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ABSTRACT
Cervical cancer is the second cause of death from cancer among women worldwide. Long-term infection with the
human papillomaviruse (HPV) can lead to malignant anogenital tumors. The HPV oncogenic types 16 and 18
account for approximately 70% of cervical cancer and have received the greatest attention. Two pharmaceutical
companies, Merck and GlaxoSmithKline (GSK), have developed commercial versions of prophylactic HPV vaccine.
These vaccines are based on the intrinsic ability of the L1 viral capsid protein to self-assemble into virus-like
particles. Both of them target HPV16 and HPV18 with excellent safety profile and type-specific protection. However,
therapeutic vaccines are designed to treat preexisting HPV infections and have been focused on the viral oncoproteins,
E6 and E7. Various types of therapeutic HPV vaccines have been designed; and many of them are currently in
clinical trials. So far, combined approaches appear to be more promising for treating persistent HPV infections. The
aim of this review is to summarize the status of HPV vaccines and their perspectives.
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RESUMEN
Vacunas de virus de papiloma humano: estado actual y perspectivas. El cáncer cervical es la segunda causa
de muerte por cáncer para las mujeres en el mundo. La persistencia de la infección producida por el virus de
papiloma humano (VPH) puede conducir a la aparición de tumores anogenitales. Los tipos oncogénicos del virus,
16 y 18, contribuyen aproximadamente al 70% de los casos de cáncer cervical y han recibido la mayor atención.
Dos compañías farmacéuticas, Merck y GlaxoSmithKline (GSK), desarrollaron versiones comerciales de la vacuna
VPH profiláctica basada en la capacidad intrínseca de la proteína L1 de la cápsida del virus para auto ensamblarse
en partículas semejantes al virus. Ambas vacunas están dirigidas contra los tipos 16 y 18 con excelente perfil de
seguridad y protección tipo-específica. Sin embargo; las vacunas terapéuticas están diseñadas para tratar las
infecciones preexistentes causadas por el VPH y están basadas en las oncoproteínas E6 y E7. Varios tipos de vacunas
terapéuticas de VPH han sido diseñadas y algunas de ellas se encuentran actualmente en ensayos clínicos. En el
futuro, estrategias combinadas pudieran ser más promisorias para el tratamiento de infecciones persistentes causadas
por el VPH. El propósito de esta revisión consiste en resumir el estado de las vacunas de VPH y sus perspectivas.

Palabras clave: VPH, vacunas, cáncer cervical

Introduction
It has been estimated that 5.5% of the worldwide
incidence of cancer is attributable to human
papillomavirus (HPV) infection [1]. HPV infection is
the most important risk factor for cervical cancer;
yet, most infections are transient and asymptomatic.

Among the cancers attributable to HPV infection,
cervical cancer has received the greatest attention.
Cervical cancer is the second cause of death from
cancer among women worldwide; and the HPV
oncogenic types 16 and 18 account for about 50 and
20%, respectively [2]. Cervical cancer is more
prevalent in developing countries, where Papanicolau
(Pap) screening test is not widely available, and many
precancerous lesions go unnoticed and untreated.
Many studies have demonstrated that most patients
are unaware of HPV and its association with genital
warts and cervical cancer [3-5].

HPVs infect the stratified squamous epithelia of
skin and mucous membranes, where they cause benign
lesions, some of which have the potential to progress
to invasive cancer [6-8]. The benign lesions induced
by HPVs include nongenital and anogenital skin warts,
oral and laryngeal papillomas and anogenital mucosal
condylomata. Long-term infection can lead to malig-

nant anogenital tumors including cancers of the anus,
penis, vulva, vagina and cervix [9].

Taking into account the worldwide prevalence of
HPV and its diversity of symptoms, the design of
vaccines for prophylaxis and immunotherapy is re-
quired for reducing HPV transmission and virulence.

Human papillomavirus disease
After breast cancer, cervical cancer is the second cause
of death from cancer among women worldwide. HPV
is the most common sexually transmitted infection
and a known risk factor for cervical cancer [10]. The
HPV are a family of sexually transmited DNA viruses
with over 100 different genotypes. They are divided
into the low-risk (6, 11, 40, 42, 43, 44, 54, 61, 70, 72,
and 81) and high-risk (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68, 73 and 82) categories based on the
spectrum of lesions they induce. The low-risk types
primarily induce benign genital condylomas and low-
grade squamous intraepithelial lesions, whereas the
high-risk types are most frequently associated with
the development of anogenital cancers. In this regard,
infection with the HPV oncogenic types 16 and 18 has
received the greatest attention.
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HPVs are small, nonenveloped viruses with an
approximately 8 kb circular genome. This genome
encodes for 2 structural proteins, L1 and L2, which
form the viral capsid. Nonstructural proteins are im-
plicated in the virus life cycle. HPV infections usually
last months or years because the viral genome suc-
cessfully parasitizes the epithelial cells. Additionally,
the virus evades the immune system by limiting most
viral gene expression and viral replication to suprabasal
cell layers.

HPV infection is highly prevalent in young popu-
lation, with prevalence rates of approximately 50%
in sexually active adolescent girls and young women
[11]. Early age of first sexual intercourse is associated
with higher susceptibility to HPV infection, possibly
due to cervical immaturity [12]. In general, most geni-
tal HPV infections are benign; and a high proportion
of infections related to low-grade cervical dysplasias
spontaneously regress. Nevertheless, persistent cer-
vical infection with an oncogenic HPV type is an
important risk factor for progression to high-grade
dysplasia, which should be treated to prevent the de-
velopment of invasive cancer. The period of time
between the acquisition of HPV infection and the es-
tablishment of malignancy usually takes at least
10 years [13]. The incidence of cervical cancer pro-
gressively rises for women over 25 years old; and
women over 40 show the highest incidence.

Vaccines
According to the World Health Organization, HPV is
associated with 500 000 new cases of cervical cancer
and 250 000 associated cervical cancer deaths world-
wide each year [14]. Taking into account the worldwide
prevalence of HPV, the design of vaccines for prophy-
laxis and immunotherapy is required. The inability to
grow HPV in cell cultures is one major limitation for
vaccine development. Several vaccine strategies have
been designed by using HPV type-specific epitopes
involved in viral replication and transformation. Other
strategies are based on the intrinsic capacity of the
major papillomavirus virion protein (L1) to assemble
into virus like particles (VLPs) [15].

Prophylactic vaccines
The goal of prophylactic vaccines would be to create
an immunological barrier at the entry portal. Approved
prophylactic vaccines have been directed against in-
fective agents causing systemic disease. Neutralizing
antibodies generated by prophylactic vaccination
take an important role in protection. Several highly
successful prophylactic viral vaccines are based on
the induction of neutralizing antibodies [16]. There-
fore, it is reasonable to base prophylactic vaccines
against HPV on this principle. However, HPV does
not have a systemic phase before colonizing the epi-
thelium; and only after passing through the circulation
it is accessible to the neutralizing antibodies present
in the blood [17]. The presence of oncogenes in HPVs
suggests that a subunit vaccine approach would be
better than an inactivated vaccine or an attenuated
live-virus vaccine.

One of the most significant advances in gynecolo-
gic oncology was the development of vaccines to pre-
vent infection with HPV, which is found in virtually all

cervical cancers. Two pharmaceutical companies,
Merck and GlaxoSmithKline (GSK), were pioneers in
the development of prophylactic vaccines against HPV.
These are subunit vaccines based on L1, the major
papillomavirus virion protein, which has an intrinsic
capacity to assemble into VLP [15, 18] and contains
the immunodominant neutralization epitopes of the
virus. These VLP are morphologically indistinguisha-
ble from the outer shell of authentic virions. Given
that only a single structural viral protein is involved in
VLP production, they are noninfectious and nonon-
cogenic particles. The formation of VLP is important
for L1 vaccines because: (i) they can induce high levels
of neutralizing antibodies [15, 19]; (ii) the L1 epito-
pes recognized by neutralizing antibodies are confor-
mation dependent and predominantly type specific,
therefore, denatured L1 does not induce neutralizing
antibodies and does not protect against challenge with
heterologous papillomavirus [20]; (iii) compared with
structurally simple antigens, the ordered repetitive
arrangement of epitopes found on VLP surface induces
exceptionally potent antibody responses.

Although the vaccines developed by Merck (Gar-
dasil) and GSK (Cervarix) are based on the same
concept, there are notable differences between them.
Merck vaccine is tetravalent, containing VLPs of
HPV16, HPV18, HPV6 and HPV11. HPV6 and
HPV11 are considered not oncogenic, but together
they account for about 90% of external genital warts
[21], and they also cause an estimated 90% of recurrent
respiratory papillomatosis, a rare but debilitating
disease that can occur in infants, as well as in adults.
Merck VLPs are produced in the yeast Saccharomyces
cerevisiae and use alum as adjuvant [22]. GSK vaccine
is bivalent, containing VLPs of HPV16 and 18, the
two types that account for about 70% of cervical
cancer cases worldwide [21]. It is produced in insect
cells, via recombinant baculovirus and uses ASO4, a
proprietary adjuvant composed of alum plus mono-
phosphoryl lipid A [23]. Both vaccines use aluminium-
based adjuvants, which reduce the dose required to
induce peak antibody titers and help to stabilize the
vaccine during cold storage. These vaccines are ad-
ministered as three intramuscular injections over a
6 month period.

Two years ago, the Food and Drug Administration
(FDA) approved Gardasil, as the first vaccine to
prevent HPV infection in girls and women aged between
9 and 26 years [24]. This vaccine was shown to be
100% effective in preventing precancerous cervical,
vaginal and vulvar lesions caused by HPV16 and
HPV18 in women who were not previously exposed
to these strains of the virus [25]. Additionally, it pro-
ved to be 99% effective in preventing genital warts
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tects against infection with HPV16, HPV18, HPV6
and HPV11, it will not prevent individuals that have
been previously infected with either HPV16 or HPV18
from developing cervical cancer, which can occur up
to 10 years after infection. This vaccine does not pre-
vent individuals infected with other oncogenic strains
of HPV from developing cancer either. These results
suggest that cervical cancer screening will keep essen-
tial to detect cancer and precancerous changes caused
by other HPV types. Gardasil has remained effective

7. Zur Hausen H. Papillomaviruses and
cancer: from basic studies to clinical appli-
cation. Nat Rev Cancer 2002;2:342-50.

8. Bosch FX, Schiffman M, Solomon D,
editors. Future directions in epidemiologic
and preventive research on human pa-
pillomaviruses and cancer. J Natl Cancer
Inst Monogr 2003.

9. Schiffman M, Kjaer SK. Chapter 2: na-
tural history of anogenital human papillo-
mavirus infection and neoplasia. J Natl
Cancer Inst Monogr 2003. p.14-9.

10.  Pitts M, Clarke T. Human papillo-
mavirus infections and risks of cervical
cancer: what do women know? Health
Educ Res 2002;17:706-14.

11.   Ho GY, Bierman R, Beardsley L, Chang
CJ, Burk RD. Natural history of cervico-
vaginal papillomavirus infection in young
women. New Engl J Med 1998;338:
423-28.

12.   Kahn JA, Rosenthal SL, Succop PA, Ho
GY, Burk RD. Mediators of the association
between age of first sexual intercourse
and subsequent human papillomavirus
infection. Pediatrics 2002;109:E5.

13.  Snijders PJ, Steenbergen RD, Heideman
DA, Meijer CJ. HPV-mediated cervical
carcinogenesis: concepts and clinical im-
plications. J Pathol 2006;208:152-64.

14.  World Health Organization. Initiative
for vaccine research. Human papillo-
mavirus. 2006. Geneva, Switzerland,
World Health Organization, http://www.
who.int/vaccine_research/ diseases
viral_cancers/en/index3.html. Accessed
6/29/06.

15.   Kirnbauer R, Booy F, Cheng N, Lowy
DR, Schiller JT. Papillomavirus L1major
capsid protein self-assembles into virus-
like particles that are highly immuno-
genic. Proc Natl Acad Sci USA 1992;89:
12180-4.

16.  Zinkernagel RM. On natural and
artificial vaccinations. Annu Rev Immunol
2003;21:515-46.

17.   JB, Schneerson R, Szu SC. Hypothesis:
serum IgG antibody is sufficient to confer
protection against infectious diseases by
inactivating the inoculum. J Infect Dis
1995;171:1387-98.

18.   Hagensee ME, Yaegashi N, Galloway
DA. Self-assembly of human papilloma-
virus type 1 capsids by expression of the L1
protein alone or by coexpression of the L1
and L2 capsid proteins. J Virol 1993;67:
315-22.

19.  Rose RC, Reichman RC, Bonnez W.
Human papillomavirus HPV type 11 re-
combinant virus-like particles induce the
formation of neutralizing antibodies and
detect HPV-specific antibodies in human
sera. J Gen Virol 1994;75:2075-79.

20.   Breitburd F, Kirnbauer R, Hubbert NL,
Nonnenmacher B, Trin-Dinh-Desmarquet
C, Orth G et  al. Immunization with virus
like particles from cottontail rabbit papillo-
mavirus CRPV can protect against expe-
rimental CRPV infection. J Virol 1995;69:
3959-63.

21.  Muñoz N, Bosch FX, de Sanjosé S,
Herrero R, Castellsagué X, Shah KV et al.
International Agency for Research on
Cancer Multicenter Cervical Cancer Study
Group. Epidemiologic classification of
human papillomavirus types associated
with cervical cancer. N Engl J Med 2003;
348:518-27.



Milaid Granadillo and Isis Torréns HPV vaccines

Biotecnología Aplicada 2008; Vol.25, No.13

for 2.5 to 3.5 years after three doses; and it appears to
be safe. A separate study, known as FUTURE II [26],
showed that Gardasil prevented 100% of HPV-related
vaginal and vulvar precancers after two years. Two
additional Phase III studies were initiated in 2004 with
scheduled conclusive date at 2009, in order to evaluate
the efficacy of this vaccine in mid-adult women 26-45
years old and in 16-23 years old males.

The GSK vaccine, Cervarix, has shown to be pro-
mising in clinical trials [23]. This vaccine induced
approximately 100% protection from cervical dys-
plasia associated with HPV 16 and 18, and high levels
of protection against persistent infections with the
same types [23, 27]. Cervarix has demonstrated to be
partially protective against infection by a subset of
HPV types not included in the vaccine [24]. The cross-
protection was strong against HPV45, which is closely
related with HPV18. Merck has not reported any
result regarding cross-protection, so it is difficult to
know whether the cross-protection represents an ad-
vantage of GSK vaccine over Merck product.

Recent preclinical studies indicated that as for L1
VLP vaccines, the protection against experimental
papillomavirus challenge by L2 vaccination can be
mediated by neutralizing antibodies [28]. In contrast
to L1 VLP vaccination, vaccination with L2 induces
antibodies that cross-neutralize diverse mucosal HPV
genotypes in vitro [29]. These findings suggest the
possibility of a simple pan-HPV prophylactic vaccine
derived from L2 sequences. More recently, a preclinical
study was conducted to determine whether vaccina-
tion with HPV16 L217-36, a highly conserved epitope
in divergent HPV types, in the context of a synthetic
lipopeptide vaccine candidate, is broadly protective
against challenge with homologous and heterologous
pseudovirions. The results suggest that lipopeptide
approach has the advantages of direct chemical
synthesis, stability, potential to be delivered without
needles, and generation of cross-protection [30].

Therapeutic vaccines
After initiation of sexual activity, genital HPV in-
fections are rapidly acquired [31] but the malignant
progression with high-risk HPV types takes at least
10 years. The VLP vaccines are unlikely to induce re-
gression of established lesions [32], therefore the de-
velopment of effective therapeutic vaccines against
HPV is required.

Development of antivirals or therapeutic vaccines
against HPV could be the strategy to treat preexisting
viral infection. Antivirals have been developed for the
treatment of some viral infections [33], but not against
HPV. The potential vaccines have been focused on E6
and E7, the viral oncoproteins. These proteins are
required to maintain the transformed states of HPV-
induced neoplastic cells; therefore they are targets for
therapeutic vaccine intervention. HPV E6 is able to
interact with p53, leading to its dysfunction; and also
keeps the telomerase length above its critical point,
protecting the cell from apoptosis. HPV E7 binds to
retinoblastoma protein, leading to tissue proliferation.

Various types of HPV vaccine targeting HPV16 E6
and E7 proteins have been tested in experimental
approaches such as: viral and bacterial vector vaccines,
peptide vaccines, recombinant protein vaccines, DNA
vaccines and dendritic cells (DC)-based vaccines. Most

of the studies have focused on E7 because its sequence
is more conserved than that of the E6 gene, and it is
better expressed and immunologically characterized
[34].

Viral and bacterial vector vaccines
Viral, as well as bacterial vector vaccines are highly
immunogenic and can express proteins. Bacterial vector
vaccines can deliver engineered plasmids too. Both of
them have a limited clinical application because of
safety concerns and pre-existing viral immunity in the
recipient.

It has been reported that immunotherapy targeting
E6 and/or E7 using vaccinia vectors generates strong
cytotoxic T-lymphocyte (CTL) activity and antitumor
responses [35-38]. These preclinical and clinical re-
sults have shown the immunogenicity and safety of
therapeutic vaccines based on viral vectors, and pro-
vides the basis for further clinical efficacy studies.

Other studies have been performed using modified
adenovirus-expressing HPV16 E6 or E7 [39]. A recent
study described an adenovirus based delivery system
and showed that immunization with an adenoviral vec-
tor expressing calreticulin-HPV16 E7 fusion protein
eradicates E7-expressing established tumors in mice,
and induces long-term immunological memory [40].
In another study, the use of adeno-associated virus
encoding HPV16 E7 fused to heat-shock protein (Hsp)
was found to induce cellular immune responses and
antitumor activity [41].

Another viral vector vaccine strategy based on the
use of alphaviruses such as Semliki Forest Virus (SFV)
and Venezuelan Equine Encephalitis Virus (VEE), was
conducted to induce antitumor immunity. The ad-
vantage of this strategy is that these viruses express
the RNA of the E6 and E7 oncogenes into host cell
chromosomes. Moreover, there is no preexisting immu-
nity against these viruses in the majority of the po-
pulation. Two studies using SFV demonstrated the
effects of the immunization route on the induction of
specific CTL response [42, 43]. Interestingly, the VEE
replicon particles have DC tropism and are more
attractive for delivering HPV antigens and inducing
antitumor immunity [44].

Attenuated bacterial vectors (e.g., Salmonella,
Listeria monocytogenes, Lactobacillus lactis) can be
used as bacterial carriers to deliver proteins or plasmids
of interest to antigen-presenting cells. Salmonella has
been used as bacterial vector to develop vaccines en-
coding HPV16 E6 and E7 [45] or HPV16 L1 and E7
[46], and it has been found to elicit humoral and cy-
totoxic immune responses. Gunn and colleagues [47]
found that intraperitoneal or oral vaccination with re-
combinant Listeria monocytogenes secreting HPV16
E7 can induce regression of established tumors immor-
talized by HPV16. Similar findings were reported for
Lactobacillus lactis expressing E7 and IL-12 [48]. A
recent study with Listeria as bacterial vector vaccine
showed eradication of solid implanted tumors in a
transgenic mouse model of cancer [49].

Peptide vaccines
The concept of HPV peptide vaccines is based on
identification and chemical synthesis of immuno-
dominant T-cell epitopes which can induce specific
immune responses. The relative ease of construction
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and production, chemical stability, and lack of oncoge-
nic or infectious potential have made peptides attrac-
tive vaccine candidates. However, several obstacles
limit the widespread usefulness of peptide vaccines,
including their low immunogenicity and need for a
better adjuvant. Nonetheless, current efforts are de-
fying these limitations and many promising disco-
veries are making their way to improve this approach.

Approximately 40% of Caucasians carry HLA-A2
alleles; therefore the HPV16 E7 peptides presented
by this allele were employed as immunogens in clinical
trials [50]. In a Phase I study [51] two HPV16 E7
peptides known to be recognized by CTLs were used
in escalating doses with Incomplete Freund’s Adjuvant
to treat patients with cervical intraepithelial neoplasia
(CIN)/vulvar intraepithelial neoplasia. Three out of
10 patients controlled dysplasia after peptide
vaccination suggesting clinical benefits of peptide
vaccines in CIN patients. The significant finding of
this study was that the majority of patients had a
detectable immune response in peripheral blood cells
after four injections of the E712-20 peptide vaccine. The
augmented immune responses observed in this trial
are similar to those observed in a peptide trial in vaginal
and cervical cancer [50].

In two separated studies, the use of CpG
oligodeoxynucleotide [52] and dsRNA (poly I:C) [53]
as adjuvants mixed with CTL peptides demonstrated
antitumor therapeutic efficacy.

The potency of HPV16 E7 peptide-based vaccines
can be enhanced by using a new adjuvant, in which
gangliosides are incorporated into the outer membrane
protein complex of Neisseria meningitidis to form very
small size proteoliposomes (VSSP) [54]. We have
demonstrated that a vaccine composed of a minimal
CTL peptide mixed with VSSP adjuvant can generate
strong E7-specific antitumor immunity. This prepa-
ration might be successfully used to enhance tumor-
specific antigen presentation, thereby increasing
antigen-specific antitumor immune response. These
results suggest that VSSP markedly enhance the
number of tumor specific CTLs [55]. Daftarian and
colleagues [56, 57] have performed two separated
studies using VacciMax, a proprietary combination of
encapsulated CTL epitopes fused to the T-helper
epitope. Their results suggest that a single adminis-
tration of VacciMax induces eradication of established
HPV16-expressing tumors in young mice [56] and
rejection of large HPV16-expressing tumors in aged
mice [57].

In contrast, the use of long E6 and E7 overlapping
peptide vaccines containing all potential CTL and T-
helper epitopes, may elicit an effective HPV16-spe-
cific response able to eradicate preexisting infections.
The long peptide vaccine concept was tested in animal
models and further confirmed in human beings. In mice,
an HPV16 E7 long peptide vaccine induced strong
HPV16-specific CD4+ and CD8+ T-cell immunity,
capable of eradication of established HPV16-positive
tumors [52]. Subsequently, this concept was tested in
the cottontail rabbit papillomavirus outbred rabbit
model [58]. In this regard, a clinical grade synthetic
long peptide vaccine was defined. In a Phase I trial,
four subcutaneous injections with a pool of peptides
in Montanide ISA-51 in patients with advanced cer-

vical cancer revealed that this vaccine was safe and
immunogenic [59]. In order to delineate the T-cell
response induced by the HPV16 synthetic long pep-
tide vaccine in human beings, Welters and colleagues
[60] assessed the magnitude, breadth, type and po-
larization of vaccine-induced HPV16-specific T cells
in a group of six patients, who were vaccinated af-
ter surgical removal of their HPV16-positive cervical
tumor. They concluded that the HPV16 E6 and E7
synthetic long peptides are able to vigorously enhan-
ce the number and activity of HPV16-specific CD4+

and CD8+ T cells to a broad array of epitopes in all
vaccinated patients.

Recombinant protein vaccines
Protein vaccines have many advantages compared with
peptide vaccines. Protein based-vaccines bypass ma-
jor histocompatibility complexe (MHC) restrictions
because they contain whole MHC epitopes for indu-
cing humoral and cellular responses. Although protein
vaccines are appropriate to elicit humoral responses,
using an adjuvant can change and direct the type of
response elicited by the vaccine.

Preclinical studies with Quil-A and CpG-oligode-
oxynucleotide as adjuvants mixed with E7 recombinant
proteins showed E7-specific CD4+ T helper lympho-
cytes and CD8+ CTL responses against challenge with
HPV16 E7-expressing tumors [61, 62]. In other pre-
clinical study, immunization of C57BL/6 mice with
fusion protein comprising Mycobacterium bovis BCG
Hsp 65 linked to HPV16 E7 (Hsp-E7) protected the
animals against challenge and rechallenge with a mu-
rine tumor cell line (TC-1) expressing E7 protein [63].

In a clinical trial based on Hsp-E7 for the treatment
of CIN3 no patient had progressive disease and 48%
had complete responses [64]. More recently the use
of Hsp-E7 fusion protein has resulted in some clinical
responses when administered to patients with cervical
and anal precancerous lesions [65-67].

Other fusion protein strategies have been used. In a
Phase I clinical trial it was observed that the
immunization with HPV16 L2/E6/E7 fusion protein
induced humoral and T-cell-mediated immune res-
ponses [68]. Lacey and colleagues conducted a Phase
II clinical trial using TA-GW fusion protein (HPV6
L2 fused to E7 protein) for the treatment of genital
warts [69].

DNA vaccines
Compared with protein or peptide vaccines, DNA
vaccines allow sustained expression of antigen on
MHC-peptide complexes and the vaccine components
are produced within the host cells. Several strategies
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[71] demonstrated the enhancement of E7-specific
immune responses and DC survival by co-admi-
nistration of E7-containing DNA with DNA encoding
antiapoptotic proteins. Hsu and colleagues [72] repor-
ted the increased immunogenicity of a DNA vaccine
(conjugation of Hsp 70 to HPV16 E7 genes) against
tumor challenge. One of the most recent studies ex-
ploring DNA-based approaches combines a DNA
vaccine with Hsp 70; and demonstrates that using
autologous Hsp 70 enhances antigen specific immune
responses in a therapeutic setting [73].

Plasmid DNA encoding fragments derived from E6
and E7 of HPV16 and HPV18 was encapsulated in
biodegradable particles (ZYC101a), and applied to wo-
men with CIN2 or CIN3, showing 67-72% resolution
of CIN2/3 in < 25-years-old age group versus 23% in
placebo group [74]. On the other hand, delivery routes
of plasmid DNA play an important role on the nature
of immune responses. In this regard, previous studies
have suggested gene gun delivery as the best approach
for DNA vaccine delivery in animals [75, 76].

DC-based vaccines

The importance of innate responses, and specially
DCs for the optimal development of specific immune
responses, is well known. DCs are essential for ini-
tiating an immune response, presenting the antigen to
the T cell, and determining the nature of the immune
response developed by T cells. A better understanding
of DC biology, the cytokines produced by DCs and
their mechanisms for antigen presentation will allow
better vaccine designs. The immune status of cancer
patients at the time of immune treatment is another
aspect to be taken into account.

In patients with cervical cancer (HPV16 and 18
positive), E7-pulsed autologous DC promote the in-
duction of human papillomavirus-specific CD4+ and
CD8+ lymphocytes. A strong CD8+ CTL response,
capable of lysing autologous HPV-infected cancer cells
in these patients was demonstrated [77]. In a pilot
clinical study of 15 cervical cancer patients treated
with DC-based vaccine, specific cellular immune res-
ponses were detected in four out of 11 patients [78].
Although DC-based therapies are still being pursued,
no significant advances have been detected in ei-
ther delivery methods or combination therapies which
address immune evasion strategies by HPV.

Final considerations
Undoubtedly, one of the most significant advances in
gynecologic oncology was the development of vacci-
nes to prevent HPV infection. They are expected to
reduce the burden of HPV infection and its related di-
seases within a few decades. Several questions are
directly related to the performance of the vaccine: (i)
protection endurance; (ii) induction of cross-protec-
tion against genital infection by HPV types which are
not included in the vaccine; (iii) protective capacity in
men. On the other hand, general knowledge about HPV
and HPV-associated diseases is limited and may affect
vaccine acceptability. The sexual nature of HPV in-
fection may introduce barriers to parental consent not

previously encountered with other vaccines. HPV-
associated cervical cancer is more prevalent in the
developing world, where screening with the Pap test
is not widely available. Additionally, the HPV vaccine
is likely to be more expensive than many other vaccines
directed against several diseases.

VLP vaccines are unlikely to induce regression of
established lesions; therefore, a therapeutic vaccine
against HPV infection would be highly desirable to
prevent the cancer-associated complications of HPV
infections. Various types of therapeutic HPV vacci-
nes have been described in experimental systems, and
many of them are being tested in clinical trials. There
are notable differences among therapeutic vaccine
strategies (Table 1). Peptide, protein, DNA and viral/
bacterial vector based vaccines are promising approa-
ches for human use. In contrast, DC-based vaccines
are patient-specific; thus, their commercialization is
limited. Current treatment of cervical dysplasia is res-
tricted to excisional or ablative procedures that re-
move or destroy cervical tissue, with efficacy rates of
approximately 90%. Conventional procedures such
as chemotherapy, radiation and surgery have some
limitations in treating most malignancies. Therapeutic
vaccines have certain advantages over conventional
approaches because they are well tolerated and very
specific, and they have long-term effects. Taking these
reasons into account, combined approaches may also
be useful for treating persistent HPV infections. Using
therapeutic vaccines as adjuvant modality would be
expected to increase clinical benefits in cervical cancer
patients under conventional therapies. Challenges of
therapeutic vaccines include the immunocompromised
state of cancer patients, difficulties in stimulating the
immune system, the immune evasion mechanisms used
by tumor cells, and safety concerns.
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Table 1. Advantages and disadvantages among therapeutic HPV vaccine types 
Vaccine type Advantages Disadvantages 

Viral/Bacterial 
vector 

-highly immunogenic 
-CTL epitopes can be naturally processed and 

presented, and can be more efficiently delivered 
to target cells 

-generation of anti-vector humoral 
immunity 

-safety concerns 

Peptide -lower costs 
-safe 

-relatively easy to produce 

-poorly immunogenic 
-HLA restriction 
-labile in vivo 

Protein -circumvention of the need for HLA matching -appropriate to elicit humoral 
responses, when administered 

alone 
DNA -overcoming the limitation of HLA restriction 

-plasmid DNA contains unmethylated CpG 
motifs that may act as potent immunological 

adjuvants 
-relatively inexpensive, easy to purify, and very 

stable 
-no preexisting immunity 

-safe  

-weak intrinsic potency of naked 
DNA vaccines 

DC -ex vivo maturation and stimulation of DC 
bypassing the viral negative regulation  

-directly targeting DC to induce vigorous 
immune responses 

-high costs 
-patient-specific 

-limited commercialization 
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