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Abstract

High-risk genotypes of human papillomavirus (HPV) are associated with genital cancers especially cervical cancer.
United State Food and Drug Administration (USFDA) has recently licensed two first-generation prophylactic vaccines
(i.e., Gardasil and Cervarix), for control of HPV 16 and 18 infections. Both vaccines are able to generate neutralizing
antibodies against major capsid protein L1 assembled as virus-like particles (VLPs). To enhance protection against other
HPV genotypes, second-generation vaccines are underway. A HPV L1-based nonavalent vaccine showed is potent and
safe in prevention of precancerous lesions associated with HPV types 16/18/31/33/45/52/58, as well as anogenital warts
associated with HPV types 6/11. This vaccine is in the advanced stage of phase 11 clinical trials. Other second-generation
vaccines were based on L1-pentameric subunits and also the minor capsid protein L2 that have shown to be effective in
preclinical studies. The L2 protein co-assembles with the L1 protein for VLP formation increasing virion aggregation.
This mini-review describes two vaccination strategies including first-generation and second-generation vaccines against
HPV infections.
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1 Introduction

Human papillomavirus (HPV) is the most prevalent sexually transmitted infection in worldwide and the main cause of
cervical cancer (~11%-12% of women) 31 HPV types were classified as high-risk (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 66) and low-risk (6, 11, 40, 42, 43, 44, and 54) types consistent with the generation of squamous cell
carcinomas in the uterine cervix . HPV types 16 and 18 contribute to 70% of cervical cancer cases, while HPV types 6
and 11 associate with 96%-100% of genital warts [ °1. Generally, three HPV types (16, 18 and 45) and five HPV genotypes
(16, 18, 45, 31 and 33) comprised 87% and 92% of all cervical adenocarcinomas, respectively /. The genome of HPV is
completely conserved among different types of papillomaviruses. HPV genome encodes six regulatory or early proteins
such as E1, E2, E4, E5, E6, and E7 as well as two capsid or late proteins including L1, and L2. The late proteins are
involved in the packaging of new virions . HPV genotypes are phylogenetically classified based on the homology of their
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L1 genes P!, The development of HPV-associated cervical cancer is due to the uncontrolled expression of E7 and E6
proteins, resulting in genomic instability and the disruption of cell cycle regulation ©. L1 protein makes the pentameric
aggregation unit of the viral shell. L2 protein shows significant functions in intracellular encapsidation of papillomavirus
genomes and virus entry into the host cells. The virus-like particles (VLPs) have been known as the best candidate for
vaccine development against HPV infections. These particles can be produced by expression and assembly of the L1
protein alone or its co-expression with the L2 protein [". Two prophylactic HPV vaccines have been currently approved
including the quadrivalent vaccine (Gardasil) and the bivalent vaccine (Cervarix) composed of L1 VLPs. The studies
indicated that the addition of L2 to L1 VLPs increases the levels of neutralizing antibodies for the L1/L2 particles than for
the L1 VLPs I8 Indeed, L2 protein is a potential target for vaccination against HPV infections; because L2 elicits more
cross-reactive antibodies than L1 between different HPV types .. Herein, we briefly explain first-generation and
second-generation vaccines against HPV infections.

2 Biology

HPV targets the epithelial cells and its life cycle is related to the differentiation level of the infected epithelial cells. Indeed,
the regulation of HPV gene transcription depends on the type and the differentiation status of infected epithelial cells as
well as the episomal or chromosomally integrated state of the viral genome . Cellular and viral transcription factors
regulate HPV expression by binding to specific elements within a segment of non-coding region entitled as long control
region (LCR) that is variable between various HPV genotypes. The linkage of E2 protein to the LCR inhibits the
transcription of E6 and E7. Indeed, in tumor cells, viral genome is integrated into the host DNA, due to interruption of the
E2 gene and subsequently, high expression of the E6 and E7 oncogenes ”!. The E6 and E7 oncoproteins bind with various
affinities to host cell proteins and disturb the differentiation and apoptosis of normal epithelial cells. Altogether, both
oncoproteins mediate cellular genomic instability and HPV-associated epithelial cell immortalization promoting the
viral-infected cells toward a fully malignant phenotype !, Figure 1 shows the progression of HPV infection.
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Figure 1. The progression of HPV infection: HPV infects basal epithelial cells promoting cell proliferation toward
cervical intraepithelial neoplasia (CIN) with different degrees (1, 2, 3), and finally the progression to cervical carcinoma.
Generally, the dendritic cells migrate to the secondary lymphoid organs for interaction with antigen-specific T cells and
thus, the inhibition of the low-grade lesions. Usually, after infection, a time of 2 or 3 years is needed for development of
CIN 1/2/3 and it takes about ten years for progression of cancer.
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3 Immunity against HPV

3.1 Humoral immunity

HPV infection just happens in epithelial cells; thus, the presentation of viral antigens to the immune system of host is
restricted. Viral load and persistence determine the violence of the antibody response. The presence of HPV antibodies is
long-term but does not help to clear the established infections %\ The HPV capsid proteins of papillomaviruses (L1 and
L2) are considered to stimulate virus-neutralizing antibody responses. The studies showed that virus-neutralizing anti-L1
antibodies are type-specific. The anti-L2-antibodies are less efficient than anti-L1 antibodies, because a small fragment of
L2 protein can be exposed at the surface and be recognized by neutralizing antibodies. In contrast with the anti-L1
antibodies, anti-L2-antibodies indicated cross-reactivity to various HPV genotypes %,

3.2 Cellular immunity

Generally, a specific cell-mediated immunity (CMI) is generated to clear a naturally acquired HPV infection. Langerhans
cells play an important role for identifying HPV-infected cells in the cervical epithelial cells. These DCs induce Thl
responses and subsequently the generation of cytotoxic T lymphocytes (CTLs) for combating the virus 1.

4 HPV vaccination

In general, two vaccination strategies are proposed to reduce HPV-related diseases: 1) therapeutic vaccines, and 2) proph-
ylactic vaccines. Regarding the studies, the basis of approved HPV vaccines is the recombinant proteins assembled as
VLPs M,

4.1 Therapeutic vaccines

Some therapeutic vaccines including live/killed-vector-based, peptide/protein-based, nucleic acid-based, or cell-based
vaccines are in clinical trials but they need to improve their potency 2. The effects of therapeutic vaccines include
treatment of pre-existing lesions and even malignant tumors by stimulating cell immunity against HPV-infected cells !,
The HPV early/regulatory proteins are ideal target antigens since they are constitutively expressed in the infected cells.
The HPV-encoded oncoproteins, E6 and E7, have often shown potential targets for the development of therapeutic HPV
vaccines 1617,

4.2 Prophylactic vaccines

The studies indicated that VVLP-based preventive vaccination leads to generate virus-neutralizing antibodies (NAb) in
serum ™. Intramuscular vaccination with L1 VLP was studied in clinical trials (phases I, II, and 111) as a monovalent
HPV16, a bivalent HPV16/18 (Cervarix) and a quadrivalent HPV6/11/16/18 (Gardasil) vaccine generating high immune-
genicity, safety, and protection against HPV infections. Two licensed HPV vaccines (Gardasil and Cervarix) have globally
the potency to protect approximately 70% of cervical cancer cases 8. Prophylactic VVLP vaccines offer several advantages
against other types of vaccines such as: 1) the significant proteins of some viruses are able to self-assemble into highly
immunogenic VLPs, which mimic native structure of virions without viral genome. Thus, VLPs are safer than other types
of vaccination 1 2) VVLPs are produced in different expression systems including bacteria, yeast or insect cells; 3)
vaccination with VVLPs stimulates very high titers of neutralizing antibodies which is stable, even in the lack of adjuvants;
4) VLPs with an extremely organized structure repetitively permit the presentation of immunogens to DCs in order to
stimulate cell-mediated immunity or to activate B-cells **?>?4 Table 1 demonstrates some preventive vaccines based on
L1/ L2 proteins.
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Table 1. The preventive vaccines based on L1/ L2 proteins

Preclinical Animal

Structure — Type of Immunity Approved References
Clinical Human

L1 protein Clinical Human High CD4+ responses Yes [60]

L1VLP Clinical Human Low Interleukin/ High NAb Yes [61]

L2 protein Preclinical Mice High NAb No [55]

L2 VLP Preclinical Mice High NAb No [53]

L1/L2 VLP Preclinical Mice High NAb No [62]

5 First- or second-generation HPV vaccines

Up to now, two commercially prophylactic HPV vaccines entitled as first-generation vaccines (Cervarix and Gardasil) are
available in worldwide 22" These L1-based VLPs produced high-titer anti-HPV antibody responses which were
100-fold higher than that generated by natural infections ™ %1, Although, L1 VLP-vaccinated animals are protected by
stimulation of humoral immunity % 282639 byt the induction of native immunity and cell-mediated immunity cannot be
ruled out ™Y, 1t was shown that L1 VLPs can activate DCs via a MyD88-dependent procedure that probably induces a
potent primary acquired immune response even without the use of adjuvant *“. Generally, L1 VLPs induce a polyclonal
neutralizing antibody response which demonstrates multivalent epitopes of the virus and promotes to potent neutralizing
of HPV virions Y. However, the current HPV L1 VLP vaccines do not create therapeutic effects against pre-existing
HPV infections; because the infected basal epithelial cells do not express detectable levels of L1 and/or L2 capsid
antigens ®!. Regarding the studies, at least 110 countries have permitted Cervarix™ which induce protection against HPV
16 and 18 types and upon 120 countries have permitted Gardasil™ which induce protection against HPV 6, 11, 16 and 18
types 2. These HPV VLP vaccines induce genotype-limited protection [ 1124 3643481 ‘aithough partial cross-protection
has been observed for closely related HPV genotypes ®. The approved vaccines should be accessible in low-resource
areas to control the incidence of cervical cancer. They need refrigeration for storage, which is an important problem in
low-resource areas ™. Therefore, it is essential to improve low-cost, effective and stable prophylactic vaccines that are
able to stimulate broader protection against various HPV genotypes and also suitable for low-resource areas. The new
vaccines were called as second-generation vaccines. Recently, L2-based vaccination is another approach to produce
broader cross-type protective immunity and lower cost as compared to L1 VLP immunization ® %%, Indeed, L2 vaccines
have been discovered to improve the present HPV vaccines, which are greatly type-specific. Several studies have shown
that the N-terminus region of L2 induces antibodies which can neutralize infections generated by various HPV
types 173051 However, the immunogenicity of recombinant L2 protein is poor, thus, different formulations are necessary
to increase its immunogenicity such as the multivalent display of an L2 epitope on the surface of a recombinant
bacteriophage PP7 coat protein VLP [*" 53, Bacteriophage VLPs improve vaccines which direct a greatly conserved
epitope from HPV L2 *®. In addition, although the sequence of the N-terminal region of HPV L2 is relatively conserved in
different HPV types, but there is some heterogeneity that can limit the reactivity of antibodies against individual HPV L2
sequences. For instance, a concatenated multimeric L2 fusion protein, containing N-terminal L2 peptides derived from 3
to 22 HPV types could induce broader neutralizing antibody responses than similar immunogens containing L2 sequence
from a single HPV type ¥ %% Similarly, the studies indicated that immunization with PP7 VVLPs displaying a peptide
from HPV16 L2 elicits antibodies that bind extremely to HPV16 and HPV18 L2 peptides, but poorly to L2 peptides from
other HPV types (HPV1, 5, and 6) in mice model. Thus, to develop the protection conferred by vaccination, mice were
immunized with a mixture of eight L2-PP7 VLPs displaying L2 sequence from various HPV types. This type of vaccine
elicited a broad anti-L2 immune response as well as potent protection from genital challenge with HPV pseudo-
virions 1”3, Generally, high-titer neutralizing antibody responses have been elicited by fusion VLPs compared to the
particles expressing single epitope °°. Another study showed that the nonavalent L1-VLP vaccine is one of the second-
generation preventive vaccine which developed in the clinical trial (phase 111) 734, In this vaccine, five new oncogenic
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HPV genotypes, including 31, 33, 45, 52, and 58 as well as the genotypes in the approved quadrivalent vaccine decreased
a further 15%-30% in the incidence of cervical cancer cases ™. The nonavalent HPV vaccine V503 appeared to be safe
and effective in preventing persistent infection and precancerous lesions ®¢. Generally, the nonavalent HPV vaccine is
promising to have a broader protection compared to cervical cancer vaccines which aim conserved epitopes in the HPV L2
coat peptide. L2 is antigenically less important than HPV L1 major capsid peptide. In an experiment, for eliciting a potent
anti-L2 antibody response to another mucosal genotypes, VLPs were produced by fusion of HPV16 L2 neutralizing
epitopes (e.g., L2 residues 69-81 or 108-120) into an immunodominant surface loop (among the residues 133 and 134 of
the L1 coat peptide of bovine papillomavirus type 1) " %81, Regarding to the cost-effectiveness of the nonavalent against
the quadrivalent vaccine, and also most cervical cancers are caused by HPV types of 16 and 18, it is improbable that the
nonavalent vaccine would be used if its efficacy against these two types is lower than current HPV vaccines ).

6 Conclusion

Two prophylactic vaccines containing the recombinant HPV L1 VLPs have been already approved. The effects of
prophylactic HPV vaccine are still unclear for several years after vaccination. Boosting is potential approach if these
vaccines do not generate stable protection. Regarding the incidence of cervical adenocarcinoma (ADC) is growing, thus
the current HPV vaccines should be highly efficient in prevention of cervical ADC. The chimeric L1-L2 VLP showed a
promising strategy to improve more potent HPV vaccines. The HPV16 L1-HPV16 L2 17-36 VLP vaccine may provide
broad cross-protection to heterotypic HPV types. However, the vaccine potency particularly is affected by HPV genotypes
in cancers, i.e., the level of effect would be attenuated by vaccine cross-protective results. The recent studies suggest the
second generation vaccination including the mixture of L1 epitopes of different HPV genotypes, the use of L2 conserved
epitopes, and L1-L2 chimeric VLPs, as compared to L1 VLP vaccines. However, these vaccines were further used in
preclinical tests and will be needed to study in clinical trials.
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