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Abstract 

Background: Lung cancer is the leading cause of cancer-related deaths worldwide and the 5-year survival rate is 

still very poor due to the lack of effective tools for early detection. Epigenetics and especially studies on DNA 

methylation have given important information towards a better achievement of lung cancer pathogenesis in the 

recent decades. The inactivation of tumor suppressor genes via promoter hypermethylation is an obvious 

mechanism and is straightly related to carcinogenesis. In this study, we compared the methylation status of 

KLF11 and PCDH9 genes in non-small cell lung cancer and adjacent normal tissues. 

Methods: Genomic DNA was extracted from 30 tumor tissues, bisulfite treated and were analyzed in terms of 

promoter methylation status of KLF11 and PCDH9 genes by high resolution melting method. Statistical analysis 

was carried out by chi-square test. 

Results: No significant difference in methylation level at the PCDH9 promoter region in NSCLC tumors 

compared with non-tumor tissues was observed (P = 0.3132, chi-square test). In contrast, the difference in 

methylation levels between normal and tumor tissue samples for the promoter of the KLF11 gene was quite 

significant (P = 0.0001). 

Conclusions: Promoter methylation of KLF11 gene is an important mechanism in the development of NSCLC, 

therefore, it could be used as one of the potential therapeutic goals for molecular targeted therapy and epigenetic 

treatment. The role of the PCDH9 gene in the development of lung cancer is complex and requires more research 

and a larger statistical population. 
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1. Introduction 

Lung cancer is the leading cause of cancer-related death worldwide (Parkin, Bray, Ferlay, & Pisani, 2005). About 

1.8 million new cases of lung cancer were diagnosed in 2012, which accounted for 12.9% of the world’s total 

cancer incidence (Ferlay et al., 2013). Despite recent advances in the treatment of lung cancer (e.g., targeted 

therapy), the overall prognosis for the disease remains dismal with an estimated 5-year survival rate in the United 

States of 18% (Siegel, Miller, & Jemal, 2015). The two major forms of lung cancer are non-small cell lung cancer 

(NSCLC; about 85% of all lung cancers) and small-cell lung cancer (about 15% of lung cancer). NSCLC is 

divided into three major histologic subtypes: adenocarcinoma, squamous cell carcinoma and large cell carcinoma 

(Burstein & Schwartz, 2008). 

Like many other cancers, the development of lung cancer is a multistep process involving epigenetic, genetic and 

environmental factors that cause the dysregulation of oncogenes and tumor suppressor genes (Ansari, 

Shackelford, & El-Osta, 2016). In the recent decade, epigenetic alterations have been proposed to play an 

important role in the initiation, progression or invasiveness of cancer (Issa, 2004). These alterations can be 

classified into histone modifications, DNA methylation, microRNAs (miRNAs) and nucleosome remodeling 
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(Portela & Esteller, 2010). The DNA hypermethylation of 5`-CpG islands has been shown to be a major reason 

of silencing of tumor suppressor genes in human NSCLC tumors (Baylin & Herman, 2000; Jones & Baylin, 

2002). 

Kruppel-like transcription factor 11 (KLF11), a member of the Sp1/Kruppel-like factor zinc finger transcription 

factor (Sp1/KLF) family, was first found in osteoblast cells and later shown to be widely expressed in many 

tissues such as the lung, stomach, mammary gland, kidney and colon, with the highest expression in normal 

pancreatic tissue (Kuroda et al., 2009; Spittau & Krieglstein, 2012). KLF11 shares a highly conserved C-terminal 

DNA-binding domain that contains three C2H2 zinc finger motifs. The zinc finger motif facilitates binding to 

GC-rich promoter elements which, in turn, regulate multiple cellular events, including suppressing cell 

cycle/proliferation and promoting apoptosis (Bureau et al., 2009; Fernandez-Zapico et al., 2011). As an 

inhibitory transcription factor, KLF11 participates in TGF-β signaling pathway mainly through regulating the 

TGF-β induced expression of SMAD7 gene (Spittau & Krieglstein, 2012). 

PCDH9 gene (protocadherin 9) is a member of cadherin superfamily which is a calcium-dependent cell-cell 

adhesion molecule (Redies, Vanhalst, & Van Roy, 2005). This gene has been mapped to 13q21.32 and it encodes 

a protein that is expressed in a broad tissue type (Frank & Kemler, 2002). PCDH9 is thought to function in cell 

adhesion, mainly in the central nervous system, but is also expressed in a variety of tissues including lung tissue 

(Strehl, Glatt, Liu, Glatt, & Lalande, 1998). In this study, we compared the methylation status of KLF11 and 

PCDH9 gene in NSCLC and normal lung tissues. 

2. Material and Methods 

2.1 Patients and Samples 

Thirty patients with the diagnosis of NSCLC were selected to be included in the study from surgery department 

of Masih Daneshvari hospital. Tehran, Iran. Written informed consents were obtained from the patients. Tumor 

and adjacent normal tissues were obtained at the time of surgery before any treatment. The tissues were 

snap-frozen and stored at −70◦C until use. Patients’ clinico-pathological characteristics were reviewed from 

medical records, including age, gender, histological type, pathological (TNM) stage and smoking history. 

2.2 DNA Extraction 

DNA was extracted from normal and tumor tissues by using the Qiagen DNA Extraction Mini Kit according to 

the manufacturer’s recommendation (Qiagen, United States). DNA was quantified with a NanoDrop ND-1000 

spectrophotometer (NanoDrop, Wilmington, DE, USA). Integrity and size of DNA were assessed by 1.0% 

agarose gel electrophoresis. 

2.3 Bisulfite Treatment 

Bisulfite conversion was performed with 1000ng of genomic DNA using EZ DNA Methylation Kit (Zymo 

Research, Orange, CA), according to the manufacturer's protocol. All of the converted DNA was stored at 

−70 °C until use. 

2.4 Preparation of Controls 

DNA extracted from the blood was used as a unmethylated control. Fully methylated control DNA was prepared 

by treatment of blood DNA, with M.sssI enzyme according to the manufacturer’s recommendation (Thermo 

Scientific, United States). A series of standard dilutions of methylated DNA was prepared by diluting fully 

methylated DNA with unmethylated bisulfate-treated DNA. 

2.5 MS- High Resolution Melting (MS-HRM) 

Methylation-sensitive high resolution melting (MS-HRM) method was performed using the bisulfite-modified 

DNA as the template. The amplification was conducted in a 20 µL reaction volume containing 1 µL DNA 

template, 4 µL of 5x HOT FIREPol®EvaGreen® HRM Mix (ROX), 14 µL nuclease-free water and 6 pmol/µL of 

forward and reverse primers (1µL). Designed primers and their sequences were being shown as follows: KLF11 

forward: 5`-GGTGGGGTTGTAGGAGGTT-3` and reverse: 5`-ATGCCAACRACRCCAAAAACAAA-3` 

(198bp product length); PCDH9 forward: 5`-GAGTATGTTTAGTGTATTTTATGGAAT-3` and reverse: 

5`-CGAACTCTAATTAACCTACATCTT-3` (189bp product length). DNA melting with high resolution is a 

three-stage process. First stage: initial denaturation at 95°C for 15 min; The second stage consists of three steps 

in 40 cycles: 94°C for 15 seconds, 60°C (for KLF11) and 58°C (for PCDH9) for 20 seconds (annealing time), 

72°C for 30 seconds (extension); and a final extension at 72°C for 5 min. Third stage (The melting curve 

continuous stage) was performed as follows: denaturation at 95°C for 15 seconds, 60°C (for KLF11) and 58°C 

(for PCDH9) for 1 min, followed by HRM step ramping from 58°C-60°C to 95°C, rising 0.1°C. 
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2.6 Statistical Analysis 

The chi-square test was used to compare the methylation levels in the NSCLC tumor and normal lung tissue 

DNA by GraphPad Prism v7.03 software. A p<0.05 was considered statistically significant. 

3. Results 

3.1 Patients’ Characteristics 

From the 30 patients included in this study, 57% had adenocarcinoma and 43% had squamous cell carcinoma; 

27% were female and 73% were male, and from age point of view, 3% were under 40, 3% between 40 and 50, 

47% between 50 and 60 and 47% between 60 and 70 years old. 73% were non-smokers and 27% were smokers. 

The proportion of patients with pathological stages I, II, III, and IV was 30%, 36.66%, 33.34% and 0%, 

respectively. Patients’ characteristics are shown in Table 1. 

Table1. Demographic and clinic-pathological Characteristics of the 30 surgically resected lung cancer patients. 

Variable Value (n = 30) 
Gender  

Male 22 (73%) 

Female 8 (27%) 

Age (years)  

Under 40 (37) 1 (3%) 

Between 40-50 (47) 1 (3%) 

Between 50-60 (55.5 ± 0.07) 14 (47%) 

Between 60-70 (63.5 ± 0.05) 14 (47%) 

Smoking history  

Never-smoker 22 (73%) 

Current smoker 8 (27%) 

Cell type   

Adenocarcinoma 17 (57%) 

Squamous cell carcinoma 13 (43%) 

Stage  

I 9 (30%) 

II 11 (36.66%) 

III 10 (33.34%) 

 

3.2 Promoter Methylation Status of PCDH9 

Genomic DNA from lung tissues was converted by sodium bisulfite, and the methylation level at the PCDH9 

promoter region was compared with tumor tissues (n = 30) and non-tumor tissues (n = 30) using 

methylation-sensitive HRM. A 10% cut-off methylation level was used for the analysis. Normal samples were 

methylated under 10 percent. 29 out of 30 tumor samples were methylated under 10% like normal samples. One 

of the tumor samples showed a methylation level of 14% and it was classified as hypermethylated. MS-high 

resolution melting analysis didn’t show any significant difference in methylation level at the PCDH9 promoter 

region in NSCLC tumors compared with non-tumor tissues (P = 0.3132, chi-square test). Graphs related to 

MS-high resolution melting analysis of PCDH9 gene promoter methylation was shown in Figure 1. 
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Figure 1. Graphs related to MS-high resolution melting analysis of PCDH9 gene promoter methylation. (a) the 

normalized graph for PCDH9 controls (b) normalized graph for PCDH9 controls with samples (c) melting curve 

graph of controls and samples related to PCDH9 gene promoter (d) difference plot graph of controls and samples 

related to the PCDH9 gene promoter 

 

3.3 Promoter Methylation Status of KLF11 

As shown in Table 2, All normal samples were methylated under 10 percent. In contrast, the results for the tumor 

samples were completely different. MS-high resolution melting analysis showed that 96.67% (29 out of 30) of 

tumor samples were hypermethylated in comparison with normal paired samples for KLF11 promoter gene 

(Figure 2). The difference in methylation levels between normal and tumor samples for the promoter of the 

KLF11 gene is quite significant (P = 0.0001, chi-square test). Diagrams related to promoter methylation analysis 

of KLF11 and PCDH9 genes was shown in Figure 3. 

Table 2. The methylation status of the sample for the KLF11 gene. 

Methylation (%) 
Number of tumor  

Samples (n=30) (%) 

Number of normal samples 

(n=30) (%) 

<10 1 (3.3%) 30 (100%) 

10-25 3 (10%) 0 

25-50 15 (50%) 0 

50-75 7 (23.3%) 0 

75-100 4 (13.4%) 0 

 

 



http://cco.ccsenet.org Cancer and Clinical Oncology Vol. 7, No. 1; 2018 

51 

 

 

Figure 2. Graphs related to MS-high resolution melting analysis of KLF11 gene promoter methylation. (a) the 

normalized graph for KLF11 controls (b) normalized graph for KLF11 controls with tumor samples (c) difference plot 

graph for KLF11 controls (d) difference plot graph for KLF11 controls with some tumor and normal samples 

 

 

Figure 3. Diagram related to (a) PCDH9 promoter methylation status; no significant difference in methylation 

level at the PCDH9 promoter region in NSCLC tumors compared with non-tumor tissues was observed (P = 

0.3132, chi-square test). (b) KLF11 promoter methylation status; The difference in methylation levels between 

normal and tumor samples for the promoter of the KLF11 gene is quite significant (P = 0.0001, chi-square test) 

 

4. Discussion 

The hypermethylation of DNA in promoters and regulatory regions of tumor suppressor genes is a momentous 

epigenetic occurrence in development of NSCLC. On the basis of this occurrence, the tumor suppressor genes 

are going to become silence and it is now recognized as a main and causal epigenetic incident in various kinds of 

cancer (Belinsky, 2005). Different methods have been employed for detection of the methylation status of genes 

promoter regions. Among them, MS-HRM has been used in many studies for sensitive, high throughput 

assessment of DNA methylation (Dahl & Guldberg, 2007). In this study, we have analyzed the methylation status 

of KLF11 and PCDH9 genes promoter in 30 NSCLC patients by MS-HRM. 
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MS-high resolution melting analysis showed that 96.67% (29 out of 30) of NSCLC tumor samples were 

hypermethylated compared to non-tumor lung samples for KLF11 promoter gene (p = 0.0001). 

Aberrant promoter methylation of the KLF11 gene has been reported in several human cancers. According to the 

research of Wang et al. the expression of KLF11 was significantly reduced in ovarian cancer tissues. They also 

investigated the methylation level between normal and tumor ovarian tissues in 31 Chinese patients. Compared 

with the normal samples, the overall methylation level was dramatically increased in the tumor tissues (P = 

0.0001), and this significant difference was observed through all stages of the disease (G. Wang et al., 2015). In 

another study, Potapova et al. demonstrated that epigenetic inactivation of KLF11 occurs in myelodysplastic 

syndrome. Their studies showed that this gene is hypermethylated in 25.2% of cases affected by myelodysplastic 

syndrome (Potapova et al., 2010). 

KLF11 plays an important role in regulating TGF-β signaling pathway. This pathway controls a wide spectrum 

of cellular activities including differentiation, proliferation, and apoptosis (Ellenrieder, 2008). KLF11 can 

regulate the TGF-β pathway directly through the SMAD7-mediated negative loop. In one side, KLF11 is able to 

bind to GC-rich elements within the SMAD7 promoter sequence to suppress TGF-β-induced SMAD7 expression 

and hence releases TGF-β signaling from the SMAD7-mediated inhibitory effect (Gohla, Krieglstein, & Spittau, 

2008). According to the result obtained in this study, with the hypermethylation of this gene, it is expected that 

dysregulation of this pathway could be involved in developing lung cancer. On the other hand, the samples in 

this study are often in the early stages, the 96.67% hypermethylation of the samples indicates that the KLF11 

gene often has a hypermethylated and reduced expression at the early stages of lung cancer. 

The PCDH9 promoter didn’t show any significant difference in methylation level in NSCLC tumors compared to 

non-tumor tissues (P = 0.3132). Formerly, the loss of protocadherin family proteins has been shown to contribute 

to the development of various human cancers, such as prostate cancer (M.-W. Chen et al., 2002), liver cancer 

(Okazaki, Takahashi, Kojima, Masuho, & Koga, 2002), colon cancer (Okazaki et al., 2002), renal cancer (Stassar 

et al., 2001), breast cancer (Yu et al., 2008), astrocytoma (Waha et al., 2005), nasopharyngeal and lung cancers. 

The cause of protocadherin loss is due to gene promoter hypermethylation, mutation or gene deletion (Imoto et 

al., 2006; Ying et al., 2006).  

The expression of PCDH9 decreases in Hepatocellular carcinoma (HCC), which is due to DNA methylation and 

histone deacetylation (Lv et al., 2017). According to Chen et al. loss of PCDH9 expression is associated with the 

differentiation of tumor cells and metastasis and predicts poor survival in gastric cancer (Y. Chen, Xiang, Zhang, 

Wang, & Yu, 2015). Wang et al. showed that the expression of PCDH9 was decreased in primary gliomas (C. 

Wang et al., 2014).  

This gene is also involved in the regulation of the epithelial-mesenchymal transition (EMT) (Zhu et al., 2014). In 

this research, we didn’t find any significant difference in methylation level at the PCDH9 promoter region. One 

of the reasons that could be proposed for this contradiction, is that the samples in this study are often at the early 

stages of lung cancer and because of the PCDH9 gene's function, we expect the hypermethylation of this gene 

occurs at the late stages of lung cancer. Obviously, the reduced expression of this gene causes metastasis and this 

process occurs in the advanced stages of the disease. According to the description provided, the role of this gene 

in the development of lung cancer is complex and requires more research and a larger population. 

5. Conclusion 

Promoter hypermethylation of KLF11 gene is an important mechanism in the development of NSCLC and 

because of its important role; it can be used as one of the potential therapeutic goals for molecular targeted 

therapy and epigenetic treatment. The role of the PCDH9 gene in the development of lung cancer is complex and 

requires more research and a larger population. 

References 

Ansari, J., Shackelford, R. E., & El-Osta, H. (2016). Epigenetics in non-small cell lung cancer: from basics to 

therapeutics. Translational lung cancer research, 5(2), 155. https://doi.org/10.21037/tlcr.2016.02.02 

Baylin, S. B., & Herman, J. G. (2000). DNA hypermethylation in tumorigenesis: epigenetics joins genetics. 

Trends in Genetics, 16(4), 168-174. https://doi.org/10.1016/S0168-9525(99)01971-X 

Belinsky, S. A. (2005). Silencing of genes by promoter hypermethylation: key event in rodent and human lung 

cancer. Carcinogenesis, 26(9), 1481-1487. https://doi.org/10.1093/carcin/bgi020 

Bureau, C., Hanoun, N., Torrisani, J., Vinel, J.-P., Buscail, L., & Cordelier, P. (2009). Expression and function of 

Kruppel like-factors (KLF) in carcinogenesis. Current genomics, 10(5), 353-360.  



http://cco.ccsenet.org Cancer and Clinical Oncology Vol. 7, No. 1; 2018 

53 

 

https://doi.org/10.2174/138920209788921010 

Burstein, H. J., & Schwartz, R. S. (2008). Molecular origins of cancer: Mass Medical Soc.  

https://doi.org/10.1056/NEJMe0800065 

Chen, M.-W., Vacherot, F., de la Taille, A., Gil-Diez-de-Medina, S., Shen, R., Friedman, R. A., ... Buttyan, R. 

(2002). The emergence of protocadherin-PC expression during the acquisition of apoptosis-resistance by 

prostate cancer cells. Oncogene, 21(51), 7861-7871. https://doi.org/10.1038/sj.onc.1205991 

Chen, Y., Xiang, H., Zhang, Y., Wang, J., & Yu, G. (2015). Loss of PCDH9 is associated with the differentiation 

of tumor cells and metastasis and predicts poor survival in gastric cancer. Clinical & experimental 

metastasis, 32(5), 417-428. https://doi.org/10.1007/s10585-015-9712-7 

Dahl, C., & Guldberg, P. (2007). High-resolution melting for accurate assessment of DNA methylation: Clinical 

Chemistry. https://doi.org/10.1373/clinchem.2007.094854 

Ellenrieder, V. (2008). TGFβ-regulated gene expression by Smads and Sp1/KLF-like transcription factors in 

cancer. Anticancer Research, 28(3A), 1531-1539.  

Ferlay, J., Soerjomataram, I., Ervik, M., Dikshit, R., Eser, S., & Mathers, C. (2013). GLOBOCAN 2012 v1. 0, 

Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. Lyon: IARC.  

https://doi.org/10.1002/ijc.29210 

Fernandez-Zapico, M. E., Lomberk, G. A., Tsuji, S., DeMars, C. J., Bardsley, M. R., Lin, Y.-H., ... Ordog, T. 

(2011). A functional family-wide screening of SP/KLF proteins identifies a subset of suppressors of 

KRAS-mediated cell growth. Biochemical Journal, 435(2), 529-537. https://doi.org/10.1042/BJ20100773 

Frank, M., & Kemler, R. (2002). Protocadherins. Current opinion in cell biology, 14(5), 557-562.  

https://doi.org/10.1016/S0955-0674(02)00365-4 

Gohla, G., Krieglstein, K., & Spittau, B. (2008). Tieg3/Klf11 induces apoptosis in OLI‐neu cells and enhances 

the TGF‐β signaling pathway by transcriptional repression of Smad7. Journal of cellular biochemistry, 

104(3), 850-861. https://doi.org/10.1002/jcb.21669 

Imoto, I., Izumi, H., Yokoi, S., Hosoda, H., Shibata, T., Hosoda, F., ... Inazawa, J. (2006). Frequent silencing of 

the candidate tumor suppressor PCDH20 by epigenetic mechanism in non–small-cell lung cancers. Cancer 

research, 66(9), 4617-4626. https://doi.org/10.1158/0008-5472.CAN-05-4437 

Issa, J.-P. (2004). CpG island methylator phenotype in cancer. Nature Reviews Cancer, 4(12), 988-993. 

https://doi.org/10.1038/nrc1507 

Jones, P. A., & Baylin, S. B. (2002). The fundamental role of epigenetic events in cancer. Nature reviews 

genetics, 3(6), 415-428. https://doi.org/10.1038/nrc1507 

Kuroda, E., Horikawa, Y., Enya, M., Oda, N., Suzuki, E., Iizuka, K., & Takeda, J. (2009). Identification of 

minimal promoter and genetic variants of Kruppel-like factor 11 gene and association analysis with type 2 

diabetes in Japanese. Endocrine journal, 56(2), 275-286. https://doi.org/10.1507/endocrj.K08E-302 

Lv, J., Zhu, P., Zhang, X., Zhang, L., Chen, X., Lu, F., ... Liu, S. (2017). PCDH9 acts as a tumor suppressor 

inducing tumor cell arrest at G0/G1 phase and is frequently methylated in hepatocellular carcinoma. 

Molecular Medicine Reports, 16(4), 4475-4482. https://doi.org/10.3892/mmr.2017.7193 

Okazaki, N., Takahashi, N., Kojima, S.-i., Masuho, Y., & Koga, H. (2002). Protocadherin LKC, a new candidate 

for a tumor suppressor of colon and liver cancers, its association with contact inhibition of cell proliferation. 

Carcinogenesis, 23(7), 1139-1148. https://doi.org/10.1093/carcin/23.7.1139 

Parkin, D. M., Bray, F., Ferlay, J., & Pisani, P. (2005). Global cancer statistics, 2002. CA: a cancer journal for 

clinicians, 55(2), 74-108. https://doi.org/10.3322/canjclin.55.2.74 

Portela, A., & Esteller, M. (2010). Epigenetic modifications and human disease. Nature biotechnology, 28(10), 

1057-1068. https://doi.org/10.1038/nbt.1685 

Potapova, A., Hasemeier, B., Römermann, D., Metzig, K., Göhring, G., Schlegelberger, B., ... Lehmann, U. 

(2010). Epigenetic inactivation of tumour suppressor gene KLF11 in myelodysplastic syndromes. European 

journal of haematology, 84(4), 298-303. https://doi.org/10.1111/j.1600-0609.2009.01389.x 

Redies, C., Vanhalst, K., & Van Roy, F. (2005). δ-Protocadherins: unique structures and functions. Cellular and 

Molecular Life Sciences CMLS, 62(23), 2840-2852. https://doi.org/10.1007/s00018-005-5320-z 

Siegel, R. L., Miller, K. D., & Jemal, A. (2015). Cancer statistics, 2015. CA: a cancer journal for clinicians, 



http://cco.ccsenet.org Cancer and Clinical Oncology Vol. 7, No. 1; 2018 

54 

 

65(1), 5-29. https://doi.org/10.3322/caac.21254  

Spittau, B., & Krieglstein, K. (2012). Klf10 and Klf11 as mediators of TGF-beta superfamily signaling. Cell and 

tissue research, 347(1), 65-72. https://doi.org/10.1007/s00441-011-1186-6 

Stassar, M., Devitt, G., Brosius, M., Rinnab, L., Prang, J., Schradin, T., ... Zöller, M. (2001). Identification of 

human renal cell carcinoma associated genes by suppression subtractive hybridization. British journal of 

cancer, 85(9), 1372-1382. https://doi.org/10.1054/bjoc.2001.2074 

Strehl, S., Glatt, K., Liu, Q. M., Glatt, H., & Lalande, M. (1998). Characterization of Two Novel Protocadherins 

(PCDH8andPCDH9) Localized on Human Chromosome 13 and Mouse Chromosome 14. Genomics, 53(1), 

81-89. https://doi.org/10.1006/geno.1998.5467 

Waha, A., Güntner, S., Huang, T. H.-M., Yan, P. S., Arslan, B., Pietsch, T., ... Waha, A. (2005). Epigenetic 

Silencing of the Protocadherin Family Member PCDH-γ-All in Astrocytomas. Neoplasia, 7(3), 193-199. 

https://doi.org/10.1593/neo.04490 

Wang, C., Tao, B., Li, S., Li, B., Wang, X., Hu, G., ... Liu, J. (2014). Characterizing the role of PCDH9 in the 

regulation of glioma cell apoptosis and invasion. Journal of Molecular Neuroscience, 52(2), 250-260. 

https://doi.org/10.1007/s12031-013-0133-2 

Wang, G., Li, X., Tian, W., Wang, Y., Wu, D., Sun, Z., & Zhao, E. (2015). Promoter DNA methylation is 

associated with KLF11 expression in epithelial ovarian cancer. Genes, Chromosomes and Cancer, 54(7), 

453-462. https://doi.org/10.1002/gcc.22257 

Ying, J., Li, H., Seng, T. J., Langford, C., Srivastava, G., Tsao, S., ... Tao, Q. (2006). Functional epigenetics 

identifies a protocadherin PCDH10 as a candidate tumor suppressor for nasopharyngeal, esophageal and 

multiple other carcinomas with frequent methylation. Oncogene, 25(7), 1070-1080.  

https://doi.org/10.1038/sj.onc.1209154 

Yu, J., Koujak, S., Nagase, S., Li, C., Su, T., Wang, X., ... Mansukhani, M. (2008). PCDH8, the human homolog 

of PAPC, is a candidate tumor suppressor of breast cancer. Oncogene, 27(34), 4657-4665. 

https://doi.org/10.1038/onc.2008.101 

Zhu, P., Lv, J., Yang, Z., Guo, L., Zhang, L., Li, M., ... Lu, F. (2014). Protocadherin 9 inhibits 

epithelial–mesenchymal transition and cell migration through activating GSK-3b in hepatocellular 

carcinoma. https://doi.org/10.1016/j.bbrc.2014.08.101 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 

license (http://creativecommons.org/licenses/by/4.0/). 


