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The CRISPR/Cas9 System Facilitates Clearance of the
Intrahepatic HBV Templates /n Vivo

Su-Ru Lin', Hung-Chih Yang'23, Yi-Ting Kuo', Chun-Jen Liu?%4, Ta-Yu Yang', Ku-Chun Sung', You-Yu Lin2%, Hurng-Yi Wang?,
Chih-Chiang Wang?, Yueh-Chi Shen', Fang-Yi Wu', Jia-Horng Kao?345, Ding-Shinn Chen?34% and Pei-Jer Chen2345

Persistence of hepatitis B virus (HBV) covalently closed circular DNA (cccDNA) under current antiviral therapy is a major barrier
to eradication of chronic hepatitis B (CHB). Curing CHB will require novel strategies for specific disruption of cccDNA. The
clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 system is a newly developed tool for site-specific
cleavage of DNA targets directed by a synthetic guide RNA (JRNA) base-paired to the target DNA sequence. To examine whether
this system can cleave HBV genomes, we designed eight gRNAs against HBV of genotype A. With the HBV-specific gRNAs, the
CRISPR/Cas9 system significantly reduced the production of HBV core and surface proteins in Huh-7 cells transfected with an
HBV-expression vector. Among eight screened gRNAs, two effective ones were identified. Interestingly, one gRNA targeting the
conserved HBV sequence acted against different genotypes. Using a hydrodynamics-HBV persistence mouse model, we further
demonstrated that this system could cleave the intrahepatic HBV genome-containing plasmid and facilitate its clearance in vivo,
resulting in reduction of serum surface antigen levels. These data suggest that the CRISPR/Cas9 system could disrupt the HBV-

expressing templates both in vitro and in vivo, indicating its potential in eradicating persistent HBV infection.
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Introduction

Current antiviral treatment with nucleos(t)ide analogues
(NAs) or interferon fails to cure chronic hepatitis B (CHB).
Rebound viremia often occurs after the cessation of antiviral
treatment. It is clear now that NA alone has little or no effect
on the elimination of replicative templates of hepatitis B virus
(HBV), the covalently closed circular DNA (cccDNA), despite
its effective suppression of HBV replication by inhibiting viral
reverse transcriptase."? Moreover, HBV cccDNA exhibits
staggering stability and declines slowly under antiviral ther-
apy, thus representing a major barrier to viral eradication.®*

Curing CHB requires elimination of persistent HBV
cccDNA or infected hepatocytes, which is so far still an unat-
tainable goal. Theoretically, combined with effective suppres-
sion of HBV replication by NAs, specific disruption of the HBV
genome may result in eradication of HBV cccDNA, hence cur-
ing chronic HBV infection.” Two genome editing technologies,
zinc finger nucleases (ZFNs) and transcription activator-like
effector nucleases (TALENSs), can cleave the host genomes
in a site-specific fashion and have been under investigation
for specific degradation of the HBV genomes in vitro and
in vivo.®#'° Both of them are composed of protein-based pro-
grammable, sequence-specific DNA-binding modules linked
to a nonspecific DNA cleavage domain.'-'3

The clustered regularly interspaced short palindromic
repeats (CRISPR)/CRISPR-associated (Cas) system is a
novel genome editing tool derived from the adaptive immune
system of bacteria and archaea in which it provides the host
with resistance to invading foreign viruses or plasmids.''"

The type Il CRISPR/Cas system consists of two short RNAs,
CRISPR RNAs (crRNAs) and trans-activating crRNAs
(tracrBNAs), and the DNA endonuclease Cas9. The mature
crRNA::tracrRNA complex directs Cas9 DNA endonuclease
to the target DNA sequence called the protospacer on the
target DNA next to the protospacer adjacent motif (PAM)
for site-specific cleavage.’® This system is further simpli-
fied by fusing the crBRNA and tracrRNA into a single chime-
ric guide RNA (gRNA). Compared with ZFNs and TALENSs,
the CRISPR/Cas system can be easily reprogrammed to
cleave virtually any DNA sequence by simply redesigning the
crBRNAs or gRNAs. Recently, the CRISPR/Cas system has
been successfully applied to human cells'®2? and several
model organisms for genome editing.2*2¢ Here, we evaluated
the potential of using the CRISPR/Cas9 system to disrupt the
HBV genome in vitro and in vivo.

Results

Coexpression of HBV-specific gRNAs and Cas9
suppressed the production of HBV proteins in vitro

To construct HBV-specific gRNAs, we searched for a poten-
tial 20-base target sequence on the genome of the genotype
A HBV-expression vector pAAV/HBV1.2 with the initiating 5'G
and the 3’-downstream PAM (GN,,-NGG). A 5'G is required
for transcription from the U6 promoter in the gRNA-expression
cassette. We designed a panel of eight HBV-specific gRNAs
targeting different regions of the HBV genome (Figure 1a).
The sequences and locations of these HBV-specific gRNAs
are detailed in Table 1. To examine the efficiency of each
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individual gRNA in suppressing HBV protein expression, we
cotransfected the HBV-, individual gRNA-, and Cas9-expres-
sion vectors to Huh7 cells. By measuring the intracellular core
(HBcAg) and surface antigen (HBsAg) expression levels, we
found that the gRNAs P1, S1, PS2, and PS3 exhibited higher
efficacy in suppressing the expression of HBV proteins by
70, 40, 30, and 20%, respectively (Figure 2a). To improve
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Figure 1 Designs of gRNAs targeting (hepatitis B virus)
HBV-specific sequences. (a) lllustration of the gRNA-targeted
sequences located in the HBV genome. (b) Designs of the chimeric
HBV-specific gRNAs.

Table 1 Sequences of the protospacer and PAM targeted by HBV-specific
gRNAs in the HBV genome of the pAAV/HBV1.2 vector

Name Nucleotide position? Sequence (GN,,NGG")

PS1 261-283 GGACTTCTCTCAATTTTCTAGGG
PS2 621-643 GGGCTTTCGCAAAATACCTATGG
PS3 648-670 GGGCCTCAGTCCGTTTCTCTTGG
P1 1,292-1,314 GTTTTGCTCGCAGCCGGTCTGGG
XCp 1,742-1,764 GGGGGAGGAGATTAGGTTAAAGG
eE 1,876-1,898 GCTGTGCCTTGGGTGGCTTTGGG
PCE 2,421-2,443 GTCGCAGAAGATCTCAATCTCGG
S1 3,028-3,050 GGAGTGGGAGCATTCGGGCCAGG

a Nucleotide position was determined as previously described.*’ ® Italicized
nucleotides indicate PAM for recognition by Cas9 and are excluded in the
HBV-specific gRNA sequence.
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the efficiency of the CRISPR/Cas9 system, we further con-
structed a dual expression vector containing both the gRNA-
and Cas9-expression cassettes. We chose the gRNAs P1,
S1, and PS2 because of their higher suppressive ability. The
gRNA XCp was also chosen because its target sequence
is highly conserved in the HBV genomes of genotypes A,
B, and C. Interestingly, all four dual expression vectors with
the gRNAs P1, S1, XCp, and PS2 significantly suppressed
the intracellular expression of surface proteins by 96, 90,
82, and 77%, respectively (Figure 2b). We also measured
the HBsAg levels in the culture supernatant. The gRNAs P1,
XCp, and PS2 suppressed the HBsAg levels by 64, 36, and
16%, respectively (Figure 2c). Surprisingly, although the
gRNA S1 significantly suppressed the expression of intracel-
lular HBsAg and HBcAg, it failed to reduce the extracellular
HBsAg levels.

We further examined the effects of the CRISPR/Cas9
system on the HBV replicative templates, including relaxed
circular-DNA (rc-DNA) and cccDNA. In the cell-line culture
system, the HBV-expressing plasmid only generates very
few cccDNA, if not none, although it can produce progeny
virions efficiently. In contrast, the duck hepatitis B virus
(DHBV)-expressing plasmid efficiently produces its cccDNA,
particularly in a mutant lacking the surface antigen.?” There-
fore, we utilized the DHBV system and designed three
DHBV-specific gRNAs T1, T7, and Tr6. 293T cells were
cotransfected with the surface-deficient DHBV-expressing
plasmid and individual gRNA/Cas9 dual expression vec-
tors. Compared with the mock gRNA-transfection control, the
DHBV-specific gRNAs slightly reduced the levels of DHBV-
expressing plasmid, as demonstrated by Southern blot, but
efficiently suppressed the levels of the rc-DNA and cccDNA
(Supplementary Figure S1).

Multiplex gRNAs exhibited stronger effects on
suppressing the expression of HBV proteins

The CRISPR/Cas9 system has been used for multiplex
genome cleavage.?®° To examine the efficiency of multiplex
genome cleavage in our experimental system, Huh7 cells
were cotransfected with HBV-expression vector and the
two most effective dual expression vectors, gRNAs P1 and
XCp, alone or in combination. The results demonstrated that
the combinatorial gRNAs P1 and XCp were more effective
in suppressing intracellular HBsAg production than either
gRNA alone, although the effect is only marginally signifi-
cant (P = 0.078 for combination versus P1 and P = 0.085
for combination versus XCp) (Figure 3). It is likely because
gRNA P1 or XCp alone was able to mediate efficient genome
cleavage, thus limiting additional gain in genome cleavage
from the addition of a second gRNA. We also conducted
a T7 endonuclease 1 (T7E1) assay to determine the per-
centage of insertion/deletion (Indel) resulting from repaired
double-strand breaks introduced by the CRISPR/Cas9 sys-
tem. The results indicated that the occurrence of mutated
HBV expression templates edited by gRNAs P1 and XCp
alone was 13.6 and 9.3%, respectively. Besides, the per-
centage of Indel mediated by combinatorial gRNAs P1 and
XCp was 25.6%, which was higher than that mediated by
P1 or XCp alone. Interestingly, we also observed a shorter
band (~580bp) in the PCR product directly amplified from
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Figure 2 Examination of the efficacy of individual (hepatitis B virus) HBV-specific gRNAs in inhibition of HBV protein expression.
The HBV-expression vector was cotransfected to Huh7 cells with (a) each individual gRNA-expression vector and the hCas9 vector or (b)
each individual gRNA/Cas9 dual expression vector. The lysate was collected after 48 hours and the levels of intracellular HBcAg and HBsAg
were analyzed by using Western blot analysis and quantification of the band intensity. (c) Levels of HBsAg in culture supernatant. The gRNA
targeting GFP (GFP-T1), backbone plasmid for the construction of gRNA-expression cassette (blunt), and plasmid containing the U6 promoter/
gRNA scaffold (vector) served as negative controls. The bands of *HBs and HBs represent glycosylated and nonglycosylated small surface
antigens of HBV, respectively. The relative intensity of HBsAg was shown by quantification of both bands of *“HBs and HBs normalized to that
of Vector in the bottom panel. R, relative intensity. The Rl and percentages of HBsAg expression were calculated from the results of three
independent experiments and presented as mean + SEM. Statistical significance was computed by Student’s t-test and indicated as asterisks

(*P<0.05,**P<0.01).

cells treated with combinatorial gRNAs P1 and XCp (Sup-
plementary Figure S2). By sequencing, the band proved to
be the cleaved DNA segment mediated by gRNAs P1 and
XCp (data not shown). This indicates that this combination
could result in an efficient dual cleavage and removal of a
larger DNA fragment.

gRNA XCp targeting the conserved HBV sequence was
effective for HBV genomes of different genotypes

We also examined the effects of the conserved gRNA XCp
on the HBV genomes of genotypes B and C. Our data dem-
onstrated that gRNA-XCp/Cas9 was equally effective in sup-
pressing the viral protein expression of all three genotypes of
HBV. In contrast, the most effective gRNA P1 against geno-
type A of HBV did not significantly suppress the viral protein
expression of genotype B, although it significantly sup-
pressed that of genotype C (Figure 4a). Nevertheless, the
suppressive effect of gRNA P1 on viral protein expression of
genotype C is much less than that of gRNA XCp (P < 0.05),
whereas both gRNAs exhibited a similar inhibitory effect on
genotype A. Analysis of the target sequences of gRNA P1 in
the HBV genomes of these three genotypes revealed that the
HBV genomes of genotypes B and C had a single-nucleotide
polymorphism in the PAM, although they had the perfectly
matched 20-bp target sequence (Figure 4b). In contrast, the
target sequence and PAM of gRNA XCp are exactly the same
in all three genotypes (Figure 4c). This result indicates the
importance of PAM for genome cleavage by the CRISPR/
Cas9 system, and also provides further evidence that the
effects of gRNAs P1 and XCp are mediated by the CRISPR/
Cas9 system.

The HBV-specific CRISPR/Cas9 system facilitated the
clearance of intrahepatic HBV templates in vivo

The HBV hydrodynamics-mouse model is a well-established
model of HBV persistence.?®2° Therefore, we further exam-
ined the efficacy of the CRISPR/Cas9 system in the cleav-
age of HBV genome-containing plasmids in vivo by using this
model. The HBV-expression vector and the CRISPR/Cas9
dual expression vectors were coinjected into the tail veins
of C57BL/6 mice by hydrodynamics. We found that serum
HBsAg levels were significantly lower in mice receiving HBV-
specific gRNAs P1 and XCp on day 2 postinjection (Figure
5a). On day 6, serum HBsAg levels were significantly reduced
only in gRNA-P1-treated mice (Figure 5a). In addition, using
Southern blot analysis, we found that the levels of intrahe-
patic HBV-expressing vectors, an indicator for persistent HBV
genomes, were significantly reduced in those mice receiv-
ing HBV-specific gRNAs P1 and XCp (Figure 5b). To confirm
that this CRISPR/Cas9 system specifically cleaves the target
sequences, we performed the T7E1 assay, which showed
target-specific mutagenesis in mice receiving the gRNA-P1
or -XCp/Cas9 dual expression vector, but not in control mice
(Figure 5c¢). According to the T7E1 assay, the targeted dis-
ruption occurred in 5 and 4% of intrahepatic HBV genomes in
mice receiving gRNAs P1 and XCp, respectively. This result
is in contrast to the efficient reduction in the levels of intrahe-
patic HBV-expressing vectors on Southern blot analysis. We
further carried out the clonal sequencing of intrahepatic HBV
DNA extracted from mice receiving gRNA P1 to demonstrate
the disruption of the HBV genome by the CRISPR/Cas9
system. We analyzed 18 clones in total. Five clones (27.8%)
with Indel were noted, suggesting that nonhomologous end
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Figure 3 Suppression of the (hepatitis B virus) HBV protein
expression via the multiplex HBV-specific gRNA. The HBV-
expression vector was cotransfected to Huh7 cells with the gRNA/
Cas9 dual expression vectors. The lysate was collected after 48
hours and the levels of intracellular HBsAg were analyzed using
Western blotting as shown by this representative figure. The band
intensities were quantified by software ImagedJ. The relative HBsAg
intensity (HBs R.l.) in the bar graph of the bottom panel was the
results of four independent experiments and presented as mean +
SEM. (b) The DNA extracted from the transfected Huh7 cells in panel
(a) was analyzed by T7E1 assay for determining the percentage of
Indel as shown in the bottom.

joining (NHEJ) repair has occurred at the cleaved target
sequence of gRNA P1 (Supplementary Figure S3). Taken
together, our results indicated that the CRISPR/Cas9 system
cleaved the HBV genome-expressing template and facilitated
its clearance.

Discussion

The targeted genome editing tools have the potential for
elimination of persistent HBV genomes.®'° Both ZFNs and
TALENs utilize protein-based programmable, sequence-
specific DNA-binding modules, whose construction is usually
time-consuming and labor-intensive. In contrast, the CRISPR/
Cas9 system only requires one to design the 20-base
sequence-matching gRNAs. Previous studies reported that
HBV-specific TALENs have a mutagenesis rate ranging
between 30 and 70%.%'° Our study demonstrated that the
CRISPR/Cas9 system was as effective as TALENs in medi-
ating gene disruption in vitro, although its mutagenesis rate
is lower (~5% by T7E1 and ~27% by clonal sequencing) in
vivo. Additionally, simultaneous cleavage of multiple sites can
be achieved by using multiplex gRNAs that could increase
the efficiency for disrupting HBV genomes and reduce the
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Figure 4 Effects of the gRNAs P1 and XCp on different
genotypes of (hepatitis B virus) HBV. (a) HBV-expression vector
was cotransfected to Huh7 cells with either the gRNA-P1/Cas9 or
gRNA-XCp/Cas9 dual expression vector alone or in combination.
The lysate was collected 48 hours post-transfection. The levels of
intracellular HBsAg were determined by Western blot analysis. The
band intensity was measured by software ImagedJ and normalized
to the intensity of the mock vector (Vector) for each HBV genotype.
The HBs R.I. was calculated from the results of three independent
experiments and presented as mean + SEM. Statistical significance
was calculated by the Student’s t-test and indicated by asterisks (*P
<0.05, **P < 0.01). N.S. means no statistical significance. Sequence
alignment of gRNAs P1 (b) and XCp (c) in HBV genotypes A, B,
and C. The underlined nucleotides indicated the PAM motif for the
recognition of Cas9.

emergence of viral mutations escaping from cleavage. As
demonstrated here, the use of combinatorial gRNAs P1 and
XCp exhibited slightly higher efficiency in reducing the HBV
protein production than use of either individual gRNA alone
and generated a larger fragment of cleaved DNA, exempli-
fying the advantage of utilizing multiplex gRNAs. Using the
HBV hydrodynamics-mouse model, we showed that the dual
gRNA/Cas9 expression vector could significantly reduce the
serum levels of HBsAg in vivo. Finally, we demonstrated by
Southern blot analysis that the HBV-specific gRNAs/Cas9
reduced the intrahepatic HBV templates.

Although the CRISPR/Cas9 system is a promising
strategy to eradicate the persistent HBV genome, there
are several remaining issues that need to be addressed
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Figure 5 In vivo destruction of intrahepatic (hepatitis B virus) HBV genomes by the HBV-specific CRISPR/Cas9 system. Sera from
mice receiving pAAV/HBV 1.2 together with the gRNA/Cas9 dull expression plasmid, vector (n = 4), gRNA P1 (n=4), or gRNA XCp (n=4),
were collected after hydrodynamic injection. (a) Levels of HBsAg in sera were measured at days 2 and 7 posthydrodynamic injection as shown
in the upper and bottom panel, respectively. The results were presented as individual samples with mean + SEM. Statistical significance was
calculated by the Student’s t-test and indicated by asterisks (*P < 0.05, **P < 0.01). (b) Analysis of intrahepatic HBV DNA by Southern blotting.
0.1ng of pAAV/HBV 1.2 plasmid was loaded as a positive control. Two samples from each group were analyzed in this experiment. The band
intensity was determined by software Imaged. The numbers in the bottom indicate the relative intensities of the HBV expression plasmids in
each sample. (c) Results of T7E1 assay. The percentage of mismatched sequences from two of the gRNA-P1- or gRNA-XCp-treated mice
(Indel %) was determined by T7E1 assay. The numbers in the bottom indicate the percentage of Indel.

for further application. First, the efficiency of this system
can be improved. In our hydrodynamics system, serum
HBsAg was reduced, but still persisted following CRISPR/
Cas9 treatment. Theoretically, any residual HBV genome
can potentially lead to rebound viremia and repopulation
of HBV in the liver after cessation of the antiviral therapy.
To overcome this obstacle, an efficient delivery system
with a high vector to target cell ratio, such as adenoviral or
adeno-associated viral vectors, would be required to carry
the CRISPR/Cas9 system.” When used in combination
with the antiviral therapy for effective suppression of viral
replication, repeated treatment with the CRISPR/Cas9 sys-
tem may eventually lead to eradication of persistent HBV
genomes. Another concern for the CRISPR/Cas system is
its off-target effect. A previous study showed that a 13-bp
“seed” region located at the 3’-end of the protospacer
sequence is critical for its site-specific cleavage, indicat-
ing that Cas9 can tolerate up to seven mismatches at the
5’-end of the 20-base protospacer sequence.'® Although no
apparent toxicity was observed in our in vitro and in vivo
experiments, the off-target effects of our gRNAs cannot
be excluded. Several groups have characterized the off-
target effects of the CRISPR/Cas9 system.3°3®" Therefore,
designing an efficient gRNA requires selection of specific
target sequences with low off-target activity.?® Alterna-
tively, this issue may be solved by using a Cas9 nickase,
which cleaves only complementary strands, combined with
paired gRNAs targeting different strands of the DNA dou-
ble helix to generate targeted DNA double-stranded breaks
with high specificity.3%%2% |t remains to be seen whether

the Cas9 nickase with paired gRNAs is able to eliminate
intrahepatic cccDNA efficiently. Another concern is the
integrated HBV genomes, which are commonly detected
in CHB patients, and can also be targeted by the CRISPR/
Cas9 system. Whether the cleavage of integrated HBV
genomes can affect the stability of host genomes should
be carefully evaluated.

One limitation of this study is the use of the HBV hydro-
dynamics-mouse model, which is not a model of HBV infec-
tion and no cccDNA is detectable. In CHB patients, up to
50 copies of cccDNA exist in each infected hepatocyte,
and some of them are epigenetically modified.®* It remains
unclear whether episomal cccDNA can be disrupted with
high efficiency by the CRISPR/Cas9 system. Interestingly,
a very recent study reported that the CRSIPR/Cas9 system
could cleave the large-genome DNA viruses, adenovirus
and herpes simplex virus, with high efficiency.®® Besides, the
CRISPR/Cas9 system was also utilized to disrupt the latent
integrated HIV provirus.® These suggested that this system
effectively works on both the integrated and extrachromo-
somal viral DNA genomes. Nevertheless, animal models that
harbor the bona fide cccDNAs, including the human—mouse
hepatocyte chimeric model or the natural woodchuck hepati-
tis virus (WHV)-infected woodchuck model, are still required
for further validation of our results.

In conclusion, as a proof of concept, we have shown the
utility of the CRISPR/Cas9 system in disrupting intrahe-
patic HBV templates without apparent toxicity. Combined
with effective NAs in suppression of HBV replication, the
robust and easy-to-design CRISPR/Cas9 system may
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exhibit the potential for eradication of persistent HBVY DNA
in CHB patients, raising the hope for curing chronic HBV
infection.

Materials and methods

Plasmids. The human codon-optimized Cas9 (hCas9)
expression vector, GFP-T1 gRNA, and gRNA cloning vec-
tors were obtained from Addgene (Cambridge, MA) plasmid
41815, 41819, and 41824, respectively.’® The HBV-expres-
sion vector pAAV/HBV1.2 (genotype A) has been described
previously.?® The full genomes of HBV genotypes B and C
obtained from CHB patients were also constructed as pre-
viously described.?® Plasmids were prepared by using the
Geneaid plasmid purification kit (Taoyuan, Taiwan) or the
Qiagen endofree plasmid kit (Hilden, Germany).

Design and cloning of HBV-specific gRNA. The candidate
20-base protospacer sequence was derived from the HBV
genome sequence of pAAV/HBV1.2 (genotype A), containing
the initiating 5’'G and the downstream 3’PAM with GG dinu-
cleotide (GN,,-NGG). A total of eight gRNAs were designed
based on this criterion (Table 1). The 5’ 20-base nucleotides
were cloned to the gRNA vector using the Gibson assem-
bly kit (New England BioLabs, Ipswich, MA) by following the
manufacturer’s protocol to construct HBV-specific gRNA-
expression vectors. The fragment containing the U6 promoter
and HBV-specific gRNA was PCR amplified from the individ-
ual gRNA-expression vector and was subsequently inserted
into the hCas9 expression vector by using the Mfel restriction
sites to construct the HBV-specific gRNA/hCas9 dual expres-
sion vector.

Transfection of cell lines. Huh7 cells were maintained in Dul-
becco’s modified Eagle medium (Life Technologies, Grand
Island, NY) supplemented with 10% fetal bovine serum at
37 °C and 5% CO,. A total of 4x10° Huh7 cells per well
were seeded in a six-well plate 24 hours prior to transfection.
The HBV-specific gRNA/hCas9 expression vectors or HBV-
specific gRNA/hCas9 dual expression vectors were cotrans-
fected with the HBV-expression vector to Huh7 cells by using
lipofectamine 2000 or lipofectamine 3000 (Life Technologies)
according to the manual of the manufacturer.

Detection of extracellular and intracellular HBV proteins.
At 48 hours post-transfection, culture supernatant was col-
lected and the level of HBs antigen was determined by Abbott
Architect i1000 (Abbott Park, IL). Cells were washed with
phosphate-buffered saline (PBS) and lyzed with RIPA buffer
(50 mmol/l Tris pH 7.5, 150 mmol/I NaCl, 10 mmol/l EDTA,
1% NP-40, 0.1% SDS) containing protease inhibitor cock-
tails (Roche Diagnostics, Mannheim, Germany), followed by
14,000 rpm for 30 minutes at 4 °C. Cell lysates were subjected
to SDS—-15% polyacrylamide gel electrophoresis (PAGE), fol-
lowed by Western blot analysis using primary antibody (anti-
B-actin, anti-HBs antigen, or anti-HBc antigen), secondary
antibody and being detected by Millipore Immobilon Western
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Chemiluminescent HRP Substrate (Billerica, MA). The band
intensity was determined by ImageJ software (version 10.2,
Bethesda, MD).

Hydrodynamic injection of the HBV-expression and CRISPR/
Cas9-expression vectors in mice. The protocol for the gen-
eration of the HBV persistent mouse model by hydrodynamic
injection (HDI) has been described.?®2° Briefly, 6 ug pAAV/
HBV1.2 and 10 pg gRNA/Cas9 dual expression vector were
injected into the tail veins of mice (C57BL/6 at the age of
6-8wk) in a volume of PBS equivalent to 8% of the mouse
body weight within 5 seconds. Sera were sampled at differ-
ent time points. The concentration of HBs antigen was deter-
mined by AXSYM systems (Abbott Park, IL) and indicated
the persistence of HBV. All mouse care and experiments
were performed with the approval of the Institutional Animal
Care and Use Committee at the National Taiwan University
College of Medicine.

Extraction of intrahepatic HBV DNA. DNA was extracted
from mice liver by the modified Hirt method as previously
described.®” Briefly, a liver specimen from treated mice was
lyzed in Hirt’s lysis buffer (10 mmol/I Tris—HCI pH = 7.6, 10
mmol/| EDTA pH = 8.0, 0.7% SDS). After adding 5mol/I NaCl,
the sample was incubated at 4 °C overnight and centrifuged
at 14,000 rpm for 30 minutes at 4 °C. The supernatant was
collected and treated with 150U/ml protease K for 2 hours
at 37°C. The DNA was extracted twice with saturated phenol
and once with phenol:chloroform. The extracted DNA was
mixed with twice the volume of 100% ethanol at -80 °C
overnight and subsequently precipitated by 14,000rpm
centrifugation for 20 minutes at 4 °C. The DNA pellet was
washed with 70% ethanol and then resolved in 20 pl double-
distilled H,0.

Southern blotting analysis of intrahepatic HBV DNA. Thirty
pg of DNA extracted from the liver of HDI-treated mice was
subjected to run 1% agarose gel electrophoresis at 40V
overnight. The agarose gel containing the DNA samples was
treated with 0.25 N HCI for 15 minutes once, 0.5 N NaOH
for 15 minutes twice, 0.5X TAE buffer for 10 minutes twice,
and 0.25X TAE for 10 minutes once and then transferred to
a nylon membrane. After UV cross-linking (UV stratalinker,
Agilent Technologies, Santa Clara, CA), the membrane was
hybridized with a DIG-labeled DNA probe covering 403 bp of
X gene (Roche Applied Science, Mannheim, Germany). The
signals were detected by exposure to films.

T7E1 assay. To demonstrate CRISPR/Cas9-mediated cleav-
age, we applied T7E1 (New England Biolabs) to digest
imperfectly matched DNA after hybridization of DNA mix-
ture derived from the intrahepatic DNA of HDI-treated
mice. PCR products were amplified by HBV-Pol622-A
(5"-AGAAAACTTCCTGTTAACAGGC-3”)and Bglll-B (5"-CAC
TAGGGGTTCCTAGATCT-3) and subjected to T7E1 assay
as previously described.® The band intensities were deter-
mined by software Imaged (version 10.2) and analyzed by
the method described previously.®



Statistical analysis. An unpaired, one-tailed Student’s ttest
was used to compute the difference between two indepen-
dent groups.
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Figure S1. In vitro modification of the duck hepatitis B virus
(DHBV) expression plasmid by the CRISPR/Cas9 system.
Figure S2. Large deletion of the hepatitis B virus (HBV) ex-
pression plasmid by the combinatorial use of gRNAs P1 and
XCp.

Figure S3. Nucleotide alignment of clonal sequencing re-
sults.
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