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ABSTRACT: Nowadays, in the time of scientific technology, mRNA vaccines have become a 

promising technology stage for the revolution of vaccines. Since mRNA vaccines provide a 

flexible and quick method of battling infectious diseases and cancers brought on by viruses, they 

have significantly changed the field of vaccination. Studies have shown that mRNA vaccines can 

prevent COVID-19 with efficacy rates between 94% and 95%, and their potential as a potent 

vaccine platform is becoming more widely acknowledged. Despite being crucial in combating the 

pandemic of COVID-19, mRNA vaccines still have a number of drawbacks. These include their 

instability and disintegration, which impairs their capacity to be stored, administered, and used 

effectively overall. Due to its instability and negative charge, mRNA is usually encased in a 

procedure of transport to facilitate approaching the target cell. When mRNA is administered via 

lipid-nanoparticle-based vaccine delivery systems (LNPs), for example, it only enters cells to make 
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an endosome by endocytosis without damaging the cell membrane. The pandemic of COVID-19 

has accelerated the progression of platforms of mRNA vaccines, which are employed in the 

management and prophylaxis of several infectious ailments. The main objective of this research is 

to introduce several possible uses for mRNA vaccine technology, which could result in the creation 

of a desired vaccine design. Consequently, the general public has been able to obtain and become 

more familiar with a new generation of immunizations. mRNA vaccines can be used to modify the 

structure of an antigen in response to novel modifications in the viral genome and even to merge 

sequences from distinct versions. The security and defence offered by recent mRNA vaccinations 

are sufficient, but it will take more clinical research to ascertain how long those benefits will last. 

KEYWORDS: mRNA technology, vaccine research, infectious disorders, and malignancies 

caused by viruses 

INTRODUCTION  

           Conventional vaccination methods have advanced, yet problems still exist, which has led 

to the development of novel vaccine technologies [1]. Epidemic outbreaks are caused by biological 

infections, and they happen almost annually. These epidemics always start off abruptly, are very 

contagious, spread swiftly, and have a detrimental effect on society [2]. The ideal setup would 

involve a "vaccine on demand" strategy that facilitates rapid inoculation expansion, mass 

manufacture, and delivery. Such a strategy would not work with the vaccination technology 

platforms that are now in use, which often call for labor- and time-intensive research and 

development processes [3]. Vaccinations based on nucleic acid structure, such as virus-related 

directions and mRNA, which become useful for getting speedy responses because of their capacity 

to trigger widely protective immune responses and their flexibility in synthesis [4]. By employing 

identical production accommodations, invention processes, and distillation procedures for all types 

of vaccines that are constructed on the same type of nucleic acid, vaccine production can be 

finished more swiftly and economically [5]. Nucleic acid-based vaccinations can be made without 

the need for encoded antigens, making this practicable. Vaccines based on nucleic acids induce 

cytotoxic T cells and humoral reactions resulting from immunization because they replicate an 

infection caused by a virus to generate antigens of the vaccine in situ [6]. This benefit is crucial 
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for effectively eliminating intracellular infections or illnesses, as these require robust humoral and 

cellular immune responses. mRNA-based vaccines are more advantageous than vaccines utilizing 

viral vectors in terms of dosage [7]. Vaccines of mRNA that are not bound for requirements of 

packing and are capable of producing antigens of complex type, which further can be applied for 

accomplishing antigens in situ invention having no need to breach the membrane of the nucleus, 

which acts as a barrier for protein expression [8]. It is not the only problem that can alter the cell’s 

DNA or infectious particle synthesis. Once the sequence of a gene is known, vaccines of mRNA 

can be prepared quickly within a short time frame by using pure methods of synthesis. Due to the 

availability and versatility of broad-ranged targets, the platform of mRNA is ideal for rapid 

responses [9]. 

Advances in mRNA Technology for Research on Vaccines Against Other Diseases, Viral 

Infections, and Mutation-Induced Cancers 

                 It has taken years of preparation and study to produce mRNA vaccines in an efficient 

manner. Although the mRNA molecule was first described by Brenner and colleagues in 1961, it 

wasn't until 1969 that the first protein was made in vitro from extracted mRNA due to the 

extraordinary fragility of the mRNA molecule [10]. Since their initial proposal by Wolff et al. 

(1990), mRNA vaccines have been developed over the previous thirty years [11]. 

      HIV         

 

  

                                                     BG505MD39.3mRNA  

 

           

            BG505MD39.3gp151mRN 

                                                                                    

 

 BG505MD39.3gp151CDKOmRAN 

Figure 1. the number of mRNA vaccines for HIV are either on the market or being studied. 
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In August 2018, the U.S. Food and Treatment Management (FDA) approved Onpattro® (patisiran) 

(Alnylam Pharmaceuticals Inc., Cambridge, MA, USA) as the first therapeutic use of "RNA 

interference (siRNA)" following years of research [12]. The carrier system used in the mRNA 

vaccination technology allows nucleic acids encoding the desired antigen to be delivered into the 

human host by stimulating the target cell [13]. Thus, the immune response can be triggered for 

producing the targeted protein and expression of the targeted antigen by the host cell. The system 

of defense of the host quickly stands immune responses of cellular and humoral in response to the 

pathogen for the transmission of the antigen, finally putting an end to the disease [14]. Prior to 

accessing the target cell, mRNA is often encased in a delivery mechanism due to its inherent 

instability and negative charge. Specifically, when utilizing vaccine delivery systems based on 

lipid nanoparticles (LNPs), mRNA can only enter cells by endocytosis [15]. By following this 

process, the integrity of the cell membrane is guaranteed to remain intact while an endosome 

forms. Inside the cytoplasm, the endosome proceeds to the lysosomes directly for creating 

destruction. Consequently, it is necessary to avoid the fusion of endosomes with the lysosomes 

and the disruption subsequently it produces in response to guarantee the stability of structure and, 

accordingly, transformation of injected mRNA. Escape of endosomes and mRNA release have 

been demonstrated to be facilitated by ionizable lipids present in LNPs [16]. 

 

 COVID-19                                        Pfizer-BioNTech and the Moderna 

 

                                 CMV                                                 mRNA 1647 

  

                             RABIES                                                  CV7201 and CV7202 

   

                                ZIKA                                                    mRNA 1325 

  

                              NIPHA                                                    mRNA 1215 
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                MELANOMA                                                mRNA 4157 

 

Figure 2. Numerous mRNA vaccines are available to prevent cancer and infectious disorders. 

                mRNA vaccine research for the treatment of HIV has produced an encouraging finding. 

In particular, the study concentrated on an HIV-1 Gag mRNA vaccine that used polyethyleneimine 

stearic acid (PSA). A capable trial that produced a favourable immunological response was 

conducted [17]. 

          The National Institutes of Health has introduced the HVTN 302 research, a tiered trial for 

three mRNA HIV vaccines: i) BG505 MD39.3 mRNA, ii) BG505 MD39.3 gp151 mRNA, and iii) 

BG505 MD39.3 gp151 CD4KO mRNA [18]. The presence of spike protein that is observed on the 

surface of HIV to facilitate the entry of the virus into cells of the human body is fused into these 

available vaccinations [19]. They all encode for different proteins that are connected to each other. 

The findings showed that nearly all of the recipients of the eOD-GT8 60-mer HIV nanoparticle 

vaccination generated and enlarged a particular type of B immune cell [20]. To create the version 

of mRNA, the eOD-GT8 60-mer, the team is presently collaborating with Moderna. During the 

COVID-19 outbreak, replication-incompetent adenovirus (Ad) vectors and mRNA vaccines were 

used first widely in the field [21]. Vaccines, in contrast to the viral vector industry, have been 

evaluated comprehensively. Historically, antibody and cellular responses have been investigated 

separately. Some disadvantages have been observed in mRNA, even if they are crucial in the fight 

against the COVID-19 pandemic [22]. These include their disintegration and instability, which 

make it more difficult to transport, store, and use them in general. For the study of effective 

administration of vaccines of mRNA, so many proposals for non-viral techniques have been 

observed. Polyplexes, cationic nano-emulsions (CNEs), and lipid nanoparticles (LNPs) are 

specifically used in these methods of delivery [23].  

        Because of the disease's morbidity in immunocompromised and transplant patients, effective 

cytomegalovirus (CMV) vaccination was necessary. The cytomegalovirus (CMV) is the target of 

the six mRNAs that comprise the mRNA 1647 vaccine [24]. While the other five encode the 

complexes of the CMV pentamer, in which one of them encodes the glycoprotein B (gB) protein. 
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Interestingly, two highly immunogenic antigens include the complex of the CMV pentamer and 

the gB protein [25]. This formulation demonstrates the capability of vaccines to provoke a strong 

immune response, which underscores their potential efficacy. The mRNA 1647 immunization 

produced larger and more durable antibody responses, according to the results of the most current 

human trial. Scientific trials for CV7201, the first rabies virus mRNA formulation, began in 2017 

[26]. Phase 1 clinical trials concluded that CV7201 and CV7202 demonstrated good effectiveness 

and immunogenicity. 

mRNA vaccines in Zika Virus: 

         In regards to the human phase 1 scientific trial, Zika virus, Moderna's mRNA vaccines, 

mRNA-1325 and mRNA-1893, have just concluded. In results, all of these vaccines are found to 

be well-tolerated by producing a strong immune response [27]. The progression of further clinical 

research is prompted by these promising outcomes. Developing novel ways of treating cancer, 

which requires the first clinical research on humans by therapeutic vaccination of cancer by using 

PSA-transfected dendritic cells [28]. Through clinical trials, more than 20 mRNA-based 

immunizations have been studied against tumours existing in the human body, like melanoma, 

lung cancer, and colon-rectal carcinoma [29]. As a result, these trials combine combinations of 

cytokines or checkpoint modulators (PD-1, CTLA-4, and TIM3) with cancer vaccines of mRNA 

to promote their effectiveness against the cells of tumours [30]. 

mRNA vaccines in melanoma: 

         Notable for being an intravenous vaccine of liposomal RNA (RNA-LPX), the Melanoma 

FixVac (BNT111) of the mRNA vaccine looks at a new method of melanoma immunotherapy. 

Targeted are four tumor-associated antigens commonly identified in melanoma that are not 

changed [31]. This vaccination is currently being tested in patients with advanced melanoma in a 

phase I study called the trial of the Lipo-MERIT, either single or in combination with inhibitors of 

checkpoint PD1 inhibition. Responses of patients have been observed to be balanced [32]. 

Specific mRNA: 

           A significant turning point for the development of vaccines of mRNA is the generation of 

tailored vaccinations [33]. For example, the mRNA vaccine of 4157 cancer, which may convert 
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up to 34 tumours of neoantigens unique to each patient, showed results in the experiment of 

KEYNOTE 942. In this study, patients receiving both pembrolizumab and 4157 of mRNA had a 

nearly 45% decreased risk of death or recurrence compared to those who only received 

pembrolizumab [34]. 

          In a separate phase 1 clinical trial, autogenous cerumen, a tailored neoantigen vaccine using 

uridine mRNA lipoplex nanoparticles, showed promise and safety when given with atezolizumab 

and mFOLFIRINOX [35]. In unselected patients, half in number with operable pancreatic ductal 

adenocarcinoma, it generated many neoantigen-specific T cells considerably.    

                                                      1969              Isolation of mRNA 

 

                                                      1990              Concept of mRNA vaccine 

                                                                            First clinical against Cancer with mRNA   

                                                                                               

                                                      2016              Zika virus vaccine enters phase 1 trial 

 

                                                      2017              First human trial of personal of mRNA vaccine 

                                                                            Rabies Cv7201enters in phase 1 trial 

 

                                                      2020              COVID-19 mRNA vaccine approved 

 

                                                      2021              CMV mRNA 1647 vaccine enters phase 3 trial 

 

                                                      2022              RSV mRNA 1345 vaccine enters phase 3 trial     

                          

Figure 3. Evolution of mRNA technology timeline for research on vaccines against infectious 

diseases and malignancies caused by viruses 

Optimizing Vectors for Effective mRNA Vaccine Delivery 
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          After the first generation of mRNA vaccines' shortcomings were addressed, second-

generation vaccines were created, maintaining the same level of efficacy and safety but with 

improved handling, storage, and safety [36]. It will no longer be necessary to use cold chain 

shipping because the immunizations are found stable at room temperature. The search is extended 

further for getting more powerful nanocarriers of ligand-targeted efficiency with improved safety 

and profiles of effective mRNA delivery, which is another concern [37]. In the case of uses of self-

amplifying RNA and other RNA-based products, like vaccines, so much research is observed. A 

standardized thin film of lipid hydration has been seen, which is used to produce a variety of 

liposomes and LNP [38]. Creating different-sized nanoparticles has shown several disadvantages, 

one of which is the different heterogeneous particle distribution. In order to obtain LNPs that are 

homogenous and consistent, the technique of subsequent size-tuning is now needed [39]. 

        Since mRNA is itself a big material with a negative charge, several methods have been 

developed to get it into cells. These can be generically categorized as vector delivery techniques 

that are most of the time viral or sometimes non-viral [40]. Systems for delivery based on polymers 

and lipids are additional categories for non-viral substances. Liposomal complexes and lipo-

nanoparticle delivery systems are two types of lipid delivery systems [41]. 

Recent Advances in mRNA Vaccines 

           There is a great deal of promise for disease prevention and mitigation around the world 

thanks to the mRNA vaccine-developed technology. Thanks to recent advances in the area of 

mRNA vaccines, which is also shown in the viability of this novel immunization strategy, the 

development of COVID-19 vaccines has moved swiftly [42]. The first COVID-19 vaccine ever 

approved by the FDA was the product of the COVID-19 pandemic, which acted for mRNA-based 

vaccine tests ultimately. These vaccines achieved all goals in terms of giving performance [43].  

This original and new approach has shown the potential to completely change, and the new way 

for protein replacement treatment, cancer immunotherapy, vaccination, and other medical 

practices is carried out today. An incredible tool for combating infectious diseases and potential 

pandemics is the mRNA vaccination [44]. Owing to their remarkable ability to lower 

hospitalization and serious illness associated with COVID-19, i) Pfizer (BNT162b2) and ii) 
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Moderna (mRNA-1273) vaccines have been licensed for commercial use in the prevention of 

COVID-19 [45]. The mRNA vaccine’s efficacy against novel variations of COVID-19 has also 

been demonstrated, highlighting the technology's encouraging potential for the prevention of 

infectious illnesses [46]. The Pfizer-BioNTech vaccine was the first to be approved by the FDA 

for COVID-19 use in children ages 5 to 11. There are now 17 mRNA vaccines being studied in 

clinical trials to prevent COVID-19. mRNA vaccine manufacture is a promising method that can 

quickly and easily respond to new alterations in the genome of the virus, which was developed 

during the pandemic of COVID-19 [47]. 

              In scientific advancement, these developments are the result of thirty years of approaches. 

In the past few years, there have also been advancements in the development of mRNA vaccines, 

which include the efficacy of highly secured, effective mRNA vaccine delivery methods [48]. 

Innovative manufacturing methods and delivery systems will also enable the rapid and affordable 

mass production of next-generation mRNA vaccines. Another development in the innovation of 

different methods for receiving the very quick, simple mRNA mass manufacture in accordance 

with regulations of cGMP, which can make it possible to produce vaccines of consistently 

excellent quality. mRNA vaccines are easily degraded and non-infectious, in contrast to regular 

immunizations [49].  Future use of mRNA vaccines may be made possible by their well-tolerated 

nature, lack of integration into the host genome, and lack of major health side effects. Additional 

diseases can be cured, and infectious diseases can be prevented and managed thanks to the mRNA 

technology platform [50]. The race for the COVID-19 vaccine has influenced the positive impacts 

and uses of vaccines of mRNA in the replacement of cancer and protein therapies due to their 

performance. 

          They can enhance our arsenal of tools for treating cancer and establishing and reemerging 

communicable diseases by eliciting self-immune responses [51]. mRNA vaccine modulation is 

designed for the production to handle different application scenarios and has been demonstrated 

in clinical use [52]. Even though mRNA-based vaccinations have demonstrated encouraging 

outcomes in terms of safety and effectiveness, more research is required to confirm these outcomes 

in the whole human population [53]. During the next five years, significant clinical studies for 
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vaccines of mRNA, particularly those that are against COVID-19, will come to an end, giving 

researchers a deeper grip on the mRNA platform vaccines and their variety of methods of delivery 

[54]. The vaccines of mRNA creation may enhance our ability to combat and control newly 

emerging infectious diseases. mRNA-based vaccines are a possible replacement for conventional 

vaccines because they have a number of advantages over traditional vaccinations, including greater 

efficacy, safety, affordability, and large-scale production [55]. In the future, the latest technology 

will become capable of inducing change in the course of prevalent infectious diseases by utilizing 

a safe and dependable way to combat these infectious diseases and cancerous sites [56]. An 

instruction to produce proteins inside ribosomes by host cells is included in mRNA vaccines, 

which are designed to produce different immunological responses for activating the body's 

defenses against infections or malignant cells [57]. With so many possible applications for mRNA 

vaccine technology, a preferred vaccination pattern might be created. The discovery by Wolff et 

al. in 1990 that mice could produce a target protein via intramuscular (IM) injection marked the 

beginning of the history of mRNA [58]. However, because of problems with its unstable nature 

and distribution, the clinical validation of this innovative technology took several years. Over 190 

companies and academic institutions are presently engaged in the development of over 310 mRNA 

therapies and vaccines. These medications are in a range of development phases, ranging from 

preclinical research and early discovery to different phases of clinical trials [59]. Vaccines make 

up the remaining third of these products, with two-thirds (a total of 125) currently in the clinical 

pipeline worldwide. Most of these products, with the exception of COVID-19 vaccines of mRNA, 

are notably still in the clinical research of the early phases [60]. 

          In the next step, a further unique approach to treating pancreatic cancer is becoming more 

widely accessible to patients [61]. A clinical trial in phase II is launched for evaluating the further 

effectiveness of using the vaccine of mRNA in the fight against disastrous types of cancer based 

on results from an initial investigation. The purpose of this most current experiment is to find out 

if the vaccine therapy can reduce the risk of recurrence of pancreatic cancer by following the 

surgical excision of the tumor [62]. The results of the phase 1 trial show the safe use of mRNA 

vaccines is safe and may even be able to produce a long-lasting immune response. The study is 
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expected to enroll about 260 individuals [63]. Eight of the sixteen patients whose records were 

reviewed had strong immunological T cell activation as a result of the vaccinations. Compared to 

individuals who did not respond to the vaccine, those who did exhibit a robust immune response 

had longer times until cancer reappeared. Based on genomic sequencing, the vaccine of mRNA-

4157 can encode up to specific neoantigens of 34 patients, which can be generated in around six 

weeks [64]. 

        The companies plan to look into how well the treatment works for non-small-cell lung cancer. 

This accomplishment shows how mRNA vaccines can target a wide range of neoantigens, and it 

also stands in contrast to previous barriers in the creation of anti-cancer vaccinations [65]. 

Although the exact reason for the variation in melanoma's response to immunotherapy remains 

unknown, it may be related to the quality other than neoantigen quantity [66]. In spite of failures 

of previous experiments, the vaccine of the mRNA technique has generated since it leverages the 

effectiveness of immunotherapy and tailored targeting for specific cancers [67]. Clinical trials 

using modified primary human T cells in the form of CRISPR are currently being carried out for 

the treatment of metastatic gastrointestinal cancer. This advanced medication aims to target 

cytokine-inducible SH2-containing protein (CISH), an intracellular gatekeeper that was previously 

believed to be undruggable. Most importantly, it has the specific design to maintain the function 

and viability of cells [68]. 

                  Aiming for the vaccination, which must be proper, safe, and effective against the Zika 

virus, individuals of healthy age (18 to 49) took part in randomized, placebo-controlled attempts 

to assess the protection, immunity, and neutralizing antibodies (nAbs) specific to the virus [69]. 

Examined in the USA, mRNA-1325 exhibited mild nAb responses but showed general tolerability 

at dose levels of 10, 25, and 100 µg. By day 57, all of the subjects in the United States and Puerto 

Rico who received the mRNA-1893 vaccine developed robust and durable antibody responses 

specific to the Zika virus, regardless of their flavivirus serostatus. Nevertheless, at greater doses, 

the majority of the negative effects were mild to moderate. These positive results highlight the 

safety and effectiveness of mRNA-1893 in generating strong anti-Zika antibody responses, hence 

supporting its development [70]. 
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          Additionally, researchers working on mRNA vaccines have the Nipah virus in their sights. 

Although humans can contract this zoonotic virus and suffer life-threatening repercussions, such 

as coma or even death, it primarily spreads through animals [71]. The National Institutes of Health 

(NIH) initiated a trial at an early stage to evaluate a vaccine for an experiment with a defensive 

motivation, as there is currently no approved treatment or vaccine available for the treatment of 

Nipah virus infection [72]. The efficacy of mRNA vaccines against various cancers and infectious 

illnesses is being studied through extensive clinical trials. Furthermore, a clinical experiment 

aimed at treating sickle cell disease with the adenine base editor (ABE) has been going on (Table 

1). 

Table 1. List of ongoing clinical trials evaluating the role of mRNA vaccines in cancer. 

ID for 

Clinical Trait 

        

Type of 

Study 

Phase   Population     Groups Primary 

Outcomes 

NCT0596832

6 

Multicellular

, 

Randomized 

II Patients (n = 260) 

with resected 

pancreatic ductal 

adenocarcinoma 

1. Autogene 

cevumeran 

(mRNA) + 

atezolizumab 

+ folfirinox 

2. Folfirinox 

alone 

Disease-free 

survival 

NCT0389788

1 

Randomized III Patients after 

complete resection 

of high-risk 

melanoma 

1. mRNA-

4157 + 

pembrolizum

ab 2. 

Pembrolizum

ab alone 

Recurrence-

free survival 

(RFS), 

assessed 

using 

radiological 

imaging 
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NCT0519875

2 

Open Label I Patients with 

advanced malignant 

solid tumors 

SW1115C3 

(mRNA) 

Dose-

limiting 

toxicity 

incidence 

NCT0438289

8 

Multicellular

, 

Randomized 

Four-arm 

I/II Patients with high-

risk, localized 

prostate cancer 

1. BNT112 2. 

BNT112 + 

cemiplimab 

Dose-

limiting 

toxicity, 

adverse 

events, 

objective 

response rate 

NCT0519246

0 

Single center, 

single-arm 

Not 

applica

ble 

Patients with 

advanced gastric 

cancer, esophageal 

cancer, and liver 

cancer 

1. mRNA + 

PD-1/L1 2. 

mRNA alone 

Adverse 

events, 

objective 

response rate 

 

 

 

Improving the stability of mRNA vaccines for infectious diseases and virus-induced cancers 

          The field of vaccination has seen a complete transformation thanks to mRNA vaccines, 

which offer a rapid and flexible way for fighting diseases of different infections and cancers that 

are induced virally [73]. But its intrinsic volatility poses a significant barrier to their broader 

adoption. In the last few years, scientists have concentrated on increasing the chances of improving 

mRNA vaccine stability in order to enhance the efficacy, storage, and release of these vaccines 

[74]. Durability is a crucial factor in the efficacy and broad application of mRNA vaccines. The 

primary objective of ongoing research efforts has been to find solutions for the problems caused 

by mRNA instability. It has been discovered that several methods for enhancing the mRNA 
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vaccines maturity offer positive expectations for their widespread use in the management of virally 

induced cancers and infectious disorders [75]. Improving mRNA distribution with lipid 

nanoparticle (LNP) formulations is one such tactic. LNPs can protect and stabilize mRNA 

molecules. The development of LNPs by Zhang et al. was centered on optimizing mRNA 

packaging, stability, and cellular uptake to raise the impact of vaccination [76]. A similar 

investigation investigating the effective administration of mRNA vaccines using stable lipid 

formulations was conducted by Allen and Mout. RNA can also be stabilized by modified 

nucleosides [77]. 

        In order to increase vaccine durability, Feng et al. (2023) concentrated on the logical design 

of modified nucleosides, which can improve mRNA stability and shield the mRNA molecule from 

degradation[78]. To achieve even more stability, mRNA sequence and alteration optimization are 

essential. Li and Wang (2022) have identified two techniques that can enhance mRNA stability 

and translation efficiency, ultimately leading to more efficient protein synthesis: codon 

optimization and the incorporation of modified nucleotides. Stability of temperature for mRNA 

vaccines is a significant problem, particularly in storage and transit. In order to improve mRNA 

vaccines' thermostability, Chen and Kim (2022) discussed how to alter the RNA structures and 

incorporate stabilizing chemicals. These strategies aimed to preserve vaccine efficacy and extend 

shelf life by preventing the mRNA molecule from breaking down at different temperatures. To 

address doubts about the mRNA vaccine’s stability, the development and formulation of different 

strategies are being observed. Riedmann and Cooney (2022) brought several techniques and 

methodologies for formulation, like bringing stable excipients and coats for protection, for 

overcoming the instability for treatments of inherent RNA. Preserving mRNA integrity during 

distribution and storage was the aim of these strategies. Lallana and Rincón-López (2022) carried 

out an exhaustive investigation of different concerns about its stability and delivery, which are 

linked directly with vaccines of mRNA. They also bring focus to different methods of solutions 

for the resolution of these issues by explaining the strategies working to enhance stability and the 

challenges related to implementation. 
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           Since mRNA vaccines are still being stabilized, there are generally promising prospects to 

improve their efficacy and utility. Enhancing LNP formulations, logically creating changed 

nucleosides, refining mRNA sequences, and creating formulation methods are all helping 

researchers build the foundation for more stable vaccines of mRNA [79]. These mature types of 

advancements further enable the widespread application of vaccines of mRNA in the fight between 

viral malignant and some other infectious diseases while also making mRNA vaccines easier to 

store and provide. 

Formulation and Delivery of mRNA Vaccines  

 

          Following are the stages involved in creating and administering mRNA vaccines:  

a. Injection of naked mRNA: 

          It is possible to provide naked mRNA immediately following reconstitution using an 

appropriate buffer, like Ringer's solution or its lactate. There are several ways to give the 

medication locally, including intramuscular, intranodal, and intranasal methods, in order to shorten 

the duration that the vaccine is exposed to RNases in the bloodstream. Still, their capacity to cross 

the lipid bilayer is restricted, and they are susceptible to RNases [80]. 

Uncovered mRNAs are currently observed in different clinical trials that are carried out for the 

treatment of melanoma and hepatocellular carcinoma (Figure 3). 
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Figure 3: Liposomal complex vaccine development and common routes of administration of 

mRNA vaccines. 

 

b. Liposomal complexes: 

         Phospholipid layers, which comprise liposomes, are positively charged cationic lipids that 

include an mRNA vaccination core that keeps RNase from accessing them. These liposomal 

complexes are easily degradable due to their positive charge, even in healthy conditions [81]. 

c. Lipid nanoparticles:       

        LNPs are composed of an mRNA vaccine that holds an aqueous covering along with 

cholesterol, glycol of polyethene, auxiliary lipids, and shells of the lipid bilayer. LNPs, in contrast 

to liposomal complexes, are made up of a range of distinct lipids that support their structural 

stability [82]. 

  

d. Modification of LNPs: 
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          The short blood circulation period, instability in vivo, and selection of a lack of target LNPs 

can all be moderated by bringing any modification. This alteration includes targeted liposomes 

with ligands that are surface-bound. Through the use of the ligands unique to each receptor, 

liposomes have been employed, for instance, to target the overexpressed folate and transferrin 

receptors in cancer cells [83]. Thanks to their high binding affinity for folic acid, folate receptors 

have the ability to specifically target tumor cells. However, in malignancies like cancers of the 

lung, colorectal, and breast, EGFR is overexpressed on a large number of cells. In other words, 

drugs can be delivered to harmful cells by targeting EGFR [84]. 

 e. Stimulus-responsive liposomes:  

           Modified stimulus-responsive liposomes contain medications that are released in response 

to bringing a few changes, like modifications in temperature, pH, light, enzymes, some electrical 

and magnetic fields, ultrasound, and other stimuli [85]. A pH shift is the most promising trigger 

because the body is full of pH gradients. Upon activation, some types of liposomes undergo a 

period of change that helps in the enhancement of the permeability of the membrane and allows 

for the drug to be released in a burst [86]. 

f. delivery systems, i.e., polymer-based: 

          These delivery methods of mRNA are special because they can be detected and form 

nanostructures in aqueous environments and contain some special type of pharmacokinetics. 

Nevertheless, concerns exist regarding its effectiveness and toxin probability in their limited type 

of transfection [87]. They require tremendous reproducibility, chemical structural control, and 

explicit polymer engineering to be turned into therapeutics. An example of an extra nanoparticle 

substance is ferritin. It has been shown that the ferro nanoparticle vaccine completely eradicates 

the mice having the hepatitis B virus by undergoing numerous clinical studies that are currently in 

progress [88]. 

           Since mRNAs are so large, intrinsically unstable, charged, and more prone to enzyme 

breakdown in the lab during clinical settings, numerous challenges are also observed during 

mRNA-based delivery approaches [89]. Future applications of vaccines of mRNA are found 

difficult since the accessory standards of the mRNA can be altered by the delivery system as well. 
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This means that the need for better drug delivery systems is required to bring delay in the broader 

arrangement of therapies, which must be mRNA-based [90]. It is found that vaccines are extremely 

temperature sensitive; in concern of their manufacture, composition, storage, and delivery, they 

need to be kept within a temperature-specific range to maintain their long-term effectiveness. 

However, some chains of mRNA vaccines possibly need even lower temperatures than their 

requirements for preserving and distributing these vaccines. Some vaccines of mRNA are still 

challenged by the cold storage requirement [91]. The maintenance of vaccines of mRNA at a 

particular temperature is required in case of instability of the LNP mRNA system. This instability, 

low efficacy translation, and targeting of poor cells of naked mRNA can be controlled by different 

sophisticated methods of delivery techniques [92]. Still, it appears that mRNA vaccine delivery 

technologies need to be refined, given that a large number of clinically evaluated mRNA vaccine 

candidates lacked a conveyance mechanism.  

Conclusion: 

       In the practical age of scientific inquiry, vaccines of mRNA have brought a highly promising 

platform for the development of vaccines. The disastrous pandemic of COVID-19 has allowed 

some advancements in the formation of mRNA vaccines for the treatment and prevention of 

several other infectious diseases. This has led to a gradual increase in the availability and public 

awareness of a new generation of immunizations. When replying to the latest developments in the 

field of viral genomes, mRNA vaccines can be utilized to change the structure of the antigen and 

even merge unique sequences from other versions. Present-day mRNA immunizations provide 

enough safety and protection; nevertheless, more clinical study is required to find out how long 

the protection lasts. Thus, more investigation and development into the stability of mRNA vaccines 

are needed. 
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