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Abstract:
Clustered, regularly interspaced short palindromic repeat (CRISPR) genome editing is one of the most popular gene 
editing techniques with its simpleness, convenience, and efficiency. Nowadays, CRISPR-Cas9 technology has been 
used in agriculture, medicine, biology, and many other fields for screening target genes, creating modal animals, and 
gene therapy. However, there are still obstacles before clinical applications of CRISPR-Cas9, and a safe and effective 
delivery system is required for transportation. Studies have shown that lipid-nanoparticle-based delivery, using lipid 
nanoparticle (LNP) as the carrier, is a good method of transportation. LNP is a vesica-like globule composed of a 
lipid shell adorned with signal proteins and goods inside it. LNP improved the stability and immunogenicity of the 
CRISPR-Cas9 system and has the merits of easy production and high modifiability, making it an ideal carrier with high 
potential in the future. This review introduces four basic components of LNP: localizable cationic lipids, polyethylene 
glycol (PEG) lipids, zwitterionic phospholipids, and cholesterol. This review focuses on the applications of LNP, 
including lipid-encapsulated gold nanoparticles, biocompatible monosized lipid-coated stellate mesoporous silica 
nanoparticles (LC-MSNs), biodegradable lipid and messenger RNA Nanoparticles, Mulberry leaf lipid nanoparticles, 
phenylboronic acid-derived lipid nanoparticles, lipid-polymer hybrid nanoparticles combined with ultrasound-mediated 
microbubble destruction, cationic lipid-assisted PEG-b-PLGA nanoparticles, multi-valent N-Acetylgalactosamine-Lipid 
nanoparticles, etc. Further research in LNP and CRISPR systems is required to optimize the delivery properties for 
clinical applications.
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1. Introduction
CRISPR genome editing is an important technology for 
modern research and application, and it has a profound 
effect on medicine, biology, agriculture, etc. As a genome 
editing technology, it can be used to delete specific seg-
ments of DNA or RNA. Scientists have used this function 
to establish animal models and genes, gene editing, and 
gene knockout [1]. What‘s more, by combining some edit-
ing enzymes with Cas9 protein in the gene editing system, 
this technology can be used in technologies of changing 
or fixing a specific nucleobase effectively in the genome 
without cutting off the DNA chain. Moreover, this nu-
cleobase editing technology can be applied to fixing and 
researching gene mutations, gene therapy, and decoding 
gene functions. It has been regarded as an efficient and 
accurate gene editing tool [2].
However, safe and effective delivery systems are re-
quired for future clinical applications. A traditional way 
to transport the drug into the body is using some kind of 
virus carrier, but it may cause a lethal immune response. 
In addition, the durability of the transporter building by 

virus is also problematic. Viruses may recover their ability 
to copy by genetic recombination after slathering for a 
long period. Thus, it can also cause immune response and 
mutation. In order to achieve therapies based on CRISPR 
in the human body, a safe and effective way is required 
to transport the drug carrier into vivo. The research found 
that lipid-nanoparticle-based delivery is a very good de-
livery vector. A lipid nanoparticle (LNP) is a nano lipid 
globule that carries therapeutic protein, nucleic acid, and 
other therapeutic drugs [3]. The property is like a vesica 
and can be modified by some signal molecule so that it 
can be transported to a specific area in vivo and assimilat-
ed by target cells by endocytosis [4]. It has the advantages 
of being small in size, easy to produce, stable in a blood 
environment, highly biocompatibility, modifiable, con-
trollable, and strong function [4]. Nowadays, since the 
development of the LNP technology, its immunogenicity 
and toxicity have been reduced distinctly, and its stability 
as well as sustainability have been enhanced [3]. All these 
advantages make LNP one of the most successful and 
reliable transport platforms at present and can be used in 
cancers and other scenarios [5]. Currently, these methods 
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include solid lipid nanoparticles (SLN), nanostructured 
lipid carriers (NLCs), liposomes, and niosomes [4]. SLN 
is a type of spherical particle which packs drugs inside.
The lipids that constitute SLN are positively charged so 
that the nucleic acid inside them can be electrostatically 
attracted, and the endocytosis between the particle and 
cells can be promoted [5]. NLCs are second-generation 
lipid carriers that are structured by both solid and liquid 
lipids in order to overcome the problem of burst release in 
SLN [6]. What’s more, the crystalline structure of NLCs 
is not as perfect as SLN. Thus, it has a larger drug-load-
ing capacity while avoiding lipid crystallization [6]. 
Liposomes are structured by phospholipid bilayer [3]. 
The drugs are put inside the lipid bilayer. Niosomes are 
structured by cholesterol bilayer and nonionized surface 
activators.
This review summarizes the characters and functions of 
four primary lipid components and eight types of LNP.

2. LNP Composition
LNP composition typically includes four basic lipid com-
ponents: localizable cationic lipids, polyethylene glycol 
(PEG) lipids, zwitterionic phospholipids, and cholesterol 
(Figure 1).

Fig. 1 Structure of lipid nanoparticle (LNP). 
Figure credit: original.

2.1 Localizable Cationic Lipids
Localizable cationic lipids, compared to permanently 
charged lipids, have different charges in different environ-
mental pH and specific lipid equilibrium constants. Nucle-
ic acid inside LNP can combine with the hydrophilic part 
of localizable cationic lipids, and the hydrophobic part is 
exposed to the outside so that it can form the glycol shape 
[7]. What’s more, the ability to change the charge accord-
ing to the environment of localizable cationic lipids facil-
itates protecting the drug inside against immune cells and 
lysosomal enzymes in vivo. It assists more drugs to arrive 
at the target area. By modifying the structure of the lipid, 
the effect and safety of LNP can be enhanced (Table 1) [7].

2.2 PEG Lipids
PEG lipids refer to lipids that combine PEG in their ce-
phalic group. PEG molecule has functions of keeping LNP 
size and forming a water molecular barrier for avoiding 
clusters of particles and reducing immunogenicity (Figure 
1). Therefore, PEG lipids can lengthen the retention time 
of LNP and keep the concentration in vivo so that it can 
promote the effectiveness of LNP (Table 1) [8].

2.3 Zwitterionic Phospholipids
Zwitterionic phospholipids are also called helper lipids. 
They exist in the strata extremum of the lipid, and they 
are used to promote the stability and efficiency of LNP by 
changing its size and charge during production (Table 1) 
[9].

2.4 Cholesterol
Cholesterol is another substance used to promote the sta-
bility of LNP by filling the gap between the phospholipids 
(Figure 1). Moreover, cholesterol can also promote the en-
docytosis by strengthen the activity of localizable cationic 
lipids (Table 1) [7].

Table 1. Four LNP compositions comparing
Composition Feature of structure Function References

Localizable Cationic lipids Charged in different environments Protect the drug to the target area [7]
PEG lipids Lipids combined with PEG Keeping LNP size protect the efficient [8]

Zwitterionic phospholipids Has a variable amount of charge To adjust LNP size for its stability [9]

Cholesterol Filling the void between 
phospholipids Promoting the stability and endocytosis [7]
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3. Applications
3.1 Lipid-Encapsulated Gold Nanoparticles
Encapsulating gold nanoparticles with lipids is a strategy 
for promoting the transport effectiveness of the CRIS-
PR-Cas9 system. In this type of LNP, the Cas9-sgPlk-1 
plasmid (CP) is combined with gold nanoparticles modi-
fied by TAT peptide and form AuNPs/CP(ACP), and coats 
lipids forming the lipid-encapsulated AuNPs-condensed 
CP(LACP). While LACP is irradiated by laser light, 
AuNPs are released into the environment and enter into 
tumor cells. The TAT peptide can lead CP to enter the cell 
nucleus and play a role. AuNPs are designed as a heat 
source so that during laser lighting, they would have a 
photothermal effect and release the goods [10]. LACP can 
be used to cure melanoma by knocking down the Plk-1 
gene and restraining tumor cells‘ growth and proliferation.

3.2 Biocompatible Monosized Lipid-Coated 
Stellate Mesoporous Silica Nanoparticles 
(LC-MASNs)
LC-MSNs is a kind of MSN that loads Cas9-gRNA com-
pound and expression carrier. It has a stable stellate shape 
and a bigger superficial area so that it can be degraded 
rapidly into silicic acid. This function makes LC-MSNs 
have low immunogenicity and are biocompatible [11]. 
Silica inside of the LNP can transport the drug into tumor 
cells more effectively. However, there are some draw-
backs, such as low express efficiency and limited by spe-
cific issue areas [11].

3.3 Biodegradable Lipids and Messenger 
RNA Nanoparticles
Biodegradable lipid and messenger RNA nanoparticles are 
a new kind of LNP using BAMEA-O16B as the encapsu-
lated lipid, which encapsulates both mRNA and sgRNA 
inside the LNP with Cas9 protein [12]. mRNA in the 
LNP can avoid off-target effects and complement DNA 
plasmids to reduce mutagenesis risk, transient effects, and 
complexity. However, the stability of the mRNA plasmid 
is lacking compared to the DNA plasmid. Thus, BAMEA-
O16B is used to solve this problem. BAMEA-O16B is 
a kind of lipid particle that is produced by a synthesis of 
amines and acrylates or acrylamide with disulfide bonds 
[13]. It can encapsulate mRNA by electrostatic interac-
tion and release goods in vivo by disulfide bond exchange 
mechanisms responding to reducing chemical signals [12]. 
All these new technologies in this LNP give it an effective 
and rapid editing process both inside and outside the body 
and widen the therapeutic field of CRISPR-Cas9 technol-
ogy.

3.4 Mulberry Leaf Lipid Nanoparticles
Mulberry leaf LNP is a kind of LNP using pluronic copo-
lymer as the cover lipid. Pluronic can promote the stability 
of LNP in the digestive system environment and help LNP 
go through the intestinal wall so that taking CRISPR-Cas9 
system drugs orally comes to realize [14]. In addition, the 
galactose terminal group on it can promote the endocyto-
sis of LNP. Taking LNP orally can release immunoreac-
tion caused by LNP and is beneficial for treating intestinal 
diseases and cancer [14].

3.5 Lipid Nanoparticles Derived from Phen-
ylboric Acid
Cellular surface sialic acid (SA) is a molecule that ex-
ists on glycoprotein on the cell surface and has a higher 
content on the tumor cell surface [15]. PBA is a kind of 
molecule that can combine with SA so that it can be a 
recognition molecule to SA [15]. Thus, phenylboronic 
acid-derived lipid nanoparticles are designed for better 
recognition of the tumor cells and for promoting the trans-
portation of mRNA into the cells. This type of LNP can be 
used to target tumor cells and contribute to future cancer 
gene treatment strategies.

3.6 Lipid-Polymer Hybrid Nanoparticles 
Technology Bound to Ultrasound-Mediated 
Microbubble Destruction
CRISPR interference (CRISPRi) is a technology of si-
lencing gene expression using nuclease deficiency Cas9 
(dCas9) to target the specific gene in the genome and shut 
it down instead of normal Cas9 used in CRISPR-Cas9 
technology. Compared to the normal CRISPR-Cas9 
technology, CRISPRi would not cause DNA damage, 
which showed a higher safety and specificity. Howev-
er, the volume dCas9 with the addition of sgRNA in the 
same LNP will increase the LNP size. Thus, it hampers 
the transport process [16]. PH-responsive lipid-polymer 
hybrid nanoparticles (PLPNs) are a kind of LNP that has 
the structure of a nuclear membrane. In the core area of 
PLPNs is the pDNA combined with PBA-functionalized 
low molecular weight polyethyleneimine (PEI-PBA), 
which can target tumor cells accurately and release the 
goods into tumor cytoplasm [16]. The shell area has 
pH-responsive PEOz lipids, which protect PLPNs against 
immune cells. When PLPNs come into the tumor issue, 
their shell structure will be decomposed in an acid en-
vironment around the tumor cell. What’s more, ultra-
sound-mediated microbubble destruction can be used to 
enhance the efficiency of gene expression and transpor-
tation by enhancing DNA osmosis into tumor cells [17]. 
This LNP system has a lot of potential in cancer therapy.
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3.7 Cationic lipid-assisted PEG-b-PLGA 
nanoparticles (CLAN)
CLAN are a type of LNPs that uses PEG-b-1-polylactide 
(mPEG-PLA) as the matrix, loading siRNA as the gene 
silence drug assisted by cationic lipid [18]. SiRNA is an 
interfering RNA that has excellent expression of the silent 
target gene. However, siRNA usually has a big size with 
anionic properties, making it hard to transport into cells. 
This structure of LNP can promote the efficiency of load-
ing siRNA and make it stable in vivo. The cationic lipid 
used in the LNP is N, N-bis (2-hydroxyethyl)-N-meth-
yl-N-(2-cholesteryloxycarbonyl aminoethyl) ammonium 
bromide, which can promote the packing efficiency of 
siRNA and avoid leakage during LNP transporting in vivo 
[18].

3.8 Multi-Valent N-Acetylgalactosamine (Gal-
NAc)-Lipid Nanoparticles
Multi-valent GalNAc-lipid nanoparticles are a type of 
LNPs that adds GalNAc targeting ligand on its surface 
[19]. GalNAc targeting ligand can combine with the asia-
loglycoprotein receptor (ASGPR) and then rapidly trigger 
endocytosis of liver cells [20]. What’s more, because of 
the independence of lipoprotein receptors, this kind of 
LNP can be used for patients that have less density of li-
poprotein receptors on liver cells and Homozygous famil-
ial hypercholesterolemia [19].

4. Conclusion
There are four primary lipid compositions of LNP, includ-
ing localizable cationic lipids, PEG lipids, zwitterionic 
phospholipids, and cholesterol. Currently, there are mul-
tiple applications of the LNP delivery system, including 
lipid-encapsulated gold nanoparticles, biocompatible 
monosized LC-MSNs, biodegradable lipid and messenger 
RNA Nanoparticles, Mulberry leaf lipid nanoparticles, 
lipid nanoparticles derived from phenylboronic acid, 
lipid-polymer hybrid nanoparticles technology bound to 
ultrasound-mediated microbubble destruction, CLAN, 
multi-valent GalNAc-lipid nanoparticles, etc. LNP appli-
cation varies based on their structures and characteristics. 
These applications focused on the decoration of LNP 
by new types of lipid molecules, proteins, or metallics 
in order to promote its efficiency and reliability during 
transportation and the duration of therapy. Thus, LNP is a 
powerful and potential carrier of the CRISPR system and 
has bright prospects for development. However, the cost 
and method of mass production of LNP have not yet been 
mentioned. Future research may focus on combining the 
innovations and benefits of each application to produce 
more clinically appropriate LNP, as well as improving the 

production system for mass production and industrializa-
tion for large-scale clinical use. Moreover, since CRISPR 
systems have a highly off-targeted effect, further research 
is required to explore how to accurately target cells and 
genes in the delivery system and carry out effective thera-
py.
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