
 

 

 

2022; 4(1): 14-20 

PublishedOnline:14/03/2022 

(https://journals.unza.zm/index.php/medicine/about)  

DOI: 10.21617/jprm2022.413 

 

 
ISSN: 2415-038X (Print) 
 

 Received: 14 October 2021 Accepted: 11 November 2021 Published: 15 March 2022 
 

 

14 

 

REVIEW ARTICLE                                                                                           Open Access 
 

 

Lipid Nanoparticle Technology a Key Component of COVID-19 
mRNA Vaccines 

Petty Miyanda 1* , Surya Gautam 2 ,  

1Mulungushi University School of Medicine and Health Sciences, Kabwe 10101 Zambia, 2CT Institute of Pharmaceutical Sciences, Shahpur 

Campus, Jalandhar, India 

 

*Corresponding author: miyandapetty@gmail.com 
 

 
 To cite: Miyanda P, Suryan Gautam. Lipid Nanoparticle Technology a Key Component of COVID-19 mRNA Vaccines. JPRM 2022, 4(1): 14-20. 
doi: 10.21617/jprm2022.413  
 

 

  

 

 

Abstract 

Background: The emergency use authorization (EUA) by the US-FDA for two mRNA-based vaccines 

BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna) has increased the confidence of addressing the 

COVID-19 pandemic which has killed millions of people worldwide. The aim was to review literature on lipid 

nanoparticle technology as a key component of COVID-19 mRNA vaccines. 

Methods: An introductory literature search was conducted by using keywords including “COVID-19”, mRNA 

vaccines” nanotechnology” and others in the databases; Google Scholar and PubMed. 

Results: Using coronavirus disease-2019 vaccine related articles it was evident that lipid nanotechnology has 

played a significant role in the success of mRNA vaccines. Nanoparticles (NPs) as delivery vehicles render 

stability to the encased mRNA from ribonucleases, facilitating delivery of high mRNA concentrations into the 

target cells. The ionisable "lipid nanoparticle" (LNP) facilitates Ribosomal nucleic acid (RNA) complexation 

and has the capacity to avoid reticuloendothelial clearance and subsequent endocytosis. These unique 

properties of the lipid nanocarrier technology can be attributed to the overwhelming success of the two-mRNA 

based COVID-19 vaccines with ~95% efficacy in phase III clinical trials. When compared against the 

traditional liposomal bilayer carriers, LNPs possess rigid morphology, better stability profile and improved 

cellular penetration of the cargo. 

Conclusion: The efficacy and rate at which BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna)  

mRNA vaccines were formulated has showcased the potential of nanotechnology in aiding the alleviation of 

the COVID-19 health crisis and has further demonstrated the undeniable impact of  nanomedicine in tackling 

future health challenges reducing morbidity and mortality  worldwide. 
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INTRODUCTION  
The development of vaccines against 

COVID-19 have been met with an 

unprecedented speed. Particularly, Messenger 

RNA (mRNA) vaccines — a technology that 

has conveyed impressive efficacy in clinical 

trials for other infectious diseases such as 

Influenza [1]. With BioNTech/Pfizer’s 

BNT162b2 and Moderna’s mRNA-1273 

vaccines already raising hopes for a near end of 

the SARS-CoV-2 pandemic [2]. The efficacy of 

the mRNA vaccines is not without challenges as 

it relies on the effective delivery of mRNA into 

the cytoplasm of host cells, where it undergoes 

transcription and translation to produce 

antigenic proteins that trigger the generation of 

neutralizing antibodies [3]. 

 

The need for a physical carrier  

The physical and chemical 

characteristics of mRNA molecules intercepts 

its ability to readily diffuse into cells; the larger 

magnitude of 105–106 Da in size, the dense 

negative charge which initiates electrostatic 

repulsion of the anionic cell membrane, 

preventing its uptake. Cellular uptake rate of 

mRNA without a delivery vehicle is less than 1 

in 10,000 molecules [4]. With a median half-life 

of 7 hours [5]. Additionally its protein nature 

renders it liable to degradation by 5′ 

exonucleases, 3′exonucleases and 

endonucleases [6]. On that account, mRNA 

vaccines require a delivery vehicle that not only 

provides stability against the nucleic acid 

degradation but facilitates the mRNA transfer 

into cells both in vivo and invitro such as lipid 

nanoparticle technology [1]. 

BioNTech/Pfizer’s and Moderna’s 

mRNA vaccines both use lipid nanoparticles as 

mRNA vehicles. The impressive rate at which 

these vaccines were developed is partly due to 

the long-standing technology on nucleic acid 

delivery by lipid nanoparticles that has well 

investigated, optimized and established by the 

nanomedicine community [7]. Who have 

thoroughly studied lipid nanoparticle chemistry, 

structure, surface morphology, dosage, 

injection routes, uptake, endosomal escape, 

cargo release, clearance and most importantly 

safety [8]. The rising interest in lipid 

nanoparticle research has been motivated by the 

advent of numerous potential novel mRNA-

based therapies and gene editing technologies 

for a number of diseases haemophilia B [9] 

myocardial infarction [10] human 

immunodeficiency virus (HIV) [11-12] and 

more than ten types of cancer ]13-14] like 

whose success depends on the availability of a 

safe and efficient delivery vehicle [15]. 

 

Messenger Ribosomal Nucleic Acid (mRNA)  

mRNA is a single-stranded RNA 

molecule that is complementary to one of the 

DNA strands of a gene .it is neither a permanent 

genetic blueprint nor a functional end product 
discovered in 1961. Its transitory nature confers 

tremendous flexibility and broad therapeutic 

utility compared to nearly all other classes of 

known drugs. In vitro-transcribed (IVT) mRNA 

has several advantages: there is no risk of 

carcinogenesis [16] as the mRNA does not 

integrate into the genome and availability of a 

natural degradation pathway to ensure that its 

activity is temporary [17]. 

In the 1970s liposomes were the first 

carriers used to deliver mRNA into cells by the 

1990s, delivery technology had advanced 

enough to facilitate preclinical studies on 

mRNA-based cancer immunotherapy and 

vaccines [4,7]. Ever since, mRNA-based 

therapeutics have shown considerable promise 

for both prophylaxis such as antiviral vaccines 

and the treatment of a wide range of diseases, 

currently there are ongoing clinical trials for 

mRNA vaccines for influenza, Zika, HIV and 

rabies facilitated by potent mRNA delivery to 

antigen-presenting cells. These advances have 

been based on an improved pharmacological 

understanding of IVT mRNA as a drug along 

with the development of delivery materials that 

are adequately efficacious in enhancing protein 

translation in the correct cell type [5,18].  
The first step is transfection of the 

antigen encoding mRNA molecule into the 

cytosol of an antigen-presenting cell (APC) (1), 

then mRNA is transcribed and translated into 

antigenic peptide (step 2). The antigenic 

peptide is then processed into smaller peptide 

epitopes (step 3). Which binds to the major 

histocompatibility complex (MHC) class I (step 

4a) or class II (step 4b). Thereafter the MHCs 

are sequestered to the cell surface, here they 
present their antigenic epitopes to either CD8+ 

(cytotoxic) T cells (step 5a) or CD4+ (helper) T 

cells (step 5b), inducing cellular immunity or an 
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antigen-specific antibody response, 

respectively [4]. mRNA vaccines are the most 

advanced clinical application of mRNA drugs. 

Vaccines using antigen-encoding mRNA 

compared to traditional vaccination strategies 

provide an attractive alternative. Unlike live-

attenuated viral vaccines with a risk of reverting 

to their pathogenic form, mRNA vaccines 

cannot replicate in vivo [19] besides mRNA 

vaccines induce both cellular and humoral 

(antibody-based) immunity [20] (Fig 1). 

Developing an antigen-specific immunity from 

an mRNA vaccine requires the transfection of 

antigen-presenting cells, such as dendritic cells 

[21]. Typical routes of administration are: 

intradermal, intramuscular or subcutaneous 
injection, because dendritic cells are densely 

populated in the skin tissue [22] and skeletal 

muscles. 

 

 

Figure 1: Mechanism of mRNA mediated 

vaccine 

 

Lipid nanoparticles  

Lipid nanoparticles  are spherical 

vesicles that exist on a nanometre scale - below 
100 nm in at least one dimension , as earlier 

alluded to mRNA was initially formulated using 

liposomes a cationic lipid-based delivery 

system which showed an enhanced efficacy 

[23].Liposomal mRNA carriers were associated 

with toxicity and immunogenicity both in vitro 

and in vivo studies due to the cationic lipid 

composition that  lead to liver damage , as well 

as  inflammation [24,25] due to the  cationic 

lipid interaction with  interferon-γ response in 

mice. Furthermore, the possible neutralization 

of positively charged lipids by anionic serum 

proteins, cause toxicity and reduced efficacy 

[26]. On this account the urgent need for a 

better mRNA carrier system extensive 

optimization research studies came into 

perspective and lead to the formation of lipid 

nanoparticles. 

 

Composition  

Lipid nanoparticles are composed of 

ionizable lipids as an alternative lipidic system 

developed to reduce the toxicity induced by 

cationic components while retaining their 

attractive transfection properties. The ionizable 

lipids possess pH sensitive properties that 

significantly contribute to the stability and high 

efficiency. At low pH in acidic buffers these 

lipids ionize to obtain a positive charge which 
facilitates RNA complexation and at 

physiological pH they remain neutral this in 

tells that post injection there is reduced risk of 

toxic effects unlike those exhibited by cationic 

lipids in liposomal carriers [27]. 

 

 
 

Figure 2: lipid nanoparticle structure 

Lipid nanoparticles (LNP) 

formulations consist of other components, a 

helper lipid, cholesterol and a polyethylene 

glycol (PEG) lipid (Fig.2). Each of these lipids 

have a crucial role in ensuring effectiveness of 

the nanoparticles. Cholesterol, is a hydrophobic 

and rigid lipid. It fills in the gaps between lipids 

within the liposomal bilayer membranes, 

promoting vesicle stability (Jokerst et al.,2011) 

[28]. Helper lipids such as 1, 2-distearoyl-sn-

glycero-3-phosphocholine (DSPC) and 1, 2-

dioleoyl-sn-glycero-3-phosphoethanolamine 

(DOPE) promote fusion of both cell and 
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endosomal membranes, facilitating cell uptake 

and endosomal release enhancing LNP efficacy. 

PEG lipids consist of a PEG molecule 

conjugated to alkyl chains that anchored into  

the LNP bilayer. These lipids reduce 

opsonization by serum proteins as well as 

reticuloendothelial clearance [29]. 

 

 

Table 1: Summary of salient features of Pfizer-BioNTech and Moderna mRNA vaccines 

 

 
Lipid nanoparticles in vivo activity 

 Following administration, lipid 

nanoparticles are taken up into cells via 

endocytosis where they are deposited into 

endosomal compartments, here the pH range gets 

low about 4.5 [30]. At this low pH lipid 

nanoparticles positively ionize; the positive 

charge facilitates electrostatic interaction 

followed by fusion with the negatively charged 

endosomal membrane [31]. This fusion 

destabilizes the nanoparticle lipid bilayer, causing 

the discharge of the nucleic acid molecule   into 

the cytoplasm [32, 33]. The ability of nucleic acid 

delivery systems to ionize as the pH drops has 

proved to be essential for the endosomal escape 

process. The need for the ionizable lipid 

nanoparticle to take on positive charge under 

mildly acidic conditions is emphasized by studies 

that report efficacious siRNA delivery only for 

nanoparticle with surface pKa values ranging 

from 5.5 to 7.    

 

Lipid nanoparticles salient formulation 

constituents   

The 

efficacy of 

lipid 

nanoparticles is however substantially affected by 

the relative  

 

 

amounts of the individual components 

being ionizable lipid, helper lipid, cholesterol and 

PEG. This was depicted from the observation 

made of LNP formulations designed for siRNA 

delivery [30] it was shown that lower amounts of 

ionizable lipid and cholesterol and higher 

amounts of helper lipid and PEG lipid are required 

for optimal mRNA delivery [28] .The use of 

helper lipid DSPC (1,2-distearoyl-sn-glycero-3-

phosphocholine)  commonly in siRNA LNP 

formulations, compared to DOPE (1,2-dioleoyl-

sn-glycero-3-phosphoethanolamine)  also allows 

for high levels of mRNA delivery efficacy into 

cells. This could be attributed to the ability of   

unsaturated lipids, like DOPE, to form unstable 

hexagonal rather than stable lamellar phases, 

leading to reduced membrane stability and 

enhanced endosomal escape [36] For this reason 

formulations are to be optimized for a given 

application and administration route to achieve 

maximum clinical effects .Other factors to be 
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considered include, the lipid type, size and surface 

charge because they have major  impact on  the 

behaviour of lipid nanoparticles in vivo. 

The rapid ease with which the 

BioNTech/Pfizer’s BNT162b2 and Moderna’s 

mRNA-1273 COVID-19 mRNA vaccines were 

developed and approved for use is associated with 

the scientific milestone attained in optimizing the 

lipid nanoparticle formulations for nucleic acid 

delivery in the development of patisiran. Patisiran 

is an ionizable lipid nanoparticle vehicle for short 

interfering RNA (siRNA) drug indicated for 

polyneuropathies induced by hereditary 

transthyretin amyloidosis [30] It was the first 

siRNA-based drug to be approved by the United 

States Food and Drug Administration (FDA) in 

2018.Clinical efficacy of (siRNA) was achieved 

by optimizing all the aspects of the lipid 

nanoparticle formulation, this included screening 

more than 300 ionizable lipids .extensive 

evaluation of the site of administration and 

pharmacokinetics into the cytoplasm of 

hepatocytes . Translational criteria, such as a size 

range of 100 nm or less, encapsulation efficiency, 

low surface charge, robustness, scalable 

manufacturing processes and adequate product 

stability were established during the development 

of this drug [37]. 

 

LPN mRNA COVID -19 vaccines cause of 

systemic efficacy 

The effectiveness of the nano particulate 

vehicles in systemic delivery of mRNA COVID -

19 vaccines is based on the following properties; 

1. The ability of the nanoparticle to 

encapsulate mRNA and partition a series of 

extracellular and intracellular barriers for delivery 

into the cytoplasm of the target cells. [30]. 

2. Following parenteral 

administration nanoparticles can evade immune 

cells and circumvent renal clearance by 

glomerular filtration while avoiding nonspecific 

interactions with serum proteins [38]. 

3. The lipid nanoparticle carrier 

can cross the endothelial barrier and diffuse to the 

vicinity of the target tissue, of which many 

molecules larger than 5 nm typically do not cross 

the capillary endothelium with the exception of 

some tissues such as the liver and spleen [39]. 

4. Once in the extracellular matrix, 

the lipid nanoparticle can diffuse through a 

network of fibrous proteins and polysaccharides 

to the target cell membrane [40].Lipid 

nanoparticles undergo cellular uptake, by 

endocytosis forming an endosome, a delivery 

vehicle must escape the endosome before 

releasing its mRNA cargo into the cytosol where 

translation can occur [41].The endosomal escape 

process has been the most formidable aspect of 

delivery, statistics have shown that even the 

world-class RNA delivery materials escape the 

endosome only up to 2% of the time [42,43]. The 

lipid nanoparticle ability to ionise (positively) at 

low pH conditions has outmanoeuvred this 

challenge.  

This knowledge about the properties and 

other key components of formulation has 

undoubtedly contributed to the rapid development 

of COVID-19 mRNA prophylactic vaccines. 

From a pharmaceutical science perspective, the 

success of lipid nanoparticle mRNA vaccines is a 

major breakthrough as it underlines the value of 

pharmaceutical science for medical advances and 

inspires further fundamental and applied 

nanoparticle research. 

 

Conclusion and Future perspectives  

 

The indication of mRNA in genetic 

medicine possesses significant promise, 

intercepting all challenges associated traditional 

DNA based gene therapies. mRNA only induces 

temporal protein expression, without the risk of 

genomic integration which can facilitate a wide 

range of biological processes. With clinical 

applications like immunotherapy, gene editing 

and cell reprogramming that require protein 

expression for only limited periods of time. 

Clinical progression of mRNA therapeutics has 

been hindered by two major factors being 

instability and immunogenicity of invitro 

transcribed (IVT) mRNA and the insufficient 

efficacious delivery systems. From the material 

science perspective, the clinically advanced 

materials form of lipid nanoparticles has the 

ability to overcome these challenges. However, 

because most of these delivery vehicles are 

proprietary, there is a necessity for more academic 

research to improve knowledge of scientific 

community on the influence of lipid structure and 

nanoparticle formulation on efficacy and potential 

applications. That being the case, there is cause 

for certainty that with the right delivery materials, 

mRNA therapeutics have the potential to 

transform medicine by facilitating generations of 

therapeutics and provides a guide to rapidly 

control any future pandemics. 
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