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Introduction

Worldwide, the incidence of cervical adenocarcinoma (AdCA) has remained the same 
or even increased, despite cytology-based cervical screening programs 1-4. Cervical 
adenocarcinoma in situ (ACIS) and AdCA are frequently missed in cervical scrapings, 
probably due to their localization higher in the endocervical canal and thereby less prone 
to be represented in a sample of exfoliated cells 5,6. 
Infection with high-risk types of human papillomavirus (hrHPV) is the primary cause of 
cervical cancer and the hrHPV types 16, 18 and 45 are responsible for >95% of the ACIS 
and AdCA 7,8. Since, in contrast to cytology, cervical screening by primary hrHPV testing 
does not require intact endocervical cells, HPV testing is more sensitive for the detection 
of ACIS and AdCA than cytology. Recent studies showed that hrHPV-positive women with 
normal cytology, especially those testing HPV16, 18 or 45 positive, have an increased risk 
of ACIS/AdCA 9,10. These women would require follow-up by colposcopy and, if colposcopy 
is negative, endocervical curettage. However, since only a small fraction of hrHPV women 
will have or develop ACIS/AdCA, further stratification of this risk group by additional 
biomarkers is needed to enable the gynaecologist to decide on endocervical curettage or 
other diagnostic tools, such as a diagnostic cone biopsy. 
Silencing of tumor suppressor genes by DNA methylation is well-described in human 
cancers, and may yield biomarkers with great diagnostic and prognostic potential 11. DNA 
methylation alterations detected in cervical cancers are of particular interest, as recent 
studies indicate that DNA methylation can be easily detected in cervical scrapings 12,13. So 
far, most epigenetic studies on cervical cancer focused predominantly on SCC. It is unclear 
to what extent the results obtained on cervical SCC can be translated to AdCA, since 
both histotypes have been demonstrated to display partially distinct epigenetic profiles 
14-16. To define methylation markers enabling an improved detection of ACIS and AdCA, 
further insight in the biology of these lesions is needed. One of the well-studied signaling 
pathways involved in AdCA development, such as colorectal, breast and pancreatic cancer, 
is the developmental WNT/β-catenin signaling pathway 17-19. A hallmark of active WNT/
β-catenin signaling are elevated levels of β-catenin, often resulting from mutations in 
the adenomatous polyposis coli (APC) gene encoding a β-catenin inhibitor, and/or the 
β-catenin gene. Elevated cytoplasmic and nuclear β-catenin levels have been found in 
cervical carcinomas and to a lesser extent in precursor lesions 20-23. In addition, there is 
functional evidence for WNT/β-catenin pathway deregulation during hrHPV-mediated 
transformation in vitro 20,24,25. So far, no mutations in the APC and β-catenin gene have 
been detected in cervical cancer 20-23. Hence, other mechanisms like overexpression of 
oncogenic WNT ligands or functional loss of negative WNT regulators by DNA methylation 
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Cervical adenocarcinoma (AdCA) and adenocarcinoma in situ (ACIS) are frequently 
missed in cytology-based screening programs. Testing for high-risk human papillomavirus 
(hrHPV) improves their detection, but novel ACIS/AdCA specific biomarkers  are needed 
to increase specificity for these lesions. Novel markers may be deduced from the WNT/β-
catenin signaling pathway, which is aberrantly activated during cervical carcinogenesis. 
Promoter methylation of ten WNT-antagonists (APC, AXIN2, DKK3, SFRP2, SFRP4, SFRP5, 
SOX7, SOX17, WIF1 and WNT5A) was evaluated by methylation-specific PCR (MSP) on 
a small series of cervical tissue specimens, including AdCA and SCC. To estimate the 
diagnostic potential of the genes most frequently methylated in AdCA an extended series 
of ACIS, AdCA, CIN3, SCC, and normal cervical tissue specimens (n=131) as well as  49 
hrHPV-positive scrapings were analysed by quantitative MSP (qMSP). 
The frequency of DKK3 and SFRP2 methylation was significantly higher in AdCA compared 
to SCC, i.e. 82% vs. 18% (p<0.01) and 84% vs. 39% (p<0.01), respectively, while SOX17 
methylation frequency was significantly higher in SCC than AdCA, i.e. 89% vs. 62% (p<0.05). 
Methylation of WIF1 was common in both AdCA (71%) and SCC (54%). Methylation 
frequencies ranged from 4% to 55% in precursor lesions and from 0% to 5% in normal 
biopsies. When tested on HPV-positive cervical scrapings, qMSP of the best ACIS/AdCA 
discriminator genes, i.e. DKK3 and SFRP2, detected all women with underlying ACIS/
AdCA, compared to 3% of controls.
DKK3 and SFRP2 promoter methylation is highly indicative for the presence of  ACIS/AdCA, 
thereby providing promising triage markers for HPV-positive women at risk of ACIS/AdCA.
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diagnosed within 18 months of follow-up and 10 scrapings classified as normal cytology 
of hrHPV-positive women diagnosed with high grade squamous disease (CIN2 or worse) 
during follow up. The median age of the controls and women with ACIS/AdCA was 37 
(range 30-60) and 34 (range 30-40) years, respectively.
This study was approved by the Institutional Review Boards of both the VU University 
Medical Center in Amsterdam and the Erasmus Medical Center in Rotterdam.

DNA extraction, bisulfite modification and HPV typing 
Genomic DNA from tissue samples was extracted using the High Pure PCR Template 
Preparation kit (Roche Diagnostics, Almere, The Netherlands) according to the 
manufacturer’s recommendations. Genomic DNA from cell cultures was isolated with 
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Figure 1. Epigenetic silencing of inhibitors of the WNT/β-catenin signaling pathway can contribute 
to aberrant activation of this pathway in human cancers. These regulators include the extracellular 
inhibitors (DKK, SFRP, WIF1), the cytosolic WNT antagonists (APC, AXIN), nuclear proteins (SOX), and non-
transforming WNT ligands (WNT5A). Epigenetic silencing of these inhibitors results in elevated β-catenin 
levels in the cytoplasm en nucleus, resulting in LEF/TCF-β-catenin-dependent transcription of WNT target 
genes, such as c-myc and cyclin D1. 

may contribute to pathway activation in cervical cancer. Interestingly, previous studies 
have reported DNA methylation of the WNT inhibitors APC, members of the DICKKOPF 
(DKK) and secreted frizzled-related protein (SFRP) family in cervical cancer 14,26-29. 
To the best of our knowledge, no comprehensive study on promoter methylation of 
multiple WNT inhibitors in cervical cancer and its potential implication for improved 
detection of cervical ACIS and AdCA has been performed. In this study, ten genes 
encoding negative WNT regulators (Figure 1), including cytosolic WNT antagonists (APC, 
AXIN2), extracellular WNT inhibitors (DKK3, SFRP2, SFRP4, SFRP5, WNT inhibitory factor-1 
(WIF1)), nuclear proteins (sex-determining region Y-box 7 (SOX7) and 17 (SOX17)), and 
one non-transforming WNT ligand (wingless-type MMTV integration site family member 
5A (WNT5A)) were assayed for promoter methylation in cervical AdCA and ACIS relative 
to SCC and cervical intraepithelial neoplasia grade 3 (CIN3). Subsequently, the diagnostic 
potential of the two most frequently methylated genes in ACIS/AdCA, to detect AdCA and 
ACIS was assayed in HPV-positive cervical scrapes.    

Materials and Methods
Cell cultures
Primary human foreskin keratinocytes (EKs) and the cervical cancer cell lines SiHa, CaSki 
and HeLa were cultured as described previously 30. 

Cervical tissue samples
Formalin-fixed, paraffin-embedded (FFPE) tissue specimens of normal cervix (n=20), 
ACIS (n=11), AdCA (n=45), CIN3 (n=27) and SCC (n=28) were collected during routine 
clinical practice and stored at the Department of Pathology at the VU University Medical 
Center (Amsterdam, The Netherlands) and Erasmus Medical Center (Rotterdam, The 
Netherlands). Normal specimens were obtained from non-cancer patients undergoing 
hysterectomy. Per histological subgroup the women had the following mean ages: normal 
48 years (range 34-70); ACIS 37 years (range 23-55); AdCA 43 years (range 28-79); CIN3 
35 years (range 28-45); SCC 47 years (range 30-74). The mean age of women with any 
cervical (pre)malignant disease was not significantly higher than that of women with 
normal histology. 
Cervical scrapings were obtained from the population-based cervical screening trial 
POBASCAM, registered as ISRCTN20781131 31. We randomly selected 31 cervical scrapings 
of GP5+/6+-PCR hrHPV-positive women with normal cytology without evidence of ACIS/
AdCA/CIN or SCC up to the next screening round after 5 years (controls), 8 scrapings 
classified as moderate dyskaryosis or worse of hrHPV-positive women with ACIS/AdCA 
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Table 1. Primers and probes sequences.

Gene Sense (5’ – 3’) Antisense (5’ – 3’) bp Sequence 
accession 
number

Chromosome 

location

MSP primers

ACTB TGGTGATGGAGGAG 
GTTTAGTAAGT

AACCAATAAAACC 
TACTCCTCCCTTAAA

133 AC006483.3 7p22.1

APC TATTGCGGAGTGCG 
GGTC

TCGACGAACTCCC 
GACGA

98 AC136500.1 5q21-q22

AXIN2 GGGCGCGTAGCGA ATAT ACGTACCCTTCCC 
CGACAT

202 AC004805.1 17q24.1

DKK3 TTAATGAGATGTTTC 
GCGAGGTT

ACCGCGCTACGC 
AATTTATACT

67 AC124276.5 11p15.3

SFRP2 CGTTTTAGTCGTCG 
GTTGTTAGTTT

TCCCGAACCCGC 
TCTCTT

69 AC020703.7 4q31.3

SFRP4 GGTGATGTTATCGT 
TTTTGTATCGAC

CCCCTAACGTAA 
ACTCGAAACG

108 AC018634.3 7p14.1

SFRP5 CGTTGGGCGGGAC 
GTTC

CCCGAACCTCGC 
CGTACG

119 AL358938.8 10q24.2

SOX7 AGGGGATTCGCGT 
CGATATC

ACCCCTAATTTAT 
CAACTTCGAACG

90 AC105001.3 8p23.1

SOX17 GGGATCGGTTCGT 
TTTCGTC

AACCGACCTAAT 
AACACTACGAACG

91 AC091076.7 8q11.23

WIF1 GGCGTTTTATTGG 
GCGTATC

AAAACTAACGCG 
AACGAAATACG

150 AC026124.35 12q14.3

WNT5a GGTATTTTTCGGA 
GAAAAAGTTATGC

CCTACAACCGCG 
AATTAATATAAACG

129 AC121764.2 3p21-p14

QMSP Probes*

ACTB Cy5- ACCACCACC
CAAC ACACAATA
ACAAACACA BHQ3

133 AC006483.3 7p22.1

DKK3 FAM- AGGAATTGA 
TGGAGGATAC XS 
BHQ1**

67 AC124276.5 11p15.3

SFRP2 DFO-ACGTAAATACG 
ACTCGAAACCCCGAA-
BHQ

69 AC020703.7 4q31.3

SOX17 FAM-CCCTAAACC
GCGAAACCTTTT
CTACACAAA BHQ1

91 AC091076.7 8q11.23

WIF1  Y’Y’ - AACCCGCGA
AACCTAAACGACC
GC - BHQ1

150 AC026124.35 12q14.3

CpG sites are presented in bold 
* qMSP probes were combined with the same primers as used in the MSP
** The DKK3 probe was conjugated to a minor-groove-binder-replacement (XS probe) at the 3’-end 
(Biolegio, Nijmegen, The Netherlands).

UltraPure™ Phenol:Chloroform:Isoamyl Alcohol (Invitrogen Life Science Ltd, Carlsbad, CA 
USA).
DNAs, including in vitro methylated DNA (IVD) and CpGenome Universal Unmethylated 
DNA (Millipore™, Billerica, MA, USA), were bisulfite treated using the EZ DNA Methylation 
Kit™ (Zymo Research, Orange, CA, USA). HPV detection and genotyping was performed 
using the GP5+/6+-PCR with an enzyme immunoassay (EIA) readout 32 followed by reverse-
line-blot analysis of EIA positive cases 33. 

Methylation Specific PCR (MSP)
MSP primers of 10 selected candidate markers are described in Table 1. β-actin (ACTB) 
was included as a control for sample integrity and bisulfite conversion 34. MSP, using 50 
ng of modified DNA and FastStart Taq DNA polymerase (Roche Diagnostics, Woerden, The 
Netherlands) was performed as described previously 35. 

Quantitative MSP
DNA methylation of DKK3, SFRP2, SOX17 and WIF1 was quantified using hydrolysis probes 
(Table 1). QMSP reaction were performed as described before 12. All samples were tested 
in duplicate. Methylation values were normalised to the reference gene ACTB and 100% 
CaSki using the mathematical model described by Pffafl 36. All unmethylated samples had 
a ACTB Ct <32, indicating sufficient DNA quality. The 99% confidence interval of normal 
controls was used as cut-off value to determine methylation positivity.
Limit of detection (LOD) and repeatability of the qMSPs were assessed using CpGenome 
Universal Unmethylated DNA spiked with methylated CaSki DNA. QMSPs showed high 
real-time PCR efficiencies (>90%) with high linearity (Pearson correlation coefficient 
R>0.994). The lower detection limit (determined by the lowest consistently detected 
concentration of DNA) for reliable quantification was at least 0.05 ng methylated DNA per 
reaction for DKK3, SFRP2, SOX17 and WIF1, with a coefficient of variation of 0.61, 0.73, 
1.93, 0.48%, respectively. 

Statistical analysis 
Statistical analysis was performed using SPSS (version 14.0). Associations between 
methylation frequencies or levels and histotypes were analyzed using a χ2-test or Mann-
Whitney U-test, respectively. A two-sided p-value of <0.05 was considered statistically 
significant. 
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A small tissue panel consisting of normal cervical samples (n=8), AdCA (n=12) and SCC 
(n=9) was subsequently tested to discriminate those markers that would most likely 
differentiate between AdCA and normal samples, and between AdCA and SCC (Figure 2). 
In normal specimens occasional, sometimes very weak, methylation positivity was seen 
for SFRP2, SFRP4, SFRP5, SOX17 and WIF1, while APC, AXIN2 and WNT5A tested negative. 
DKK3 showed weak signals in virtually all normal samples and in subsequent analysis only 
samples showing increased signal intensity compared to the normal samples were scored 
positive for DKK3 methylation. AdCA displayed high methylation frequencies (83% to 
100%) for DKK3, SFRP2, SOX17 and WIF1, intermediate frequencies (33% to 50%) for APC, 
SFRP4, SFRP5 and WNT5A and no methylation for AXIN2. 
In SCC, WIF1 and SOX17 showed high methylation frequencies (82% and 91%, respectively); 
SFRP2, SFRP4, SFRP5 and WIF1 revealed intermediate methylation frequencies (33%-67%), 
whereas no or infrequent methylation (0% to 22%) was found for APC, AXIN2, DKK3 and 
WNT5A. The four markers with the highest methylation frequencies in AdCA, i.e. DKK3, 
SFRP2, SOX17 and WIF1, were selected for further quantitative MSP (qMSP) analysis on a 
larger set of tissue specimens.

QMSP analysis of DKK3, SFRP2, SOX17 and WIF1 in cervical tissue specimens
HrHPV genotyping and qMSP for the four selected genes were performed on 20 normal 
cervical specimens, 11 ACIS, 45 AdCA, 27 CIN3 and 28 SCC (Figure 3). All normal specimens 
were hrHPV negative, whereas all lesions with the exception of one CIN3 were hrHPV 
positive. 
Promoter methylation frequency for DKK3 was 55% in ACIS, 82% in AdCA, 33% in CIN3 and 
18% in SCC. For SFRP2 methylation rates were 45% in ACIS, 84% in AdCA, 4% in CIN3 and 
39% in SCC. The methylation frequencies for SOX17 and WIF1 were as follows: ACIS: 55% 
and 27%, AdCA: 62% and 71%, CIN3: 67% and 33% and SCC: 89% and 54%, respectively. 
Five percent of normal samples revealed DKK3, SFRP2 and SOX17 methylation and none 
were WIF1 methylation positive. 
Methylation frequencies for DKK3, SFRP2, SOX17, and WIF1 were significantly higher 
in cancer specimens than in normal cervical tissues (p<0.01). Moreover, methylation 
frequencies for DKK3 and SFRP2 were significantly higher in AdCA than in SCC (p<0.01). 
SOX17 was more frequently methylated in SCC than AdCA (p<0.05). In ACIS SFRP2 
methylation was significantly more frequent than in CIN3 (p<0.01). 
Additionally, the methylation levels of DKK3 and SFRP2 were significantly higher in AdCA 
compared to SCC and ACIS (p<0.01 and p<0.05, respectively) and vice versa for SOX17 
(p<0.01)  (Figure 4).

Results
Promoter methylation of ten WNT/β-catenin signaling regulators in cervical 
tissue specimens
Ten MSPs for the WNT inhibitors APC, AXIN2, DKK3, SFRP2, SFRP4, SFRP5, SOX7, SOX17, 
WNT5A and WIF1 were analytically validated, using universal unmethylated DNA (UUD-B), 
non-bisulfite-treated CaSki DNA and primary keratinocyte DNA (EK) as negative controls 
and in vitro methylated DNA (IVD) as positive control. Whereas all ten MSPs resulted in 
a clear amplicon with IVD, signals were absent or at maximum very weak with negative 
controls (Figure 2, left panel). Subsequent analysis of the cervical cancer cell lines SiHa, 
CaSki and HeLa revealed methylation of DKK3, SFRP2, SFRP4, SFRP5 and SOX17 in all three 
cell lines. In addition, CaSki cells revealed AXIN2, WNT5A and WIF1 methylation. SiHa and 
HeLa showed methylation of one additional gene, i.e. APC and AXIN2, respectively. Since 
none of the cervical cancer cell lines showed SOX7 methylation, this gene was excluded 
from further analysis.
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Figure 2. Promoter methylation of WNT inhibitors is frequent in cervical cancer. The methylation status 
of nine WNT inhibitors was determined for 29 cervical tissue specimens (8 normals; 12 adenocarcinomas 
(AdCA) and 9 squamous cell carcinomas (SCC)). In vitro methylated DNA (IVD) and the cervical cancer 
cell line CaSki were used as positive control for methylation. Genomic DNA of CaSki,  unmethylated DNA 
(UUD-B) and primary foreskin keratinocytes (EKs) were used as negative controls. The ACTB gene was 
included as a control for bisulfite treatment.
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Figure 4. Association between methylation, disease stage, and histotype. Scatter plots of the levels of 
DKK3 (A), SFRP2 (B), SOX17 (C), and WIF1 (D) methylation. On the y-axes levels of methylated DNA are 
presented; on the x-axes the samples are grouped for each disease stage and histotype. The grey dotted 
line indicates the cut off value.

Normal Cervix %
(n = 20) DKK3 5

SFRP2 5
SOX17 5
WIF1 0

HPV status - - - - - - - - - - - - - - - - - - - - 15

ACIS %
(n = 11) DKK3 55

SFRP2 45
SOX17 55
WIF1 27

HPV status 18 16 18 18 16 18 18 18 18 18 16 100

AdCA %
(n = 45) DKK3 82

SFRP2 84
SOX17 62
WIF1 71

HPV status 16 18 18 18 45 18 16 16 16 16 18 16 18 18 18 18 16 18 16 18 16 18 16 18 45 18 45 16 16 18 18 18 45 16 18 16 18 18 16 18 18 16 18 16 16 98

CIN3 %
(n = 27) DKK3 33

SFRP2 4
SOX17 67
WIF1 33

HPV status 73 16 33 16 16 16 31 52 26 16 16 16 16 16 16 16 16 16 - 33 16 16 16 16 16 35 16 78

SCC %
(n = 28) DKK3 18

SFRP2 39
SOX17 89
WIF1 54

HPV status 56 16 16 45 16 16 16 51 16 16 16 16 16 16 31 16 45 16 16 16 16 33 16 16 16 35 16 33 93

Figure 3. Summary of the qMSP results on cervical tissue specimens. DNA methylation is depicted in 
black; white boxes indicate unmethylated DNA; the HPV status of specimens is depicted as specific HPV 
type present or negative (-).

Proof-of-principle analysis on cervical scrapings
Since hypermethylation of DKK3 and SFRP2 appeared most discriminative for ACIS/AdCA, 
we determined the potential diagnostic value of DKK3 and SFRP2 methylation analysis 
for the detection of ACIS/AdCA in cervical scrapings. Hence, we performed a proof-of-
principle analysis on 39 hrHPV-positive cervical scrapings collected during a population-
based screening trial (POBASCAM) 31. Eight cervical scrapings were derived from women 
diagnosed with ACIS/AdCA, 31 scrapings from women with normal cytology without 
evidence of cervical premalignant or malignant disease after 5 year follow-up and 10 
normal cytology samples of women diagnosed with high grade squamous lesions (CIN2 or 
worse) during follow up. Since ACIS and AdCA occur at a very low frequency in the general 
population, we did not have more samples of women with ACIS/AdCA available from this 
large screening trial. Of the hrHPV-positive scrapings of women with normal cytology, 
representing 3.6% of the screening population, 58% contained HPV16 or 18. All scrapings 
of women with ACIS/AdCA tested here were HPV16 or 18 positive. QMSP analysis showed 
methylation positivity for both markers in all 8 scrapings of women with ACIS/AdCA. None 
of the 31 normal cytology samples without cervical disease during follow-up was positive 
for DKK3 methylation, and only one (3%) was SFRP2 methylation positive. Similarly, only 
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whereas only 3% hrHPV-positive controls scrapings tested positive. A previous study 
of Chung et al. demonstrated a high DNA methylation frequency of SFRP2 in cervical 
scrapings of AdCA patients (83%) 28, which is consistent with our findings. In contrast, 
they found a high DNA methylation rate in SCC (81%) using a semi-quantitative MSP 29. 
This apparent discrepancy may be explained by the use of different primers, which only 
partially corresponded to the primer binding regions used in this study (four matching 
CpGs out of nine) and/or the use of different PCR techniques. QMSP and MSP may show 
similar sensitivities, but the specificity of qMSP analysis may be higher as compared with 
MSP 41. Furthermore, frequencies of promoter methylation may vary among different 
ethnic groups, implying the need to optimize DNA methylation markers for individual 
target populations 42,43. In our study we found that SFRP2 methylation was significantly 
more frequent in ACIS (45%) than CIN3 (4%), supporting a predominant role for SFRP2 
promoter methylation in AdCA development. Overexpression of SFRP2 has previously 
been demonstrated to suppress proliferation, colony formation and invasion of cervical 
cancer cells 21.
In contrast to DKK3 and SFRP2, SOX17 promoter methylation was more frequent in SCC 
than AdCA. So far, SOX17 promoter methylation and concomitant reduced SOX17 mRNA 
expression has been described in gastric, colorectal, and breast cancer 44-46. To the best of 
our knowledge this is the first study in which frequent methylation of SOX17 in cervical 
cancer is described. Interestingly, promoter methylation of DKK3, SFRP2 and SOX17 was 
associated with gene silencing in CaSki cells (data not shown), and therefore could have a 
mechanistic consequence. While, as described above, a mechanistic involvement of DKK3 
and SFRP2 in cervical carcinogenesis has yet been demonstrated 21,26, the functional role 
of  SOX17 remains to be established. 
WIF1 was the only histotype-independent methylation marker showing frequent 
methylation in both SCC and AdCA and has also not been described before in cervical 
cancer. Other studies on DNA methylation-associated silencing of WIF1 have also 
demonstrated a tumor suppressive role in various types of cancers 47,48. 
Evaluation of cytology based organised screening programmes show that AdCA and ACIS 
are frequently missed, resulting in a stable incidence and mortality of cervical cancer, 
in contrast to SCC where significant reductions in incidence and mortality are seen 1,5.  
HrHPV testing is more sensitive than cytology to detect cervical lesions and expected 
to better detect ACIS/AdCA. However, since hrHPV testing also detects transient HPV 
infections resulting in a lower specificity for the detection of ACIS/AdCA, additional triage 
markers are needed to prevent overtreatment. Our proof-of-principle analysis on cervical 
scrapings indicates that further risk stratification of hrHPV positive women, particularly 

one of 10 normal cytology samples of women diagnosed with squamous cervical disease 
during follow-up tested positive for DKK3 and SFRP2, indicating that this marker panel 
is highly specific for ACIS/AdCA. The value of these markers is further underlined by 
the fact that upon histological revision of the biopsy corresponding to the DKK3/SFRP2 
methylation positive scraping, an ACIS was detected next to the originally diagnosed CIN2 
lesion.  

Discussion

Epigenetic markers based on alterations in the WNT signaling pathway are currently 
highlighted as new promising markers for diagnosis and prognosis in many types of cancer 
37. Here we evaluated their potential diagnostic value for the early detection of cervical 
cancer, with particular focus on AdCA and precursors (ACIS). DNA methylation analysis of 
ten negative modulators of WNT/β-catenin signaling pathway revealed that all except one 
(i.e. SOX7) gene promoters were methylated in one or more cervical cancer cell lines, as 
well in a subset of cervical AdCA and SCC samples. For five gene promoters i.e. APC, AXIN2, 
SFRP4, SFRP5 and WNT5A methylation rates were relatively low (<56%) in both AdCA and 
SCC and therefore not analysed further. QMSP analyses of the remaining four genes, i.e. 
DKK3, SFRP2, SOX17 and WIF1, showed that DKK3, SFRP2 and SOX17 were differentially 
methylated between AdCA and SCC, suggesting that histotype-specific alterations within 
the WNT signaling pathway exist. This is in concordance with previous studies, where APC 
and SFRP5 were found to be more frequently methylated in cervical AdCA compared to 
SCC 14,27,28.  
One of the most frequently methylated regulators in cervical AdCA, as demonstrated in 
this study, is DKK3. A previous study found 31% of cervical cancer specimens methylated 
for DKK3, which is consistent with our study (SCCs and AdCAs combined), presuming that 
the specimens tested by Lee et al. represented a combination of SCC and AdCA 26. Present 
data indicate that DNA methylation of DKK3 is significantly more frequent in AdCA than 
SCC (82% vs. 18%, p<0.01, respectively). Moreover, DKK3 tested methylation positive in 
all hrHPV-positive scrapings of women with ACIS or AdCA versus none of the controls, 
addressing the potential value of DKK3 as biomarker for cervical ACIS/AdCA detection. 
Functional studies have shown that DKK3 possesses antiproliferative activity in cervical 
26, prostate 38 and hepatoma 39 cancer cell lines, though not in melanoma 40 cell lines, 
supporting a tissue- and histotype- specific function of DKK3 in human tumors. 
Interestingly, also for SFRP2 a significantly increased methylation rate was found in AdCA 
in comparison with SCC (84% vs. 39%; p<0.01). In addition to cancer tissues, we also found 
methylation of SFRP2 in all cervical scrapings of hrHPV-positive women with ACIS/AdCA, 
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