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Background: DNA methylation changes are an early event in
carcinogenesis and are often present in the precursor lesions
of various cancers. We examined whether DNA methylation

CIN-3 histologically. Referral of all women with abnormal cytology for additional testing is deemed necessary because a single
cytologic smear has low sensitivity (30%-60%) but high speciﬁcity (95–98%) for detecting CIN-3 (2–5). In our previous study (6)

sine). In normal cells, DNA methylation plays a role in maintaining
genome stability and in regulating gene expression (16–18). Global
hypomethylation and hypermethylation of clusters of CpG dinucleotides (referred to CpG islands) present in the promoter region of
multiple genes have been associated with malignancy (19,20).
Hypermethylation in a promoter region is associated with “gene
silencing,” i.e., inhibiting expression of a gene that is normally
expressed in the absence of methylation. Studies with animals and
humans have demonstrated that these epigenetic methylation
changes are an early event in carcinogenesis and are often present
in the precursor lesions of a variety of cancers (21–25). Such
changes might therefore be used as markers of cervical neoplasia,
either alone or in conjunction with cytology and/or HPV testing.

sufﬁcient cytology but insufﬁcient HPV samples, and 34 (1%)
had missing data on screening cytology and/or HPV results.
Overall, 807 women, including 74 (83%) of 89 women with
CIN-2, CIN-3/CIS or ICC, 53 (73%) of 73 women with CIN-1,
162 (65%) of 251 women with ASCUS, 98 (41%) of 239 women
with negative cytology but a positive HPV test, and 325 (20%) of
1653 women with negative cytology and a negative HPV test,
underwent colposcopy and biopsy. In addition, colposcopy and
biopsy were performed on 82 (32%) of 252 women with unsatisfactory cytology specimens and 13 (72%) of 18 women with
other cervical pathology not otherwise classiﬁed.
To ensure that the present study evaluating gene hypermethylation included a representative sample of invasive cancers, in addi-
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moved from previous page
...the published data was highly
heterogeneous; for 7 genes, there was a reported range of
that in the future, in addition to cervical cytology, more
methylation frequencies in cervical cancers of greater than
advanced techniques, including HPV genotyping, will be
60% between studies. They did identify 3 markers, DAPK1,
used to identify and triage those women most likely to
CADM1, and RARB, which showed elevated methylation in
harbor a clinically significant cervical lesion. Assays for HPV
cervical cancers consistently across studies. Thus, based on
viral load and mRNA detection may be useful in both the
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the most common type of HPV detected in 31 patients and
HPV 58, 52 were the second and third most common type of
HPV. HPV 16 and 58 were detected only in high-grade CIN. In
three patients, both high-risk and low-risk HPV were identified.
However, there were no patients who were infected with only

cervical cancer. The inhibition of cell cycle regulatory proteins
by E6 and E7 is known to initiate the carcinogenesis process.
The p16 is a cell cycle regulatory protein which is the main
target of HPV, and Ki-67 is a cell proliferation marker. We
examined the association of the high-risk HPV infection with
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cleared, so in fact cervical cancer is a rare complication of HPV infection. HPVs
are non-enveloped double stranded DNA viruses. Their DNA is 8 kb in size
and in circular form. The DNA encodes a long control region without protein
coding sequences, early proteins (E1-E8) and late proteins (L1-L2). DNA is
packaged within a capsid shell made of the major and minor capsid proteins L1
and L2, respectively. Purified L1 protein has the property of self-assembly into

At present more than 100 different HPV types have been identified. They
differ significantly in carcinogenic potential [17]. Therefore, detection of a
papilloma virus infection does not necessarily imply a high risk of cervical
cancer. In most cases, HPV infections are transient, with 70% of newly infected
individuals clearing the virus within 1 year and 90% of them showing no trace
of HPV within 2 years [18, 19, 20]. Persistent infection causes the greatest risk
and is probably enhanced with high-risk types of HPV (16 and 18). Recent

found to be HPV-positive. However, 75% of them carried the high-risk HPV
strains, 16 and 18 [22].
The E5, E6 and E7 proteins are mostly responsible for the development of
the disease. At present, two HPV proteins, E6 and E7, were found to interact
and block p53 and pRB in infected cells [23]. Since these are two major
regulators of cell cycle progression and apoptosis, infected cells appear to gain

4.

Markers in use/trial for HPV and or cervical cancer
It is important to realize that different biomarkers may serve different
goals (e.g. markers for early detection such as HPV DNA detection in cervical
scrapings, markers for premalignant lesions likely to progress such as Ki-67 in
CIN lesions or markers for monitoring response to therapy such as serum
SCC). Dysplastic cells show increased cell cycling. Therefore, markers of cell
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Molecular markers: How to apply in practice
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the mechanisms of cancer progression. Considering the trend of
increase in incidence rate of the cervical cancer and its high
prevalence in developing countries, there is a need to identify
and validate new markers for cervical cancer detection. Apart
from predicting disease outcome and viral events, effective and
specific molecular markers would not be susceptible to the
many technical limitations of current cervical cancer technologies that rely primarily on the morphological interpretation of
cells sampled from the uterine cervix. The accuracy of screening
based on morphological interpretation of cytological samples,
can be substantially hampered by low inter-observer reproducibility [3]. Molecular markers are therefore perceived as having
the potential to confer an improved level of reproducibility as
compared to conventional screening tools. This document is
focused on issues related to the use of markers as potential
screening tools in early detection of cervical cancer precursors.

⁎ Corresponding author. Fax: +358 2 3132809.
E-mail address: kari.syrjanen@tyks.fi (K.J. Syrjänen).

screening systems. Accordingly, the potentially promising
markers can be categorized into different classes such as
chromosomal anomalies, DNA adduct formation, cell cycle
check points, oncogene expression/function, tumor suppressor
gene expression, apoptotic markers, epigenetic regulation such
as methylation, metabolic markers and imaging markers [1,2].
The advantages of one class of a marker over others and their
clinical implications in cervical cancer screening are under
intense study at the moment.
The detection of HPV infections by the commercially
available HPV tests serves as an excellent test to identify the
patients at risk (level one); the majority are based on the
presence or absence of the major structural gene: L1, for a pool
of HR-HPV types. HR-HPV infections are required to induce
transformation in most cases. However, since most HPV
infections resolve spontaneously and only very few of the
infected women finally develop clinically relevant lesions, one
positive HPV test does not justify medical intervention in itself,
but rather identifies women who have an elevated risk as long as
the infection persists.
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and 30 normal patients were analyzed for hTERC
amplification using FISH method. The FISH findings
were then compared with the HPV DNA testing and the
histological examination.
In cytopathologic evaluations, the hTERC amplification
rates in NILM, ASCUS, LSIL, HSIL and SCC cases

on cervical smears as a screening test for patients with a
high risk of cervical cancer. FISH detection of hTERC
amplification may be a useful adjunct to cytopathologic
or histopathologic examinations for differential diagnosis
of low- and high-grade cervical squamous cell disorders.
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and a specificity of 100%. A practical limitation to the use
of p16INK4A as a cytologic diagnostic adjunct, however, is
that sporadic expression of this marker is also sometimes
present in scattered benign endocervical glandular cells
and in tuboendometrial metaplasia of the cervical mucosa,
which could lead to false positive classification of test
results.31

specimens from PreservCyt1 vials were obtained from
the cytopathology laboratories at the University of Texas
Health Science Center at San Antonio and the University
of Colorado Health Sciences Center at Denver, following
IRB application approval of the study protocol. These
specimens have been reviewed by experienced cytopathologists and classified by Bethesda 2001 terminology as

smear assessment using antibodies against proteins that regulate
DNA replication. Proc Natl Acad Sci USA 1998;95:14932–14937.
31. Tringler B, Gup CJ, Shroyer KR, Correlation between p16 and pRb
expression in cervical squamous and glandular neoplasia. Human
Pathol 2004;35:689–696.
32. Willman JH, Heinz D, Golitz LE, et al. Correlation of p16 and pRb
expression with HPV detection in Bowen’s disease. J Cutaneous
Pathol 2006;33:629–633.

DNA image cytometry. Pathologe 1999;20:25–33.
39. van Leeuwen AM, Ploem-Zaaijer JJ, Pieters WJ, et al. The suitability of DNA cytometry for the prediction of the histological diagnosis in women with abnormal cervical smears. Br J Obstet Gynaecol
1996;103:359–365.
40. Kimmig R, Wimberger P, Kapsner T, et al. Flow cytometric DNA
analysis using cytokeratin labeling for identification of tumor cells
in carcinomas of the breast and the female genital tract. Anal Cell
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HPV is recognized as the etiologic agent responsible for the
initiation of CN. Within the HPV family of viruses, there are both nononcogenic and oncogenic forms of the virus. The non-oncogenic
forms of the virus (including HPV types 6 and 11) are associated
with common warts and condyloma. The oncogenic forms of HPV
(including types 16 and 18) are associated with cervical carcinoma.
The oncogenic forms of HPV can be classified into high-risk and

of cervical disease; rather it is an indication of infection. Although
the majority of HPV infections are transient and will spontaneously
clear within a 12-month period, a persistent infection with a highrisk HPV viral subtype indicates a higher risk for the development
of CN. To supplement HPV testing, a number of molecular markers
associated with CN have been evaluated in order to improve the
clinical specificity for cervical disease diagnosis.

cell cervical neoplasia as well as in LSIL and HSIL lesions (26–32).
Likewise, cyclins A and B have been shown to be overexpressed
in cervical adenocarcinoma and its malignant precursors (33). To
date, none of the cyclins that are overexpressed in HPV-induced
neoplasia display sufficient sensitivity or specificity for the accurate
detection of high-grade cervical disease (either for CIN2+ lesions
in histology or HSIL+ cells in cytology) to be useful as independent
molecular markers in a clinical diagnostic assay. Moreover, overexpression of cyclin E appears to be a surrogate marker for HPV
(28). These published observations are summarized in Table 2.

p16INK4AANDCN

p16INK4A (p16) is an inhibitor of CDKs 4 and 6 and functions in
the progression from G1 to S phase of the cell cycle. In response
to infection by high-risk HPV infections, p16 is overexpressed in
CN including HSIL lesions and carcinoma (34). Overexpression of
p16 has been shown to correlate with HPV type 16 and 18 infections and can be detected in both squamous cell carcinoma and
adenocarcinoma (35–40). The specificity of p16 overexpression

lesions (41–44). The p16 protein can be detected in both histology
specimens as well as liquid-based cytology (39–41). Characteristics
of p16 detection of cervical disease are summarized in Table 3, and
the clinical performance of p16 detection of HSIL specimens within
cytology specimens is shown in Table 4.

MINICHROMOSOMEMAINTENANCEPROTEINS
ASMARKERSOFCELLULARPROLIFERATION

The minichromosome maintenance (MCM) proteins function
in the early stages of DNA replication through loading of the prereplication complex onto DNA and functioning as a helicase to help
unwind the duplex DNA during de novo synthesis of the duplicate
DNA strand. Early publications have shown that the MCM proteins,
and in particular, MCM-5, are useful for the detection of cervical
disease (45) as well as other cancers (46). The published literature
indicates that antibodies to MCM-5 are capable of detecting CN
cells. The specificity for detection of high-grade cervical disease has
not been demonstrated for MCM-5 (45). The detection of MCM-5
expression is not restricted to high-grade cervical disease but is

Sensitivity = TP/TP + FN.
Specificity = TN/TN + FP.

a
b

also detected in identified low-grade dysplasia and proliferative
cells that have re-entered the cell cycle following infection with
high-risk HPV. The detection of CN with antibodies to MCM-5 is
shown in Figure 4. In addition to MCM-5, other members from the
MCM family, including MCM-2 and MCM-7 have been shown to be
potentially useful markers for the detection of CN in tissue samples
(46,47). Table 4 summarizes the published performance of MCM-5
in the detection of cervical disease. Recent results have shown that
MCM-7 appears to be a specific marker for the detection of highgrade cervical disease using immunochemistry formats (47–49).

and TOP2A have been identified as overexpressed genes in CN
(50–52). In addition, other promising candidates have been identified
by DNA microarray profiling, including IGFBP-3 and claudins 1
and 7. Translational research on the genes identified using these
approaches has yielded interesting advances in both the understanding and the application of these disease-specific markers for
the detection of cervical disease (48,49,53–55). Preliminary results
have shown that the genes identified from the microarray analysis,
such as MCM-6 and TOP2A, encode proteins that are overexpressed in cervical disease (48,49). These proteins have been
used to develop molecular immunohistochemistry and immunocytochemistry assays for the detection of high-grade cervical disease.

This results in prolonged and active induction of S-phase genes
and DNA replication outside the normal control mechanisms of
the cell cycle. Key proteins such as the MCM proteins and TOP2A
are expressed during this aberrant gene transcriptional activation.
This behavior appears to be a hallmark within high-grade cervical
disease and provides the link between infections with oncogenic

assays based upon discrete molecular changes in response to HPV
infection and subsequent neoplastic transformation. The use of

Table 4. Performance of p16INK4A and MCM-5 Detection of
HSIL in Cervical Cytology Applications
Marker
INK4A

Sensitivitya
(%)

Specificityb
(%)

Reference

HPV viral subtypes and the molecular behavior of cervical disease.
Furthermore, overexpression of the MCM proteins is not restricted
to cervical carcinoma, but is known to be a characteristic of other
neoplasias (46). As such, this aberrant expression of genes
controlled by E2F and the resulting increase in S-phase induction
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Role of ProExC: a novel immunoperoxidase marker in the evaluation of dysplastic squamous and
glandular lesions in cervical specimens.
Sanati S1, Huettner P, Ylagan LR.

tissues. ProExC antibody is a novel biomarker cocktail containing antibodies against topoisomerase II
alpha and minichromosome maintenance 2 proteins. Our purpose was to evaluate the sensitivity,
specificity, and predictive value of ProExC in dysplastic squamous and glandular lesions of the cervix.
Nine low-grade squamous intraepithelial lesion, 35 high-grade squamous intraepithelial lesion, 23
squamous metaplasia, and 14 adenocarcinoma in situ specimens were retrieved from our hospital files.
ProExC immunostaining was performed. ProExC had sensitivity, specificity, and positive and negative
predictive value of 89%, 100%, 100%, and 82%, respectively, for distinguishing high-grade squamous
intraepithelial lesion from squamous metaplasia, and 93%, 100%, 100%, and 98%, respectively, for
distinguishing adenocarcinoma in situ from reactive benign endocervix. ProExC is a valuable marker for
distinguishing dysplastic squamous and endocervical lesions of the cervix from squamous metaplasia in
histologic sections. ProExC may eventually be used in conjunction with morphologic and human
papillomavirus evaluation for better classification of indeterminate cervical lesions in Papanicolaou
smears.

termed cervical intraepithelial neoplasia (CIN). The majority of low grade precursor lesions do regress spontaneously
The deregulated expression of two HPV oncogenes, E6 and without treatment. Only a minor part of the lesions develop
E7, in basal epithelial cells substantially interferes with the to high grade lesions and eventually invasive cancer. Ostor (3)
hosts cell cycle and apoptosis regulation and initiates ma- has reviewed the literature on the natural history of intraepilignant transformation. Several characteristic changes have thelial neoplasia and has computed approximate likelihoods
been identiﬁed in epithelial cells transformed by HPV: Proli- of regression, persistence and progression of cervical precanferation associated markers like ki67, telomerase, MCM5 and cer. According to this model, only 10% of the CIN1 will progCDC6 are expressed at various levels in premalignant lesions ress to CIN3, 33% of the CIN3 lesions will regress and about
and invasive cancer. Aneuploidy and diverse chromosomal 12% will progress to invasive cancer. Naturally, this sequence
CIN and invasive cervical cancer.
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CERVICAL CANCER SCREENING Screening for cervical cancer can
only be effective when precursor lesions are detected that can
be treated before cancer develops. On the other hand, treating a precursor lesion that has a high probability of spontaneous regression can have side effects, can induce emotional
distress in affected women and does cause unnecessary costs.
In industrialized countries, screening is mainly based on the
smear and staining that was introduced by Papanicolaou (4)
in the 1940s. The beneﬁts of the Pap test are reﬂected by the
decreasing cervical cancer incidence over the past decades in
countries that are using the Pap test for screening (5).

homogenous cell pictures, less debris and more homogenous
staining of the cells. However, the ability of the new methods
to detect more relevant high-grade CIN remains to be shown
in large randomized controlled trials (7). Recently, automated cytology assessment applications have been developed for
standard and liquid based cytology specimens. Their aim is

development of new biomarkers for cervical cancer screening.
Most of the work has been performed on the use of human
papilloma virus (HPV) detection, an approach that will be
discussed below in detail. In addition, numerous other markers have been evaluated in cervical cancer precursor lesions.
There are several approaches to identify new cancer markers:

and a high dependence on the observers experience. These factors lead to high inter- and intra-observer variability of the test
results (6). Usually, these limitations of the test are compensated by frequent retesting of women with abnormal smears.
Still, some women are over-treated due to inconclusive or false
positive test results. In order to improve the quality of the Pap

In industrialized countries, cervical cancer screening is usually offered to all women. Here, screening improvements need
to address mainly the issues of reducing unnecessary follow
up of unclear or clinically not relevant test results. In low resource settings, there is usually no screening at all. Here, it is
most important to introduce screening that is affordable and

randomized studies showing an improved detection rate of relevant lesions by the automated screening systems. Some concerns have been raised that the automated systems might pick
up a higher percentage of low grade abnormalities that have
no therapeutic relevance and thus might increase the cases requiring further diagnostic work up.

involved in the development of other cancers (12). The most
promising markers have been identiﬁed by analyzing the molecular events that result in the transformation of the cervical
epithelium by HPVs in detail and by studying particularly the
interaction of HR-HPV with host cell proteins (13-14).

Based
on the current situation of cervical cancer screening described
above, it is clear that there are different challenges concerning
IDENTIFICATION OF NEW BIOMARKERS FOR CERVICAL DISEASE

involvement of viral agents in cervical squamous cell cancer
(20), it took about 20 years until it was accepted that basically all cervical carcinomas are caused by HPV (15). HPVs are
small DNA viruses that have a genome of about 8kb and code

Figure 1. Distribution of HPV infections and cervical lesions by age. The three lines
show pooled prevalence data from different populations on HPV infections, low grade
squamous intraepithelial lesions (LSIL) and high grade squamous intraepithelial lesions (HSIL). Data adapted from Lau and Franco (19).
for 8-10 genes. Today, more than 100 different HPV types have
been identiﬁed, and a number of variants of many subtypes are
known. HPVs are epitheliotrophic viruses that infect either
skin or mucosa. The mucosal types are classiﬁed into those
that have a high risk of developing a malignant lesion (high

not been identiﬁed (24). In high grade CIN lesions, E6 and
E7 are strongly expressed in basal epithelial cells. In these
cells, the viral oncogenes interfere with the cell cycle control
since the basal cells still retain the capability to replicate (13).
Under the inﬂuence of the E6 and E7 genes, the tight replication control is lost and the cells start to proliferate and acquire
transforming mutations. Cellular replication is controlled by
a pre-replicative protein complex or “replication license” that
is necessary for replication initiation. Two main components
of this complex, MCM5 and CDC6 are over-expressed in replicating cells transformed by HR-HPV. In contrast, this complex is not expressed in quiescent cells (25). An early effect of
uncontrolled E6 and E7 expression in basal cells is the induction of chromosomal instability. Duensing et al. have shown
that E6 and E7 expression induces abnormal spindle pole formation resulting in breaks, lagging and altered distribution of
chromosomes (26-27). Consequently, high grade CIN lesions

The molecular interactions between viral and cellular genes is related to the different structure of E6/E7 transcripts. After
have been studied intensely over the past 20 years. There integration, viral mRNAs frequently carry cellular RNA at
are two groups of viral genes: early genes that are involved their 3’ end that was found to stabilize the E6- and E7- tranin the viral life cycle and late genes that build the viral en- scripts and lead to higher protein expression levels (33-34). It
velope. Two early genes, E6 and E7 were found to be the is important to note that in contrast to other viruses, integrakey players in cellular transformation. E6 and E7 target a tion is not a part of the natural life cycle of HPV. The event is
plethora of cellular functions, with the most important in- not reversible, since HPV DNA is covalently bound to the host
teractions being the degradation of p53 by E6 and the inac- DNA. For the virus, this is deleterious: The HPV genome is altivation of pRB by E7. Loss of pRB function leads to E2F tered, usually parts are lost and the virus cannot replicate any
mediated cell cycle activation. Usually, uncontrolled cell more. The cell affected by HPV integration will either die or
cycle activation induced by E7 would be counteracted by propagate the integrated virus to all daughter cells.
cellular apoptotis. However, this pathway is blocked by E6
mediated p53 degradation. The detailed interactions of E6 The immune system plays an important role in the con-

tect HPV (38). For HPV detection in clinical routine, material from a smear is processed and analyzed. The ﬁrst methods
used for HPV detection were based on DNA hybridization
but had limited sensitivity and were too complex to be used
regularly in a clinical setting. An important improvement of
hybridization based HPV DNA detection was the hybrid cap-

expected to be released on the market soon. In addition,
several other test formats exist: The PapilloCheck assay by
Greiner is a DNA-Chip based test that identiﬁes 17 different
HPV types. Viroactiv by Virofem is an antibody based test
that detects the L1 protein of different HPV types. NorChip
have developed an RNA-based assay that speciﬁcally detects

high-grade CIN (51). Primary screening using HPV testing is
currently being discussed, but because of the high distribution
of HPV in young women, cost effectiveness models have not
shown a general advantage over cytology screening using this
approach. For women older than 30 years, primary screening
with HPV testing could be effective, however (52).

HPV integration points to advanced lesions with a very high
progression potential, i.e. lesions that would clearly require
treatment. HPV integration detection is highly speciﬁc for
advanced lesions, but lacks sensitivity since all studies measuring HPV integration directly have not shown more than
80-90% integration positive cervical cancers. Every HPV in-

gene expression is a crucial step in the development of cancer
precursors. This shift can be detected both by altered mRNA
and protein expression of HPV genes. E6 and E7 are found
strongly expressed in high grade lesions as opposed to HPV
infected non-dysplastic cervical epithelium (53). Loss of E4
expression in the basal cell layers was found to correlate with
deregulated oncogene expression (54). An advanced step of
progression is marked by integration of HPV DNA into the
cellular genome of the host (31). It is believed that HPV integration follows chromosomal instability induced early during

to the HPV integration site (60-61). Thus, HPV integration
can be used as a very speciﬁc tumor marker in post-treatment
and recurrence surveillance.
CELLULAR MARKERS
PROLIFERATION MARKERS

The increased proliferation of cervical epithelial
cells induced by deregulated HPV oncogene expression is reﬂected by the activation of proliferation markers such as ki67
(MIB-1). This protein is strongly expressed in CIN lesions,
KI67/MIB-1

Chapter 39

but can also be found expressed in normal basal cells that retain proliferation capacity (62-63). Kruse et al. (64) have analyzed the association between lesion grade and the epithelial
location of ki67 positive cell clusters and have demonstrated

good sensitivity and speciﬁcity of the assay for the detection
of SIL in a small series of 92 cervical smears (25). Murphy et
al. (72) found similar results in an independent study.

mens and found MYC levels increasing with CIN grade (65).
CYCLINS Cyclins are a family of regulatory proteins involved
in cell cycle regulation. Several cyclins have been analyzed
in cervical cancer and precancer. Cyclin D1 was found to
be over-expressed in low grade lesions induced by LR-HPV,

cytometry DNA content analysis. The studies have shown
an association between aneuploidy and increasing dysplasia.
Melsheimer and colleagues showed that aneuploidy precedes
HPV integration in advanced CIN lesions.
CHROMOSOMAL IMBALANCES

While aneuploidy measures only

During every cell division, parts of the chromosome endings are lost. To prevent loss of relevant chromosomal sequences, the telomerase complex adds short repetetive
DNA stretches to the chromosome endings. Telomerase consists of a protein subunit and an RNA subunit that serves as

TELOMERASE

errations have been observed in cervical cancer and precancer (73). The most important alteration seems to be the gain
of chromosome 3q, an event that has been strongly associated with the progression from severe dysplasia to invasive cancer (74). As described above, the TERC gene coding for the
RNA subunit of telomerase is located on 3q, indicating that

human cancers. Several groups have analyzed the use of a
functional telomerase assay to evaluate telomerase activity
on cervical smears. Increased telomerase activity was mainly
found in advanced dysplasias with varying sensitivity for the
detection of CIN3 (70-71).

OTHER CELLULAR MARKERS

p53 and pRB are the central targets of the HPV
oncogenes E6 and E7. Loss of p53 and pRB expression is an indirect sign of enhanced HPV E6 and E7 expression. However,
both proteins are only expressed at low levels in normal cells
P53 AND PRB

those that most likely will regress. In cytology, p16INK4a immunostaining has been successfully used to triage ASCUS and
LSIL cases for high grade CIN with higher speciﬁcity than
HPV testing (106), (Wentzensen submitted). This application
could be a new option for the regular follow up of unclear cytology results. The good results achieved in the cytology triage warrant the evaluation of p16INK4a cytology as a primary
cytology screening test. p16INK4a cytology has a high potential
for automation. In contrast to current automated cytology
screening systems, the detection of p16INK4a can be done by a

3. Ostor AG. Natural history of cervical intraepithelial neoplasia: a critical review. Int
J Gynecol Pathol 1993;12(2):186-192
4. Papanicolaou GN, Traut HF. The diagnostic value of vaginal smears in carcinoma of
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6. Shingleton HM, Patrick RL, Johnston WW, Smith RA. The current status of the
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Utility of Methylation Markers in Cervical Cancer Early Detection:
Appraisal of the State-of-the-Science
Nicolas Wentzensen, Mark E. Sherman, Mark Schiffman, and Sophia S. Wang
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CADM1, and RARB, showed elevated methylation in cervical cancers consistently across studies.
Conclusions—There is currently no methylation marker that can be readily translated for use in
cervical cancer screening or triage settings. Large, well-conducted methylation profiling studies of
cervical carcinogenesis could yield new candidates that are more specific for HPV-related
carcinogenesis. New candidate markers need to be thoroughly validated in highly standardized
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Immunostaining Identifies Occult CIN
Lesions in HPV-positive Women

Jaume Ordi, M.D., Sònia Garcia, M.D., Marta del Pino, M.D., Stefania Landolfi,
Immaculada Alonso, M.D., Llorenc¸ Quintó, M.D., and Aureli Torné, M.D.

Summary: To evaluate whether p16INK4a staining could help to recognize underestimated cervical intraepithelial neoplasia (CIN) in women positive for high-risk
human papillomavirus (HR-HPV) with negative biopsy. Out of 1,259 women

M.D.,
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An update review on HPV testing methods for cervical neoplasia
Koliopoulos G1, Valasoulis G, Zilakou E.

METHODS for HPV DNA or RNA detection have been developed that are expected to improve cervical
cancer screening protocols.
OBJECTIVE:
The aim of this paper was to review the HPV testing methods that are used and their clinical applications.
METHODS:
A MEDLINE search was performed and the references of the retrieved articles were hand-searched for
any missed studies.
RESULTS/CONCLUSIONS:
The main HPV testing methods that have well-defined clinical applications at present are polymerase
chain reaction (PCR) and Hybrid Capture II. Real-time PCR and mRNA testing are techniques of growing
interest. The main clinical applications are in the triage of borderline Pap smears and in the follow-up after
treatment for cervical pre-malignant lesions. Other applications such as use in primary screening are
under consideration.

13 Survivin as a Marker of Cervical Intraepithelial Neoplasia
and High-Risk Human Papillomavirus and a Predictor
of Virus Clearance and Prognosis in Cervical Cancer
Am J Clin Pathol, 2005, Vol. 124, pp. 113-121

Margherita Branca, MD, PhD, MIAC,1 Colomba Giorgi, PhD,2 Donatella Santini, MD,3
Luigi Di Bonito, MD,4 Marco Ciotti, MD,5 Silvano Costa, MD,3 Arrigo Benedetto, MD,5
Elena A. Casolati, MD,2 Cartesio Favalli, MD,5 Pierluigi Paba, MD,6 Paola Di Bonito, MD,2
Luciano Mariani, MD,7 Stina Syrjänen, DDS, PhD,8 Donatella Bonifacio, MD,4
Luisa Accardi, MD,2 Francesca Zanconati, MD,4 and Kari Syrjänen, MD, PhD, FIAC,1,9
on behalf of the HPV-Pathogen ISS Study Group*

survivin expression in human tissues.15,18-20
We were able to establish an almost linear relationship
between the grade of CIN and the intensity of survivin expression (Table 1). The proportion of negative expression was
inversely related to CIN grade, whereas moderate and intense
expression increased in parallel with CIN grade (P = .0001).

nation, which will be done as soon as the analysis of all 13
markers programmed for this study27 have been completed.
During the past few years, persistent HR-HPV infections
have achieved increasing attention as a cause of significantly
increased risk of failure of treatment for CIN.30,35,36
Monitoring this risk of disease recurrence after cone treatment

Down-regulated nucleoside diphosphate kinase
nm23-H1 expression is unrelated to high-risk human
papillomavirus but associated with progression of
cervical intraepithelial neoplasia and unfavourable
prognosis in cervical cancer
M Branca, C Giorgi, M Ciotti, D Santini, L Di Bonito, S Costa, A Benedetto, D Bonifacio,
P Di Bonito, P Paba, L Accardi, L Mariani, M Ruutu, C Favalli, K Syrjänen, on behalf of
the HPV-Pathogen Istituto Superiore di Sanità Study Group*
...............................................................................................................................
J Clin Pathol 2006;59:1044–1051. doi: 10.1136/jcp.2005.033142

established a definite anti-metastatic effect for nm23H1,24 28 29 others failed to do so,12 13 or the number of cases
was too small to draw definite conclusions. Regarding CIN
lesions, some studies report an inverse relationship between
nm23-H1 expression and CIN grade,23 whereas others report
increased nm23-H1 expression with increased high-grade
CIN.12 13 25 Similarly, the prognostic value of nm23-H1 in

excluded from this series.

Immunohistochemistry for nm23-H1
Immunohistochemical (IHC) staining for the NDP kinase
nm23-H1 (also known as NME1) expression was completed
following standard IHC procedures. Briefly, 5-mm-thick
sections of paraffin wax cut on poly-L-lysine-coated micro-
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ratio [82]. E2 is frequently lost upon HPV integration
and the theoretical ratio of 1:1 between the two genes
is expected to be shifted towards E6/E7. However, in
many high grade lesions and less advanced cancers,
many episomal and few integrated genome copies are
found concomitantly, rendering the direct quantifica-

5.3.2. MYC
The cellular oncogene MYC is frequently found amplified and overexpressed in cervical cancer. Several
studies have shown MYC activation at premalignant
stages, indicating that MYC detection might be used

Malinowski2005 - Table 1
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Table 1. Human Papillomavirus Open Reading Frame
Genes
HPV Gene

Function

LCR

Regulatory control of transcription, replication, and
host interactions.
Major capsid protein.
Minor capsid protein.
Viral replication and maintenance of viral episome.
Transcriptional regulation and cofactor for
replication.
Keratin interactions and viral shedding.
Growth factor receptor interactions and signal
transduction.
Prolongs division phase of the cell cycle to
promote replication.
Responsible for malignant transformation of the
cervical keratinocyte following infection with oncogenic subtypes of HPV.

L1
L2
E1
E2
E4
E5
E6 and E7

HPV, human papillomavirus.

HPVINTHEPATHOGENESISOF
CERVICALNEOPLASIA

clinical trial helped define the clinical utility of HPV testing in
combination with annual Pap screening. Within the ASCUS patient
population, 50%–60% of these patients harbored HPV infections
with 7% of patients presenting high-grade disease upon colposcopy
and biopsy confirmation. The ALTS trial concluded that HPV triage
of ASCUS patients was more effective for disease detection upon
referral to colposcopy than repeat cytology or direct referral to
colposcopy. However, HPV testing of LSIL patients was not useful
as a triage for colposcopy because of their high prevalence of HPV
infection (8–12). The use of HPV testing has been approved by
the Food and Drug Administration (FDA) in combination with Pap
screening as both a reflex test within the ASCUS patient population
and as a primary screen for cervical disease (13). The utility for
HPV testing in a primary diagnostic setting has been recommended
in recent guidelines from the American College of Obstetrics and
Gynecology (ACOG) (14). In addition to the Hybrid Capture II assay,
a number of PCR-based methods have been shown to support HPV
detection and viral genotyping using liquid-based cervical cytology
specimens (15–19).
The clinical utility of HPV-based screening for cervical disease
is in its negative predictive value. An HPV negative result in combination with a history of normal Pap smears is an excellent indicator
of a disease-free condition and a low risk of CN during the subsequent 1–3 years. However, a positive HPV result is not diagnostic
of cervical disease; rather it is an indication of infection. Although
the majority of HPV infections are transient and will spontaneously
clear within a 12-month period, a persistent infection with a highrisk HPV viral subtype indicates a higher risk for the development
of CN. To supplement HPV testing, a number of molecular markers
associated with CN have been evaluated in order to improve the
clinical specificity for cervical disease diagnosis.

HPV is recognized as the etiologic agent responsible for the
initiation of CN. Within the HPV family of viruses, there are both nononcogenic and oncogenic forms of the virus. The non-oncogenic
forms of the virus (including HPV types 6 and 11) are associated
with common warts and condyloma. The oncogenic forms of HPV
(including types 16 and 18) are associated with cervical carcinoma.
The oncogenic forms of HPV can be classified into high-risk and
intermediate-risk viral subtypes. The high-risk HPV viral subtypes
HPV-INDUCEDALTERATIONSOFTHECELL
include HPV types 16, 18, 45, and 58, and the intermediate-risk
CYCLEANDCELLULARPROLIFERATION
HPV viral subtypes include HPV types 31, 33, 35, 39, 51, 52, and 69
HPV infection within cervical keratinocytes results in a number
(4). The genome of HPV consists of a double-stranded circular DNA
of alterations that disrupt the activities within the cell cycle. The
molecule with eight open reading frames encoding the genes shown
cell cycle normally represents a series of coordinated activities
in Table 1. Within the context of CN development, the genes E6 and
within the cell that insures DNA integrity prior to replication of the
E7 from the oncogenic forms of HPV encode two distinct oncoprogenome, the separation of duplicated chromosomes and final cell
teins that are the major determinants in cellular transformation as
discussed in more detail below.
Current literature suggests that HPV infects
the basal stem cells within the underlying tissue
of the uterus cervix. Differentiation of the stem
cells into mature keratinocytes, with resulting
migration of the cells to the stratified cervical
epithelium, is associated with HPV viral replication
and reinfection of cells. During this viral replication
process, a number of cellular changes occur that
include cell cycle deregulation, active proliferation,
DNA replication, transcriptional activation, and
genomic instability (5–7). These changes are
diagramed in Figure 2.
Most HPV infections are transient in nature, with
the viral infection resolving itself within a 12-month
period. For those individuals who develop persistent
infections with one or more oncogenic subtypes of
HPV, there is a risk for the development of neoplasia
in comparison to patients without an HPV infection.
Given the importance of HPV in the development
of CN, the clinical detection of HPV has become Figure2.Thepathogenesisofcervicalneoplasia(CN).Thegeneralschemeforcervicalcancer
an important diagnostic tool in the identification of pathogenesisbeginswithinfectionofthecervicalepithelialstemcellwithhumanpapillomavipatients at risk for developing CN. Both the high- rus(HPV).Persistentinfectionofthedifferentiatingkeratinocyteresultsinanumberofcellular
risk and the intermediate-risk HPV viral subtypes andgenomicchangeswhichinclude:(i)integrationoftheHPVvirusintothehostgenomewith
are detectable through the use of the DiGene linearizationoftheviralepisomeanddeletionoftheE2gene;(ii)theoverexpressionoftheonHybrid Capture® II assay (DiGene Corporation, cogenesE6andE7;(iii)thederegulationofthecellcyclewithconcomitantincreaseincellular
Gaithersburg, MD, USA). The National Cancer proliferation;andfinally(iv)thegenerationofgenomicinstabilitywhichleadstoclonalselection
ofabnormalcellswithenhancedgrowthcharacteristicsandproliferativepotential.
Institute (NCI) ASCUS LSIL Triage Study (ALTS)
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