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Abstract

Background: The presence of a mucus layer that covers the surface of a variety of organs has been capitalized to develop mucoadhesive 
dosage forms that remain in the administration site for more prolonged times, increasing the local and systemic bioavailability of the administered 
vaccine. The emergence of micro and nanotechnologies together with the implementation of non‐invasive and painless administration routes has 
revolutionized the pharmaceutical market and the treatment of disease.

Objectives: To overcome the main drawbacks of the various routes and to maintain patient compliance high, the engineering of innovative 
drug delivery systems administrable by mucosal routes has come to light and gained the interest of the scientific community due to the possibility 
to dramatically change the drug pharmacokinetics.

Method: We review herein reported observations on nanoparticle (NP) mediated immunostimulation and immunosuppression, focusing on 
possible theories regarding how manipulation of particle physicochemical properties can influence their interaction with immune cells to attain 
desirable immunomodulation and avoid undesirable immunotoxicity.

Result: These results show that both HBV particles and purified HBsAg have an immune modulatory capacity and may directly contribute to 
the dysfunction of mDC in patients with chronic HBV. The direct immune regulatory effect of HBV and circulating HBsAg particles on the function 
of DC can be considered as part of the mechanism by which HBV escapes immunity.

Conclusion: NPs are recognized as self or there is an absence of immune recognition, this represents a major area of interest in the field of 
drug delivery. It is now well accepted due to their huge advantages and properties such as NP size, surface charge, hydrophobicity/hydrophilicity 
and the steric effects of particle coating can dictate NP compatibility with the immune system.
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Introduction
Hepatitis B virus (HBV) infection is the most common chronic 

viral infection in the world. An estimated 2 billion people have 
been infected and more than 350 million are chronic carriers 
of the virus [1]. In the 2018 Global Burden of Disease study, 
HBV infection ranked in the top health priorities in the world 
and the tenth leading cause of death (7,86000 deaths per year). 
These data have led WHO to include viral hepatitis in its major 
public health priorities. HBV is transmitted through contact with 
infected blood or semen [2,3]. Three major modes of transmission 
prevail. In areas of high endemicity, HBV is transmitted mostly 
perinatally from infected mothers to neonates, in low endemic 
areas, sexual transmission is predominant and third major 
source of infection is unsafe injections, blood transfusions or 
dialysis. HBV belongs to the Hepadnaviridae family. It is a partly 
double stranded DNA virus with approximately 3200 base 
pairs. The transcriptional template of HBV is the cccDNA, which  
resides inside the hepatocyte nucleus as a mini‐chromosome.  

 
The maintenance of covalently closed circular DNA (cccDNA) is 
essential for the persistence of the virus [4,5].

The replication of HBV implicates reverse transcription 
of the pregenomic RNA intermediate into HBV DNA. Reverse 
transcriptase is error prone and the mutation rate is high 
(appendix). The receptor for HBV entry into hepatocytes is 
sodium taurocholate polypeptide [6]. These mutations abolish 
or down regulate the production of HBeAg without affecting 
the replication capacity of the virus and cause HBeAg negative 
chronic HBV infection. The precore and basal core promoter 
mutations can occur alone or together. HBV infection can be 
prevented by avoiding transmission from infected people 
and by inducing immunity in unexposed people. A safe and 
effective vaccine has been available since 1982, introduction 
of HBV vaccine led to a decrease in the incidence of not only 
HBV infection but also hepatocellular carcinoma [7,8]. Most 
experience available to date comes from using two recombinant 
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vaccines like Engerix‐B (SmithKline Biologicals, Belgium) and 
RECOMBIVAX HB‐Vax II (Merck & Co., USA). Admministered 
via different routes such as Pulmonary, Nasal, Intravenous (IV), 
Intramuscular (IM), Subcutaneous and Oral mucosal (OM) in 
the form of dried powder, liquid along with nanoparticles (NPs) 
[9]. Among of all DS NPs offers many potential advantages e.g. 
large surface area, site-specific delivery of drugs, peptides and 
genes, improved in vitro, in vivo stability and reduced side effect 
profile. However, NPs are often first picked up by the phagocytic 
cells of the immune system (e.g. macrophages), there may be 
undesirable interactions between NPs and the immune system 
whenever given via OM. Aim of the present study was to assess 
advantages of NPs and OM delivery system (DS) in comparison 
to the other formulation and site of administration [10].

Nps As Potential Delivery System of Vaccine
NPs interact with the immune system and effects on the 

immune cells may benefit treatment of disorders mediated by 
unwanted immune responses and enhance immune response 
to weak antigens [11‐13]. On the other hand, undesirable 
immunostimulation or immunosuppression by NPs may result in 
safety concerns and should be minimized. One of the few studies 
on immunosuppression has demonstrated that inhalation of 
CNTs suppresses B cell function and that the TGF‐ produced 
by alveolar macrophages is a key element in the mechanism of 
the observed immunosuppression. Other studies have shown 
that NPs can be used to deliver immunosuppressive drugs and 
prevent immunosuppressive properties of small‐molecule drugs. 
Similarly, allergen‐loaded PLGA, chitosan, poly (lactic acid), poly 
(methyl vinyl ether‐co‐maleic anhydride) NPs, and dendrosomes 
have been reported as effective suppressors [14,15]. NPs are 
also evaluated for their immunostimulatory potential based on 
their ability to stimulate innate or adaptive immune responses. 
NP immunogenicity is drawing interest because NPs have been 
shown to improve antigenicity of conjugated weak antigens and 
thus serve as adjuvants because some NPs have been shown to 
be antigenic themselves. The former property has been shown 
to depend on particle size, surface charge and significantly 
contribute to the development of improved vaccine formulations 
[16]. Particle size has been reported as a major factor in 
determining whether antigens loaded into NPs induce type I 
(interferon) or type II (IL‐4) cytokines, thereby contributing to 
the type of immune response [17]. A leading hypothesis on why 
nanotechnology formulations (Polymeric NPs, Nanoliposomes, 
Solid Lipid NPs (SLNs), Nanoemulsions) are effective in vaccine 
development is that nonsoluble NPs provide controlled, slow 
release of antigens, creating a depot at the site of injection and 
providing protection in the destabilizing in vivo environment 
[18,19].

M-Cell Targeted Mucosal Vaccine and Transport 
Mechanism Across the Intestinal Mucosa

Literature surveys were suggested that exploiting the 
potential of M-cell-specific mechanisms for drug and vaccine 

delivery to the mucosal immune system. Many M‐cell‐targeted 
molecules have been used for development of mucosal vaccines 
[20‐23].

M-cell-specific molecules in mucosal vaccine 
development

M cells express a large amount of immune‐surveillance 
receptors on the apical surfaces, contributing to the variety of 
microbial pathogens and antigens [24]. They are provided with an 
array of molecules to present luminal antigens to the underlying 
mucosal lymphoid tissues. Therefore, identifying M-cell-specific 
targeting molecules has been a focus, by recognizing molecules 
exploited by pathogens to invade M cells [25‐27].

Glycoprotein 2 (GP2)

GP2 is specially expressed on M cells; this protein is highly 
expressed on the apical membranes of Peyer’s Patch (PP) M 
cells, but not highly expressed on other enterocyte populations 
[28]. Recent studies have revealed that GP2 acts as a transcytotic 
receptor, bound to FimH+ bacteria such as Escherichia coli and 
S. Typhmurium, by recognizing FimH, a major component of 
the type 1 pilus on the outer membrane of a subset of Gram‐
negative enterobacilli [29,30]. Thus, GP2 on M cells can act as a 
transcytotic receptor for bacterial antigens, and worthy of note, 
participate in the mucosal immune responses to these particular 
bacteria; a subset of commensal and pathogenic enterobacteria 
(E. coli and S. Typhmurium) [31‐33]. Other research has shown 
that a murine GP2 (mGP2)-specific aptamer, isolated using 
Systematic evolution of ligands by exponential enrichment 
(SELEX), with a loop structure and the nucleotide sequence, 
AAAUA (both important for binding to mGP2), binds to mGP2 
expressed on the cell surface, indicating that the aptamer serves 
as a promising tool for testing M‐cell‐targeted vaccine delivery 
in murine model systems [34].

Cellular Prion Protein (PrPC)

PrPC is highly expressed on the luminal side of the apical 
plasma membrane of murine M cells and co‐localized with GP2, 
suggesting that it is an antigen receptor candidate on M cells [34‐
36]. PrPC interacts with heat shock protein (Hsp) of B. abortus, 
which had been recognized as an immunodominant antigen of 
many microbes. Accumulated evidence suggests that PrPC on M 
cells is well placed to contribute to mucosal immunosurveillance 
by enhancing transcytosis of B. abortus or other exogenous 
antigens [37‐39].

C5a Receptor (C5aR)

The expression and nonredundant role of C5aR in human 
M‐like cells and mouse M cells have been demonstrated, 
indicating the role of C5aR as a target receptor to induce 
the immune response [40]. Sae-Hae Kim et al. verified 
phosphorylation of C5aR in vivo after oral infection of mice by 
Yersinia enterocolitica. They confirmed the expression of C5aR 
in the apical area of mouse M cells and human M‐like cells by 
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measuring the expression levels of mRNA and protein [41‐
43]. Sae‐Hae Kim et al. also used the outer membrane protein 
H (OmpH) ligand of Yersinia enterocolitica, which acts as a 
targeting ligand to C5aR in M cells, to induce specific mucosal 
and systemic immunity against envelope domain III (EDIII) of 
dengue virus (DENV), suggesting OmpH ‐ mediated targeting of 
antigens to M cells as an efficient oral vaccination against DENV 
infection [44].

Other specific molecules

There are other M-cell-specific molecules that may 
specifically bind to components of potential pathogenic 
organisms [45]. Peptidoglycan recognition protein 1 is an innate 
recognition protein binding to bacterial peptidoglycan and is 
also expressed highly in M cells53. Annexin (ANX) A5 expressed 
by M cells can bind to lipopolysaccharide (LPS) of Gram‐
negative bacteria and block endotoxin activity, suggesting that 
ANXA5 on M cells acts as an uptake receptor for Gram‐negative 
bacteria [45]. The discovery of M‐cell‐targeting receptors using 
pathogen‐exploited molecules could be a promising approach in 
the development of effective mucosal vaccines. Clusterin, fatty 
acid binding protein, cathepsin E, secretogranin V and other 
M‐cell‐expressed proteins may have potential roles in M cell 
functions, but these are less clearly understood [46‐47]. The 
increasing evidences have demonstrated that M-cell-specific 
molecular antibody, which is conjugated with antigen protein 
or liver vector, can transport the antigen to mucosal tissues, 
leading to produce efficient immune responses [48]. However, 
some molecules, selected as M-cell-specific molecules, are not 
uniquely expressed on M cells, resulting in producing a non‐ideal 
oral delivery system for targeting M cells. With the development 
research on the mechanism of M cell differentiation, we can 
regulate the immune processes by means of artificial mediation 
of the M-cell-specific molecules gene expression [49,50]. For 
instance, we can increase the efficiency of mucosal vaccination, 
through booting the expression of certain M-cell-specific 
molecules. Meanwhile, we can even inhibit the viral infection, by 
reducing the expression of some molecules, which are necessary 
for the entry of some virus particles [51].

M cell ligands as novel and effective mucosal vaccine targets

Many researchers have studied M cell ligands, in order 
to take advantage of the fact that targeting specific receptors 
on the apical membrane of M cells could specifically increase 
antigen uptake and presentation, evoking immune responses 
and providing protection against Infection [52,53].

NKM 16-2-4

NKM 16‐2‐4 can be used as monoclonal antibody to target 
vaccine antigens to the M-cell-specific carbohydrate moiety 
[54]. It can distinguish α [1,2]- fucosylated M cells from goblet 
cells containing abundant sialic acids neighboring the α [1,2] 
fucose moiety and from non- α [1, 2]- fucosylated epithelial cells 
[55,56]. The use of NKM 16‐2‐4 targeting vaccine antigens to M 

cells could be effective for vaccine delivery into the intestinal 
mucosa. Oral vaccination using antigen‐encapsulated liposomes 
coupled with UEA‐1 could lead to increased uptake by PP M cells 
and the induction of higher antigen specific sIgA responses [57].

Co1 ligand

Many studies have investigated the M‐cell‐targeting ligand, 
Co1, selected from a phage display library against differentiated 
M‐like cells, and have produced recombinant antigen fused to 
the selected ligands using the model antigen [58]. Co1 ligand 
promotes the uptake of fused antigen and enhances the immune 
response against the fused antigen, indicating that Co1 could 
be used as an adjuvant for targeted antigen delivery into the 
mucosal immune system to enhance immune induction [59]. 
Another promising approach used Co1 ligand to induce specific 
immune responses against a pathogenic viral antigen, EDIII of 
DENV. Efficient antigen delivery into PPs was observed and the 
antibodies induced by the Co1‐ligand‐conjugated EDIII antigen 
showed effective virus‐neutralizing activity. Taken together, 
these results reveal that M‐cell‐targeting ligands with adjuvant 
activity can be designed to exploit our knowledge of receptors 
expressed on the apical surface of M cells involved in pathogen 
invasion [60, 61].

Caveolin-1

Caveolin‐1 is the major structural component of caveolae. It 
was examined its expression in Caco‐2‐driven M‐like cells, and 
was verified that co-culturing with B lymphocytes, caveolin-1 
could increase the susceptibility of M cells to Salmonella 
infection. Some recent studies have shown that caveolin‐1 
is not only a good marker of human M cells, but also a potent 
candidate for understanding M cell transcytosis as a novel target 
for mucosal immunity [62].

Ulex europaeus agglutinin (UEA)-1

UEA-1 has been confirmed as a specific ligand for α-L-
fucose present on the apical membrane of M cells, anchored 
for selective delivery of antigen to GALT. Some researchers 
have used NPs coated by UEA‐1‐conjugated alginate to induce 
immunological response in BALB/c mice and compared them 
with aluminum hydroxide gel‐based conventional vaccine [63]. 
The results demonstrated that immunization with the former 
induced efficient systemic as well as mucosal immune responses 
against BSA compared to other formulations, which indicated 
the potential of UEA–alginate‐coated NPs as an effective oral 
delivery system. However, UEA‐1 lectin also reacted strongly 
with other issues, such as goblet cells and the mucus layer 
covering the intestinal epithelium [64].

Reovirus surface protein α 1 (pα1)

pα1 has the ability to bind M cells, which facilitates reovirus 
infection via pα1. A genetic fusion between ovalbumin (OVA) 
and pα1 was applied nasally, to enhance tolerogen uptake [65]. 
Studies showed that OVA– pα1-mediated tolerance was lost in 
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the absence of interleukin‐10, demonstrating that the feasibility 
of using pα1 as a mucosal delivery platform specifically for 
low‐dose tolerance induction. Another targeted transgene 
vaccination using pα1 conjugated to polylysine through 
intranasal immunization, could induce mucosal immunity and 
enhance cell‐mediated immunity, leading to prolong mucosal 
IgA and produce antigen-specific serum IgG [66].

The number of M cell receptors and their ligands that have 
been identified so far is limited, and most of them are not just 
expressed in M cells, but in neighboring enterocytes as well. Toll‐
like receptor (TLR)-4 and α5β1 integrin, belonging to pathogen 
recognition receptors (PRRs), are expressed on the surface of 
human and mouse M cells [67]. Interaction between these innate 
immune system molecules with pathogen‐associated molecular 
patterns is essential for bacteria translocation across the lumen. 
Nevertheless, PRRs are also expressed in other enterocytes 
and not merely in M cells. For example, α5β1 integrin is both 
dispersed on the lateral and basolateral surfaces of enterocytes 
and on the apical surface of M cells, which is a challenge in 
targeting M cells alone [68].

M‐cell‐targeting ligands can enhance the uptake of oral 
vaccines by M cells and improve antigen-specific immune 
responses in both mucosal and systemic immunity. It seems 
that targeting ligand to antigen is a very promising approach in 
the development of efficient mucosal vaccine. However, simple 
targeting of antigen to M cells does not ensure the production 
of efficient protective immunity. We should pay more attention 
to the ligand study and find out the “optimal transporter”, 
presenting antigens to M cells, leading to efficient immune 
responses [69].

Immune-Olerance
The antibody response to HBV ‐ envelope antigens (HBsAg) 

is a T‐cell dependent process.6 Antibodies to HBsAg serve as 
neutralising agent. These neutralising antibodies are especially 
important in the prevention of viral infection, since they could 
prevent viral attachment and entry into the cells by absorption 
of the viral particles. Induction of anti‐HBs alone during 
prophylactic vaccination is often sufficient to completely prevent 
viral infection, irrespective of whether this is the only operative 
defence mechanism against the viral infection during the course 
of natural infection [70]. The antibody is detectable in patients 
who have recovered from acute hepatitis B and in people 
immunised with HBV vaccine, but it could become undetectable 
in patients who have recovered fully from infection. Antibody 
to HBcAg (Hepatitis B core antigen) is detected in virtually all 
patients who have ever been exposed to HBV. Unlike antibody to 
HBsAg this antibody is not protective; its presence alone cannot 
be used to distinguish acute from chronic infection [71].

The HBV-specific T-cell and B-cell responses are generally 
undetectable. The exact mechanism by which HBV escapes 
immunity is still not known. Dendritic Cells (DC) play an 
important role in antiviral immunity and have the unique 

capacity to activate naive T cells and stimulate B and natural 
killer cells. Both circulating and tissue‐resident immature DC 
sample the environment for the presence of foreign antigens 
and upon activation, DC migrate to lymphoid tissues to initiate 
immune responses [72]. Depending on their maturation status, 
represented by the expression level of costimulatory and Human 
Leucocyte Antigen (HLA) molecules and the capacity to produce 
proinflammatory cytokines, DC can induce either immunity 
or tolerance. Immature and semi‐mature DC are associated 
with tolerogenic responses, so in the context of HBV a defect 
in the maturation process of DC may lead to tolerogenic T‐cell 
responses and HBV persistence [73].

Conclusion
In summary, existing studies have demonstrated that 

nanotechnology offers many advantages, such as improved 
stability, favourable biodistribution profiles, slower drug release 
kinetics, lower immunotoxicity, and targeting to specific cell 
populations [74]. Lessons learned from previous studies include 
the importance of detection and prevention of potential particle 
contamination with such things as bacterial endotoxins and/or 
toxic synthesis by‐products, and the importance of understanding 
how route of administration and particle biodistribution 
in the body may result in either desirable and undesirable 
immunomodulation (e.g. complement activation on IV and SC 
administration is not desirable, whereas on OM administration, 
it is beneficial for vaccinations) [75]. Nanotechnology platforms 
are being investigated as vaccine carriers, adjuvants, and drug 
delivery systems to target inflammatory and inflammation-
associated disorders. Some formulations are already in clinical 
trials, whereas many others are in various phases of preclinical 
development. Although in recent years, our understanding 
of NPs interaction with components of the immune system 
has improved, many questions still require more thorough 
investigation and deeper understanding. Further mechanistic 
studies investigating particle immunomodulatory effects 
(immunostimulatory and immunosuppression) are required to 
improve our understanding of the physicochemical parameters 
of NPs that define their effects on the immune system [76,77].
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