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Cervical cancer is the second most common cause of death from cancer in women worldwide, and the development of new
diagnostic, prognostic, and treatment strategies merits special attention. Many efforts have been made to design new drugs and
develop immunotherapy and gene therapy strategies to treat cervical cancer. HPV genotyping has potentially valuable applications
in triage of low-grade abnormal cervical cytology, assessment of prognosis and followup of cervical intraepithelial neoplasia, and
in treatment strategies for invasive cervical cancer. It is known that during the development of cervical cancer associated with HPV
infection, a cascade of abnormal events is induced, including disruption of cellular cycle control, alteration of gene expression, and
deregulation of microRNA expression. Thus, the identification and subsequent functional evaluation of host proteins associated
with HPV E6 and E7 oncoproteins may provide useful information in understanding cervical carcinogenesis, identifying cervical
cancer molecular markers, and developing specific targeting strategies against tumor cells. Therefore, in this paper, we discuss
the main diagnostic methods, management strategies, and followup of HPV-associated cervical lesions and review clinical trials
applying gene therapy strategies against the development of cervical cancer.

1. Introduction

Currently, 500,000 new cases of cervical cancer are diagnosed
and 280,000 deaths occur each year worldwide, making
cervical cancer the second most common malignancy affect-
ing women worldwide [1]. The highest incidences occur in
developing countries, where cervical cancer is the leading
cause of cancer mortality in women. Clinical, epidemio-
logical, and molecular data associate high-risk HPV infec-
tion with cervical cancer development [1]. The high-risk
HPVs infect the basal epithelial cells of the cervix, and the

subsequent expression of viral gene products is carefully
regulated. During the cervical carcinogenesis process, HPV
E6 and E7 viral oncogenes are expressed at low levels in
proliferating basal cells, but transcription is activated as
cells enter into the terminal differentiation pathway. For
instance, E6 oncoprotein alters cell differentiation while E7
oncoprotein reactivates cellular proliferation, and these two
viral oncoproteins together stimulate cell cycle progression.
Thus, E6 and E7 oncogenes are retained and expressed in
most cervical cancers, and sustained expression is required
to retain the malignant phenotype [2, 3].
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During the last 50 years, screening programs based on
conventional cytology have significantly reduced cervical
cancer morbidity and mortality [4, 5]. Papanicolaou (Pap)
smears are used as a primary screening method to detect pre-
cursor lesions or low-grade squamous intraepithelial lesions
(LSILs). Detection of the early expression of HPV genes in
combination with Pap smears may increase specificity in
identifying LSIL associated with high-risk HPV infections
and enable prevention of the development of precancerous
lesions or progression to invasive cancer in situ. Molecular
target screening should be able to detect HPV-like etiological
agents as well as identify precancerous lesions. To detect HPV
antigens and determine HPV prevalence in premalignant
and precancerous lesions, and to assess the sensitivity and
specificity of molecular target screening with respect to
cytological, colposcopic, and anatomopathologic methods;
immunohistochemical, molecular biology and microarrays
techniques have been designed. Laboratory tests can detect
HPV DNA and identify HPV genotypes; there are currently
several molecular biology techniques used to detect HPV and
identify the virus type with which the patient is infected.
In summary, HPV nucleic acid can be detected either in
cervical smears or biopsy specimens by various methods
complementary to traditional cytology.

Once the disease has spread beyond the confines of a
radiotherapy, chemotherapy, or surgical field, no standard
treatment is currently available. However, new molecular
targeted drugs being tested in clinical trials might inhibit
tumor progression and increase apoptosis, resulting in tumor
response or stabilization; furthermore, gene therapy strate-
gies could also be employed for the control of HPV-associated
precancerous cervical lesions. In this paper, we discuss the
role of HPV in cervical cell transformation and the main
methods for the detection of high-risk HPVs, with special
attention to application of HPV testing in screening, treat-
ment, and followup of precancerous cervical intraepithelial
neoplasia. We also examine the major gene therapy strategies
against cervical cancer development that have been tested or
are being tested in clinical trials.

2. The Natural History of Cervical Lesions

2.1. HPV Genome Structure and Functionality. Currently,
over 120 different types of HPV have been identified based
on the genotype [6]. The HPVs are small DNA tumor viruses
that replicate in differentiating epithelial cells of the epidermis
and anogenital tract. The gene expression mechanisms of the
HPV genome have been studied mainly in the HPVS, 11,
16, 18, and 31. Some common mechanisms involved in the
regulation of their transcription are the presence of a specific
promoter structure, a transcriptional enhancer specific for
epithelial cells, regulation by progesterone and glucocorticoid
hormones, silencers that apparently repress transcription in
the basal layer of infected epithelia, nucleosome mediators
of enhancer and silencer factors, nuclear matrix attachment
regions that repress or stimulate transcription, and late
promoters positioned very remote from the late genes [7].
The early region (“E”) of the HPV genomes covers more
than 50% of the virus genome and contains the E1, E2, E4,
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E5, E6, and E7 genes that are carefully expressed at the
early and late stages of infection. The early proteins El and
E2 are involved in viral DNA replication and viral RNA
transcription, E4 is involved in cytoskeleton reorganization
and E5, E6, and E7 are responsible for cellular transformation,
and immortalization [8]. It has recently been demonstrated,
using an El-defective mutant of HPV16, that El protein is
dispensable for maintenance replication and essential for
initial and productive replication of HPV16 [9]. The E2
protein is a transcription factor that acts as an activator or
repressor of the transcriptional activity of all HPV genes,
and it has been observed that this protein is also involved in
viral DNA replication via an interaction with protein El and
episome maintenance [10, 11]. Therefore, E2 is a regulatory
protein relevant for the establishment of infection and vital
for the virus to complete the life cycle. On the other hand,
the disruption of the E2 gene has been associated with
malignant progression of HPV positive cervical cancer [12].
In particular, E2 proteins of HPVs and BPVs bind specif-
ically to palindromic sequences ACCGN,CGGT that are
concentrated within the viral LCR, where they regulate viral
oncogene transcription. It has been demonstrated that E2
protein associates in vitro with several cellular transcription
associate factors (TAFs), and these events function to activate
HPV promoter over a relatively large distance in the viral
genome [13]. Once the viral DNA has been integrated into
the host cell genome, the E2 gene is disrupted or inactivated,
and this event leads to a deregulation of HPV E6 and E7
oncogenes.

HPV16 E1"E4 are products of a spliced transcript of the
El and E4 open reading frames that can differ in length
and/or degree of phosphorylation; some of these isoforms can
associate with cellular keratin networks, leading to network
disruption [14]. Recently, it has been shown that the cellular
cysteine protease calpain cleaves the HPV16 E1"E4 protein to
generate species that lack the N-terminal fragment, and C-
terminal fragments are able to multimerize to form amyloid-
like fibers that can lead to accumulation of E1"E4 and
disruption of the normal dynamic of the keratin networks
(15]. In addition, E1"E4 might serve as scaffold, transport,
or structural proteins, and E1"E4 gene viral mutants do not
support high-level replication of the viral DNA, suggesting
that E1"E4 is involved in HPV DNA replication [15].

HPV E5 oncoprotein interacts with cellular host pro-
teins, and these interactions are important for HPV’s bio-
logical activity in cell transformation and evasion of the
host immune response. Recent studies have highlighted the
important role of E5 in cell transformation, tumorigenesis,
and immune modulation, thus implicating E5 in pivotal
steps of carcinogenesis [16]. For instance, high-risk HPV
E5 can induce morphological and chromosomal changes in
infected cells that can transform them into cancerous cells
with increased nuclear size, increased DNA content, and
tetraploidy [16]. Protein interaction studies have demon-
strated that the first transmembrane domain of E5 from
HPV16 and 31 interacts directly with the heavy chain com-
ponent of the MHC class I through the leucine pairs present
in this region; the transmembrane domain also interacts
with Bap3l, a chaperone of MHC class I [17]. HPV E5
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contributes to a successful infection by inducing loss of
surface MHC class I expression in the infected basal cells,
preventing presentation of viral antigens to effector T-cells
and thus, along with other mechanisms, such as prevention
of inflammation, contributes to evasion of immune surveil-
lance. Expression of E5 in the basal or suprabasal layers of the
epithelium would lead to sustained cell proliferation to favor
virus-infected cells, while extinction of its expression in the
more superficial layers would permit cell differentiation and
virion production. If E5 expression proceeds beyond early
lesional stages, keratinocyte differentiation and immunolog-
ical removal of infected cells do not take place and the lesion
is at greater risk for neoplastic progression [16]. In primary
human keratinocytes, the expression of E5 oncoprotein from
HPV16 stimulates cellular DNA synthesis and, in coopera-
tion with E7 oncoprotein, induces proliferation of primary
cells [18]. In NIH 3T3 cells transformed with the E5 gene
of rhesus papillomavirus, the phosphatidylinositol-3'-kinase
was upregulated, suggesting that E5 plays a role in regulation
of signal transduction pathways [16, 19].

An early event in HPV-associated carcinogenesis during
HPV DNA integration is a global perturbation of cellular
gene expression by the E6 and E7 oncoproteins. The high-risk
HPV E6 oncoprotein contains approximately 150 aminoacids
and has two zinc finger motives formed by four C-X-X-
C motives that are required for E6 functions [20]. One of
the main well-defined interaction targets of E6 from HPV16
and HPVI18 is the tumor suppressor protein p53. The p53
transcription factor is the tumor suppressor gene that is most
frequently inactivated in human cancers and is involved in
the control of cell proliferation and the response to genotoxic
stress and DNA damage [21]. The inactivation of p53 by high-
risk HPV E6 alters several cell processes including apoptosis,
cell cycle arrest, cellular senescence, and differentiation. p53
inactivation occurs through the recruitment of E6AP protein,
which is a ligase of the ubiquitin proteolysis pathway [20].
The E6-E6AP complex recognizes the p53 tumor suppressor
protein, facilitates its polyubiquitination, and induces its
rapid cleavage by the proteosome pathway [20]. The loss
of p53 leads to an increase in the cell’s genomic instability.
High-risk HPV E7 oncoprotein, also involved in cellular
transformation and immortalization, contains approximately
100 aminoacids and has three conserved regions called
CR1, CR2, and CR3, which are critical for viral oncogenic
activities. E7 oncoproteins, from low-risk as well as high-risk
HPVs, may interact with the pRb tumor suppressor protein;
however, high-risk HPV E7 has a greater affinity for pRb
than does low-risk HPV E7 [20, 22]. Initially, interactions
take place between E7 and the hypophosphorylated form of
pRb, which induces the liberation of transcription factors
from the E2F family, thus stimulating the expression of
multiple genes involved in the progression of the cell cycle.
These interactions influence the expression of genes involved
in progression to S-phase of the cell cycle, such as cyclin
A, cyclin D, and cyclin E. Furthermore, since pRb family
members act as negative regulators of pl6INK4A expression,
the inactivation of pRb by HPV E7 oncoprotein results in
upregulation of pl6 cellular protein [20]. Other important
interactions of E6 and E7 oncoproteins with cellular proteins

such as AP-1, Bak, c-myc, Epoc-1, E6BP/ERC55, hAda3,
IGFBP-3, Mi2, MPP2, NuMA, PDZ domain proteins, pRb,
p21vafl/eipl - yo7KPL 553, p300/CBP, p600, TBP, Tyk2, and
hTERT have been reported [20, 23]. E6 and E7 together exert
effects on cell cycle control, as well as evasion of cell growth
regulation, resistance to apoptosis, immune response escape,
and angiogenesis-associated processes; in combination, these
HPV oncoproteins efficiently immortalize and transform
human keratinocytes to cause the malignant phenotype.

Two new proteins codified in the early gene region have
been recently identified, E3 and E8, which are present only in
a few papillomavirus types (HPV 1,11, 16, 31, and 33). A fusion
protein, E8"E2C, functions as a negative regulator for HPV
DNA replication and plays a role in the control of viral copy
number as well as in the stable maintenance of HPV episomes
[24].

The late region (“L”) of all HPV genomes, comprising
almost 40% of the virus genome, is located downstream of
the early region and encodes L1 and L2 ORFs for translation
of a major (L1) and a minor (L2) capsid protein. Finally,
the long control region (LCR), a segment of about 850 bp
(=10% of the HPV genome), has no protein-coding function
but contains the origin of replication as well as multiple
transcription factor binding sites important in the regulation
of RNA polymerase II-initiated transcription from viral early
and late promoters. HPV L1 capsid proteins in HPV-positive
LSIL and HSIL are a major target of the cellular immune
response in CIN [25]. Immunohistochemical testing, using
antibodies against HPV structural protein LI, can confirm
the presence of high-risk HPV Ll protein in abnormal
epithelial cells observed in cytology or in squamous cell
carcinomas [26]. Table 1 summarizes the main functions of
HPYV proteins.

2.2. HPV and the Natural History of Cervical Cancer. There
is a close relationship between high-risk HPV infection and
cervical cancer development. However, it is well documented
that HPV is a very common sexually transmitted virus,
and most infections do not cause cervical intraepithelial
neoplasia. Epidemiological studies have reported HPV preva-
lence between 10% and 40% in women with no cytological
abnormalities [27]. Moreover, data suggest that a large part
of the population may at some point in their lives have an
HPV subclinical infection, particularly while young since
older women may develop acquired immunity to HPV; the
likelihood of HPV infection increases with risk factors such as
high alcohol consumption and more sexual partners [27, 28].
This evidence suggests that while HPV infection is a relevant
event in the process of cervical carcinogenesis, other factors
participate in the development of a malignant phenotype.
The process by which cervical cancer develops is complex,
and a combination of environmental, viral, and host factors
together increases the risk of progression. Three main HPV-
liked molecular events have been identified as triggers of
carcinogenesis: (a) viral DNA integration in the host genome;
(b) expression of viral proteins (El, E2, E3, E4, E5, E6, and
E7); (c) interactions between E2, E6/E7, and cellular proteins.
In general, HPV epithelial infections occur either through
mechanical microabrasions or infection of the area, where
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TABLE 1: Major functions of HPV proteins.

HPYV proteins Functions Reference

El Involved in productive HPV replication. [9]

E2 Regulates transcription from different HPV promoters. [13]

B3 Recently identified gene located in early gene region and found only in a few [24]
papillomavirus types (HPV1, 11, 16, 31, 33); its function has not been identified.

F4 Represent up to 30% of total wart protein produce by HPV-1a and might serve [14]
as scaffold, transport, or structural protein.
Inactivates with cellular host proteins (MHC I, Bap3l); these interactions are
important for the biological activity of the protein in cell transformation and

E5 evasion of the immune response. [16,17,19]
Play a role in regulation of transduction pathways through up-regulation of
phosphatidylinositol-3'-kinase.
Inactivates the tumor suppressor protein p53, involved in the control of cell

E6 . - - . [20]
proliferation and cell response to genotoxic stress and in DNA damage.
Interacts with the pRb tumor suppressor protein. These interactions influence

E7 the gene expression involved in progression to S-phase of the cell cycle, such [20, 22]

as cyclin A, cyclin D, and cyclin E genes.

Recently identified gene located in early gene region and found only in a few
papillomavirus types (HPV 1, 11, 16, 31, 33). A fusion protein, E8"E2C,

E8 functions as a negative regulator for HPV DNA replication playing a role in [24]
the control of viral copy number as well as in the stable maintenance of HPV

episomes.
L1 Major capsid protein.
L2 Minor capsid protein.

basal cells undergo a transformation from a columnar to a
squamous epithelium. When basal cells are infected, they
migrate to the lumen and express the capsid genes L1 and
L2. In subclinical infections of low-grade lesions, the viral
genome is then replicated as an episome and encapsidated
into the nuclei of cells in the upper layer epithelium. Thus,
protected viral particles are able to infect new areas of
epithelium or be sexually transmitted. In some cases, the
infection progresses to high-grade lesions and cervical car-
cinoma, a process associated with the integration of the HPV
genome into the host genome due in part to the loss of the
transcriptional repression exerted by the E2 protein.
Invasive cervical carcinoma is preceded by precursor
lesions, which are characterized by disturbances of cellular
maturation and stratification, as well as atypical nuclei, which
tend to promote cellular immortalization and transformation
[2]. The time-specific expression of viral oncogenes enables
HPV to integrate into the cellular genome during the division
of basal cells and the differentiation of basal epithelium to
stratified epithelium [3]. Prior to integration in the host cell
genome, episomal HPV expresses the genes El and E2 to
suppress expression of the oncogenes E6 and E7, allowing
the virus to invade various cells and evade detection by the
immune system [29]. When the HPV viral genome integrates
into the cellular genome, expression of E2 is disrupted and
expression of E6 and E7 predominates. When HPV infection
occurs, HPV DNA can exist in one of two alternative molec-
ular conformations: episomal or integrated. When the viral
DNA is inside of the nucleus but not bound to host DNA, it is

in the episomal conformation, which is characteristic of low-
grade lesions. When HPV DNA binds to host cellular DNA,
itis considered to be in the integrated conformation, which is
found in high-grade lesions and invasive carcinomas [30, 31].
The physical state (extrachromosomal or integrated) of HPV
DNA has been evaluated via analysis of the expression of
HPV E6 and E7 mRNA transcripts. All HPV types have been
found to be extrachromosomal in benign cervical smears,
CIN 1 and CIN 2. HPV16 existed in all physical states in
CIN 3 and carcinoma in situ, whereas HPV18 was found only
in mixed and integrated forms in these stages of cervical
carcinogenesis. HPVs 31, 33, 52b, and 58 appeared most
commonly in the extrachromosomal form in all stages of
lesions, while the integrated form of these HPV types was
present only in CIN 3 and in carcinoma in situ [32].

3. Application of HPV Testing in Screening,
Treatment, and Followup of Precancerous
Cervical Intraepithelial Neoplasia

3.1. HPV Testing in Cervical Cancer Screening. Recommenda-
tions for cervical cancer screening released in 2012 by the US
Preventive Services Task Force (USPSTF) and separately by a
partnership among the American Cancer Society/American
Society for Colposcopy and Cervical Pathology/American
Society for Clinical Pathology (ACS/ASCCP/ASCP) no
longer indicate annual screening with cervical cytology but
rather screening at three- to five-year intervals with cytology
and optional incorporation of testing for high-risk HPV
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infection. For women aged 21-29, the guidelines indicate
screening with cytology (i.e., the Papanicolaou test) every
three years; HPV testing is not recommended for this age
group because younger women are more likely to experi-
ence transient infections and low-grade lesions that do not
progress to precancerous lesions and do not require identifi-
cation or treatment. Women older than 65 with evidence of
adequate negative prior screening and no history of CIN2+
within the last 20 years should not be screened. Screening
should not be resumed for any reason, even if a woman
reports having a new sexual partner. For women aged 30-
65, however, both sets of guidelines indicate screening with a
combination of cytology and HPV testing every five years, the
“preferred” method, or screening with cervical cytology alone
every three years (“acceptable”) [33]. Despite its success in
reducing rates of cervical cancer in the developed world, con-
ventional cytology has its limitations; a meta-analysis showed
that it has an average sensitivity of 51% and a specificity of 98%
compared with colposcopy or histological analysis of biopsies
[34]. According to a 2003 study, one third of false-negative
diagnoses can be attributed to errors in the interpretation
of the film used to identify cellular abnormalities and the
other two thirds to the quality of the preparation of that
film [35]. The revised national recommendations are based
on a number of studies showing improved performance of
coscreening over cytology alone, though the USPSTF and
ACS/ASCCP/ASCP do not go as far as many of these studies
in suggesting HPV testing as a stand-alone screening method.

The US Food and Drug Administration (FDA) currently
approves three HPV DNA tests for clinical use: Hybrid
Capture 2, manufactured by Qiagen; Cervista HPV HR
(Hologic); the cobas HPV test (Roche Molecular Systems).
The most widely used test is Hybrid Capture 2 (HC2),
a second-generation commercial test designed to detect
HPV types classified as high-risk. HC2 is a nucleic acid
hybridization assay that utilizes an HPV RNA probe mixture
containing probes for 13 high-risk HPVs. Samples containing
HPV DNA hybridize with the RNA probe and are captured
on a plate coated with antibodies conjugated to alkaline
phosphatase; when alkaline phosphatase’s substrate is added,
light is emitted and measured via luminometer. The test’s
limitations include possible cross-hybridization of low-risk
with high-risk HPV types as well as possible false positives
in contiguous samples due to chemiluminescent emission
of high-load HPV samples [36]. A 2003 study found that
the sensitivity of the HC2 test alone was lower than either
the conventional Pap smear or liquid-based smear, in the
contexts of systematic screening and triage of abnormal
squamous cells of unidentified significance (ASC-US) [36].
The authors’ recommendation not to use HC2 HPV testing in
the management of patients with ASC-US is not concordant
with the conclusions of meta-analyses by Arbyn et al. [37] or
Cuzick et al. [38], perhaps because the de Cremoux et al. study
[36] assumes optimized readings of conventional cytologic
techniques. Nevertheless, the questions raised about the sen-
sitivity and specificity of HC2 have encouraged research and
development of alternative tests. A major limitation of HC2
is that it cannot determine specific high-risk HPV type, the
identification of which may help clinicians provide prognosis

and appropriate treatment and followup, depending on the
strength of the infecting strain’s association with cancer and
disease recurrence.

An established method for the detection of HPV DNA
is PCR amplification with primers derived from consensus
sequences of either the conserved El or L1 open read-
ing frames of the viral genome. The primer sets MY09/11
and GP5+/GP6+ are both able to amplify a wide range
of HPV types. The MY09/11 primers are synthesized with
several degenerate nucleotides and constitute a mixture of 25
primers, while the GP5+/GP6+ primers have fixed nucleotide
sequences but use a lower annealing temperature during
PCR to detect more HPV types [39]. Two-step or “nested”
PCR using both primer sets (MY09/GP5+/GP6+/MY11) has
been shown to be a highly sensitive and reliable method
for the detection of HPV infection [40]; however, it is not
practical for routine diagnosis due to the time required and
susceptibility to contamination. The MY09/11 primers were
redesigned as general, no-degenerate primers, PGMY09/11,
to improve the sensitivity, specificity, and reproducibility of
one-step MY-PCR. An analysis in 2004 found that com-
pared to MY-PCR, PGMY-PCR is slightly more sensitive
but significantly more efficient and has a larger HPV detec-
tion range, detecting the MY-PCR-negative types HPV-42,
HPV44, HPV51, HPV87, and HPV89 [41]. SPFs are primers
developed for universal detection of HPV which target a
highly conserved region of the HPV L1 gene, amplifying
numerous genital HPV types in one reaction [42]. Real-
time quantitative PCR (qPCR) methods can also be used
to analyze the expression of HPV early genes in LSIL and
HSIL. qPCR assays produce linear results over a wide range
of target concentrations. Quantitation over a range of 101 to
106 initial HPV copies was achieved using qPCR detection
of the accumulation of fluorescence with cycle number
[43]. By detecting and quantifying high-risk HPV, qPCR
demonstrated a relationship between viral DNA quantity and
risk of cervical carcinoma for the HPV types most commonly
found in cervical tumors [44]. Following PCR, the HPV
type may be identified through several methods including
direct cycle sequencing, which has long been considered
the optimal approach for accurate HPV identification and
genotyping [45]. A novel method, the HPV INNO-LiPA
(Innogenetics NV, Ghent, Belgium), a reverse hybridization
line probe assay, was found to have a higher degree of
sensitivity, be more rapid, and be more capable of identifying
multiple infections compared to PCR sequencing, though
PCR sequencing allowed for the detection of a broader range
of HPV types [46].

Baleriola et al. [47] has evaluated the efficacy of a
new HPV diagnostic kit, the high-risk HPV detection kit,
manufactured by Human Genetic Signatures (Australia). The
kit treats a Pap smear and/or liquid-based cytology sample
to isolate DNA and simplify the genome from four bases to
three by converting cytosine to uracil and eventually thymine.
Simplification of the genome allows for the design of high-
risk PCR primers that contain fewer mismatches and have
less cross-reactivity. PCR product is detected with agarose gel
electrophoresis and subsequent reflex PCR can identify the
individual strain(s). The HGS high-risk HPV detection kit



was found to have a statistically significant higher positive
predictive value as well as specificity, and a statistically
significant lower rate of false positives compared with HC2.

Another detection method, the HPV oligonucleotide
microarray (commercially available from Biomedlab Co.,
Republic of Korea), was evaluated by An et al. [48] and
Kim etal. [49]. The HPV-DNA-Chip contains 22 type-specific
probes, 15 of high-risk group (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68, and 69) and 7 of low-risk group (6,
11, 34, 40, 42, 43, and 44) that allow detection of the generic
and type-specific sequence of HPV types. DNA isolated from
patient specimens is amplified via PCR and labeled with Cy5-
dUTP, then hybridized onto the Chip and washed, followed
by visualization of hybridized signals with a DNA Chip
Scanner. While the time required for sample processing is
roughly equal to the HC2 assay, the HPV-DNA-Chip method
allows for the identification of individual HPV type as well as
detection of multiple HPV infections, which occurred in 21
of 140 cervical samples in the Kim et al. study [49]. When
the HPV oligonucleotide microarray was added to normal
cytologic screening, sensitivity improved significantly; An
found that of 33 patients who were underdiagnosed using the
cytologic smear method, 30 were identified as HPV positive
by the HPV DNA Chip test [48].

3.2. Sensitivity and Specificity of HPV Testing. The application
of HPV DNA testing alone or in combination with cervical
cytology in screening, treatment, and followup of cervical
cancer has been the focus a great deal of research in the
past two decades. A 2006 meta-analysis of split-sample
studies in Europe and North America that compared HPV
testing with routine cytology found that HPV testing had
significantly higher sensitivity than cytology, while cytology
had a higher positive predictive value (PPV), in detecting a
cervical intraepithelial lesion of grade II or worse (CIN2+),
confirmed via subsequent histologic examination [38]. One
study found that the lower specificity of HPV testing could
be overcome by performing cytology triage, that is, referring
high-risk HPV-positive patients to colposcopy and/or biopsy
only when subsequent cytology was suggestive of dysplasia
or cancer [50]. The ATHENA (Addressing the Need for
Advanced HPV Diagnostics) clinical trial similarly found
that HPV testing was more sensitive but less specific than
cytology for detection of cervical intraepithelial lesion of
grade IIT or worse (CIN3+); based on their results, the authors
recommend use of HPV testing as a primary screening test
and use of a specific test such as liquid-based cytology to
refer women for colposcopy [51]. The ATHENA study utilized
the cobas HPV test, a fully automated test with the ability to
detect HPV16 individually, HPV18 individually, and a pool of
12 other high- or intermediate-risk HPV genotypes (31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). This feature of the
test allowed for individual genotyping for HPV16 or HPV18,
high-risk HPVs associated with around 70% of invasive
carcinomas [52]. Triage to immediate colposcopy based on
detection of either or both of these HPVs provided increased
and more reliable identification of women with CIN3+ than
triage based on detection of ASC-US or worse with liquid-
based cytology [51]. A separate potential use of HPV testing
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is as a triage method for women who have received equivocal
results from cytological testing. A 2004 meta-analysis of
virologic and cytologic screening studies found that for
patients with ASC-US identified by Pap smear, HPV-DNA
testing with the HC2 assay had higher sensitivity than repeat
cytology for detecting CIN2+, though the specificity of both
methods was low [37].

3.3. Effect of HPV Testing on Incidence of CIN and Cervical
Cancer. Several recently published studies have examined
long-term outcomes of screening programs that incorporate
HPV testing. A large Netherlands-based randomized con-
trolled trial, the Population-Based Screening Study Ams-
terdam (POBASCAM), determined that women who were
screened for HPV DNA (with the GP5+/6+ PCR method) in
combination with cytology had fewer cervical intraepithelial
neoplasias of grade 3 (CIN3) and fewer cervical carcinomas
in a subsequent screen five years later, than those who were
screened with cytology alone [53]. The protective effect of
high-risk HPV testing was attributable in large part to early
detection and treatment of high-grade cervical lesions caused
by HPV16. A separate large randomized controlled trial in
Italy also found a significant decrease in cases of invasive can-
cer detected in women screened with HPV testing alone or
in combination with cytology compared to women screened
with cytology alone. The authors conclude that their data
support the use of stand-alone HPV testing as the primary
screening test [54]. In a cohort study of cervical cancer
incidence among coscreened patients at Kaiser Permanente
Northern California, a large managed care organization, a
negative HPV test result was sufficient to ensure a patient of
an extremely low risk of CIN3 or cervical cancer (3.2/100,000
women/year) over a five-year testing interval [55]. Similar
to the results of the Italian trial [54], the study found that
a negative cytology result provided no extra reassurance
against cancer.

3.4. Application of HPV Testing in Low-Resource Settings.
High-risk-HPV testing may be particularly valuable in low-
resource settings, where the majority (80%) of cervical cancer
cases occur, and where the infrastructure does not exist to
implement effective cytology-based screening programs. In
Colombia, for example, guidelines issued by the National
Cancer Institute recommend screening based on a 1-1-3
cytology strategy (annual conventional cytology until two
consecutive negative smears and every three years thereafter);
however, coverage rates are low, with one-year coverage of
women aged 25-69 ranging from 43.3% in the state of Boyaca
t0 56.8% in Caldas and three-year year coverage ranging from
66.6% in Magdalena to 81.3% in Caldas [56]. A comparative
analysis of HPV-DNA testing at three- or five-year intervals
versus conventional cytology at 1-1-3 or 1-1-1-3 intervals found
that HPV-DNA testing at a five-year interval was the least
costly per year of life saved (USD$44/YLS). While five-year
HPV-DNA testing had a lower effectiveness than the other
strategies, there was not a substantial difference in years of
life saved; furthermore, the longer time interval may allow
for screening to reach more women. This strategy was cost-
effective when cost per test was less than or equal to US$31;
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although actual costs per test are currently much higher,
implementation of the technology in a national screening
program would lower costs to the rate assumed in the study
[57]. In South Africa, where current public health guide-
lines recommend screening with conventional cytology (Pap
smear) at a 10-year interval, HPV-based screening was found
to reduce cervical cancer incidence and mortality by 41%
and 47%, respectively, relative to conventional screening [58].
While the study found that HPV testing was more expensive
than conventional cytology, analysis of the incremental cost-
effectiveness ratio (the ratio of the difference in costs to the
difference in effectiveness between two alternative screening
strategies) determined that HPV-based screening would be a
cost-effective option in South Africa.

The technical requirements of most HPV-DNA tests,
however, make them impractical for use in low-resource
settings. A new HPV test designed specifically for use in
developing countries was assessed for clinical accuracy in
screening tests in county hospitals in rural China [59]. The
careHPV test (Qiagen), a signal-amplification assay that
detects target HPV-DNA from 14 HR-HPV types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), is broadly
based on the HC2 test with modifications specific to low-
resource settings, such as a reduced assay time (2.5h or less,
compared with up to 6 h for HC2), which allows for same-
day testing and clinical followup; in addition, the test uses
only a small footprint of bench-top work space and requires
no main electricity or running water. The test was found
to be highly accurate for the detection of CIN2+, with no
significant difference between the sensitivity and specificity
of the careHPV test compared to the HC2 test on cervical
specimens, which suggests that it may be a feasible and
effective approach for implementing HPV-based screening in
developing regions of the world.

3.5. Management of Cervical Preinvasive Lesions. Following
histologic identification of cervical intraepithelial neoplasia,
surgical treatment is recommended for preinvasive lesions
of grade CIN2 or CIN3. The 2006 Consensus Guidelines
published by American Society for Colposcopy and Cervical
Pathology (ASCCP) and its partner organizations utilize a
two-tiered system in which histologically diagnosed CIN1 is
classified as a low-grade lesion and CIN2/3 are classified as
high-grade precursors [60]. No treatment is recommended
for CINI at the time of diagnosis because most low-grade
lesions regress spontaneously; studies have reported sponta-
neous clearance rates that reach 91% within 24-36 months of
a cytological result of LSIL [61, 62]. Instead, followup with
HPV DNA testing every 12 months or repeat cervical cytology
every 6 to 12 months is indicated; if CIN1 persists for at
least two years, either continued observation or treatment is
acceptable. HPV genotyping may be of predictive value in
identifying women whose CIN1 are most likely to progress to
high-grade lesions and/or cancer, since HPV16 and HPV18
are associated with a substantially higher risk of progression.
An Oregon-based cohort study reported that 10-year cumu-
lative incidence rates of >CIN3 were 17% among HPV16+
women and 14% among HPV18+ (HPV16—) women, but only
3% among HR-HPV+ women negative for HPV16 or HPV18,

and less than 1% among non-high-risk HPV- infected women
[63].

Although the risk of CIN2 progressing to invasive cancer
is low, diagnosis of CIN2 has limited reproducibility and
validity, and thus CIN2 is used as the treatment threshold
for safety reasons [64]. Surgical treatment options for CIN2/3
include ablative methods that destroy the affected cervical tis-
sue in vivo, such as cryotherapy, laser ablation, electrofulgura-
tion, and cold coagulation, as well as and excisional methods
that remove the affected tissue and provide a specimen for
pathological examination; these include cold-knife coniza-
tion, laser conization, electrosurgical needle conization, and
loop electrosurgical excision procedures (LEEPs), also known
as large loop excision of the transformation zone (LLETZ).
LEEP is now the favored procedure worldwide; although it
has not been shown to be more effective than other methods,
it has clinical advantages such as less operating time and
lower rates of hemorrhage, pain, and infection, and it is
less expensive and technically simpler than laser treatment
[65]. All of the excisional methods of treatment are asso-
ciated with adverse effects on future pregnancies including
increased risk of low birth weight and premature rupture
of membranes [66]; however, only cold-knife conization is
consistently associated with serious adverse outcomes such as
perinatal mortality and severe preterm delivery [67]. Ablative
treatment methods typically destroy a smaller amount of
cervical tissue and thus are less frequently linked to obstetric
morbidity, but ablation may not be appropriate where there is
suspicion of invasion, a larger affected area, or transformation
zones extending deep in the endocervical area [67].

3.6. Followup of Cervical Intraepithelial Neoplasia: The Role
of HPV Testing. Postsurgical followup of women treated for
CIN 2/3 with ablative or excisional methods is critical, since
treatment failure rates are estimated at 5%-15% across all
treatment modalities [68]. Failure can take the form of resid-
ual or recurrent CIN or invasive cervical cancer. One study
reported that in the first 6 years after treatment, recurrence
rates of CIN2/3 were 14.0% for women originally treated for
CIN 3 and 9.3% for CIN 2, while incidence of invasive cancer
was 37 per 100,000 woman-years in the cohort treated for CIN
compared to 6 per 100,000 woman-years in the comparison
cohort [69]. The ASCCP guidelines indicate followup with
HPV DNA testing at 6-12 months or with cytology at 6-
month intervals, with colposcopy recommended for women
who are HPV-positive or have a repeat cytology result
of ASC-US or worse [60]. The sensitivity of HPV-DNA
testing in detecting treatment failure is high, reported in
one meta-analysis to reach at least 90% at 6 months after
treatment, compared to 65% for conventional cytology, while
the specificity of HPV testing ranged from 44% to 95% in
the studies analyzed [70]. A British study reported that at 6
months after treatment, combined analysis of cytology and
a single high-risk HPV test predicted high grade disease
recurrence with a 100% sensitivity, 92% specificity, 100%
negative predictive value (NPV), and 20% positive predictive
value (PPV) [71]. In the case of persistent HPV infection after
treatment, HPV genotyping may allow for the classification
of women into risk groups. Venturoli found that women with



persistent HPV16 and/or HPV18 infection at 6 months after
treatment had a higher recurrence rate (82.4%) of CIN of any
grade than HPV16/18-negative women with persistence of at
least one other high-risk HPV type (66.7%) or at least one
probably high-risk type (HPV39, 51, 56, 59, 68, 26, 53, 66, 73,
and 82) (14.3%) [72]. It is highly recommendable, therefore,
that women with persistent high-risk HPV and particularly
those with HPV16/18 infection at 6 months followup undergo
colposcopy, per the ASCCP guidelines. In summary, high-
risk HPV testing appears to be a very sensitive method for
detecting recurrence of low- or high-grade CIN following
surgical treatment for CIN2/3, and its near-perfect negative
predictive value allows women who have cleared their HPV
infection to be returned to routine screening.

4. Gene Therapy Clinical Trials for
Cervical Cancer

If lesions are not identified and treated at the precancer-
ous stages, treatment options are limited for women with
metastatic or recurrent cervical cancer. Unfortunately, only
up to one third of patients with metastatic and recurrent dis-
ease will respond to drug chemotherapy, and these responses
are short-lived, on the order of months. Gene therapy strate-
gies targeted to HPV products could represent new treatment
options for cervical cancer and also other tumors in which
HPV participates as a cancer promoter. Currently, it is well
known that HPV E6 and E7 interact with a plethora of cellular
proteins, both nuclear and cytoplasmic, and participate in
molecular pathways involved in the activation and establish-
ment of the tumor phenotype. Hence, it is feasible to design
experimental strategies aimed to block the expression of viral
oncoproteins. HPV E6 and E7 oncoproteins are excellent
candidates for HPV therapeutic vaccination strategies, and
the most of the therapeutic vaccines that have been tested
in preclinical and clinical trials focus on interacting with
antigen-presenting cells to stimulate cytokine production and
T-cell activation. In addition, several efforts are focusing
on the development HPV therapeutic vaccines based in
attenuated virus and bacterial vectors, HPV peptide and
proteins, and specific tumor and dendritic cells, as well as
naked plasmid DNA-based vaccines.

Table 2 summarizes in systematic format information
about active cervical cancer gene therapy clinical trials
worldwide from 1989 to 2012. The data were compiled
from official agency sources such as the RAC, GTAC, and
OBA/RAC websites [73]. In many clinical trials, the safety,
tolerability, and immunogenicity of HPV E6 and E7 onco-
genes vaccines are evaluated in combination with immun-
otherapeutic and chemotherapeutic drugs. There are several
active studies and recruiting participants, for example, in
trial US-0595 evaluates the side effects and best dose of
pNGVL4a-Sig/E7(detox)/HSP70 which is an antigen-specific
DNA-vaccine consisting of the coding sequence of a signal
peptide (pPNGVL4a-Sig), a detox of HPV16 E7, and the heat
shock protein 70 (HSP70), in patients with CIN 2/3. Trial US-
0928 proposes to study the side effects and the best dose of
vaccine therapy, and to evaluate how well it works when given
with or without imiquimod in treating patients with CIN 3.
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In trial US-0984, the efficacy and safety of different routes of
administration of a naked plasmid DNA vaccine are analyzed
in patients with HPV16+ CIN 2/3. Trial US-1082 analyzes
the side effects of ADXS11-001, an HPV therapeutic vaccine
containing a live-attenuated strain of Listeria monocytogenes
encoding HPV16 E7 fused to a nonhemolytic listeriolysin
O protein, in patients with persistent or recurrent cervical
cancer. Trial US-1093 is a randomized, placebo-controlled
study to determinate the safety and efficacy of the VGX-
3100 DNA vaccine that contain plasmids targeting E6 and E7
proteins of both HPV16 and HPV18, which are delivered via
electroporation to adult women with biopsy-proven HPV16
or HPV18-associated CIN 2 or 3 [73, 74]. It is important
to note that proper clinical trial design is critical to ensure
the scientific validity of results, the potential benefits that
will accrue to society from the knowledge gained, and the
ethics of conducting experimentation on human participants.
Different design choices have implications for the risks and
benefits to human participants in a trial and for the eventual
applicability of research results in clinical practice. A classic
approach in many trials is to compare an intervention of
interest to standard treatment. Yet, whether and how to
include such a comparison arm is a complex question in
situations where multiple modalities are used, or where there
is a lack of consensus in the professional community about
which treatment is best.

Although there is currently limited clinical information
about gene therapy in cervical cancer patients, then trials
discussed could establish proof of concept; therefore, it could
be feasible to use gene therapy in situ. However, the choice of
gene target is the most relevant part on this kind of clinical
protocols. In summary, the clinical trial findings will address
broad issues about gene therapy vaccines including efficacy,
duration of protection, and global impact of vaccination
on HPV-related tumors; though these vaccines have the
potential to significantly improve cervical cancer outcomes,
continued screening will still be required after intervention.

On the other hand, although many studies have described
the induction of cancer cell death in vitro by administration
of specific small interference RNAs (siRNAs) for HPV16/18
E6 and E7 oncogenes in cervical cancer cells in vitro,
few protocols have been complemented with animal tumor
models with demonstrated eradication of tumors in vivo
[75, 76]. This is a necessary phase in drug development
before siRNA technology can be applied in clinical studies
in humans. An aspect that needs to be analyzed in depth is
the question of dosage quantities and the efficiency of siRNAs
againsta particular tumor. Although the first studies of siRNA
against cervical cancer used chemically synthesized siRNAs,
subsequent reports have used other molecular vectors to
induce transcription of bioactive siRNAs with suppressive
effects on tumor evolution both in vitro and in vivo [77-
79]. When molecular vectors were used, the expression
of the HPV oncogenes was inhibited in a more efficient
manner. The specific delivery of siRNAs is still a limiting
condition in the different models under study. However,
the use of adhesive biogels, in combination with liposomes
and chemotherapeutic drugs, shows promise, providing a
greater efficiency in the release and dosage of siRNAs at
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TABLE 2: Active gene therapy clinical trials for cervical cancer worldwide from 1989 to 2012.

ID trial  Trial title/countr Indication/clinical itat;ls‘/lz(eia:r Gene(s) Vector used/administration Gene
Y phase app! transferred route delivery
initiated
A randomized, double blind,
placebo-controlled, parallel group,
multicenter study of the safety and
response rate of 3 subcutaneously ~ Cervical (i) delE6
BE-0024 administered doses of 5 x 10’ pfu intraepithelial Open (ii) delE7  Vaccinia virus/ND ND
RO5217790 in patients with high neoplasia. 2009-ND (iii) IL-2
grade cervical intraepithelial Phase I
neoplasia grade 2 or 3 associated
with high risk HPV infection.
Belgium
Gendicine intratumoral injection ~ Cervical Open
CN-0010 combined with radiotherapy for carcinoma. N 0% 3-ND p53 Adenovirus/intramuscular ND
advanced cervical carcinoma. China Phase IIT
A randomized, double blind,
placebo-controlled, parallel group,
multicenter study of the safety and Cervical
response rate of 3 subcutaneousl ) . (i) delE6
P Y intraepithelial Open
ES-0010 administered doses of 5 x 107 pfu neo l}:sia 20% 9-ND (ii) delE7  Vaccinia virus/ND ND
RO5217790 in patients with high P ) (iii) IL-2
P & Phase I
grade cervical intraepithelial
neoplasia grade 2 or 3 associated
with high risk HPV infection. Spain
Phase IT trial to assess efficacy of
TG4001 (MVA-HPV-IL2) in
i patients with grade 2/3 cervical CIN 2 and 3. Open (i) IL-2 T
FR-0032 intra epithelial neoplasia (CIN 2/3) Phase II 2004-ND (ii) HPV16 Vaccinia virus/ND ND
linked to HPV16 infection (protocol
TH4001.07). France
Clinical protocol. A phase II study.
Efficacy of the gene therapy of the
MVA E2 recombinant virus in the Cervical cancer Open
MX-0001 treatment of precancerous lesions Phase IT ’ N}l))—ND ND Adenovirus/ND ND
(NIC I and NIC II) associated with
infection of oncogenic human
papillomavirus. Mexico
Use of a recombinant vaccinia i(r::t:f';];cﬂhelial Open HPV E6
UK-0041 vaccine (TA-HPV) to treat cervical neo lfsia I 19I9) 6-ND and E7 Poxvirus/ND ND
intraepithelial neoplasia III. UK Phals) el ' oncogenes
Use of a recombinant vaccinia Eii:;ciihelial Open HPV E6
UK-0042 vaccine (TA-HPV) to treat cervical neo lfsia I 1937—ND and E7 Poxvirus/ND ND
intraepithelial neoplasia III. UK Phals)e I ’ oncogenes
A phase II, multicenter,
double-blind, placebo-controlled, .
dose finding study of ZYCl10la in Anogeniltal Open HPV £6 .
UK-0071 . neoplasia ITI. and E7 Naked plasmid DNA/ND ND
the treatment of high-grade 2001-ND
Phase IT oncogenes

squamous intraepithelial lesions of
the uterine cervix. UK
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TaBLE 2: Continued.

. s Indication/clinical Status/year Gene(s)  Vector used/administration Gene
ID trial ~ Trial title/country approved- .
phase s transferred route delivery
initiated
TA-HPV recombinant vaccinia
virus expressing the human
papillomavirus 16 and 18 E6 and E7
proteins: application to amend
currently approved protocol to add Cervical cancer Open HPV E6
UK-0074 a clinical trial involving Phase I ’ ZO%I-ND and E7 Vaccinia virus/ND ND
prime-boost strategy of TA-CIN oncogenes
administered in association with
TA-HPYV in high grade anogenital
intraepithelial neoplasia (AGIN)
patients (PB-HPV/01). UK
A phase 1 study to determine the
safety and immunogenicity of
vaccination with Listeria
US-0592 monocytogenes expressing human  Cervical cancer. Open HPV E7  Listeria In vivo
papilloma virus type 16 E7 for the ~ Phase I 2003-ND oncogene monocytogenes/intravenous
treatment of progressive, recurrent,
and advanced squamous cell cancer
of the cervix. USA
A phase I/II clinical trial of
pNGVLda-Sig/E7 (deto_x )/HSP_7O Cervical cancer. Open HPV16 E7 Naked plasmid .
US-0595  for the treatment of patients with . In vivo
HPVI16+ cervical intraepithelial Phases I and IT 2003-ND oncogene DNA/intramuscular
p
neoplasia 2/3 (CIN2/3). USA
Phase I, open-label, dose escalation
study to evaluate the safety,
tolerability, and immunogenicity of (i) HPV16
human papillomavirus (HPV) DNA E6 and E7
US-0916 plasmid (VGX-3100) + Cervical cancer. Open oncogenes Naked plasmid In vivo
electroporation (EP) in adult Phase I 2008-ND (ii) HPV18 DNA/intramuscular
females with histological diagnosis E6 and E7
of grade 2 or 3 cervical oncogenes
intraepithelial neoplasia (CIN).
USA
A phase I efficacy and safety study
of HPV16-specific therapeutic HPVI6+ (i) HPV16
DNA-r vaccinia vaccination in . . + HPV18 .
- . . high-grade cervical Open . Naked plasmid DNA + .
US-0928 combination with topical . (ii) E6 + A . In vivo
NN . . . dysplasia. 2008-ND Vaccinia virus/intramuscular
imiquimod in patients with Phase I E7
HPV16+ high grade cervical oncogenes
dysplasia (CIN3). USA
A randomized, double blind,
placebo-controlled, parallel group,
multicenter study of the safety and Cervical (i) HPV
response rate of 3 subcutaneously . tracpithelial Open E6 and E7
US-0958 administered doses of 5 x 107 pfu m lp . p Vaccinia virus/intramuscular In vivo
R05217790 in patients with high ~ D.¢oPlasia (CIN). - 2008-ND  oncogenes
L 1 Phase IT (ii) IL-2
grade cervical intraepithelial
neoplasia grade 2 or 3 associated
with high risk HPV infection. USA
A pilot study of
Phase I/1I 2009-ND oncogene DNA/intramuscular

cervical intraepithelial neoplasia 2/3
(CIN2/3). USA
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TaBLE 2: Continued.
. s Indication/clinical Status/year Gene(s)  Vector used/administration Gene
ID trial ~ Trial title/country approved- .
phase s transferred route delivery
initiated
Phase I, open-label study to evaluate
the safety, tolerability, and (i) HPV16
immunogenicity of a fourth dose of E6 and E7
US-1040 human papillomavirus (HPV) DNA Cervical cancer. Open oncogenes Naked plasmid In vivo
plasmid (VGX-3100) + Phase I 2010-ND (i) HPV18 DNA/intramuscular
electroporation (EP) in adult E6 and E7
females previously immunized with oncogenes
VGX-3100. USA
A phase II evaluation of
ADXS11-001 (NSC #752718, IND
US-1082 #13,712) in the treatment of Cervical cancer. Open HPV E7  Listeria In vivo
persistent or recurrent squamous or Phase IT 2010-ND oncogene monocytogenes/intravenous
on-squamous cell carcinoma of the
cervix. USA
Phase II placebo-controlled study of (i) HPV16
VGX-3100, (HPV16 E6/E7 HPV18 E6-E7
E6/E7 DNA Vaccine) delivered IM fusion
US-1093 followed by electroporation (Ep) Cervical cancer. Open protein Naked plasmid In vivo
with cellectra-5p for the treatment  Phase II 2011-ND (i) HPV18 DNA/intramuscular
of biopsy-proven CIN 2/3 or CIN 3 E6-E7
with documented HPV 16 or 18. fusion
USA protein

Clinical trial information obtained from http://www.abedia.com/wiley/index.html.

ND: no data provided.

Note. The table was created by the authors of this paper with the information obtained from http://www.abedia.com/wiley/index.html.

the tumor site [80]. The relevance of silencing the expression
of HPV E6 and E7 oncogenes with siRNAs will be better
appreciated once such strategies are applied in clinical pro-
tocols. This goal will require adequate analysis and design of
siRNA sequences to induce silencing of the E6-E7 bicistron,
selection of appropriate of cloning vectors for siRNAs, and
selection of molecular transport vehicles for siRNAs to
protect them from the action of endonucleases and allow
their administration in a site-specific and dose-dependent
manner, as well as in the design of treatment schemes
like chemotherapy, radiotherapy, or immunotherapy, to be
used in combination with siRNAs. Though much progress
remains to be made, siRNA technology represents a powerful
gene therapy strategy against the development of cervical
cancer.

5. Conclusions and Perspectives

Although early stage cervical cancers have a good prognosis
with a 5-year survival rate greater than 80%, clinical and
epidemiological evidence suggests that the natural history of
HPV in young women (aged <30 years) may be such that
establishment of a high-grade CIN lesion occurs early in
the course (within 2 years) of a high-risk HPV infection.
The consequences of HPV infection will depend on the
infecting HPV type and site of infection, as well as on
host factors that regulate viral persistence, regression, and
latency. HPV testing and identification of high-risk strains

and multiple infections has potential applications in the
screening, treatment, and followup of cervical intraepithelial
lesion. The identification and subsequent functional eval-
uation of host proteins associated with HPV E6 and E7
oncoproteins is the major challenge for their utilization as
molecular biomarkers and may provide useful information
in understanding cervical carcinogenesis for development
of specific targeting strategies against tumor cells. Many
experimental HPV vaccine strategies are being developed and
tested in preclinical and clinical trials, in combination with
immunotherapy and chemotherapy approaches to control of
HPV-associated cervical lesions and invasive cancers. The
principal factor for the prevention and treatment of cervical
cancer is the education of the society, which requires different
strategies in developing and industrialized countries [81-84].
The costs of different screening, treatment, and followup
strategies, as well as the economy and public health policies
of the regions of their potential application, are relevant in
providing effective and accessible care to the patient, while
meeting family and government budgets. Consider that the
total health care cost associated with the screening and
treatment of cervical cancer in the US is estimated to be
$6 billion dollars per year [85], which does not account for
additional costs to the patient, the patient’s family, and society
(economic and social).

In conclusion, educational strategies and organized
screening programs to detect HPV must be implemented
alongside research and development of new therapeutic
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vaccines infection in order to reduce rates of HPV infection
and cervical cancer. New gene therapy and siRNA-based
approaches could represent a major step in reducing morbid-
ity and mortality, but more work is required to achieve clinical
efficacy at a level that can challenge current therapy.
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