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Abstract. Objectives: To determine methylation status of nine genes, previously described to be frequently methylated in cervical
cancer, in squamous intraepithelial lesions (SIL).

Methods: QMSP was performed in normal cervix, low-grade (L)SIL, high-grade (H)SIL, adenocarcinomas and squamous cell
cervical cancers, and in corresponding cervical scrapings.

Results: Only CCNA1 was never methylated in normal cervices and rarely in LSILs. All other genes showed methylation
in normal cervices, with CALCA, SPARC and RAR-β2 at high levels. Methylation frequency of 6 genes (DAPK, APC, TFPI2,
SPARC, CCNA1 and CADM1) increased with severity of the underlying cervical lesion. DAPK showed the highest increase in
methylation frequency between LSIL and HSIL (10% vs. 40%, p < 0.05), while CCNA1 and TFPI2 were most prominently
methylated in cervical cancers compared to HSILs (25% vs. 52%, p < 0.05, 30% vs. 58%, p < 0.05). CADM1 methylation in
cervical cancers was related to depth of invasion (p < 0.05) and lymph vascular space involvement (p < 0.01), suggesting a role
in invasive potential of cervical cancers. Methylation ratios in scrapings reflected methylation status of the underlying lesions
(p < 0.05).

Conclusion: Methylation of previously reported cervical cancer specific genes frequently occurs in normal epithelium. How-
ever, frequency of methylation increases during cervical carcinogenesis, with CCNA1 and DAPK as the best markers to distin-
guish normal/LSIL from HSIL/cancer lesions.
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1. Introduction

Cervical cancer is the second most frequent gyne-
cological malignancy among women worldwide, with
highest incidence rates in developing countries [25].
Worldwide it is estimated that 490,000 new cervical
cancer cases are diagnosed and 270,000 deaths will
occur annually [16]. The majority of cervical cancer
is squamous cell cancers and develops from precur-
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sor lesions, known as squamous intra-epithelial lesions
(SIL). Low-grade SIL (LSIL) regresses in most cases,
while high-grade SIL (HSIL) will progress to cervi-
cal cancer in 20–50% of cases when left untreated [21,
26]. Progression from LSIL to cervical cancer gener-
ally takes 10–15 years [22]. Although distinction be-
tween low and high-grade SIL is subjective, based on
morphological criteria and not clearly discriminating
between progressive and/or regressing lesions many
clinicians feel inclined to treat HSIL, while LSIL is
often managed by surveillance. Currently, apart from
morphology, no prognostic markers with respect to
spontaneous regression or progressive lesions exist, al-
though many have been proposed such as oncogenic
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HPV DNA, telomerase activity and DNA methylation
[8,27,29,40,41].

For the past decade, abnormal patterns of DNA
methylation have been recognized as frequent mole-
cular changes in neoplasia [14]. CpG islands in pro-
moter regions of genes are targets for methylation, and
if this occurs abundantly, transcription may be blocked.
Methylation of tumor suppressor genes contributes to
an immortalized phenotype by silencing expression of
genes responsible for control of normal cell differen-
tiation and/or inhibition of cell growth. It is known
to be an early event in carcinogenesis of many dif-
ferent tumor types [3]. Several gene promoters were
identified as being aberrantly methylated in cervical
cancer [6,13,23,24,31]. Some studies also included
precursor lesions and demonstrated that more samples
are methylated with increasing severity of the under-
lying lesion [8,10,15,18,19,30,34,36,39], but positiv-
ity for HSIL analyzed in scrapings as well as in tis-
sue is rather heterogeneous between studies [8,10,15,
18,19,30,34,36,38,39]. Methylation was mainly ana-
lyzed using non-quantitative methylation specific PCR
(MSP). An advancement of conventional MSP is quan-
titative MSP (QMSP), which permits reliable quantifi-
cation of methylated DNA [7]. The quantitative nature
of the assay enables to set a cut-off at a certain level of
methylation, for instance, above the level of the high-
est methylated normal cervices or LSIL cases, creating
a specificity of 100%. We previously demonstrated in
cervical scrapings a sensitivity of 89% to detect cer-
vical cancer using methylation of a four gene panel
(DAPK, CALCA, ESR1 and APC), equivalent to Hr-
HPV (90%) and cytomorphology (89%) [41]. Aim of
the present study was to determine methylation status
of previously reported cervical cancer specific methy-
lated markers [18,33,34,41] (CALCA, DAPK, ESR1,
APC, RAR-β2, SPARC, TFPI2, CCNA1 and CADM1
(previously known as TSLC1)) in the course of cervi-
cal carcinogenesis using QMSP. To evaluate whether
gene promoter methylation can be used to distinguish
LSIL from HSIL, DNA of paraffin embedded tissues
from normal cervix (n = 20), LSIL (n = 20), HSIL
(n = 20), adenocarcinomas (AC) (n = 20) and squa-
mous cell cervical cancers (SCC) (n = 40) was stud-
ied first because histology of the tissue is still con-
sidered as the golden standard in The Netherlands.
In addition, in cervical cancer patients we correlated
promoter methylation with clinicopathological charac-
teristics. Finally, we performed QMSP of the same
9 genes to determine whether the methylation status

of the underlying lesion was reflected in (55 available)
corresponding cervical scrapings.

2. Patients and methods

2.1. Patients

For the present study, we selected normal cervices
from 20 patients, who underwent a hysterectomy for a
non-malignant condition. Patients had no history of ab-
normal Pap smears or any form of cancer, and all cer-
vical specimens were judged as benign by histopatho-
logical examination. Median age for these patients was
48 years (IQ range 47–51 years). Furthermore, we ran-
domly selected biopsy specimens from (1) 20 patients
with histologically confirmed LSIL who had under-
gone colposcopy with cervical biopsies because of an
abnormal Pap smear; (2) 20 patients with HSIL on
histological examination treated by large loop exci-
sion of the transformation zone. Median age for SIL
patients was 40 years (IQ range 34–46 years); and
(3) 60 cervical cancer patients (20 with adenocar-
cinoma (AC) and 40 with squamous cell carcinoma
(SCC)); specimens were taken prior to treatment with
(chemo)radiation or from radical hysterectomy spec-
imens. FIGO stages were FIGO IA (1/60 = 2%),
FIGO IB (26/60 = 43%), FIGO IIA (5/60 = 8%),
FIGO IIB (18/60 = 30%), FIGO IIIB (4/60 = 7%)
and FIGO IV (6/60 = 10%). Median age of cervical
cancer patients was 46 years (IQ range 38–57 years).
There were no differences between AC and SCC cases
regarding FIGO stage or age. There was no difference
in age between the cancers and normal cervices. How-
ever, SIL patients were significantly younger than pa-
tients with normal cervices and cervical cancers (p <
0.0005). All patients were treated in our hospital be-
tween March 1996 and December 2005. Tissue speci-
mens were formalin fixed and paraffin embedded and
retrieved from the Pathology archives of the University
Medical Center Groningen (UMCG). All patients gave
written informed consent to participate in a cervical
cancer related translational research study in our hos-
pital. Cervical scrapings from corresponding patients
were available from 55 cases, including normal cervix
(n = 9), LSIL (n = 8), HSIL (n = 18), AC (n = 4)
and SCC (n = 16). Cervical scrapings were collected
at initial visit to our outpatient department (SIL pa-
tients, 1 week before treatment) or at examination un-
der anaesthesia (women with a normal cervix and cer-
vical cancer patients). This study was approved by the
Institutional Review Board of the UMCG.
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2.2. Sample collection procedure and DNA isolation

Sections (10 µm) were cut from tissue blocks. Par-
allel slides were stained with H&E in order to check
for presence of specific tissue (i.e., normal epithelium,
LSIL, HSIL, AC or SCC). Tissue slides were deparaf-
finized using 100% xylene followed by 100% ethanol.
Pellet was resuspended in a buffer containing SDS-
proteinase K, and DNA was extracted with phenol-
chloroform followed by ethanol precipitation [9].

Cervical scrapings were collected using an Ayre’s
spatula and endocervical brush, as described [41]. Cy-
tospins for cytomorphological assessment were made
(1/5 Volume) and the rest was centrifuged, washed,
snap-frozen in liquid nitrogen and stored at −80◦C.
DNA was extracted using standard salt-chloroform ex-
traction and ethanol precipitation [41].

For quality control, genomic DNA was amplified in
a multiplex PCR according to the BIOMED-2 proto-
col [35] and only DNA samples with PCR products of
minimal 300 bp in size were included in this study.

2.3. HPV detection and typing

Presence of high risk HPV was analyzed by PCR us-
ing HPV16 and HPV18 specific primers on DNA of
the paraffin embedded tissue [2,37]. On all HPV16-
or HPV18-negative cases, general primer-mediated
PCR was performed using two HPV consensus primer
sets, CPI/CPIIG and GP5+/6+, with subsequent nu-
cleotide sequence analysis, as described previous-
ly [41].

2.4. Real-time quantitative methylation specific
PCR (QMSP)

QMSP was performed with bisulfite treated DNA as
previously reported [7,27,41]. Bisulfite treatment was
performed with the EZ DNA methylation kit accord-
ing to manufacturer’s protocol (Zymogen, BaseClear,
Leiden, The Netherlands). Primer pairs, amplicon size
and Genbank accession number of QMSP primers and
probes are listed in Table 1. The housekeeping gene
β-actin was chosen as reference for total DNA in-
put measurement and DNA input was at least 225 pg
β-actin (equivalent to a Ct-value of 34). QMSP was
carried out in a total volume of 20 µl in 384 well
plates in an Applied Biosystems 7900 Sequence De-
tector (Applied Biosystems, Nieuwerkerk a/d IJssel,
The Netherlands). Each sample was analyzed in trip-
licate. Final reaction mixture consisted of 300 nM of

each primer, 200 nM probe, 1X QuantiTect Probe PCR
Kit (Qiagen, Venlo, The Netherlands) and 50 ng of
bisulfite-converted genomic DNA. As positive con-
trol, serial dilutions of in vitro methylated genomic
leucocyte DNA with Sss I (CpG) methyltransferase
(New England Biolabs. Inc., Beverly, MA, USA) were
used in each experiment, while genomic leucocyte
DNA served as a negative control. All amplification
curves were visualized and scored without knowledge
of the clinical data. QMSP values were adjusted for
DNA input by expressing results as ratios between
two absolute measurements ((average DNA quantity of
methylated gene of interest/average DNA quantity for
internal reference gene β-actin) × 10,000) [7,27,41].
A DNA sample was considered methylated if at least
2 of 3 triplicates showed exponential curves with Ct-
value below 50.

2.5. Statistical analysis

All analyses were carried out using SPSS software
package (SPSS 14.0, Chicago, IL, USA). Methylation
ratios between groups were compared using Mann–
Whitney U test (2 groups) or Kruskal–Wallis test
(>2 groups). Associations between numerical parame-
ters were analyzed using χ2 test and Fisher’s exact test
for small numbers. Correlations between methylation
ratios were calculated using Spearman rank test. Ob-
served differences with p-value < 0.05 were consid-
ered statistically significant.

3. Results

3.1. Gene promoter methylation and HPV typing
throughout cervical carcinogenesis

Figure 1A shows methylation ratios and the propor-
tion of methylation positive samples per tissue cate-
gory for the nine gene promoters. Only CCNA1 was
not methylated in normal cervices (0/20) and rarely
in LSIL (1/20). All the other gene promoters were
methylated in normal cervices for CALCA (16/20),
SPARC (13/20), APC (8/20) and RAR-β2 (17/20)
at high levels. For all gene promoters, median level
of methylation increased significantly (p < 0.05,
Fig. 1A) with severity of the underlying lesion. This
relation was independent of the percentage of dys-
plastic cells in the specimens (data not shown). For
most gene promoters (except for CALCA, ESR1 and
RAR-β2) also proportion of methylated cases increased
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Table 1

Primers and probe sequences

Gene Forward 5′ -3′ primer 6-FAM 5′ -3′ TAMRA probe Reverse 5′ -3′ primer Genbank no. Amplicon size

ACTB TGGTGATGGAGGAGGTTTAGTAAGT ACCACCACCCAACACACAATAACAAACACA AACCAATAAAACCTACTCCTCCCTTAA Y00474 133 bp; 390–522

APC GAACCAAAACGCTCCCCAT CCCGTCGAAAACCCGCCGATTA (antisense) TTATATGTCGGTTACGTGCGTTTATAT U02509 74 bp; 761–834

CALCA GTTTTGGAAGTATGAGGGTGACG ATTCCGCCAATACACAACAACCAATAAACG TTCCCGCCGCTATAAATCG X15943 101 bp; 1706–1806

DAPK GGATAGTCGGATCGAGTTAACGTC TTCGGTAATTCGTAGCGGTAGGGTTTGG CCCTCCCAAACGCCGA X76104 98 bp; 5–102

ESR1 GGCGTTCGTTTTGGGATTG CGATAAAACCGAACGACCCGACGA GCCGACACGCGAACTCTAA X62462 101 bp; 2784–2884

RAR-β2 GGGATTAGAATTTTTTATGCGAGTTGT TGTCGAGAACGCGAGCGATTCG TACCCCGACGATACCCAAAC NM_000965 92 bp; 63–154

SPARC TTTCGCGGTTTTTTAGATTGTTC CGACAAACAAAACGCGCTCTCCG CATACCTCAATAACAAACAAACAAACG NM_003118 70 bp; 28–97

TFPI2 GCGGTTTTTTGTTTTAGGC CCCCGCATAAAACGAACACCCGAA GACGAAAATCGACCGAACGC NM_006528 68 bp; −57–10

CADM1 GAAATTTGTAACGTTTGGTTCG AGGTTAGATGTATTCGGTGTGCGGGA CGCTATATCAAACCGACG NM_014333 99 bp; −348–250

CCNA1 GTTATGGCGATGCGGTTTC TTTCCATACCGACCGCGACAAACG CCAACCTAAAAAACGACCGA NM_003914 152 bp; −317–166
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with severity of the underlying lesion (Fig. 1A). The
highest increase in proportion of methylation between
LSIL and HSIL was observed for DAPK (10% vs.
40%, p < 0.05), while CCNA1 and TFPI2 were most
prominently methylated in cervical cancers compared
to HSIL (25% vs. 52%, p < 0.05 and 30% vs. 58%,
p < 0.05). Although not significant, CADM1 be-
came mainly methylated in the progression of LSIL–
HSIL (30% vs. 50%, p = 0.197), while ESR1 became
mainly methylated in cervical cancers (10% vs. 30%,
p = 0.074).

Proportion of Hr-HPV positive samples also in-
creased with the severity of the underlying lesion (Ta-
ble 2). Although Hr-HPV was related to methylation
of DAPK (p = 0.024), TFPI2, SPARC, CCNA1 and
CADM1 (each p < 0.001), this association was lost
when corrected for the severity of the underlying lesion
(data not shown).

3.2. Methylation status in relation with
clinicopathological characteristics in
cervical cancer

Table 3 summarizes methylation status of the gene
promoters in relation to clinicopathological charac-
teristics of the 60 cervical cancer patients. Positive
methylation of DAPK, CADM1 or CCNA1 was related
to squamous cell histiotype. Tumors methylated for
ESR1 or RAR-β2 were more often early stage tumors
(FIGO IB/IIA), while tumors methylated for TFPI2
were often of a higher stage. CADM1 positive tumors
had deeper stromal invasion and LVSI, suggesting a
role in the invasive potential of cervical cancers.

3.3. Gene promoter methylation as a diagnostic tool

From 55/120 patients, corresponding scrapings
were available to evaluate whether the methylation sta-
tus in the scraping was similar to that of the under-
lying tissue. For all gene promoters (except for APC)
methylation levels of scrapings were strongly related
to methylation levels of corresponding tissue (all p <
0.004) (Fig. 2), indicating that the methylation status
determined in scrapings is reflecting the methylation
status in the tissue. However, discrepancies were ob-
served, with most of discrepant samples depicted in
SIL patients.

For DAPK, ESR1, TFPI2 and CCNA1, frequency
of positive scrapings with methylation increased with
severity of the underlying lesion (Fig. 1B). CCNA1 was
the best marker since it was methylated in only few

normal cervices (11.1%) and LSIL (25%), while fre-
quent methylation was observed in scrapings of HSIL
(55.6%) and mostly in cancers (80%) (p < 0.0005,
Fig. 1B).

4. Discussion

The present study demonstrates that proportion of
methylated samples increases with severity of the un-
derlying premalignant cervical lesion for most of the
previously reported cervical cancer specific methyla-
tion markers. However, for many gene promoters, pre-
viously presented to be cancer specific, normal cer-
vices already showed median methylation ratios higher
than that of SIL lesions, indicating that methylation of
these gene promoters in normal tissue is more common
than generally assumed. This observation has impor-
tant impact on the interpretation of studies on cancer
specific methylation markers that did not use proper
normal cervical controls. We conclude that those genes
that are already frequently methylated in normal cer-
vices (RAR-β2, SPARC, CALCA and APC) are not cer-
vical cancer specific and as such not useful as markers
for detection of cervical cancer or its precursors.

Figure 3 summarizes at what stage during cervical
carcinogenesis gene promoters become more promi-
nently methylated. Recently, it has been described that
DNA methyltransferase I (DNMT1) expression, in-
volved in de novo methylation of gene promoters, is
increased during cervical carcinogenesis [28]. In addi-
tion, HPV18 E7 can target DNMT1, resulting in upreg-
ulation of its expression [4]. In our present study 35%
of LSIL and 90% of HSIL/cancer were positive for Hr-
HPV, which is in agreement with other studies [12].
Such a high frequency of Hr-HPV might be important
for early de novo promoter methylation of tumor sup-
pressor genes during cervical carcinogenesis, as is also
demonstrated for some genes in our study. However, all
tissue categories were highly methylated for RAR-β2,
SPARC, CALCA and APC, including normal cervices.
In these normal cervices, no Hr-HPV was detected, in-
dicating that methylation in cervical epithelium also
may occur without concurrent HPV infection. DAPK
and CADM1 became more often methylated in HSIL,
while CCNA, TFPI2 and ESR1 were more often methy-
lated in cancer lesions. Recently, sequential promoter
methylation [11] and mRNA down-regulation [5] has
been described during HPV-16 or HPV-18 mediated
transformation of cultured human keratinocytes. ESR1
became methylated in the early immortal stage (com-
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Fig. 1. Methylation ratio and frequency of positive methylation samples of nine gene promoters in normal cervices, LSIL, HSIL and cervical
cancer lesions. On the left-hand side (A) methylation is shown determined in the paraffin embedded tissue of normal (n = 20), LSIL (n = 20),
HSIL (n = 20), AC (n = 20) and SCC (n = 40) and on the right-hand side (B) the methylation is shown determined in the scrapings of normal
(n = 9), LSIL (n = 8), HSIL (n = 18), AC (n = 4) and SCC (n = 16). The bars represent the median methylation ratio. p-values are shown
for the calculation of the methylation ratio and methylation frequency in relation with severity of the lesion by respectively Kruskall–Wallis
(upper) and χ2 (lower) statistics. aNo statistics are computed because CALCA was methylated in all scrapings.
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Fig. 1. (Continued.)
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Fig. 1. (Continued.)
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Table 2

Hr-HPV analysis in paraffin samples

Hr-HPV Normal LSIL HSIL Cancer AC SCC

Cases 20 20 20 60 20 40

HPV16 0 3 12 41 14 27

HPV18 0 1 2 9 5 4

Other type 0 3a, b 5c 9d,e 1e 8d,e

Total Hr-HPV (%) 0 (0%) 7 (35%) 18 (90%) 54 (90%) 17 (85%) 37 (93%)

Notes: a2 cases with HPV6 were not included; b2 cases with HPV31 and 1 case with HPV 52; c2 cases
with HPV31, 1 case with HPV45, 1 case with HPV51 and 1 case with HPV58; d1 case with HPV6 was not
included; e2 cases (1 AC and 1 SCC) with HPV31, 2 cases with HPV33, 3 cases with HPV45, 1 case with
HPV52 and 1 case with HPV73.

Table 3

The number of positive methylated gene promoters in relation with the clinicopathological characteristics of 60 cervical cancer cases

Clinicopathological characteristics n DAPK CALCA ESR1 APC RAR-β2 TFPI2 SPARC CCNA1 CADM1

Disease recurrence No 44 24 41 17 25 38 24 42 25 27

Yes 10 4 8 1 6 8 8 10 4 7

Death of disease No 44 22 40 17 25 37 24 42 23 27

Yes 14 8 13 1 7 12 10 13 7 9

p = 0.044

Stromal invasion <10 mm 14 7 12 6 10 13 8 13 8 6

�10 mm 30 15 29 9 15 25 20 30 15 23

p = 0.042

FIGO stage IB/IIA 34 17 32 14 21 32 16 33 18 21

IIB–IVB 26 14 23 4 13 19 19 24 13 17

p = 0.031 p = 0.032 p = 0.043

Histology SCC 40 27 37 12 25 34 24 38 24 29

AC 20 4 18 6 9 17 11 19 7 9

p = 0.001 p = 0.068 p = 0.037

Tumor volume <4 cm 28 13 26 11 17 26 13 27 14 17

�4 cm 31 17 28 7 16 24 21 29 16 20

Differentiation grade I/II 36 18 33 13 20 31 21 35 18 22

III 23 13 21 5 13 20 14 21 13 16

Pelvic lymph node No 22 9 21 11 13 20 13 22 12 12

metastasis (PLNM)* Yes 13 8 12 3 8 12 8 12 8 10

Lymph vascular space No 30 13 27 9 14 24 20 28 13 14

involvement (LVSI)* Yes 22 13 20 7 15 19 12 21 12 18

p = 0.01

Note: * Lymph node status is only known for patients who underwent primary surgical treatment.

parable to HSIL [32]), DAPK and RAR-β2 in the late
immortal stage (comparable to HSIL), while CADM1
in tumorigenic cells (comparable to cancer). In combi-
nation with our data, it appears that this experimental
model indeed mimics the situation in vivo regarding a
role of HPV in regulating DNA methylation for at least
some of the cervical cancer specific genes.

CALCA, APC, ESR1, TFPI2 and SPARC methyla-
tion has not previously been analyzed in precursor cer-
vical lesions. ESR1 was shown to be a promising di-

agnostic marker in our previous study [41], because
in scrapings it was methylated in only one normal
cervix (5%) compared to 64% of cervical cancers. In
the present study, we show comparable results for the
scrapings (1/9 normal cervices, 1/8 LSIL, 2/18 HSIL
and 10/20 cervical cancers). In paraffin tissue, propor-
tion of methylated samples was higher in normal cer-
vices. For some gene promoters, amongst which ESR1,
it is known that methylation occurs in normal tissue,
and that level of methylation increases with age [1]. In
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Fig. 2. Methylation ratios determined in paraffin tissue in comparison to the methylation ratio determined in the scraping of the same patient
subdivided in the different tissue categories.

the present study, median age of women with a nor-
mal cervix was significant higher compared to the age
of SIL patients. This might explain the higher level of
methylation of normal cervices compared to SIL.

TFPI2 and SPARC were the two most promising
gene promoters from Sova et al., performing QMSP
on cervical scrapings from controls versus cervical
cancers [33]. Both gene promoters showed hyperme-
thylation in 20/22 (91%) cervical cancers compared

to only 3/21 (14%) controls [33]. For TFPI2 pro-
moter methylation, our study in tissue samples as well
as in scrapings confirms these data. For SPARC, we
found high numbers of paraffin samples and scrap-
ings to be methylated in cervical cancers and in HSIL
cases. However, we also detected methylation in al-
most all normal cervices and LSIL, in contrast to Sova
et al. [33] who described SPARC hypermethylation in
only 5% of normal scrapings, using although the same
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Fig. 3. Schematic model of the course of DNA promoter methylation in cervical carcinogenesis. The amount of dysplastic cells are depicted in
gray. The arrows indicate at which stage of cervical carcinogenesis the gene promoters became mainly methylated or transfection with HPV.

primers. An explanation for this discrepancy is that
Sova et al. defined a cut-off determined as the median
value of histological normal samples. Cases with lev-
els above this cut-off were regarded as hypermethy-
lated [33]. If we would have used a similar approach,
our analyses would reveal hypermethylation in 100%
of cancers and 25% (5/20) of normal cervices. How-
ever, since levels of SPARC methylation are relatively
high in most normal and LSIL tissues, SPARC does
not suit for a cancer-specific methylation marker and
therefore is not a good marker to discriminate between
normal/LSIL and HSIL/cancer.

Whether or not a gene promoter should be included
in QMSP analysis for detection of HSIL and cervi-
cal cancer depends on several factors. First, methyla-
tion detected in the scraping should reflect the methy-
lation status of the underlying lesion, as we showed for
most of the gene promoters analyzed in this study and
which is in line with other studies [8,27]. Furthermore,
sensitivity of QMSP for HSIL/cancer and specificity
for normal cervices/LSIL should be high, which influ-
ences the choice of genes. We show in this study that
CCNA1 is the most promising gene promoter to de-
tect 80% of cervical cancers and 56% of HSIL lesions,
while most LSIL lesions were not detected. However,
if we had chosen to set a cut-off above the highest nor-
mal cervix (“hypermethylated”) as we also did in our
previous studies [27,41], some gene promoters seem
to be even more promising, such as SPARC with 20 of
20 cancers hypermethylated and 6 of 18 HSIL. How-
ever, for these gene promoters the cut-off is hard to
draw, as already 7/9 normal cervices are positive for
methylation and it might be that methylation level is
increased when a large group of normal cervical scrap-
ings will be analyzed. On the other hand, CCNA1 is
different as almost none of the normal cervices and

LSIL were positive for methylation. CCNA1 is there-
fore a promising gene promoter using QMSP to be
analyzed in future studies with much larger series of
scrapings from patients referred for an abnormal Pap
smear.

The relatively large number of carcinomas in our
study allowed us to analyze hypermethylation status
in relation to clinicopathologic characteristics such as
histology, stage, etc. For survival analysis, however,
we regarded number of patients as too low and diver-
sity with respect to stage and treatment modalities too
large. Squamous cell cancers had a higher frequency of
methylated DAPK, CADM1 and CCNA1 than adeno-
carcinomas, which is in agreement with our and other
studies [11,17,41]. Interestingly, it has been reported
that loss of CADM1 expression, possibly due to hyper-
methylation, has been associated with metastasis [20],
which is in agreement with our data, which show that
CADM1 methylation is related to stromal invasion and
LVSI. Our data suggest a possible role in the invasive
potential of cervical cancers by silencing of CADM1
gene expression induced by its promoter methylation.

In conclusion, our study demonstrates that methy-
lation of many previously reported cervical cancer
specific genes (RAR-β2, SPARC, CALCA and APC)
frequently occurs in normal cervical epithelium at
relatively high levels and consequently are not very
useful markers to discriminate between normal/LSIL
and HSIL/cancer. CCNA1 and DAPK gene promoter
methylation are the best methylation markers to dis-
tinguish normal/LSIL from HSIL/cancer. Array based
approaches using precursor cervical tissue specimens
should help to identify more appropriate cervical can-
cer specific gene promoters that might improve sensi-
tivity and specificity of QMSP for detection of HSILs
and cervical cancers in the future.



142 N. Yang et al. / Patterns of gene promoter methylation throughout cervical carcinogenesis

Conflict of interest

Prof. A.G.J. van der Zee is a paid consultant for
OncoMethylome Sciences S.A., Liège, Belgium. How-
ever, the company did not influence the study design,
analysis and interpretation of data, in the writing of the
report and in the decision to submit the report for pub-
lication.

Acknowledgements

This study was supported by OncoMethylome Sci-
ences S.A., Liège, Belgium and by the Dutch Can-
cer Society (NKB) (project-number RUG 2004-3161).
Nan Yang is a recipient of Bernoulli Bursary.

References

[1] N. Ahuja and J.P. Issa, Aging, methylation and cancer, Histol.
Histopathol. 15 (2000), 835–842.

[2] M.F. Baay, W.G. Quint, J. Koudstaal, H. Hollema, J.M. Duk,
M.P. Burger, E. Stolz and P. Herbrink, Comprehensive study
of several general and type-specific primer pairs for detection
of human papillomavirus DNA by PCR in paraffin-embedded
cervical carcinomas, J. Clin. Microbiol. 34 (1996), 745–747.

[3] S.B. Baylin, M. Esteller, M.R. Rountree, K.E. Bachman,
K. Schuebel and J.G. Herman, Aberrant patterns of DNA
methylation, chromatin formation and gene expression in can-
cer, Hum. Mol. Genet. 10 (2001), 687–692.

[4] W.A. Burgers, L. Blanchon, S. Pradhan, Y. de Launoit,
T. Kouzarides and F. Fuks, Viral oncoproteins target the DNA
methyltransferases, Oncogene 26 (2007), 1650–1655.

[5] J. de Wilde, A.J. De-Castro, P.J. Snijders, C.J. Meijer, F. Rosl
and R.D. Steenbergen, Alterations in AP-1 and AP-1 regula-
tory genes during HPV-induced carcinogenesis, Cell Oncol. 30
(2008), 77–87.

[6] S.M. Dong, H.S. Kim, S.H. Rha and D. Sidransky, Promoter
hypermethylation of multiple genes in carcinoma of the uterine
cervix, Clin. Cancer Res. 7 (2001), 1982–1986.

[7] C.A. Eads, K.D. Danenberg, K. Kawakami, L.B. Saltz,
C. Blake, D. Shibata, P.V. Danenberg and P.W. Laird, Methy-
Light: a high-throughput assay to measure DNA methylation,
Nucleic Acids Res. 28 (2000), E32.

[8] Q. Feng, A. Balasubramanian, S.E. Hawes, P. Toure, P.S. Sow,
A. Dem, B. Dembele, C.W. Critchlow, L. Xi, H. Lu, M.W.
McIntosh, A.M. Young and N.B. Kiviat, Detection of hyperme-
thylated genes in women with and without cervical neoplasia,
J. Natl. Cancer Inst. 97 (2005), 273–282.

[9] S.E. Goelz, S.R. Hamilton and B. Vogelstein, Purification of
DNA from formaldehyde fixed and paraffin embedded human
tissue, Biochem. Biophys. Res. Commun. 130 (1985), 118–126.

[10] K.S. Gustafson, E.E. Furth, D.F. Heitjan, Z.B. Fansler and D.P.
Clark, DNA methylation profiling of cervical squamous in-
traepithelial lesions using liquid-based cytology specimens: an
approach that utilizes receiver-operating characteristic analy-
sis, Cancer 102 (2004), 259–268.

[11] F.E. Henken, S.M. Wilting, R.M. Overmeer, J.G. van Ri-
etschoten, A.O. Nygren, A. Errami, J.P. Schouten, C.J. Meijer,
P.J. Snijders and R.D. Steenbergen, Sequential gene promoter
methylation during HPV-induced cervical carcinogenesis, Br.
J. Cancer 97 (2007), 1457–1464.

[12] R.P. Insinga, K.L. Liaw, L.G. Johnson and M.M. Madeleine,
A systematic review of the prevalence and attribution of human
papillomavirus types among cervical, vaginal, and vulvar pre-
cancers and cancers in the United States, Cancer Epidemiol.
Biomarkers Prev. 17 (2008), 1611–1622.

[13] T. Ivanova, A. Petrenko, T. Gritsko, S. Vinokourova, E. Eshilev,
V. Kobzeva, F. Kisseljov and N. Kisseljova, Methylation and
silencing of the retinoic acid receptor-beta 2 gene in cervical
cancer, BMC Cancer 2 (2002), 4.

[14] P.A. Jones and M.L. Gonzalgo, Altered DNA methylation and
genome instability: a new pathway to cancer?, Proc. Natl.
Acad. Sci. USA 94 (1997), 2103–2105.

[15] S.L. Kahn, B.M. Ronnett, P.E. Gravitt and K.S. Gustafson,
Quantitative methylation-specific PCR for the detection of
aberrant DNA methylation in liquid-based Pap tests, Cancer
114 (2008), 57–64.

[16] F. Kamangar, G.M. Dores and W.F. Anderson, Patterns of can-
cer incidence, mortality, and prevalence across five continents:
defining priorities to reduce cancer disparities in different geo-
graphic regions of the world, J. Clin. Oncol. 24 (2006), 2137–
2150.

[17] S. Kang, J.W. Kim, G.H. Kang, S. Lee, N.H. Park, Y.S. Song,
S.Y. Park, S.B. Kang and H.P. Lee, Comparison of DNA hyper-
methylation patterns in different types of uterine cancer: Cer-
vical squamous cell carcinoma, cervical adenocarcinoma and
endometrial adenocarcinoma, Int. J. Cancer 118 (2006), 2168–
2171.

[18] N. Kitkumthorn, P. Yanatassaneejit, S. Kiatpongsan,
C. Phokaew, P. Trivijitsilp, W. Termrungruanglert, D. Tre-
sukosol, S. Triratanachat, S. Niruthisard and A. Mutiran-
gura, Cyclin A1 promoter hypermethylation in human
papillomavirus-associated cervical cancer, BMC Cancer 6
(2006), 55.

[19] H.C. Lai, Y.W. Lin, C.C. Chang, H.C. Wang, T.W. Chu, M.H.
Yu and T.Y. Chu, Hypermethylation of two consecutive tumor
suppressor genes, BLU and RASSF1A, located at 3p21.3 in
cervical neoplasias, Gynecol. Oncol. 104 (2007), 629–635.

[20] H.L. Lung, A.K. Cheung, D. Xie, Y. Cheng, F.M. Kwong,
Y. Murakami, X.Y. Guan, J.S. Sham, D. Chua, A.I. Protopopov,
E.R. Zabarovsky, S.W. Tsao, E.J. Stanbridge and M.L. Lung,
TSLC1 is a tumor suppressor gene associated with metastasis
in nasopharyngeal carcinoma, Cancer Res. 66 (2006), 9385–
9392.

[21] M.R. McCredie, K.J. Sharples, C. Paul, J. Baranyai, G. Medley,
R.W. Jones and D.C. Skegg, Natural history of cervical neopla-
sia and risk of invasive cancer in women with cervical intraep-
ithelial neoplasia 3: a retrospective cohort study, Lancet Oncol.
9 (2008), 425–434.



N. Yang et al. / Patterns of gene promoter methylation throughout cervical carcinogenesis 143

[22] M.F. Mitchell, G. Tortolero-Luna, T. Wright, A. Sarkar,
R. Richards-Kortum, W.K. Hong and D. Schottenfeld, Cervical
human papillomavirus infection and intraepithelial neoplasia:
a review, J. Natl. Cancer Inst. Monogr. 21 (1996), 17–25.

[23] H.M. Müller, A. Widschwendter, H. Fiegl, G. Goebel,
A. Wiedemair, E. Muller-Holzner, C. Marth and M. Wid-
schwendter, A DNA methylation pattern similar to normal tis-
sue is associated with better prognosis in human cervical can-
cer, Cancer Lett. 209 (2004), 231–236.

[24] G. Narayan, H. Arias-Pulido, S. Koul, H. Vargas, F.F. Zhang,
J. Villella, A. Schneider, M.B. Terry, M. Mansukhani and
V.V. Murty, Frequent promoter methylation of CDH1, DAPK,
RARB, and HIC1 genes in carcinoma of cervix uteri: Its rela-
tionship to clinical outcome, Mol. Cancer 2 (2003), 24.

[25] D.M. Parkin, P. Pisani and J. Ferlay, Estimates of the worldwide
incidence of 25 major cancers in 1990, Int. J. Cancer 80 (1999),
827–841.

[26] J. Peto, C. Gilham, O. Fletcher and F.E. Matthews, The cervical
cancer epidemic that screening has prevented in the UK, Lancet
364 (2004), 249–256.

[27] N. Reesink-Peters, G.B.A. Wisman, C. Jerónimo, C.Y. Toku-
maru, Y. Cohen, S.M. Dong, H.G. Klip, H.J. Buikema, A.J. Su-
urmeijer, H. Hollema, H.M. Boezen, D. Sidransky and A.G.J.
van der Zee, Detecting cervical cancer by quantitative pro-
moter hypermethylation assay on cervical scrapings: a feasibil-
ity study, Mol. Cancer Res. 2 (2004), 289–295.

[28] M. Sawada, Y. Kanai, E. Arai, S. Ushijima, H. Ojima and
S. Hirohashi, Increased expression of DNA methyltransferase 1
(DNMT1) protein in uterine cervix squamous cell carcinoma
and its precursor lesion, Cancer Lett. 251 (2007), 211–219.

[29] M. Schiffman, M.J. Khan, D. Solomon, R. Herrero, S. Wa-
cholder, A. Hildesheim, A.C. Rodriguez, M.C. Bratti, C.M.
Wheeler and R.D. Burk, A study of the impact of adding HPV
types to cervical cancer screening and triage tests, J. Natl. Can-
cer Inst. 97 (2005), 147–150.

[30] N. Shivapurkar, M.E. Sherman, V. Stastny, C. Echebiri, J.S.
Rader, R. Nayar, T.A. Bonfiglio, A.F. Gazdar and S.S. Wang,
Evaluation of candidate methylation markers to detect cervical
neoplasia, Gynecol. Oncol. 107 (2007), 549–553.

[31] N. Shivapurkar, S. Toyooka, K.O. Toyooka, J. Reddy, K. Miya-
jima, M. Suzuki, H. Shigematsu, T. Takahashi, G. Parikh, H.I.
Pass, P.M. Chaudhary and A.F. Gazdar, Aberrant methylation
of trail decoy receptor genes is frequent in multiple tumor
types, Int. J. Cancer 109 (2004), 786–792.

[32] P.J. Snijders, R.D. Steenbergen, D.A. Heideman and C.J. Mei-
jer, HPV-mediated cervical carcinogenesis: concepts and clini-
cal implications, J. Pathol. 208 (2006), 152–164.

[33] P. Sova, Q. Feng, G. Geiss, T. Wood, R. Strauss, V. Rudolf,
A. Lieber and N. Kiviat, Discovery of novel methylation bio-
markers in cervical carcinoma by global demethylation and

microarray analysis, Cancer Epidemiol. Biomarkers Prev. 15
(2006), 114–123.

[34] R.D. Steenbergen, D. Kramer, B.J. Braakhuis, P.L. Stern, R.H.
Verheijen, C.J. Meijer and P.J. Snijders, TSLC1 gene silenc-
ing in cervical cancer cell lines and cervical neoplasia, J. Natl.
Cancer Inst. 96 (2004), 294–305.

[35] J.J. van Dongen, A.W. Langerak, M. Bruggemann, P.A. Evans,
M. Hummel, F.L. Lavender, E. Delabesse, F. Davi, E. Schuur-

ing, R. Garcia-Sanz, J.H. Van Krieken, J. Droese, D. Gonzalez,
C. Bastard, H.E. White, M. Spaargaren, M. Gonzalez, A. Par-
reira, J.L. Smith, G.J. Morgan, M. Kneba and E.A. Macintyre,
Design and standardization of PCR primers and protocols for
detection of clonal immunoglobulin and T-cell receptor gene
recombinations in suspect lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-CT98-3936, Leukemia
17 (2003), 2257–2317.

[36] A.K. Virmani, C. Muller, A. Rathi, S. Zoechbauer-Mueller,
M. Mathis and A.F. Gazdar, Aberrant methylation during cer-
vical carcinogenesis, Clin. Cancer Res. 7 (2001), 584–589.

[37] J. Visser, D. van Baarle, B.N. Hoogeboom, N. Reesink, H. Klip,
E. Schuuring, E. Nijhuis, M. Pawlita, L. Bungener, J. de Vries-
Idema, H. Nijman, F. Miedema, T. Daemen and A.G.J. van
der Zee, Enhancement of human papilloma virus type 16 E7
specific T cell responses by local invasive procedures in pa-
tients with (pre)malignant cervical neoplasia, Int. J. Cancer
118 (2006), 2529–2537.

[38] N. Wentzensen, M.E. Sherman, M. Schiffman and S.S. Wang,
Utility of methylation markers in cervical cancer early detec-
tion: Appraisal of the state-of-the-science, Gynecol. Oncol. 112
(2008), 293–299.

[39] A. Widschwendter, C. Gattringer, L. Ivarsson, H. Fiegl,
A. Schneitter, A. Ramoni, H.M. Muller, A. Wiedemair, S. Jer-
abek, E. Muller-Holzner, G. Goebel, C. Marth and M. Wid-
schwendter, Analysis of aberrant DNA methylation and human
papillomavirus DNA in cervicovaginal specimens to detect in-
vasive cervical cancer and its precursors, Clin. Cancer Res. 10
(2004), 3396–3400.

[40] G.B.A. Wisman, H. Hollema, S. de Jong, J. ter Schegget, S.P.
Tjong-A-Hung, M.H.J. Ruiters, M. Krans, E.G.E. de Vries and
A.G.J. van der Zee, Telomerase activity as a biomarker for
(pre)neoplastic cervical disease in scrapings and frozen sec-
tions from patients with abnormal cervical smear, J. Clin. On-
col. 16 (1998), 2238–2245.

[41] G.B.A. Wisman, E.R. Nijhuis, M.O. Hoque, N. Reesink-Peters,
A.J. Koning, H.H. Volders, H.J. Buikema, H.M. Boezen,
H. Hollema, E. Schuuring, D. Sidransky and A.G.J. van der
Zee, Assessment of gene promoter hypermethylation for de-
tection of cervical neoplasia, Int. J. Cancer 119 (2006), 1908–
1914.


