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Abstract
The clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) system was originally

discovered in prokaryotes and functions as part of the adaptive immune system. The experimental research of many scholars, as well

as scientific and technological advancements, has allowed prokaryote-derived CRISPR/Cas genome-editing systems to transform our

ability to manipulate, detect, image, and annotate specific DNA and RNA sequences in the living cells of diverse species. Through

modern genetic engineering editing technology and high-throughput gene sequencing, we can edit and splice covalently closed cir-

cular DNA to silence it, and correct the mutation and deletion of liver cancer genes to achieve precise in situ repair of defective

genes and prohibit viral infection or replication. Such manipulations do not destroy the structure of the entire genome and facilitate

the cure of diseases. In this review, we discussed the possibility that CRISPR/Cas could be used as a treatment for patients with liver

cancer caused by hepatitis B virus infection, and reviewed the challenges incurred by this effective gene-editing technology.

Keywords
hepatitis B virus DNA, liver cancer, gene editing, CRISPR/Cas9 system

Abbreviations
AAV, adeno-associated virus; BE, base editor; HBsAg, hepatitis B surface antigen; CART, chimeric antibody receptor engineered

T-cell; Cas9, CRISPR-associated protein 9; cccDNA, covalently closed circular DNA; CRISPR, clustered regularly interspaced

short palindromic repeats; crRNA, CRISPR RNA; DSB, double-strand break; EGFP, enhanced green fluorescent protein; HBV,

hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LV, lentiviral; PAM, protospacer adjacent motifs;

PCR, polymerase chain reaction; pre-crRNA, pre-CRISPR-derived RNA; RCas9, RNA-targeted Cas9; RNAi, RNA

interference; RNP, ribonucleoprotein; Sa, S aureus; sgRNA, single-stranded guide RNA; SpCas9, Streptococcus pyogenes Cas9;
TCR, T-cell receptor; tracrRNA, trans-acting crRNA; VEGFA, vascular endothelial cell growth factor A; ZAL, zwitterionic

amino lipid; ZNP, ZAL nanoparticle.

Received: February 24, 2021; Revised: June 22, 2021; Accepted: August 23, 2021.

Introduction
Chronic hepatitis B virus (HBV) infection is a common cause of
liver disease worldwide. According to the global cancer statis-
tics report released by the World Health Organization in 2018,
liver cancer is the fourth leading cause of cancer-related deaths,
ranking sixth among all cancers. In 2018, there were ∼841 000
new cases of liver cancer worldwide and 781 000 deaths, with
393 000 new cases and 369 000 deaths each year in China.
HBV infection is a progressive infectious disease, and the con-
dition can gradually evolve into liver failure, cirrhosis, and even
liver cancer, which seriously endangers the physical and mental

health of patients. Using clustered regularly interspaced short
palindromic repeats (CRISPR)/CRISPR-associated protein 9
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(Cas9) gene-editing technology, scientists designed a specific
single-stranded guide RNA (sgRNA) targeting covalently
closed circular DNA (cccDNA). The double-stranded structure
of the cccDNA is cut by the Cas9, which damages the cccDNA
activity, resulting in error repair1 and leading to an inability to
transcribe the required mRNA, which may even cease being
active, in an effort to cure HBV infection.2 In addition, we
can screen out overexpressed genes in liver cancer through
gene sequencing and use the CRISPR/Cas9 system to
perform gene editing and silence them. It is obvious that utiliz-
ing CRISPR/Cas9 to construct liver cancer disease models and
look for potential diagnostic and therapeutic targets is worth
exploring.3 Using this technique, we can propose new ideas
for clinical treatment, create individualized treatments for
patients with liver cirrhosis or liver cancer caused by hepatitis
B infection, and improve patient prognosis and healing.4,5

Cong et al6 designed 2 different type II CRISPR/Cas systems
and demonstrated that Cas9 nuclease can be guided by short
RNA to induce precise cleavage at endogenous genomic sites
in human and mouse cells. Cas9 can also be converted into a
gap enzyme, which promotes homology-oriented repair with
minimal mutagenic activity. Finally, multiple guide sequences
can be encoded into a single CRISPR array, which enables
the simultaneous editing of several sites in the mammalian
genome, thereby demonstrating the easy programmability and
wide applicability of RNA-guided nuclease technology.6,7

Phenotype and Occurrence of Liver Cancer
Primary liver cancer refers to malignant tumors originating from
liver cells or intrahepatic bile duct epithelial cells and includes 3
different histopathological types: hepatocellular carcinoma
(HCC), intrahepatic cholangiocarcinoma, and mixed type.

In Asia, HBV infection is the main cause of liver cancer,
whereas, in Europe and America, hepatitis C virus (HCV) infec-
tion is the causative factor of this disease. During infection, the
DNA sequence of HBV and that of the host cell are destroyed or
reintegrated so that the oncogene and tumor suppressor gene are
activated and inactivated, respectively, resulting in the cancer-
ous transformation of the cell.8 The carcinogenic mechanism
of hepatitis C is related to HCV sequence variation. HCV con-
tinuously infects liver cells through sequence variation to avoid
immune recognition, causing long-term inflammation of the
liver, recurring liver cell necrosis, and regeneration.
Subsequently, chronic liver infection promotes the occurrence
of liver fibrosis due to the wound healing response to tissue
damage, followed by the accumulation of gene mutations,
destruction of the dynamic balance of cell proliferation,
leading to cell cancelation.9 Simultaneously, aflatoxins, liver
fibrosis, long-term exposure to nitrous acid, vinyl chloride,
and other factors are also important risk factors for liver cancer.

Mechanism of the CRISPR/Cas9 System
The CRISPR/Cas9 system is a prokaryotic immune system. It is
a family of extraordinary DNA repeats that are widely found in

the genomes of bacteria and archaea and facilitate resistance
against the invasion of foreign genetic materials, such as
phage viruses and foreign plasmids.10,11 This is similar to the
principle of RNA interference (RNAi) in eukaryotes. It is pre-
cisely because of this function that the CRISPR/Cas9 system
has been developed as an efficient gene-editing tool.12 In
2008, mature CRISPR RNAs (crRNAs) were shown to serve
as guides in a complex with Cas proteins to interfere with
virus proliferation in Escherichia coli.13 The same year, the
DNA targeting activity of the CRISPR/Cas system was reported
in the pathogen Staphylococcus epidermidis.14

The CRISPR sequence is composed of many short and con-
served repeat regions and spacer regions. The repeat sequence
region contains palindrome sequences that can form a hairpin
structure. The spacer sequence of the CRISPR/Cas9 system is
very special. They are foreign DNA sequences captured by bac-
teria.15,16 There is a polymorphic family gene upstream, and the
protein encoded by this gene can interact with the CRISPR
sequence region. Therefore, this gene was named CRISPR-associ-
ated gene (CRISPR associated, Cas)17,18 (Figure 1).

Among the different types of CRISPR/Cas systems, type II
CRISPR/Cas9 is the most widely used and studied system.19

Several bases extending to both ends of the original spacer
are very conserved and are called protospacer adjacent motifs
(PAMs). A PAM usually consists of 3 NGG bases (N is any
base). Some researchers have found that PAM has an allosteric
effect, triggering the interdependent conformational dynamics
of the CaS9 catalytic domains (HNH and RuvC) responsible
for the cooperative cutting of two DNA strands.20 When the
virus invades, the Cas1/2 protein complex cuts the original
spacer sequence from the foreign DNA and inserts the original
spacer sequence downstream of the adjacent CRISPR sequence
with the assistance of other enzymes.21 Thus, a new spacer
sequence is added to the CRISPR sequence of the genome.
New spacers then provide sequence-specific memory against
their corresponding invading plasmids or viruses
(Figure 2).22,23 The CRISPR sequence will transcribe 2 prod-
ucts under the control of the leader region: pre-CRISPR-
derived RNA and trans-acting crRNA (tracrRNA). Then, this
is further processed into mature crRNA and together with
tracrRNA and the proteins encoded by Cas9, complexes are
assembled (Figure 3).13 Finally, crRNAs act as guides to specif-
ically target the PAM, while Cas9 cuts the matched DNA. In the
type II CRISPR/Cas9 system, the sgRNA–Cas9 complex binds

Figure 1. Structure of the CRISPR/Cas9 system.
Abbreviations: CRISPR, clustered regularly interspaced short palindromic
repeats; Cas9, CRISPR-associated protein 9.

2 Technology in Cancer Research & Treatment



to its target DNA to ensure that Cas9 cuts the two strands of
DNA, thereby preventing the spread of foreign DNA
(Figure 4).24,25 The CRISPR/Cas system is a powerful tool
for accurate gene editing. In addition to basic editing methods
such as gene knockout and gene replacement, it can also be
used for gene activation, disease model construction, and
even gene therapy.26

In recent studies, some scholars have discovered that
CRISPR-Cas <D from macrophages is an ultracompact
genome editor, which has a stronger target recognition ability
than other CRISPR/Cas proteins. Cas <D is useful for
genome editing and DNA detection. However, its molecular
weight is half that of Cas9 and Cas12a genome-editing
enzymes, which gives Cas <D an advantage in cell delivery,
thus expanding the genome-editing toolbox.27

Delivery of the CRISPR/Cas9 System in Liver
Cells
At present, the delivery of the CRISPR/Cas9 system can be
divided into 3 levels: plasmid, RNA, and protein delivery.28-30

Among them, the delivery of plasmids encoding Cas9
protein and sgRNA is at the DNA level,31 which is convenient,
fast, and has high stability. However, the delivery of plasmids
reduces the efficiency of gene editing, prolongs the cleavage
time of Cas9 protein, and increases the off-target rate and the
risk of gene integration. To improve the gene-editing efficiency
of plasmid transfection, Ghassemi32 constructed a plasmid
encoding Cas9 protein and double sgRNA, delivered it to
donor-fertilized eggs by microinjection, and implanted the fer-
tilized eggs into pregnant mice for offspring screening and gen-
otyping. Finally, a β-thalassemia mouse model with Hobbs-bs
gene knockout was established.32

At the RNA level, the delivery of mRNA encoding Cas9
protein has a lower off-target rate than a delivery plasmid. It
only needs to be delivered to the liver cytoplasm and then trans-
lated into Cas9 protein under the action of ribosomes in the liver
cytoplasm. The limitation of this delivery method is that the
mRNA itself is poorly stable and susceptible to degradation
by RNase both in vivo and in vitro. Therefore, a suitable deliv-
ery method is required to protect mRNA from degradation by
enzymes. Research has shown that new delivery technology
is reliable and effective. It has been reported that zwitterionic
amino lipids (ZALs) are uniquely able to (co)deliver long
RNAs, including Cas9 mRNA and sgRNAs. Under the
editing of the CRISPR/Cas9 system, the ZAL nanoparticle
(ZNP) delivery of low sgRNA doses (15 nm) reduces protein
expression by >90% in cells. In contrast to transient therapies
(such as RNAi), research has shown that the ZNP delivery of
sgRNA enables permanent DNA editing with an indefinitely
sustained 95% decrease in protein expression.33

The direct delivery of the Cas9 protein at the protein level
has certain advantages over DNA or RNA delivery methods.
Its immunogenicity is low and there is no potential problem
of permanently integrating CRISPR genes into the human
genome, with low off-target rates and low toxicity. However,
the encapsulation size of sgRNA and Cas9 protein is too
large, which makes it difficult to introduce into hepatocytes.34

In terms of viral vectors, common viral vectors in the
CRISPR/Cas9 system include recombinant adeno-associated
virus(AAV) vectors,35 bacteriophages, and adenoviruses.
Although viral vectors can effectively deliver the CRISPR/
Cas9 system through cell transduction, they may still cause
unnecessary immunogenicity and mutation risks in humans,
thereby limiting their clinical transformation.36 In contrast,
research has shown that in recent years, nonviral vectors have
effectively achieved delivery to cells and tissues in vivo and
in vitro; liposomes,36 nanocarriers,33,37 cell-penetrating

Figure 2. The CRISPR/Cas9 system used to obtain foreign DNA.
Abbreviations: CRISPR, clustered regularly interspaced short palindromic repeats; Cas9, CRISPR-associated protein 9.
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peptides,38 etc, have gradually become potential tools for
CRISPR/Cas9 system gene therapy.39,40

Therefore, any nonviral vector should have good tolerance,
biocompatibility, and nonimmunogenicity, and should be able
to deliver effective Cas9–sgRNA to the nucleus for genome
editing.40 So far, the relatively low gene delivery efficiency
and transgene expression have been the major barriers in non-
viral vector-based gene therapy. However, with the rapid devel-
opment of novel biomaterials in recent years, the efficient

delivery of gene payloads to pass multiple barriers under phys-
iological conditions and promote transgene expression can be
achieved.41

Emerging delivery strategies also make the delivery of the
CRISPR/Cas9 system more mature. Precise control over the
CRISPR/Cas9 system in temporal and spatial resolution is
essential for gene regulation and editing.42 Here, we presented
a novel light-controlled crRNA via coupling vitamin E and a
photolabile linker at the 5′-terminus to inactivate the

Figure 3. Cas9–tracrRNA–crRNA complex.
Abbreviations: Cas9, CRISPR-associated protein 9; tracrRNA, trans-acting crRNA; crRNA, CRISPR RNA.

Figure 4. The CRISPR/Cas9 system cutting foreign DNA.
Abbreviations: CRISPR, clustered regularly interspaced short palindromic repeats; Cas9, CRISPR-associated protein 9.

4 Technology in Cancer Research & Treatment



CRISPR/Cas9 system.43 Vitamin E modification did not affect
the ribonucleoprotein (RNP) formation of the Cas9/crRNA/
tracrRNA complexes, but did inhibit the association of RNP
with the target DNA. Upon light irradiation, vitamin E-caged
crRNA was successfully activated to achieve the light-
induced genome editing of vascular endothelial cell growth
factor A in human cells through T7E1 assay and Sanger
sequencing as well as the gene knockdown of enhanced green
fluorescent protein (EGFP) expression in EGFP stably express-
ing cells. This new caging strategy for crRNA is readily achiev-
able. This may provide new methods for the spatiotemporal
photo regulation of CRISPR/Cas9-mediated gene editing,
which reduces uncontrollable risks encountered in the delivery
and editing of CRISPR/Cas9.43,44

The Mechanism of the CRISPR/Cas9 System
in cccDNA
HBV is an enveloped DNA virus that explicitly targets human
liver cells and replicates by the reverse transcription of a termi-
nally redundant viral RNA, the progenome. Upon infection, the
circular, partially double-stranded virion DNA is converted in
the nucleus to a covalently closed circular DNA (cccDNA)
that assembles into a minichromosome, the template for viral
mRNA synthesis.45 HBV infects liver cells through the interac-
tion between viral envelope protein determinants and heparan
sulfate proteoglycan46 on the liver cell surface. This interaction
brings it close to the sodium ion taurocholic acid cotransport
peptide (NTCP)47,48; the high-affinity action that produces the
bile acid-binding pocket of NTCP promotes the entry of the
virus. The complete HBV life cycle includes attachment,
entry, uncoating, trafficking to the nucleus, covalently closed
circular DNA (cccDNA) formation, transcription, translation,
encapsulation, assembly, and secretion. Significant HBV infec-
tion requires the virus to penetrate the cell membrane and then
unshell in the cytoplasm. Its nucleic acid components migrate in
the endoplasmic reticulum structure of the cell.49 Part of the
nucleic acid components eventually enters the cell nucleus,
where HBV DNA can also interact with the liver cell nucleus.
The chromosomal DNA becomes integrated into HBV DNA.
Of course, a part of HBV DNA is in a free state to prepare
for the virus replication process. Within a few hours of HBV-
infected cells, the virus is uncoated in the cytoplasm, showing
a relaxed state, and the incomplete double-stranded HBV
DNA enters the nucleus. Under the catalysis of HBV DNA
polymerase, the HBV DNA gap is filled with a single nucleo-
tide, thereby forming a complete double-stranded circular struc-
ture, then forming an HBV DNA helical shape, and then folding
into supercoiled DNA, cccDNA, forming the HBV DNA group
replication original template.50,51

HBV cccDNA is stable in infected cells and has a long half-
life.51 Current knowledge about the formation and degradation
of cccDNA is still limited. In addition, HBV infection has
further oncogenic potential after HBV integration into the
host genome, which is an additional pathway contributing to

HCC. HBV infection is managed with reverse transcriptase
inhibitors, which are nucleoside or nucleotide analogs, and,
less commonly, with interferon therapy.52,53 The total elimina-
tion of HBV from patients (HBV cure) remains a distant treat-
ment goal, but a more practical goal is the achievement of
hepatitis B surface antigen (HBsAg) serum clearance (func-
tional cure) as early as possible after infection.53,54 As a
marker of a complete cure, its removal has been challenging
to achieve in traditional antiviral methods. At present, genetic
engineering, as an emerging treatment method, is expected to
overcome this problem.55-57 The CRISPR/Cas9 system is
mainly composed of Cas9 protein and single-stranded guide
sgRNA. The Cas9 protein has the function of cutting double-
stranded DNA, while sgRNA plays a guiding role. In the pres-
ence of the adjacent PAM, the Cas9 protein can reach different
target sites through complementary base pairing under the guid-
ance of sgRNA and cut the target gene to achieve DNA double-
strand breaks (DSBs).58-60 Some researchers initially evaluated
the HBV genome target and potential targets, used the whole
genome sequence of HBV genotype obtained from GenBank,
and then designed sgRNA for the target gene region, together
with the DNA encoding the Cas9 protein. Currently, a large
number of sgRNAs have been developed and reported based
on their high preservation among HBV genotypes and signifi-
cant effects have been found.61 The fragments are integrated
into the delivery plasmid and transfected into HBV-infected
liver cells at the same time. The relative content of HBV
pregenome RNA and HBsAg (S-RNA) mRNA is determined
by polymerase chain reaction analysis, and the relative
changes in the total HBV DNA concentration and cccDNA
level in the cell are obtained. Under the action of the
CRISPR/Cas9 system, the broken DNA double-strands
undergo error repair or artificially induced gene mutations, so
that cccDNA loses its biological activity or even degrades
and its cell content is reduced, thereby achieving the purpose
of curing hepatitis B.62,63 The results of a recent study have
been encouraging, as they showed that humanized liver
mouse models have been developed that accurately reflect
human HBV infection. These models use immunodeficient
mice with a genetic background lethal for mouse hepatocytes;
transplanted human hepatocytes are provided to reconstitute
the liver, which becomes chimeric. Researchers have harnessed
AAV vectors and S aureus (Sa) CRISPR/Cas9 to edit the HBV
genome in liver-humanized FRGmice chronically infected with
HBV and receiving entecavir. HBV-specific AAV-Sa Cas9
therapy significantly improves the survival of human hepato-
cytes, shows a trend toward decreasing the total liver HBV
DNA and cccDNA, and is well tolerated.64 These results are
hopeful in terms of curing chronic HBV infection.

Application of the CRISPR/Cas9 System in
Tumor Genes of Liver Cancer Caused by
HBV
Research on liver cancer caused by HBV infection mainly
focuses on the mechanism by which HBV DNA causes HCC.
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Moreover, the original description of HBV DNA integrated into
the host cell genome is the primary HCC tissue and HCC-
derived cell lines, which suggests that the integrated HBV
DNA is related to tumorigenesis.65,66 The reported mechanisms
include (1) the cis-mediated insertional mutagenesis of HCC-
associated genes, (2) the induction of chromosomal instability
by integrated DNA, and (3) the expression of mutant HBV
genes from the persistent integrated form.67 However, the
mechanism of HBV-induced HCC carcinogenesis remains

unclear and poorly characterized.68 Nowadays, we can use
high-throughput sequencing to obtain single-base and multi-
base variants in the DNA sequence of liver cancer tissues,
copy number variations, genome structure variations, etc,68-70

and then pass CRISPR/Cas9 system-mediated homologous
recombination, knocking a therapeutic transgene at the
desired location to induce cancer cell death, or induce targeted
double-stranded DNA breaks in the genome through the
CRISPR/Cas9 system to achieve genetic modification.71

Wheeler et al investigated 363 HCC cases using whole-
exome sequencing and DNA copy number analyses and 196
HCC cases through DNA methylation, RNA, miRNA, and pro-
teomic expression analyses. DNA sequencing and mutation
analysis identified significantly mutated genes, including
TP53, LZTR1, and EEF1A1 (Figure 5). Reprinted from
Cancer Genome Atlas Research Network. Electronic address:
wheeler@bcm.edu; cancer genome atlas research network,72

with permission from Elsevier. It is well established that
TP53 is mutated in many cancers, and liver cancer is no excep-
tion. When the DNA of normal liver cells is damaged, the P53
protein prevents the cell cycle from arresting at the G1/S phase
and repairs the damage. If it cannot be repaired, P53 promotes
cell apoptosis. In TP53-mutated liver cells, the cell cycle is
uncontrolled, and cells continue to divide even under adverse
conditions, eventually leading to the occurrence of liver
cancer. If one can design a sgRNA that recognizes PAM, this
would allow the Cas9 protein to successfully recognize or

Figure 5. The genomic landscape of liver hepatocellular carcinoma and mutational signatures. Top panel shows individual tumor mutation rates,
while the middle panel details ethnicity, tumor grade, age, gender, HCV, and HBV infection status, and cirrhosis for 363 patients with HCC.
Bottom panel shows genes with significantly different levels of mutation (MutSig suite, FDR, <0.1), and mutation types are indicated in the
legend, at the bottom. The bottom six rows display significant DNA copy number alterations in likely cancer driver genes.
Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.

Figure 6. Application of the gene-editing technology in liver cancer.
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attach to and repair the mutated base in the TP53 gene, eventu-
ally being possible to curb the progression of liver cancer.
Through gene-editing tools, we can restore the original func-
tions of TP53, which might prevent liver cancer progression
(Figure 6). Furthermore, we can import genes that do not
exist in the cells into cells with abnormal functions, such as
liver cancer cells, and use the expression products of these
genes to treat diseases. Besides, introducing suicide genes to
induce cell death by suicide is also an important tumor-treating
strategy, in an effort to eliminate tumor cells.73 We can perform
genome-wide screening using CRISPR-mediated genome
editing to identify inhibitors or critical drivers such as the
lncRNA74 of liver tumor formation, and then develop strategies
to suppress or reduce related factors to treat patients with liver
cancer.73,75,76

Recently, some Cas9 family members have been found to
have the ability to target RNA as well as DNA. Various
RNA-targeting systems for Cas9 (RNA-targeted Cas9
[RCas9]) have been established and have opened up new appli-
cations. RCas9 could allow the identification and manipulation
of RNA substrates in live cells, thereby empowering the study
of cellular gene expression, and could ultimately spawn patient-
and disease-specific diagnostic and therapeutic tools,77 such as
gene expression silencing at the posttranscriptional level, intra-
cellular transcription interference, and anti-RNA virus infec-
tion.78 Researchers recently established the ability of a
repurposed type II CRISPR system to target and track RNA
in human cells, thereby indicating the potential of other RNA
manipulations using RCas9. In a study, researchers describe
the ability of CRISPR/Cas9 to both visualize and eliminate
MRE RNAs in human cells. The researchers observed the effi-
cient elimination of all MRE RNAs and described a reduced
version of the RNA-targeting CRISPR/Cas9 system that was
optimized for AAV packaging. They also observed a reversal
of disease-associated molecular defects, including the reduction
of polyglutamine proteins and the near-complete reversal of
DM1-associated splicing defects to resemble healthy patient
cells (93% reversal in patient myotubes).79 Thus, we can use
the RCas9 system to target and edit abnormally transcribed
mRNA in liver cancer tissues, eliminate the defects of related
molecular mechanisms in these cells, and even repair them.
This will provide more strategies for the treatment of HCC.

In addition, in the current treatment of various tumors and
cancers, T-cell receptor (TCR)-engineered T-cells immunity
combined with multiple gene-editing technologies will
become another emerging method in the medical field.80 This
method extracts immune T-cells from patients and then uses
genetic engineering technology to write in vitro gene fragments
that allow T-cells to recognize and kill specific tumor cells.
These TCR-T-cells are cultured in large numbers in the labora-
tory. Then, the expanded enhanced immune T-cells are returned
to the patient for treatment. These edited T-cells are extremely
efficient and are associated with an extremely low risk of rejec-
tion, being an innovative treatment method.81,82 At present,
researchers have reported a first human phase I clinical trial
to test the safety and feasibility of T-cells edited by multiple

CRISPR/Cas9 systems in 3 patients with refractory cancer.
There was evidence of tumor regression in 1 of the patients
with the highest cell implantation rate. We believe that this
method has broad application potential in the treatment of
liver cancer.81,83 Moreover, in the present research, the use of
the CRISPR/Cas9 system to simultaneously disrupt multiple
genomic loci, resulted in the generation of chimeric antibody
receptor engineered T-cell (CART) that were deficient in the
expression of endogenous TCR and HLA class I, which can
be used as gene-disrupted allogeneic CART and further devel-
oped as universal CART cells. Researchers also generated
gene-disrupted allogeneic CART cells by combining the lenti-
viral delivery of CAR and crRNA electroporation to disrupt
endogenous TCR and B2M genes simultaneously. In addition,
we demonstrated that the disruption of endogenous PD1
enhances the efficacy of gene-disrupted allogeneic CAR
therapy in tumor models. The therapeutic value of blocking the
PD1 inhibitory pathway was confirmed in these systems by the
ablation PD1 of CART cells in a solid tumor model and by the
triple ablation of TCR, B2M, and PD1 of CART cells in a leuke-
mia tumor model.83 We believe that TCR-T-cell immunity com-
bined with multiple gene-editing technologies has excellent
application value for liver cancer.84 In addition, it can signifi-
cantly reduce the rejection of T-cells in HCC by the body.

Discussion
At present, the CRISPR/Cas9 system and various other biolog-
ical technologies are more and more closely connected and
developed, which has brought about a new era in the treatment
of various difficult diseases.85 However, new technologies are
accompanied by new risks. For example, the CRISPR/Cas9
system delivery technology cannot be effectively delivered to
the body. The effectiveness and specificity of the delivery
method include whether it can specifically act on the target
site and the safety of the foreign vector. Immunogenicity mea-
sures whether there is a risk of cancer caused by insertion into
the genome and whether it will incur an immune response. The
editing efficiency of the editing tool itself and the potential off-
target effects assess whether the editing tool can effectively edit
the corresponding pathogenic site, and the sequence of similar
sites, or even other sequences due to the overexpression of
action elements.33 Although this type of technology is develop-
ing rapidly, it is still in the clinical trial phase, owing to various
safety issues. Therefore, improving the safety and feasibility of
the CRISPR/Cas9 system should be the future research focus.86

In a recent study, CRISPR/Cas-mediated base editors (BEs) in
inactivating HBV gene expression without DNA cleavage.
Streptococcus pyogenes Cas9 (SpCas9)-BE with certain
gRNAs effectively base-edited polymerase and surface genes
and reduced HBV gene expression in cells harboring integrated
HBV genomes, but induced very few insertions or deletions
(indels).87

Some scholars have proposed a self-restricted CRISPR/Cas9
system, which inserts target gene sequences corresponding to
gRNA at both ends of the Cas9 promoter. When a DSB
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occurs in the target gene sequence, the Cas9 promoter is cut off
and transcription stops. The Cas9 protein expression level of the
system 60 h after transfection is only 10% of that of the wild-
type system, and the frequency of the off-target formation
decreases by 76.7%. At the same time, this system does not
include additional gRNA sequences, so the possibility of intro-
ducing new off-target mutations is reduced. More importantly,
this system consists of a single plasmid, which may be easily
introduced into the body through viral vectors or nanoparticles.
In general, the CRISPR/Cas9 system has broad application
potential in the clinical treatment of tumors, but the nontarget
effects are the main obstacles that limit the clinical application
of the system. Among them, nontarget effects caused by the
overexpression of the Cas9 protein will be the most difficult
to overcome in research.88 In a study, scientists conducted a
high-throughput evaluation of the activity of CRISPR/Cas9 to
examine which small-molecule drugs can effectively inhibit
its activity. To this end, they built 2 systems. The first system
can monitor whether SpCas9 protein can automatically evaluate
the changes in fluorescence (indicating that SpCas9 has com-
pleted the shearing of DNA); that is, if SpCas9 cannot smoothly
bind to DNA under the action of a certain small molecule, or
cannot complete the shearing of DNA. This means that this
small molecule has effectively inhibited the CRISPR/Cas9
system. Following this idea, the researchers successfully
screened out 2 compounds, which can inhibit SpCas9 activity
in a dose-dependent manner in mammalian cell lines. However,
the researchers also pointed out that these potential compounds
cannot be directly used in humans. Next, the researchers will
focus on 2 research directions. The first is the determination of
the binding site of this type of inhibitor on the SpCas9:gRNA
complex, and the examination of its mechanism of action to opti-
mize its effectiveness. The second is to determine whether these
molecular inhibitors can act on other targets in mammalian cells
and to evaluate their specificity to other CRISPR-related nucle-
ases; in future studies, it is also necessary to confirm whether
these molecules will cause other side effects.89

Significance and Future Directions of
CRISPR/Cas9
In the technical field, CRISPR/Cas9 has very obvious advan-
tages: the vector construction of the system is simple, and the
targeting efficiency is high. The system only requires the con-
struction of a CRISPR sgRNA of dozens of bases to match
the DNA sequence, thereby mediating the Cas9 protein to cut
the DNA sequence. Moreover, the frequency of CRISPR/
Cas9 editable sites is high, and it is easy to choose suitable
sites for gene editing; noteworthy, CRISPR/Cas9 can edit the
genome at multiple sites simultaneously. The CRISPR/Cas9
technology corrects defective genes by introducing new gene
codes, thereby being able to repair certain genetic diseases and
improving the success of cancer treatment. Furthermore, this
technology can be used to discover and manipulate specific
genes and as a daily tool to explore the physiology and diagnosis

of diseases. For example, CRISPR/Cas9 can be used to arm
human immune cells to fight cancer or HIV infection, repair
defective genes in human embryos, and prevent infants from
inheriting serious diseases. Thus, CRISPR/Cas9 has significantly
changed basic science, produced many impactful results, and will
surely allow the development of new treatment methods.

Societal development dictates that research focuses on new
materials such as nano- and small-molecule polymers as well
as viral vector analogs. Only in this manner can the potential
off-target effects of the CRISPR/Cas9 system be reduced as
soon as possible. In addition, this technology can allow us to
change the spatial conformation of the Cas9 protein through
light induction or other means to achieve a controllable
enhancement or reduction of gene editing capabilities at any
time. It is also important to look for or synthesize small-mole-
cule Cas9 protein inhibitors, to meet the demand for the
precise control of Cas9 dosage and time. In addition, by con-
structing a new inducible Cas9 protein, its expression in cells
can be regulated. The aforementioned methods can help
reduce the ability of the Cas9 protein to bind nonspecifically
to DNA and enhance the competitiveness of the target sequence
to bind the Cas9 protein. The efforts of researchers to promote
the development of Cas9 in medicine are highly anticipated.
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