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Application of CRISPR/Cas9 technology in hepatitis B virus infection
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[ Abstract]The clustered regularly interspaced short palindromic repeats( CRISPR )/CRISPR-associated (Cas) 9 system is an adaptive
immune system. The sgRNA guides the Cas9 protein to specifically cut target DNA sequence by recognizing the protospacer—adjacent
motif (PAM) sequence in target DNA. CRISPR/Cas9 offers several potential advantages,including the ease of customization,higher
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targeting efficiency and the ability to facilitate multiplex geno—
me editing. Due to these advantages,it has been used in gene
editing in several kinds of mammalian cells. In this review,we
discuss the mechanism of CRISPR/Cas9, application of CRISPR/
Cas9 in hepatitis B virus infection and relevant mechanism.
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Z B FF R 75 B (hepatitis B virus, HBV ) Bt B — 2Bk
EARAKTARE, £3RF 3.5 12~4 12 HBV B Hof
10% 718t HBV B4 (chronic HBV infection, CHB)(, £Fk
BAAR Y 78 TT A\FET HBV B FFARGRE, BRiFE
RIS TR T (BR) RS, B TURTEIAST
TR R L BRI R BOAT R, X R E N BA
HBV {697 BN BB BB B2 MY 4 N HBY 4 P& 25
R DNA (covalently closed circular DNA,cccDNA), HETH T
AT BIE BRIP40 B P HBV cceDNA, cceDNA B8R
HBV BRI

g bk, R R B ER HBY B 41T 88 45 B HBV
cccDNA , \TIIRA CHB, ©F 2 Mk R BTEE R —
B H R (zine finger nuclease , ZFN ) FI5% 558 15 2L AU A% B
FAR (transcription activator-like effector nuclease, TALEN) #% A
FARS IR AR R AL ) E HBY BRI A K8 E R E AT
A HBY R A, AT YRS HBY 2D B 50
£, X 2 MEREBTER AR RETEAWITERAR KT
F4RE Rtk DNA 456 2ARFr et DNA Y1EI i L1094,
ERX 2 R AR RIS A JEH B B, 3 IR AR Sty
WIEHE R,

2013 4, — RN BT BOR
interspaced short palindromic repeats/CRISPR -associated pro-
teins (CRISPR/Cas) 7 | £S5 BB 3T , CRISPR/Cas9 A
JEEERIET ZFN #1 TALEN, % F8E8:1d RNA 558 DNA 151,
515 Cas9 BRRRGL BT 1 XUaE DNA™, ELAT I 4 R 8 | glAs
B P RSN, P R GRS R L R, A LR
& CRISPR/Cas9 HAM: FFHE | XT HBV &I HIAE R Kl
YERIBLHIS

clustered regularly

1 CRISPR/Cas9 FiAREIE

CRISPR/Cas AR —FiE RIKBMRERSL, FET
KEFH L SHE P, P THRASNRIR (6P 5 (A Bk
W), FRE B SR P BT AR EE B e A “idiz” U
LR AR, CRISPR/Cas 43 3 T2 RIN A 30448y
CRISPR/Cas9 45 2 &I,

2007 4, Barrangou 50T YUESE 40 5 AT F ] CRISPR/Cas
R AR RICIZRIEFR AR, MTTHESECRISPR/
Cas & 24 T8 i) — Rl B DR AL, Z B PR A LR IR R B
CRISPR/Cas TE R W Tl R EE 22 h A TE R FHANE, Mtk
CRISPREHIH S S . HFI 2012 42 Emmanuelle Charpentier
il Jennifer A. Doudna HLEHZE & Bl—Fp LLE 8T 5L A9 CRISPR/
Cas RGP BIPLH , BIAS SCAT A48 89 CRISPR/Cas9 R 450,
CRISPR/Cas9 B AREEBIEA 1 T A,

CRISPR/Cas9 #H il ] B , 61 4E Cas9 WX PREE 415 [7] &
RNA (guide RNA,gRNA) ) CRISPR RNA (crRNA) ¥ 51 L) &

B Hh orRNA 4324 578 37 B JC 1Y trans—encoded small RNA
(tracrRNA)™, &1~ crRNA #4S 20bp gRNA F51, 7] 55
DNA I EAMRFIH TS Cas9 M EREE ST DNA $E1T3)
B9 Cas9 B—NMRKGFREVEER,ZE#H DNA
TR FME— L BLREES Y, Cas9 FFITE gRNA 55 F & FRNA-
DNA H#MHEBIXTEE DNA #4752 S YIE, Cas9 EER 2 M
FREEE M, RIS RN RuvC BEEHIB B FE A 3
B HNH £ M43, 43 B8 DNA Mwi4keE 9, HA HNH
B A TIHE sgRNA B H ) — &5 DNA £, RuvC %5
R SV EIRE DNA 53 4h—2545042, X4 T DNA
4% Bk (0 (double—strand DNA break,DSB), 7E DNA B E it
R, 3 o 3R R K o i Be R H BB E %) DSB
HITBRE N5 AR EIBASRA, 3 BBERERER
F= ’_:EQ;&JJ:?‘ TESERR A, G1KF crRNA-tracrRNA EEH—
MEAER, XFEHTEE Cas9 EHA 1 518 RNA BLEEHAT
FH R,

JEok , BT BRI ARSI P4t Cas9 BHFRHITIAL,
fif Cas9 BB LIFEIHPLsh i ia e ik, 7E Cas9 2B C %
Bl & RO P, i Cas9 75 I AEE A 40 ML N 04T
%122 F F Double-nicking 77 ¥ —#38#5 CRISPR/Cas9
YIEFE S . 2875 Cas9 AR | MEBEEEG 1, (EHBUA Y
CIEE, i 1 % sgRNA ¥ Cas9 VI 1 EES| T E 457 DNA fif
SURATEIE AR AR BRI A S

ZEAT T 1 AR TE s w% , AT
B 1 BN FR S AR R B AR BOR A
TIPSR G T B B R™, ] H FHigy s S I e AR S
PREE ) (R F RN R K ) R EEE R & EY
FE % HAl CRISPR/Cas9 RAEZ s LM
AT ANEAH /NS KRS B AP SRR BER)
THE 2R ST R fp g rads . AR SCFEAF R CRISPR/
Cas9 FARTEBAWT HBV &% A 8IS A

2 CRISPR/Cas9 $i R¥E$#1 HBV I

REBFT 2R ME B RN HBV A #7354, LA
#% CRISPR/Cas9 B RE H S HBV E HHAR cccDNA,
VAR S SIRIT 5 RS A I RIVERA,
2.1 CRISPR/Cas9 # R £ 4. HBV %57 785 £

HBV LB VAIT R F EQFE TR BB HRAELY 2
K&, FRE FERE IR G T, T RASUY £ E 4t
SRR R, 3X 2 Y AR RRE R R 4
SEAFAEI HBV E AR ——cccDNA, CRISPR/Cas9 373
FEIRE A e LR B2 2 X AR X HBYV B H
HPEFTHTEE , BT, O SCEKHRIE CRISPR/Cas9 A §5%E HBV
DNA H## HBV DNA E il cccDNA B A OEAME
HEASEEMHEAS BT,
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TR RER , B R /DASHIEFE HepG2o71,
HepaRG ¥ HepG2.2.155%4-42 HepAD38F"4:41 f HuH7M4 4%
AR XA BB AE R L MIGITE, ZFEREA
BFR 45 A, 487 CRISPR/Cas9 Xt HBV ZE A B4 R A
R R, CRISPR/Casd EZF A A F EA R EHE
HBV 8577, L CRISPR/Cas9 X364 7575 236 F 4 [ FHBY
KAHNEE HBV BRI A BE/E A,

5 HBV EFEH 7527 74 HBV 434 A-J#5ut 10
SRS, I FREE B on A 5 H AUSHE GGy 20 Y Uk
KRR, CRISPR/Cas9 Xt HBV [ 41 13748 £ HIE1E A
FHEF R S F | CRISPR/Cas9 H#E/EM F HBV 2 H
2, 2T RNA 5 DNA HAMICXT R #EATIRA], M EAFAE
FEEREERM 45X —RIRE, BB E % HBV £Fh3t
H RSP JF P B sgRNA-2.4 1) 4 52 CRISPR/Cas9 Xf
HBV R A EBWREM IS 75yH , SISl
et SR ST X 45 sgRNA [ FF CRISPR/Cas9 R 4AT, AT 51
AFZEFRE HBV ¥R ARFRDE HAFZER HBV &l
K4 BT T B&, Western blot 25 41 fli ) HBsAg ZiAET
% 209%~95%, CRISPR/Cas9 F 4 [E— sgRNA X FAREE
X # HBV ¥4 548/ F H./F & B 2581, ¥ B3 CRISPR/
Cas97EXT HBV K 20 117 B 48 6 A0 258 5 B A M Bt JB Y
HATRBIR , BARBIRE N DA T IR R 3 B R
FFE R HBV s KB H B, A4 R RIZF B HBV (75T
B sgRNA, ATNHER A RN ] HBV I KB & 18
HIRITYERT, 24 CRISPR/Cas9 TENMG R 2 0 FHFT T RiFHAk,

LR IR S IRAMEIGEE RARML, Lin 44948 HBV &
7K CRISPR/Cas9 RGUH it B &R ks B kB E /D
Bukm , /NE ¥ o HBsAg KT B 209%~30% , - 40 B 14
HBV ik TR 60%-~80%, Zhen L5 SuBEe ALKl
%31 CRISPR/Cas9 Tl .38/ HBV %3 /N GUITAE HBsAg
FEHEZER | Liu %5858 qPCR & ELISA #:ll%] CRISPR/Cas9%t
&3 HBV /MNBUIML IS & HBV DNA HBsAg #1 HBeAg 3 %
¥IHIK 909%™, Dong L A BAEMIGTRM,

.22 ,CRISPR/Cas9 FI¥J &) HBV [N 4 3 K & H: 58
5, M HBV BRI REARE,

2.2 CRISPR/Cas9 #. HBV 4 Al #L#1

CRISPR/Cas9 ViR B AL T RERIE U TR, 6
— ,HBV Rk Jfkid HBV B HRALTE, HIML1 8T
T7E1 #&30 %& 3L CRISPR/Cas9 H] {iff HBV ik FUki HBV &
H ARG, FAE DNEARNER T7EL &0 & & 3
CRISPR/Cas9 A HBV FKiAFUR A HBV B[ kA ZRAzee s
7% CRISPR/Cas9 AT A HBV Rk Bk -F HBV KN
#AR3F 3 HBV ERE AT MR IR HBV & HIEARE
Bo 55, cceDNA RAERARE , FREEAEEN cccDNA 2
KA HBV 1B MR ) S H R, 21877 P LSRR
FRENFEEE, CRISPR/Cas9 A H1E]H & ALH cccDNA, ¥

FJ5 11 cccDNA LAFE RIS SRS HAL R H T B RS ARBA
BB RAE, S cocDNA B BUKET M, dERIER Shi
HIZE R R ZH cccDNA RAE BB BRIB AR RE  BKE
2.3kb HFE R B R RE R 30%~50% , AT HBV
B SRBURTE ] HBYV Z el 8= {2 cccDNA &
%, ETV BT HBV %% 5t d #2 AT &% HBV DNA & ik
- fHST cccDNA BAE TR 76 CRISPR/Cas9 R T
SNEE ARG ETV, B HBV DNA /K% F BERRERE , &
ETVJE HBV DNA JLF-52 430 il ( k375 H 30 & ik 96%, 4l
ML P 55 3% 80% )™, ETV Xt cccDNA TR0 | $RR 5
ETV f& HBV DNA JLF- 52 230 %I 7 fE & 25 CRISPR/Cas9
HBHIEERAT cccDNA, {3 cccDNA [&4E
2.3 #% CRISPR/Cas9 %um 2 B Kok

$2 % CRISPR/Cas9 #i HBV X5 S W €145 L F LA H
H, .
B 55, £ sgRNA £ [f]— CRISPR/Cas9 & % BE A5
i, A4 % CRISPR/Cas9 X HBV YI#I3k& . #£ HuH7 4+
i 5 B g BB A 365 e 231 B )7 5 sgRNA P1.sgRNA

XCp(sgRNA P1 5 sgRNA XCp 44t %t HBV ZEE AR

LA RF3) 5 HBY ik bL, XA HE w5 | 575
FT4HMI HBsAg Bt HBeAg $lIi Z68H 5130 T B R e — R3]
[R5, #—BE R/ TIEL BXT CRISPR/Cas9 R ZRM;ATHE
W, 52 BB S YL FhE | S5 H HBV 2878 R B 3 5 T8
FR—M5| 275, Ho, BmF sgRNA P1 &F HBY EH
I ZEAR RN 13.6% , AN EEY: sgRNA XCp I HBV H[HH %
AHN 9.3% , BB LYW F S | 75| it HBV R4 RAER
K 25.6%H 5% F BE AR LB & FH £ 8 sgRNA AT
$275 CRISPR/Cas9 Xf HBV H:H 41 874K,

FHuk B sgRNA JMABRE Cas9 JH & ,Dong %ﬁfﬂngNA
R AHDL Cas9 #9855 HHUR BB 2 A RMBERW, K
sgRNA 5 Cas9 7& HuH7 4Rk IR\ b R & 4
1% , M HBsAg T % 309%~50%12 38R 38710 sgRNA K AL
Cas9 FIR ] LAET CRISPR/Cas9 $1T HBV R ,

FIR, FimE 25t CRISPR/Cas9 Hisk 2 VE A Bt

- B, JGitE HepG2.2.15 ¥ /& HepAD38 BHELIUME LAY,

IR E IR HAP12 K3F: REFMH 7 TDF.ETV,
3TC 4% CRISPR/Cas9 PURBETE LA B &SRR,
5 ,IFN-a %} CRISPR/Cas9 55 51 F ok L BA 8 B
SN, TCIEFE HBcAg & cecDNA &L R RAF 1 , %k
B, IFN-a X} CRISPR/Cas9 I H/E FA H B 15985,
24 CRISPR/Cas9 7477 HBV &% o 45 5 A
Ramanan S5 F M E SCRFHBVE Hl 408 & HepG2.2.15
Wt & B HBV 96 3 W B SCFF HBY R 3 L 40 L R
HepG2/NTCP, [A] Bt , 33835 Cas9 F FH & HBV sgRNA, % Bl
HBsAg,HBV DNA 3.5kb RNA cccDNA KP3Y BETRE, i
—3EFM CHB B4 &P IREN HBV R ER bakse®l, -
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WA LGSR, R CRISPR/Cas9 T X B #1175 HHBV 553
FRFFTHRIE , MBI E H, b CRISPR/Cas9 7E M6 FR 3
HERE HiEE, ‘

3 BITRE

CRISPR/Cas9 B AR B IEBRRFEEFF7E HBV ZEE 4 iy —Fp
TETER S, O SR FE AR R A Z 8T, R LA R R 2
BB, — RS cccDNA BIERAL sgRNA , /R
T BE4 b ! Cas9 7E cccDNA RIEBHRAL B ik 11 sgRNA, 3
Y% sgRNA X cccDNA B FERIE R A MBI BB
sgRNA, 852 R\ FARCE , (8 PG R o B BB R
B AR S CRISPR/Cas9 B ZEUE ALIR, Ho i s
BRI ORBRE, R RIER A RE 1 014/
mL R EE RO, %ot AT U A 5 B e M, RS A R R
BLSARCERE, %=, %A% T 5 E YA T /8 H B
FEHUN , Cas9 HPRBER T AKSE PAM 5° %% 7 MMERCRIEL",
B, B gRNA B LR AT B e A S M A R R R
BN BRI X R AT RE S R A R E M CHB B
AR S| HBV 858 B EEFY b, T CRISPR/Cas9%f
BAH HBV W AT HGIIE, RBERTAME EREH
e tEr=Am, BRTHRER,

EREGER T PRt Y X8R H S A CRISPR/Cas9 R4
J& , I S Y EME e s R B A W AR & HBY R4
DNA, T35 HBV 5 81, EAm %I 140 el 88523858 CRISPR/
Cas9 %} HBV ZFH K& HBV HFI#EAR cccDNA F#H1THR
PR R RTE R R EREEIRRE, #/RCRISPR/
Cas9 F27AJT HBV /RY:, 5= DNA IREBWEEA ST T,
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