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ABSTRACT - Human papillomaviruses (HPV) are small, double-stranded DNA viruses that cause cervical 
cancer, the second most lethal cancer among women in the world. Currently, two vaccines are on the market for 
preventing HPV-caused cervical cancers and warts. Both are virus-like particle (VLP)-based vaccines. However, 
these vaccines have limitations; they are costly, have an invasive route of administration, require trained personnel 
to administer, need cold chain storage to preserve them, and most of all, they are preventive vaccines that do not 
have curative effects. Therefore, it is necessary to develop therapeutic HPV vaccines to facilitate the control of 
HPV-associated malignancies and to address all these issues. Recently there are DNA vaccines under investigation 
to prevent HPV. In general, DNA-based vaccines are better than or an excellent alternative to traditional vaccines 
since they can closely mimic live infections and can induce both antibody and cell-mediated immune responses. 
DNA vaccines involve the delivery of plasmid DNA (pDNA) which encodes the specific antigens. DNA vaccines 
have potential to be effective therapeutic tools against HPV infections. Combining the VLP-based and DNA-
based vaccines can be highly effective as they can complement each other. VLP vaccines are more prone to 
mucosal immunity whereas DNA vaccines are more towards systemic immunity. In this article, we discuss an 
optimal formulation that will contain both type of vaccines, preventive and therapeutic. A film dosage form can 
be a good option which can be administered in buccal or sublingual routes for systemic action or in the vaginal 
area for local action to treat cervical cancer and to protect from future infection. Multiple vaccines in native form 
or in particulate form can be incorporated in film dosage forms. The film dosage form of vaccines can elicit both 
antibody-mediated (preventative) and cell-mediated (therapeutic) mechanisms. Film dosage forms are feasible to 
prepare for vaccine administration in the mouth cavity, GI tract, and vagina. 
__________________________________________________________________________________  
 
INTRODUCTION 
 
Human papillomaviruses (HPV) are small, double-
stranded DNA viruses that cause benign diseases 
such as warts or malignant diseases such as cancer.  
As of today, more than 150 different HPV types have 
been identified [1,2]. Out of all these types, some are 
considered as oncogenic or high-risk type such as 
HPV strains 16, 18, 31, 33 or 45, which are 
responsible for the development of malignant 
cancers such as cervical cancer [3]. Cervical cancer 
is one of the most common cancers among women 
worldwide. HPV can also cause some other cancers 
such as tongue cancer and head-and-neck cancers 
[4,5].  

Currently, there are two vaccines on the market 
to prevent cervical cancer. These are Gardasil by 
Merck Pharmaceuticals, USA and Cervarix by 
GlaxoSmithKline Pharmaceuticals, UK.  Both 
vaccines consist of the immunogenic L1 virus-like 
particles (VLPs) of HPV 16 and 18, with Gardasil  

 
 
containing additional 6 and 11 VLPs [6].  The 
vaccines are administrated intramuscularly and 
require multiple doses. These are expensive vaccines 
requiring cold storage, transfer facilities and trained 
personnel to administer. Apart from VLP-based 
vaccines, DNA-based vaccines have recently 
emerged as potentially promising approaches for 
vaccine development due to their safety profile, ease 
of preparation, and stability [6]. 

DNA seems highly effective against some 
malignant diseases. However, since DNA does not 
have the intrinsic ability to amplify or spread in 
transfected cells like viral vectors, DNA vaccines 
have limited immunogenicity. 
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Therefore, it is important to develop innovative 
strategies to improve DNA vaccine potency. HPV 
therapeutic DNA vaccines will likely emerge as a 
significant approach that can be combined with 
existing forms of therapy, such as chemotherapy and 
radiation, leading to effective translation from bench 
to bedside for the control of HPV-associated 
malignancies [6]. Both the HIV DNA and VLP 
vaccines can induce antibodies as well as cytotoxic 
T cell responses [7, 8, 9]. However, DNA vaccines 
induce immune responses through direct contact 
with in vivo antigen synthesis whereas VLP vaccines 
directly present viral glycoproteins on the surface of 
an articulate antigen. As a result of their different 
mechanisms, immune responses induced by these 
two vaccine platforms are different. In a study by Ye 
et al, the immunogenicity of HIV Env-DNA and 
VLP vaccines were investigated for comparison and 
to evaluate whether a combination of these two 
vaccine platforms may complement each other when 
given as a mixture for inducing both antibody and 
CD8 T-cell responses [10]. This stirred the 
possibility of developing a common formulation that 
can contain both VLP-based and DNA-based 
cervical cancer vaccines where the two will 
complement each other and elicit a synergetic 
immunogenic effect.  

Particulate form vaccines, especially the 
nanosized particulate vaccine, can address the 
limitations of VLP-based vaccines. Nano particulate 
VLP-based vaccines can be produced in an 
inexpensive and easier way and on a larger scale. 
These are stable at room temperature and therefore 
do not require cold chain storage. The handling or 
transfer of the vaccine is more cost effective and 
easier. In particulate form vaccines, no adjuvants are 
required, as the particle itself serves as an effective 
antigen delivery system and facilitates the uptake of 
antigen by antigen presenting cells. Particulate 
carriers can serve as an effective antigen delivery 
system that is able to enhance and/or facilitate the 
uptake of antigens by antigen-presenting cells 
(APCs) such as dendritic cells (DCs) or macrophages 
[11,12]. Particle-based antigen carriers can also 
serve as a depot for controlled release of the antigen, 
thereby increasing the availability of the antigen to 
the immune cells. It has been found that antigen 
release may enhance not only the level of the 
immune response but also its quality [ 13,14]. In 
addition, particle-based adjuvants possess the ability 
to modulate the type of induced immune responses 

when used alone or in combination with other 
immune-stimulatory compounds [15]. Particles can 
protect the integrity of antigens against degradation 
until delivered to the immune cells by selecting the 
appropriate polymer [16]. This is particularly 
important in oral vaccine formulations where 
antigens must be protected from the harsh acidic 
conditions of the stomach and enzymatic 
degradation in the gastrointestinal tract [17]. More 
importantly, particulate vaccines can potentially 
cross-present the antigen which is especially 
important to generate CD8+ T-cell responses against 
viral infections [ 18,19]. All these facts suggest that 
the particulate vaccine can be used globally 
especially in the resource-poor countries where the 
vaccines are more needed.  

Recently, DNA vaccination has emerged as a 
promising alternative to traditional protein-based 
vaccines for the induction of protective immune 
responses. DNA vaccines offer several advantages 
over traditional vaccines, including increased 
stability, rapid and inexpensive production, and 
flexibility to produce vaccines for a wide variety of 
infectious diseases [20]. Also, DNA vaccines result 
in the intracellular production of the target antigen 
and subsequent presentation to the immune system. 
In turn, a more balanced T- and B-cell response is 
generated, which ultimately gives rise to populations 
of resident memory T-cells important in fighting 
mutating viral infections. DNA vaccines allow for 
rapid, large-scale production of antigen-specific 
vaccines and eliminate the need for cold chain 
storage and transportation, making them suited for 
rapidly emerging and pandemic diseases. However, 
the immunogenicity of DNA vaccines delivered as 
naked plasmid DNA is often weak due to 
degradation of the DNA by nucleases and inefficient 
delivery to immune cells. Therefore, biomaterial-
based delivery systems based on micro- and 
nanoparticles that encapsulate plasmid DNA 
represent the most promising strategy for DNA 
vaccine delivery. In HPV infection, two oncogenic 
proteins, E6 and E7, are consistently co-expressed in 
HPV-expressing cervical cancers and are important 
in the induction and maintenance of cellular 
transformation [21]. Therefore, immunotherapy-
targeting E6 and/or E7 proteins may provide an 
opportunity to prevent and treat HPV-associated 
cervical malignancies. Chien et al has shown that a 
DNA vaccine can be used effectively against HPV 
infection [22].  
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Along with the antigen and the vaccine 
formulation, the route of administration and the 
delivery method also play a vital role in vaccine 
efficiency. In general, the oral route is  the most 
patient compliant route and intramuscular is the most 
commonly used route for vaccine administration; 
however, the buccal area can be an attractive site for 
the delivery of vaccines because of its accessibility, 
avoidance of first pass effect, and immunological 
advantages over other mucosal routes of 
administration. A film dosage form for buccal 
administration dissolves with initial contact with 
saliva in the mouth cavity and facilitates the coating 
of the buccal surface, enhancing the delivery of the 
vaccine into the buccal mucosae. These films also 
assure dosing accuracy and elicit the induction of an 
effective immune response.  Buccal mucosae are rich 
in immune cells such as dendritic cells and 
Langerhans cells which make them a suitable site for 
vaccine administration [23]. These cells can uptake 
the vaccines in original form or particulate form from 
the film designed for buccal delivery. Any type of 
vaccine can be formulated for buccal administration 
by optimizing the formulation in terms of types of 
antigen, size, surface charge or specific receptor 
ligands. Particulate formulation of the vaccine 
instead of pure form is most preferable to avoid the 
degradation of antigen by saliva. Several vaccines 
are under investigations to be administered in buccal 
mucosa using orally quickly dissolvable films [24].   
 
AVAILABLE VACCINES 
 
Virus-like particles (VLP)-based vaccines 
Virus-like particles (VLPs) are capsids of viruses 
that does not contain DNA (Figure 1). VLPs are 
multiprotein structures that mimic the organization 
and conformation of authentic native viruses; but 
they lack the viral genome and can yield potentially 
safer and cheaper vaccine candidates for diseases 
caused by viruses [25]. Many infectious diseases, 
such as the common cold, influenza, rabies, measles, 
and different forms of diarrhea, hepatitis, yellow 
fever, polio, smallpox, and Acquired Immune 
Deficiency Syndrome (AIDS) are all caused by 
viruses [ 26]. A handful of prophylactic VLP-based 
vaccines are currently commercialized worldwide: 
Engerix (GSK) for hepatitis B virus and Cervarix 
(Merck) for human papillomavirus (HPV), and 
Recombivax HB(Merck) for hepatitis B virus and 
Gardasil (GSK) for human papillomavirus (HPV) 

are some examples. Other VLP-based vaccine 
candidates are in clinical trials or undergoing 
preclinical evaluation, such as, influenza virus, 
parvovirus, Norwalk and various chimeric VLPs 
[27].  There are many advantages to using VLPs in 
vaccines. They are excellent prophylactics because 
they are self-assembling bio-nanoparticles (20 to 60 
nm in diameter) that expose multiple epitopes on 
their surface and faithfully mimic the native virions 
[28]. Unlike attenuated bacterial vaccines, the 
authentic and attenuated virions cannot be used as 
antigens in a prophylactic vaccine because they 
would contain oncogenic viral genomes that would 
be infectious [29]. VLPs eliminate this risk. Virus-
like particles not only resemble authentic virions 
morphologically, but they also mimic virions 
immunologically which means they are able to 
induce high titers of neutralizing antibodies to 
conformational epitopes when vaccinated [30,31]. 
On the surface of VLPs there is an array of antigenic 
epitopes that mimic the surface of native virions 
more reliably than specific isolated subunits or 
subcomponents of the virus [32]. According to 
virology, VLPs are a class of subunit vaccines that 
differentiate themselves from soluble recombinant 
antigens by stronger protective immunogenicity 
associated with the VLP structure. Like parental 
viruses, VLPs can be either non-enveloped or 
enveloped, and they can form following expression 
of one or several viral structural proteins in a 
recombinant heterologous system [33]. The VLP can 
be produced in either a prokaryotic or eukaryotic 
expression system using target-encoding 
recombinant vectors, or in some cases can be 
assembled in cell-free conditions. Virus-like 
particles can be assembled by expressing the protein 
in a different medium such as mammalian cells, 
insect cells, yeast, or even bacteria [34]. Recent 
research also showed that it is possible to obtain 
plant derived VLPs in a cost-effective way [35].  

VLPs represent an attractive concept for vaccine 
development [36, 37].  Like DNA vaccines, VLPs 
share the ability to be administered repeatedly to 
vaccinated individuals. The non-replicative nature of 
VLPs and their lack of viral genomic RNA make 
them safe for broad and repeated application. Earlier 
studies have shown that a viral glycoprotein 
presented in a highly repetitive form in virus 
particles is more potent in inducing a B cell response 
and antibody production than the same antigen 
presented in a poorly organized form [ 38, 39]. In 
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several studies, HIV VLPs have been shown to 
induce both neutralizing antibodies and CTL 
responses to HIV antigens [ 40,41].  
 
DNA Vaccine 
DNA-based vaccines are better than or an excellent 
alternative to traditional vaccines since they can 
almost mimic live infections and can induce both 
antibody- and cell-mediated immune responses. [42, 
43, 44]. DNA vaccines involve the delivery of 
plasmid DNA (pDNA) which encodes the specifics 
antigen. This pDNA vaccine is driven by a 
eukaryotic promoter which results in the intracellular 
production of the target antigen [45]. Genetic/DNA 
immunization is a novel technique used to efficiently 
stimulate humoral and cellular immune responses to 
protein antigens. The direct injection of genetic 
material into a living host causes a small amount of 
its cells to produce the introduced gene products. 
This inappropriate gene expression within the host 
has important immunological consequences, 
resulting in the specific immune activation of the 
host against the gene-delivered antigen [46]. Since 
its early applications in the 1950's, DNA-based 
immunization has become a novel approach to 
vaccine development. Direct injection of naked 
plasmid DNA induces strong immune responses to 
the antigen encoded by the gene vaccine. Once the 
plasmid DNA construct is injected the host cells take 
up the foreign DNA, expressing the viral gene and 
producing the corresponding viral protein inside the 
cell. This form of antigen presentation and 
processing induced both major histocompatibility 
complex (MHC) class I and class II restricted cellular 
and humoral immune responses [47]. A plasmid 

vector that expresses the protein of interest (e.g. viral 
protein) under the control of an appropriate promoter 
is injected into the skin or muscle of the host. After 
uptake of the plasmid, the protein is produced 
endogenously and intracellularly processed into 
small antigenic peptides by the host proteases. The 
peptides then enter the lumen of the endoplasmic 
reticulum (E.R.) by membrane-associated 
transporters. In the E.R., peptides bind to MHC class 
I molecules.  These peptides are presented on the cell 
surface in the context of the MHC class I. 
Subsequent CD8+ cytotoxic T cells (CTL) are 
stimulated and they evoke cell-mediated immunity. 
CTLs inhibit viruses through both cytolysis of 
infected cells and non-cytolysis mechanisms such as 
cytokine production [47]. The foreign protein can 
also be presented by the MHC class II pathway by 
APCs which elicit helper T-cells (CD4+) responses. 
These CD4+ cells can recognize the peptides formed 
from exogenous proteins that were endocytosed or 
phagocytosed by APCs, then degraded to peptide 
fragments and loaded onto MHC class II molecules. 
Depending on the type of CD4+ cell that binds to the 
complex, B-cells are stimulated, and antibody 
production is stimulated. This is the same way 
traditional vaccines work [48].  

DNA immunization offers many advantages 
over the traditional forms of vaccination. It can 
induce the expression of antigens that resemble 
native viral epitopes more closely than standard 
vaccines do since live attenuated and killed vaccines 
are often altered in their protein structure and 
antigenicity. Plasmid vectors can be constructed and 
produced quickly, and the coding sequence can be 
manipulated in many ways.  

 

 
Figure 1. Human Papillomavirus and Virus-like particle (VLP). 
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DNA vaccines encoding several antigens or proteins 
can be delivered to the host in a single dose, only 
requiring a microgram of plasmids to induce immune 
responses. Rapid and large-scale production are 
available at costs considerably lower than traditional 
vaccines, and they are also very temperature stable 
making storage and transport much easier. Another 
important advantage of genetic vaccines is their 
therapeutic potential for ongoing chronic viral 
infections.  DNA vaccination may provide an 
important tool for stimulating an immune response 
in HBV, HCV and HIV patients. The continued 
expression of the viral antigen caused by gene 
vaccination in an environment containing many 
APCs may promote successful therapeutic immune 
response which cannot be obtained by other 
traditional vaccines [47].  

Furthermore, DNA vaccines eliminate the need 
for cold chain storage and transportation [49]. They 
can be quickly altered by manipulating the transgene 
sequence to adapt to new and fast-emerging diseases, 
[50] and are considered safer than traditional 
vaccines as the pathogen is not involved in vaccine 
synthesis. pDNA used in DNA vaccines can also be 
quickly and easily replicated and amplified in 
bacteria, allowing for accelerated production time 
frames, and the capability of large-scale production 
[51].  In addition, DNA vaccination is applicable to 
a range of viral, bacterial and parasitic diseases [42, 
43, 44]. DNA vaccines are also uniquely suited for 
anticancer and antitumor therapies as their encoded 
antigen is produced intracellularly and introduced 
directly onto major histocompatibility complex 
(MHC) class I for antigen presentation to CD8bT 
cells, which are essential effector cells for cytolytic 
activity [52]. Although DNA can be used to raise 
immune responses against pathogenic proteins, 
certain microbes have outer capsids that are made up 
of polysaccharides.  This limits the extent of the 
usage of DNA vaccines because they cannot 
substitute for polysaccharide-based subunit vaccines 
[53]. Several studies have shown that DNA vaccines 
can effectively induce both antibody and T-cell 
responses against their encoded antigens [54].  DNA 
immunization induces immune responses through 
both direct transfection of antigen presenting cells 
(APCs) and cross priming of APCs [ 55, 56] and 
offers several advantages over other vaccine 
platforms. First, the direct in vivo expression of 
antigens by DNA vaccination renders it more 
effective in eliciting cellular immune responses than 

protein-based vaccines, as in vivo synthesized 
antigens are processed and presented through both 
major histocompatibility complex I and II for 
inducing both CD4 and CD8 T-cell responses. 
Second, expression of the antigens over a long period 
of time after DNA vaccination may provide 
sustained stimulation of the immune system for 
inducing long-lasting immune responses [ 57]. 
Third, DNA vaccines can be applied repeatedly 
without inducing immune responses against the 
vector in contrast to recombinant viral vector-based 
vaccines. Currently scientists are working on 
developing DNA-based vaccines that will be highly 
effective and inexpensive. Liu et al has found that in 
vivo electroporation (EP) is a highly efficient non-
viral method for enhancing DNA vaccine delivery 
and immunogenicity with hepatitis, when the site of 
immunization is the skin or muscle of animals and 
humans [58]. In another study, Bhowmik et al have 
found the role of albumin-based chitosan 
microparticles on enhancing immune response of 
plasmid DNA (pDNA) to a hepatitis-B surface 
antigen (HBsAg) vaccine after oral administration in 
mice. The results show an augmentation of both 
humoral and cellular immune responses for 
prolonged periods after immunization [59].  
 
Combination of DNA vaccines and VLP 
Developing a vaccine capable of inducing both 
protective humoral and cellular immune responses is 
a central challenge in vaccine research.  The 
combination of DNA and VLP vaccines can address 
this challenge. Several studies have shown that DNA 
vaccines can effectively induce both antibody and T-
cell responses against their encoded antigens [54, 
55]. DNA immunization induces immune responses 
through both direct transfection of antigen-
presenting cells (APCs) and cross priming of APCs 
[55,56] and offers several advantages over other 
vaccine platforms. DNA vaccination may provide 
sustained stimulation of the immune system for 
inducing long-lasting immune responses [57]. DNA 
vaccines can be applied repeatedly without inducing 
immune responses against the vector in contrast to 
recombinant viral vector-based vaccines. On the 
other hand, Virus-like particles (VLPs) represent 
another attractive concept for vaccine development 
[60, 61, 62].  VLPs share with DNA vaccines the 
ability to be administered repeatedly to vaccinated 
individuals. The non-replicative nature of VLPs and 
their lack of viral genomic RNA make them safe for 
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broad and repeated application. Since the assembly 
and arrangement of viral glycoproteins in VLPs 
resemble intact virions, they are likely to be more 
effective in inducing neutralizing antibodies as 
compared with soluble antigens. Earlier studies have 
shown that a viral glycoprotein presented in a highly 
repetitive form in virus particles is more potent in 
inducing B cell response and antibody production 
than the same antigen presented in a poorly 
organized form [ 63, 64].  In several studies, HIV 
VLPs have been shown to induce both neutralizing 
antibodies and CTL responses to HIV antigens [65, 
66].  

Combinations of DNA- and VLP-based vaccines 
have been extensively studied for HIV infections. It 
has been found that both humoral and cellular 
immune responses are critical for the control of HIV 
infections and replication. Yao et al have 
established a system to produce HIV and SIV virus-
like particles containing high levels of viral Env 
proteins using the baculovirus expression system. 
The results of their study indicate that virus-like 
particles consisting of HIV structural proteins are an 
attractive vaccine platform for eliciting anti-viral 
immune responses, especially neutralizing antibody 
responses. They also have synthesized codon-
optimized genes for HIV Env proteins and evaluated 
their immunogenicity. The results showed that 
combinations of VLP- and DNA-based vaccinations 
are promising for inducing strong cellular and 
neutralizing antibody responses against HIV [67].  

While both the HIV DNA and VLP vaccines can 
induce antibodies as well as cytotoxic T cell 
responses, DNA vaccines induce immune responses 
through direct contact with in vivo antigen synthesis 
whereas VLP vaccines directly present viral 
glycoproteins on the surface of a particulate antigen 
[68, 69, 70]. As a result of their different properties, 
immune responses induced by these two vaccine 
platforms are likely to be different. In their study, 
Doan et al compared the immunogenicity of HIV 
Env-DNA and VLP vaccines to investigate whether 
a combination of these two vaccine platforms may 
complement each other when given as a mixture for 
inducing both antibody and CD8 T cell responses 
[70]. 

Gangadhara et al has shown the combination of 
DNA and VLP vaccines can enhance the immune 
response in HIV. They investigated humoral and 
cellular immune responses in mice after three 
sequential immunizations with DNA, a combination 

of DNA and virus-like particles (VLP), and VLP of 
recombinant modified vaccinia virus Ankara 
(rMVA) expressing HIV-1 89.6 gp120 envelope 
proteins (Env). The results showed an increase of 
over a 100-fold in Env-specific IgG antibody titers 
compared to three sequential immunizations with 
DNA and rMVA. This study suggests that a DNA 
and VLP combination vaccine with MVA is a 
promising strategy in enhancing the efficacy of 
DNA-rMVA vaccination against HIV-1. This study 
revealed that use of a combination of DNA and VLP 
vaccines as the first boost in the context of DNA-
rMVA prime boost immunization could provide 
significantly enhanced humoral IgG antibody 
responses together with T-cell immune responses 
[71].  

Combination therapy of DNA and VLP vaccines 
is more effective than individual therapy. The 
mixture of DNA vaccines with VLP vaccines were 
more effective in responding against antigens in 
comparison to individual treatment. Individual 
treatments were only effective in targeting one 
source of treatment. Adjunct therapy targeted the 
same antigen at a higher rate, producing a greater 
response. In a recent study, Ye L. et al identified and 
compared individual treatment of Env DNA and 
VLPs. The immune response developed by 
immunization of HIV Env DNA vaccines and VLPs 
had both strengths and weaknesses. The individual 
immunization of HIV Env DNA vaccine produced a 
strong CD8 T-cell response. On the other hand, the 
individual immunization of the VLP vaccine induced 
high levels of antibody responses [69]. 
Unfortunately, both showed significant weakness in 
other areas. For example, HIV Env DNA showed 
relatively weak antibody responses and VLPs had 
minimal effect against CD8 T-cells. However, when 
combined, both HIV Env DNA and VLPs, there were 
improvements in effective treatment. Combination 
therapy minimized the weaknesses of individual 
treatment. Immunization that contained both the HIV 
Env DNA and VLP vaccines prompted an enhanced 
CD8 T-cell and antibody response. Therefore, it can 
be concluded that the immunization of a combination 
of DNA and VLP vaccines can elicit higher levels of 
both antibodies and CD8 T-cell responses [72].  

In another study, Ding et al identified the 
significance of combination therapy of DNA 
vaccines and VLPs. VLP vaccines and DNA 
plasmids have been individually tested against 
highly pathogenic avian influenza viruses, but the 
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combination of both vaccines against this virus has 
not been reported. By comparing various 
neutralizing antibody responses including immune 
protection elicited with DNA-VLP, DNA-DNA and 
VLP-VLP prime-boost approaches, the advantages 
of using a heterogeneous vector over the 
homologous approach were identified.  All three 
prime-boost strategies protected against death. 
DNA-VLP and DNA-DNA have higher protection 
against infection symptoms, and DNA with VLP 
yields greater protection from infection. During this 
investigation of the effectiveness of DNA vaccines 
and VLPs, it was identified that there were greater 
neutralizing antibody responses, in addition to a 
higher rate of immune protection with heterologous 
DNA-VLP. It was also identified that this 
combination vaccine would show a lower incidence 
in mortality compared to homologous treatment [73].  

A recent study identified heterologous DNA-
VLP as a prime-boost vaccine strategy. This 
combination treatment was effective in protecting 
against challenges on a broader spectrum. To further 
correlate the benefits, it is also evident in this study 
that DNA with VLP vaccine elicited heterosubtypic 
antibodies. Therefore, it appears that homologous 
neutralizing antibodies only protected against 
homologous and intra-subtype viruses. Heterologous 
antibodies were more effective in neutralizing and 
binding antibodies, which is enough to protect 
against heterosubtypic virus. This vaccine regimen 
also produced broad binding. Combinations of DNA 
and VLP neutralized antibody and T-cell responses 
that conferred broad protection against diverse 
challenge viruses. It suggests that this bivalent 
prime-boost strategy may become a candidate for a 
possible universal vaccine [74]. 

The evaluation of HIV-1 virus-like particles with 
DNA immune response intra-nasally identifies the 
benefits of another route of administration. In a study 
by Buonaguro et al, an in vivo mouse model was 
evaluated by intra-nasal administration of 
homologous VLPs protocol and heterologous DNA 
with VLP prime boost immunization. The study 
identified specific mucosal adjuvants that can 
effectively protect against antigens from the human 
immunodeficiency virus. The proposed use of 
heterologous DNA with virus-like particles protocol 
had the ability to increase the Env-specific humoral 
and cellular immune responses. When compared to 
the homologous administration the anti-gag 
responses increased in heterologous protocols. [75].  

Ideally, combination therapy of DNA and VLPs 
stimulates neutralizing antibodies. In addition, this 
combination creates a robust cell-mediated immune 
response against various antibodies. In a study by 
Young et al, DNA vaccines were constructed to 
express virally regulated human immunodeficiency 
virus-like particles (VLP) to elicit broad-spectrum 
immune responses to multiple HIV-1 antigens. [76].  
 
Film-based HPV vaccines including VLP and 
DNA 
Oral films dissolve more rapidly over other dosage 
forms. It is very important to address the poor 
stability of liquid dosage forms, especially the 
aqueous formulations. Unlike the thin films, there is 
a need for great care during accurate measurement of 
the amount and shaking the bottle every time before 
administration may contribute to less acceptance by 
the patients [77].  Oral dissolving film is extensively 
useful for pediatric, geriatric, and psychiatric 
patients since it is easy to administer and avoids the 
risk of choking or suffocation, thus ensuring patient 
safety [78].  Oral films can also be beneficial for 
bedridden and non-cooperative patients as they can 
be administered easily and are hard to spit out. The 
rate of disintegration is rapid, allowing the drug to 
release, followed by the oromucosal absorption. 
Many drugs that undergo degradation in the GI tract 
are being administered by employing this route [79]. 
The film dosage form of vaccines can elicit both 
antibody-mediated (preventative) and cell-mediated 
(activate T-cells to destroy viruses) mechanisms. 
Film dosage forms are feasible to prepare vaccines 
for administration in the mouth cavity, GI tract, and 
vagina [80]. Currently, not many film dosage forms 
of drugs are on the market. However, there are some 
vaccines in the research phase which are in the film 
dosage form. These are: measles vaccine, live 
bacterial vaccines typhoid fever, salmonella, 
diphtheria toxoid, tetanus toxoid, poliomyelitis, and 
rotavirus vaccine which is designed to melt quickly 
in a baby’s mouth prompting it to swallow the 
vaccine [81,82]. The dissolved medication is coated 
with a material to protect it in the child’s stomach, 
and it is designed to release the vaccine in the small 
intestine where it should trigger an immune response 
to prevent a rotavirus infection [83],  

Quickly soluble film dosage forms can also be 
used for therapeutic vaccines for local 
administration. One unique example could be for 
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therapeutic use of HPV vaccines. This film can be 
used in the cervix area to create a local effect.  

The possibility of using different types of 
vaccine in the film dosage form as a delivery system 
needs to be evaluated. Live vaccines in the film 
dosage form will not be a better choice as size and 
permeability and regeneration of antigen may cause 
side effects. Live attenuated influenza virus (A/PR/8 
strain, H1N1) has been tested to be administered via 
the sublingual route and has been found to be safe 
and effective for inducing protective immune 
responses in mucosal and systemic compartments 
[84]. In an in vivo mouse study, Song et al. has 
shown that administration of an influenza vaccine 
produced virus-specific IgG in the serum and 
secretory IgA (sIgA) in the respiratory mucosa. A 
single sublingual dose of A/PR/8 virus prevented 
lung pathology induced by influenza virus challenge 
and provided a broad-range cross-protection against 
different influenza virus subtypes. Thereby, the risk 
of potential passage of the vaccine virus to the 
olfactory bulb was avoided by using the sublingual 
route since no viral RNA was detected in the brains 
of sublingually vaccinated mice, in contrast to mice 
that received the same vaccine intranasally [85].  
Therefore, it is possible that vaccine administration 
in a film dosage form via the sublingual route can 
also elicit the protective immune response in both 
mucosal and systemic compartments if appropriate 
adjuvants and other auxiliary materials are used 
along with the vaccines.  One approach to widening 
the choice of vaccination without the use of live-
attenuated microorganisms is the development of 
adjuvants and delivery systems. These have recently 
been reviewed under the categories of mineral salts, 
oil-in-water emulsions, microbial derivatives, 
natural products, endogenous immunostimulatory 
factors, inert vehicles and lipid particulates [86]. 
Some of these are more appropriate for mucosal 
delivery for directly targeting the mucosal immune 
system (MIS). For example, alum, which is used in 
many parenteral vaccines, does not induce mucosal 
immunity. Delivery systems can also be used in 
combination with adjuvants and are designed to 
increase delivery, targeting, protection against 
degradation and controlled release of antigen at a 
site. The use of polymeric carriers such as chitosan, 
poly(lactic-co-glycolic acid) (PLGA) and poly lactic 
acid (PLA) have shown success as adjuvants and 
have been used as delivery carriers for vaccines in 
the form of microparticles and nanoparticles [87]. 

Reported uses of PLGA include spray-dried 
nanoparticles as carriers for diphtheria CRM-197 
antigen and recombinant hepatitis B surface antigen, 
spray dried microparticles containing recombinant 
antigen 85B against TB and wet microspheres 
containing hepatitis B surface antigen [88,89,90].  

In another study, DNA polymeric films (DNA-
PFs) were evaluated as an effective drug delivery 
system (DDS). They evaluated the growth behavior 
of oral squamous cell carcinoma (OSCC) cells 
on DNA-PFs. They also assessed morphological, 
biochemical, and cytometric features of the cells. 
MTT and resazurin assays showed reduction in cell 
viability related to increased DNA concentration in 
the DNA-PFs. The flow cytometry studies exhibited 
low cytotoxicity of DNA-PFs. The flow cytometric 
cell cycle analysis also exhibited average cell cycle 
phase distributions within later time points. This 
indicated that OSCC cell growth is maintained in the 
presence of DNA-PFs. DNA film supported cell 
growth. In addition, by incorporating active or 
photoactive compounds, DNA film was able to 
induce tissue regeneration. This may be useful in 
treating many diseases [91]. 
 
CONCLUSIONS 
 
Human papillomaviruses (HPV) are lethal viruses 
that cause several cancers including cervical cancer 
which is an important health concern in the United 
States and throughout the world. There are two 
vaccines, Gardasil and Cervarix, that are available 
for HPV-related cancers and warts. But these 
vaccines have some major limitations that includes 
high cost, requirement of personnel to administer the 
vaccine, and need of cold chain storage to preserve 
and transport. These obstacles limit their use, 
particularly in resource-poor countries. Also, these 
vaccines sometimes show adverse effects to the body 
due to the intramuscular injection. Therefore, there 
is a great need for developing a new alternative HPV 
vaccine which will be cost effective and can 
significantly contribute to global public health. A 
film dosage form of HPV vaccine which is stated in 
this article, can be a good alternative.  Film 
formulations are easy to prepare, have rapid onsets 
of action, and are inexpensive. Thus, it can be a very 
convenient tool for primary prevention of HPV-
caused cancer and a realistic method to reduce the 
prevalence of this ailment globally.  Also, since film 
dosage forms can be administered in multiple routes, 
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this the best formulation to treat patient populations.  
Additionally, film dosage forms can incorporate 
either native form or particulate form of the HPV 
vaccine. Nano- or micro-particulate formulation 
vaccines have been found as very effective 
formulations which are more cost effective, easy to 
prepare and scale up, can be delivered via any route 
of administration, and can be preserved at room 
temperature. Particulate forms of vaccines can be 
administered as film dosage forms via buccal route.  
Anther advantage of film dosage forms is that the 
film can incorporate a combination of DNA and 
VLP-based vaccines. The previous studies support 
the theory that vaccines containing DNA and VLP 
components offer the most effective form of 
prevention. The immunization of combinations of 
DNA and VLP vaccines can elicit higher levels of 
both antibodies and CD8 T-cell responses. As a 
result of this synergistic effect, the combination 
therapy will limit replication of the infection. Thus, 
a film dosage form of vaccines that contains the 
particulate form combined DNA and VLP-based 
HPV vaccines can address the major challenges of 
current vaccines.  
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