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ABSTRACT

Nanotechnology has the potential to make significant alterations in the treatment of diseases such as cancer through targeted
drug delivery nanoparticles. Virus-like particles (VLPs) are composed of the capsid proteins that do not carry the viral genome
and are also noninfectious. VLPs are self-assembling competent protein structures with identical or highly related structures to
their corresponding native viruses. VLPs that have precise 3D nanostructures exhibit a notable diversity in shapes and structures.
They can be produced in large quantities through biological amplification and growth. External protein inserts can be displayed
through genetic methods or chemical modifications. Functionalized VLPs when used as delivery systems have the ability to
target with specificity and can attract macrophages for the destruction of cancer cells. The capability to target tumors for the
delivery of therapeutic agents is an important goal of the design approaches of VLPs. Against the current problems in cancer
therapies, delivery systems using VLPs are an arising and promising field with the potential to exhibit solutions. Cancer thera-
pies require specific targeting of the diagnostic element or the drug to tumor cells without binding to or affecting healthy cells
and tissues. Specialization of the VLPs provides an opportunity for using them as site-specific drug delivery systems in cancer
therapy while reducing the systemic toxicity and the overall damage to healthy cells. With fewer side effects, immunotherapy is
also a promising alternative for cancer treatment by primarily activating the host’s immune system. Cancer vaccines are aimed
at inducing an immune response in the host, thereby generating a defensive mechanism against tumor cells. VLPs can be used
as a vaccine without the requirement of any adjuvant due to their naturally optimized particle size and their repetitive structural
order. Therefore, the aim of this review is to provide basic information about VLPs and describe previous research on VLPs used
as drug and vaccine delivery systems and their applications in different types of cancer.
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INTRODUCTION

Virus-like particles (VLPs) are constituted of one or more viral proteins which are self-assembling particles expressed in vitro
through recombinant technologies. The self-assembling feature of these proteins results in the generation of subviral or viral
particles in the 20-100 nm size range, typically (Ghasparian et al. 2011). The high stability of VLPs, their symmetric spatial organiza-
tion, ease of obtaining and purification, safety, and the possibility of directed modification make these nanoparticles ideal carriers
of drugs, biologically active peptides and whole proteins (antigens, receptors, enzymes, etc.) (Blokhina et al. 2013).

Previously, VLPs have been produced for over thirty different infectious viruses in humans and animals. VLPs contain one or more
structural proteins and they have features such as self-assembly. Morphological properties of VLPs are similar to native viruses.
Due to being lack of infectious genetic material, VLPs are not amenable to replication and being infective, unlike native viruses.
The general features of VLPs are summarized in Figure 1 as a scheme. In case of usage in vaccines, virus-like particles require no
adjuvant as a safe vaccine candidate. To produce virus-like particles, different viruses offer different structures. For example, par-
voviruses have viral capsids containing one or two major proteins are simple while viral capsids of picornaviruses are complex
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Figure 1. General features of virus-like particles as hollow
nanocages

Figure 2.. DNA micelle-templated virus-like particle formations.
Green shows hydrophobic molecules loaded into the core of the
micelle in (a). Red shows hydrophilic molecules attached to
complementary DNA strands by hybridization and equipping the
micelles in (b) (Ma et al. 2012)

and these complex viral capsids showed diversity in protein
layers which are encoded by many different mRNAs or viral
capsid of picornaviruses is from a single polyprotein. Viral cap-
sids of some viruses' such as influenza, HIV, and hepatitis C are
acquired from the host cell, and also viral glycoprotein spikes.
They have lipid bilayer and lipid envelopes (Shirbaghaee and
Bolhassani 2016).

VLPs have definite 3D nanostructures and they show a diver-
sity of shapes and structures. By using biological amplification
and growth, production of VLPs can be in great amounts. They
can display external protein inserts through modifications/
techniques as genetically or chemically. The feature of being
selective about the deposition of organic or inorganic materi-
als, at specific locations on the VLP provides fine adjustment
controlling of the assembly of nanomaterial, size and spacing
that results in uniform and reproducible nanoarchitectures
(Zhou et al. 2014).

Some VLPs have proved more immunogenic than recombi-
nant protein immunogens vaccines, and are capable to induce

both the humoral and cellular response of the immune sys-
tem. VLPs structurally mimic their parent virus thus they could
be used as a safe alternative for inactivated virus vaccines. Ad-
ditionally, binding to pattern-recognition receptors and B-cell
receptors of VLPs can induce direct immune system. Due to
their naturally-optimized particle size and repetitive structural
order, VLPs can be used as a vaccine without any adjuvant re-
quirement. Immunogenicity of the VLPs also generates great
potential to use them for immune therapy, targeted drug de-
livery, and gene therapy, aside from their applications in vac-
cination (Teunissen et al. 2013; Smith et al. 2015).

VLPs have biocompatible and monodisperse properties, also
are capable of scale-up production and they are amenable to
multiple functionalization strategies. These properties made
VLPs advantageous to be used as delivery system. Beside
chemical engineering, affinity tags or targeting peptides can
be introduced by genetic engineering.As an example, Figure
2 represents DNA micelle templated VLP formation (Ma et al.
2012).

Modifications of VLPs

In some cases, VLPs could be modified chemically and geneti-
cally in order to gain extra functionalities. Drugs, epitopes, pep-
tide fragments have been added to the surface of the particle
by genetic engineering to use VLPs as nanocarriers. Disassem-
bly and reassembly features of some VLPs provide a crucial way
for encapsulation of drugs, peptide fragments, genome com-
ponents. These unique characteristics give many advantages
in comparison with synthetic nanoparticles (Yildiz et al. 2011).

Both the outer and inner surfaces of the VLPs can be function-
alized by modification of the protein subunits genetically or
chemically. Such modifications can cause considerable chang-
es in the physicochemical properties and offer novel functions
for VLPs (Smith et al. 2015). VLPs'inner surface can be modified
to increase the loading efficiency and new affinity properties
are acquired for a specific size of the foreign molecules. Shen
et al. (2015) have demonstrated a method for encapsulation
of magnetic nanoparticles into VLPs by hypothesizing a mu-
tant HBc144 VLPs, which is produced by interpolation of six
histidine residues (Histag) at the N-terminal ends and showed
at the inner surface of the VLPs. It depends on the affinity of
histidine tags to metal-ion complexes, such as nickel-nitrilotri-
acetic acid (nickel-NTA) chelate. By this method, the magnetic
core containing VLPs were obtained at high efficiency with the
properties of uniformly sized and monodispersed and the cel-
lular uptake ability of Fe,O,-NTA-Ni** core-containing HBc-144-
His VLPs was higher than pure Fe O, nanoparticles. Core size
strong affects the efficiency of the VLPs encapsulation and cor-
relation between the T-number (Triangulation number, facets
per triangular face of an icosahedron) and the self-assembly ef-
ficiency could be the reason of this effect. It is concluded that
20 nm is the maximum size limit for VLP formation because VLP
formation with large cores are failed. In case of exceeding this
limit, it prevents obtaining stable particles. As a crucial result of
this study, these core-containing VLPs have been shown to be
very effective cellular T2 contrast agents for MRI applications
(Shen et al. 2015).
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Cancer Drug Delivery with VLPs

Virus-like nanoparticles are promising technologies as a new
delivery platform. Their various features render them a conve-
nient and potential candidate for targeted delivery of nucleic
acids, peptide fragments, and therapeutic drugs within the
protein structure. They have hollow structures which are com-
posed of self-assembling protein subunits and considered as
protein cages. Protein nanocages are often produced in living
hosts. To precisely control over particle stability, drug encapsu-
lation, surface charge and ligand display, functional elements
can be applied as internal, external, and inter-subunit by per-
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Figure 3. Methods that were used for drug loading (upper panel)
and methods that were used for drug release (lower panel) in
VLPs. R: any reactive amino acid side chain; GSH: glutathione.
Cowpea chlorotic mottle virus is used as the representative
scaffold. (Molino and Wang 2014)

forming protein engineering techniques (Molino and Wang
2014).

Some VLPs are more capable in case of using as a nanocarrier.
For example, Bacteriophage MS2 VLPs possess many proper-
ties as a delivery platform. These particles can be obtained in
a very easy way by the recombinant-protein technology. On
the other hand, the MS2 capsid sympathizes with the pac site
of DNA or RNA and can encapsulate the target RNA or DNA by
locating at the five terminus of the pac site. This inhibits degra-
dation risks of the target RNA or DNA by nucleases. Antigenic
components, epitopes can be delivered by designed MS2 VLPs
for clinical approach MS2CP gene has a specific site to insert
DNA oligonucleotide and the epitope peptide can be pre-
sented to the immune system after the expression. In addition,
VLPs can display viral antigens on their surface of the capsid,
and stimulate a higher immunologic response. Major advan-
tages of MS2 VLPs are their great stability and appropriate size
for presenting of viral antigenic epitopes. Moreover, MS2 VLPs
can also be used as potential nanocarriers for targeted and
passive drug delivery. Drugs can be packaged to MS2CP, MS2
during the self-assembly step (Fua and Li 2016).

The present strategies for a particulate system are defined by
dynamics, the type of drug that is loaded, its structure and the
environment that the nanoparticle is targeted. The strategies
are described in Figure 3 (Molino and Wang 2014).

In cancer treatment, tumour-targeted drug delivery is an at-
tractive strategy. The various VLPs delivery systems which are
investigated before in treatment of cancer were shown in
Table 1. For different types of cancer drugs, different VLPs sys-
tems were developed such as MS2 bacteriophage to deliver
5- fluorouracil and doxorubicin; and murine polyomavirus
for methotrexate. (Ashley et al, 2011; Abbing et al., 2004) To
deliver Paclitaxel, a JC polyomavirus VLP system was also syn-
thesized which encapsulates the coupled drug with cyclo-

Table 1. Summary of various VLPs, which have been investigated as delivery platforms for cancer therapeutics

Drug Virus-Like Particle
Paclitaxel Adenovirus JC polyomavirus
Bleomycin Adenovirus

Target of Drug

AIDS-related Kaposi sarcoma, breast cancer,
and ovarian cancer

Lymphoma, penile cancer, squamous cell carcinoma

References

Shan et al. 2012
Niikura et al. 2013

Zochowska et al. 2009

of the cervix, head-neck, and vulva, testicular cancer

5- Fluorouracil MS2 bacteriophage Avian
sarcoma leukosis virus

Doxorubicin Cowpea mosaic virus

Cucumber mosaic virus

Hibiscus ringspot virus
MS2 bacteriophage
Red clover necrotic

mosaic virus

siRNA Hepatit B virus
JC polyomavirus

MS2 bacteriophage

Methotrexate Murine polyomavirus

Some skin cancers, head and neck cancers, breast
cancer, stomach cancer, anal cancer, colon cancer

Leukemia, lymphoma, neuroblastoma, sarcoma,
Wilms tumour, and cancers of the breast, lung,
thyroid, stomach, ovary, and bladder

By disease-related gene suppression- specifically
inhibit oncogene overexpression or gene mutation

Certain types of cancer of the lung, breast,

Ashley et al. 2011
Kaczmarczyk et al. 2011

Aljabali et al. 2013
Zeng et al. 2013
Ren et al. 2007

Ashley et al. 2011

Lockney et al. 2011

Choi et al. 2013
Chou et al. 2010
Galaway&Stockley 2013

Abbing et al. 2004

head-neck, or skin
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dextrins as hydrophobic pockets through disulfide bonds in-
side the VLPs and has capable of glutathione (GSH)- triggered
release of drug molecules. (Niikura et al,, 2013). In a previous
study, Shan et al. explained that modified adenovirus can be
strongly targeted to tumour and has less toxicity effect to
normal tissues. In a further study, commonly used clinical an-
ticancer drug, Paclitaxel was conjugated to folate-modified
adenovirus nanoparticles by using linkers to form two pro-
drugs. The results showed that the targeting and residence
time of Paclitaxel can be improved by Paclitaxel-conjugated
vector in tumour site. In vitro and in vivo studies show that
Coxsackie adenovirus receptor or foliate receptor-mediated
uptake of Paclitaxel induced highly anti-tumour activity. The
results showed that chemically modified adenovirus vector
has the potential to be used as a drug-loaded tumour-target-
ing delivery system (Shan et al. 2012). In chemotherapeutic
approaches, inactive prodrugs together with enzymes have
been widely used. These combinations convert the prodrugs
to an active form. In another study, 5-Fluorocytosine has
been introduced as a prodrug. Fcy protein converts 5-fluo-
rocytosine into a highly cytotoxic compound mostly used in
cancer chemotherapy, which is 5-fluorouracil. Then, Fur pro-
tein converts 5-FU to 5-F UMP, which blocks DNA synthesis.
Yet this approach depends on expression of the enzymes
required to convert the prodrug into the cytotoxic compo-
nent. This problem was tried to solve by generating VLPs that
composed of Gag-Fcy-Fur fusion for the delivery of enzymes
that could be used for prodrug-to-active drug conversion
(Kaczmarczyk et al. 2011).

Bleomycin is an anticancer antibiotic and has systemic
toxicity and dose-dependent pneumonitis able to prog-
ress to lung fibrosis although its usage for wide range of
cancer types such as lymphoma, penile cancer and tes-
ticular cancer. To enhance bleomycin delivery, adenovirus
VLP vector was used by Zochowska et al. (Zochowska et
al. 2009). Doxorubicin, which damages DNA and may kill
cancer cells and cure many types of cancer such as lym-
phoma, leukemia and breast cancer, was encapsulated
into different VLPs types (Aljabali et al. 2013; Ren et al.
2007; Ashley et al. 2011; Lockney et al. 2011). For example,
encapsulated doxorubicin into cucumber mosaic virus
was targeted to folate-expressing cancer cells in vivo. The
results showed that cardiotoxicity was reduced and anti-
tumour responses were increased, compared to free drug
(Zeng et al. 2013).

Another treatment method for cancer is to silence gene
expression by RNA interference (RNAi) however deliver-
ing sequences of RNAJ in vivo remains a problem. To over-
come this problem JC virus VLPs has been used as a vec-
tor for delivering RNAi in silencing the cytokine gene of
IL-10 which resulted in reducing IL-10 expression by 85 to
89%, when compared with VLPs alone. (Chou et al. 2010)
Galaway&Stockley also showed that VLPs reassembled in
vitro with the RNA bacteriophage MS2 coat protein and an
RNA conjugate encompassing a siRNA and a known capsid
assembly signal can be targeted to Hela cells by protecting
from nuclease. (Galaway&Stockley, 2013).

Nanovaccinology with VLPs against Cancer

The use of nanotechnology in vaccinology, in particular, has
been increasing exponentially in the past decade, leading to
the birth of “nanovaccinology”. In therapeutic approaches,
nanoparticles are used as either a delivery system to improve
antigen processing or as an immunostimulant adjuvant to
activate or increase immunity. Therapeutic nanovaccinology
is mostly applied for cancer treatment and is increasingly ex-
plored to treat other diseases or conditions, such as Alzheim-
er’s, hypertension, and nicotine addiction (Zhao et al. 2014).
The self-assembly of the viral particle needs a single viral cap-
sid protein To make VLP vaccines. Mostly, production of VLPs
are based on insect and yeast cell-based systems due to their
advantageous for commercial vaccine manufacturing, ease of
production and ability to produce complex viral protein tar-
gets (Rosenthal et al. 2014). Moreover, VLP vaccines do not
need a chemical treatment step for inactivation which could
affect the structure of the antigen epitopes of the surface gly-
coproteins conformationally (Matassov et al. 2007).

Several viruses are linked to cancer in humans. In the year
2002, 1.9 million cases that represent 17.8% of the global can-
cer casesare estimated as cancer associated with viral infec-
tions (Parkin 2006). Viruses can play roles at different stages
of the cancer development, and the association of a virus
with a given cancer can occur anywhere from 15 to 100%. It
is thought that 15 and 20% of all human cancers may have a
viral cause (Parkin 2006; zur Hausen 2001). Preventing cancer
via vaccination became very popular starting in the late 1980s.
Human vaccines against human papillomavirus, hepatitis E vi-
rus and hepatitis B virus use recombinant virus-like particles as
the antigen (Zhao et al. 2013). Recombinant hepatitis B virus
has licensed VLP vaccines. The first two of these vaccines are
Recombivax and Engerix-B and they are both HBV recombi-
nant DNA vaccines. They consist of purified non-infectious
subunits of the HBV surface antigen (i.e, HBsAg) (Lacson et al.
2005). After the invention of Recombivax-HB (Merck&Co.) and
Engerix-B (GlaxoSmithKline, GSK), Human Papillomavirus (HPV)
vaccines are produced by the same approach. Gardasil (Merck
& Co,; produced in yeast) and Cervarix (GSK; produced in insect
cells) are examples of Human Papillomavirus vaccines which
were produced in the late 2000s (Dillner et al. 2010; Lehtinen
et al. 2012; Kaufmann et al. 2010; Kreimer et al. 2011). Both the
HBV and HPV vaccines containrecombinant virus-like particles
(Glaxosmithkline Vaccine HPVSG et al. 2009; Mao et al. 2006).
Clinical trials of these vaccines showed that they prevent infec-
tion by inducing protective and neutralizing antibodies (Schil-
ler et al. 2012). Recombinant HBsAg is produced in yeast by
cloning of a part of the HBV DNA into the yeast Saccharomyces
cerevisiae (Hauser et al. 1987). The same antibodies to HBsAg are
induced to be produced by Recombivax and Engerix-B and
both vaccines have similar immunogenic properties (West
and Calandra 1996). More immunogenic VLP vaccines contain-
ing Pre-S1, Pre-S2 and hepatitis B surface antigens have been
developed. The third generation hepatitis B vaccine, which
can produce a strong antibody response, is Bio-Hep B (Alpar
etal. 2014). Production of Bio-Hep B is in mammalian Chinese
hamster ovary (CHO) cells and contains Pre-S1 (large), Pre-S2
(middle) and the small (s) surface proteins of HBV (Hourvitz et
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Table 2. VLP vaccines with license [modified from Kushnir et al. 2012)

Vaccine Name Disease Company Expression System
Epaxal Hepatitis A Crucell Cell-free
GenHevac B Hepatitis B Pasteur-Merieux Aventis Mammalian (CHO cells)
Bio-Hep-B Hepatitis B BTG (SciGen, FDS Pharma) Mammalian (CHO cells)
DTP-Hep B Hepatitis B PT. Bio Farma Yeast (P pastoris)
Engerix B Hepatitis B GSK Yeast (S. cerevisiae)
Enivac HB Hepatitis B Panacea Biotec Yeast (P pastoris)
Euvax B Hepatitis B LG Life Sciences Yeast (S. cerevisiae)
Gene Vac B Hepatitis B Serum Inst. of India Yeast (H. polymorpha)
Heberbiovac HB Hepatitis B CIGB-Heber Biotec Yeast (P pastoris)
Hepavax-Gene Hepatitis B Crucell Yeast (H. polymorphal)
Recombivax HB Hepatitis B Merck Yeast (S. cerevisiae)
Revac-B Hepatitis B Bharat Biotech International Yeast (P pastoris)
Shanvac-B Hepatitis B Shanta Biotechnics Yeast (P pastoris)
Gardasil HPV Merck Yeast (S. cerevisiae)
Cervarix HPV GSK Insect (High FiveTM cells)
Inflexal V Influenza Crucell Cell-free
HeberNasvac Hepatitis B The Cuban regulatory authorities E.coli

Hecolin Hepatitis B Xiamen Innovax Biotech E.coli

al. 1996). Yeast (Venters et al. 2004), insects, bacteria Escherichia
coli (Wei et al. 2014; Li et al. 2015), plant (Kapusta et al. 1999)
and mammalian cells were used for the production of the
approved VLP-based vaccines (Table 2). Several recombinant
protein-based products were derived from E.coli such as the
first recombinant human insulin (Kyriakopoulos et al. 2013).
There are over 50 VLP based vaccines which are produced in
different expression hosts between 1986 and 2015 (Huang et
al. 2017). Hecolin and Heber Nasvac are produced in E.coli and
are licensed VLP-based vaccines (Lua et al. 2014; Huang et al.
2017). Hecolin is the first commercialized E.coli derived hepati-
tis E vaccine (Proffitt, 2012). ABX203 (trade name HeberNasvac)
is a VLP vaccine for hepatitis B treatment and is the first mar-
keting authorized vaccine by the Cuban regulatory authorities
in 2015 (Lobaina et al. 2015; http://www.abivax.com/images/
pdf/ 151208_ABX203_Cuban_Authorization.).

For vaccinology in cancer, Human Papilloma Virus (HPV) VLPs
in GARDASIL vaccine is a good example. It prevents HPV in-
fections which can be cause of cervical cancer and warts. The
major capsid protein L1 of HPV are expressed into VLPs either
in yeast or Baculovirus systems. It mimicks the original epit-
opes of virions and shows protective immune responses when
properly adjuvanted. The adsorbed VLPs of each HPV type is
prepared and combined to produce GARDASIL, an aluminum-
containing adjuvant is used for adsorbtion of all of the VLPs.
The VLP morphology is checked to figure out whethertheinter-
action with the aluminum adjuvant surface modifies the VLP
morphology. According to results, adsorption onto adjuvants
did not affect the morphology (Zhao et al. 2014).

Goldinger et al. (2010) have designed an anticancer vaccine
MelQbG10 virus-like nanoparticle loaded with CpG-oligonu-
cleotides and coupled to a peptide derived from Melan-A. This
vaccine may trigger cytotoxic T lymphocyte response of the
immune system against Melan A expressed melanoma can-
cer cells. As a result, vaccination of patients at phase Il clinical
trial resulted in an increase of T-cells at the injection site. The
biopsies of the injection site demonstrated an enhanced ex-
pression of CD4 and CD8 which confirms the flow of T-cells.
Furthermore, in case of evaluation of Melan A expression, it ex-
hibited a down-regulation in the tumour tissue after vaccina-
tion. (Goldinger et al. 2010).

Chimeric Virus-Like Particles and Cancer

The lacking genomic material of VLPs provides great safety pro-
file to use in numerous fields, such as vaccines, drug delivery,
in vitro imaging systems (Grgacic and Anderson, 2006). On the
other hand, chimeric VLPs, occurring from two distinct capsid
proteins, are the specific approach for both of vaccination and
drug delivery system at the same time. As an example, gag and
M1 are two capsid proteins from influenza virus and Deo and
his colleagues used these two capsid proteins to express co-
lon carcinoma cell-targeting chimeric virus-like particles. These
chimeric VLPs displayed a variable fragment region targeting
colon carcinoma cells. chimeric VLPs were packaged by Large
unilamellar vesicles containing calcein-AM or doxorubicin. The
dye and the drug were delivered to the cells by VLPs success-
fully and targeted cancer cells with high specificity (Deo et al.
2015).
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Choi et al. also used chimeric VLPs and demonstrated how a
chimeric VLP can be used in gene silencing. Previously, lenti-
viral vectors were the effective vectors in gene silencing for a
long period in mice. However, the usage of these vectors have
some risks due to mutagenesis and carcinogenesis which may
occur during the integration of their DNA into the host’s ge-
nomic DNA. This limits their use for clinical applications. So in
this study, chimeric siRNA/capsid nanocarrier complexes were
produced. In the cell culture system, these nanocarriers sup-
pressed RFP gene expression efficiently. As a result, they proved
tumor-specific targeting ability of the chimeric nanocarrier in
vivo. Moreover, the siRNAs in capsid shell are protected against
nucleases in plasma by encapsulation, so the enhanced sta-
bility of siRNA during body circulation was also proved. Due
to overexpression of the RGD-mediated binding to integrin
receptors on tumour cells, delivery of siRNA is accomplished
to the tumour tissues in vivo efficiently by the multivalent RGD
peptides on shell surface (Choi et al. 2013).

Conclusion

In recent years, studies were shown that VLPs are excellent
candidates for vaccination and targeted drug delivery systems
owing to their inherent properties; multimeric antigens, par-
ticulate structure, not being infectious. Here, we summarize
some of them in vaccinology and drug delivery areas. The as-
sembly, disassembly/reassembly, self-assembly features of the
VLPs are known as a key point to design with modifications
and encapsulation in order to provide extra immunogenic and
functional properties. All these properties have made possible
different mechanisms of drug encapsulation and specific tar-
geting (Molino and Wang 2014).

Major advantages of VLPs are being appropriate for the in-
duction of safe and efficient humoral and cellular immune re-
sponses. Thus, they can utilize in vivo applications without any
toxicity and inflammatory response. Chemically and genetically
modifications of VLPs make them more useful for specific appli-
cations than native forms. Recently, especially when targeted to
a therapeutic site, the success of drugs inside a VLP system can
be better than free drug while reducing side effects.

Recombinant VLP systems can be arranged to gain more func-
tionalities to present drugs, imaging reagents, antigenic epi-
topes of a corresponding virus or another disease-associated
antigen and specific targeting peptides to the internal and ex-
ternal surfaces of the particle. It supplies an important additional
advantage because in the future, vaccinology should be able to
produce vaccines which have both preventive and therapeutic
effects. It is considered that by the use of VLP-based delivery sys-
tems, enhanced immunogenicity could be achieved.

Traditionally, against solid tumours only chemotherapy or ac-
companied radiotherapy is applied. However, traditional treat-
ments which have lack of specificity for each cancer types re-
sults in side effects. In further doses of chemotherapy, tumour
cells can become drug resistance and normal cells affected by
toxins. In cases that require more dose intake, toxicity limits the
chemotherapy-based treatment. Even just self-assembly and
encapsulation features, the VLPs can be loaded according to

the conditions required by the treatment. This distinctive flex-
ibility provides many advantages over synthetic nanoparticles
and consequently traditional treatments.

We hope that immunotherapy and preventative cancer vac-
cines control cancer in humans with fewer side effects than
chemotherapy-based methods. Although all novel approach-
es, there are some drawbacks to overcome related with pro-
duction processes, or with the formation of chimeric VLPs.
Currently, the absence of reliable preclinical animal models
and issues such as cost obstructs rapid and effective vaccine
development. Also, further researches are required to under-
stand behavioral features of VLP systems in vivo and to carry
this technology from the laboratory to the clinic. However,
with further studies, VLP-based technologies will continue to
progress due to their predominant and great advantages and
will be more applicable in future.
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