #l1 THP-1-shC20-C, i
2ok gt 2 A L ASCRS 0 A4 B R B R B, S R R
K562-shScramble Fl THP-1-shScramble #H .,

SCUR A AN E A R 22 % (Bl 4A4B); H
Je1l o Annexin V F 7-AAD Fric i, it
PRLASCRS I S 75, S92 3 2 L B0 000 T 400 L L 4971 38
(Kl 4C-4D). qRT-PCR 3Z5; /R K562-shC20-B
1 K562-shC20-C 4l it £ Kl TP53 F i T2k
BCL2 FKikit B AU, (AL
BAD #35/KF I FF; THP-1-shC20-B F1 THP-1-
shC20-C 4 fifd  TP53 Fl BCL2 1L [A F ik 7 R F#,
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Figure 3

Knockdown of C200rf204-203 decreased K562 and THP-1 proliferation. (A-B) Relative

expression of C200rf204-203 in K562-shC20-B, K562-shC20-C, THP-1-shC20-B and THP-1-shC20-C.
Expression level was measured with qPCR. (C-D) Cell growth curve. *: P<0.05; ***: P<(0.001; ****;

P<0.000 1.

THP-1-shC20-B ' BAD i [H % ik /K 3F F J+
(K] 4E). & KK & BLAE THP-1-shC20-B #1
THP-1-shC20-C #4fiffith, BCL2. TP53 fHE[13K
K R, Caspase 3 fHIFEE PR, G
Caspase 3 H 1K L& L+, [HETE KS62-
shC20-B Fll K562-shC20-C i it A8 fb A B i
( 4F),

3 i

MDS & —Fh JCRE Mtk pes , AR A & vk
ML 24 L T A4 43 A BBl g R S TR g 23230 R
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Figure 4 Knockdown of C200rf204-203 increased K562 and THP-1 apoptosis without obvious changes of
cell cycle. (A-B) K562-shC20-B. K562-shC20-C, THP-1-shC20-B and THP-1-shC20-C cell cycle detection
by Ki67. (C-D) K562-shC20-B.K562-shC20-C, THP-1-shC20-B and THP-1-shC20-C cell apoptosis analysis
by Annexin V. (E) Expression level of TP53, BCL2 and BAD in K562-shC20-B, K562-shC20-C,
THP-1-shC20-B and THP-1-shC20-C. Expression level was measured with qRT-PCR. (F) Validation of TP53,
BCL2, Caspase 3 and Cleaved Caspase 3 protein level in K562-shC20-B, K562-shC20-C, THP-1-shC20-B
and THP-1-shC20-C. Expression level was measured using Western blotting. **: P<0.01; ns: not significant.
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