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Virus-like particles (VLPs) assemble spontaneously dur-
ing the viral cycle or in heterologous systems during 
expression of viral structural protein. Depending on the 
complexity of the VLPs, they can be obtained by expres-
sion in prokaryotic or eukaryotic expression system from 
the suitable recombinant vectors, or formed in cell-free 
conditions. Moreover, they can be built from proteins of 
a single virus, or can present the proteins or peptides 
derived from a virus or cell on a platform derived from 
any other single virus, thus forming chimeric VLPs. VLPs 
are best known for their immunogenic properties, but 
the versatility of VLPs allows a wide variety of applica-
tions. They are lately in the centre of investigations in 
vaccinology, drug delivery and gene therapy. This review 
focuses on utilization of VLPs for drug delivery.
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INTRODUCTION

VLPs are best known for their immunogenic prop-
erties, but the versatility of VLPs allows a wide variety 
of applications. They are lately in the centre of investi-
gations in vaccinology, drug delivery and gene therapy. 
This review focuses on utilization of VLPs for drug de-
livery.

The term “VLP” has been in use for at least 40 years, 
defining various biological objects. This includes empty 
structures of viral origin, infectious or non-infectious 
viruses, interfering viral particles with some structure 
modifications and non-infectious, self-assembled gene 
products acquired from the expression of viral structural 
genes in heterologous systems. In this review the term 
VLP pertains to self-assembled structures, produced dur-
ing expression of viral structural proteins.

Virus-like particles (VLP) are multimeric nanostruc-
tures, which means that the particle size is between 0.1 
and 100 nm in each spatial dimension. These, sometimes 
multiprotein, particles are constructed from viral struc-
tural proteins, capsomers, and are free of any genetic 
material. Capsomers may be bound to each other by co-
valent interactions such as disulphide bonds or electron 
sharing, or non-covalent bonds such as hydrogen bonds, 
ionic interactions, Van der Waals forces. Some of VLPs 
are formed in a calcium-dependent manner, whereby the 
disulphide bonds increase stability of calcium binding 
(Ishizu et al., 2001). Abundance of those ions strength-
ens the structure of the particle, while removal of them 
loosens the interactions between capsomers resulting in 
decreased particle stability or its disintegration to cap-
somers. The VLPs display remarkable cell entry pro-

pensity, which stems from the fact that they are formed 
from functional viral proteins that are responsible for 
cell penetration by the virus.

Over 100 VLPs originating from microbial, plant, in-
sect and mammalian viruses have been produced and 
characterized since the beginning of the 1980s, derived 
from 35 different virus families (Zeltins, 2013). Like 
naturally occurring viruses, VLPs can be enveloped or 
non-enveloped, spherical or filamentous (Fig. 1). VLPs 
assemble spontaneously during the viral cycle or in het-
erologous systems during expression of viral structural 
protein. Depending on the complexity of the VLPs, they 
can be obtained by expression in prokaryotic or eukary-
otic expression system from the suitable recombinant 
vectors, or formed in cell-free conditions. Moreover, 
they can be built from proteins of a single virus, or can 
present the proteins or peptides derived from a virus or 
cell on a platform derived from any other single virus, 
thus forming chimeric VLPs.

The efficiency of VLPs expression is quite high. Ex-
pression yield in eukaryotic systems can be similar to 
that obtained in a bacterial systems. Because of high mo-
lecular weight of VLPs, they can be easily purified from 
extracts of the expressing cells by sucrose density cen-
trifugation or size-exclusion chromatography, often with 
additional separation steps to remove unnecessary cellu-
lar components (Chroboczek et al., 2014).

VLP VACCINES

The most common use of VLPs is as a platform to 
present epitopes to the immune system. In majority of 
cases this is achieved by modification of the VLP gene 
sequence in such a way that during expression the cap-
someres with embedded foreign epitope will form VLPs. 
Larger protein domains might be difficult to present 
on VLPs as display of large proteins may disrupt VLPs 
folding process. In such situation, the chemical conjuga-
tion can be the solution (Spohn et al., 2010).

Among the advantages of VLP vaccines there is the 
fact that they can be successfully produced in vari-
ous expression systems. In many cases such VLPs have 
structural characteristics and antigenicity similar to the 
parental virus and are quite often amenable to insertion 
of endogenous or foreign antigenic sequences, allowing 
production of chimeric VLPs exposing the antigen on 
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their surface. VLPs provide the spatial structure similar 
to the parental virus native structure, thereby enhancing 
the production of neutralizing antibodies. (Frietze et al., 
2014).

Some VLP vaccines have been already licensed and 
commercialized. The prophylactic human vaccines 
against hepatitis B virus (HBV) and human papilloma 
virus (HPV), both based on VLPs derived from these 
viruses have been FDA-approved and are in use. Ad-
ditionally, an anti-malaria vaccine consisting of hepatitis 
B VLP presenting multiple copies of a secreted protein 
(circumsporozoite protein, CSP) of the Plasmodium falci-
parum malaria parasite should soon be approved. Other 
VLP vaccines targeting influenza virus, rotavirus or hu-
man immunodeficiency virus are undergoing preclinical 
development (Kushnir et al., 2012).

WHY VLPS ARE GOOD DRUG DELIVERY VECTORS?

Besides carrying peptides/proteins or other active 
molecules exposed on the outside, VLPs possess the 
ability to encapsulate or attach proteins, nucleic acids or 
other small molecules. They can thus act as delivery ves-
sels to target specific cells, tissues or organs, liberating 
the embedded, attached or encapsulated elements inside 

the cells (Lua et al., 2014). For entry into 
the cell VLPs employ the energy-using 
receptor-mediated endocytosis. During 
endocytosis cell engulfs molecules from 
the plasma membrane together with the 
extracellular fluid in intracellular mem-
brane-bound vesicles that subsequently 
traffic through the cell. Intracellular re-
lease of vesicles requires the scission by 
the dynamin GTPase. Next, liberated 
vesicles travel along cytoskeleton to fuse 
with early endosomes. Eventually, en-
dosomal vesicles detach from the early 
endosome to form multivesicular bodies, 
which then mature into late endosome. 
Finally, late endosomes fuse with prelys-
osomal vesicles containing acid hydro-
lases, creating lysosomes, in which deg-
radation of the majority of cargo would 
occur (Bareford et al., 2007). Molecules 
internalized from the plasma membrane 
together with synthetic nanoparticles, 
would follow this pathway all the way to 
lysosomes for degradation. However, the 
lysosomal degradation precludes proper 
drug delivery (Shete et al., 2014). Indeed, 
success in intracellular delivery of ac-
tive agents remains limited. The Achilles 
heel of many modern therapies is drug 
delivery; about 40% of newly developed 
drugs are rejected because of poor bio-
availability. Delivery vectors can be built 
using approaches based on macromo-
lecular chemistry and physics. These 
chemical vectors theoretically fulfil all 
the requirements necessary for delivery 
targeted to specific diseased cells in vivo. 
However, the numerous limitations of 
nanobioconjugates include toxicity, in-
ability to deliver enough molecules to 
the cytoplasm and lack of biodegradabil-
ity (Sebestik et al., 2011; Jian et al., 2012; 
van der Berg & Dowdy, 2011). Contrary 
to that, VLPs, like original viruses, have 

the ability to escape the endosome before lysosomal deg-
radation occurs (Fender et al., 1997), the feature that is 
unique to viruses and VLPs. Another argument in favour 
of VLPs use is their lack of original viral genome; there 
is no risk associated with virus replication or formation 
of viable virus through re-assortment. Because of that, 
safety problems connected with whole-virus administra-
tion, like reversion of attenuated virus to infectious one 
or virus escape from production facility, are alleviated 
(Crisci et al., 2012).

Various active molecules can be encapsulated inside 
VLPs. The inner surface of the particle can be modi-
fied with chemical agents so that molecule to be trans-
ported will bind to internal VLP surface during the as-
sembly process (Ma et al., 2012). For this, we need to 
know some features of VLP structure, namely what is 
the chemical nature of bonds holding VLP together. 
For example, cowpea chloric mottle capsid can be sub-
jected to a pH and metal ion-dependent reversible struc-
tural transition. At the pH > 6.5 (swollen state) the in-
side of the VLP is uncovered and thanks to channels 
(pores) between the capsomeres, cargo molecules can 
enter freely. At pH < 6.5 pores of the capsid are closed 
(contracted state) and release of cargo molecules in vitro 
is thwarted. This method of molecular entrapment was 

Figure 1. Virus-like particles. 
(A) Diagram of assembly of HPV VLP from the L1 capsid protein. Five L1 monomers 
form spontaneously one pentameric L1 capsomer, and 72 of such capsomers self-
assemble into a VLP. Adapted from German Cancer Research site http://www.dkfz.
de. (B) Electron micrograph of the VLPs built of ssRNA bacteriophage AP205 coat 
protein expressed in E. coli. These VLPs serve as the platform of a conjugate vaccine 
against West Nile virus (WNV) consisting of recombinantly expressed domain III (DIII) 
of the WNV E glycoprotein chemically crosslinked to the AP205 VLP. After Spohn 
et al., 2010. (C) Electron microscopy of the VLPs built of the coat protein of phage 
Qβ expressed in E. coli. Source: http://www.cytos.com/vlp-platform/. (D) Structure of 
the hepatitis E virus-like particle (HEV VLP). Left panel shows the atomic structure 
of HEV VLP. The 3 domains, S, P1, and P2 are coloured blue, yellow, and red, re-
spectively. Right panel – cryo-EM reconstruction at 14Å resolution. After Guu et al. 
(2009). (E) Transmission electron micrographs of polyomavirus-like particles (PyVLPs) 
produced in insect cells and then purified by sucrose density sedimentation. After 
Shin and Folk, 2003. (F) Ebola VLP visualized by EM. Reproduced from somapps.
med.upenn.edu site. (G) Influenza enveloped VLPs. Left panel – EM of negatively 
stained A/Anhui/1/2013 (H7N9) VLP, assembled from HA and NA proteins expressed 
from separate baculovirus vectors in insect cells. After Smith et al., 2013. Right panel 
– influenza VLPs produced in a baculovirus system with the sequences of the genes 
for HA, NA, and M1 of the 1918 pandemic virus. After Perrone et al., 2009.
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used to entrap anionic polymers (Douglas et al., 1998). 
As the relative efficacy of many drug combinations is ra-
tio-dependent, it would be important to control the dose 
of encapsulated drug. However, no data are available in 
the literature indicating that some dose controlling can 
be exerted during drug encapsulation by VLPs.

Beside trapping molecules inside the VLP, ligands can 
also be attached to the VLPs surface. Structure of virus-
es used in VLP development is often well known. This 
allows for localization of N- and C-termini of their sub-
units and identification of external loops able to uphold 
genetic insertions. Then protein fusion can be used to 
introduce heterologous peptides/proteins on the surface 
of VLP. Molecules can also be linked to the exterior 
of the VLP by chemical modification of the function-
al groups contained in the structural proteins forming 
the capsid. This strategy allows to functionalize surface 
of the VLPs, granting them new specificity, tropism or 
physical properties. For example, carboxylate groups on 
the outer surface of cowpea mosaic virus were used for 
binding carboxylate-selective chemical dye which allowed 
the detection of applied VLPs by UV/visible absorption 
(Grasso & Santi, 2010).

However, there is a feature of VLPs that might be 
deleterious to their role as drug delivery vehicle. This 
is induction of the immune response by proteinaceous 
particle application, which might significantly limit the 
use of VLP-based drug delivery. Repetitive, dense and 
ordered structure of VLPs activates innate immunity 
by pattern recognition and stimulates a potent humoral 
immunity; the mammalian immune system is highly at-
tuned to recognizing particles in the size range of viruses 
(20-300 nm). In addition, the VLPs also tend to be up-
taken by dendritic cells and transported to lymph nodes, 
which is the base for building a T-cell response that 
plays a central role in cell-mediated immunity. The im-
mune response may hinder the VLP use for drug deliv-
ery (Grasso & Santi, 2010). However, it is important to 
remember that some proteinaceous agents are currently 
used in medicine, like insulin in diabetes or asparaginase 
for the acute leukemia treatment. Despite building up 
immune response, benefits of using those agents might 
far more surpass the possible disadvantages. They could 
be of use upon the failure of classical chemotherapy that 
targets and kills the drug-sensitive cells, allowing the rise 
of drug-resistant cells.

In conclusion, VLPs display many features that make 
them unique drug delivery vectors. The designated drug 
can be encapsulated inside the VLP or attached to its 
surface. Peptide-based cargos can be co-expressed in 
multiple copies together with viral structural proteins 
and incorporated into the VLP during the self-assembly 
process. VLPs utilize endocytosis as an efficient way of 
transporting the drug to the cells and liberation into the 
cytoplasm. It would be interesting to know if VLPs, 
similarly as parental viruses are able to spread from cell-
to cell. As they are slowly removed from the cell thanks 
to proteolytic mechanisms, they are biocompatible. Al-
though VLPs can induce immune response, significant 
increase in drug bioavailability may compensate this dis-
advantage.

DRUG TARGETING

The goal of targeted drug delivery is to transport a 
drug directly to a specific tissue or body site. It should 
also have prolonged interaction with the tissue to max-
imise the amount of transported drug. Targeted drug de-

livery is important for a few reasons. Firstly, delivering 
a drug directly to a particular cell or tissue can reduce 
harmful side effects. In addition, direct targeting of a 
certain site of body might help in dose sparing or result 
in lower number of applications. Some VLPs display a 
natural tropism to certain tissue, which derives from the 
parental virus. For example, as Hepatitis B virus (HBV) 
is a small virus that infects the liver, HBV VLP can be 
thus a vector targeting hepatocytes (Shlomai et al., 2009). 
Similarly, rotavirus displays a marked tropism for the gut 
(Estes & Kapikian, 2007), which permitted hypothesis 
that the rotavirus VLP could be a specific gut-delivery 
vector (Cortes-Perez et al., 2010). However, in majority 
of cases VLPs display rather large natural tropism (like 
an affinity to sialic acids or heparan sulphates, molecules 
found on many types of cells and tissues) and such tro-
pism should be restrained. The more specific targeting 
function is usually obtained through attaching receptor-
recognizing domains to the drug carriers. As described 
above for chimeric VLPs, targeting domain can be chem-
ically attached to the surface of VLP by conjugation, or 
the sequence of the domain can be genetically inserted 
and then expressed in the exterior termini/loops of the 
VLP components (Rynda-Apple et al., 2014). Therefore, 
to obtain targeting vector, we should know the cell re-
ceptors for a given VLP, which are usually parental virus 
receptors. The viral receptors are surface proteins on the 
target cell that interact with viral envelope proteins of 
the viruses allowing them to be attached and internalized 
into the host cell. To detect the receptor, surface anti-
gen of the virus should be linked with easily detectable 
marker. For example, the surface antigen of hepatitis B 
virus (HBV) was expressed in form of a fusion with the 
maltose binding protein (MBP). Binding to cell receptors 
could be then detected with anti-MBP antibodies using 
flow cytometry analysis. By this approach, receptors re-
sponsible for HBV antigen surface binding and for cel-
lular HBV entry were successfully detected (Park et al., 
2000).

EXAMPLES OF DRUG DELIVERY WITH VLPS

Cell-specific delivery

Bacteriophage MS2 VLPs, which self-assemble in the 
presence of nucleic acids, were used to selectively deliver 
chemotherapeutic drugs, siRNA cocktails, and protein 
toxins to human hepatocellular carcinoma (HCC). The 
specific recognition of HCC was achieved thanks to VLP 
modification with SP94 peptide, which binds to HCC 
enabling targeting of those particular cells (Ashley et al., 
2011). VLPs with doxorubicin, cisplatin, and 5-fluoro-
uracil selectively killed the Hep3B cells, a HCC cell line. 
VLPs containing siRNA cocktail, which silences expres-
sion of cyclin, inhibited growth and promoted apoptosis 
of Hep3B cells. Lastly, VLPs loaded with ricin toxin A-
chain (RTA) killed almost every Hep3B cell, while con-
trol cells were left intact (op. cit.). Those results show 
again that VLPs have the ability to encapsulate variety of 
cargos and can induce cytotoxicity of targeted cells. It is 
important to note, though, that those studies were not 
conducted on animal model.

Selective elimination of HIV-1-infected cells

VLPs formed of vesicular stomatitis virus G glycopro-
tein carrying the non-pathogenic mutant of a HIV-1 vir-
ulence factor Nef, Nef7, in fusion with herpes simplex 
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virus-1 thymidine kinase (TK), were able to successfully 
enter the HIV-1-infected cells. The delivery of VLP with 
Nef7/TK caused cell death when HIV-infected cells 
were treated with ganciclovir (which is be converted by 
TK to active compound). These VLPs were also proved 
to be effective against non-replicating, HIV-1-infected 
primary human monocyte-derived macrophages. It seems 
that HIV-targeting VLPs are a promising candidate for 
killing the HIV-1-infected cells (Peretti et al., 2006).

Delivery of GFP

Rotavirus VLPs were produced in a baculovirus ex-
pression system and used to deliver the green fluores-
cent protein (GFP) to the kidney MA104 cells or intesti-
nal cells from healthy mice (Cortes-Perez et al., 2010). As 
mentioned above, rotavirus displays a marked tropism 
for the gut. The rotavirus VLPs successfully entered 

MA104 cells and delivered the GFP protein. Further-
more, intragastric administration of fluorescent VLP in 
mice resulted in the detection of GFP in intestinal sam-
ples. Those results provide an in vivo evidence of the po-
tential of these nanoparticles as a promising candidate 
for drug delivery to intestinal cells.

Delivery of bleomycin

Bleomycin (BLM), an anticancer antibiotic causing 
double-stranded DNA breaks, was chemically attached to 
dodecahedron, a VLP derived from the adenovirus sero-
type 3 (Ad3) and formed from Ad3 protein responsible 
for cell penetration (Fender et al., 1997). Dd-BLM conju-
gate induced death of transformed cells by causing DNA 
breaks, similarly as free BLM (Zochowska et al., 2009). 
Effective cytotoxic concentration of BLM delivered with 
VLPs was 100 times lower than that of free bleomycin. 

These results show that use of 
VLPs for drug delivery have the 
potential to drastically improve 
bioavailability of the cargo.

Delivery of oncogene inhibitor

The same adenoviral dodeca-
hedron was used to deliver on-
cogene inhibitor to the rat ortho-
topic model of HCC. Initiation 
factor eIF4E is an oncogene that 
shows elevated expression in hu-
man cancers, which is linked with 
poor prognosis. For this reason 
a cap structure analog (cap) that 
is an eIF4E inhibitor, was conju-
gated to Dd. This small oncogene 
inhibitor is cell impermeant when 
free. The application of Dd-cap 
together with Dd-dox (anti-cancer 
antibiotic doxorubicin) resulted 
not only in inhibition of cancer 
cell culture proliferation in vitro, 
but in addition, significantly inhib-
ited HCC tumour growth in the 
animal HCC model. Interestingly, 
two oncogenes, eIF4E and c-myc 
known to be responsible for tumour 
maintenance and progression, were 
extinguished in tumour sections 
of treated rats (Zochowska et al., 
2015) (Fig. 2).

Delivery of nucleic acids. VLPs in 
gene therapy

VLPs can also be employed 
to transfer nucleic acids, thanks 
to encapsulation. For example, 
when bacteriophage MS2 VLPs 
containing miRNA were pre-
pared, miRNA was inserted into 
a prokaryotic expression vector 
and co-expressed with the capsid 
protein of bacteriophage MS2 us-
ing the prokaryotic expression sys-
tem (Pan et al., 2012). After puri-
fication, VLPs containing miRNA 
were administered to lupus erythe-
matosus–prone mice. Treatment 
with MS2-miRNA VLP resulted in 

Figure 2. Effect of Dd conjugates in an orthotopic rat model of HCC. 
(A) The decrease in tumour growth relative to control untreated animals. The groups of 6–7 
animals received Dd (7.8mg/kg body weight), Dd-dox II (3.8 mg/kg), Dd-cap II (7.8 mg/kg), 
or the combination of Dd-dox II (1.9 mg/kg) with Dd-cap II (3.9 mg/kg). The control group 
received buffer/150 mM NaCl (6 ml/kg). The agents were administered by intraperitoneal in-
jection once a week for five weeks. Rats were euthanized on day 40 after the first injection. 
Tumour volume was calculated ex vivo (tumour volume = (4/3)*pi*radius1*radius2*radius3). 
Tumour growth was compared by applying the Student’s t-test, which showed that the dif-
ference between the control and the rats treated with a combination of Dd-cap and Dd-
dox was statistically significant (p=0.023), while the results obtained for the animals treated 
with Dd-cap were on the border of statistical significance (p=0.055). (B) Immunofluores-
cence analysis of frozen sections of liver tumour tissue after application of Dd and its con-
jugates to the animals. The immunohistochemistry was carried out on frozen tissue sections 
of HCC tumours stained for Dd (first column, in green), eIF4E (next 3 columns from different 
sections, in green) and c-myc (the last three columns, in red). After Zochowska et al. (2015).
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a significant reduction in the expression of autoantibod-
ies (sign of lupus). Remarkably, these mice also exhibited 
reduced levels of pro-inflammatory cytokines (op. cit.).

CONCLUSION

Current research shows increasing popularity of VLPs, 
since these versatile, multimeric nanostructures can have 
many applications in vaccinology, gene therapy or drug 
delivery. The VLPs features important for drug delivery 
are cell-specific targeting, efficient cell entry, lack of en-
dosomal sequestering, multivalency and biocompatibility. 
A large variety of active molecules can be encapsulated 
into the VLPs or attached to it. Since VLPs are devoid 
of genetic material, they provide safe delivery systems 
without any risk of infection.

The use of VLP as a vaccination platform is already a 
medical evidence, however, the studies on VLPs as drug 
delivery vectors are in their infancy. The greatest hurdle 
in their utilization for drug delivery is the immune re-
sponse against these proteinaceous vectors, which might 
relegate VLPs use to auxiliary therapeutic applications, 
for example upon the failure of classical chemotherapy.

Figure captions
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