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Abstract 

Epigenetic gene silencing by excessive methylation was found in many tumors. 

Methylation of tumor suppressor genes is often found in cervical cancer, which is an 

important pathogenetic factor of oncologic process. The objective of this study was to identify 

gene methylation of WIF1 and DKK4 events and their usefulness in distinguishing cancer and 

precancerous lesions from normal cervical cells that could eventually be added to standard 

diagnostic testing for cervical precancer. We examined methylation index of WIF1 and DKK4 

genes in the tissue specimen of 42 women: CIN I in 9 cases, CIN II in 11 cases and CIN III in 

10 cases, 7 samples included invasive cancer and control group of 5 normal cases. In analysis 

of methylation level of WIF1 and DKK4 genes aberrant methylation of WIF1 gene was found 

in women with CIN+ and aberrant methylation of DKK4 gene was found in all women. There 

was a trend of methylation level increase according to the severith of the precancerous lesions 

with the maximum mnethylation levels in cases of invasive cervical cancer. Methylation 

indexes determination in WIF-1 and DKK-4 genes is a perspective method of cervical cancer 

diagnostics. 
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Oncogenesis is a result of both genetic and epigenetic changes. In the context of 

normal cell functioning epigenetic DNA modification is the most common way of chromatin 
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structure regulation and gene expression control. Coaction of DNA methylation, giston 

modification and ferments which control these modifications plays a role of control of a 

variety of gene expression in different cell types on different stages of development. 

Exclusion of one or several of these control mechanisms is a common occurrence in 

pathological states. In oncologic processes chromatin reorganisation together with DNA 

methylation and transcriptional repressive giston modifications lead to transcriptional 

blockage  of tumor suppressor genes [9]. 

Epigenetic gene silencing by excessive methylation was found in many tumors [9]. 

Methylation of tumor suppressor genes is often found in cervical cancer, which is an 

important pathogenetic factor of oncologic process [21, 22]. Genes coding main regulation 

mechanisms of oncogenic Wnt/β-catenin pathway are often blocked though excessive 

methylation of their promoter regions in cervical cancer [19, 20].   

For this study, we selected a set of two tumor suppressor genes WIF1 and DKK4 that, 

based on a survey of the literature, had previously been shown to be or could be potential 

targets for aberrant DNA methylation in cervical cancer. The objective of this study was to 

identify gene methylation events useful in distinguishing cancer and precancerous lesions 

from normal cervical cells that could eventually be added to standard diagnostic testing for 

cervical precancer.  

Materials and Methods 

We examined methylation index of WIF1 and DKK4 genes in the tissue specimen of 

42 women, who underwent excisional treatment. All women were high oncogenic type HPV 

positive. Tissue samples were hystopathologically proven to include CIN I in 9 cases, CIN II 

in 11 cases and CIN III in 10 cases. Besides 7 samples included invasive cancer and in control 

group of 5 cases no pathology was found. 

Methylation analysis was performed by quantitative pyrosequencing method using  

Qiagen laboratory set and та 7 pmol of specific sequencing primers to the genes tested 

according to the methodics (Qiagen). Quantitative analysis was performed on  PyroMark Q24 

equipment using Pyro Q-Cp software. Software automatically calcutated Cp methylation 

degree and showed its percentage for each methylation site. Average methylation of all sites 

was calculated for each gene.  

For amplyfication and sequincing we used the following primers: 

DKK4-F-B ATAGATTTGAAGGGATTTGTTGAAGTTT 

DKK4-R CAAAACCAACTCAACCCCAACAAAAC 

DKK4-S CTAAACTAACAACTCAACAC 
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WIF1-5´-F-B GAGTGATGTTTTAGGGGTTT 

WIF1-5´-R CCTAAATACCAAAAAACCTAC 

WIF1-5´-S AAACTACATTCACAATAC 

In analysis we used benchmark level of 15% methylation, cases with over 15% gene 

methylation were considered as aberrant methylation [18]. 

Results 

In analysis of methylation level of WIF1 and DKK4 genes aberrant methylation of 

WIF1 gene was found in women with CIN+ and aberrant methylation of DKK4 gene was 

found in all women (Tab. 1).   

 

Tab. 1 

Structure of methylation indexes of WIF1 and DKK4 genes 

 

Gene 

Disease 

Norm 

n=5 

M±m 

CINІ 

n=9 

M±m 

CINІІ 

n=11 

M±m 

CINІІІ 

n=10 

M±m 

Cancer 

n=7 

M±m 

WIF1 8,9±0,24 11,08±0,35* 21,43±1,56* 39,4±1,06* 63,57±4,08* 

DKK4 31,2±0,97 37,43±1,63* 37,82±1,12* 46,7±1,74* 65,71±2,65* 

M± M-average, m — average error 

*significance of difference with control group p˂0,05 

 

Methylation index increased in all patients with the increase of pethology severity with 

the maximum level in invasive cervical cancer. This trend is very persistent in WIF1 gene 

methylation. Despite the initial aberrant methylation of DKK4 gene, the increased methylation 

trend was persistent here, too. Besides almost similar methylation levels of both genes in 

cervical cancer were found. 

The tendency of increase in methylation level corresponding to the disease progression 

is very clear for WIF1 gene: in CIN І methylation increases 1,2 times compared to norm, in 

CIN II methylation increases 1,9 times compared to CIN I and 2,4 times compared to norm, in 

CIN III — 1,84 times compared to CIN II and 4,4 times compared to norm, in invasive cancer 

— 1,6 times compared to CIN III and 7,1 times compared to norm (Pic. 1). 
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Pic. 1. Result of one factor dispersion analysis ANOVA of WIF1 gene methylation on 

different stages of the disease 

 

Tendency to increase in methylation level according to the disease progression is also 

found in DKK4 gene, but methylation increase from norm to CIN II is insubstantial, though is 

clear for CIN III and invasive cancer: in CIN III methylation intesity increases 1,2 compared 

to CIN II and 1,5 times compared to norm, in cervical cancer methylation level increases 1,4 

times compared to CIN III and 2,1 times compared to norm (Pic. 2). 
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Pic. 2. Result of one factor dispersion analysis ANOVA of DKK4 gene methylation on 

different stages of the disease 

 

Despite both genes being key regulators of Wnt/catenin signaling pathway high 

correlation level (r=0,91; p<0.001) of methylation indexes of WIF1 and DKK4 genes in 

precancerous and malignant pathology of cervix was found, with noted maximum correlation 

on high levels of hypermethylation in invasive cervical cancer (Pic. 3). 
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Pic 3. Scatter-graph of correlation of methylation level of WIF1 and DKK4 genes in CIN and 

cervical cancer 

 

Discussion 

Genes coding functional inhibitors of Wnt signaling pathway are commonly reported 

in literature as aberrantly methylated in cervical cancer [1, 3, 4, 5, 14, 20, 23, 24]. Despite that 

data on clear determination of perspective biomarkers and prognostic factors in cervical 

cancer is lacking [1]. 

DNA methylation in gene WIF1 locus is aberrant in cervical cancer which is reported 

in literature [3, 17, 21] and is characteristic not only for squamous cancer of cervix but for 

adenocarcinoma [20]. 

Van Der Meide et al. determine methylation index of WIF1 gene in cervical cancer on 

the level of  54% [20] and Siegel et al. on the level of 46% [18], which is lower than our data 

of  63,57%. This difference could be partially explained by methodology, and partially by low 

amount of cervical cancer cases and absence of stratification by the stage of cancer and 

presense of methastases, that can explain different methylation levels. 

Nowadays there is no data on WIF-1 and DKK-4 gene methylation in cervical 

precancerous lesions [18], and on DKK-4 gene methylation in cervical cancer. According to 
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literature data literature DKK-4 is connected to colorectal cancer [13, 15, 16] and hepatoma 

[2, 12]. Though role of gene methylation of other genes in DKK family was proven for 

cervical cancer. Van Der Meide et al. found aberrant methylation of DKK-3 in 

adenocarcinoma of cervix [20], Jiang et al. describe increased expression of DKK-1 in serum 

of patients with CIN and cervical cancer [7], endometrial cancer [6] and other gynecological 

cancers according to the stage and presense of metastases [9], Lee et al. describe DKK-1 

silencing in cell lines of cervical cancer [11]. 

Ko et al. report that WIF-1 can effectively coregulate proapoptosis activity in cervical 

cancer through combination with DKK1 [10]. This could also be the reason for methylation 

levels correlation for WIF1 and DKK4 genes in our data. 

Conclusion 

Methylation indexes determination in WIF-1 and DKK-4 genes is a perspective 

method of cervical cancer diagnostics. Calculation of methylation index of WIF-1 gene can be 

used in diagnostics of significant precancerous lesions of cervix (CIN II+) and their 

differential diagnostics, calculation of methylation index of DKK-4 gene is a perspective 

method of differential diagnostics of CIN III in biopsy metherial on preexcisional stage. 

 

References 

1. Cardoso, M. de F. S., Castelletti, C. H. M., Lima-Filho, J. L. de, Martins, D. B. 

G., & Teixeira, J. A. C. (2017). Putative biomarkers for cervical cancer: SNVs, methylation 

and expression profiles. Mutation Research - Reviews in Mutation Research. 

https://doi.org/10.1016/j.mrrev.2017.06.002 

2. Chi, H. C., Liao, C. H., Huang, Y. H., Wu, S. M., Tsai, C. Y., Liao, C. J., Lin, 

K. H. (2013). Thyroid hormone receptor inhibits hepatoma cell migration through 

transcriptional activation of Dickkopf 4. Biochemical and Biophysical Research 

Communications. https://doi.org/10.1016/j.bbrc.2013.08.028 

3. Delmas, A. L., Riggs, B. M., Pardo, C. E., Dyer, L. M., Darst, R. P., 

Izumchenko, E. G., Brown, K. D. (2011). Wif1 is a frequent target for epigenetic silencing in 

squamous cell carcinoma of the cervix. Carcinogenesis. https://doi.org/10.1093/carcin/bgr193 

4. Dong, S. M., Kim, H. S., Rha, S. H., & Sidransky, D. (2001). Promoter 

hypermethylation of multiple genes in carcinoma of the uterine cervix. Clinical Cancer 

Research. 

5. Jeong, D. H., Youm, M. Y., Kim, Y. N., Lee, K. B., Sung, M. S., Yoon, H. K., 

& Kim, K. T. (2006). Promoter methylation of p16, DAPK, CDH1, and TIMP-3 genes in 

https://doi.org/10.1016/j.mrrev.2017.06.002
https://doi.org/10.1016/j.bbrc.2013.08.028
https://doi.org/10.1093/carcin/bgr193


 450 

cervical cancer: Correlation with clinicopathologic characteristics. International Journal of 

Gynecological Cancer. https://doi.org/10.1111/j.1525-1438.2006.00522.x 

6. Jiang, T., Huang, L., Wang, S., & Zhang, S. (2010). Clinical significance of 

serum Dkk-3 in patients with gynecological cancer. Journal of Obstetrics and Gynaecology 

Research. https://doi.org/10.1111/j.1447-0756.2010.01234.x 

7. Jiang, T., Huang, L., & Zhang, S. (2013). DKK-1 in serum as a clinical and 

prognostic factor in patients with cervical cancer. International Journal of Biological 

Markers. https://doi.org/10.5301/jbm.5000005 

8. Jiang, T., Wang, S., Huang, L., & Zhang, S. (2009). Clinical Significance of 

Serum DKK-1 in Patients With Gynecological Cancer. International Journal of 

Gynecological Cancer, 19(7), 1177–1181. https://doi.org/10.1111/IGC.0b013e31819d8b2d 

9. Jones, P. and Baylin, S. (2007). The epigenomics of cancer. Cell 128:683-692, 

2007. Cell. 

10. Ko, Y. B., Kim, B. R., Yoon, K., Choi, E. K., Seo, S. H., Lee, Y., Rho, S. B. 

(2014). WIF1 can effectively co-regulate pro-apoptotic activity through the combination with 

DKK1. Cellular Signalling. https://doi.org/10.1016/j.cellsig.2014.07.026 

11. Lee, J., Yoon, Y. S., & Chung, J. H. (2008). Epigenetic silencing of the WNT 

antagonist DICKKOPF-1 in cervical cancer cell lines. Gynecologic Oncology. 

https://doi.org/10.1016/j.ygyno.2008.01.034 

12. Liao, C. H., Yeh, C. T., Huang, Y. H., Wu, S. M., Chi, H. C., Tsai, M. M., Lin, 

K. H. (2012). Dickkopf 4 positively regulated by the thyroid hormone receptor suppresses cell 

invasion in human hepatoma cells. Hepatology. https://doi.org/10.1002/hep.24740 

13. Lim, J. W. E., Mathias, R. A., Kapp, E. A., Layton, M. J., Faux, M. C., 

Burgess, A. W., Simpson, R. J. (2012). Restoration of full-length APC protein in SW480 

colon cancer cells induces exosome-mediated secretion of DKK-4. Electrophoresis. 

https://doi.org/10.1002/elps.201100687 

14. Narayan, G., Goparaju, C., Arias-Pulido, H., Kaufmann, A. M., Schneider, A., 

Dürst, M., Murty, V. V. (2006). Promoter hypermethylation-mediated inactivation of multiple 

Slit-Robo pathway genes in cervical cancer progression. Molecular Cancer. 

https://doi.org/10.1186/1476-4598-5-16 

15. Pendás-Franco, N., Aguilera, Ó., Pereira, F., González-Sancho, J. M., & 

Muñoz, A. (2008). Vitamin D and Wnt/β-catenin Pathway in Colon Cancer: Role and 

regulation of DICKKOPF genes. Anticancer Research. 

https://doi.org/10.1111/j.1525-1438.2006.00522.x
https://doi.org/10.1111/j.1447-0756.2010.01234.x
https://doi.org/10.5301/jbm.5000005
https://doi.org/10.1111/IGC.0b013e31819d8b2d
https://doi.org/10.1016/j.cellsig.2014.07.026
https://doi.org/10.1016/j.ygyno.2008.01.034
https://doi.org/10.1002/hep.24740
https://doi.org/10.1002/elps.201100687
https://doi.org/10.1186/1476-4598-5-16


 451 

16. Pendás-Franco, N., García, J. M., Peña, C., Valle, N., Pálmer, H. G., 

Heinäniemi, M., González-Sancho, J. M. (2008). DICKKOPF-4 is induced by TCF/β-catenin 

and upregulated in human colon cancer, promotes tumour cell invasion and angiogenesis and 

is repressed by 1α,25-dihydroxyvitamin D3. Oncogene. https://doi.org/10.1038/onc.2008.88 

17. Ramachandran, I., Thavathiru, E., Ramalingam, S., Natarajan, G., Mills, W. K., 

Benbrook, D. M., Queimado, L. (2012). Wnt inhibitory factor 1 induces apoptosis and inhibits 

cervical cancer growth, invasion and angiogenesis in vivo. Oncogene. 

https://doi.org/10.1038/onc.2011.455 

18. Siegel, E. M., Riggs, B. M., Delmas, A. L., Koch, A., Hakam, A., & Brown, K. 

D. (2015). Quantitative DNA methylation analysis of candidate genes in cervical cancer. 

PLoS ONE. https://doi.org/10.1371/journal.pone.0122495 

19. Üren, A., Fallen, S., Yuan, H., Usubütün, A., Küçükali, T., Schlegel, R., & 

Toretsky, J. A. (2005). Activation of the canonical Wnt pathway during genital keratinocyte 

transformation: A model for cervical cancer progression. Cancer Research. 

https://doi.org/10.1158/0008-5472.CAN-05-0455 

20. Van Der Meide, W. F., Snellenberg, S., Meijer, C. J. L. M., Baalbergen, A., 

Helmerhorst, T. J. M., Van Der Sluis, W. B., Steenbergen, R. D. M. (2011). Promoter 

methylation analysis of WNT/β-catenin signaling pathway regulators to detect 

adenocarcinoma or its precursor lesion of the cervix. Gynecologic Oncology. 

https://doi.org/10.1016/j.ygyno.2011.06.015 

21. Wentzensen, N., Sherman, M. E., Schiffman, M., & Wang, S. S. (2009). Utility 

of methylation markers in cervical cancer early detection: Appraisal of the state-of-the-

science. Gynecologic Oncology. https://doi.org/10.1016/j.ygyno.2008.10.012 

22. Whiteside, M. A., Siegel, E. M., & Unger, E. R. (2008). Human papillomavirus 

and molecular considerations for cancer risk. Cancer. https://doi.org/10.1002/cncr.23750 

23. Widschwendter, A., Ivarsson, L., Blassnig, A., Müller, H. M., Fiegl, H., 

Wiedemair, A., Widschwendter, M. (2004). CDH1 AND CDH13 methylation in serum is an 

independent prognostic marker in cervical cancer patients. International Journal of Cancer. 

https://doi.org/10.1002/ijc.11706 

24. Wisman, G. B. A., Nijhuis, E. R., Hoque, M. O., Reesink-Peters, N., Koning, 

A. J., Volders, H. H., Van Der Zee, A. G. J. (2006). Assessment of gene promoter 

hypermethylation for detection of cervical neoplasia. International Journal of Cancer. 

https://doi.org/10.1002/ijc.22060 

https://doi.org/10.1038/onc.2008.88
https://doi.org/10.1038/onc.2011.455
https://doi.org/10.1371/journal.pone.0122495
https://doi.org/10.1158/0008-5472.CAN-05-0455
https://doi.org/10.1016/j.ygyno.2011.06.015
https://doi.org/10.1016/j.ygyno.2008.10.012
https://doi.org/10.1002/cncr.23750
https://doi.org/10.1002/ijc.11706
https://doi.org/10.1002/ijc.22060

