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Abstract

Cervical cancer (CC) is a major public health problem in
developing countries and its most significant etiological risk
factor is infection by the human papillomavirus (HPV). The
main approach to date for the prevention of CC has been
through screening programs, using the cervical smear (PAP
test) to detect precursory lesions. The sensitivity and speci-
ficity of the PAP smear depend on the skills of the observer
to recognize and classify a variety of cellular abnormalities.
The development of early diagnoses to detect HPV infection
has been a problem as cytology and colposcopy identify the
lesion at an advanced stage.Therefore, molecular approaches
have become more successful for early CC diagnosis. These
molecular techniques recognize HPY DNA sequences by
DNA hybridization, PCR-RFLP hybrid capture and reverse line
blot systems. Unfortunately, these systems cannot determine
whether the HPV infection is active, latent or persistent.Thus,
immunological techniques such as Western blot and ELISA
have been designed to follow the immune response against
the virus, and they can also be used to identify the stage of
the infection. Several companies have developed, manufac-
tured and merchandised gene-based testing systems for the
screening, monitoring and diagnosis of HPV. Our review and
comments focus on the critical analysis of existing products
and their use in clinical practice as well as on immunological
systems used mainly in research, but that may be applied in
large population screening programs.
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Resumen

El cancer cervical (CC) es el mayor problema de salud pu-
blica en paises en vias de desarrollo, al ser la infeccién por
el virus del papiloma humano (HPV) el factor etioldgico mas
importante de esta enfermedad. Actualmente, el principal
acercamiento para la prevencion del CC ha sido a través de
programas de deteccién oportuna del céncer, lo cual se ha
realizado a través del estudio citoldgico del Papanicolaou
(Pap) para la deteccion de lesiones precursoras. Sin embargo,
la sensibilidad y especificidad de la prueba de Pap depende de
la destreza del observador en el reconocimiento y clasifica-
cién de diferentes anormalidades en las células. El desarrollo
de sistemas de diagnéstico temprano para la deteccion de la
infeccién por HPV ha sido problematico debido a que tanto
la citologia como la colposcopia identifican la lesion cervical
en estadios muy avanzados. De esta forma, la aplicacion de
las pruebas moleculares ha sido exitosa en el diagnéstico
temprano del CC. Estas técnicas moleculares se basan en el
reconocimiento de secuencias de ADN de HPV por medio de
hibridacion del ADN, PCR-RFLP, captura de hibridos (hybrid
capture) y el sistema de linea reversa (reverse line blot).
Desafortunadamente, estos sistemas no pueden identificar
si se trata de una infeccion activa, latente o persistente. Por
esta razén, las técnicas inmunoldgicas como el Western blot
y el ELISA han sido disefiadas para realizar el seguimiento
de la respuesta inmune contra el virus. Por ello, aqui se hace
una revisién de las técnicas moleculares utilizadas para de-

() Departamento de Interaccion Epidemioldgica, Centro de Investigacion sobre Enfermedades Infecciosas, Instituto Nacional de Salud Publica. Cuernavaca,

Morelos, México.

(2) Direccion de Infecciones Cronicas y Cancer, Centro de Investigacion sobre Enfermedades Infecciosas, Instituto Nacional de Salud Publica. Cuernavaca,

Morelos, México.

Received on: July 28,2008 * Accepted on: March 9,2009
Address reprint requests to: Lourdes Gutiérrez-Xicoténcatl. Centro de Investigacion sobre Enfermedades Infecciosas,
Instituto Nacional de Salud Publica. Av. Universidad 655, Col. Santa Maria Ahuacatitlin. 62100 Cuernavaca Morelos, México
E-mail: mIxico@correo.insp.mx

salud piiblica de méxico | vol. 51, suplemento 3 de 2009

$479



ARTiCULO DE REVISION

Gutiérrez-Xicoténcatl Ly col.

Key words: human papillomavirus; uterine cerival neoplasms;
diagnosis

tectar el HPV, como factor de riesgo del CC, asi como las
técnicas inmunoldgicas desarrolladas para el seguimiento
de la respuesta inmune contra este virus. Existen diferentes
compafias que han desarrollado, manufacturado y comereciali-
zado pruebas diagnosticas basadas en identificacion de genes
para el tamizaje, monitoreo y diagndstico de HPV. Nuestra
revision se enfoca en el andlisis de productos que existen en
el mercado, asi como en los sistemas inmunoldgicos usados
en investigacion y en programas de tamizaje de extensas
poblaciones.

Palabras clave: virus del papiloma humano; neoplasias del
cuello uterino; diagnéstico

Cervical cancer (CC) is one of the main public health
problems worldwide, and it accounts for 231 000
deaths each year."> More than 80% of the 500 000 new
cases of CC are diagnosed in developing countries, and
Latin America is the region with the highest incidence
rates in the world.>* In Mexico, CC is one of the major
causes of mortality among young women 35 to 59 years
of age, and it accounts for around 5 000 deaths every
year.> The introduction of effective population-based
screening programs using the Papanicolaou test (Pap)
to detect precancerous lesions has significantly reduced
the number of CC cases in developed countries, but this
has not been the case in developing countries. Despite
the existence of a national screening program since
1974, it is estimated that only 13% of the CC cases are
detected in Mexico and this is due to the quality of the
diagnostic system. In fact, mortality rates attributed to
CCin Mexico have remained stable during the last three
decades, at around 17 deaths per 100 000 women.5”

The viral origin of cervical cancer has now been
proven beyond any reasonable doubt.®” Recent stud-
ies have shown that HPV DNA can be found in 99.7%
of all cervical carcinomas and types 16, 18, 31 and 45
are those most frequently found.®!° Based on these
observations, anogenital HPVs have been divided
into two groups: the first is associated with a high risk
(HR) of cervical cancer development —the HR-HPVs
(16,18,26,31,33,35, 39,45,51,52,53,56,58, 59,66,68,73 and
82)- and the second with low carcinogenic potential
—the low risk (LR) HPVs (6,11,40,42,43,44,54,61,72 and
81).1°Tt has now been proven that infection with an HR-
HPV is a necessary prerequisite for the development
of CC, and this is why the World Health Organization
(WHO) has recognized HPV-16 and HPV-18 as carci-
nogenic agents for humans.

Itis very well known that the role the HPV infection
plays in the development of CC generates a humoral
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immune response against various viral antigens, but
especially against the L1 major capsid protein.!! How-
ever, many of the techniques used to diagnose other viral
infections have not been successful in the diagnosis of
HPV infections due to the fact that it has not been pos-
sible to grow this virus in cell culture. Only recently
have the HPV particles been propagated in vitro in raft
cultures and xenografts,'> but the amount of viral par-
ticles obtained is very low to generate enough protein
burdens to be used in immunological tests. Therefore,
the development of alternative ways of producing
large-scale HPV antigens has been essential to achieve
an immunodiagnosis of HPV.

The detection of HPV DNA has been used as a
marker for the presence of the virus in a cervical lesion,
although this is not indicative of a productive infection
or presence of a cervical lesion. Thus, clinical lesions
and cytological alterations remain the most frequent
methods used to identify precancerous lesions, some
of which may be associated with the presence of HPV
infection. However, nowadays clinicians are misusing
Pap test and colposcopy to diagnose viral lesions. For
this reason, molecular techniques have recently been
introduced to detect HPV DNA in cervical samples
that, in combination with Pap and colposcopy tests,
aim to identify HPV infected women at risk of devel-
oping CC.

Human papillomavirus

HPV is part of the newly described papillomaviridae
family.’® These viruses range in size between 55 and
60 nm and contain a capsid and a double strand DNA
genome approximately 8 000 bp long.!* The viral ge-
nome contains open reading frames (ORFs) organized
in three regions: the early expression region (E), the late
region (L) and the long control region (LCR) that bears
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the origin of viral replication and transcription.' The E
region codes for proteins related to replication (E1) and
to activation or repression of the viral DNA (E2). The E1
protein is an ATP hydrolyze and it is essential for HPV
replication,'® while the E2 protein is a DNA binding
protein able to trans-activate the HPV LCR region.!”!
The E2 ORF codes for at least two proteins that function
as transcription factors and as internal regulators of the
viral E6 and E7 oncogenes expression.”® The deletion of
the E2 OREF is frequently observed in biopsies of cervi-
cal cancer and this suggests that the loss of the E2 gene
expression allows for the over-expression of the E6 and
E7 oncogenes which, in turn, initiates the transformation
process.' E4 is another early expressing protein that
binds to the cytoskeleton, to cytokeratins and to zinc,
and these activities seem to be related to the collapse of
the cytoskeleton, which enhances virus release.”?

The mechanisms through which HPVs induce
cell transformation have been intensively investigated
during the last few years. The E6 and E7 open reading
frames are the most abundant viral transcripts in tumors
and tumor cell lines; these oncogenes are necessary and
sufficient to induce an HPV-mediated transformation of
murine cells? and the immortalization of human fibro-
blasts.? Moreover, the E7 gene corresponding to an HR
type cooperates with ras in the transformation of baby
rat kidney cells and primary human keratinocytes.”?
The greatest evidence of the involvement of E6 and
E7 in the process of malignant transformation comes
from biochemical studies. E6 and E7 from HR-HPV
types have the ability to alter pathways involved in cell
cycle control by interacting with and neutralizing the
regulatory function of suppressor proteins p53 and pRb,
respectively.?? More recently, it has been shown that
HPV-16 E7 binds to other proteins that are important for
the progression of the cell cycle, such as the pRb-related
protein p107 and the cyclin A/CDK2 complex that in-
hibits the interaction of pRb and the E2F promoter. All
these studies suggest that the E7 protein plays a central
role in the transformation process.

The E6 protein from HR-HPVs can induce the rapid
degradation of p53 through an ubiquitin-dependent
pathway,® and it is able to interfere with the transcrip-
tional function of p53 in vivo.?® Summarizing, it can be
pointed out that oncogenic E6 and E7 proteins abolish
the negative growth regulation process through the
inhibition of proteins such as p53 and pRb, resulting in
genetic instability, and through the accumulation of mu-
tations that might contribute to the final oncogenesis.

E5 is another oncogenic HPV protein able to in-
duce the growth of murine cells in soft agar; this effect
increases with the presence of EGF.* It is also known
that E5 increases the half-life of EGF and PDGF receptors
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in cells that have been transfected with it.”” Contrary to
the behavior of E6 and E7, the E5 oncogene is lost in the
late stages of CC due to the viral integration into the host
genome; however, high levels of mRNA and protein
are found in LSIL (low grade squamous intraepithelial
lesion).? Its close association with growth factor recep-
tors could suggest that E5 plays a key role in the viral
life cycle and that it may have an important function
in the early development of the neoplasia, but it does
not appear to be essential for the maintenance of the
transformation stage.

Thus, it can be said that the development of cervical
cancer is the consequence of an abortive viral cycle that
generates the deregulation of the cell cycle at different
levels, depending on the different HPV oncogenes (E5,
E6 and E7), all of which allow the initiation of the ma-
lignant process.

Molecular biology-based techniques

There are several molecular techniques used for HPV
DNA detection, most of which are used for research
purposes. They include: a) DNA hybridization,* b)PCR-
RFLP ¢) reverse-line hybridization® and d) hybrid
capture assay.>* The method most commonly used is the
polymerase chain reaction (PCR). At present, several
primers from different HPV genes have been designed,
but the most popular ones are based on the L1 gene.
Amplification of HPV DNA by L1 consensus primer
systems (e.g.,, MY09/11 or GP5"/6%) can detect as few
as 10 to 100 molecules of HPV targets from a genital
sample (Table I).5%

Detection of human papillomavirus infection by nucleic acid
hybridization

Single-stranded nucleic acid molecules that are comple-
mentary to each other will form hybrids under appro-
priate conditions. Hybridization tests are based on this
phenomenon and they employ labeled probe molecules
to detect specific complementary target molecules.
Nucleic acid hybridization is the most sensitive method
for detecting HPV in clinical specimens and the only
one capable of identifying specific HPV types. There
are many alternative hybridization test formats; most of
them use either filters or glass slides as solid supports.
Of the established tests, Southern blot hybridization
remains the most sensitive and specific test for HPV
DNA,¥ but has the drawback of also being the most time
consuming. Several novel methods are promising and
some innovative procedures may eventually dominate
routine nucleic acid detection. The ideal test should be
simple enough to allow automatization.

§$481
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Table |

COMPARISON AMONG DIFFERENT TEST FOR HPV DETECTION

Test Detects Use Sensitivit Specificit Lesion associated
¥y p Y
Papanicolaou ?et:’r:/?c;rlnzlc::;tsin Possible cervical lesions 50-84 % 91.25% Possible cervical lesion
Colposcopy ;:S:;"cal "M€" Cervical lesions 95% 63.75% Cervical lesion
Virapap/ViraType? HPV DNA Detection of 7 HPV types 79% 79% vasive Cancer
PCR-restriction HPV DNA Detection and genotyping 99.5 % 97.5% Cervical cancer
Hybrid capture 212 HPV DNA Detection of high (9) or low-risk 7 5 ¢/ 88.9 % HSIL
mixed types (5) (separate assays)
) . ., 1000 HPV DNA copies Depends on viral load
Hybrid capture I1°1%2  HPV DNA an;:;tL°”e‘°sf(h;§h(s(;3;fa“t:’ ::s';"’:) sk o 0.2-1 pg HPV DNA 667% HsIL
i P Y >96% A (CIN 2/3+)
Detection and genotyping of 25 types 98.4% )

. . ) > ; 4% HPV prevalence increases
INNO-.LIPA det|0e3ct|on/ HPV DNA (hlgh-a.nd low-risk) and f-globin gene mild-severe dyskaryo- 79.4% as the severity of the cervi-
genotyping assay detection (same assay). ) S

sis cal lesion increases
Detection and genotyping of 27 types Low cross-
Reverse-line blot 3° HPV DNA (low and high-risk) and f-globin gene  10-100 copies/ PCR reactivity be- HPV prevalence
detection (same assay) tween types
HPV prevalence increases
No cross- as the severity of the cervi-
Detection of 13 mixed high-risk 100 copies/ PCR of high reactivity cal lesion increases
AMPLICOR HPV test '*  HPV DNA types and B-globin gene detection risk types to low-risk ’
(same assay). 95.2% ;);p;:/ CIN2-3
e HSIL
Linear Array HPV3 HPV DNA Det.ectlon and genotyping of 37 ano- Still in trial Multiple infections
genital types.
COBAS TagMan HPV HPV DNA High risk types and viral load Still in trial Screening test
ELISA-VLP-16 bN:(;‘iter:"Zi“g ANt by exposure 53% 97 % Cervical cancer
- . . Anti-E4: LSIL
ELISA-early proteins”®® Antibodies to E4 - Serological mar'kers of viral cycleand - .7, 78% Anti-E7: Cervical cancer
and E7 lesion progression

and bad prognosis

Validation assays: correlation of filter in situ,
dot blot and PCR with Southern blot

A number of validation experiments have compared
the most commonly used HPV hybridization meth-
ods with the accepted gold standard -Southern blot
hybridization. The methods discussed are filter in situ
hybridization (FISH), dot blot hybridization (ViraPap/
ViraType), and polymerase chain reaction (PCR). FISH
appears too inaccurate to be recommended for future
epidemiological studies. ViraPap/ViraType agrees
with Southern blot, but the sensitivity of the system is
low as it only detects seven genital HPV types (Table
1).37 PCR-based methods may be more sensitive than
Southern blot and are likewise capable of detecting the
most known genital HPV types.?® Direct comparison
of the several available PCR methods has shown that
they present different sensitivities and specificities, and
this could be due to the use of different oligonucleotide
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probes directed to different HPV genes. The sensitivity
of the PCR system could also be affected by the quality of
the sample and the DNA extracted. Moreover, there is no
standardized method for cervical sampling and sample
medium preservation, which also accounts for the vari-
ability of the PCR systems. Currently, there is no perfect
method for HPV testing because Southern blot itself is
prone to some errors in performance and interpretation.
Given that the scientific and clinical usefulness of HPV
tests depends on the precision and accuracy of the as-
says, more intra- and inter-assay comparisons should
be done to establish reference standards useful for this
area of molecular diagnostics.

Genotyping HPV PCR products by a single-hybridization,
reverse line blot

There are several molecular biology techniques used
together as HPV detection methods. One is dot blot
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hybridization, where HPV type-specific oligonucleotide
probes are immobilized on a solid phase and hybridized
to a PCR product in the liquid phase. This procedure is
complicated, especially when trying to detect separate
HPV types, because it requires separate rounds of hy-
bridization for each type detected. On the other hand,
reverse hybridization systems provide an attractive tool
for simultaneous hybridization of a PCR product to mul-
tiple oligonucleotide probes. The most frequently used
methods involve a membrane strip containing multiple
probes immobilized as parallel lines, called line probe
(LiPA), line blot assay (LBA) or linear array (LA).*4
In this system, a PCR product is generated using bioti-
nylated primers, denatured under alkaline conditions
and added to the strip in a hybridization buffer. After
hybridization and stringent washing, the hybrids can be
detected by addition of a streptavidin-conjugate and a
substrate generating color at the probe line, which can
be visually interpreted. This method allows multiple
HPYV type detection in a single step and requires only a
limited amount of PCR product.

Alternative reverse hybridization methods for HPV
and genotyping are the line blot assay using PGMY
primers® 447 and the reverse line blot for GP5+/6+.%
HPV DNA micro arrays work on the same principle.*
¥ Reverse hybridization methods are particularly useful
for the detection of type-specific infections and multiple
genotypes. Some reverse-line hybridization methods
may include from 27 to 37 probes for different HR and
LR HPV types. The performance of the strip method has
been evaluated relative to that of a previously reported
dot blot format™ by testing 467 cervical swab samples
collected in Digene specimen transport medium (Digene
Diagnostics, Silver Spring, Md.). Using the PCR format,
the researchers found that 46% of the study popula-
tion was infected with HPV, whereas the ViraPap test
showed an HPV prevalence of only 11%. Nearly all of the
discrepant HPV-positive samples resulted from weak
signals and can be attributed to sampling error from
specimens with low concentrations (<1 copy / ul) of HPV
DNA.% At the same time, the difference in sensitivity
could be due to the low number of HPV types com-
prised in the different tests. The primary advantage of
the strip-based detection system is the ability to rapidly
genotype HPVs present in genital samples with high
sensitivity and specificity, minimizing the likelihood of
misclassification (Table I).

Detection of integrated HPV sequences by ligation-mediated
PCR (DIPS-PCR)

The HPV genome usually persists as episomal mol-
ecules in HPV-associated preneoplastic lesions, where
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it is frequently integrated into the host cell genome in
HPV-related cancer cells. This suggests that malignant
conversion of HPV-infected epithelia is linked to the
recombination of cellular and viral sequences. Due
to technical limitations, precise sequence informa-
tion on viral-cellular junctions was obtained only for
a few cell lines and primary lesions. To facilitate the
molecular analysis of genomic HPV integration, a
ligation-mediated PCR assay was established for the
detection of integrated HPV sequences (DIPS-PCR).
This method was initially used to amplify genomic
viral-cellular junctions from HPV-associated cervical
cancer cell lines (C4-1, C4-1I, SW756 and HeLa) and
HPV-immortalized keratinocyte lines (HPKIA, HP-
KII). In addition to junctions already reported, vari-
ous new fusion fragments were identified.”! Different
viral-cellular junctions were amplified from cervical
carcinomas and a vulval intraepithelial neoplasia
(VIN III). Sequence analysis of each junction revealed
that the viral E1 ORF was fused to cellular sequences
in 91% of the cases. Chromosomal integration loci
mapped to chromosomes 1 (2n), 2 (3n), 7 (2n), 8 (3n), 10
(In), 14 (5n), 16 (1n), 17 (2n), and mitochondrial DNA
(In), suggesting random distribution of chromosomal
integration sites.”” Precise sequence information ob-
tained by DIPS-PCR is used to monitor the monoclonal
origin of cervical cancers, recurrent pre-malignant
lesions and lymph node metastasis. DIPS-PCR might
be useful for efficient therapy control and prediction
of relapse in patients with HPV-associated anogenital
cancers.

Immunological techniques

The role played by the humoral immune response during
the HPV infection is not very well understood; however,
this response is generated all throughout the malignant
process. This has allowed for the development of differ-
ent techniques and reagents to detect antibodies against
early and late HPV proteins. Among all these different
techniques, recombinant fusion proteins have been used
as antigens in Western blot,*** as synthetic peptides
representing important immunogenic B-cell epitopes in
the case of ELISA (Enzyme Linked Immunoabsorbent
Assay),** and modifications of this technique have
been used to increase the specificity and sensitivity of the
assay (TableI). Another system developed to detect HPV
antibodies involves the in vitro protein transcription and
translation used for radioimmunoprecipitation.®¢* All
these techniques have shown that the measurement
of antibodies against different HPV proteins could be
useful biological markers of different types of lesions
of the uterine cervix.
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Detection of antibodies against oncogenic HPV proteins
by Western blot

The generation of recombinant HPV proteins through
molecular biology techniques has allowed the isolation
and purification of different viral antigens useful for
detecting antibodies in different body samples (blood,
saliva, cervical mucus). The Western blot assay is the
most specific system used for the detection of antibod-
ies, and it has been the confirmatory test for HIV and
HSV infections.®®> The advantage of Western blot as-
say is that a particular protein band, together with its
molecular weight, can be detected from a mixture of
antigens. However, due to the denaturing conditions
that characterize this system, only linear epitopes are
recognized and the complexity of the procedure makes
it difficult to handle a large number of samples.

The Western blot technique involves the separa-
tion of the antigen by its molecular weight through
a polyacrylamide gel electrophoresis followed by a
transfer to nitrocellulose membranes.®® After the pro-
tein is transferred, the filters are blocked and cut into
strips to be incubated with the patient sample (serum,
saliva, cervical mucus) for 4-16 h. The antigen-antibody
complex is detected by a secondary antibody complex
conjugated with an oxidizing enzyme, such as horserad-
ish peroxidase, producing a colored molecule or lumi-
nescence. Thus, a high correlation between the presence
of HPV-16 E7 antibodies and CC was found by means
of the Western blot system.>* 6% The presence of anti-
E4 antibodies has been controversial, as some groups
found them equally distributed among healthy donors
and cancer patients,”* > while others reported that the
prevalence of antibodies against HPV-16 E4 was higher
in subjects with CC than in the control population.>6870
More recently, our group showed that anti-E4 antibod-
ies can be used as markers for HPV infection as well as
to detect early stages of cervical lesions (high antibody
prevalence in CIN I-II lesions).”"”> In summary, the
advantage of the Western blot system is the ability to
detect antibodies against several linear epitopes, which
accounts for its high specificity (78%) and sensitivity
(67%)" (Table I), and it is, hence, highly suitable for the
diagnosis of different cervical lesions.

HPYV antibody detection by ELISA

The ELISA is the main tool used for clinical diagnosis. It
is mostly used to screen large populations and it has been
widely used for molecular epidemiology research. The
advantage of the ELISA is that both conformational and
linear epitopes can be recognized by antibodies, as the
method cannot be used under denaturing conditions.
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The ELISA system has been broadly used to study
the immunological response to different HPV antigens.
In this sense, there are reports that show the presen-
ce of antibodies against the L1 capsid viral proteins
in condyloma acuminata and in LSIL.”® These anti-L1
antibodies are scarce in HSIL (high grade squamous
intraepithelial lesion) and are almost absent in CC.%”
However, there are some controversies, as a high fre-
quency of L1 antibodies has been reported in control
populations.” Further on, the development of Virus Like
Particles (VLPs) allowed for a detection system that is
more sensitive to anti-HPV antibodies and, hence, can
identify conformational epitopes as well as neutralizing
antibodies.””® The VLPs were initially produced from
baculovirus and vaccinia virus,””® but more recently a
recombinant yeast expression system driven by a strong
galactose-inducible promoter was developed to express
these antigens successfully.” This material has been
used for the development of the new HPV vaccine by
Merk & Co. ELISA assays for VLPs have been shown to
be type-specific as low cross-reaction with HPVs from
the same family has been found. A follow up study®
has shown that the detection of anti-VLPs antibodies
by ELISA is useful to detect newly acquired HPV in-
fections in virgin women. Another study showed that
HPV-16 DNA-positive and anti-VLP-positive women
had the highest risk of concurrent CIN 3 and cancer.®!
An immunoglobulin type-specific ELISA-VLP system
showed that the systemic IgA response was associated
with successful clearance of HPV infection. At the same
time, the presence of IgA anti-VLPs in HPV-16-positive
women is very specific to detect actual infections that
are in the process of being eliminated.*?

In relation to the E2 protein, little has been done
with this antigen. Dillner and coworkers®*® used a
peptide from the E2 protein C-terminal region to show
that the IgG and IgA responses were elevated in patients
with CC. Other reports show that the anti-E2 antibodies
were present in normal subjects;* they have also been
shown to be markers of CIN lesions, but only in women
over 40 years of age.®

On the other hand, high concentrations of E4 ORF
transcripts have been found in pre-cancerous lesions
associated with HPV-16. Moreover, both LSIL and HSIL
have been shown to exhibit the expression of the E4
protein, but not invasive cancer.* E4 antibodies have
been found both in patients with pre-cancerous lesions
and in normal subjects.®83%88 Some groups report
the presence of anti-E4 antibodies in cancer patients as
well as in control groups,* 7" whereas others report a
higher prevalence of E4 antibodies in cancer patients
than in normal individuals.””%3%8 Previous studies in
our laboratory have shown E4 antibodies to be highly
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associated with the CIN 1/2 lesions.* Due to the fact that
E4 antibodies have been mainly found in early cervical
lesions, it has been suggested that the E4 protein might
be implicated in active viral replication.”*”?

There are several studies that have investigated the
antibody response against E6 and E7 oncoproteins and it
has been demonstrated that a higher proportion of anti-
E6 is present in patients with CC than in patients with
early lesions or in healthy subjects.””®*%%! In the case
of HPV-16 E7 antibodies, a higher prevalence has been
shown for CC patients compared to controls,*758/6067
7083919 sugeesting that these antibodies might be
used as markers for this type of cancer. Although the
antibodies against these oncoproteins have enabled the
identification of women with CC, this has occurred at
a very late diagnostic stage. Thus, identifying biomar-
kers for early stages of CC will be essential in order to
achieve an early diagnosis and offer timely treatment
for women at risk of developing this disease. This also
explains why studying the immune response against
viral proteins (such as E2, E4 and E5 possibly related
to the early stages in the development process of CC)
constitutes a very important research field.

It should also be noted that the use of different
systems for the production of recombinant proteins,
as well as the use of synthetic peptides, will allow the
recognition of a greater number of epitopes on the viral
proteins, and this will enhance the sensitivity of the
immune assays. Recently, the identification of isotype
profiles (IgG, IgA, IgM) against early HPV proteins (E4,
E7) has shown to be useful to identify the infection stage
important in the progression to CC. Moreover, com-
bining diagnostic procedures (such as cytology, DNA
and antibodies) will offer the possibility of a timely and
accurate diagnosis, essential to detect women at high
risk to develop CC. A detailed study of the humoral
immune response against HPV antigens will allow the
development of highly sensitive and specific diagnostic
systems corresponding to the different HR-HPV types,
as well as to follow up the protective immune response
of the vaccinate population with the new HPV vaccine
based on L1 antigens.

Conclusions

HPV cannot be grown in large quantities in cell cultu-
re. This fact has limited the use of common powerful
immunological assays used for HPV diagnosis. Thus,
the diagnosis of HPV-related diseases has relied on the
detection of the viral DNA in patient samples. The use
of molecular biology has enhanced a highly sensitive
detection process of HPV DNA in the case of current
infections, but this approach cannot determine whether
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the HPV infection is active, latent or persistent. On the
other hand, these techniques are highly sensitive, but
high technical skills are required for the sampling pro-
cedure. Large amounts of recombinant viral antigens
as well as HPV-VLPs have been produced based on the
most recent advances achieved by molecular biology.
Thus, the humoral immune response offers the possi-
bility to detect the infection stage as well as a follow-up
process. However, a more specific antibody profile (im-
munoglobulin type) needs to be established to be able to
discriminate between present and past infections.

Epidemiological studies have shown a wide range
of HPV frequencies worldwide, " but there is a high
point prevalence of HPV among young women (< 30
years).” Although nearly 90% of the HPV infections
are cleared in less than 24 months,'® sampling errors
and HPV-DNA detection techniques bearing different
sensitivity and specificity appear to account for the
heterogeneity of the results. To overcome these shortco-
mings, a combined detection system including HPV
DNA detection (to identify the presence of the virus) and
an antibody profile against different viral antigens (to
determine the stage of the infection) will help to identify
persistent infections that play an important role in the
development of CC.

To close, it should be noted that the development
of prophylactic HPV vaccines is a major advance in
cancer prevention, as these vaccines protect against
infection with certain oncogenic HPV types and, the-
refore, reduce the development of cervical lesions and
the risk of CC. Routine HPV vaccination of adolescent
girls will require screening guidelines in order to follow
up the effectiveness of the vaccine protection. In this
sense, immunological assays will not only be useful as
specific biomarkers of the stage of the HPV infection
and the lesions in women’s cervixes, but they will also
play an important role in the follow-up process of the
protective immune response against HPV in vaccinated
populations.
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