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Abstract: Chronic liver disease (CLD), a significant ailment, contributes to nearly 

two million deaths annually. CLD can be caused by alcohol consumption, fat, viral 

infections, and genetic disorders. Accurate diagnosis and application of therapeutics 

are crucial strategies for enhancing the management of CLD. The CRISPR-Cas 

system, originally a prokaryotic innate immunity mechanism, has evolved into a 

current-generation tool for therapeutic and diagnostic applications. The cis-

cleavage feature of the CRISPR-Cas system involves crRNA-guided specific target 

cleavage. This mechanism is utilized for the development of therapeutics. Few 

CRISPR-Cas systems possess the additional feature of trans-cleavage, which is 

non-specific cleavage, also known as collateral cleavage. This unique feature can 

be exploited to generate diagnostics. In viral hepatitis, CRIPSR-Cas systems have 

been concurrently applied and reported for viral genome-targeted therapeutics and 

detection systems. Research on alcoholic and non-alcoholic fatty diseases mainly 

focuses on CRISPR-Cas therapeutics targeting disease progression factors. Also, 

CRISPR-Cas-based gene editing can be used to manage genetic disorders. In 

hepatocellular carcinoma, CRISPR-Cas systems are used for oncogene-targeted 

therapies and biomarker diagnostics. Various viral and non-viral delivery systems 

for CRISPR-Cas are been proposed for developing therapeutic applications. 

Despite limited progress, CRISPR-Cas systems have significant potential for 

broader application in CLD. This review describes the comprehensive use of the 

CRISPR-Cas system in experimental therapeutic and diagnostic approaches for 

CLD.  
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1. Introduction 

The liver is a crucial organ and center for numerous physiological processes. It is involved in macronutrient 

metabolism, lipid and cholesterol homeostasis, endocrine control of growth signaling pathways, blood volume 

regulation, immune system support, and the breakdown of xenobiotic compounds, including many current drugs 

[1]. It is affected by multiple maladies due to viral infections, fat, alcohol, and auto-immune disorders, which lead 

to chronic liver disease (CLD). CLD causes progressive deterioration of liver functions [2]. CLD is a significant 

health burden worldwide, causing more than 1.32 million deaths. Most of these deaths can be attributed to cirrhosis, 

i.e., advanced liver scarring, the last stage of chronic liver disease [3]. In the verge of treatment of CLD, 

therapeutics and diagnostics play a vital role. 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) is a well-known current-generation 

genome-editing application for therapeutics and diagnostics [4]. It was first reported while exploring the 

mechanisms of adaptive immunity in bacteria and archaea against their respective viral pathogens [5]. It is defined 
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as a cluster in the genome containing unique, similar-length spacers regularly separated by short (nearly 20 to 50 

bases) palindromic sequences. This cluster has a unique feature: a flanking leader sequence, which is AT-rich [6]. 

These CRISPR sequences coordinate with CRISPR-associated (Cas) proteins in prokaryotes forming a basis of 

the CRISPR-Cas adaptive immune system. 

2. Mechanism of CRISPR-Cas System 

This CRISPR-Cas immune system consists of three main steps: adaptation, expression, and interference [7]. 

The adaptation step involves spacer acquisition. When a viral pathogen invades a prokaryote possessing CRISPR-

Cas system, a part of the viral genome will be acquired by resistant organisms. This genetic material, either DNA 

or RNA (which will be reverse-transcribed into DNA), will be incorporated as a new spacer along with the short, 

direct repeats (palindromic sequence) in the CRISPR arrays. The expression step is the biogenesis of CRISPR 

RNA (crRNA). It involves the transcription of the CRISPR locus into a single transcript, namely pre-crRNA. 

Respective Cas proteins or RNases will process this pre-crRNA into mature crRNA containing the spacer sequence. 

In some systems, pre-crRNA pairs with trans-acting small RNA (tracrRNA), which is processed further to mature 

crRNA [8]. 

Finally, in the interference step, the effector complex, either a single multidomain Cas protein or a 

multiprotein Cas complex, binds to crRNA. This bound crRNA guides the effector complex to identify any 

invading phage containing protospacer (sequence complementarity to the spacer sequence). Upon recognition, the 

phage will be destroyed through the nuclease activity present in the effector complex [9]. In most systems, the 

acquirement of the spacer sequences depends on the presence of a 2-5 nucleotide Protospacer Adjacent Motif 

(PAM) or Protospacer flanking sequence (PFS) found next to the protospacer sequence. This PAM-specific 

selection yields an advantage of the specificity of foreign DNA cleavage and also avoids self-targeting of PAM-

free CRISPR cluster [10]. 

3. Classification 

CRISPR-Cas systems, involved in the adaptive immune steps, are classified into different types and classes. 

The CRISPR-Cas systems are classified into six types, further grouped into two classes. The six types were 

classified based on signature genes: Type I, Type II, Type III, Type IV, Type V, and Type VI. The signature 

proteins of Type I to Type VI are Cas3, Cas9, Cas10, cas7-like gene (csf2), Cas12, and Cas13, respectively. These 

types are grouped into two classes based on the effector complex in the interference step. Type I, III, and IV are 

grouped into class 1 due to the presence of a multi-subunit effector complex. Type II, V, and VI are grouped into 

class 2 due to the presence of a single-subunit effector complex [11]. Most CRISPR-Cas systems in Type I–V are 

DNA-targeting, and in Type VI, are RNA targeting. 

Among these classes, class 2 CRISPR-Cas systems are widely utilized for genome engineering. It is because 

of their unique feature of the presence of all components of interference effector complex in one single Cas protein. 

Particularly, combining the crRNA and tracrRNA into a single guide RNA (sgRNA) has allowed researchers to 

utilize these systems in multiple applications [12]. Among various Cas proteins, Cas9, Cas12, and Cas13 have 

been widely utilized for genome engineering, majorly in therapeutic and diagnostic applications. Cas9 and Cas12 

were RNA-guided DNA nucleases, and Cas13 was RNA-guided RNA nuclease and hence utilized for DNA and 

RNA targeting, respectively [13]. 

4. Therapeutic and Diagnostic Approaches Using CRISPR-Cas System 

Cas9, Cas12, and Cas13 nuclease generally possess two major domains, namely the recognition (REC) lobe 

and the nuclease (NUC) lobe. The REC lobe facilitates in the interaction with guide RNA. The NUC lobe is 

responsible for PAM specificity and target cleavage. The presence of the PAM Interacting domain in the NUC 

lobe confers this nuclease PAM sequence recognition. In the NUC lobe, RuvC (Crossover junction 

endodeoxyribonuclease) and HNH (presence of conserved characterized His/Asn/Asp/Glu residues) domains in 

Cas9, RuvC domains in Cas12 and HEPN (higher eukaryotes and prokaryotes nucleotide-binding) domains in 

Cas13 are present. These domains participate in nucleic acid cleavage [14–16]. 

When Cas9 and Cas12 nucleases are employed, they yield double-strand breaks (DSBs). However, Cas9 

nuclease cleavage yields blunt ends, and Cas12 nuclease cleavage yields staggered ends [15]. In eukaryotic cells, 

Non-homologous end joining (NHEJ) and homology-directed repair (HDR) pathways are the two mechanisms 

involved in the repair of DSBs [17]. Researchers utilized these mechanisms by employing the Cas9 protein to 

induce DSBs, enabling the development of a tool for introducing targeted insertions and deletions into the genome, 

either causing knockdown or knock-in of the target gene [14]. When Cas13 nucleases were employed, they create 
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RNA cleavage, resulting in knockdown of the specific RNA [16]. The nucleic acid cleavage capability of these 

nucleases was leveraged to develop therapeutics. 

Cis-cleavage refers to the cleavage of the bound nucleic acid target under the catalysis of Cas nucleases. 

However, some types of Cas proteins, along with cis-cleavage, exhibit cleavage of unbound nucleic acid called 

trans-cleavage. Generally, cis-cleavage is specific depending on the guide RNA spacer sequence, and trans-

cleavage is non-specific. Most Cas12 and Cas13 proteins are reported to exhibit this cis-cleavage, and parallel 

trans-cleavage is termed collateral cleavage (Figure 1) [18]. Interestingly, this collateral cleavage has been detected 

in prokaryotic hosts and not in eukaryotes [19]. Researchers have taken advantage of this collateral cleavage 

feature by applying detectable reporters with those Cas proteins to measure collateral cleavage in a diagnostic 

approach [20]. Moreover, the advent of isothermal amplification techniques has simplified diagnostic approaches, 

eliminating the need for costly equipment and making it feasible to implement in rural areas [21]. 

 

Figure 1. Use of CRISPR-Cas technology as therapeutic and diagnostic modalities. All Cas nucleases perform cis-

cleavage, which involves cleaving the bound target nucleic acid, which is the basis for therapeutic approach. Some 

special Cas nucleases perform trans-cleavage, which involves cleaving the unbound target nucleic acid. This 

parallel trans-cleavage is non-specifical, hence termed collateral cleavage, which is used for diagnostic approach. 

5. Viral Hepatitis 

Viral Hepatitis is a virus-induced inflammatory liver disease. It was known to be caused by multiple viruses, 

namely, hepatitis virus A (HAV), B (HBV), C (HCV), D (HDV), E (HEV), and G (HGV). These viral infections 

under acute conditions may aggravate fatal acute liver failure. Under chronic conditions, it may lead to cirrhosis 

and further hepatocellular carcinoma (HCC) [22]. Except for the HBV having DNA, the remaining hepatitis virus 

has genomic material as RNA. Various CRISPR-based diagnostic platforms have been reported in regular 

screening of this virus. Furthermore, various CRISPR-based therapeutics are currently under development to tackle 

these infections [23]. 

5.1. Hepatitis B Virus 

Hepatic B virus (HBV), being a DNA virus, is always the prime target for developing CRISPR-Cas9-based 

therapeutics. The first study of CRISPR-Cas9 targeting performed against HBPol and HBX region of the HBV 

genome. It disrupted the HBV-expressing templates in HBV-expression vectors in Huh7 cells and in vivo in a 

HBV hydrodynamics-mouse model [24]. Later, CRISPR-Cas9 system targeted against ENII/CP (Enhancer II/Core 

Promoter) region and the PC (Pre-Core) regions on the HBV genome. This lead to specifically target covalently 

closed DNA (cccDNA), which is derived from HBV relaxed circular DNA (rcDNA) [25]. Further, the combination 

of CRISPR-Cas9 against HBV with antivirals has been shown to inhibit HBV infection more effectively [26]. 

Similarly, additional studies enhanced the usage of CRISPR-Cas9 systems by adopting strategies like multiplexed 
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all-in-one CRISPR-Cas9 vector [27,28], targeting multiple components of the HBV genome with minimal off-

target effects [29], and removal of integrated HBV DNA fragments [30], to effectively prevent viral infection 

[31,32]. Moreover, nickase-Cas9 with a pair of sgRNA, nuclease dead-Cas9 [33], and CRISPR-Cas-mediated 

“base editors” (BEs) [34] were also employed to suppress HBV replication. In a novel approach, CRISPR-Cas13b 

was specifically utilized to target the HBV pregenomic RNA and viral mRNAs to reduce HBV replication [35]. 

Though several in vitro and in vivo studies targeted HBV, no studies have shown to eradicate the virus from hosts. 

Future studies could be aimed at eradicating the virus from the host cells. 

The combination of isothermal amplification techniques with Cas12 and Cas13 has been employed to 

formulate diagnostic approaches for HBV in clinical samples. Cas13a coupled with polymerase chain reaction 

(PCR), has been reported to specifically detect HBV DNA and drug resistance mutations [36], and rolling circle 

amplification (RCA) is also employed to detect cccDNA [37]. Further, an isothermal amplification reaction, 

Recombinase-aided amplification (RAA) [38], and a one-pot detection platform [39] were employed along with 

Cas13a to detect HBV. 

Likewise, Cas12a integrated with loop-mediated isothermal amplification (LAMP) [40], strand displacement 

amplification (SDA) [41], and recombinase polymerase amplification (RPA) [42] were designed to detect HBV 

detection. In addition, PCR-assisted Cas12a detection with DNA cubes is utilized for HBV detection [43]. Further, 

Recombinase amplified CRISPR enhanced chain reaction (RACECAR) was developed with Cas12a. It employs 

RPA and a cascade detection reaction, Hybridization chain reaction (HCR). It detects as little as 40 copies of the 

HBV genome [44]. Also, an amplification-free biosensor was developed using CRISPR-Cas12a associated with 

Surface-Enhanced Raman Spectroscopy-Active Nanoarray to detect hepatitis B virus (HBV). It has an extremely 

low detection limit and a broad detection range from 1 aM to 100 pM [45]. 

Similarly, Cas12b assisted with LAMP utilized to detect HBV in a one-pot reaction [46]. Cas12b, along with 

multiple cross displacement amplification (MCDA), is also utilized to identify and distinguish HBV genotypes B 

and C [47]. In addition, the SDA assisted CRISPR-Cas12a method [48] and Mxene-probe DNA-Ag/Pt nanohybrids 

[49] were employed to detect HBV viral nucleic acid for the colorimetric analysis. These studies have successfully 

shown that HBV can be detected in patients as low as single copies. 

5.2. Hepatitis C Virus 

Being an RNA virus, direct targeting of HCV by CRISPR-Cas9 was challenging. Thus, researchers have 

utilized this machinery to target pro-viral factors that facilitate viral progression. Ribosomal protein eS25 (RPS25) 

knockdown by CRISPR-Cas9 helped to know that RPS25 performs 40S subunit recruitment to IRES of HCV for 

translation [50]. Further knockout of claudin-1 (CLDN1) and claudin-6 (CLDN6) helped to study HCV entry [51]. 

First Cas9 mediated direct target of HCV was performed using CRISPR-Francisella novicida Cas9 (FnCas9). 

It can carry out endonucleolytic cleavage of the endogenous bacterial transcript. Here, the RNA-inactivating effect 

is mediated by a different guide RNA, which is termed small CRISPR-Cas-associated RNA (scaRNA). scaRNA 

interacts with the tracrRNA to form the targeting complex with FnCas9. This feature was utilized to reprogram 

FnCas9 with an RNA-targeting guided RNA (rgRNA) to target the HCV genome [52]. Later, RNA targeting 

Cas13a was utilized to knock down HCV by targeting highly conserved regions of the HCV internal ribosomal 

entry site (IRES). This inhibited viral infection and did not affect the host cells [53]. However, few studies have 

successfully removed HCV from the host cells. 

The first detection was reported with CRISPR-Cas12a coupled with reverse transcription-loop-mediated 

isothermal amplification (RT-LAMP) to detect HCV [54]. Later, a Visual One-Pot RT-RAA-Cas12a was designed 

for HCV for in-field detection [55]. Further, a highly thermostable Cas12b coupled with RT-LAMP reported the 

detection of HCV in one pot [56]. Later, a biosensor-based Cas13a/crRNA-Mediated CRISPR-FET (field-effect 

transistor) was developed to detect HCV without any pre-amplification step [57]. A single-pot dual detection of 

HBV and HCV by CRISPR-Cas12 and CRISPR-Cas13 systems by lateral flow was reported [58]. More studies 

are required to establish the detection of HCV at low levels using human samples. 

5.3. Other Hepatitis Viruses 

Very few studies have focused on other hepatitis viruses. For example, to detect the HDV, an RNA virus, the 

RNA-targeting Cas13a system was integrated with either RAA or RT-PCR for accurate identification [59]. 

Similarly, Hepatitis E virus being an RNA virus, Cas13a coupled with RAA was utilized to detect HEV [60]. 

Recently, a one-pot reaction was designed to detect HEV with Cas13a coupled with RAA or RT-PCR [61]. Since 

these viruses are not known to cause chronic liver diseases, little research has been directed at uncovering the 

diagnostics or therapeutic potential of the causative viruses. 
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6. Alcoholic Liver Disease (ALD) 

Etiologically, ALD can be caused by chronic consumption of alcohol with chronic consumption of 12–24 g 

of alcohol per day [62]. Clinically, ALD is a spectrum comprising of alcoholic fatty liver (AFL) and alcoholic 

steatohepatitis (ASH), which can potentially cause fibrosis and cirrhosis, and, in some cases, HCC [63]. Various 

approaches have been utilized to tackle ALD. With the advent of the CRISPR-Cas system, this system was further 

utilized to target the proteins involved in disease progression as a therapeutic approach. 

CRISPR-Cas9-mediated knockdown of Nuclear Transcription Factor Y Subunit Alpha (NFYA) in ALD 

attenuated Fatty Acid Synthase (FASN) and Sterol Regulatory Element Binding Transcription Factor 1 (SREBP1) 

expression, which are lipogenic markers [64]. Also, knockout of 3-hydroxy-3-methylglutaryl-coenzyme A 

synthase 2 (HMGCS2) with CRISPR-Cas9 attenuated SLC25A5 lysine β-hydroxybutyrylation (Kbhb). This 

showed reduced lipid accumulation in ALD [65]. Point gene mutation with CRISPR-Cas9 towards Methionine 

adenosyltransferase alpha1 (MATα1) K48 in mice was reported to show protective role from ethanol-induced fat 

accumulation and liver injury [66]. 

7. Non-Alcoholic Fatty Liver Disease (NAFLD) 

NAFLD is characterized by the accumulation of fat in >5% of hepatocytes. This accumulation should not be 

due to secondary causes, such as alcohol consumption or the use of drugs that can cause steatosis. NAFLD is 

strongly associated with features of metabolic syndrome, including obesity, insulin resistance (IR) or type2 

diabetes mellitus (T2DM), hyperglycemia, and dyslipidemia [67]. Similar to ALD, NAFLD also exists as a 

spectrum of diseases, ranging from simple steatosis or non-alcoholic fatty liver (NAFL), non-Alcoholic 

Steatohepatitis (NASH), which may further lead to fibrosis, cirrhosis, and even HCC as an end-stage disease [68]. 

The CRISPR-Cas9 system was utilized to produce NAFLD models for therapeutic approach and disease 

investigation. 

The initial application of Cas9 was documented in the establishment of a rat model for investigating NAFLD. 

It was reported that hydrodynamic injection of CRISPR-Cas9 targeting  Phosphatase And Tensin Homolog 

(PTEN) plasmid efficiently knocked down the expression of PTEN in rat liver, resulting in lipid deposition and 

NAFLD [69,70]. Similarly, later, many studies utilized Cas9 to study NAFLD [71]. 

Multiple studies have shown that CRISPR-Cas9 knockout of NAFLD progression factors leads to the 

suppression of NAFLD pathology. CRISPR-Cas9-mediated Factor D knockout mice showed downregulated 

expression of genes related to fatty acid uptake and de novo lipogenesis in the liver [72]. Blocking liver mortality 

factor 4-like protein 1 (MORF4L1) via CRISPR technology significantly attenuated liver steatosis and improved 

hepatic lipid metabolism in animals subjected to a high-fat diet [73]. Microsomal triglyceride transfer protein 

(MTTP) forms as a heterodimer with protein disulfide isomerase (PDI), catalyses lipidation and assembly of 

apolipoprotein B (ApoB)-containing lipoproteins for secretion by hepatocytes. MTTP variants have been linked 

with susceptibility to NAFLD. A rare genetic variant in the gene MTTP, p.I564T, has been identified as responsible 

for the development of NAFLD. CRISPR-Cas9 was used to correct the I564T mutation in the MTTP [74]. 

Phosphoglycerate mutase 5 (PGAM5), a phosphatase involved in mitochondrial homeostasis, was knocked out 

using Cas9. This PGAM5-KO relieved hepatic steatosis and inflammation in high-fat high fructose (HFHF)-fed 

mice [75]. Depleting Insulin-like growth factor binding protein 7 (IGFBP7) effectively using CRISPR Cas9 

alleviated zebrafish NAFLD progression by inhibiting hepatic ferroptosis [76]. Silencing Suppressor Of Cytokine 

Signaling 3 (SOCS3), Salt Inducible Kinase 1 (SIK1), and Dual Specificity Phosphatase 1 (DUSP1) expression 

using Cas9 in human adipose-derived mesenchymal stem cells (hADMSCs)-derived adipocytes reduces 

hepatocyte lipid storage in vitro [77]. When fed with a western high-fat diet, CRISPR-Cas9 knockout G protein-

coupled receptor 75 (GPR75) mice displayed higher energy expenditure to remain in energy balance, thereby 

preventing NAFLD [78]. Also, CRISPR-Cas9 mediated knockdown of pyruvate kinase M2 (PKM2) decreases 

inflammation and increases autophagy in NAFLD [79]. Hepatic Mitochondrial Calcium uniporter (MCU) 

knockdown by Cas9 has been shown to protect against diet-induced MASH and fibrosis in mice [80]. 

8. Genetic Disorders of the Liver 

In addition to the conditions mentioned above, the liver, as a primary site for secretory proteins production, 

is implicated in various genetic disorders that have been reported [81]. Notable genetic disorders of liver are Acute 

Hepatic Porphyria, Alagille Syndrome, Alpha-1 Antitrypsin Deficiency, Crigler-Najjar Syndrome, Dubin-Johnson 

Syndrome, Hereditary Tyrosinemia Type I (HT1), Gilberts Syndrome, Galactosemia, Haemochromatosis, 

Lysosomal acid lipase deficiency, Reye Syndrome, Wilson’s Disease. These are reported to have mutations in 

Hydroxymethylbilane Synthase (HMBS), Hydroxymethylbilane Synthase (JAG1), Serpin Family A Member 
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1(SERPINA1), UDP Glucuronosyltransferase Family 1 Member A1 (UGT1A1), ATP Binding Cassette Subfamily 

C Member 2 (ABCC2), Fumarylacetoacetate Hydrolase (FAH), promoter of UGT1A1 gene, UDP-Galactose-4-

Epimerase (GALE), Galactokinase 1 (GALK1), & Galactose-1-Phosphate Uridylyltransferase (GALT), 

Homeostatic Iron Regulator (HFE), Lipase A, Lysosomal Acid Type (LIPA), Acyl-CoA Dehydrogenase Medium 

Chain (ACADM) and ATPase Copper Transporting Beta (ATP7B) gene respectively. Genetic engineering tools 

were a major priority in the treatment of these disorders. 

Alpha-1 Antitrypsin (AAT) is a circulating serine protease inhibitor secreted from the liver. In humans, the 

SERPINA1 gene encodes the AAT protein. In Alpha-1 Antitrypsin Deficiency, a point mutation (commonly 

referred to as PiZ (Glu342Lys) and the PiS (Glu264Val)) occurs. This causes aggregation of the miss-folded 

protein in hepatocytes, resulting in subsequent liver damage. CRISPR-Cas9, designed against hSERPINA1, has 

been shown to completely revert the phenotype associated with the PiZ mutation, human AAT protein levels, liver 

fibrosis, and protein aggregation [82]. Similar studies also reported utilizing the CRISPR-Cas9 system to correct 

mutation by knock-in and a preference for therapeutic [83–86]. 

Crigler–Najjar syndrome is a recessively inherited disorder caused by variation in the UGT1A1 gene. It 

encodes an enzyme that conjugates bilirubin in the liver [87]. CRISPR-Staphylococcus aureus Cas9 (SaCas9) was 

recently used to edit the UGT1A1 locus, resulting  in decreased plasma bilirubin to safe levels and partially 

rescuing neonatal lethality by correcting the mutant UGT1A1 gene [88]. 

Hereditary Tyrosinemia Type I (HT1) is an inborn autosomal recessive disorder caused by single base 

mutations in the FAH gene. This encodes the last enzyme of the tyrosine catabolic pathway [89]. This loss of 

function leads to hepatic failure due to the accumulation of toxic metabolites from impaired hepatocyte metabolism. 

Using the CRISPR-Cas9 system, a knock-in therapeutic was developed through NHEJ and HDR pathways, which 

showed better efficiencies. CRISPR-Cas9 and the donor template were delivered using an adeno-associated virus 

to a newborn HT1 phenotype rabbit. The rescue of lethal phenotypes was observed, and the liver displayed normal 

phenotype and function [90]. 

Wilson’s disease is an autosomal recessive disorder caused by loss-of-function mutations in ATP7B gene. 

This gene encodes a copper-transporting protein crucial for copper metabolism. A combination of the CRISPR-

Cas9 system combined with single-strand DNA oligonucleotides (ssODNs) was utilized to produce an in vivo 

model of rabbits for the study of Wilson’s disease. This is achieved by producing ATP7B site-directed point 

mutation p.Arg778Leu, a significant mutation type in Asians [91]. The ATP7B point mutation in the human cell 

lines was corrected using a combination of CRISPR-Cas9 gene editing and ssODNs [92]. A similar approach was 

adopted in hepatocytes derived from induced pluripotent stem cells originating from a patient with Wilson’s 

disease [93]. 

Till now, CRISPR-Cas systems have been utilized to develop multiple therapeutic agents for the treatment 

of Alpha-1 Antitrypsin Deficiency, Crigler-Najjar Syndrome, Hereditary Tyrosinemia Type I (HT1), and Wilson 

disease. There is a vast opportunity in the CRISPR-Cas toolbox to develop therapeutics for Acute Hepatic 

Porphyria, Alagille Syndrome, Alpha-, Dubin-Johnson Syndrome, Gilberts Syndrome, Galactosemia, 

Haemochromatosis, Lysosomal acid lipase deficiency (LAL-D) and Reye Syndrome. 

9. Hepatocellular Carcinoma (HCC) 

Most of the CLD, except genetic disorders, can progress toward HCC in the final stages. CRISPR-Cas system 

has been widely applied to develop therapeutic methods for treating HCC. Knockout of oncogenic factors has been 

a significant approach. Initially, the CRISPR-Cas9 system mediated knockdown of hypoxia-inducible factor-1α 

(HIF-1α) and nuclear receptor binding SET domain-containing protein 1 (NSD1) shown regression of HCC [94]. 

Alongside the development of therapeutics, models for the study of HCC were also developed using CRISPR-Cas 

systems by targeting PTEN and p53. Further, multiple oncogenic factors, including coding and non-coding genes 

knockdown by CRISPR-Cas9, showed a decrease in the proliferation and metastasis of HCC [95,96]. 

Recent studies performed CRISPR-Cas9-based library analysis and identified Solute Carrier Family 7 

Member 5 (SLC7A5) [97], Splicing factor proline and glutamine-rich (SFPQ) [98], Vasorin (VASN) [99], 

scavenger receptor class B member 2 (SCARB2) [100], long intergenic non-protein coding RNA 1607 

(LINC01607) [101], TAR (HIV-1) RNA Binding Protein 1 (TARBP1) [102] and other players, involved in the 

progression of HCC. 

Recently, diagnostic platforms have also been developed to detect HCC markers efficiently. Glypican-3 

(GPC3) was not found in healthy adult liver but is overexpressed in HCC. The protein marker GPC3 on 

extracellular vesicles (GPC3+ EVs) is a helpful marker for HCC detection. An extraction-free one-pot immuno-

RPA-CRISPR was developed for the direct and extremely sensitive detection of EV proteins like GPC3 [103]. 
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Moreover, a CRISPR-Cas12a amplification strategy was developed to detect HCC-related microRNAs. This 

approach utilizes nanozymes as signal reporters, enabling binary visual and colorimetric detection for enhanced 

diagnostic precision developed [104]. 

10. Delivery Methods 

As discussed above, CRISPR-Cas systems are mainly developed as a therapeutic approaches for CLD. The 

delivery of these therapeutics also underwent various advancements. These delivery systems can be divided into 

two categories: viral and non-viral delivery systems [105]. The commonly used viral delivery system in liver 

therapeutics include primarily adeno-associated viruses (AAV) [106], Murine leukemia virus (MLV) [107], 

Engineered virus-like particles (eVLPs) [108]. Non-viral delivery systems employed mostly are lipid nanoparticles 

(LNPs). Viral vectors have the advantages of better transfection efficiency and longer period persistence. Still, 

they also have the risk of triggering the innate immune system, which leads to the production of neutralizing 

antibodies. Viral vectors have specific limitations including, limited cloning capacity and the risk of mutagenesis. 

Non-viral vectors have the advantage of simple production, better stability, high encapsulation efficiency, efficient 

cellular internalization, endosomal escape capabilities, and low immunogenicity. Still, they also have the risk of 

cytotoxic effects, lack inherent targeting capabilities, and short half-life [109]. Currently, several LNP-based 

therapeutics are under clinical trials. These include the inactivation of Transthyretin (TTR), Kallikrein B1 

(KLKB1), and Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) [105]. 

11. Future Perspectives and Conclusion 

With the evolution of the CRISPR-Cas system toolkit, its applications are increasingly being reported. 

Linking the CRISPR-Cas nickase system with reverse transcriptase and base editors leads to hybrid technologies, 

namely prime-editing and base editing, respectively. Likewise, integrases, recombinases, and transposases are 

utilized in the hybridization with the CRISPR-Cas system for various applications. These technologies are 

emerging as key players in precise gene editing therapeutics. To date, most of the applications of CRISPR-Cas 

systems have been directed towards therapeutics and diagnostics towards CLD. However, these applications have 

yet to be thoroughly scrutinized and made robust for better management of the treatment of CLD. In summary, 

this review demonstrates that the CRISPR-Cas system has not been fully exploited in CLD and we believe that 

further research is advocated to expand the application scope of the CRISPR-Cas system. Future studies should 

focus on developing diagnostics and management strategies for chronic liver disease by leveraging the CRISPR-

Cas technology. 
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