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Abstract: In the last decades, technological advances related to RNA manipulation enabled and 

expanded its application in vaccine development. This approach comprises synthetic single-

stranded mRNA molecules that direct the translation of the antigen responsible for activating the 

desired immune response. The success of RNA vaccines depends on the delivery vehicle employed. 

Among the systems, yeasts emerge as a new approach to a natural delivery platform. The presence 

of β-glucans and mannans in its wall is responsible for the adjuvant action of this system. Yeasts are 

already employed to deliver protein antigens, with success and efficacy demonstrated through pre-

clinical and clinical trials. Yeast β-glucan capsules, microparticles, and nanoparticles are capable of 

modulating host immune responses and have a high capacity to carry RNA and small molecules, 

with bioavailability upon oral immunization and with targeting to receptors present in antigen-

presenting cells (APCs). Besides, yeasts are interesting vehicles for the protection and specific 

delivery of therapeutic vaccines based on shRNA or dsRNA. In this review, we present an overview 

of the attributes of yeast or its derivatives for the delivery of RNA-based vaccines, discussing their 

current challenges and prospects for using this promising strategy. 
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1. Introduction 

Vaccination is the most effective prophylaxis measure for infectious diseases [1]. According to 

the WHO, the eradication of diseases, such as poliomyelitis, and the reduction of mortality of others 

as tetanus, whooping cough, and influenza, was only achieved thanks to vaccines. However, there 

are still some obstacles, such as keeping up with the changes caused by genetic variants and 

generating more effective responses, in addition to the slow production of some types of immunogen 

[2]. 

Within this scenario, the mRNA-based vaccine production strategy proved to be a safe, fast, and 

effective alternative. Primarily developed decades ago, RNA vaccines took a long time to be widely 

employed due to inherent problems such as low stability, excessive immunostimulation, and low 

efficacy in some trials [3, 4]. However, with advances in sequence modifications, such as codon 

optimization, chemical modifications, and the use of carrier molecules, the possibility of its use in 

clinical applications has grown [5]. 

In parallel, the interest in more efficient delivery systems has also received attention. Several 

methods have already been adopted, such as lipid nanoparticles used in mRNA vaccines developed 

for SARS-CoV-2 [6, 7]. However, the application of microorganisms as delivery systems has been 

gaining prominence due to their ability to generate efficient immune responses, specific capture, and 

physical protection for the vaccine antigen [8]. In this context, yeasts such as Saccharomyces 
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cerevisiae, Schizosaccharomyces pombe, and Pichia pastoris have been proposed as promising delivery 

systems for acid nucleic-based vaccines [9, 10]. In this review, we describe how yeasts can be used as 

an antigen vehicle to enhance the effectiveness of RNA vaccines, besides the main applications in 

immunotherapy approaches. 

2. RNA vaccines and delivery systems 

Due to limitations such as stability, intrinsic toxicity, and poor distribution, the applicability of 

RNA vaccines was initially restricted compared to other platforms [4]. However, the application of 

chemical modifications, codon optimization, and integration of carrier molecules has broadened its 

usefulness and sparked significant interest in the production of vaccines against infectious [5], 

autoimmune [11], and neoplastic diseases [12] (Figure 1). 

 

Figure 1. A general summary of composition, features, and applications of mRNA vaccines. 

These vaccines comprise synthetic single-stranded mRNA molecules that direct the translation 

of the antigen responsible for activating the immune response. Like endogenous mRNA, the in vitro 

assembly includes one or more antigen-encoding ORFs, untranslated regions, a 3' poly-A tail, and a 

5' methylated cap that prevents unintended immune responses and degradation [5, 13]. Most RNA 

vaccines include modified nucleosides to avoid recognition by pattern recognition receptors (PRRs) 

and ensure sufficient translation of the target antigen [14]. This adjustment is necessary since 

unmodified mRNA molecules are highly immunogenic and recognized by Toll-like receptors (such 

as TLR3, TLR7, TLR8, and TLR13), RIG-1, and MDA-5, able to instigate cellular and humoral 

responses [15]. However, they also lead to the production of immunostimulatory molecules such as 

IFN I and IFNα that can block the translation of the antigenic molecule [16]. Thus, current 

classifications include three main types of RNA vaccines: conventional (mRNA), which have no 

modifications and self-amplifying capacity; base-modified non-amplifying mRNA (bmRNA) 

vaccines and auto-amplifying mRNA (saRNA) vaccines [17]. 

To be expressed, RNA vaccines must enter the cytoplasm of antigen-presenting cells, where they 

are translated and processed for presentation via MHC and subsequent activation of CD8+ T cells 

[18]. On the other hand, synthesized proteins located in the extracellular milieu can be captured, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 April 2023                   doi:10.20944/preprints202304.0956.v1

https://doi.org/10.20944/preprints202304.0956.v1


 

 

degraded, and presented via MHC-II, causing the activation of CD4+ T cells critical for the activation 

of defense cells and antibody production [19]. The success of mRNA vaccines also depends on 

delivery techniques. The delivery vehicle must protect the RNA from possible digestion by 

ribonucleases and allow for effective uptake by the target cell, dissociation of genetic material from 

the delivery vehicle, and escape from endosomes [17, 20]. Furthermore, non-toxicity and 

immunostimulation are imperative for an ideal delivery vehicle [21].  

Despite the preferential study by delivery particles of lipid and polymeric origin, new 

approaches involving natural delivery systems based on microorganisms emerge as novel systems 

to be explored [20, 22 -23]. Due to their composition, they can signalize efficient immune responses, 

promoting a specific uptake, transporting nucleic acids anchored superficially or in their interior, and 

expanding the range of administration methods [8]. Among microorganisms, yeasts have application 

value as biofactories of therapeutic proteins and carriers of biological molecules [8-9]. However, 

despite its potential, there is still a need for a better understanding of its applicability in the delivery 

of mRNA vaccines, as well as a better evaluation of the mechanisms of uptake and transport. 

3. Yeasts as vaccine carriers: characteristics and immunological aspects 

Besides being recognized biotechnological platforms for the obtention of immunobiological 

products, yeasts such as Saccharomyces cerevisiae and Pichia pastoris have been proposed as delivery 

systems for protein antigens or nucleic acids in the development of prophylactic and therapeutic 

vaccines [24]. This approach, called whole yeast vaccines, allows for better delivery and antigen 

presentation to the immune system through intracellular delivery or even anchoring recombinant 

proteins on the yeast cell surface [9 -10, 25]. 

An advantage of the use of yeasts as vaccine vehicles is their immunostimulatory property due 

to the presence of β-1,3-glucans and mannoproteins in their wall, which, when detected by Pattern 

Recognition Receptors (RRPs), promote the release of cytokines, chemokines, and eicosanoids that 

modulate the inflammatory response in addition to leading to the development of specific adaptive 

immune responses against the pathogen [26-28]. As with mannoproteins, the response induced by β-

1,3-glucans tends towards a pro-inflammatory Th1 profile. Besides, these particles can promote the 

recruitment of neutrophils and specific antigenic recognition by APCs when interacting with 

receptors such as Dectin-1 [29]. The exposure of β-1,3-glucan can be favored by heating the yeast at 

60°C for at least 1 hour, expanding the adjuvant property of this microorganism [30] (Figure 2A). 
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Figure 2. A) Heat treatment promotes an increase in the exposure of β-1,3-glucans on the yeast surface 

(heating at 60°C for at least 1 hour), enhancing the adjuvant capacity of the yeast, favoring its 

recognition and binding to receptors present in antigen-presenting cells. B) Dendritic cells recognize 

yeast β-1,3-glucans through the Dectin-1 receptor, which promotes and facilitates phagocytosis (1). 

After the uptake, is formed the phagosome (2), where the yeasts are processed (3); the formed 

fragments and released antigens can be presented by MHC-I leading to the activation of cytotoxic 

TCD8+ lymphocytes, or by MHC-II inducing the activation of TCD4+Helper lymphocytes (4). 

Inflammatory cytokines such as TNF-α, IL-6, IL-8, and IL-1β or IL-12, IL-10, IL-23, and IL-27 released 

by activated dendritic cells polarize T cells to Th1 and Th17 profiles. 

In dendritic cells (DCs), the capture and phagocytosis of yeasts are mediated by the presence of 

the Dectin-1 receptor that recognizes the β-1,3-glucans [31 - 32] (Figure 2B). Activation of DCs by 

yeast promotes the secretion of inflammatory cytokines such as TNF-α, IL-6, IL-8, IL-1β, IL-12, IL-10, 

IL-23, and IL-27, which polarize T cells for Th1 and Th17 [33]. This polarization is particularly 

interesting in the context of immunotherapies against viral infections or anticancer, reinforcing the 

response induced by the vaccine antigen carried by the yeast. 

4. Biodelivery of mRNA vaccines by yeasts 

The ability to use yeast for gene delivery has been explored in different studies for the therapy 

of different types of cancer, as immunomodulators, and for the treatment or prophylaxis of infectious 

diseases [34 - 36]. In this context, its use as a vehicle for RNA molecules is based on the intracellular 

transport of these sequences using vectors with components that allow the transport and adequate 

delivery of genetic material to target cells or tissues. 

In general, plasmids with promoters derived from yeast are chosen to allow transcription of the 

gene of interest before or after phagocytosis by APCs [9]. Breining et al. (2013) tested the pPGK vector 

whose promoter belongs to the phosphoglycerate kinase (PGK) pathway, being recognized as strong 
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and constitutive, mediating transcription before the yeasts are phagocytosed [37]. On the other hand, 

another study revealed the transcription efficiency after phagocytosis from the use of inducible 

promoters, such as malate synthase (MLS1) and isocitrate lyase (ICL1) [35]. 

Another component introduced upstream of the gene in the assembly of mRNA vaccines 

comprises the insertion of the IRES (Internal Ribosomal Entry Site) sequence derived from EMCV 

(encephalomyocarditis virus). This region prevents antigen translation in yeast cells and increases 

translational levels in host cells, mainly in the macrophages [38]. In the studies by Walch and 

collaborators (2012), in vitro, assays were performed to prove that the observed expression refers to 

the translation of the model antigen (carrying IC21 macrophages) in mammalian cells and the absence 

of translational activity by yeast [39]. 

One of the main applications of mRNA delivery by yeast has been immunomodulation, as 

demonstrated by the study by Seif et al. (2017). Polarization of tumor-associated macrophages 

(TAMs) to an M1 expression profile has been used in several cancer immunotherapy strategies [40 - 

41]. The carrying of genes encoding pro-inflammatory cytokines, such as TNF-α, by S. cerevisiae may 

be a useful tool for altering the profile of these TAMs within the context of the tumor 

microenvironment [35]. In addition to the isolated use of RNA, new studies have emerged applying 

yeast to carry multiple strategies in the same expression cassette. Zhang et al. (2023) showed the 

feasibility of combining DNA-RNA sequences with hemagglutinin as a target gene (rH9-DNA-RNA) 

in the same plasmid and using S. cerevisiae as a vaccine vehicle. The combined nucleic acids were 

effectively expressed and successfully delivered into the intestinal cells of orally immunized animals 

[36]. 

5. Capsules, microparticles, and nanoparticles of yeast β-glucans for RNA delivery 

The yeast-based biodelivery goes beyond using the whole cell as a vaccine vehicle. Yeast cell 

particles (YCP) obtained from the mannoprotein layer removal have also been used for this purpose 

[42 - 44] (Figure 3). These particles can vary in size and be classified as capsules, microparticles, or 

nanoparticles depending on the treatment conditions used to allow access to the β-glucans layer [45 

-47]. The association with other immunostimulants such as aluminum salts [48] and formylate [49] or 

the introduction of chemical modifications can further improve the function of glucan particles (GPs) 

as a vaccine adjuvant, offering an interesting method to trigger the vaccine immune responses [50]. 
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Figure 3. Yeast-based vaccine modalities. A) Yeast, as a complete organism, can carry plasmids with 

the desired antigen gene inside them. The immunostimulatory effects result from the interaction 

between the yeast cell wall components and macrophage and dendritic cell receptors. B) β-glucan 

microcapsules or nanocapsules are particles obtained after physical-chemical treatment to remove the 

mannoprotein layer. Differences in size between the whole cell and the β-glucan particles can 

influence the phagocytosis process and the delivery and dissemination of antigens through lymphatic 

vessels. 

The capsules can be recognized as a pathogen-associated molecular pattern (PAMP), induce, 

and modulate immune responses, and can carry proteins, DNA, RNA, and small molecules. Antigen 

delivery based on these particles allows oral administration and promotes antigenic targeting to 

APCs due to the presence of β-1,3-D-glucan receptors in these immune cells [49; 51 - 53]. These 

receptors include Dectin-1, complement receptor 3 (CR3), and Toll-like receptors (TLRs). Once 

phagocytosed, GPs can mediate the stimulation of components of innate immunity, such as 

macrophages, dendritic cells, neutrophils, and NK cells, and lead to the secretion of pro-

inflammatory cytokines [54 - 55] (Figure 4). 

 

Figure 4. Scheme demonstrating the GPs capture mechanism by APCs via Dectin-1 and TLR-2/6 

receptor. In the Dectin-1 pathway, through the phosphorylation of phospholipase C (PLC)γ2, occurs 

the activation of protein kinase C (PKC) and syk activates the CARD9-Bcl10-MALT1 complex to 

induce the activation of the nuclear transcription factor (NF-κB). The GP recognition via TLR2/6 

receptors, the MyD88 protein is activated by recruiting interleukin-1 receptor-associated kinases 

(IRAK-1 and IRAK-4) activating factor 6 associated with tumor necrosis factor receptor (TRAF6). This 

process activates growth factor β-associated kinase 1 (TAK1), triggering the activation of the IKK 

complex. This complex allows the phosphorylation of IκB, and its degradation results in the activation 

of NF-κB, which will be translocated to the nucleus to induce the expression of pro-inflammatory 

cytokines. . 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 April 2023                   doi:10.20944/preprints202304.0956.v1

https://doi.org/10.20944/preprints202304.0956.v1


 

 

GPs are 2-4 µm hollow and porous structures that allow the encapsulation of a high load of 

antigens through central polyplexes and synthetic structures that help maintain the conformation 

and integrity of the particles for targeted delivery of antigens to APCs [50]. GPs as delivery systems 

for nucleic acids have demonstrated protection and ease of oral delivery targeting specific 

components of mucosal immunity, besides being able to promote systemic immune responses [52]. 

Vaccine formulations based on GP nanoparticles (NPs) offer significant potential for new vaccination 

strategies due to their unique physicochemical properties and the size of these structures that 

facilitate their uptake by dendritic cells [55]. The carriage of siRNA by GP NPs demonstrates high 

intracellular delivery capacity, even when compared to commercial carriers, such as Lipofectamine, 

and has low toxicity [56]. These NPs can stably and efficiently carry antigens, mediate the delivery of 

these antigens, and enhance maturation, stimulation of DCs, and the secretion of pro-inflammatory 

cytokines [57]. 

GPs lack reproduction activity and are smaller than whole yeast cells [55]. The morphology of 

these particles, especially nanoparticles smaller than 50 nm, facilitates their entry through lymphatic 

vessels, being more easily absorbed by DCs, while whole yeasts are mainly delivered to lymph nodes 

in a cell-mediated manner [55, 58]. Furthermore, vaccines that use whole organisms contain a wide 

range of antigens and, although they are relatively easy to manufacture, may present concerns about 

reactogenicity, autoimmunity, and possible infection in immunosuppressed populations when 

administered [54 - 55, 59]. The use of particles derived from the cell wall of yeasts has shown to be an 

option to circumvent any adverse effects arising from the administration of whole microorganisms. 

However, more comprehensive in vitro and in vivo evaluations are needed to address the 

immunotoxicity and bioavailability of these vaccine carriers. 

6. Oral yeast-based immunization for RNA vaccines 

When evaluating the effectiveness of a vaccine strategy, the route of administration plays an 

important role in immunogenicity and is a determining factor for effective antigen presentation, 

potency, and effective response [60]. Nucleic acid strategies, specifically RNA vaccines, need to be 

carried by structures that keep the antigen safe and stable until it reaches target tissues and cells, in 

addition to allowing recognition and robust response by the immune system [9]. 

On the other hand, oral administration allows, besides systemic immunostimulation, mediation 

on mucosal surfaces leading to an adaptive response that combines the action of IgA antibodies and 

resident memory T cells [61]. This last feature results in specific and efficient protection since most 

pathogens have mucosal areas as their entry site. In addition, the oral route is preferable due to its 

low cost-effectiveness of production and ease of distribution [62]. Despite this, there are some 

challenges due to local natural barriers as those present in the gastrointestinal tract, which hinder 

access and delivery of vaccine components, leading to low antigen availability. Some factors include 

physical structures, such as the mucus and glycocalyx layer, in addition to the low pH and presence 

of proteases and nucleases on the mucosal surface that cause degradation of nucleic acids and 

antigenic proteins present in vaccines [61, 63 - 64]. 

Thus, the development and use of approaches that improve the delivery of vaccines by the oral 

route have been the subject of studies, which generally point to the need for adjuvants and delivery 

systems. Alternatively, the yeast-based distribution approach, in different forms such as whole yeast, 

capsules, micro, and nanoparticles, is an excellent option, as seen in previous sections of this review, 

enabling this type of administration for RNA vaccines (Table 1). A review elaborated by Ivanova 

(2021) describes the effectiveness of yeast-based systems for oral gene delivery and how they have 

been explored in vaccine strategies and immunotherapy [62]. A relevant characteristic of this system 

is the specific antigen targeting through the intestinal mononuclear phagocytic system that forwards 

to the systemic circulation or sites of inflammation or neoplasia. 
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Table 1. Main studies about the yeast-based oral route for RNA delivery. 

Type of 

RNA 

Antigen Vehicle type Main findings Ref. 

siRNA Tnf-α and 

Map4k4 

Yeast capsule - Macrophages in the GALT internalize orally 

absorbed GeRPs, undergo siRNA-mediated gene 

silencing, and migrate into tissues throughout the 

body. 

- Oral gavage with Map4k4-siRNA-containing GeRPs 

significantly protects mice from LPS/d-GalN-induced 

lethality through inhibition of TNF-α and Il-1β 

production in macrophages. 

[65] 

mRNA human pp65 Yeast-derived 

microparticles 

- Using CMV pp65 as a model antigen, showed that 

recombinant yeast cells can deliver functional mRNA 

very efficiently to murine macrophages and, 

importantly, to human DCs. 

[39] 

shRNA CD40 Whole yeast - A shRNA driven by the U6 promoter along with a 

U6 snRNA leader sequence was delivered into 

intestinal DCs via orally administered yeast and 

effectively repressed the target gene (CD40) in vivo. 

- Compared with the control group, all shRNAs had 

a significant effect on IL-6, IL-10, IL-12, and TNF-α 

(P<0.01). And, the inhibition of the CD40 gene by 

CD40 shRNA1656-induced INF-γ increased 

expression (P<0.05). Thus, the inhibition of CD40 via 

orally administered recombinant yeast may be used 

in immunotherapy approaches. 

[66] 

shRNA IL-1β Yeast 

microcapsule 

- The expression of IL-1β in small intestinal 

macrophage was downregulated with the treatment 

of recombinant IL-1β shRNA yeast; 

- The results showed that yeast microcapsule-

mediated targeted delivery of IL-1β shRNA 

successfully, downregulating the intestinal 

inflammatory response in PTOA mice; 

[47] 
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miRNA miR365 

antagomir 

Yeast cell 

wall particle 

(YCWP) 

- The results showed that most of YCWP can 

effectively resist the corrosion of SGF; 

- Evidence suggests that yeast was engulfed by gut-

associated lymphatic tissue macrophages. These 

macrophages may traffic away from the gut and 

infiltrate other reticuloendothelial and mononuclear 

phagocyte tissues; 

[67] 

mRNA rH9- 

DNA- 

RNA 

 

Whole yeast - Yeast vaccines elicited humoral and cellular 

immune responses; 

- The expression of the eGFP and mCherry in 

phagocytes of the duodenum was detected after the 

oral administration. The results suggested that both 

DNA and RNA cassettes were successfully delivered. 

The vaccine antigen, HA protein, was also expressed. 

[36] 

shRNA (short hairpin RNA); siRNA (short interfering RNA); GeRPs (β1,3-d-glucan-encapsulated siRNA 

particles); Tnf-α (tumour necrosis factor α); IL-1β (interleukin-1β); miRNA (microRNA); SGF (Simulated 

gastric fluid). 

7. Delivery of RNA interference (RNAi) 

In addition to mRNA-based vaccines, different experimental models have demonstrated that it 

is possible to silence or modulate the expression of target genes in a specific way in eukaryotic cells 

through dsRNA (double-stranded RNA) or shRNA (short hairpin RNA) molecules [67 - 68]. These 

interference RNAs make up a regulatory pathway that leads to the silencing of genes due to sequence 

homology and complementarity, associated with an enzymatic complex that promotes target mRNA 

degradation [69 - 70]. 

In recent years, the understanding of RNAi has enabled its use as a gene therapy tool against 

infections caused by different viruses such as coronaviruses associated with Severe Acute Respiratory 

Syndrome, Influenza, Hepatitis B virus, and Dengue virus [711 - 74]. In addition to controlling these 

infections in their acute phase, this gene-silencing mechanism has also been used in therapeutic 

strategies aimed at cancer and chronic inflammatory diseases [75 - 76]. 

However, the success of this strategy involves both the effectiveness of silencing and the non-

occurrence of toxic effects. Thus, some adaptations are performed, including chemical modifications 

and changes in size, charge, and hydrophilicity that can interfere with the cellular uptake and 

biodistribution of RNAi molecules [77]. The administration method and the particle size of the vehicle 

influence the bioavailability and biodistribution of the loaded RNAi. 

In this sense, the efficiency of this approach also depends on the use of efficient delivery systems 

[66, 77]. Liposomes, bacteria, and viruses are examples of platforms used as vehicles for interfering 

RNAs, as well as already used for DNA and mRNA vaccines [78 - 80]. However, some limitations 

indicate the need to seek alternatives to these approaches. Among these limitations are certain 

restrictions on the carrying capacity, besides issues related to safety and induction of immune 

tolerance or neutralization of the vaccine vector [81]. 

In contrast, the yeasts in their various presentations (whole cell, microcapsules, capsules) are 

feasible vehicles for the protection and specific delivery of therapeutic vaccines based on shRNA or 

dsRNA [66, 81 - 82]. Antigen delivery remains efficient even if the yeasts undergo heat treatment to 
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eliminate their reproductive activity and are freeze-dried and processed in the form of capsules or 

tablets [83, 84]. The therapeutic interfering RNA can be eliminated from the body in hours or days, 

even if it is nanoparticulate. The reduced bioavailability time may be insufficient for the 

immunotherapeutic product not to reach the target cells or tissues [77]. On the other hand, Zhang et 

al. (2014) analyzed the immune response of mice with CD40 shRNA carried by S. cerevisiae 50 days 

after oral administration, observing the continuity of the effects of the CD40 receptor expression 

silencing about the set of cytokines present in the blood and from the extraction of proteins and 

dendritic cells from the intestine of immunized animals [66]. Although this study was carried out in 

an animal model, it shows promising effects regarding the duration of the immune response by the 

proposed therapy, which may be evaluated in humans. 

After oral administration, the yeasts used in vaccine preparations are phagocytosed by 

macrophages and dendritic cells in the gut-associated lymphatic tissues (GALT). These phagocytic 

cells that act as professional antigen presenters can migrate and infiltrate other lymphatic tissues and 

induce specific responses even in sites distant from the point of administration [47]. This mechanism 

was observed by Zhang et al. (2020), that evaluated the delivery of an shRNA for silencing the IL-1β 

cytokine as a therapeutic strategy for post-traumatic osteoarthritis. In this study, to access the 

eventual tissue-specific migration of phagocytosed yeasts, yeast cells were labeled with near-infrared 

fluorescence, which allows the in vivo evaluation of the delivery of biomolecules to verify the 

specificity of this delivery and the induction of immunological response at the target sites. Such 

marking allowed observing the presence of macrophages carrying the recombinant yeasts in the joint 

and knee regions of the studied mice [47, 85]. 

As already mentioned, the size of the yeast and the binding to specific receptors such as Dectin-

1 and CD206 favor the process of phagocytosis by antigen-presenting cells [31]. These immune cells 

are appropriate targets for RNAi-based therapies as they mediate the chronic inflammatory response 

caused by certain clinical conditions and autoimmune diseases [86]. This type of specificity is also 

essential to minimize toxic effects that could result from silencing in inappropriate cells or tissues. 

In therapies based on RNAi transport by yeast, the main targets explored for silencing and 

immunomodulation are cytokines that play an effector role in the differentiation or maturation of 

APCs (e.g. IL-1β and IL-21), cellular receptors (e.g. CD40), repressor molecules (e.g. indoleamine 2, 

3-dioxygenase - IDO), or even specific antigens of infectious agents [47, 66, 53, 87]. Zakria et al. (2019) 

developed an interesting study using S. cerevisiae as a vehicle for a vector designed for a DNA vaccine 

encoding the myostatin gene and for delivery of an IL-21 shRNA vaccine as therapeutic targets. 

Studies like this open the way for improving vaccines with more than one type of vaccine antigen 

that can complement or amplify the desired immune response [87]. 

In addition to selecting therapeutic targets, it is necessary to consider how to construct the 

expression cassettes to be inserted into the yeast. Species like S. cerevisiae have a vast set of expression 

vectors that can be adapted for this type of application. The main components of these cassettes are 

the promoter, the selection mark, and eventual integration sites; they are liable to optimization and 

vary according to the strategy (Figure 5). Regarding transcriptional control, promoters functional in 

mammalian cells as hU6 [66] or active only in yeast as GDP1 (constitutive) and Gal1 (inducible) can 

be used (Duman-Scheel, 2019). When using a promoter such as hU6, transcription must occur only 

after yeast phagocytosis and the release of its intracellular content where are the recombinant 

plasmids.  
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Figure 5. Schematic representation of the main components present in the vectors used for yeast 

transformation. A) Vector with promoter recognized by mammalian cells. The cassette should also 

contain a leader sequence just after the promoter, and it is recommended to flank the target gene 

shRNA by endogenous miRNA such as miR30. Uracil is the selection marker usually employed. B) 

Cassette for expression with yeast promoters (constitutive or inducible). Besides auxotrophic marker 

genes,  URA3/TRP1 sequences are loci for cassette integration. 

On the other hand, when are adopted native yeast promoters, it is expected the transcription 

and accumulation of RNAi in the yeast cell. This is feasible due to the absence of RNAi processing 

machinery in yeast (they do not express Dicer and Argonauta), allowing the accumulation of 

bioengineered RNAi molecules without inducing degradation [81, 83]. It is also important to point 

out that the type of promoter chosen (inducible versus constitutive) can also impact the scaling of 

cultures to prepare vaccine doses. Induction of gene expression by adding certain compounds can be 

an unfeasible process to produce yeast-based vaccines on an industrial scale [24, 81]. 
Concerning the construction of vectors used for RNAi insertion into yeast cells, it is preferable 

to use auxotrophic selection marks such as URA3/TRP1 that minimize the use of antibiotics and the 

possible horizontal transfer of resistance genes. Both episomal and integrative vectors have been 

used, and integration has been seen as a way to ensure more stable delivery. However, how this 

stability and the number of RNAi copies per cell can influence the effect or duration of silencing 

remains open [81, 83]. 

8. Conclusions  

The development of RNA vaccines have gained a greater dimension due to the addition of 

optimizations in its structure and the discovery of new carriers capable of protecting the molecule, 

besides allowing specific uptake of the antigen to the target cells, in addition to acting as adjuvants 

or immunomodulators. Yeast cells or their derivatives (β-glucan particles) for RNA delivery present 

the potential for immunomodulation within therapeutic strategies. However, it is important not to 

disregard the immunostimulatory properties inherent to yeasts due to their cell wall components, 

which can induce or modulate immune responses. There are some points of study and investigation, 

like the yeast species that can be used (beyond S. cerevisiae), technical aspects, and the transposition 

of the results obtained in vitro and an animal model to the clinic. Such improvements are essential for 

vaccines, prophylactic or therapeutic, using yeasts to reach the pharmaceutical market. 
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