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Abstract

AIM: To investigate whether clustered regularly
interspaced short palindromic repeat (CRISPR)
interference (CRISPRi) specifically represses
endogenous miR-122 expression in HepG2
cells.
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METHODS: Single-guide RNAs (sgRNAs;
sgT1 and sgT2) targeting transcription start
site (TSS) and TATA box in the region of
miR-122 promoter were designed. After
co-transfecting HepG2 cells with sgRNA
and catalytically inactive dCas9-KRAB,
the expression of miR-122 was determined
by quantitative Real-time PCR (qRT-PCR)
to determine the more effective sgRNA.
Different concentrations of sgRNA were tested
in order to address whether CRISPRi was
concentration dependent. The expression of
miR-122 downstream target genes HOMX1
and CyclinG1 was assessed by qRT-PCR and
Western blot.

RESULTS: Compared to the control group,
CRISPRi mediated by sgT1 and sgT2 could
repress endogenous miR-122 expression by
5.5-fold (P < 0.01) and 3.7-fold (P < 0.01) in HepG2
cells, respectively. The effect of CRISPRIi
was enhanced with increased concentration
of sgRNA, and the miR-122 expression
was inhibited by 10.0-fold (P < 0.01) when the
amount of lentiGuide-Puro-sgT1 was 500 ng.
After endogenous miR-122 expression was
inhibited by CRISPR;, the expression of miR-122
downstream target genes HMOX1 and CyclinG1
was upregulated.

CONCLUSION: CRISPRi can specifically
repress endogenous miR-122 expression,
which provides a novel therapeutic strategy
against hepatitis C virus infection.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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ik 2

B#&Y: 4 % CRISPR-F#,(CRISPR interference,
CRISPRI)# 5747 ) AT & 20 i Hep G2 M IRt
miR-122%.3%.

Fi%: &t @miR-1228 3 F RTATA & 4=
# AL 4515 & (transcription start site, TSS)#9
sgRNA(sgT1FesgT2), 5 LDNA A byl &4
AR B IR A A 89 dCas9-KRABH AR E 44 4
HepG2#mfe, idid 5 B € 2 PCR(quantitative
Real-time PCR, qRT-PCR)7 i 4 miR-12249
Fak I A 3 HsgRNA; %3+ R Fl #9sgRNA
WL, IR % CRISPRI# 545 JA 8 7] ZAR M
18 i qRT-PCR & Western blot7r i%xA4& M miR-122
Fe.5FHOMX14=CyclinG 149 &k T AL,

R sgT1AwsgT24A-F 4 CRISPRi4 A ¥ AT
9% 2 L Hep G2 M R PmiR-122 64 & & K- 47
#15.54(P<0.01)#73.74%(P<0.01); CRIPSRi#p
)OS A sgRNAF ZARH4, % lentiGuide-
Puro-sgT15 5 4 500 ngh¥, 7TH¥miR-122649 %
% 394 10.045(P<0.01); CRIPSRi#74| AT J5 20
feHepG2 M B MEmiR-122 & ik 69 B aF, LA
TmiR-122 Fi#¥e 4 FHMOXI14CyclinGl
EE

5t AFF7A) FICRISPRIFZ R 3L T *+AF
5 4m BHep G2 W TR MmiR-122 ik 49 4% 5%
I, A A BT K 9% (hepatitis C virus,
HCV)# 4% T 43769 Rk

© 2015FRNDEE S BREDBRATAE.

S4#7: CRISPRF#; HepG2; miR-122

Bo3RoR: A A CRISPRF A R I T 2 AT
21 L HepG2 M /R M miR-122 % ik 44 de.d ¥ ), 5
A T miR-122F #¥e4-FHMOX14=CyclinG1
89k ik, AR BT X% A (hepatitis C virus)$2
AT A ek

POR#L, Sz, EfRE, TER, ®5. CRISPRIEA
BZEHCVEBIMERmMIR-12200RIK. HREN B
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0 5l
PR AL 9% & — P B 10 1% e, 5t BA:
2H 27 (World Health Organization, WHO)fti 1142
BREATAA 17N Z BT 2 9% 75 (hepatitis
C virus, HCV)E&4y, Hr, 2)70%2 K & U
B4k AT 550 . HCV S| S I FFIEZOR 4
R A AR RE I EE PR 2 —. HC V2 H8E
RN ATR B, F77F 2 PP LR BRI A, XX it
HC VIR ERRIT I BRAR. 8 H AT Pk &2
VR C AT MR EFAREE —E
(097 R, SR IX L8 25 W) AR i 245 3¢ e, 5 S0UHE
KA TT AR i 24 105 B S AR AR g e AR,
M/PRNA(microRNA, miRNA)Z—Ff
PRV R Gm RN A, il i 5 #0051
mRNA 3% EE % X (3" untranslated region,
3JUTR)E &, I FH 7 5 5 KB,
FHmRNARE R SEI R0 H™Y. miRNAT 25
52 P E A FE AR, SN B A
s KRB R UL RO R 11 3 RN
V5. miR-1222 HER: 7 VE B I miRNA, o5
FFHZFHmiRNARI70%, 2 5HCV RNARIER
SEAE . miR-1225HCV RNAIS'UTRE)
PIANHEAL 45 A, imiR-122-HCVE A 14,
RIFTHCV RNAANBEAZ IR A VBl 7K i 55 A
BT G g% N 7. miR-12245 & S AE
HCV RN AT i K 5 e W7 v g B AR5
EAAFmiR-122 8 APTHC VIR IR YT 11 -

CRISPR(clustered regularly interspaced
short palindromic repeat sequences)/CRISPRAH
3L [F(CRISPR-associated genes, Cas) &4t/
oA T A AL R R A, R AR
T2 Y B — P& R g% R 40, T LARERREN
{2 B SR RIDNA. 20124F, Jinek %™ 5 e Fl
HICRISPR/Cas9 R i X SMEDN AL 7 41 #E4T
THEHYIE], FFEE T RNA(tractrRNA 5crRNA)
N FHIREH gm B AR, CasO P A 2F L IR B 45
ik RuvCl45 /I K HNHZE #18, HNHZ
FIE D) E 5 crRNA B AN AR BE, RuvCl14
FexT 53— S BEREAT DI BN, QifE! ™MK Cas9ft)
%R N DI BG 45 K38 (RuvCl, D10A; HNH,
H841A), F=4:dCas9, A HDNARGIRE /1, WH
WUIEEE T, 24dCas95sgRNAFLRIAR, Kk
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WUNREE O R S A, %A nT DU
PITHERNAR GRS & 808 H kN 454,

R A ¥ 73 5 i 2Rk, # L FEFR YCRISPR
T#(CRISPR interference, CRISPRi). AH 77 |
FCRISPRIFZ ARSI T HepG24H il A miR-122
R S Ve Rk A, N PBTHC VIR B St 1 408
) SRS

1 #RAITSE

1.1 ## Hep G22Iy H e 40 7, #ifkty
EHHIBsmB | . BPEBEELEEFastAP. T4
R H Fermentas/A ); dCas9-KRABJT
FL(#46911). lentiGuide-Puro/Fi BL(#52963)I
HAddgene; B4 F & (EasyPure Quick
Gel Extraction Kit, EG101-01). EEHk7I&
a2 XeEWan,; 51d ElET
B MR FER a4 IS HHyclone /A #l;
VigoFectd Gty 5 jguks fir lfr; € #EPCRi
& H K% 5 A2 9); TRIzol(Invitrogen), poly A
RAHFN EINEB; SYBR Premix Ex Tagififl&
(TaKaRa, code: DRR041A); anti-HMOX]1(heme
oxygenase 1)—#i(Abcam cat. ab137749); anti-
Cyclin G1—#i(sc-7865, Santa Cruz); anti-B-actin
—#i(Abcam cat. 6276); RIPA BufferZfiftili . %
Wi (R-250) H 25 25 R AEYD; Western ' 4,
YR H Thermo /A & .

1.2 7k

1.2.1 HARME: HPmiR-122/5 3 FsgRNA
WA E: RABsmB 1 B FilentiGuide-
Puro# AL A, FHidE i iV IR EGFastAP
EWEm1k, FfEasyPure Quick Gel Extraction
Kit# TR 4 k. ¥ & s isgT1(sgT1-F:
5'-CACCGCCTAAAGCCACAGAAGCTG-3'H
sgT1-R: 5'-AAACCAGCTTCTGTGGCTTTAG
GC-3"). sgT2(sgT2-F: 5'-CACCGCCTCTCCC
CTCTCCCTTTA-3'FlsgT2-R: 5'-AAACTAAA
GGGAGAGGGGAGAGGC-3) 4 Al TR k
5k, 52 lentiGuide-Puro#i f4
HAT SR, 7R @ MmiR-122 /8 3 XA
[E A7 S sgRN A A& lentiGuide-Puro-sg T14/
lentiGuide-Puro-sgT?2.

1.2.2 HepG24a i3 % 4% 4. HepG24H s
Fr T T AL AU 77 . Hep G2JHHi 41 il 72
FHL0% MR MLE . ZIKREN1X10° U/L
MEFRAEHRIMRPMI 16405 37 4
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37 'C, 50 mL/L CO &M T EEFREUR, F2 dfit
WR1IR, 4 dBAX. $% I VigoFect#s Jeil 71 i B 15
BEATHep G2HHm 4n il E: 4, (1)ffiiisgRNA: 3t
Rl JdCas9-KRAB5lentiGuide-Puro(F#
)8k lentiGuide-Puro-sgT 18 lentiGuide-Puro-
sgT2, HirhdCas9-KRABJF #1250 ng/FL(244L
), lentiGuide-Puro(Z=# /&) lentiGuide-
Puro-sgT15{lentiGuide-Puro-sgT2 200 ng/fL
(247LHR), WA M MmiR-122/1 K%, (2)
fiiesgRNAMEE: H A% JtdCas9-KRABY
lentiGuide-Puro-sgT1, FA#4dCas9-KRAB
K250 ng/fL(244LR), & 4tlentiGuide-Puro-
sgT14r %4100 ng. 200 ngik500 ng/FL(247L
W), WA MRS MImiR-122f 3 35; (3)miR122
B0y 1 RIB KPR % GedCas9-KRABJI KL
1.0 pg/fL5lentiGuide-Puro-sgT 15 £72.0 pg/fL
(6FLIR), WA MAMHMOXI, CyclinGl
mRNA K 5 R,

1.2.3 ZRNAFZIE R 4 F: (1) B RNATRHG: A
1 mL TRIzolZ¢f#4H A, I E S min, JIA0.2
mLET, &5 R85, FORIZUERLS s, RE =
IR#E2-3 min, 4 °C 12000 g& 215 min, /M0
WL 2 KAR N B EPE HH, JIN0.5 mL&
VIR ETR 2], =IREHE 10 min, 4 'C, 12000 g
250010 min, 57+ 135, AT mL 75 750 mL/L
LEE(DEPC H,ORLHINEYE, 4 °C, 7000 g0
5 min, 7 L%, BHRNAVEEM T EENT
RNase/KH1, W H /b 50 78 W< FE, RNAJA R AT
Fib—Bans, s -80 CLRAF; (2) sk B
1 pg RNA, A1 pL Oligo(dT)20, JERNasesK
fiLE10 pLAk &R, 65 'C 5 minidFA 7254, J5 37 Hp
BT UKL, BE/E A2 uL dNTP Mixture. 1 pL
RNase Inhibitor. 1 pLf 5% LK BufferAl
K, BER20 uLik &, 42 °C 1h, 99 ‘C 5 min, 4 C
5 min, BEES R0, -20 CIRAE, DL HHR-B 5
Mi§ 4 [ ¥ (Real-time polymerase chain reaction,
RT-PCR)fii .

1.2.4 miRNAZ #Hal: EHpolyAR &
IAEI 2 MmiR-122 %55, (1) MA KR
Ni: BU1 pg RNA, JIA1 uL ATP. 1 pL PolyA
polymerase P & Bufferfll JERNase/K, FLh%10 uL
A%, 37 C 1 h, 65 °C 20 min, 4 ‘C 5 min; (2)}2
sk NAJE, II1 puL RNase Inhibitory 1 pL
J#EF/E. 0.5 uL Poly(T) adapter(10 pmol)[JF
%5 HGCGAGCACAGAATTAATACGACTCA
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& 1 ESPCR3|YFIER

S|¥2#R =27

miR-122-F 5'-TGGAGTGTGACAATGGTGTTTG-3'
miR-122-R 5'-GCGAGCACAGAATTAATACGAC-3'
5s rRNA-F 5'-CCGCCTGGGAATACCGGGTGCTGTAGGCTTT-3'
5s rRNA-R 5'-GCGAGCACAGAATTAATACGAC-3'
HOMX1-F 5'-CGGGCCAGCAACAAAGTG-3'
HOMX1-R 5'-AGTGTAAGGACCCATCGGAGAA-3'
CCNG1-F 5'-AGCTGCAGTCTCTG TCAAG-3'
CCNG1-R 5'-ATGTCTCTGTGTCAAAGCCA-3'
B-actin—-F 5'-CTGGAACGGTGAAGGTGACA-3'
B-actin—-R 5'-AAGGGACTTCCTGTAACAATGCA-3'

CTATAGG(T)I12VN]. 2 pL dNTP Mixture A %
Bufferfli7K, BLa20 uL#& &, 42 °C 1 h, 99 C 5
min, 4 “C 5 min; (3)RT-PCR PCRA%MImiR-122.
1.2.5 £ ¥PCR: f#HSYBR Premix Ex Tagit7
&, 5lPp R, I ABI 7500148, KA M
SDVEPCRI M AERF, Stagel: THAEE, 95 °C 30 s;
Stage 2: PCRJ% % (40 cycles): 95 °C 55,60 C 34s;
Stage 3: Dissociation stage: 95 ‘C 155,60 C 1 min,
95 °C 15 s. Jai#HATHHRE 1 HT.
1.2.6 Western blot: #4448 hJ5, WA, I
FIHRIPA BufferZ 4 fiu s U & A, % 50
SEHE(R-250)M0 € H FKE, BAE30 pg, HLIK,
ML, Wk R, — A4 CI R, BERE,
YU B (HRPHRIZ, 1 © 10000), ek, &, %
£ EIZ.

Bt 038 R AISPSS12.040 24 4 B i
PEBEATAS IS 53 M, & Ikl 25 2R Plmean £ SD
k. PAP<0.0S N ZE R A Gt e X

2 R

2.1 CRIPSRi 2 % ¥4 I 40 lemiR-122849 & ik
AWFLRHCRIPSRIJFEIH (K1), EIFIHdCas9
AR BIDN AR I B 77 1T J6 P9 VI & 14 (0 0
FF ¥ dCas9 5KRAB(Kruppel-associated box)¥%
SN S5 IR A, MR RImiR-122)5 3 T IX
fIsgRNATEERS, FAMHilmiR-122 /55 5%, %
OB T ICFTATAG(TATA box)FlE Sttt ih
{37 5 (transcription start site, TSS)FE#L AL
AR R E AR, BT % T
S TSSHITATA G HIsgRNA, 43 il fir 4 A TI1
FMT2(E). ARG R TR, sgTIMsgT2/FHI
CRISPRi¥JBEH% & 3 PEFERmiR- 122K A, 5
SR ZHAH B, sgT1/Isg T2/ S ICRISPRIZ
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FmiR-12217 1K KA1 S. 55 (P<0.01)F13.7
£5(P<0.01). WF5T 45 R E7R, CRISPRIA]A &kt
T miR-122 )R IE (K 1).

2.2 CRIPSRi#7#]/E F & sgRNAF| AR #1489
TE AT HIEE R HA b, 3 2PHRER T sgRNAF
FXTmiR- 12240 R R, ATk £ 74
HIRCR I B 2 HsgT1, 23 51% A 100 ng. 200
ngf1500 ngf) )i filentiGuide-Puro-sgT1. fff 7%
SERFW, FEEsgRNAMWKEE (4N, CRISPRI
X miR-122 (140 0 3 R pe . S iR
L, HlentiGuide-Puro-sgT1/5 ki 500 nghf,
AR miR-122 /R & 1 10.01%(P<0.01).
I, CRIPSRi# i 40 fimiR-122F A K T
sgRNARJFIE, sgRNAFEfkm, H1H] 25 5L
3 (E2).

2.3 CRIPSRi_LiAmiR-122#e45FHMOX1 4=
CyclinG1#9 &5 miR-122i#d FHHCVE
7> FHMOX1IHICyclinG 1\ Ik, 1 8] 4%
EHFHCVEHI'Y, IR ZE CRIPSRIfE I T
YHImiR-122 KL W [F I, B85 2 — 5 LX)
miR-122 T JHE 73 1 Rk ¥, A FifE 3k
HYdCas9-KRABHlentiGuide-Puro-sgT1/5,
K T Hep G2AH B UHM O X1 F1CyclinG1 )
mRNAMEHRIE, 45RE/R, £ YdCas9-
KRAB#HllentiGuide-Puro-sgT1/EHMOX1
mRNARNICCNG1 mRNAZK V5% T, 6
FTHMOX 1M CyclinG 125 /KB4 B & T .
(Al ik, CRIPSRIfE #1140 fmiR - 12258 3 117 [F]
i, FESEl B fmiR-122 R IF#E 7 FHMOX 1A
CyclinG1/#1 521k (E3).

318
AW E XA FHCRIP SR & T HF 40 e

3745

WA # A 5

A8 5F T 4 A% B AR
PANE S £ 95
A&, HB®
#) 4% %, CRISPR
F# (CRISPR
interference,
CRISPRi)# K £
A RAMES B
Ve, BEFR L.
KAFR B RF R
CRISPRi# R 5
7 HepG2 % i,
M miR-1224 %%
Jt b Ak A ),
EFHCVIHBHF
&AL A F
o R R AT
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A KRAB
dCas9

£)

sgRNA -
o3

N\

1 CRIPSRIE E H#HIAF
MIEmMIR-12289FKIX. A:
CRIPSRiflIfmiR —12274
JRHAE . dCas9U IR
DNAIRBIRE T ICN UG
PEAIRE S, HBFdCas9 S5KRAB
RIS IR A, 25

p
\

| miR—122F 50T X AUsgRNA
TEAERT, B miR — 12289
55 B S THIEAImiR —122

hsa-miR-122

| BT TATAERISE S

DNA targeting

TATAE SgT1

Repression
XmiR—122 F4)F X # 17
CRIPSRi, BEHHIHepG24H
ffImiR — 12209753k, dCasof{;

+1TSS

—

PAM

AAACCCTGGATCCWEGGAGAGGGGAGAGGCCTAAAGCCACAGAAGCTGTGGAAGGCG

TTTGGGACCTAGGGTATTTCCCTCTCCCCTCTCCGGATTTCGGTGTCTTCGACACCTTCCGC

FHIRHFE I dCas9—KRAB
FllentiGuide—Puro/iifi4H,
dCas9+T1 U HEdCas9—
KR ABAlentiGuide—Puro—
sgT1JFTRIZH, dCas9+T2f 4%

PAM SqT2 >
ZLdCas9—KR ABFlentiGuide—
(o 1.2 Puro—sgT2JihiZH. *P<0.01 vs
25, 5 1 HHEZH. CRIPSRi: CRISPR T
5,565
1.0 - = ;5 Cas: CRISPRAFFEEIA.
=
o £ 08 -
o
24
N g 06
i
x 2
E® F
% 0.4 b
< -
0.2 I I
0.0
dCas9 dCas9+T1 dCas9+T2

miR-122583%, F H 8 FIfmiR-122 L 7
TFHMOXI1HMICyclinG1 )3k, SHCRISPRiN. H
THHCVIHE IR f it 7 BBk HE. HCVH)
A TE R A N BRI . A LR RRE T
BRI B HOVIRFF SRR IR 2.~
WA, 0 2 R0 R B2 55 AR B 0 B R T 1R )
PR, SR HCVHT AT SR A3t v E
. JoplingZ ¥ IKIIESE, miR-122 5HCVIE
HIAH K, HmiR-1222 £ VER, HCVIRNA
HHIFEIKLI80%. 52 HmiRNATEH T4+
FImRNAR3'UTRT7 A A ) /&, miR-122
B 2ANGE AL A THCV RNA S'UTR, M
T2 3R 8 = A1 i FmiR-122 8175 £ 40
TR, 9 8 0 VE R H B, TimiR-12242
AL, XA miR-1228CRIT A
RUIF 98 0BT P B4 5. Lanford %! "R A
RNATHL(RNA interference, RNAi) P 5 EE, R
HmiR-1221%) Jg L% FZ (1ocked-nucleic acid,
LNA)miravirsen(SPC3469)i547 &K [ HLHCV
e PR AR E, 45 B RSPC3469 1] FF A

3746

HIHC VI RE, JF HoR IR EEm 24, 8 T
A FmiR-122¥5 97 A BUHF 2 1) 3], CRISPRAE
T R X 5 TR B R iR, 5
R T 2 R, BN A BR B 5K
J¢, CRISPR/Cas9 R4t L&) ¥2 I T4 5
I S BB R R i, L N /D
Bl KRURBED 2%, QiZM4CRISPR/Cas9
HUi& NCRISPRifA &, CRISPRiE IS THLDNA
(1) S S B0 2y T I R AL GilbertZE!™
W 4E B 7R, 78NN R il CRISPRI
A EE LR 2 IA 0 H1]5.0-15.01%, fEREREA
B51%50.01%. b4k, GilbertZ "L & HCRISPRI
B & By R R S HIE L, LA
KBRS ; T CRISPRifEH TDNAK
*F, CRISPRiv] M H T IEZw S RN A(noncoding
RNA, ncRNA). miRNA. #ZEWH R LF
H\ e SLIIRN A LS R A B TS S 7= 4.
RNAiE HAT 72 B T2 PR s il il o7
1 RNATFICRISPRITE V22 WF 72 A AN E 4D
FRITIE T 5 1%, SRTTTCRISPRITE EA 1 78 AN 3.
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1

Hm0.06%

=
o
T

(=]
o]
T

N
N
T

miR-122 level
(relative to 5s rRNA)
o
[e)}

b
b
0.2 + ﬁ b
0.0 ﬁ
dCas9 100ng 200 ng 500 ng
dCas9+T1

2 CRIPSRiH&IATAAAEmMIR-122 KR F sgRNABIF
2. dCas9: X HRZA#ELLICas9—KR ABFllentiGuide—Puro i k!
%H; dCas9+T1: yz:%d(:as‘)—KRABﬂ_llentiGuide—Puro—ng1 I5&
HIZH. sgT10 5124100, 20052500 ng, FLHFEGACas9—KR AB
TR 4250 ng. °P<0.01 vs XHEZH. CRIPSRi: CRISPR I
Cas: CRISPRAHFCHE[A.

MiravirsenfF N IFTHC Vg LA 259, i
AT R i R BR . 32 2 IR 2 ) B o 2 9
PE, B ST B R I PRIATT . HJ2, AEXET
BRI TR . 5 B R 1Ry
&, FIFHCRISPRiFI AR A H A &I ik
KA, GAE, Rk AR0F5UR FHCRISPRIFEAR
SEHL T Hep G240 M2 P miR-122 ()45 S 1 ik 0
il [FJES, CRIPSRiFHI 40 fmiR-122 K 5K
i TsgRNAIFIE, sgRNAF Sk, %
FBR T 25 Ak, CRISPRI AT A [A] i i) i A
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