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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 

changes might be used as markers of cervical intraepithelial 

CIN-3 histologically. Referral of all women with abnormal cytol-

ogy for additional testing is deemed necessary because a single 

cytologic smear has low sensitivity (30%-60%) but high specifi c-

ity (95 – 98%) for detecting CIN-3  ( 2  –  5 ) . In our previous study  ( 6 )  

we reported that referral on the basis of a thin-layer Pap showing 
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to as CpG dinucleotides) to form methylcytosine (5-methylcyto-

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 dinucle-

otides (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.  

  At present, although there is some evidence that increased 

had inadequate samples for cytologic evaluation, 47 (2%) had 

 suffi cient cytology but insuffi cient 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 unsatis-

factory cytology specimens and 13 (72%) of 18 women with 

other cervical pathology not otherwise classifi ed.  

  To ensure that the present study evaluating gene hypermethyl-

ation included a representative sample of invasive cancers, in addi-

tion to examining biopsy specimens from the  “ screening ”  study 
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heterogeneous; for 7 genes, there was a reported range of
methylation frequencies in cervical cancers of greater than
60% between studies. They did identify 3 markers, DAPK1,
CADM1, and RARB, which showed elevated methylation in
cervical cancers consistently across studies. Thus, based on
these findings, no methylation markers can yet be utilized

that in the future, in addition to cervical cytology, more
advanced techniques, including HPV genotyping, will be
used to identify and triage those women most likely to
harbor a clinically significant cervical lesion. Assays for HPV
viral load and mRNA detection may be useful in both the
triage of abnormal cervical cytology, and detecting persistent
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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 

low-risk HPV (Table 1). Out of nine patients with negative 

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 

the expression levels of p16 and Ki-67 in patients with CIN. In 
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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 
an empty shell [15]. The virus can multiply episomally, (which is known for 



[16]. 
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 
studies in the United Kingdom showed that 34% of infected women carried 



in current smokers [21]. In Durango, Mexico, only 4.8% of all women were 
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 
a proliferative advantage over non-infected cells.  The full list of targets for E6 



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 
cycle progression might be a logical choice as biomarkers for cervical cancer. 
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and susceptibility or disease state, and are used to understand

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 technol-

ogies 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 reprodu-

cibility [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.

therefore to inform and/or replace current cancer management/

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.

⁎ Corresponding author. Fax: +358 2 3132809.
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hTERC amplification in cervical lesions and evaluate whether this might serve as a supportive biomarker 
to cytopathology or histopathology in the diagnosis of cervical lesions. 
cytopathologic examination and detection of amplification by fluorescence in situ hybridization (FISH) was 
conducted in 130 women, along with assessment of human papillomavirus DNA, colposcopy with biopsy, and 

: In cytopathologic examinations, hTERC amplification rates for negative 
for intraepithelial lesion or malignancy (NILM),atypical squamous cells of undetermined significance (ASCUS), 
low-grade squamous intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL) and 
squamous cell carcinoma (SCC) cases were 0% (0/10), 4% (1/25), 20% (6/30), 77% (27/35), and 100% (10/10), 
respectively. The difference among abnormal cellular change groups was statistically significant (P<0.05). In 
histopathologic examinations, hTERC amplification rates in normal squamous cell with or without inflammatory, 
cervical intraepithelial neoplasia 1 (CIN 1), CIN 2, CIN 3 and SCC cases were 3.8% (2/52), 18.2% (6/33), 66.7% 
(6/9), 84.6% (22/26), 100% (10/10), respectively. There were significant differences among CIN1, CIN2, CIN3 
and SCC cases (P<0.05). The hTERC amplification was more specific than HPV positivity in differentiating low-
grade from high-grade cervical disorders (specificity: 88.5% vs. 70.8%, P<0.05). : FISH detection 
of hTERC amplification could be an effective adjunct to cytopathologic or histopathologic examination for 
differential diagnosis of low- and high-grade cervical squamous cell disorders.
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Clinical Significance of Human Telomerase RNA Gene (hTERC) 
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study genomic alterations have identified frequent gains 

of detection of hTERC genomic amplification of 3q as a 
biomarker for progression during cervical tumorigenesis 
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hTERC amplification in comparison with HPV positivity
The percentages of cases positive for high-risk HPV 

hTERC amplification was thus more specific than HPV 

from high-grade ones (specificity: 88.5% vs. 70.8%, 

hTERC amplification patterns in relation to severity of 
cervical lesions

The fluorescent signal pattern of CSP3 versus hTERC 
was 2:2 in normal cells. For the 52 cases classified as 
normal or inflammatory, there were 69 (2.3%) abnormal 

2:5, 3:3, 4:4, 5:5, accounting 55.1% (65/118), 32.2% 
(38/118), 5.1% (6/118), 4.2% (5/118), 2.5% (3/118) , 
and 0.8% (1/118), respectively. For the 35 CIN2-3 cases, 

The numbers of hTERC-amplified cases as well as the 

Discussion

changes on liquid-based cervicovaginal preparations 

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 

were 0%, 4%, 20%, 77%, and 100%, respectively. In 

Table 2. hTERC Amplification in Histopathologic 
Specimens

hTERC Amplification

Normal or Inflammatory
There was significant difference of hTERC amplification rate 

were also significant differences of hTERC amplification 

carcinoma; normal or inflammatory: normal squamous cell 
with or without inflammatory.

histopathologic examinations, hTERC amplification was 
observed in 3.8% of normal or inflammatory cases, 18.2% 

cases, and 100% of SCC cases. These findings were similar 

cytologic diagnosis of HSIL or SCC had significantly 
higher percentages of cells with hTERC amplification 

significant differences between pathological cases and 

These findings strongly supported the notion that hTERC 
amplification could be a major, clinically useful genetic 
marker assisting cytopathologic and histopathologic 
analysis for the differential diagnosis of low-grade (≤CIN 
1) versus high-grade (≥CIN 2) cervical lesions. 

hTERC amplification were also positive for high-risk 

integrated into human genome and led to amplification 

et al., 2006; Oikonomou et al., 2007). It was thought 

amplification was more specific than HPV positivity in 

between low-grade (≤CIN 1) and high-grade (≥CIN 2) 
cervical disorders. It indicated that hTERC amplification 
could serve as a useful molecular marker providing the 

that the numbers of hTERC-amplified cases as well as the 

hTERC amplification increased as the disease progressed, 

amplification were found only in the high-grade lesions. 
Therefore, hTERC amplification is not only important 

the degree of malignancy in CIN. hTERC amplification 
patterns can be used as an auxiliary diadynamic marker 

amplification can serve as a molecular marker supporting 

We suggest that FISH testing for hTERC amplifications 
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

Mcm5 protein. The MCM proteins form a hexameric

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 cytopatho-

logists and classified by Bethesda 2001 terminology as

‘‘negative,’’ ‘‘ASC-US,’’ ‘‘LSIL,’’ or ‘‘HSIL.’’ The clinical
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Moleculardiagnosticassaysforcervical
neoplasia:emergingmarkersforthe
detectionofhigh-gradecervicaldisease
DouglasP.Malinowski
TriPathOncology,Durham,NC,USA

Theaccuratedetectionanddiagnosisofcervicalcarcinomaanditsmalignantprecursors(collectivelyreferredtoashigh-gradecervical
disease)representsoneofthecurrentchallengesinclinicalmedicineandcytopathology.Theadventofmoleculardiagnosticsandtheuse
ofwhole-genomeprofilingusingDNAmicroarrayspromisestoyieldimprovedunderstandingofthediseaseprocesswiththesubsequent
developmentofmoreaccuratediagnosticproceduresbaseduponthesediscoveries.Recentreportsdescribingavarietyofexperimental
approacheshaveidentifiedaseriesofcandidategenesthatareoverexpressedincervicalcarcinoma.Inthisarticle,representativeexamples
ofthesemarkersandtheresultingtranslationalresearchwillbereviewedwithinthecontextofimprovedcervicaldiseasedetection.An
emergingclassofmarkers,theminichromosomemaintenanceproteinfamilyofDNAlicensingfactors(MCM-2,MCM-6,MCM-7),shows
promiseforthespecificdetectionofhigh-gradecervicaldiseaseusingsimpleantibody-basedimmunochemistryformats.Theseproteinsare
overexpressedincervicaldiseaseasaresultofinfectionbyoncogenicstrainsofhumanpapillomavirus(HPV)andsubsequentuncontrolled
activationofgenetranscriptionandaberrantS-phaseinduction,mediatedthroughtheE2Ftranscriptionfactorpathway.Thisbehavior
appearstobeahallmarkofhigh-gradecervicaldiseaseandprovidesthelinkbetweenoncogenicHPVinfectionsandthemolecularbehavior
ofcervicalneoplasia(CN).TheuseofthesemoleculardescriptorsofCNinsimpleimmunochemistryformatscompatiblewithconventional
cytologypreparationsisanticipatedtoimprovethescreeninganddetectionofcervicaldiseasewithinthehealthcaresystem.

BioTechniques38:S17-S23(April2005)

INTRODUCTION
Cervical neoplasia (CN), which includes squamous cell 

carcinoma arising from cells lining the exterior of the uterus cervix, 
adenocarcinoma arising from cells lining the endocervical canal, 
and their malignant high-grade dysplastic precursors, represent a 
significant issue in women’s health on a world-wide basis. Each year 
in the U.S., approximately 14,000 new cases of cervical cancer and 
approximately 500,000 cases of high-grade malignant precursors to 
cervical cancer are detected in 50 million women who are screened 
annually with a Papanicolaou (Pap) smear. Outside the U.S., 
cervical cancer represents a significant cause of mortality in women 
with an estimated 470,000 new cases of cervical cancer diagnosed 
annually. The detection and diagnosis of CN is accomplished 
through the morphological assessment of cervical cells obtained 
during an annual Pap screen examination. In this procedure, 
scrapings of both endocervical and ectocervical cells from the cervix 
are collected, deposited on a microscope slide, stained with the 
Pap stain, and then examined microscopically for the presence of 
neoplastic cells as determined by abnormal morphology. 

Within the morphologic classification of CN, the malignant 
precursors of squamous cervical carcinoma include severe and 
moderate dysplasia that are defined respectively as cervical 
intraepithelial neoplasia grade 3 (CIN3) and grade 2 (CIN2) in 
histology and as high-grade squamous intraepithelial lesions (HSIL) 
in cytology. Mild dysplasia is defined as CIN1 on histology and 
low-grade squamous intraepithelial lesion (LSIL) on cytology and 
generally represents the morphologic abnormality associated with 
transient human papillomavirus (HPV) infections. However, under-
lying cervical disease can still be present within these LSIL or CIN1 
specimens. Finally, suspicious cells that appear can be categorized 
either as atypical squamous cells in which HSIL cannot be ruled 
out (ASC-H) or atypical squamous cells of uncertain significance 
(ASC-US). Appropriate clinical management guidelines exist to 
manage patients across this spectrum of morphological classifica-
tions of cervical abnormalities (1–3). For the purposes of this article, 
high-grade cervical disease is defined as the detection of a CIN2 
lesion or higher following colposcopy examination and tissue biopsy 
confirmation. A typical high-grade HSIL cell within a cervical cytology 
specimen is shown in Figure 1.

The use of morphology-based classification for cervical neoplasia 
presents a number of dilemmas for the accurate diagnosis of this 
disease. Factors that compromise the diagnostic accuracy of Pap 
screening and cytology diagnosis include rare event detection, 
sample adequacy, obscuring features such as blood, mucous, 
inflammation, and the appearance of suspicious appearing cells 
that appear malignant yet are the result of benign cellular changes 
arising from inflammation, repair processes, etc. In addition, the 
diagnosis of cervical disease based upon cellular morphology is 
inherently a subjective analysis that is highly dependent upon the 
skills and experience of the cytotechnologist and the cytopathologist, 
which can lead to variability in diagnoses. Hence there is a  
recognized need within the medical community to utilize 
supplemental diagnostic markers to improve the sensitivity, 
specificity, reproducibility, and utility of current morphology-based 
diagnostics for the detection of high-grade cervical disease.

Figure 1. The presence of cervical highgrade squamous intraepithelial
lesion(HSIL)cellswithinacervicalcytologyspecimen.TheHSILcellsare
characterizedbyasmallercellsizeandanenlargednucleusincomparisonto
thelargernormalcervicalkeratinocytesshowninthefigure.Alsoshownin
thefigurearesmallinflammatoryleukocytes.Thecervicalcytologyspecimen
wascollectedinSurePath™liquid-basedfluid(TripathImaging,Burlington,
NC,USA).

BioTechniques, 2005, Vol. 38, pp. S17-S23
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HPVINTHEPATHOGENESISOF
CERVICALNEOPLASIA

HPV is recognized as the etiologic agent responsible for the 
initiation of CN. Within the HPV family of viruses, there are both non-
oncogenic 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 
include HPV types 16, 18, 45, and 58, and the intermediate-risk 
HPV viral subtypes include HPV types 31, 33, 35, 39, 51, 52, and 69 
(4). The genome of HPV consists of a double-stranded circular DNA 
molecule with eight open reading frames encoding the genes shown 
in Table 1. Within the context of CN development, the genes E6 and 
E7 from the oncogenic forms of HPV encode two distinct oncopro-
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 
an important diagnostic tool in the identification of 
patients at risk for developing CN. Both the high-
risk and the intermediate-risk HPV viral subtypes 
are detectable through the use of the DiGene 
Hybrid Capture® II assay (DiGene Corporation,  
Gaithersburg, MD, USA). The National Cancer 
Institute (NCI) ASCUS LSIL Triage Study (ALTS) 

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 combi-
nation with a history of normal Pap smears is an excellent indicator 
of a disease-free condition and a low risk of CN during the subse-
quent 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 high-
risk 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-INDUCEDALTERATIONSOFTHECELL
CYCLEANDCELLULARPROLIFERATION

HPV infection within cervical keratinocytes results in a number 
of alterations that disrupt the activities within the cell cycle. The 
cell cycle normally represents a series of coordinated activities 
within the cell that insures DNA integrity prior to replication of the 
genome, the separation of duplicated chromosomes and final cell 

Table 1. Human Papillomavirus Open Reading Frame 
Genes

HPV Gene Function

LCR Regulatory control of transcription, replication, and 
host interactions.

L1 Major capsid protein. 

L2 Minor capsid protein.

E1 Viral replication and maintenance of viral episome.

E2 Transcriptional regulation and cofactor for 
replication.

E4 Keratin interactions and viral shedding.

E5 Growth factor receptor interactions and signal 
transduction.

E6 and E7 Prolongs division phase of the cell cycle to 
promote replication.  
Responsible for malignant transformation of the 
cervical keratinocyte following infection with onco-
genic subtypes of HPV.

HPV, human papillomavirus.

Figure2.Thepathogenesisofcervicalneoplasia(CN).Thegeneralschemeforcervicalcancer
pathogenesisbeginswithinfectionofthecervicalepithelialstemcellwithhumanpapillomavi-
rus(HPV).Persistentinfectionofthedifferentiatingkeratinocyteresultsinanumberofcellular
andgenomicchangeswhichinclude:(i)integrationoftheHPVvirusintothehostgenomewith
linearizationoftheviralepisomeanddeletionoftheE2gene;(ii)theoverexpressionoftheon-
cogenesE6andE7;(iii)thederegulationofthecellcyclewithconcomitantincreaseincellular
proliferation;andfinally(iv)thegenerationofgenomicinstabilitywhichleadstoclonalselection
ofabnormalcellswithenhancedgrowthcharacteristicsandproliferativepotential.
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utility in the clinical diagnosis of high-grade cervical disease. Cyclin 
E, A, and B have all been shown to be overexpressed in squamous 
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, over- 
expression 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 infec-
tions and can be detected in both squamous cell carcinoma and 
adenocarcinoma (35–40). The specificity of p16 overexpression 

has been examined and is associated with carcinoma, biopsy 
confirmed CIN 2+ lesions, and a significant number of LSIL—CIN 1 
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 pre-
replication 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 

Table 2. Cyclins in Cervical Neoplasia

Cyclin Protein
Cell Cycle 

Phase Function Expression Status in CN References

Cyclin D1 and D3 G1 CDK4 and CDK6 regulatory subunits.
Links mitogenic stimuli to cell cycle 
progression.

Cyclin D1 decreased in 97% of HSIL and 72% of 
invasive cervical cancer.
Cyclin D3 decreased in 51% of squamous cell 
carcinoma.
Increased expression within cervical carcinoma 
associated with poor disease-free survival.

27,30–32

Cyclin E G1 CDK2 regulatory subunit. Increased in 97% of LSIL, 92% of HSIL, and 82% 
of squamous cell carcinoma.

27–29

Cyclin A S and M CDK2 regulatory subunit in the S-
phase and CDK1 in the M-phase.
Links anchorage-dependent cell 
growth to cell cycle progression.

Increased in 35% of squamous cell carcinoma 
and adenocarcinoma.

27,33

Cyclin B G2 and M CDK1 regulatory subunit. Increased in CN, squamous cell carcinoma, and 
adenocarcinoma.

27,33

CN, cervical neoplasia; CDK, cyclin-dependent kinases; HSIL, high-grade squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesion. 

Table 3. Characteristics of p16INK4A and MCM-5 Staining of Cervical Neoplasia

Features Characteristics of p16 Staining Characteristics of MCM-5 Staining

Sensitivity for HSIL detection 70%–100% 100%

Specificity for HSIL detection Low and inconsistent: 25%–75% 67%

Scoring criteria Variable across studies with a minimum of 10+ 
positive cells per slide

Percent positive cells detected in tissue biopsy 
specimens.

Staining localization Overexpression in both the nucleus and the  
cytoplasm.

Staining localized to nucleus.

Specificity of staining Expression in both nucleus and cytoplasm makes 
immunocytochemistry interpretation difficult.
Expression detected in both LSIL and HSIL  
lesions.

Nuclear localization makes immunocytochemistry 
interpretation easy.

Expression detected in proliferative cells within 
parabasal layer within cervical epithelium.
Easy detection of neoplastic cells within tissue 
section lesions.
Difficult discrimination between basal cells and 
malignant cells within cervical cytology preparations.

MCM-5, minichromosome maintenance 5; HSIL, high-grade squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesion. 



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 high-
grade cervical disease using immunochemistry formats (47–49).

EMERGINGMARKERSANDTHEMOLECULAR
DESCRIPTIONOFCN

Molecular markers such as MCM-2, MCM-7, and MCM-6 hold 
promise for the development of more specific assays to detect 
cervical disease. In addition to these markers, topoisomerase II-α 
(TOP2A) has been shown to be overexpressed in cervical disease 
and to correlate with the detection of aberrant S-phase induction 
and transcriptional activation present within CN (48,50). As shown 
in Figure 3, the action of the HPV oncoproteins E6 and E7 abrogate 
the critical cell cycle checkpoints and induce expression of S-phase 
genes through the constitutive action of the E2F transcription factor. 
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 

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 
appears to be a common characteristic of many cancers. 

EMERGINGDIAGNOSTICASSAYSFORTHE
DETECTIONOFCERVICALDISEASE

The application of transcriptional profiling using DNA micro-
arrays has identified a number of genes that are overexpressed 
within cervical disease samples. Genes overexpressed in cervical 
carcinoma and in response to HPV infections have been described 
in the literature (50–52). Using this approach, MCM-6, MCM-4, 
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 under-
standing 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 over- 
expressed in cervical disease (48,49). These proteins have been 
used to develop molecular immunohistochemistry and immunocy-
tochemistry assays for the detection of high-grade cervical disease. 
These markers have been reported to detect cervical disease with a 
higher level of specificity and positive predictive value over current 
methods of HPV detection or cytology-based diagnosis (48,49). 
The detection of cervical cancer in a cytology specimen using one  
such prototype molecular immunocytochemistry assay is shown in 
Figure 5. 

It is anticipated that further development and investigation of 
molecular assays employing markers such as the MCM proteins 
and TOP2A within clinical settings will define the clinical utility of 
these molecular-based diagnostics for the specific improvement in 
the detection of cervical disease. As stated previously in this article, 
the dilemmas of morphology-based diagnosis will benefit from 
the development and use of more objective molecular diagnostic 
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 Sensitivitya

(%)
Specificityb

(%)
Reference

p16INK4A 96 33 39

p16INK4A 92 53 40

p16INK4A 97 42 41

MCM-5 100 67 43

Sensitivities and specificities for the detection for HSIL in cervical cytology 
calculated from the data in the referenced literature. MCM-5, minichromo-
some maintenance 5; HSIL, high-grade squamous intraepithelial lesions; 
LSIL, low-grade squamous intraepithelial lesion; TP, true positive (HSIL 
stained with biomarker); FP, false positive (LSIL stained with biomarker); 
TN, true negative (LSIL not stained with biomarker); and FN, false negative 
(HSIL not stained with biomarker).
aSensitivity = TP/TP + FN.
bSpecificity = TN/TN + FP.

Figure 4. The detection of minichromosome maintenance 5
(MCM-5) overexpression in cervical high-grade intraepithelial
neoplasia using specific monoclonal antibodies in an immuno-
chemistry format. MCM-5 overexpression is detected in both tissue
(left panel) and cytology specimens (right panel) using a molecular
immunochemistry format (48,49). The overexpressed MCM-5 protein is
localizedtothenucleusoftheneoplasticcells.CIN3,cervicalintraepithelial
neoplasiagrade3.

HSIL 400×CIN 3 100×

Figure5.Thedetectionofaninvasivecervicalcancercellusingamolecular
immunocytochemistryassayinaroutineSurePathliquid-basedcytology
specimen.Overexpressedproteinsaredetectedusingmonoclonalantibodies
inanimmunocytochemistryformat(48,49).
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regulation of eukaryotic DNA replication, and are overexpressed in a number of dysplastic and malignant 

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. 
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ABSTRACT  Cervical cancer is one of the leading cancers in 
women worldwide. It develops through a series of precur-
sor lesions, termed cervical intraepithelial neoplasia (CIN), 
that in the majority of cases do regress spontaneously. Only 
a minor part of the lesions develop to high grade lesions and 
eventually invasive cancer. Infections with human papilloma 
viruses (HPV) are a necessary factor for the development of 
CIN and invasive cervical cancer. 

The deregulated expression of two HPV oncogenes, E6 and 
E7, in basal epithelial cells substantially interferes with the 
hosts cell cycle and apoptosis regulation and initiates ma-
lignant transformation. Several characteristic changes have 
been identified in epithelial cells transformed by HPV: Proli-
feration associated markers like ki67, telomerase, MCM5 and 
CDC6 are expressed at various levels in premalignant lesions 
and invasive cancer. Aneuploidy and diverse chromosomal 
imbalances are frequently observed in high grade lesions, 
the gain of 3q has been described as a very specific altera-
tion. Strong p16INK4a expression was found in medium to high 
grade premalignant lesions as well as in cervical cancer indi-
cating the functional inactivation of pRb by E7. Integration 
of HPV DNA into the host genome is a very specific marker
for advanced lesions with high progression probability and is 
frequently found in cervical cancer. 

In order to improve cervical cancer screening programs that 
are mainly based on Pap cytology, many of the described bio-
markers are currently assessed in clinical studies in various 
applications. Promising results have been found especially 
for HPV testing and the detection of p16INK4a.

Key words  Cervical cancer, CIN, HPV, proliferation, aneu-
ploidy, p16INK4a, screening

INTRODUCTION  Cervical cancer is one of the leading cancers 
in women worldwide. Its distribution varies widely. In indus-
trialized countries, organized or opportunistic screening has 
led to a marked decrease of cervical cancer incidence over 
the past 40 years. In the US, the incidence is now around 
10-15 cases/100.000 women in the age groups from 40 to 90 
years (1). In developing countries with little or no access to 
screening facilities, a much higher incidence of invasive can-
cer is observed, e.g. up to 100 cases/100.000 women in some 
parts of India (all age groups) (2). In some regions of the 
world, cervical cancer is the first or second most frequent ma-
lignancy in women.

Cervical cancer develops through a series of precursor lesions, 
termed cervical intraepithelial neoplasia (CIN). The major-
ity of low grade precursor lesions do regress spontaneously 
without treatment. Only a minor part of the lesions develop 
to high grade lesions and eventually invasive cancer. Ostor (3) 
has reviewed the literature on the natural history of intraepi-
thelial neoplasia and has computed approximate likelihoods 
of regression, persistence and progression of cervical precan-
cer. According to this model, only 10% of the CIN1 will prog-
ress to CIN3, 33% of the CIN3 lesions will regress and about 
12% will progress to invasive cancer. Naturally, this sequence 
has not been observed as such in patients. Since a medium to 
high grade lesion is usually treated, the real proportion of le-
sions that finally progress to cancer is hard to determine. It is
also debated that there might be subsets of cervical cancers 
that develop directly from transformed single cells to CIN3 
and carcinoma in situ rather than going through all precur-
sor stages.

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, treat-
ing a precursor lesion that has a high probability of sponta-
neous 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).
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cating the functional inactivation of pRb by E7. Integration 
of HPV DNA into the host genome is a very specific marker
for advanced lesions with high progression probability and is 
frequently found in cervical cancer. 

In order to improve cervical cancer screening programs that 
are mainly based on Pap cytology, many of the described bio-
markers are currently assessed in clinical studies in various 
applications. Promising results have been found especially 
for HPV testing and the detection of p16INK4a.

Key words  Cervical cancer, CIN, HPV, proliferation, aneu-
ploidy, p16INK4a, screening

INTRODUCTION  Cervical cancer is one of the leading cancers 
in women worldwide. Its distribution varies widely. In indus-
trialized countries, organized or opportunistic screening has 
led to a marked decrease of cervical cancer incidence over 
the past 40 years. In the US, the incidence is now around 
10-15 cases/100.000 women in the age groups from 40 to 90 
years (1). In developing countries with little or no access to 
screening facilities, a much higher incidence of invasive can-
cer is observed, e.g. up to 100 cases/100.000 women in some 
parts of India (all age groups) (2). In some regions of the 
world, cervical cancer is the first or second most frequent ma-
lignancy in women.

Cervical cancer develops through a series of precursor lesions, 
termed cervical intraepithelial neoplasia (CIN). The major-
ity of low grade precursor lesions do regress spontaneously 
without treatment. Only a minor part of the lesions develop 
to high grade lesions and eventually invasive cancer. Ostor (3) 
has reviewed the literature on the natural history of intraepi-
thelial neoplasia and has computed approximate likelihoods 
of regression, persistence and progression of cervical precan-
cer. According to this model, only 10% of the CIN1 will prog-
ress to CIN3, 33% of the CIN3 lesions will regress and about 
12% will progress to invasive cancer. Naturally, this sequence 
has not been observed as such in patients. Since a medium to 
high grade lesion is usually treated, the real proportion of le-
sions that finally progress to cancer is hard to determine. It is
also debated that there might be subsets of cervical cancers 
that develop directly from transformed single cells to CIN3 
and carcinoma in situ rather than going through all precur-
sor stages.

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, treat-
ing a precursor lesion that has a high probability of sponta-
neous 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).
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Unfortunately, the Pap test is hampered by inconsistent quality 
and a high dependence on the observers experience. These fac-
tors lead to high inter- and intra-observer variability of the test 
results (6). Usually, these limitations of the test are compen-
sated 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 
test, several liquid based cytology (LBC) applications have 
been introduced. These methods are characterized by more 
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, automat-
ed cytology assessment applications have been developed for 
standard and liquid based cytology specimens. Their aim is 
either to reduce the number of slides that need to be screened 
manually (negative selection) or to present the observer po-
tentially abnormal slides and allowing the observer to go back 
to suspicious cells (positive selection). Currently, there are no 
randomized studies showing an improved detection rate of rel-
evant lesions by the automated screening systems. Some con-
cerns 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 re-
quiring further diagnostic work up. 

In developing countries, there is only rarely access to infra-
structure that allows to perform appropriate cytology screen-
ing. Here, diagnostics of cervical cancer and precancer are 
mainly based on direct visual inspection. During this proce-
dure, the cervix is inspected visually before and after appli-
cation of acetic acid (VIA) and lugols iodine solution (VILI). 
These procedures can be improved by using magnification of
the cervical surface, e.g. by using a colposcope (8). One ad-
vantage of the visual screening approach is the direct possi-
bility of treating suspect lesions. The so called “screen- and 
treat” regimens are especially important in regions where 
healthcare facilities are hard to reach and women cannot be 
expected to return for treatment after the result of a screen-
ing test has been obtained (9).

In VIA, it is difficult to detect small and endocervically locat-
ed lesions; depending on the screening intervals, lesions might 
be overseen and develop to invasive cancer. On the other side, 
many changes observed in VIA are rather unspecific and might
thus lead to over-treatment of women. An important issue of 
unnecessary treatment in the cervical region is the increased 
risk of transmission of STDs, especially HIV, because the 
freshly treated cervix is highly susceptible to infections (10). 

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

cervical cancer screening in the different regions of the world: 
In industrialized countries, cervical cancer screening is usu-
ally 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 re-
source settings, there is usually no screening at all. Here, it is 
most important to introduce screening that is affordable and 
fits to the health care infrastructure of the respective coun-
tries. In the last 20 years, a lot of effort has been put into the 
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 mark-
ers have been evaluated in cervical cancer precursor lesions. 
There are several approaches to identify new cancer markers: 
Differential gene and protein expression analysis can yield 
genes and proteins that are substantially higher expressed 
in precancer and cancer as compared to normal tissue (11). 
Some markers have been evaluated that were known to be 
involved in the development of other cancers (12). The most 
promising markers have been identified by analyzing the mo-
lecular 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). 

PATHOGENESIS OF CERVICAL SQUAMOUS CELL CANCER PRE-

CURSOR LESIONS  

HUMAN PAPILLOMA VIRUSES AND CERVICAL PRECANCER  A large 
number of experimental and epidemiological studies have 
shown that infections with HPV are a necessary factor for the 
development of cervical cancer. Basically all cervical carci-
nomas contain HPV DNA (15). Depending on the HPV type, 
several case control studies have found more than 100 to 400 
fold increased risks of women to develop a cervical cancer in 
comparison to HR-HPV negative women (16).

The peak of HPV infections is between the age of 15 and 
35. Studies about the prevalence of HPV infections in young 
sexually active women have found up to 40% HPV positive 
women in this age group (17-18). Low grade squamous in-
traepithelial lesions (LSIL) have a high peak between age 
20 and 40, while high grade squamous intrepithelial lesions 
(HSIL) start at the age of 20 and are evenly distributed over 
a broad age range (19) (Figure 1). These epidemiological data 
suggest that while LSIL seems to be a direct consequence 
of HPV infections, several additional factors in addition to 
HPV infections are required for HSIL to develop. 

HUMAN PAPILLOMA VIRUSES  After the first descriptions of the
involvement of viral agents in cervical squamous cell cancer 
(20), it took about 20 years until it was accepted that basical-
ly all cervical carcinomas are caused by HPV (15). HPVs are 
small DNA viruses that have a genome of about 8kb and code 
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Unfortunately, the Pap test is hampered by inconsistent quality 
and a high dependence on the observers experience. These fac-
tors lead to high inter- and intra-observer variability of the test 
results (6). Usually, these limitations of the test are compen-
sated 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 
test, several liquid based cytology (LBC) applications have 
been introduced. These methods are characterized by more 
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, automat-
ed cytology assessment applications have been developed for 
standard and liquid based cytology specimens. Their aim is 
either to reduce the number of slides that need to be screened 
manually (negative selection) or to present the observer po-
tentially abnormal slides and allowing the observer to go back 
to suspicious cells (positive selection). Currently, there are no 
randomized studies showing an improved detection rate of rel-
evant lesions by the automated screening systems. Some con-
cerns 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 re-
quiring further diagnostic work up. 

In developing countries, there is only rarely access to infra-
structure that allows to perform appropriate cytology screen-
ing. Here, diagnostics of cervical cancer and precancer are 
mainly based on direct visual inspection. During this proce-
dure, the cervix is inspected visually before and after appli-
cation of acetic acid (VIA) and lugols iodine solution (VILI). 
These procedures can be improved by using magnification of
the cervical surface, e.g. by using a colposcope (8). One ad-
vantage of the visual screening approach is the direct possi-
bility of treating suspect lesions. The so called “screen- and 
treat” regimens are especially important in regions where 
healthcare facilities are hard to reach and women cannot be 
expected to return for treatment after the result of a screen-
ing test has been obtained (9).

In VIA, it is difficult to detect small and endocervically locat-
ed lesions; depending on the screening intervals, lesions might 
be overseen and develop to invasive cancer. On the other side, 
many changes observed in VIA are rather unspecific and might
thus lead to over-treatment of women. An important issue of 
unnecessary treatment in the cervical region is the increased 
risk of transmission of STDs, especially HIV, because the 
freshly treated cervix is highly susceptible to infections (10). 

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

cervical cancer screening in the different regions of the world: 
In industrialized countries, cervical cancer screening is usu-
ally 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 re-
source settings, there is usually no screening at all. Here, it is 
most important to introduce screening that is affordable and 
fits to the health care infrastructure of the respective coun-
tries. In the last 20 years, a lot of effort has been put into the 
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 mark-
ers have been evaluated in cervical cancer precursor lesions. 
There are several approaches to identify new cancer markers: 
Differential gene and protein expression analysis can yield 
genes and proteins that are substantially higher expressed 
in precancer and cancer as compared to normal tissue (11). 
Some markers have been evaluated that were known to be 
involved in the development of other cancers (12). The most 
promising markers have been identified by analyzing the mo-
lecular 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). 

PATHOGENESIS OF CERVICAL SQUAMOUS CELL CANCER PRE-

CURSOR LESIONS  

HUMAN PAPILLOMA VIRUSES AND CERVICAL PRECANCER  A large 
number of experimental and epidemiological studies have 
shown that infections with HPV are a necessary factor for the 
development of cervical cancer. Basically all cervical carci-
nomas contain HPV DNA (15). Depending on the HPV type, 
several case control studies have found more than 100 to 400 
fold increased risks of women to develop a cervical cancer in 
comparison to HR-HPV negative women (16).

The peak of HPV infections is between the age of 15 and 
35. Studies about the prevalence of HPV infections in young 
sexually active women have found up to 40% HPV positive 
women in this age group (17-18). Low grade squamous in-
traepithelial lesions (LSIL) have a high peak between age 
20 and 40, while high grade squamous intrepithelial lesions 
(HSIL) start at the age of 20 and are evenly distributed over 
a broad age range (19) (Figure 1). These epidemiological data 
suggest that while LSIL seems to be a direct consequence 
of HPV infections, several additional factors in addition to 
HPV infections are required for HSIL to develop. 

HUMAN PAPILLOMA VIRUSES  After the first descriptions of the
involvement of viral agents in cervical squamous cell cancer 
(20), it took about 20 years until it was accepted that basical-
ly all cervical carcinomas are caused by HPV (15). HPVs are 
small DNA viruses that have a genome of about 8kb and code 
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Unfortunately, the Pap test is hampered by inconsistent quality 
and a high dependence on the observers experience. These fac-
tors lead to high inter- and intra-observer variability of the test 
results (6). Usually, these limitations of the test are compen-
sated 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 
test, several liquid based cytology (LBC) applications have 
been introduced. These methods are characterized by more 
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, automat-
ed cytology assessment applications have been developed for 
standard and liquid based cytology specimens. Their aim is 
either to reduce the number of slides that need to be screened 
manually (negative selection) or to present the observer po-
tentially abnormal slides and allowing the observer to go back 
to suspicious cells (positive selection). Currently, there are no 
randomized studies showing an improved detection rate of rel-
evant lesions by the automated screening systems. Some con-
cerns 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 re-
quiring further diagnostic work up. 

In developing countries, there is only rarely access to infra-
structure that allows to perform appropriate cytology screen-
ing. Here, diagnostics of cervical cancer and precancer are 
mainly based on direct visual inspection. During this proce-
dure, the cervix is inspected visually before and after appli-
cation of acetic acid (VIA) and lugols iodine solution (VILI). 
These procedures can be improved by using magnification of
the cervical surface, e.g. by using a colposcope (8). One ad-
vantage of the visual screening approach is the direct possi-
bility of treating suspect lesions. The so called “screen- and 
treat” regimens are especially important in regions where 
healthcare facilities are hard to reach and women cannot be 
expected to return for treatment after the result of a screen-
ing test has been obtained (9).

In VIA, it is difficult to detect small and endocervically locat-
ed lesions; depending on the screening intervals, lesions might 
be overseen and develop to invasive cancer. On the other side, 
many changes observed in VIA are rather unspecific and might
thus lead to over-treatment of women. An important issue of 
unnecessary treatment in the cervical region is the increased 
risk of transmission of STDs, especially HIV, because the 
freshly treated cervix is highly susceptible to infections (10). 

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

cervical cancer screening in the different regions of the world: 
In industrialized countries, cervical cancer screening is usu-
ally 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 re-
source settings, there is usually no screening at all. Here, it is 
most important to introduce screening that is affordable and 
fits to the health care infrastructure of the respective coun-
tries. In the last 20 years, a lot of effort has been put into the 
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 mark-
ers have been evaluated in cervical cancer precursor lesions. 
There are several approaches to identify new cancer markers: 
Differential gene and protein expression analysis can yield 
genes and proteins that are substantially higher expressed 
in precancer and cancer as compared to normal tissue (11). 
Some markers have been evaluated that were known to be 
involved in the development of other cancers (12). The most 
promising markers have been identified by analyzing the mo-
lecular 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). 

PATHOGENESIS OF CERVICAL SQUAMOUS CELL CANCER PRE-

CURSOR LESIONS  

HUMAN PAPILLOMA VIRUSES AND CERVICAL PRECANCER  A large 
number of experimental and epidemiological studies have 
shown that infections with HPV are a necessary factor for the 
development of cervical cancer. Basically all cervical carci-
nomas contain HPV DNA (15). Depending on the HPV type, 
several case control studies have found more than 100 to 400 
fold increased risks of women to develop a cervical cancer in 
comparison to HR-HPV negative women (16).

The peak of HPV infections is between the age of 15 and 
35. Studies about the prevalence of HPV infections in young 
sexually active women have found up to 40% HPV positive 
women in this age group (17-18). Low grade squamous in-
traepithelial lesions (LSIL) have a high peak between age 
20 and 40, while high grade squamous intrepithelial lesions 
(HSIL) start at the age of 20 and are evenly distributed over 
a broad age range (19) (Figure 1). These epidemiological data 
suggest that while LSIL seems to be a direct consequence 
of HPV infections, several additional factors in addition to 
HPV infections are required for HSIL to develop. 

HUMAN PAPILLOMA VIRUSES  After the first descriptions of the
involvement of viral agents in cervical squamous cell cancer 
(20), it took about 20 years until it was accepted that basical-
ly all cervical carcinomas are caused by HPV (15). HPVs are 
small DNA viruses that have a genome of about 8kb and code 
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Unfortunately, the Pap test is hampered by inconsistent quality 
and a high dependence on the observers experience. These fac-
tors lead to high inter- and intra-observer variability of the test 
results (6). Usually, these limitations of the test are compen-
sated 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 
test, several liquid based cytology (LBC) applications have 
been introduced. These methods are characterized by more 
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, automat-
ed cytology assessment applications have been developed for 
standard and liquid based cytology specimens. Their aim is 
either to reduce the number of slides that need to be screened 
manually (negative selection) or to present the observer po-
tentially abnormal slides and allowing the observer to go back 
to suspicious cells (positive selection). Currently, there are no 
randomized studies showing an improved detection rate of rel-
evant lesions by the automated screening systems. Some con-
cerns 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 re-
quiring further diagnostic work up. 

In developing countries, there is only rarely access to infra-
structure that allows to perform appropriate cytology screen-
ing. Here, diagnostics of cervical cancer and precancer are 
mainly based on direct visual inspection. During this proce-
dure, the cervix is inspected visually before and after appli-
cation of acetic acid (VIA) and lugols iodine solution (VILI). 
These procedures can be improved by using magnification of
the cervical surface, e.g. by using a colposcope (8). One ad-
vantage of the visual screening approach is the direct possi-
bility of treating suspect lesions. The so called “screen- and 
treat” regimens are especially important in regions where 
healthcare facilities are hard to reach and women cannot be 
expected to return for treatment after the result of a screen-
ing test has been obtained (9).

In VIA, it is difficult to detect small and endocervically locat-
ed lesions; depending on the screening intervals, lesions might 
be overseen and develop to invasive cancer. On the other side, 
many changes observed in VIA are rather unspecific and might
thus lead to over-treatment of women. An important issue of 
unnecessary treatment in the cervical region is the increased 
risk of transmission of STDs, especially HIV, because the 
freshly treated cervix is highly susceptible to infections (10). 

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

cervical cancer screening in the different regions of the world: 
In industrialized countries, cervical cancer screening is usu-
ally 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 re-
source settings, there is usually no screening at all. Here, it is 
most important to introduce screening that is affordable and 
fits to the health care infrastructure of the respective coun-
tries. In the last 20 years, a lot of effort has been put into the 
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 mark-
ers have been evaluated in cervical cancer precursor lesions. 
There are several approaches to identify new cancer markers: 
Differential gene and protein expression analysis can yield 
genes and proteins that are substantially higher expressed 
in precancer and cancer as compared to normal tissue (11). 
Some markers have been evaluated that were known to be 
involved in the development of other cancers (12). The most 
promising markers have been identified by analyzing the mo-
lecular 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). 

PATHOGENESIS OF CERVICAL SQUAMOUS CELL CANCER PRE-

CURSOR LESIONS  

HUMAN PAPILLOMA VIRUSES AND CERVICAL PRECANCER  A large 
number of experimental and epidemiological studies have 
shown that infections with HPV are a necessary factor for the 
development of cervical cancer. Basically all cervical carci-
nomas contain HPV DNA (15). Depending on the HPV type, 
several case control studies have found more than 100 to 400 
fold increased risks of women to develop a cervical cancer in 
comparison to HR-HPV negative women (16).

The peak of HPV infections is between the age of 15 and 
35. Studies about the prevalence of HPV infections in young 
sexually active women have found up to 40% HPV positive 
women in this age group (17-18). Low grade squamous in-
traepithelial lesions (LSIL) have a high peak between age 
20 and 40, while high grade squamous intrepithelial lesions 
(HSIL) start at the age of 20 and are evenly distributed over 
a broad age range (19) (Figure 1). These epidemiological data 
suggest that while LSIL seems to be a direct consequence 
of HPV infections, several additional factors in addition to 
HPV infections are required for HSIL to develop. 

HUMAN PAPILLOMA VIRUSES  After the first descriptions of the
involvement of viral agents in cervical squamous cell cancer 
(20), it took about 20 years until it was accepted that basical-
ly all cervical carcinomas are caused by HPV (15). HPVs are 
small DNA viruses that have a genome of about 8kb and code 
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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 
risk types, HR), those with an intermediate risk and those with 
a low risk (LR). The most frequent HR types found in cervical 
carcinomas are HPV16, 18, 31, 33 and 45. While HPV16 is the 
most frequent type found in cervical cancer, the exact distribu-
tions vary in different geographic regions (21).

HPV LIFE CYCLE, HPV ONCOGENES  HPVs infect basal cells via mi-
cro-lesions of the cervical epithelium, predominantly in the 
squamous-columnar transition zone. Viral replication is only 
possible in the differentiated superficial layers of the epitheli-
um. Here, viral envelopes are produced and the viral DNA is 
synthesized to build new infectious particles that are released 
from superficial cells.

The molecular interactions between viral and cellular genes 
have been studied intensely over the past 20 years. There 
are two groups of viral genes: early genes that are involved 
in the viral life cycle and late genes that build the viral en-
velope. Two early genes, E6 and E7 were found to be the 
key players in cellular transformation. E6 and E7 target a 
plethora of cellular functions, with the most important in-
teractions being the degradation of p53 by E6 and the inac-
tivation of pRB by E7. Loss of pRB function leads to E2F 
mediated cell cycle activation. Usually, uncontrolled cell 
cycle activation induced by E7 would be counteracted by 
cellular apoptotis. However, this pathway is blocked by E6 
mediated p53 degradation. The detailed interactions of E6 
and E7 with the host cell are summarized in (21-23).

Only a small proportion of HPV-infected epithelia progress 
to CIN lesions. A hallmark of progression is the altered ex-
pression pattern of HPV oncogenes. In the normal viral life 
cycle, E6 and E7 are expressed only in the upper epithelial 
layers at low levels to activate the cell cycle in otherwise rest-
ing differentiated cells. It is assumed that certain cellular fac-
tors that usually prevent deregulated expression of E6 and 
E7 in basal cells are lost. Until now, the exact factors have 
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 replica-
tion 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 rep-
licating cells transformed by HR-HPV. In contrast, this com-
plex is not expressed in quiescent cells (25). An early effect of 
uncontrolled E6 and E7 expression in basal cells is the induc-
tion of chromosomal instability. Duensing et al. have shown 
that E6 and E7 expression induces abnormal spindle pole for-
mation resulting in breaks, lagging and altered distribution of 
chromosomes (26-27). Consequently, high grade CIN lesions 
are characterized by aneuploidy (28-30).

In the course of the repair processes in chromosomally in-
stable cells, HPV genomes become integrated into the host 
cell chromosomes (31). A high percentage of cervical cancers 
shows integrated HPV genomes, only a small part of the CIN 
lesions does (32). During the viral integration process, E2 is 
usually disrupted and the E6 and E7 genes are conserved. As a 
result, E6 and E7 expression may be further enhanced (33-34). 
Oncogene expression is driven by the viral promoter and can 
be modulated by surrounding cellular components like cellu-
lar promoters, enhancers and repressors or by epigenetic mod-
ifications (35). In addition to the chromosomal and epigenetic
influences on HPV oncogene expression, enhanced expression
is related to the different structure of E6/E7 transcripts. After 
integration, viral mRNAs frequently carry cellular RNA at 
their 3’ end that was found to stabilize the E6- and E7- tran-
scripts and lead to higher protein expression levels (33-34). It 
is important to note that in contrast to other viruses, integra-
tion is not a part of the natural life cycle of HPV. The event is 
not reversible, since HPV DNA is covalently bound to the host 
DNA. For the virus, this is deleterious: The HPV genome is al-
tered, usually parts are lost and the virus cannot replicate any 
more. The cell affected by HPV integration will either die or 
propagate the integrated virus to all daughter cells.

The immune system plays an important role in the con-
trol of HPV infections (36). The majority of infections are 

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 le-
sions (HSIL). Data adapted from Lau and Franco (19).
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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 
risk types, HR), those with an intermediate risk and those with 
a low risk (LR). The most frequent HR types found in cervical 
carcinomas are HPV16, 18, 31, 33 and 45. While HPV16 is the 
most frequent type found in cervical cancer, the exact distribu-
tions vary in different geographic regions (21).

HPV LIFE CYCLE, HPV ONCOGENES  HPVs infect basal cells via mi-
cro-lesions of the cervical epithelium, predominantly in the 
squamous-columnar transition zone. Viral replication is only 
possible in the differentiated superficial layers of the epitheli-
um. Here, viral envelopes are produced and the viral DNA is 
synthesized to build new infectious particles that are released 
from superficial cells.

The molecular interactions between viral and cellular genes 
have been studied intensely over the past 20 years. There 
are two groups of viral genes: early genes that are involved 
in the viral life cycle and late genes that build the viral en-
velope. Two early genes, E6 and E7 were found to be the 
key players in cellular transformation. E6 and E7 target a 
plethora of cellular functions, with the most important in-
teractions being the degradation of p53 by E6 and the inac-
tivation of pRB by E7. Loss of pRB function leads to E2F 
mediated cell cycle activation. Usually, uncontrolled cell 
cycle activation induced by E7 would be counteracted by 
cellular apoptotis. However, this pathway is blocked by E6 
mediated p53 degradation. The detailed interactions of E6 
and E7 with the host cell are summarized in (21-23).

Only a small proportion of HPV-infected epithelia progress 
to CIN lesions. A hallmark of progression is the altered ex-
pression pattern of HPV oncogenes. In the normal viral life 
cycle, E6 and E7 are expressed only in the upper epithelial 
layers at low levels to activate the cell cycle in otherwise rest-
ing differentiated cells. It is assumed that certain cellular fac-
tors that usually prevent deregulated expression of E6 and 
E7 in basal cells are lost. Until now, the exact factors have 
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 replica-
tion 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 rep-
licating cells transformed by HR-HPV. In contrast, this com-
plex is not expressed in quiescent cells (25). An early effect of 
uncontrolled E6 and E7 expression in basal cells is the induc-
tion of chromosomal instability. Duensing et al. have shown 
that E6 and E7 expression induces abnormal spindle pole for-
mation resulting in breaks, lagging and altered distribution of 
chromosomes (26-27). Consequently, high grade CIN lesions 
are characterized by aneuploidy (28-30).

In the course of the repair processes in chromosomally in-
stable cells, HPV genomes become integrated into the host 
cell chromosomes (31). A high percentage of cervical cancers 
shows integrated HPV genomes, only a small part of the CIN 
lesions does (32). During the viral integration process, E2 is 
usually disrupted and the E6 and E7 genes are conserved. As a 
result, E6 and E7 expression may be further enhanced (33-34). 
Oncogene expression is driven by the viral promoter and can 
be modulated by surrounding cellular components like cellu-
lar promoters, enhancers and repressors or by epigenetic mod-
ifications (35). In addition to the chromosomal and epigenetic
influences on HPV oncogene expression, enhanced expression
is related to the different structure of E6/E7 transcripts. After 
integration, viral mRNAs frequently carry cellular RNA at 
their 3’ end that was found to stabilize the E6- and E7- tran-
scripts and lead to higher protein expression levels (33-34). It 
is important to note that in contrast to other viruses, integra-
tion is not a part of the natural life cycle of HPV. The event is 
not reversible, since HPV DNA is covalently bound to the host 
DNA. For the virus, this is deleterious: The HPV genome is al-
tered, usually parts are lost and the virus cannot replicate any 
more. The cell affected by HPV integration will either die or 
propagate the integrated virus to all daughter cells.

The immune system plays an important role in the con-
trol of HPV infections (36). The majority of infections are 

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 le-
sions (HSIL). Data adapted from Lau and Franco (19).
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controlled locally and do not progress. In some individuals, 
immune surveillance is disturbed and results in persistent in-
fections that will finally affect the basal cells. Local immune
responses against viral antigens or tumor associated antigens 
are mainly mediated by antigen specific cytotoxic T-cells. The
recognition of infected or tumor cells carrying the antigens 
is dependent on a functional antigen presenting machinery in 
the respective cells. In cervical cancer, a frequent loss of anti-
gen presenting components has been observed (37).

BIOMARKERS FOR CERVICAL SQUAMOUS CELL CANCER PRE-

CURSOR LESIONS  As stated in the introduction, there are 
several conceivable applications for novel markers of CIN. 
First, biomarkers could be used to improve current screen-
ing approaches (Demand: Ease of use, ease of interpreta-
tion, cost effectiveness). Second, novel biomarkers could be 
implemented in established screening programs to triage un-
clear cytology results. Third, biomarkers could contribute to 
identify those lesions that do progress to high grade lesions. 
(Demand: Specificity) Based on this, better therapy deci-
sions could be made and the prognosis could be determined 
better. Finally, new biomarkers that have a high specificity
for the malignant processes active in cervical cancer devel-
opment could yield novel therapeutic targets. Based on the 
above described pathogenesis of cervical cancer and precan-
cer, potential biomarkers can be classified into viral and cel-
lular markers. Many cellular markers described below are 
not specific for cervical cancer and its precursors, but can
also be found expressed in other malignant diseases. Several 
biomarkers (e.g. proliferation markers) have been found ex-
pressed in normally proliferating or inflammatory reactive
epithelia. The most important biomarkers discussed in this 
paper are summarized and put into context with the cervical 
transformation process in Figure 2.

VIRAL MARKERS  

DETECTION OF HPV  Several methods have been developed to de-
tect HPV (38). For HPV detection in clinical routine, materi-
al 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-
ture assay (HC2) developed by Digene (39). The assay com-
bines direct hybridization with a signal amplification step. An
HPV specific RNA probe is hybridized to the HPV DNA and
is detected by antibodies specific for RNA-DNA hybrids. The
test has a much higher sensitivity than classical hybridization 
procedures and can easily be used in clinical routine. HC2 is 
widely used and currently represents the only FDA approved 
HPV detection method. Several tests exist that are based on 
PCR amplification of HPV target sequences. Generally, these
tests have a higher sensitivity than direct hybridization tests. 

PCR based tests usually combine a broad range amplifica-
tion of different HPV types with degenerate primers and a 
specific detection of single types by type-specific probes. The
most frequently used HPV PCRs use the GP5+/6+ (40) and 
the MY09/11 (41) consensus primer sets. These protocols are 
not commercialized and are mainly used as homebrew tests 
in research settings. Two other PCR based assays have been 
developed recently: The Roche Amplicor HPV test is a PCR 
protocol that amplifies and detects 13 HR types but does not
give results for specific types (42). The Roche Linear Array
test adds hybridization based single type identification to a
PCR amplification assay (43). These commercial assays are
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
E6 and E7 transcripts derived from several HR-HPV types. 
This approach is based on the deregulated expression of E6 
and E7 in advanced lesions and might be more specific than
HPV DNA detection (44). Recently, several advances were 
made in the development of in situ hybridization based HPV 
detection. High sensitivity substrates now enable the in situ 
detection of HPV genomes in histological and cytological 
specimens (45). Some methods even allow the differentiation 
between integrated and episomal HPV genomes by the signal 
pattern (46). 

Figure 2.  Biomarkers for cervical squamous cell cancer precancer lesions. Biomarkers 
are presented in relation to the cervical transformation process. Note that the chrono-
logic relation of different markers has not been analyzed systematically. Markers were 
put in context with the transformation process based on the data of independent studies. 
For direct comparison of biomarkers, specifically designed clinical studies are neces-
sary. Group I, containing HPV related markers and p16INK4a, represents biomarkers 
that are specifically associated with HPV induced transformation. For group II mark-
ers, associations with the cervical transformation process were shown. Some of these 
markers were also found in regularly proliferating cells, in inflammatory processes, and
in several other cancers.

CME Journal of Gynecologic Oncology 2006; 11:30-40



34

Based on the characteristics of the transformation process 
induced by HPV oncogenes, it would be interesting to have 
a test that allows for a direct detection of HPV oncoproteins. 
However, the HPV oncogenes E6 and E7 are heterogenous 
between different types and would thus require a large set of 
specific antibodies. Furthermore, these proteins are not very
immunogenic and no good monoclonal antibodies against 
HPV oncogenes exist at the moment. Some polyclonal sera 
are available that were shown to detect E7 of few HR-HPV 
types, but these antibodies have not been evaluated in large 
clinical studies yet (47).

APPLICATION OF VIRAL MARKERS  HPV testing has been exten-
sively evaluated as a triage tool for unclear cytology results. 
Several large trials have been performed comparing repeat 
cytology vs. colposcopy and HPV testing for the detection of 
high-grade CIN in cases with unclear (ASCUS/LSIL) cytolo-
gy. The largest trial conducted so far is the ASCUS-LSIL tri-
age study (ALTS) that enrolled women with unclear cytology 
results and followed them up according to the three different 
regimens (48). For the ASCUS cytology group, triaging with 
HPV testing was shown to be effective, in contrast, HPV test-
ing did not have any benefit in LSIL because the vast major-
ity of these cases were HPV positive. The results of this study 
and of several other triage trials have been reviewed by Arbyn 
et al. (49) in a systematic meta analysis. 

Current guidelines for the management of women with atypi-
cal squamous cells (ASC) by the American Society for Col-
poscopy and Cervical Pathology (ASCCP) recommend either 
repeat cytology, immediate colposcopy or HR-HPV DNA 
testing (50). Recently, the RNA-based RNAproofer HPV de-
tection assay has been assessed in a triage setting and found an 
increased specificity at identical sensitivity for the detection of
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).

CHANGE IN THE PHYSICAL STATE OF HPV, HPV INTEGRATION  As stated 
earlier, the shift in HPV gene expression towards high onco-
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 inte-
gration follows chromosomal instability induced early during 

the transformation process. HPV DNA is integrated by chance 
during the cellular repair processes of double strand breaks. 
As such, HPV integration is an indicator of an advanced stage 
of the transformation process. Several methods exist to detect 
the integration of HPV DNA into the host genome. A simple 
approach is the PCR-based quantification of the E2 and E6/E7
genes (55). Usually, E2 is lost upon integration and the theo-
retical ratio of 1:1 between the two genes is shifted towards 
E6/E7. However, this approach is difficult when episomal and
integrated genomes are found concomitantly, which typically 
happens in less advanced lesions. Some studies using differ-
ential E2 and E6/E7 PCR approaches to detect HPV integra-
tion have detected integration frequencies in low grade lesions 
much higher than any of the more specific direct methods. No
comparative studies between those methods have been per-
formed yet, while direct amplification methods and in situ
hybridization approaches show similar frequencies of integra-
tion. All techniques to specifically detect HPV integration are
more laborious: The difficult task is to amplify HPV genomes
that are integrated at random positions in the genome and 
thus lack a specific sequence that can be amplified. The meth-
ods include PCR systems that use primers binding to repetitive 
sequences or specific restriction enzyme sites for amplification
(56), other approaches perform digestion of the target DNA 
and ligate either adaptors (57) or use self ligation (58) to con-
struct circular templates that allow for amplification and se-
quencing of the unknown cellular sequence. 

A different approach is the RNA-based amplification of vi-
ral-cellular fusion transcripts specific for HPV integration
(32). This assay is less laborious than the DNA based inte-
gration detection assays but requires fresh frozen materi-
al with proper RNA quality as template. There are several 
possible clinical applications of HPV integration detection: 
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 mea-
suring HPV integration directly have not shown more than 
80-90% integration positive cervical cancers. Every HPV in-
tegration event is unique with respect to the integration lo-
cus (59-60). It was shown that in cervical cancers and in high 
grade CIN lesions, all cells are clonally related with respect 
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   

KI67/MIB-1  The increased proliferation of cervical epithelial 
cells induced by deregulated HPV oncogene expression is re-
flected by the activation of proliferation markers such as ki67
(MIB-1). This protein is strongly expressed in CIN lesions, 
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Based on the characteristics of the transformation process 
induced by HPV oncogenes, it would be interesting to have 
a test that allows for a direct detection of HPV oncoproteins. 
However, the HPV oncogenes E6 and E7 are heterogenous 
between different types and would thus require a large set of 
specific antibodies. Furthermore, these proteins are not very
immunogenic and no good monoclonal antibodies against 
HPV oncogenes exist at the moment. Some polyclonal sera 
are available that were shown to detect E7 of few HR-HPV 
types, but these antibodies have not been evaluated in large 
clinical studies yet (47).
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high-grade CIN in cases with unclear (ASCUS/LSIL) cytolo-
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age study (ALTS) that enrolled women with unclear cytology 
results and followed them up according to the three different 
regimens (48). For the ASCUS cytology group, triaging with 
HPV testing was shown to be effective, in contrast, HPV test-
ing did not have any benefit in LSIL because the vast major-
ity of these cases were HPV positive. The results of this study 
and of several other triage trials have been reviewed by Arbyn 
et al. (49) in a systematic meta analysis. 

Current guidelines for the management of women with atypi-
cal squamous cells (ASC) by the American Society for Col-
poscopy and Cervical Pathology (ASCCP) recommend either 
repeat cytology, immediate colposcopy or HR-HPV DNA 
testing (50). Recently, the RNA-based RNAproofer HPV de-
tection assay has been assessed in a triage setting and found an 
increased specificity at identical sensitivity for the detection of
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).

CHANGE IN THE PHYSICAL STATE OF HPV, HPV INTEGRATION  As stated 
earlier, the shift in HPV gene expression towards high onco-
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 inte-
gration follows chromosomal instability induced early during 

the transformation process. HPV DNA is integrated by chance 
during the cellular repair processes of double strand breaks. 
As such, HPV integration is an indicator of an advanced stage 
of the transformation process. Several methods exist to detect 
the integration of HPV DNA into the host genome. A simple 
approach is the PCR-based quantification of the E2 and E6/E7
genes (55). Usually, E2 is lost upon integration and the theo-
retical ratio of 1:1 between the two genes is shifted towards 
E6/E7. However, this approach is difficult when episomal and
integrated genomes are found concomitantly, which typically 
happens in less advanced lesions. Some studies using differ-
ential E2 and E6/E7 PCR approaches to detect HPV integra-
tion have detected integration frequencies in low grade lesions 
much higher than any of the more specific direct methods. No
comparative studies between those methods have been per-
formed yet, while direct amplification methods and in situ
hybridization approaches show similar frequencies of integra-
tion. All techniques to specifically detect HPV integration are
more laborious: The difficult task is to amplify HPV genomes
that are integrated at random positions in the genome and 
thus lack a specific sequence that can be amplified. The meth-
ods include PCR systems that use primers binding to repetitive 
sequences or specific restriction enzyme sites for amplification
(56), other approaches perform digestion of the target DNA 
and ligate either adaptors (57) or use self ligation (58) to con-
struct circular templates that allow for amplification and se-
quencing of the unknown cellular sequence. 

A different approach is the RNA-based amplification of vi-
ral-cellular fusion transcripts specific for HPV integration
(32). This assay is less laborious than the DNA based inte-
gration detection assays but requires fresh frozen materi-
al with proper RNA quality as template. There are several 
possible clinical applications of HPV integration detection: 
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 mea-
suring HPV integration directly have not shown more than 
80-90% integration positive cervical cancers. Every HPV in-
tegration event is unique with respect to the integration lo-
cus (59-60). It was shown that in cervical cancers and in high 
grade CIN lesions, all cells are clonally related with respect 
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   

KI67/MIB-1  The increased proliferation of cervical epithelial 
cells induced by deregulated HPV oncogene expression is re-
flected by the activation of proliferation markers such as ki67
(MIB-1). This protein is strongly expressed in CIN lesions, 
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but can also be found expressed in normal basal cells that re-
tain proliferation capacity (62-63). Kruse et al. (64) have ana-
lyzed the association between lesion grade and the epithelial 
location of ki67 positive cell clusters and have demonstrated 
that ki67 cell clusters are a good criterion to discriminate low 
grade CIN lesions from normal and reactive epithelia, but also 
point out limitations of the assessment by cutting artifacts. 

MYC  The cellular oncogene MYC is frequently found ampli-
fied and over-expressed in cervical cancer. Several studies
have shown MYC activation at premalignant stages, indicat-
ing that MYC detection might be used to assess dysplastic 
lesions. Golijow et al. have performed PCR based detection 
of MYC amplification on histological and cytological speci-
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, 
while it was absent in HR-HPV induced lesions (66). Other 
cyclins such as A, B, E were generally found to be over-ex-
pressed in premalignant cervical lesions (67-68). Weaver et al. 
(69) have analyzed the expression of Cyclin E in liquid based 
cytology specimens and found a strong association of Cyclin 
E with HPV induced changes of the cells. 

TELOMERASE  During every cell division, parts of the chromo-
some endings are lost. To prevent loss of relevant chromosom-
al sequences, the telomerase complex adds short repetetive 
DNA stretches to the chromosome endings. Telomerase con-
sists of a protein subunit and an RNA subunit that serves as 
template for the repetitive sequences. The gene encoding the 
RNA subunit, TERC, is located on chromosome 3q, a region 
that is frequently amplified in cervical cancer and precancer.
Since telomerase is necessary to maintain telomere length 
in proliferating cells, it is found over-expressed in various 
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). 

REPLICATION COMPLEX PROTEINS  MCM5 and CDC6 are two pro-
teins that belong to the DNA pre-replication complex. These 
proteins are usually expressed in cycling cells but not in quies-
cent cells. The replication complex is normally disassembled 
during replication to prevent immediate reinitiating of the 
cell cycle. In dysplastic cervical cells, the replication complex 
can be found activated continuously. Williams et al. have an-
alyzed the performance of a modified Pap staining protocol
including immunocytochemical detection of the replication 
complex proteins CDC6 and MCM5. The authors describe 

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. 

ANEUPLOIDY, CHROMOSOMAL IMBALANCES   

ANEUPLOIDY  Duensing et al. (26-27) have shown that distur-
bances of the mitotic spindle apparatus are induced early 
by deregulated expression of HPV oncogenes resulting in 
non-diploid nuclei (aneuploidy). Different techniques exist 
to measure the DNA content of cervical cells: Bollmann et 
al. (28-29) have measured the DNA content of single cells in 
cytology specimens directly on glass slides using laser scan-
ning microscopy. Melsheimer et al. (30) applied a protocol us-
ing minced fresh frozen biopsy specimens followed by flow
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 
the altered quantity of chromosomal material, several meth-
ods exist to analyze the affected chromosomal regions in de-
tail. Cytogenetics and loss of heterozygosity (LOH) analysis 
are used to analyze specific loci, while comparative genomic
hybridization (CGH) assays can measure altered chromosome 
distributions on a genome wide basis. Many chromosomal ab-
errations have been observed in cervical cancer and precan-
cer (73). The most important alteration seems to be the gain 
of chromosome 3q, an event that has been strongly associat-
ed with the progression from severe dysplasia to invasive can-
cer (74). As described above, the TERC gene coding for the 
RNA subunit of telomerase is located on 3q, indicating that 
TERC amplification is a necessary step for cancer develop-
ment. Heselmeyer-Haddad et al. (75) used a 3q specific probe
set on Pap stained cervical smears. They were able to identify 
CIN1/2 progressing to CIN3 with a 100% sensitivity, while 
70% of the regressing lesions were negative for 3q gain.

OTHER CELLULAR MARKERS  

P53 AND PRB  p53 and pRB are the central targets of the HPV 
oncogenes E6 and E7. Loss of p53 and pRB expression is an in-
direct sign of enhanced HPV E6 and E7 expression. However, 
both proteins are only expressed at low levels in normal cells 
and thus a loss of expression frequently is not very impressive. 
Loss of p53 and pRB can be observed in many tumors and is 
therefore not specific for HPV induced transformation. Baak 
et al. (76) have analyzed the distribution of p53 and pRB posi-
tive cells in HSIL cases with follow up data. A low frequency 
of pRB and p53 positive cells in the basal epithelial layers was 
associated with a higher risk of progression.

HEAT SHOCK PROTEINS (HSPS)  HSPs are chaperons that protect cel-
lular functions in response to various cellular stresses. HSPs 
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point out limitations of the assessment by cutting artifacts. 
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Since telomerase is necessary to maintain telomere length 
in proliferating cells, it is found over-expressed in various 
human cancers. Several groups have analyzed the use of a 
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cent cells. The replication complex is normally disassembled 
during replication to prevent immediate reinitiating of the 
cell cycle. In dysplastic cervical cells, the replication complex 
can be found activated continuously. Williams et al. have an-
alyzed the performance of a modified Pap staining protocol
including immunocytochemical detection of the replication 
complex proteins CDC6 and MCM5. The authors describe 

good sensitivity and specificity of the assay for the detection
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al. (72) found similar results in an independent study. 
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bances of the mitotic spindle apparatus are induced early 
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cer (73). The most important alteration seems to be the gain 
of chromosome 3q, an event that has been strongly associat-
ed with the progression from severe dysplasia to invasive can-
cer (74). As described above, the TERC gene coding for the 
RNA subunit of telomerase is located on 3q, indicating that 
TERC amplification is a necessary step for cancer develop-
ment. Heselmeyer-Haddad et al. (75) used a 3q specific probe
set on Pap stained cervical smears. They were able to identify 
CIN1/2 progressing to CIN3 with a 100% sensitivity, while 
70% of the regressing lesions were negative for 3q gain.

OTHER CELLULAR MARKERS  

P53 AND PRB  p53 and pRB are the central targets of the HPV 
oncogenes E6 and E7. Loss of p53 and pRB expression is an in-
direct sign of enhanced HPV E6 and E7 expression. However, 
both proteins are only expressed at low levels in normal cells 
and thus a loss of expression frequently is not very impressive. 
Loss of p53 and pRB can be observed in many tumors and is 
therefore not specific for HPV induced transformation. Baak 
et al. (76) have analyzed the distribution of p53 and pRB posi-
tive cells in HSIL cases with follow up data. A low frequency 
of pRB and p53 positive cells in the basal epithelial layers was 
associated with a higher risk of progression.

HEAT SHOCK PROTEINS (HSPS)  HSPs are chaperons that protect cel-
lular functions in response to various cellular stresses. HSPs 
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but can also be found expressed in normal basal cells that re-
tain proliferation capacity (62-63). Kruse et al. (64) have ana-
lyzed the association between lesion grade and the epithelial 
location of ki67 positive cell clusters and have demonstrated 
that ki67 cell clusters are a good criterion to discriminate low 
grade CIN lesions from normal and reactive epithelia, but also 
point out limitations of the assessment by cutting artifacts. 

MYC  The cellular oncogene MYC is frequently found ampli-
fied and over-expressed in cervical cancer. Several studies
have shown MYC activation at premalignant stages, indicat-
ing that MYC detection might be used to assess dysplastic 
lesions. Golijow et al. have performed PCR based detection 
of MYC amplification on histological and cytological speci-
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, 
while it was absent in HR-HPV induced lesions (66). Other 
cyclins such as A, B, E were generally found to be over-ex-
pressed in premalignant cervical lesions (67-68). Weaver et al. 
(69) have analyzed the expression of Cyclin E in liquid based 
cytology specimens and found a strong association of Cyclin 
E with HPV induced changes of the cells. 

TELOMERASE  During every cell division, parts of the chromo-
some endings are lost. To prevent loss of relevant chromosom-
al sequences, the telomerase complex adds short repetetive 
DNA stretches to the chromosome endings. Telomerase con-
sists of a protein subunit and an RNA subunit that serves as 
template for the repetitive sequences. The gene encoding the 
RNA subunit, TERC, is located on chromosome 3q, a region 
that is frequently amplified in cervical cancer and precancer.
Since telomerase is necessary to maintain telomere length 
in proliferating cells, it is found over-expressed in various 
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). 

REPLICATION COMPLEX PROTEINS  MCM5 and CDC6 are two pro-
teins that belong to the DNA pre-replication complex. These 
proteins are usually expressed in cycling cells but not in quies-
cent cells. The replication complex is normally disassembled 
during replication to prevent immediate reinitiating of the 
cell cycle. In dysplastic cervical cells, the replication complex 
can be found activated continuously. Williams et al. have an-
alyzed the performance of a modified Pap staining protocol
including immunocytochemical detection of the replication 
complex proteins CDC6 and MCM5. The authors describe 

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. 

ANEUPLOIDY, CHROMOSOMAL IMBALANCES   

ANEUPLOIDY  Duensing et al. (26-27) have shown that distur-
bances of the mitotic spindle apparatus are induced early 
by deregulated expression of HPV oncogenes resulting in 
non-diploid nuclei (aneuploidy). Different techniques exist 
to measure the DNA content of cervical cells: Bollmann et 
al. (28-29) have measured the DNA content of single cells in 
cytology specimens directly on glass slides using laser scan-
ning microscopy. Melsheimer et al. (30) applied a protocol us-
ing minced fresh frozen biopsy specimens followed by flow
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 
the altered quantity of chromosomal material, several meth-
ods exist to analyze the affected chromosomal regions in de-
tail. Cytogenetics and loss of heterozygosity (LOH) analysis 
are used to analyze specific loci, while comparative genomic
hybridization (CGH) assays can measure altered chromosome 
distributions on a genome wide basis. Many chromosomal ab-
errations have been observed in cervical cancer and precan-
cer (73). The most important alteration seems to be the gain 
of chromosome 3q, an event that has been strongly associat-
ed with the progression from severe dysplasia to invasive can-
cer (74). As described above, the TERC gene coding for the 
RNA subunit of telomerase is located on 3q, indicating that 
TERC amplification is a necessary step for cancer develop-
ment. Heselmeyer-Haddad et al. (75) used a 3q specific probe
set on Pap stained cervical smears. They were able to identify 
CIN1/2 progressing to CIN3 with a 100% sensitivity, while 
70% of the regressing lesions were negative for 3q gain.

OTHER CELLULAR MARKERS  

P53 AND PRB  p53 and pRB are the central targets of the HPV 
oncogenes E6 and E7. Loss of p53 and pRB expression is an in-
direct sign of enhanced HPV E6 and E7 expression. However, 
both proteins are only expressed at low levels in normal cells 
and thus a loss of expression frequently is not very impressive. 
Loss of p53 and pRB can be observed in many tumors and is 
therefore not specific for HPV induced transformation. Baak 
et al. (76) have analyzed the distribution of p53 and pRB posi-
tive cells in HSIL cases with follow up data. A low frequency 
of pRB and p53 positive cells in the basal epithelial layers was 
associated with a higher risk of progression.

HEAT SHOCK PROTEINS (HSPS)  HSPs are chaperons that protect cel-
lular functions in response to various cellular stresses. HSPs 
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but can also be found expressed in normal basal cells that re-
tain proliferation capacity (62-63). Kruse et al. (64) have ana-
lyzed the association between lesion grade and the epithelial 
location of ki67 positive cell clusters and have demonstrated 
that ki67 cell clusters are a good criterion to discriminate low 
grade CIN lesions from normal and reactive epithelia, but also 
point out limitations of the assessment by cutting artifacts. 

MYC  The cellular oncogene MYC is frequently found ampli-
fied and over-expressed in cervical cancer. Several studies
have shown MYC activation at premalignant stages, indicat-
ing that MYC detection might be used to assess dysplastic 
lesions. Golijow et al. have performed PCR based detection 
of MYC amplification on histological and cytological speci-
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, 
while it was absent in HR-HPV induced lesions (66). Other 
cyclins such as A, B, E were generally found to be over-ex-
pressed in premalignant cervical lesions (67-68). Weaver et al. 
(69) have analyzed the expression of Cyclin E in liquid based 
cytology specimens and found a strong association of Cyclin 
E with HPV induced changes of the cells. 

TELOMERASE  During every cell division, parts of the chromo-
some endings are lost. To prevent loss of relevant chromosom-
al sequences, the telomerase complex adds short repetetive 
DNA stretches to the chromosome endings. Telomerase con-
sists of a protein subunit and an RNA subunit that serves as 
template for the repetitive sequences. The gene encoding the 
RNA subunit, TERC, is located on chromosome 3q, a region 
that is frequently amplified in cervical cancer and precancer.
Since telomerase is necessary to maintain telomere length 
in proliferating cells, it is found over-expressed in various 
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). 

REPLICATION COMPLEX PROTEINS  MCM5 and CDC6 are two pro-
teins that belong to the DNA pre-replication complex. These 
proteins are usually expressed in cycling cells but not in quies-
cent cells. The replication complex is normally disassembled 
during replication to prevent immediate reinitiating of the 
cell cycle. In dysplastic cervical cells, the replication complex 
can be found activated continuously. Williams et al. have an-
alyzed the performance of a modified Pap staining protocol
including immunocytochemical detection of the replication 
complex proteins CDC6 and MCM5. The authors describe 

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. 

ANEUPLOIDY, CHROMOSOMAL IMBALANCES   

ANEUPLOIDY  Duensing et al. (26-27) have shown that distur-
bances of the mitotic spindle apparatus are induced early 
by deregulated expression of HPV oncogenes resulting in 
non-diploid nuclei (aneuploidy). Different techniques exist 
to measure the DNA content of cervical cells: Bollmann et 
al. (28-29) have measured the DNA content of single cells in 
cytology specimens directly on glass slides using laser scan-
ning microscopy. Melsheimer et al. (30) applied a protocol us-
ing minced fresh frozen biopsy specimens followed by flow
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 
the altered quantity of chromosomal material, several meth-
ods exist to analyze the affected chromosomal regions in de-
tail. Cytogenetics and loss of heterozygosity (LOH) analysis 
are used to analyze specific loci, while comparative genomic
hybridization (CGH) assays can measure altered chromosome 
distributions on a genome wide basis. Many chromosomal ab-
errations have been observed in cervical cancer and precan-
cer (73). The most important alteration seems to be the gain 
of chromosome 3q, an event that has been strongly associat-
ed with the progression from severe dysplasia to invasive can-
cer (74). As described above, the TERC gene coding for the 
RNA subunit of telomerase is located on 3q, indicating that 
TERC amplification is a necessary step for cancer develop-
ment. Heselmeyer-Haddad et al. (75) used a 3q specific probe
set on Pap stained cervical smears. They were able to identify 
CIN1/2 progressing to CIN3 with a 100% sensitivity, while 
70% of the regressing lesions were negative for 3q gain.

OTHER CELLULAR MARKERS  

P53 AND PRB  p53 and pRB are the central targets of the HPV 
oncogenes E6 and E7. Loss of p53 and pRB expression is an in-
direct sign of enhanced HPV E6 and E7 expression. However, 
both proteins are only expressed at low levels in normal cells 
and thus a loss of expression frequently is not very impressive. 
Loss of p53 and pRB can be observed in many tumors and is 
therefore not specific for HPV induced transformation. Baak 
et al. (76) have analyzed the distribution of p53 and pRB posi-
tive cells in HSIL cases with follow up data. A low frequency 
of pRB and p53 positive cells in the basal epithelial layers was 
associated with a higher risk of progression.

HEAT SHOCK PROTEINS (HSPS)  HSPs are chaperons that protect cel-
lular functions in response to various cellular stresses. HSPs 

CME Journal of Gynecologic Oncology 2006; 11:30-40



Chapter 39

37

can be obtained. Some authors have counted p16INK4a posi-
tive cells and have applied cut off levels for the detection of 
a relevant number of p16INK4a positive cells (103-104). Recent 
qualitative approaches in assessing p16INK4a positive cells 
seem very promising (105). Based on these results, p16INK4a 
immunocytology can be used to highlight potentially abnor-
mal cells in a background of normal, reactive or other non 
malignant cells (Locator function). The p16INK4a positive cells 
can then be assessed applying similar nuclear criteria that are 
used in the Pap classifications (Interpreter function).

Recently, a biochemical test has been developed that can 
measure p16INK4a levels in cervical smears. The advantage of 
this approach is a dichotomous result that is not dependent 
on the observers education and experience. Protein based 
assays are robust and allow for rapid p16INK4a detection pro-
cedures that would make a p16INK4a based point of care test 
possible. The first studies have shown good sensitivity of the
assay (Wentzensen, submitted).

There are various clinical applications of p16INK4a as a bio-
marker for cervical precancer lesions. In histology, p16INK4a 
IHC was shown to improve the reproducibility of histological 
assessment of CIN lesions in comparison to the conventional 
H&E staining (93). In the assessment of biopsies taken from 
suspicious lesions, p16INK4a IHC could be used to discriminate 
low grade lesions with a high probability of progression from 
those that most likely will regress. In cytology, p16INK4a immu-
nostaining 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 cy-
tology results. The good results achieved in the cytology tri-
age 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 
simple color-based approach. p16INK4a positive cells can then 
be presented to the observer for qualitative assessment. 

The recently developed ELISA-based detection of p16INK4a 
in cervical samples is not dependent on any subjective inter-
pretation, but gives clear dichotomized results. Therefore, it 
could serve as a quick point of care test in various settings of 
cervical cancer screening. In countries with cytology screen-
ing, it might back up or complement the current procedures. 
In developing countries with no access to screening infra-
structure, it could be implemented in visual screening to dis-
criminate lesions with deregulated HPV oncogene expression 
from non-specific changes that do not require treatment.

CONCLUSIONS  A plethora of potential biomarkers have been 
analyzed for the characterization of cervical cancer and pre-

cancer. Currently, there is a lot of movement in the field of
cervical cancer screening. Large epidemiological studies as 
well as interventional trials have shown the importance of 
specific HPV types in the development of high grade cervi-
cal lesions (107). Type specific detection of HPV will become
more important in the future. The position of cytology as the 
primary screening test is being questioned more and more, 
some researchers propose to use the most sensitive test, i.e. 
HPV detection as the primary screening test. However, the 
high rate of HPV infections in young women makes this ap-
proach more likely to be assessed in older women. Several 
new markers have been evaluated intensively and might be 
used in some clinical settings, mainly p16INK4a, MCM5/CDC6 
and HPV mRNA. The best characterized marker of the three, 
p16INK4a, has many modes of application and could be used in 
various settings of cervical cancer screening and diagnosis. 
The recent development of vaccines against HPV and the an-
ticipated introduction to the market will make effective cer-
vical cancer screening even more important in all regions of 
the world where vaccines will be administered.
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Stratification by analysis method did not resolve the heterogeneity. Three markers, DAPK1,

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

assays.
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Original Article

p16INK4a Immunostaining Identifies Occult CIN
Lesions in HPV-positive Women

Jaume Ordi, M.D., Sònia Garcia, M.D., Marta del Pino, M.D., Stefania Landolfi, M.D.,

Immaculada Alonso, M.D., Llorenç Quintó, M.D., and Aureli Torné, M.D.

Summary: To evaluate whether p16INK4a staining could help to recognize under-
estimated cervical intraepithelial neoplasia (CIN) in women positive for high-risk
human papillomavirus (HR-HPV) with negative biopsy. Out of 1,259 women
undergoing a histologic study and a simultaneous HR-HPV detection using the Hybrid

7. Ordi2009 (truncated)

International Journal of Gynecological Pathology, 2009, Vol. 28, pp. 90–97
11



Expert Opin Med Diagn. 2009 Mar;3(2):123-31. doi: 10.1517/17530050802705680. 

 

An update review on HPV testing methods for cervical neoplasia 

Koliopoulos G1, Valasoulis G, Zilakou E. 

VeryPDF Software Demo Version (http://www.verypdf.com)

12

http://www.ncbi.nlm.nih.gov/pubmed/23485159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koliopoulos%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23485159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valasoulis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23485159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zilakou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23485159


prevention strategies were based on cytology and colposcopy, and were limited by their low sensitivity. 

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. 
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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 expres-

sion (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
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the results are conflicting. Although some studies have

established a definite anti-metastatic effect for nm23-

H1,24 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

cervical cancer remains a highly controversial issue.12 13 20–

and two adenocarcinomas present in the original cohort were

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-

tion very difficult. Direct proofs of HPV integration are

CIN lesions from normal and reactive epithelia [60].

5.3.2. MYC

The cellular oncogene MYC is frequently found am-

plified and overexpressed in cervical cancer. Several

studies have shown MYC activation at premalignant

stages, indicating that MYC detection might be used
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HPVINTHEPATHOGENESISOF
CERVICALNEOPLASIA

HPV is recognized as the etiologic agent responsible for the 
initiation of CN. Within the HPV family of viruses, there are both non-
oncogenic 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 
include HPV types 16, 18, 45, and 58, and the intermediate-risk 
HPV viral subtypes include HPV types 31, 33, 35, 39, 51, 52, and 69 
(4). The genome of HPV consists of a double-stranded circular DNA 
molecule with eight open reading frames encoding the genes shown 
in Table 1. Within the context of CN development, the genes E6 and 
E7 from the oncogenic forms of HPV encode two distinct oncopro-
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 
an important diagnostic tool in the identification of 
patients at risk for developing CN. Both the high-
risk and the intermediate-risk HPV viral subtypes 
are detectable through the use of the DiGene 
Hybrid Capture® II assay (DiGene Corporation,  
Gaithersburg, MD, USA). The National Cancer 
Institute (NCI) ASCUS LSIL Triage Study (ALTS) 

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 combi-
nation with a history of normal Pap smears is an excellent indicator 
of a disease-free condition and a low risk of CN during the subse-
quent 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 high-
risk 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-INDUCEDALTERATIONSOFTHECELL
CYCLEANDCELLULARPROLIFERATION

HPV infection within cervical keratinocytes results in a number 
of alterations that disrupt the activities within the cell cycle. The 
cell cycle normally represents a series of coordinated activities 
within the cell that insures DNA integrity prior to replication of the 
genome, the separation of duplicated chromosomes and final cell 

Table 1. Human Papillomavirus Open Reading Frame 
Genes

HPV Gene Function

LCR Regulatory control of transcription, replication, and 
host interactions.

L1 Major capsid protein. 

L2 Minor capsid protein.

E1 Viral replication and maintenance of viral episome.

E2 Transcriptional regulation and cofactor for 
replication.

E4 Keratin interactions and viral shedding.

E5 Growth factor receptor interactions and signal 
transduction.

E6 and E7 Prolongs division phase of the cell cycle to 
promote replication.  
Responsible for malignant transformation of the 
cervical keratinocyte following infection with onco-
genic subtypes of HPV.

HPV, human papillomavirus.

Figure2.Thepathogenesisofcervicalneoplasia(CN).Thegeneralschemeforcervicalcancer
pathogenesisbeginswithinfectionofthecervicalepithelialstemcellwithhumanpapillomavi-
rus(HPV).Persistentinfectionofthedifferentiatingkeratinocyteresultsinanumberofcellular
andgenomicchangeswhichinclude:(i)integrationoftheHPVvirusintothehostgenomewith
linearizationoftheviralepisomeanddeletionoftheE2gene;(ii)theoverexpressionoftheon-
cogenesE6andE7;(iii)thederegulationofthecellcyclewithconcomitantincreaseincellular
proliferation;andfinally(iv)thegenerationofgenomicinstabilitywhichleadstoclonalselection
ofabnormalcellswithenhancedgrowthcharacteristicsandproliferativepotential.
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