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Molecular markers in cervical screening – a promise 
for the future
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Abstract

Cervical cancer is one of the leading cancers in women worldwide. The detection and diagnosis of cer-
vical carcinoma and its precursor lesions, called cervical intraepithelial lesions (CIN), represents the main goal  
in order to decrease the morbidity and mortality of this disease. In the majority of cases CIN resolve spontan-
eously. Only a minor part of the lesions develop to high-grade lesions and eventually invasive cancer and it is  
important to detect those CIN with potential to progress to cervical cancer. For clinical management it is import-
ant to distinguish the cervical dysplasia with regression potential in order to avoid unnecessary treatments.  
Many potential biomarkers have been analyzed for the characterization of cervical cancer and pre-cancer. So 
far, detection of HPV has been the most promising clinical application. Several new markers have been evalu-
ated intensively and might be used in some clinical settings, mainly p16, MCM5/CDC6 and HPV RNA, integra-
tion of HPV DNA into the host genome, chromosomal imbalances. In this article, representative examples of  
these markers are presented in the context of improved cervical disease detection and progression.
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Rezumat

Cancerul de col uterin reprezintă unul din cele mai frecvente cancere întâlnite la femeie. Elementul  
cheie pentru scăderea morbiditătii şi mortalităţii în cancerul cervical este diagnosticul acestuia în stadii incipi-
ente precum şi a leziunilor precanceroase numite displazii de col uterin. Displaziile de col uterin pot fi de grad  
redus sau de grad înalt. Un număr semnificativ dintre displaziile de grad redus regresează spontan şi doar un  
număr limitat progresează către leziuni de grad înalt şi cancer cervical. Pentru clinician este esenţială identifi-
carea acestora întrucât pot fi astfel evitate tratamente inutile. De-a lungul timpului au fost analizaţi  multipli  
markeri care să identifice displaziile cervicale cu potenţial evolutiv. Momentan cel mai utilizat marker este re-
prezentat de genotiparea virală. Pe lângă acesta şi alţi markeri şi-au demonstrat utilitatea în încadrarea evoluti-
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vă a leziunilor cervicale: p16, MCM5/CDC6, integrarea ADN-ului în genomul celulei gazdă. Articolul trece în  
revistă cei mai importanţi markeri utilizaţi la ora actuală ilustrând cu cazuistica proprie utilizarea acestora.

Cuvinte cheie: cancer cervical, displazie de col uterin, neoplazia cervicală intraepitelială, human pa-
pilloma virus, markeri moleculari
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Introduction

Cervical  cancer  is  one  of  the  leading 
cancers  in women worldwide.  Cervical  cancer 
develops through some precursor lesions called 
cervical intraepithelial lesions (CIN). Cell modi-
fications can be classified as CIN 1, 2, or 3. The 
majority of low grade precursor lesions (CIN 1) 
regress spontaneously without treatment. Only a 
small part of them progress to high grade lesions 
(CIN 2 and CIN 3) and eventually invasive can-
cer. According to Ostor only 10% of CIN1 will 
progress to CIN3 and from CIN3 only 12% will 
progress to invasive cancer (1).

Screening for cervical cancer is mainly 
based on the Papanicolaou smear (also called 
Pap test) and the benefit of it is demonstrated 
by  the  decreasing  cervical  cancer  incidence 
over the past decades in countries that are using 
it. Unfortunately the Pap test has a low sensitiv-
ity  and this  fact  require  frequent  retesting  of 
women with abnormal smears. In order to im-
prove the quality of the Pap test, liquid based 
cytology has been introduced. This method is 
characterized  by  more  homogeneous  staining 
cell images and less debris. However, the abil-
ity of this new method to detect more relevant 
high-grade cervical lesions remains to be shown 
in large randomized controlled trials (2, 3).

Screening for cervical cancer can be con-
sidered effective if precursor lesions are detected in 
order to be treated before cancer develops. On the 
other hands treatment of all precursor lesions that 
has in great proportion a high probability of spon-
taneous regression can induce an over-treatment 
with many side effects, emotional distress in wo-
men and unnecessary costs.  Screening improve-
ments need to address mainly the issue of reducing 
unnecessary follow-up of unclear or clinically nor 

relevant test results. In the last years a lot of re-
search studies have been performed to develop new 
biomarkers for cervical cancer screening. Most of 
this work was related to human papilloma virus 
(HPV) detection because HPV is recognized as the 
etiologic agent responsible for the initiation of cer-
vical neoplasia. In addition to HPV detection some 
promising markers have been identified by analyz-
ing the molecular events that result in the trans-
formation of the cervical epithelium by HPV and 
by studying particularly the interaction  of  HPV 
with host cell proteins (4-7).

Human papilloma viruses

HPVs are small DNA viruses that have a 
genome of about 8kb and code for 8-10 genes. 
The genome of HPV encode a long control region 
(LCR), early proteins (E1-E8) and late proteins 
(L1-L2) and their functions are presented in Table 
1  (8). At present, more than 100 different HPV 
types have been identified. They differ signific-
antly in carcinogenic potential (9). The oncogenic 
forms of HPV (including types 16 and 18) are as-
sociated with cervical carcinoma. 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 (10). Persistent infection causes the 
greatest risk and is probably enhanced with high-
risk types of HPV (11).

HPV life cycle, HPV oncogenes

The molecular interactions between viral 
and cellular genes have been studied largely in the 
last two decades. Two genes were found to be 
mostly responsible for the development of the dis-
ease. At present, two HPV proteins E6 and E7 
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were found to interact and block p53 and pRB in 
infected cells (12). Loss of pRB function leads to 
cell cycle activation. Normally, uncontrolled cell 
cycle activation induced by E7 is counteracted by 
cellular  apoptosis.  However,  this  pathway  is 
blocked by E6 mediated  p53 degradation.  The 
sign of progression is the altered expression pat-
tern of HPV oncogenes. In high-grade lesions, E6 
and E7 are strongly expressed in basal epithelial 
cells. In basal cells, under the control of E6 and 
E7 the tight replication control is lost and the cells 
start to proliferate and gain transforming muta-
tions. Initiation of cellular replication is under the 
control of a protein complex which has two main 
components: MCM5 and CDC5. These two com-
ponents  are  over-expressed  in  replicating  cells 
transformed by high-risk HPV (13). Other early 
effect of E6 and E7 expression in basal cells is the 
induction of chromosomal instability which result 
in breaks, lagging and altered distribution of chro-
mosomes (14,15). Based on the above pathogen-
esis  of  cervical  intraepithelial  lesions,  potential 
biomarkers can be divided in two main categories: 
viral and cellular. It is important to realize that dif-
ferent  biomarkers  may  serve  different  goals: 
markers for early detection (such as HPV DNA) 
or markers for pre-malignant lesions with poten-
tial risk to progression (such as Ki-67). 

Viral markers

Methods for HPV DNA or RNA detec-
tion are  expected  to  improve  cervical  cancer 
screening protocols. Several methods are avail-
able to detect HPV. The first methods used for 
HPV detection were based on DNA hybridiza-
tion but they have limited sensitivity and are too 
complex in order to be used in clinical settings. 
The main HPV testing methods that have well 
defined clinical applications at present are poly-
merase chain reaction (PCR) and Hybrid Capture 
II (HC2). Real-time PCR and mRNA testing are 
techniques of growing interest (16,17). The clin-
ical applications of HPV DNA or RNA detection 
are in the triage of borderline Pap smears and in 
the  follow-up after  treatment  for  cervical  pre-
malignant lesions. Primary screening using HPV 
is under discussion because of great distribution 
of HPV in young women. In any case for women 
over 30 years, primary screening with HPV test-
ing could be effective (18). 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  interventions at  once, 
but rather identifies women who have elevated 
risk as long as the infection persists (18). 
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Table 1. The functions of the HPV genes 

HPV genes Function
LCR Regulatory control of transcription, replication and host interactions

L1 Major capsid protein
02.07.09 Minor capsid protein
E1 Viral replication and maintenance of viral episome

E2 Transcriptional regulation and cofactor for replication
E3 ???

E4 Keratin interactions and signal tranduction
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 oncogenic subtypes of HPV

E8 ???
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HPV integration.  The development of 
cervical cancer is preceded by the shift in HPV 
gene  expression  towards  high-oncogenic  ex-
pression.  This  change  can  be  detected  by 
altered mARN and protein expression of HPV 
genes.  E6  and  E7  are  strongly  expressed  in 
high-grade lesions. An important finding is de-
tection of integration of HPVDNA into the cel-
lular genome of the host (19,20). HPV integra-
tion reveals high-grade lesions with a very high 
potential for progress and which require treat-
ment instead of monitoring. Also, HPV integra-
tion  is  considered  a  very  specific  marker  in 
post-treatment and recurrence surveillance. 

Cellular markers

The potentially promising markers can 
be  categorized  into  different  classes  such  as 
chromosomal  anomalies,  cell  cycle  check 
points, tumor suppressor gene expression, apop-
totic markers, angiogenetic parameters, epigen-
etic regulations such as methylation, metabolic 
markers and imaging markers. The advantages 
of one marker over the others and their clinical 
implications in cervical cancer screening are in-
tensely studied at the moment.

Ki67/MIB-1.  Dysplastic  cells  show in-
creased  cell  cycling.  Therefore,  markers  of  cell 
proliferation might be a logical choice as biomark-
ers for CIN. Ki67 and MIB-1 are markers of prolif-
eration and they are strongly expressed in CIN le-
sions, but they can also be expressed in normal 
basal cells that have proliferation capacity (21-23). 

MYC. This oncogene is frequently amp-
lified and over expressed in cervical cancer. It was 
also demonstrated, using PCR that MYC levels 
are increased in precancerous lesion and the levels 
increased with the grade of the CIN (24). 

p16INK4a.  The inhibition of cell cycle 
regulatory proteins by E6 and E7 is known to ini-
tiate the carcinogenesis process. The p16 is a cell 
cycle regulatory protein which is the main target 
of HPV. p16 is an inhibitor of CDKs 4 and 6 and 
functions in the progression from G1 to S phase 

of the cycle cell. In HPV infection with high-risk 
types, p16 is over expressed in high-grade lesion 
and also in cervical carcinoma (25). The p16 pro-
tein can be detected in both histology specimens 
as well  as liquid-bases cytology (26).  Over-ex-
pression of p16 is correlated with HPV type 16 
and 18 and can be detected in both squamous cell 
carcinoma and adenocarcinoma (27,28). 

In biopsies of suspicious cervical lesions 
p16 is used to discriminate the low grade lesions 
with  potential  to  progress  to  high-grade lesions 
(29-31). Also p16 could help to recognize underes-
timated cervical intraepithelial neoplasia (CIN) in 
women positive for high-risk human papillomavir-
us (HR-HPV) with negative biopsy (33). In cyto-
logy p16 is used to triage ASCUS and LSIL cases 
for  high grade CIN with higher specificity than 
HPV testing (Figures 1 and 2). A practical limita-
tion to the use of p16 as a cytological diagnostic 
adjunct, however is that sporadic expression of this 
marker is sometimes present in scattered benign 
endocervical glandular cells and in tuboendometri-
al metaplasia of the cervical mucosa, which could 
lead to false positive results (34,35). 

Survivin .  Another independent marker 
of high-risk HPV type is survivin, a member of 
the family of human apoptosis inhibitors. Survivin 
might be an early predictor of cervical carcino-
genesis. Branca et al. (36) established a linear re-
lationship between the intensity of survivin ex-
pression and the grade of CIN. Also, in cervical 
cancer, survivin expression can be correlated with 
clinical stage and lymph node metastases (37,38).

Phosphatase  and  tensine  homologue 
(PTEN).  This antioncogene is negatively correl-
ated with survivin expression in CIN and cervical 
cancer.  PTEN expression in  squamous cell  car-
cinoma is lower compared with normal cervical 
epithelium. It might be used as a marker for early 
diagnosis and prognosis of cervical cancer (37).

Telomerase.  Increased  telomerase 
activity  was  found  in  cervical  dysplasia  with 
varying  sensitivity  for  the  detection  of  CIN3 
(39,40).  Fluorescence  in  situ  hybridization 
(FISH) detection of telomerase RNA gene amp-
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lification is useful for differential diagnosis of 
low- and high-grade cervical disorders (41,42).

The  mini  chromosome  maintenance 
(MCM). Is a class of proteins of the DNA pre-rep-
lication complex. Early publications have shown 
that the MCM proteins and in particular MCM5 
are useful for detection of cervical diseases. The 
detection of MCM5 expression is not confined to 
high-grade cervical disease and is also detected in 
low-grade  dysplasia  and  proliferative  cells  that 
have re-entered the cell cycle following infection 

with high-risk HPV. In addition to MCM-5, others 
members from the MCM family (MCM2, MCM7, 
MCM6) have been shown to be potentially useful 
markers for the detection of CIN. Recent results 
have shown that MCM-7 appears to be a specific 
marker for the detection of high-grade cervical dis-
ease using immunochemistry formats (43). 

Topoisomerase  II-α  (TOP2A).  Is  over 
expressed in cervical diseases. As mentioned above 
the oncoproteins E6 and E7 contribute to the active 
induction of S-phases genes and DNA replication 
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Figure 1. Biomarker p16INK4a expression in high-
grade squamous intraepithelial  lesions in  cervical 
cytology specimens (DABX40).

Figure  2.  Biomarker  p16INK4a  expression  in 
atypical squamous metaplasia incervical cytology 
specimens (DAB X40).

Figure 3. Biomarker ProEx C expression in high-
grade squamous intraepithelial  lesions in  cervical 
cytology specimens (DABx40).

Figure 4. Biomarker ProEx C expression in high-
grade squamous intraepithelial lesions in cervical 
cytology specimens (DABX100).
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outside the normal control mechanisms of the cell 
cycle. Key proteins like MCM and TOP2A are ex-
pressed 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.  Using  this  approach,  MCM-6,  MCM-4 
and TOP2A have been identified as over expressed 
genes in CIN. Preliminary results have shown that 
the  genes  identified  from micro-array  analysis, 
such as MCM-6 and TOP2A, encode proteins that 
are over expressed in cervical diseases (44,45). Re-
cent studies reveal other promising candidates for 
CIN detection: IGFBP-3 and claudins 1 and 7 (46). 

ProExC antibody  is  a  novel  biomarker 
cocktail containing antibodies against topoisomerase 
II alpha and mini chromosome maintenance 2 pro-
teins. ProExC is a valuable marker for distinguish-
ing dysplastic squamous and endocervical lesions of 
the cervix from squamous metaplasia (Figures 3 
and 4). ProExC may eventually be used in conjunc-
tion  with  morphologyand  human  papillomavirus 
evaluation for better classification of indeterminate 
cervical lesions in Papanicolaou smears (47,48).

Aneuploidy, chromosomal imbalances. 
Different studies have shown that aneuploidy pre-
cedes HPV integration in advanced CIN lesions 
(15). The most important alteration present in CIN 
is located on chromosome 3q, and this alteration is 
strongly  associated  with  the  progression  from 
severe dysplasia to invasive cancer (49,50).

p53 and pRB.  There are the targets of 
HPV oncogenes E6 and E7. Loss of p53 and pRB 
represents and indirect sign of  HPV E6 and E7 
expression. Unfortunately this loss is not specific 
for HPV and is present also in other tumors. In 
HPV infection a low frequency of p53 and pRB is 
associated with a higher risk of progression (51).

Methylation.  In  normal  cells, DNA 
methylation plays a role in maintaining genome 
stability and  in  regulating  gene  expression. 
DNA methylation changes are an early event in 
carcinogenesis and are often present in the pre-
cursor lesions of various cancers. Such changes 

might therefore be used as markers of cervical 
neoplasia,  either alone or in conjunction with 
cytology  and/or HPV  testing.  The  published 
data  on  these  genes  is  highly  heterogeneous. 
Three markers (DAPK1, CADM1, and RARB) 
showed elevated  methylation  in  cervical  can-
cers consistently  across studies.  There is  cur-
rently no methylation marker that can be readily 
translated for use in cervical cancer (52,53). 

Cyclins. Are regulatory proteins involves 
in cell cycle regulation. A strong association was 
found between Cyclin E and HPV induced cell 
changes (54). Cyclins A and B have been shown 
to be over expressed in cervical adenocarcinoma 
and its malignant precursors (55). To date, none of 
the cyclins that  are over expressed in HPV-in-
duced neoplasia has sufficient sensitivity or spe-
cificity in order to be used as an independent mo-
lecular marker for the accurate detection of high-
grade cervical neoplasia.

Angiogenetic markers. Apart from apop-
tosis, the progression of CIN is accompanied by an-
giogenesis  and cell  proliferation.  Obermair  et  al. 
(56) demonstrated that angiogenetic parameters such 
as microvessel density and the expression of vascu-
lar endothelial growth factor (VEGF) increase with 
the grade of CIN. CIN 3 lesions have significantly 
higher microvessel density and a more intense ex-
pression of VEGF protein than normal epithelium 
and CIN 1 lesions (56,57). This data suggest that an-
giogenesis might be used as a prognostic factor in 
patients with squamous cell carcinoma.

nm23-H1. Recently, a great interest was 
shown to the nm23 family of metastases-associated 
genes, focusing on human nm23-H1 as a potential 
antimetastatic gene in cervical cancer. The studies 
(58) report an inverse relationship between nm23-
H1 expression and CIN grade, reduced expression 
being associated with CIN3 or invasive cancer.

Conclusion

The  difficulties  of  morphology-based 
diagnosis of cervical lesions will be addressed in 
the near future by the use of molecular markers. 
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Their main purpose will be detection of CIN 1 
with potential to progress to CIN 2 and 3. Until 
now, a number of potential markers have been 
identified. Among them, the most important are: 
HPV detection, p16, MCM5/CDC6 and ProExC. 
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CIN-cervical intraephitelial lesion 
HC2-Hybrid Capture II 
HPV-human papilloma virus
LCR-long control region
PCR-polymerase chain reaction 
PTEN-Phosphatase and tensine homologue
VEGF-vascular endothelial growth factor.
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