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Abstract
Traditional therapeutic approaches in uterine cancer
treatment may improve survival of patients with
cancer. The specificity of uterus cancer treatment could
improve the specific target therapy and understanding of
mechanisms of cytotoxicity in normal cells. Developing
cancer vaccines seems to achieve proper creation of
specialized immune memory in order to prevent the
tumor progression. Preventive prophylactic vaccination of
women and men seems to be promising in disease
progression considering the number of HPV strains
involved and available vaccines being specific for 2 strains
only to help eradication of cervical cancer.
Keywords: Cancer; Cervical cancer; HPV; HPV E6; HPV E7;
Therapeutic vaccines; DNA vaccines

Introduction
The advances of cancer biology research allowed the use of
targeted therapies against specific molecular targets. The
improvement in aggression of a tumor can be exerted by
active immunization with a non-toxic therapeutic agent
potentially capable of eliciting for immune responses against
tumor in patients with primary and metastatic cancer [1,2].
A significant number of antigens have been already
recognized in tumor cells by specialized T lymphocytes. Most
of the cancer proteins are self-antigens and according this the
creation of cancer vaccines are based to the disruption of
immunological tolerance without causing significant
autoimmune reactions [2,3].
Vaccination in cancer patients should be able to trigger the
activation of CD8+ cytotoxic T lymphocytes (CTLs) in order to

discard cancer cells as identifying tumor-associated antigen on
the surface of cancer cells [3].
The cervical cancer is the third most common cancer type in
United States. Due to cervical cancer screening test annual
disease rates have been reduced last decades [4,5]. About 80%
of the total 500,000 annual cases of cervical cancer occur in
developing countries. In US, the annual incidence is about
11,000 cases with more than 60% of cases occurring in
populations of under-served women [4,5].

Literature Review
Human Papilloma Virus (HPV) associated with
uterus cancer
According to literature HPV - 15 are associated with the
occurrence of cancer in almost all cases of uterus cancer and
appear to be important cause of cervical cancer [6].
The carcinogenesis of uterus may appear as progression
from low differentiation to high quality morphological changes
could be summarized in four distinct stages:
• HPV infection.
• HPV persistent infection.
• Progression of persistent cervical infection as pre-cancer
stage.
• Progression in carcinoma status [6,7].
HPV is the most common sexually transmitted disease. HPV
infections, including HPV carcinogenic genotypes, are usually
transient within 6-12 months causing mild morphological
changes. HPV cancer genotypes are the essential and common
cause of cervical cancer.
Women with persistent HPV carcinogenic genotypes reveal
high risk of developing precancerous alterations [6,7]. If
precancerous stages are not diagnosed a significant proportion
of infections may develop into carcinogenic [7,8]. Based on
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genome analysis HPV is a DNA virus contains 8,000 bp
encoding two classes of proteins, early and late proteins [9]. L1
and L2 proteins are structural components of the viral capsid,
while the proteins E1, E2, E4, E5, E6 and E7 are vital as life
cycle regulators.
E1 and E2 regulate the replication of DNA while E2 controls
the RNA transcription. On the other hand, E4 controls the
reorganization of the cytoskeleton, while E5, E6 and E7
mediate cellular transformation. In cervical cancer, viral
integration into the host genome often leads to deletion of
various gene-proteins (E2, E4, E5) leading to an increased
expression of oncogenes E6 and E7. These oncogenes E6 and
E7 inactivate the p53 and Rb tumor suppressor genes
preventing cellular apoptosis and promoting cell growth
[9,10].

Selection of specific
therapeutic vaccination

HPV

antigens

for

The connection between HPV infection and cervical cancer
lead to development of many HPV vaccines. HPV prophylactic
vaccines are designed to prevent HPV infection by inducing
specific neutralize antibodies. The understanding of the
protective humoral immune responses against primary HPV
infection has can be used to express targeting of L1 and L2
proteins of the viral capsid. Experiments of animal cell lines
encoding the L1 protein of the capsid leads antibody
production which may provide immunoprotection [11].
There are two main vaccines for HPV protection. Gardasil
contain L1 VLP, which is derived from the HPV-6, 11, 16 and 18
viral genotypes being extremely successful in protection
against infection of most important types of HPV, HPV-6, 11
and HPV-16, 18. Gardasil has been shown to significantly
reduce the incidence of CIN that is associated with genotypes
HPV-16 and 18 [12].
Another HPV prophylactic vaccine containing L1 VLP is
derived from HPV-16 and 18. The L1 VLP vaccine is
administered with AS04 adjuvants. Cervarix offers partial
cross-protection against HPV types 31 and 45, which are not
included in the first reported vaccine. Gardasil and Cervarix are
highly immunogenic and are capable of producing high titters
of L1 protein neutralizing antibodies from HPV types, often
associated with cervical cancer [HPV-16 and 18] [12].
In order to develop an effective therapeutic vaccine, there
must be suitable target antigens against which immune
response can be activated. Preventive administration of HPV
vaccines targets L1 and L2 capsid proteins produce neutralizing
antibodies. E6 and E7 proteins are ideal targets for therapeutic
vaccination against HPV infections such tumor specific
antigens. E6 and E7 are essential molecules in cell
transformation, with constant expression in cancer cells. Their
decisive role in the pathogenesis of tumors regulates their
functionality. E6 and E7 proteins are typically selected as
target antigens in the development of therapeutic vaccines
against HPV 15 [13].
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HPV vaccines
Many different forms of vaccines have been used to develop
the appropriate therapeutic agents. These methods include
the generation of peptides or proteins with immunogenicity
such as DNA or RNA vaccines. Each form has its own
advantages and disadvantages. Vaccines containing a peptide
segment are known to be well tolerated, stable and readily
prepared on a large scale [12,13].
Attributable and immunogenicity of these vaccines is limited
caused by histocompatibility antigens [MHC I] expressed in
one individual. Other immunoregulatory agents, such as Tolllike receptors [TLR], cytokines and co-stimulatory molecules
[13], are necessary for this type of vaccine.
Whole cell vaccines include combination of dendritic cells
and cancer cells. This therapeutic approach requires the
preparation of individual dendritic cells [AX] with E6/E7
peptides, DNA or RNA encoding these peptides or transfection
with live vectors carrying E6/E7.
Cancer cells used to make vaccines require the systematic
management of whole cancer cells to help identify HPV-related
tumor-associated antigens from the immune system. The
introduction of new cancer cells in patients raises concerns
about their safety [14].
On the other hand DNA vaccines are being an attractive
form of therapeutic vaccines against HPV. DNA vaccines have
many advantages over other forms of HPV therapeutic
vaccines. Compared to live vector bases are relatively safe and
can be given repeatedly to the same person without losing
their efficacy. DNA vaccines do not directly affect the immune
response of the vaccinated patient and are appropriate in
cases where functions are required to be achieved. DNA
vaccines are also stable, easy to prepare, exported in high
purity and relatively inexpensive [15].
The presence of full-length complementary DNA
simultaneously provides many epitopes, thus overcoming the
restriction of MHC, to peptide-based vaccines. Plasmid DNA
itself contains unmethylated CpG motifs that can function as
potent DNA vaccines are also able to provide stable release of
antigenic proteins, thereby enhancing immune memory. They
can be to express HPV peptides or proteins, allowing DNA
vaccines to exhibit antigen-conferring property, enhancing the
CD4+ and CD8+ T lymphocytes in vivo responses [15,16].
Although significant progress has been made in the
development of HPV prophylactic vaccines with the
commercialization of Gardasil and Cervarix, the increase in
HPV population associated with abnormalities and
precancerous lesions, underlines the need progress in the field
of therapeutic vaccines for all genotypes of the HPV viruses.
The availability of different forms of HPV therapeutic
vaccines creates opportunities for the development of coadministrative regimens in order to enhance the therapeutic
activity of DNA vaccine [17,18]. It is also important to consider
the use of immunomodulatory agents in conjunction with the
therapeutic DNA vaccines may prevent the success of an
effective immune therapy. The use of HPV therapeutic
This article is available from: http://neoplasm.imedpub.com/
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vaccines can potentially be combined with other therapeutic
methods, such as chemotherapy and radiotherapy in order to
increase the therapeutic effects of the vaccine.
Chemotherapeutic agents such as cisplatin and bortezomib
have been shown to render E7-expressing cancer cellsimportant for the cytotoxic activity of T lymphocytes [19-21].
DNA vaccine against HPV regulates E7 tumor expression and
significantly enhances the therapeutic option of HPV DNA
vaccine [21].
At this point we may notice that E6 and E7 antigens need to
be processed through the action of the proteasome. Activation
of antigenic memory is related to the action of MHC and APC
by activation of CD8 + T cells [22]. However, only some of
these small peptides contain the sequence of antigenic
fragments (epitopes) that can bind to MHC molecule with high
affinity [23-25]. Most therapeutic vaccines are designed to
elicit an immune response against the E7 antigen because it is
better immunological characterized by the E6 antigen in
preclinical models.
Current developments in vaccines include bacterial or viral
vectors. These vectors replicate in the body and facilitate the
spread of the antigen [26-28]. HPV therapeutic vaccines are
highly immunogenic and can cause strong cellular and humoral
immune responses [29]. Unfortunately vector-based live
vaccines are a potential safety hazard, particularly in people
with immunosuppression [29]. In addition, the effectiveness of
the immune response after repeated immunization with the
same vector is limited [27-29].
On the other hand, various bacterial vectors have been
selected for the development of HPV therapeutic vaccines
including Listeria monocytogenes, Lactobacillus lactis,
Lactobacillus plantarum and Lactobacillus casei [30,31].
Listeria has been recognized as a promising vector due its
ability to infect macrophages and secrete listeriolysin [30,31].
Also several viral vectors have been used to produce HPV
antigens including adenovirus and lentivirus [30,31]. Also have
been created by particles comprised of recombinant MVA
including sequences encoding modified HPV16 E6/E7 and
human IL-2 factor.
Another MVA-based vaccine, MVA E2 was created to
transfer E2 proteins to vaccinated hosts and not to E6 and E7.
The vaccine uses the E2 protein as an inhibitor for the
expression of E6 and E7 oncoproteins. The host can suppress
E6 and E7 activity in HPV-infected individuals and then reduce
the transformation of infected cells and the survival capacity
of cancer cells [32,33].
E2 protein has been shown to inhibit cell growth and
induction of tumor cell apoptosis [33,34]. The MVA E2 vaccine
may also result in the generation of CD8 + T cells targeting the
E2 antigen. MVA E2 can produce therapeutic anti-cancer
effects.
The main advantage of DNA vaccination is the production of
non-living, non-reproducible, non-propagated antigens
administered to APCs inducing CTL, Th1 and B-cell immunity.
Additionally, DNA vaccination does not cause autoimmunity
against the vector in patients, so multiple DNA administrations
© Copyright iMedPub
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are possible without inducing an immune response against
DNA plasmid [35]. This approach may therefore be particularly
useful in the context of cancer therapeutic vaccination, where
repeated vaccinations are often required to effectively
increase T cell responses [35,36].
Several preclinical and clinical DNA vaccine studies have
been conducted against HPV-induced malignancies. A plasmid
DNA originally named ZYC101 and encoding the HPV16 HLA A2
epitope was developed to treat HPV16 infections in HLA-A2
positive individuals [36-38].
Another DNA vaccine targeting the oncoprotein E7,
pNGVL4a-Sig/E7, was tested in phase I/II clinical trials for the
treatment of patients with a positive history of HPV 16 and CIN
2/3 infection. This DNA plasmid encodes a mutant form of
HPV16 E7. DNA vaccines produce moderate immunity in
humans, E7 was fused to an accompanying protein, Hsp70
from Mycobacterium tuberculosis, to enhance presentation
through APC and MHC class I.
The E7-Hsp70 antigen was further linked to a signal
sequence, which resulted in the secretion of E7 and secreted
antigen would be more likely to gain access to APC [39]. In
addition, a sequential heterologous vaccine phase I test has
already been performed using the same DNA plasmid
pNGVL4a-Sig/E7 [detox] -Hsp70 with recombinant vaccine
virus encoding the HPV16 and HPV18 E6/E7 fusion proteins.
Metabolic immune changes included increased signaling of
CD8 + in both stromal and epithelial sections [39,40].

HPV genotypes related to malignancies
Current vaccines are capable of eliciting immune responses
against the two most common oncogenic types such as HPV-16
and HPV-18 but not against other high-risk HPV viruses
[41,42]. It is obvious that multiple vaccines against a number
of HPV viruses will have major impact and may develop a
single L1 VLP combination vaccine. VLP vaccines are
particularly effective against several types of viruses, mainly by
targeting the L1 protein but their efficacy against other types
of HPV is variable depending on their genomic integrity and
similarity [43].
Prevention of cancer disease is associated with additional
oncogenic genotypes associated with HPV 16 and 18 (mainly
HPV 31 and 45) can provide an important protection. The
administration of a quadrivalent vaccine reveals a significant
protective effect against HPV 31 (persistent infection in
CIN2-3/AIS patients).
Bivalent vaccine may be useful after HPV 31 and 45
infections leading to development of CIN 2 [44,45]. In
November 2009, Merck announced that Gardasil has 90%
positive results in the prevention of genital lesions caused by
genotypes 6, 11, 16 and 18 HPV in men aged between 16 to
26. Based on that Gardasil prevent the alteration of external
genital organs in men adolescents [46,47].
According to National Cancer Institute more than 1,200 new
cases of penile cancer are diagnosed each year. In 80% and
90% of cases the rectal cancer is the associated with HPV
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infections usually HPV-16 [48,49]. Additionally, HPV is the
most common sexually transmitted disease in the United
States among men and women and 6.2 million new people
being infected each year.
FDA approves vaccination in male and female. For women,
Gardasil be started at 9-11 years of age with the vaccination
period being recommended between the ages of 12 and 26
years [49].
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