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Abstract

Existing vaccines are mainly limited to the microorganisms we are able to culture and produce and/or to those whose killing is
mediated by humoral responses. It has been more difficult to develop vaccines capable to induce functional cellular responses
needed to prevent or cure chronic diseases. Several results suggest that specific enhancement of T-cell responses is nevertheless
possible in persistently infected patients to treat chronic diseases including cancer. This work presents preclinical and clinical
results obtained using virus like particles (VLPs) as a vaccine platform. VLPs based on envelope, membrane or nucleocapsid
microbial proteins are able to stimulate mucosal as well as systemic immunity and induce a strong immune response after nasal
or systemic administration in mice, non human primates and humans. In addition, the immune response obtained is biased in a
Thl direction. VLPs were able to potentiate humoral and cellular immune responses against several viral and cancer antigens as
measured by LPA and IFN-y ELISPOT assays. Studies in animals and humans with nasal and systemic formulations show that it
is possible to induce functional immune responses against HBV, HCV, dengue as well as against prostate and cervical cancers.
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1. Introduction

Virus-like particles (VLPs) are inert, empty viral capsids, which contain no DNA/RNA from the virus itself.
However, they retain the structure of a virus particle and can be engineered to have antigens attached. By extension,
particles that contain antigens from viral or non-viral sources and show similar size and shape as viruses are also
regarded as VLPs. VLPs-displayed antigens are efficiently taken up by dendritic cells (DC) and induce potent
immune responses after parenteral, mucosal or transcutaneous immunization [1-3].

Several strategies have been used to produce a given antigen with capacity to form VLPs, or to obtain it as part of a
recombinant protein forming VLPs. Antigens repeated on VLPs, like those naturally found in viral capsids,
efficiently cross-link B-cell receptors and, therefore, induce strong IgG responses. Recent studies have shown the
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improvement in the immunogenicity of covalently coupled peptides from the allergen Der p 1 to a VLP derived
from bacteriophage Qbeta (Qbeta-Der p 1), demonstrating that this strategy can be used to enhance the efficiency of
allergen-specific immunotherapy and validate the approach in humans [4].

One of the most relevant examples of VLPs in the history of vaccinology has been the recombinant hepatitis B
surface antigen (HBsAg), produced as VLPs in Saccharomyces cerevisiae or Pichia pastoris yeasts. It has been used
for more than 20 years as a very effective vaccine in the prevention of Hepatitis B. More recently, in 2006, the U.S.
Food and Drug Administration (FDA) approved a human papilloma virus (HPV) vaccine for clinical use, that
consists of HPV 6, 11, 16, and 18 recombinant VLPs mixed with an aluminum-containing adjuvant. This was a very
positive advancement in the use of VLPs for the development of new vaccines.

2. Virus-like particle technology in chronic hepatitis Bimmunotherapy

The entire recombinant core antigen (HBcAg) of the hepatitis B virus (HBV) promotes Th1 immunomodulation of
the immune response to coadministered antigens, including the HBV surface antigen (HBsAg), after subcutancous
[5] or nasal [6] inoculations. Riedl and coworkers have related this adjuvant activity to the nucleic acid content in
the particle, which interacts with Toll-like receptor-3 (TLR3) [7]. In addition, we have observed a synergistic effect
in the enhancement of the immunogenicity of both the surface and core antigens after nasal administration,
indicating that HBcAg increases the anti-HBsAg response and that, conversely, HBsAg increases the specific anti-
HBcAg response [8].

These results led in 1998 to formulate a new VLP-based nasal therapeutic vaccine candidate for chronic hepatitis B
therapy under the name NASVAC, that contained the surface and core HBV antigens (see Figure 1 below). The
candidate vaccine induced stronger cellular and humoral (IgG2a) immune responses than a commercial HBsAg
vaccine in mice. These results were in favour of the therapeutic use of the vaccine, as Th1-biased immune responses
correlate with control of HBV [9, 10]. A double blinded, randomized and placebo-controlled Phase I clinical trial
was therefore launched in healthy volunteers, evidencing safety and immunogenicity of this nasal vaccine candidate
with a relatively low amount of antigen administered (50 pg each) [11]. This is the first nasal candidate vaccine
developed for hepatitis B therapy, taking advantage of the cross-adjuvanting effect of the VLPs included in the
formulation [5-8].

The concept of using mucosal immunization is a novel concept in therapeutic vaccination. Moreover, in the field of
hepatitis B therapeutic vaccine development, this is the first candidate to include the hepatitis B nucleocapsid
antigen as part of the formulation. Clinical trials in chronically infected patients are currently ongoing whose results
are expected to be published by the end of 2010.

3. Virus-like particle technology in Human Immunodeficiency Virus immunotherapy

Cell-mediated immune responses to HIV-lare an essential component of viral replication control. In this regard,
potent Thl adjuvants are required to develop novel vaccine candidates. On the basis of previous evidence obtained
in the NASVAC project, it was hypothesized that a mixture of the HBsAg and HBcAg VLPs would act as a Thl
adjuvant. This led to the application of the concept to HIV research, where a soluble, multiepitopic antigen (named
CR3) was developed that includes several Th and CTL epitopes from HIV-lantigens [12].

In mice, the multiantigenic formulation comprising CR3, HBcAg and HBsAg induced detectable anti-CR3 cellular
responses after nasal and parenteral inoculations. Best results were obtained in schedules that combined parenteral
and nasal co-administrations [13,14]. A strong T helper cell (Th)-1 bias of the CR3-specific response was observed,
together with the induction of CD4" and CD8" T cells in mice spleens and IFN-y-secreting cells in mesenteric lymph
nodes. Additionally, we also detected anti-HBsAg and anti-HBcAg cellular and humoral responses. In this regard,
our multiantigenic formulation might provide immunity to HBV as well, which would be of additional benefit
considering the high HIV-HBV coinfection rate reported worldwide. Preliminary studies suggest that the adjuvant
effect of HBV antigens on the CR3-specific immune response depends on the physical interaction among the
proteins [13] and requires co-inoculation of the antigens [15]. Preclinical evaluation of this multiantigenic vaccine



130 Guillén G et al. / Procedia in Vaccinology 2 (2010) 128-133

candidate was conducted up to the demonstration of the safety and immunogenicity of the formulation. A clinical
Phase I trial is planned to begin in 2010.

In a second set of experiments, it was demonstrated that the coupling of multiantigenic peptides (MAPs) to HBsAg
VLPs greatly improved the amplitude and crossreactivity of the resulting humoral immune response, opening a new
window for the practical use of VLP structures as adjuvants in the field of HIV vaccines [16-18].

4. Very small size proteoliposome (VSSP) technology applied to cancer therapy

A novel structure used as an adjuvant is a nanoparticulate hydrophobic conjugate in which purified gangliosides
were incorporated into the outer membrane protein complex of Neisseria meningitidis to form Very Small Sized
Proteoliposomes (VSSP), a type of small (9 nm) vesicles with strong adjuvanticity and antigen delivery properties
[19]. Among the most remarkable properties of VSSP is their capacity to activate dendritic cells through the display
of powerful danger signals, resulting in the enhancement of CTL and antibody responses to coadministered or
inserted peptides and proteins. VSSPs also show strong capacity to prime CD8" T cell responses without a need for
CD4" T cell help and offer the possibility to be used as an antigen delivery system [20].

VSSP adjuvant technology has been applied to the development of cancer therapy projects, specifically in the fields
of therapeutic vaccines against Human Papillomavirus (HPV) and prostate cancer, using the antigen delivery system
ability of VSSP to display heterologous peptides from HPV or GnRH, respectively [21, 22].

The formulation containing VSSP and the GnRH m1-TT peptide adjuvanted in Montanide ISA-51 was injected to
prostate cancer patients in a Phase I clinical trial. It took four bi-weekly injections followed by three monthly
injections to detect significant levels of antibodies to GnRH in all vaccinated patients, in spite of the immune
tolerance to this self antigen. PSA and testosterone levels decreased to very low levels in the patients, even lower
than castration levels (1.75 nM/L), and remained at such basal levels during a 25 months follow-up. Clinically, all
patients remained with a normal prostate size and were free of serious urinary manifestations [22].

A therapeutic vaccine candidate against HPV using the VSSP adjuvant technology was evaluated in a mice tumor
model using a CTL epitope of HPV [21]. A Phase I study was launched to apply this novel vaccine candidate to
HPV-infected women with high degree cervical lesions. An important percentage of the patients evidenced virus
clearance as determined by PCR and more than 50% of the lesions went into remission, suggesting that the
treatment was both safe and effective [24].

5. Virus-like particle technology applied to dengue virus prevention

VLPs from the recombinant dengue-2 capsid protein were obtained by submitting the recombinant protein produced
in E. coli to an in vitro assembly reaction using single-stranded DNA. As a result, particles of around 30 nm were
obtained independent of the specificity and the length of the oligonucleotide used (Figure 1) [24]. These VLPs were
adjuvanted with alum and inoculated to mice. The animals did not show evidence for antiviral antibodies, but their
splenocytes secreted high levels of IFNy upon virus stimulation, and a significant protection rate was achieved after
lethal challenge with dengue-2 virus. Both IFNy secretion and protection against viral challenge were dependent on
CD4" and CD8" T cells [25].

In parallel, we also constructed a novel chimeric protein comprising the Domain III region of the envelope protein
and the capsid protein from dengue-2 virus, in the hope to obtain a molecule potentially able to induce both humoral
and cell-mediated immunity. The fusion protein was mixed with oligodeoxynucleotides to obtain particulate
aggregates and tested in mice in comparison with non-aggregated control preparations.
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Figure 1. Hepatitis B Virus virus-like particles a) HBsAg; b) HBcAg; ¢) NASVAC: formulation containing a
mixture of HBsAg and HBcAg (1:1); d) Dengue virus VLPs comprising the nucleocapsid antigen.

Although a similar humoral immune response was induced by both forms of the protein, the aggregated particles
elicited a much stronger cellular immune response mediated by CD4" and CD8" T cells, as measured by in vitro
IFNy secretion and by protection experiments [26]. When the two kinds of particulate antigens were mixed with an
additional fusion protein containing epitopes from the envelope glycoprotein of dengue-4 virus, an increase in the
protective immune response was obtained upon DEN-4 challenge of the immunized mice. All these results
demonstrate the suitability of VLPs to induce a proper immune response against dengue virus.

6. Virus-like particle technology applied to chronic hepatitis C immunotherapy

The VLP technology is being used also in the development of a vaccine against hepatitis C virus. CIGB-230 is a
vaccine candidate based on the mixture of a recombinant truncated HCV core protein, which is able to self-assemble
into VLPs (27), and a plasmid for DNA immunization, pIDKE2, that expresses the HCV structural antigens (Core,
El, E2) of a HCV genotype 1b isolate [28]. The plasmid component induces both humoral and cellular immune
responses against Core, E1 and E2, while the recombinant core protein mainly elicits antigen-specific CD4" T cell
responses [29, 30].

After satisfactory pre-clinical studies, where CIGB-230 showed low toxicity in rodents [31], a Phase I clinical trial
was carried out with fifteen HCV genotype 1b-infected patients who had remained non-responders to previous IFN
+ Ribavirin therapy. The vaccine candidate was well tolerated and immunogenic in these difficult-to-treat HCV-
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chronically infected individuals [32]. Neutralizing antibody response against heterologous HCV pseudoparticles was
modified in eight individuals, including six de novo responders. In addition, a significant increase in the number of
individuals having detectable lymphoproliferative responses and IFN-y secretory responses against HCV structural
antigens was observed during treatment. Most importantly, 46.7% of the individuals responded positively against
more than one antigen present in the vaccine candidate, and more than 40% of the vaccinated individuals improved
or stabilized their liver histology, particularly reducing fibrosis, which correlated with the de novo induction of a
cellular immune response against more than one HCV antigen [33].

The enhanced functional immune response observed after administration of the vaccine candidate CIGB-230 may be
due to a synergistic action between its two components, plasmid and protein, perhaps due to the reduced degradation
of plasmid DNA and to a better activation and antigen presentation by antigen presenting cells [34]. The CIGB-230
vaccine candidate is currently in Phase II clinical trial in HCV-chronically infected individuals.

7. Conclusions

VLP technology has been widely explored at the Center for Genetic Engineering and Biotechnology, Cuba,
evidencing the potentialities of such particles to promote immune responses due to their unique capacity to activate
innate and adaptive immune responses. VLPs elicit a potent immune response against themselves and against
homologous or heterologous antigens, which are coadministered with or inserted into the VLPs. VLPs can be
exploited as a platform to increase the immunogenicity of poorly immunogenic antigens, including self proteins.

All these features support the possible use of VLPs expressed in Pichia pastoris or E. coli as therapeutic and/or
prophylactic vaccine candidates to deal with the immunotherapy of chronic diseases and cancer as well as to be
applied to preventive settings in “difficult” sceneries as HCV, HIV and Dengue virus vaccine development.

REFERENCES

1. Antonis AF, Bruschke CJ, Rueda P, Maranga L, Casal JI, Vela C, et al. 2006. A novel recombinant virus-like particle
vaccine for prevention of porcine parvovirus-induced reproductive failure. Vaccine. 24: 5481-90

2. Young SL, Wilson M, Wilson S, Beagley KW, Ward V, Baird MA. 2006. Transcutaneous vaccination with virus-like
particles. Vaccine. 24: 5406—12.

3. Dell K, Koesters R, Linnebacher M, Klein C, Gissmann L. 2006. Intranasal immunization with human papillomavirus type
16 capsomeres in the presence of non-toxic cholera toxin-based adjuvants elicits increased vaginal immunoglobulin levels.
Vaccine. 24: 2238-47.

4. Kundig TM, Senti G, Schnetzler G, Wolf C, Prinz Vavricka BM, Fulurija A, et al. 2006. Der p 1 peptide on virus-like
particles is safe and highly immunogenic in healthy adults. J Allergy Clin Immunol. 117: 1470-6.

5. Riedl P, Buschle M, Reimann J, and Schirmbeck R. 2002. Binding immune-stimulating oligonucleotides to cationic
peptides from viral core antigen enhances their potency as adjuvants. Eur J Immunol. 32: 1709-1716.

6. Lobaina Y, Palenzuela D, Pichardo D, Muzio V, Guillen G, and Aguilar JC. 2005. Immunological characterization of two
hepatitis B core antigen variants and their immunoenhancing effect on co-delivered hepatitis B surface antigen. Mol Immunol.
42:289-294.

7. Riedl P, Stober D, Oehninger C, Melber K, Reimann J, and Schirmbeck R. 2002. Priming Th]l immunity to viral core
particles is facilitated by trace amounts of RNA bound to its arginine-rich domain. J Immunol. 168: 4951-4959.

8. Lobaina Y, Palenzuela D, Pichardo D, Muzio V, Guillen G, and Aguilar JC. 2005. Immunological characterization of two
hepatitis B core antigen variants and their immunoenhancing effect on co-delivered hepatitis B surface antigen. Mol Immunol.
42: 289-294.

9. Pol S, Michel ML. 2006. Therapeutic vaccination in chronic hepatitis B virus carriers. Expert Rev Vaccines. 5: 707-16.
10.Hui CK, Lau GKK. 2005. Advances in immunomodulating therapy of HBV infection. Int J Med Sci. 2: 24-29.

11.Aguilar A, Gonzilez CA, Cinza Z, Cabrera J, Veliz G, Moreno SR, Aleman R, Alonso M, Figueroa N, Diaz PA,
Olivera L, Correa A, Lobaina Y, Muzio V, Guillén G, Aguilar JC. 2007. Phase I clinical trial in healthy adults of a nasal
vaccine candidate containing recombinant hepatitis B surface and core antigens. Int J Infect Dis. 11: 394-401.

12.1glesias E, Ruiz M, Carrazana Y, Cruz LJ, Aguilar A, Jimenez V, Carpio E, Martinez M, Perez M, Martinez C, Cruz
O, Martin A, and Duarte C. 2001. Chimeric proteins containing HIV-1 T cell epitopes: Expression in E. coli, purification and
induction of antibodies in mice. J Biochem Mol Biol Biophys. 5: 109-12.

13.1glesias E, Thompson R, Carrazana Y, Lobaina Y, Garcia D, Sanchez J, Garcia J, Cruz O, Brown E, Martin A, Muzio
VL, and Aguilar JC. 2006. Coinoculation with hepatitis B surface and core antigen promotes a Thl immune response to a
multiepitopic protein of HIV-1. Immunol Cell Biol. 84: 174-183.



Guillén G et al. / Procedia in Vaccinology 2 (2010) 128-133 133

14.1glesias E, Garcia D, Carrazana Y, Aguilar JC, Sanchez A, Gorobaya L, Blanco A. 2008. Anti-HIV-1 and Anti-HBV
Immune Responses in Mice After Parenteral and Nasal Co-Administration of a Multiantigenic Formulation. Curr HIV Res. 6:
452-460.

15.1glesias E, personal communication.

16.Cruz LJ, Iglesias E, Aguilar JC, Gonzalez LJ, Reyes O, Albericio F, Andreu D. 2004. A comparative study of different
presentation strategies for an HIV peptide immunogen. Bioconjug Chem. 15(1): 112-120.

17.1glesias E, Aguilar JC, Cruz LJ, Reyes O. 2005. Broader cross-reactivity after conjugation of V3 based multiple antigen
peptides to HBsAg. Mol Immunol. 42(1): 99-104.

18.Cruz LJ, Cabrales A, Iglesias E, Aguilar JC, Gonzalez LJ, Reyes O. 2009. Enhanced immunogenicity and cross-reactivity
of HIV-1 V3-peptide and multiple antigen peptides conjugated to distinct carrier proteins. Int Immunopharmacol. 9(12): 1452-
1459).

19.Mesa C, de Leén J, Rigley K and Fernandez LE. 2004. Very small size proteoliposomes derived from Neisseria
meningitidis: an effective adjuvant for Th1 induction and dendritic cell activation. Vaccine. 22: 3045-3052.

20.Mesa C, de Leon J, Fernandez LE. 2006. Very small size proteoliposomes derived from Neisseria meningitidis: An
effective adjuvant for generation of CTL responses to peptide and protein antigens. Vaccine. 24: 2692-2699.

21.Torrens I, Mendoza O, Batte A, Reyes O, Fernandez LE, Mesa C, Guillén G. 2005. Immunotherapy with CTL peptide
and VSSP eradicated established human papillomavirus (HPV) type 16 E7-expressing tumors. Vaccine. 23: 5768-74.

22.Junco JA, Basulto R, Fuentes F, Bover E, Reyes O, Pimentel E, Calzada L, Castro MD, Arteaga N, Lopez Y,
Hernandez H, Bringas R, Garay H, Peschke P, Bertot J, Guillén G. 2008. Gonadotrophin releasing hormone-based vaccine,
an effective candidate for prostate cancer and other hormone-sensitive neoplasms. Adv Exp Med Biol. 617: 581-7.

23.Torrens, 1. Personal communication.

24.Lépez C, Gil L, Lazo L, Menéndez I, Marcos E, Sanchez J, Valdés I, Falcén V, de la Rosa MC, Marquez G, Guillén G,
Hermida L. 2009. In vitro assembly of nucleocapsid-like particles from purified recombinant capsid protein of dengue-2 virus.
Archives of Virology. 154(4): 695-8.

25.Gil L, Lépez C, Lazo L, Valdés I, Alonso R, Gambe EM, Martin J, Romero Y, Guzman MG, Guillén G, Hermida L.
2009. Recombinant nucleocapsid-like particles from dengue-2 virus induce protective CD4+ and CDS8+ cells against viral
encephalitis in mice. International Immunology. doi:10.1093/intimm/dxp082.

26.Valdés I, Bernardo L, Gil L, Pavén A, Lazo L, Lépez C, Romero Y, Menendez I, Falcon V, Betancourt L, Martin J,
Chinea G, Silva R, Guzman MG, Guillén G, Hermida L. 2009. A novel fusion protein domain III-capsid from dengue-2, in a
highly aggregated form, induces a functional immune response and protection in mice. Virology. 394: 249-258.
27.Acosta-Rivero N, Rodriguez A, Mussachio A, Poutu J, Falcon V, Torres D, Aguilar JC, Linares M, Alonso M, Perez A,
Menendez I, Morales-Grillo J, Marquez G, Dueiias-Carrera S. 2005. A C-terminal truncated hepatitis C virus core protein
variant assembles in vitro into virus-like particles in the absence of structured nucleic acids. Biochem Biophys Res Commun.
334(3): 901-6.

28.Dueiias-Carrera S, Alvarez-Lajonchere L, Alvarez-Obregon JC, Perez A, Acosta-Rivero N, Vazquez DM., Martinez
G, Viiia A, Pichardo D and Morales J. 2002. Enhancement of the immune response generated against hepatitis C virus
envelope proteins after DNA vaccination with polyprotein-encoding plasmids. Biotechnol Appl Biochem. 35: 205-212.
29.Alvarez-Obregon JC, Dueias-Carrera S, Valenzuela C, Morales J. 2001. A truncated HCV core protein elicits a potent
immune response with a strong participation of cellular immunity components in mice. Vaccine. 19: 3940-3946.
30.Alvarez-Lajonchere L, Gonzalez M, Alvarez-Obregon JC, Guerra I, Viiia A, Acosta-Rivero N, Musacchio A, Morales
J, Dueiias-Carrera S. 2006. Hepatitis C virus (HCV) core protein enhances the immunogenicity of a co-delivered DNA vaccine
encoding HCV structural antigens in mice. Biotechnol Appl Biochem. 44: 9-17.

31.Bacardi D, Amador-Caiiizares Y, Cosme K, Urquiza D, Suarez J, Marante J, Viiia A, Vazquez A, Concepcion J, Pupo
M, Aldana L, Soria Y, Romero J, Madrigal R, Martinez L, Hernandez L, Gonzailez I, Duefias-Carrera S. 2009. Toxicology
and biodistribution study of CIGB-230, a DNA vaccine against hepatitis C virus. Hum Exp Toxicol. 2(8): 479-91.
32.Castellanos M, Cinza Z, Dorta Z, Veliz G, Vega H, Lorenzo I, Ojeda S, Duefias-Carrera S, Alvarez-Lajonchere L,
Martinez G, Ferrer E, Limonta M, Linares M, Ruiz O, Acevedo B, Torres D, Marquez G, Herrera L, Arus E. 2010.
Immunization with a DNA vaccine candidate in chronic hepatitis C patients is safe, well tolerated and does not impair immune
response induction after anti-hepatitis B vaccination. J Gene Med. 12: 107-116.

33. Alvarez-Lajonchere L, Shoukry NH, Gra B, Amador-Canizares Y, Helle F, Bedard N, Guerra I, Drouin C, Dubuisson
J, Gonzalez-Horta EE, Martinez G, Marante J, Cinza Z, Castellanos M, Duefias-Carrera S. 2009. Immunogenicity of
CIGB-230, a therapeutic DNA vaccine preparation, in HCV-chronically infected individuals in a Phase I clinical trial. J Viral
Hepat. 16: 156-167.

34.Acosta-Rivero N, Aguilera Y, Falcon V, Poutou J, Musacchio A, Alvarez-Lajonchere L, Guerra I, Alvarez-
Obregon JC, Amador-Canizares Y, Martinez G, Marante J, Aguilar JC, Soria Y, Alvarez F, Perez A, De la Rosa
MC, Morales J, Kouri JB, Duefas-Carrera S. 2006. Ultrastructural and Immunological Characterization of Hepatitis
C Core Protein-DNA Plasmid Complexes. Am J Immunol. 2(3): 67-72.



