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Abstract
Mucosal vaccination presents a promising avenue for enhancing immune responses against pathogens, particularly those that enter the body 
through mucosal surfaces. However, the development of effective mucosal vaccines faces numerous challenges, including antigen stability, 
delivery efficiency and immune stimulation. In recent years, Polymeric Caffeic Acid (PCA) has emerged as a novel antigen carrier with 
remarkable potential for mucosal vaccine applications. PCA, derived from natural sources, offers several advantages, including biocompatibility, 
biodegradability and immunomodulatory properties. This article provides an overview of the recent advances in utilizing PCA as an antigen carrier 
for mucosal vaccines, highlighting its unique properties, formulation strategies and potential applications in combating infectious diseases.
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Introduction
Mucosal surfaces, including those of the respiratory, gastrointestinal 

and urogenital tracts, serve as primary entry points for a wide range of 
pathogens. Developing vaccines that can effectively induce mucosal immune 
responses is crucial for combating infectious diseases transmitted through 
these routes. Traditional parenteral vaccination routes often fail to provide 
adequate protection at mucosal sites due to the limited induction of mucosal 
immune responses. Mucosal vaccination, on the other hand, offers several 
advantages, including the stimulation of local mucosal immunity, production 
of secretory IgA antibodies and induction of systemic immune responses. 
However, the development of mucosal vaccines faces significant challenges, 
such as antigen stability, delivery efficiency and the need for adjuvants to 
enhance immunogenicity. To address these challenges, researchers have 
been exploring innovative antigen delivery systems that can effectively target 
mucosal surfaces and enhance immune responses. One such promising 
approach involves the use of Polymeric Caffeic Acid (PCA) as an antigen 
carrier for mucosal vaccines [1].

Literature Review
Polymeric caffeic acid is a biopolymer derived from the oxidative 

polymerization of caffeic acid, a natural phenolic compound found in 
various plants. PCA exhibits excellent biocompatibility, biodegradability 
and antioxidant properties, making it an attractive candidate for biomedical 
applications, including drug delivery and tissue engineering. Moreover, PCA 
possesses inherent immunomodulatory effects, which can further enhance 
its utility as an antigen carrier for mucosal vaccines. PCA can encapsulate 
antigens within its polymeric matrix, protecting them from degradation and 
enzymatic degradation encountered in mucosal environments. PCA-based 
delivery systems can provide sustained release of antigens at mucosal 
surfaces, prolonging their exposure to immune cells and enhancing immune 
responses. By modifying the physicochemical properties of PCA nanoparticles, 

researchers can achieve targeted delivery to specific mucosal sites, optimizing 
vaccine efficacy. PCA possesses immunomodulatory properties, such as the 
ability to modulate cytokine production and promote dendritic cell maturation, 
which can synergistically enhance vaccine-induced immune responses [2].

Formulating PCA-based mucosal vaccines requires careful consideration 
of various factors, including antigen selection, particle size, surface 
modification and adjuvant incorporation. Antigens can be encapsulated within 
PCA nanoparticles using techniques such as nanoprecipitation, emulsion/
solvent evaporation, or electrospraying, ensuring their stability and controlled 
release. Surface modification of PCA nanoparticles with mucoadhesive 
polymers or targeting ligands can enhance their adhesion to mucosal surfaces 
and facilitate uptake by mucosal immune cells. Adjuvants, such as Toll-like 
receptor agonists or immunostimulatory peptides, can be co-encapsulated with 
antigens in PCA nanoparticles to potentiate immune responses and improve 
vaccine efficacy. PCA-based vaccine formulations can be combined with 
mucosal adjuvants, such as cholera toxin subunit B or heat-labile enterotoxin, 
to further enhance mucosal immune responses. Polymeric caffeic acid-based 
mucosal vaccines hold significant promise for preventing a wide range of 
infectious diseases, including respiratory infections, gastrointestinal diseases 
and sexually transmitted infections. By harnessing the unique properties of 
PCA as an antigen carrier, researchers can develop vaccines that elicit robust 
mucosal and systemic immune responses, providing long-lasting protection 
against pathogens [3].

Further optimization of PCA-based vaccine formulations, including 
antigen loading, particle size and surface properties, to enhance vaccine 
stability and immunogenicity. Conducting preclinical studies to evaluate 
the safety, efficacy and immunogenicity of PCA-based mucosal vaccines 
in relevant animal models, followed by clinical trials in human subjects. 
Exploring the synergistic effects of combining PCA-based vaccines with novel 
adjuvants or immunomodulators to enhance mucosal immune responses and 
broaden vaccine applicability. Polymeric caffeic acid represents a promising 
antigen carrier for the development of mucosal vaccines. Its biocompatibility, 
biodegradability and immunomodulatory properties make it an attractive 
candidate for overcoming the challenges associated with mucosal vaccine 
delivery. Continued research and innovation in this field have the potential to 
revolutionize vaccination strategies and improve global health outcomes [4].

Discussion
While PCA is derived from natural sources and exhibits excellent 

biocompatibility, its safety profile for mucosal vaccination needs thorough 
evaluation, particularly regarding potential mucosal irritation or systemic 
toxicity. Although PCA possesses inherent immunomodulatory effects, the 
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immunogenicity of PCA itself must be carefully evaluated to ensure that it does 
not interfere with the desired immune responses against the encapsulated 
antigens. Scalable manufacturing processes for PCA-based vaccine 
formulations need to be developed to ensure consistent quality and cost-
effectiveness for large-scale production. The long-term stability of PCA-based 
vaccine formulations, particularly under various storage conditions, is crucial 
for their practical application and distribution, especially in resource-limited 
settings. Obtaining regulatory approval for PCA-based mucosal vaccines will 
require comprehensive preclinical and clinical studies to demonstrate safety, 
efficacy and manufacturing consistency according to regulatory guidelines. 
Development of targeted delivery systems utilizing PCA nanoparticles 
functionalized with specific ligands or antibodies for selective targeting of 
mucosal immune cells or antigen-presenting cells [5,6].

Conclusion
Exploration of combination therapies involving PCA-based mucosal 

vaccines with other immunotherapeutic modalities, such as immune 
checkpoint inhibitors or monoclonal antibodies, to enhance vaccine efficacy 
and broaden immune responses. Investigation of personalized vaccination 
approaches using PCA-based carriers to tailor vaccine formulations based on 
individual immune profiles, genetic factors, or pathogen strains. Integration 
of emerging nanotechnology platforms, such as lipid-based nanoparticles 
or virus-like particles, with PCA carriers to synergistically enhance vaccine 
delivery and immune stimulation. Efforts to ensure equitable access to PCA-
based mucosal vaccines, including technology transfer, capacity building 
and collaboration with global health organizations to address the needs of 
underserved populations. The development of polymeric caffeic acid as 
an antigen carrier for mucosal vaccines represents a promising frontier in 
vaccinology. Overcoming the remaining challenges and advancing innovative 
strategies will be essential for realizing the full potential of PCA-based mucosal 
vaccines in combating infectious diseases and improving public health on a 
global scale.
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