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W E: BAMREAMELEEZA F (centromere protein F, CENPF)5 AT 48 2 /& (hepatocellular
carcinoma, HCC)#9 X £ 48 % . & T CENPF & & #94 T % &1L 358 kDa, H AjA % CENPF /& #u4)
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#9AF%, CENPF iR AR KR RAEERAR N IFRE., KR LA A 1% lentiMPHV2 F=
lentiSAMvV2 B AN Ak 49 CRISPR/ACas9 §% 3R 1 F) 8L 7% /-4 (synergistic activation mediator, SAM)
F G M N R CENPF #2w it & ik ey amfetitRl, 188 CENPF &5 HCC KA KR4 HA R X
ARMAKTE, & AKHEMALGAF TS CENPF A B 4 FA K5 5 09 5 &) S B
(single guide RNAs, sgRNA), 4G lentiSAMV2 A d . F) 712 5 F B AAH lentiMPHvV2 J7 #2
¥ Huh-7 #= HCCLM3 @@fietkF, A#EE B 5t /e B A% R &8RS E 3476945 % sgRNA 771
89 lentiSAMV2 JiAi-F Ao, FARGEBE S #LE ik, 2 it & ihiLkIF469 Huh-7 =
HCCLM3 41 i@ pA% 5 # 4T CENPF mRNA Fo &% & £ A K-F 69400, 4R 27 sgRNAI F= sgRNA4 5
P ¥ Fe i E MR CENPF #9 & ik, H P sgRNAG S FH XA R EMP R, KR AA
CRISPR/dCas9 % %t s 2 3 /M J8 t4 CENPF #8% id & ik 49 HCC mfieAEA!, A HF% CENPF it kit 5
MBEAEGERXZELZAM, FAMERS T EROITRAN ML RBEAL 5L,
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Construction of a stable centromere protein F overexpression
cell model of hepatocellular carcinoma using CRISPR
activation system

QI Saiping, LI Xiaojin, ZHOU Donghu’, HUANG Jian"

Beijing Institute of Clinical Medicine, Beijing Friendship Hospital, Capital Medical University, Beijing 100050, China

Abstract: Current studies have shown that centromere protein F (CENPF) was overexpressed in
hepatocellular carcinoma (HCC) and might be involved in the pathogenesis of HCC. Specifically,
due to the very large molecular weight (358 kDa) of CENPF full length protein, only CENPF
knock-down, but not overexpression models, were applied currently to explore the carcinogenicity
of CENPF in HCC. Whether CENPF overexpression is a cause or an effect in HCC remains to be
illustrated. We aimed to establish a CENPF overexpression cell model using CRISPR/dCas9
synergistic activation mediator (SAM) system with lentiMPHv2 and lentiSAMv2 vectors to explore
the role of CENPF overexpression in HCC. Single guide RNAs (sgRNAs) that specifically identify
the transcription initiation site of CENPF gene were synthesized and inserted into the lentiSAMv2
plasmid. Huh-7 and HCCLM3 cells were first transduced with lentiMPHv2 and then selected with
hygromycin B. The cells were then transduced with lentiSAMv2 carrying specific sgRNA for
CENPF gene, followed by blasticidin S selection. The mRNA and protein detection results of Huh-7
and HCCLM3 cells screened by hygromycin B and blasticidin S showed that the endogenous
overexpression of CENPF can be induced by sgRNA1 and sgRNA4, especially by sgRNA4. By
using the CRISPR/dCas9 technique, stable cell models with overexpressed CENPF were
successfully constructed to explore the role of CENPF in tumorigenesis, which provides a reference
for the construction of cell models overexpressing large molecular weight protein.

Keywords: CRISPR/dCas9 system; stable overexpression; endogenous centromere protein F;
hepatocellular carcinoma

¥ 2275 1 F (centromere protein F, CENPF)
S FERAROCEE 1T, H S 5 YRR AR £ ni 3R 1
(SEEE . T 22 4 UERR IR 1 A JaT 1t
Yo B RTBFSE4RIE , CENPF A5 Z Rt i b 5
ot RARWRE, 540 M 9w (hepatocellular
carcinoma, HCC) . ZLIHJE . His IRiEf S5 L
g B R B AN R U B UG, 2 —
TEAERIZ IR BUG PR, AT AR S22 R
FH I35 B 2 11 B4 24 455 8 0 R BoR k7
T HCC FWIZWrini A Sk tr iy it 5
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SYMEIFSE, ko EA R B2 TR HCC
{Ef% CENPF H &4k, HXTF M HCC 12k
W 5.3 5 F B R 2 1 (alpha fetoprotein, AFP),

JuHZ AFP FIHERHHT HCC BB A 73.58%
LI CENPF [ JHuikpHYE, tb4h, B SHiRm
F=A: AT BES CENPF s ikl #k—mH
BPuR =AU 5T R, i ik K S H 2 1 )
CENPF #1560 H A SHu™ E bl S
Fifr 9o O T /IR A L B AR 5 TR 4 B )
Pl 3 A FHAH T {5 CENPF 7 HCC &A1t
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FEA VR B ML AN 5245 2 . CENPF 251
W) 4> F e ik 358 kDa, Ff HL7EHies 4 i op L BL
EnFERARAS, BT CENPF 18 7 T8 (A B
S FH (R AR Py AMEE AL 2 22 CENPF #ifiK
CENPF i3 ik 5 g (1) & A8 HLAT i 25 A G 1
AR 2, CENPF 3 238 330 T Mg i) & 2
WM & 4 F3 T CENPF flid ik [H
Wb, R T T 2 A SR X 2 S A i T
CENPF i FIR 0B, DI4ESY CENPF 1 3k
SRR LR

HAI CRISPR AT 32 W FHF I A i b
Je GRS SR, Bt AATTAT CRISPR H2AR TR A
WF5Y, IXIHE A A 10 R 5 2 4k, il
e SEBOTE S SIS e SR R G, o
FKEWG Cas9 RAFJGIE A dCas9 (dead-Cas9), &
HEAZ54 DNA WEES), TAEAVIH DNA
f95E 511, CRISPR/dCas 2 Gi I T B[] S A2 0%
W (single guide RNA, sgRNA)# 1] H i 741,
55480 F 4, CRISPR/ACas 5 Sl il 2 4u 41 55
SRR G E A LIRS B 3 H A, R E
CRISPR %% 5% UG R G S e sl th 2 By
KA . — S RGO TRlG &, W —
SEIXT Cas RGEA BT T LAk . B IR %
15414 (synergistic activation mediator, SAM),
SunTag. VPR %5 RGuAH LU W] 1Y dCas9-VP64 F
GAEARSFEE SRR AW Ty A R T
AR et SAM RSl MG sgRNA SEBEL
SO, MO S Y sgRNA BEAT ISR [ H B F741 ,
NATLLiE it MS2 8 5 e s BT TN ) 2 2
£ o FETHAlL CRISPR % %B0% &40, SAM
G0 AE R ] B L DR B UR 2 SR H e e KT 1Y
FEPRE , X 45 FLRE R CRISPR 74 SR &
Gidse 2 W 1 )y iz —,

AWF5E B At CRISPR % 5% B4 i% Y IR
CENPF {31k IEEST CENPF 1 3635 i 40 o
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A, AWIEBE CENPF i3855 HCC A4 KR
DR 2R O 22 240 FAit

1 MRETE

1.1 R

N4k Huh-7. AR 400 293T Iy
T EREBE A . AR HCCLM3
WA I A v ] AR B SR W PR o0 o Stbl3
JESZ 25 A ML T A8 8\l o LentiSAMYV2 |
lentiMPHV2 . psPAX2 Fl1 pMD2.G Fiki 4% H F
Addgene “F-15. BsmB I Jiff . T4 PNK fiff . Peifi%
FERFN A NEB ARl 5% B AR AR
ST ZHKEAT ., ANFRRWH LBHREAXR
HEYIHFARGIRA A . HFHER R H Sigma 2.
DMEM }:3E%5E . BRZF I35 (fetal bovine serum,
FBS)I4 HF Gibco 24 F]. ¥ EDTA [ FIE
WHT Bl Al 1xBERRERSZ vh% K (phosphate
buffered saline, PBS) Iy [ T & i# & 2> # .
JetPRIME #4451l F Polyplus /A #], CENPF
FESEE sgRNA T4, SERf o e i R A HEEE
JZ I (real-time
real-time PCR)5 |G 1 T A0 50 K — Wi A W) 8
ARHE R ERAIFE A A LAY A F L,
RNA $2EGH & ok B &3 A T 5
Tt A E R AR A PR/ F] . 10xRIPA Z4f#
% M B Millipore 23 /] o BEER BN HIF] . &
IR Roche 23w, 3% sk ) &
H TaKaRa /3], Real-time PCR fiflly T ABI
/N, CENPF Hiii&l H T Abcam 22 H] .
1.2 75
1.2.1 CENPF %57 sgRNA 8% 1112 B

M| F  http://crispr-era.stanford.edu/index.jsp

W, BE 4 ZkiEF T CRISPR %5 5iis R
CENPF 31509 sgRNA FF51(3 1),

polymerase chain reaction,
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#F 1 CENPF ERE4F7MH) sgRNA 0 real-time

PCR 3|41F%)
Table 1 The CENPF gene-specific sgRNA and
real-time PCR primers sequence

CENPF Sequence (5'—3")

sgRNA-1F CACCGAGAACAGTAAACTCCGGCGC
sgRNA-1R AAACGCGCCGGAGTTTACTGTTCTC
sgRNA-2F CACCGACCACGCCTTCCTAATCAG
sgRNA-2R AAACCTGATTAGGAAGGCGTGGTC
sgRNA-3F CACCGCAGTCTGAGTGCGCAGGCG
sgRNA-3R AAACCGCCTGCGCACTCAGACTGC
sgRNA-4F CACCGCGCAGGCACCTCCAGTAGA
sgRNA-4R AAACTCTACTGGAGGTGCCTGCGC
primer-F GACCAGGCGTCAACCAAGTA
primer-R ACGGGAGAGCTCCTCTTGAA

1.2.2  sgRNA 5 lentiSAMv2 [RRIE KRB EIE R
FAME 72 B2 AV 6 1

FFH BsmB 1 i lentiSAMV2 Jfiki£E 37 °C
T E REY) 30 min, W) ZE R S5 HEA TR
ferL vk, B H BB 78 PCR XA T4
PNK 5%t CENPF 45531 sgRNA ¢4k
FIERAE AR K . 37 °CWFE 30 min, 95 °CHF &
5 min, #RJF LA S °C/min 38 B R#IR 2 25 °C. K
B K sgRNA L 1:200 5B, 3001 FH e a4 2
M= T 5SS K lentiSAMv2 #RAKE #2
10 mino B3 Y% AL 2] Stb13 Bz i .
AL IR SR T O A A N E R RN LB
BfREEFEML L, 37 °CHEF% 12-16 h, PRECHL TR
R 2 1 mL A NEERN LB EBRET,
DA 200 r/min B3 E 37 °CH53% 3-5h, HL 600 uL
B T/ e AR BB S 0 68 5 PR e B
123 RENBEREMERSE

4 lentiMPHv2 J5 7 FlE B2 4 lentiSAMv2
JORLELRE M8 RG T . HF 293T 4R T 10 cm
FRFRILA, A IR 3] 70%—80%H Bl Al i
TP gy . LR S R A B o B i () DMEM
SE AR WG BUR TR (B A EE Y LTRs 1 H
B ELH F 9 25H) . psPAX2 BORL(RLE ok, 2

&: 010-64807509

H¥EE gag. pol. rev fl tat ZEH), pMD2.G Ji
KL(ELR TR , & A W9 VSV-G B 7 41) L) 4:3:1
) L Yo 2] 293 T 4 L e AR 5 . &%
YeZ) 12 h AT, JINA 10 mL DMEM K577 3%,
WSCBE s B (IR E) 43 2 QL 5 48 h il 72 h. 48 h
WA R SR EIEE T 4 CCORFERAT , JFAE ALK
FRM AR RE R 5L, 72 h 58 2 R4 i,
W 2 RIS 210 BT IRIES, 4 000xg. 4 °C
B0 10 min, FFPUES FiE#E 0.45 pm 1 E#R
HEATREUE , SR IS w4 1200 G A T8 i v
AR . WAR T 9 7553 25 5 T—80 °CLRAF & H o
¥ Huh-7 Fl HCCLM3 i i3580 T 6 fL#5
37 °CH55% 16-24 h ZHMMICE R 20%-30%.
BB R SR IS A M AGE i lentiMPHV2 45
Mg TE, JRYL 12-16 h 5 EHUHT AR 3R 3. 72 h
5 AR B ik 14 do R ERS smia
CENPF FE514 sgRNA J¥41 ) lentiSAMv2 129
BRI AR B kS MANIE, 72 h 5 A
JEIR % S it 14 0,
1.2.4 CRISPR #2352 #7ERIE CENPF %NV E
TR iR R B RFHR AR S fiiik)s
) Huh-7 1 HCCLM3 48 & . F RNA #2506
I R0 3 SRR & RS 40 L S RNA M
cDNA. Real-time PCR SZE0 45 A CENPF
mRNA 7K1 4% SEBOE SR . Real-time PCR Jif
FH CENPF 514 248751 L35 1. H RIPA 24
PEPUR R, Western blotting 34 CENPF &
KT ) 7 SR BBrs A80R

2 BER540

2.1 CENPF-sgRNA BH4 52 £ A9 IE
3N 4 4 CENPF-sgRNA %15 it 2251 v [
HEEHLEE 2 P TE R T , B R IR IR,
IINERRIRUSCRL . A TEE 1 A BORLEL TN R A AT
At R — MmN A5 R /R CENPF
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R S5 ) sgRNAT-4 7 41 35 1F 1 4 A
lentiSAMV2 44, 4fi A sgRNA [HJ751 . I K&
B S WHASF(E 1), UEBH lentiSAMv2-sgRNA
FIRBARN 1 58 4 TEHA
2.2 CENPF HYZRIAIKF N

WER B AURFHRA R S Mikes, 4%
ZE3E R 14 d, WORTR 2 3545 19 Huh-7 F1 HCCLM3
A ARAE S, B real-time PCR #5:l] CENPF %%
SRWIRRCR, 45K, sgRNAT Fl sgRNA4 1
REfLITE CENPF i) mRNA #55%, Hirp sgRNA4
PE 5 S ACR O 8. (18] 2) [W]I F1) ] Western
blotting ;] CENPF #H £ iEKF, 4505

real-time PCR —2{(|&] 3)., #¥2EiEFR 250 35 K,
CENPF mRNA FKik&A Ui/, K| e

F B FHURRHRIEE S FRFINfiE 14 d (25
49 K, Bl 2). FRRTREES , 2 Fhai il & %) CENPF
i RIRAK-BERR S LR EE 60 K,
sgRNA4 i FRIXFRKR B &5 (K 2, El 3).
M, Rt FBNTEM: CENPF £ 119 HCC 41

PR AL BT (] 4)

Huh-7
6 Hxk*
L 1 Control
sk sk sk o
e sgRNAI
4 I IsgRNA2
* X mEsgRNA3
==

sgRNA4

1 ﬂ
Zl 35 49 60
Days after initial screening

=)

Relative CENPF mRNA level *

2 mRNA KE# CENPF B9%% 2 8E R

AAG GAC GAA ACA

AAACACCGACCACGCCTTCCTAATCAGGTTTTAGAGC

Ao Ly

AACACCGCAGTCT GAGTGCGCAGGCGEBGTTTTAGAGC

AAGGAC G

AAGGAC GAAACACCGC GCAGGCACCTCCABGTAGAGTTTTAGAGC

Noa ’(‘" w"l‘- A \ Hnl IH|

1 LentiSAMv2-sgRNA & A: CENPF-
sgRNAT1-lentiSAMv2. B: CENPF-sgRNA2-lentiSAMv2.
C: CENPF-sgRNA3-lentiSAMv2. D: CENPF-sgRNA4-
lentiSAMv2

Figure 1 Sequence map of lentiSAMv2-sgRNA. A:
CENPF-sgRNA1-lentiSAMv2. B: CENPF-sgRNA2-
lentiSAMv2. C: CENPF-sgRNA3-lentiSAMv2. D:
CENPF-sgRNA4-lentiSAMV2.

B HCCLM3

210 =

E = =1 Control
S T [IsgRNALI
Bol B Blow [sgRNA2
o LY, e TEEY 3sgRNA3
& 35 EmsgRNA4
@]

ELURNNNE BN 0N 00 6

& 14 21 35 49 60

Days after initial screening

MER B AIARERE R S fMikse s 14, 21, 35,

49, 60 X, Huh-7 Fil HCCLM3 4ifi ' CENPF mRNA (A & 21

Figure 2 Detection of the CENPF transcriptional activation effect. The expression levels of CENPF mRNA in
Huh-7 and HCCLM3 cells were significantly elevated at 14, 21, 35, 49 and 60 days after hygromycin B and

blasticidin S screening. Statistical analyses were performed with GraphPad Prism software. **: P<0.01, *%#%*:

P<0.000 1.
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—_
(=}
1

ﬁ = Control
‘T g =1sgRNALT
< = sgRNA2
5 16 = sgRNA3
= =1 sgRNA4
Z 4
= i
55 2
ACTB — 50 |
42 kDa 40 2 14 60
14 60 Days after initial screening
Days after initial screening
C HCCLM3 S N Y:\» > > Y’b‘ D

HCCLM3
10 - Rrkx Control
CENPF—| B 1 sgRNA1
358 kDa 3 = sgRNA2
sans 3 SERNA3

r 1 =3 sgRNA4

Al

14 60
Days after initial screening

(=R S A =
T

ACTB—|
42 kDa

Relative CENPF Protein level

14
Days after initial screening

3 FERKFAN CENPF R REENR W% R B HRAIE R R S ik se siays 14 KA 60 KX,
Huh-7 1l HCCLM3 4 fiti "' CENPF %5 [1 ¢k ) i & 1
Figure 3 Detection of the CENPF transcriptional activation effect. The expression levels of CENPF protein in Huh-7
and HCCLMS3 cells were significantly elevated at 14 and 60 days after hygromycin B and blasticidin S screening.
Statistical analyses were performed with GraphPad Prism software. M: Protein marker (No. 26616, 10—180 kDa,
Thermo Fisher Scientific); M1: Protein marker (No. PM2800, 10-310 kDa, SMOBIO); ****: P<0.000 1.

ontol ) X sgRNA4 _

Huh-7

4 ZHEFR B MRABERRE S iFE/EH Huh-7 F1 HCCLM3 @KE R 4IRS Lr, THE
L Al T2 A Tk 73S

S O G

Figure 4 Photos of Huh-7 and HCCLM3 cells after hygromycin B and blasticidin S screening. The cells are in
good condition and no obvious morphological changes are observed.
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3 WwE5E&#h

R IK A FE DR BEA T SMIRE 5 208 R F 5T
Oy TR R I TBE, HRTH FBORLES S sl 2
YL T LR SN IRV SRE N e B A A i v R A
ik AR, o T RIZEIRAE R ERIRRE], *ELL
FEBOR LA Fr Bo 38 SOz o 76T dCas9
A AR S R G R SR AR LA, R
THE 7 Bt R/ N JCBR I, iz 0k 1E T
KA FEAMEREMIE . filk, Dai %R
CRISPR ¥t E SAM RGN E T HA%:
KBRS E s R LEAFEEA

(rapamycin insensitive companion of mammalian
target of rapamycin, RICTOR) (43F & 192 kDa)

FRIBRE MR, RV T dCas) REAEWE T
KT+ 1 28 07 T HA MR35

CRISPR #% 5t % % SAM R % U $&
lentiMPHv2 Fl lentiSAMv2 4> BoRiMS), #H H T
WY dCas9-VP64 41, SAM RS TEAR 554, 5%

SAM complex

D

Promoter
= 5 dCAS9

-y
Y VP64

E LR AP 7 T R T RN A
2 kS e S A H BT , lentiMPHY2 BTk AT
PAFIRH “MS2-p65-HSF1 Rl 5811 LentiSAMv2
Jki ikt dCas9 £ 11 “sgRNA-MS2 45537 55”7
A5 RNA, 7E dCas9 SEFIRIMET , AU
AR SE K 4] DNA-dCas9-sgRNA-MS2 %5417
R-MS2-p65-HSF17, %551 [N+ p65 Fil HSF1
Al ASFEE G SR IR A1), i1 skl B AR DU
sl MG Z B 3 R (E 5),

CENPF fE M4 R A, 16 GO/Gl
WA R KR A, S IR A I i 1 T AR
2, 7F G2/M Widn b Fs e, BATHEST
W], CENPF 7£ HCC H it Tid Rk REH 5 &
FZWEHK, T4 CENPF (235050 HCC
YR IGH . BRI ZERE DT, BHAY HCC 1)
e A IS0 I D R A A R DR ek
fl—FhEZHLIE, Kim 2P BLZ) 40%H) HCC
ZH 21 CENPF JEAETEY S BIG: . A 200 % (1 b

HSF1

po65 :;

o\
)

<

Nucleus Cytoplasm

. Transcriptional
Xctivation

TSS
CENPF

5 CRISPR #%3RHE SAM RGEN E (K EH Figdraw £37l)
Figure 5 Schematic representation of the CRISPR/dCas-SAM system (by Figdraw).
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FEEER B R, CENPF JLRP BAMURAE L IF R
W EE P ER HCC 44 18 25 5 T B R o
I HCC 2GR kR EdE), iXEW HCC 4
LU AL = IR L R 1 v e 5 2 B R
FERYL AR . (B CENPF 75 3% g v i 3f 3534
RAERE IR W5 RIS FE it — 25T . th
F CENPF H [/ Fitil K, dBA M5 i
# CENPF I ZiKAIEiRL, LI CENPF &
RS MEEAMBERLR, X EHMGT
CENPF T¢ M iy 7 U8 i 1o H o

ABFFEFIH CRISPR/ACas9 #5R1i% SAM
A4, Wil 4 4 CENPF 4354 sgRNA
HH5 lentiSAMv2 #iAki%ER:, ¥ lentiMPHV?2 .
lentiSAMv2 JiT A A Ay 1855 5 )5l Huh-7
HCCLM3 #iiffl, £ %R B, AFIEE R S i
YIS ARG N JEE CENPF 5351510 HCC 4 i
Al mRNA KEEFUKEE B &R, ]
CENPF 11l ik 5 HCC kA B R AR K R BaE
FEAh, IR R A A 1 Rk i A M A TR
RS E TR,
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