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Methylomics analysis identifies ZNF671 as an epigenetically 

repressed novel tumor suppressor and a potential 

non-invasive biomarker for the detection of urothelial 

carcinoma 

Supplementary  Material 

 

Supplementary Figure 1. DNA methylation analysis of two specific regions of the 

ZNF671 promoter (diagrammed in top of A), in various bladder UC  (A, lower two 

panels) vs. ovarian cancer cell lines (B). COBRA (“C”) (combined bisulfite restriction 

analysis, Xiong and Laird, 1997) was used to assess ZNF671 methylation status by 

gel electrophoresis of PCR amplified bisulfite-modified  DNA digested  with the 

DNA methylation-sensitive restriction enzyme AciI. Undigested control, “U”. “M,” 

100 bp DNA ladder marker. “IVD,” (in vitro methylation DNA), a COBRA positive 

control to demonstrate complete digestion. 
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Supplementary Figure 2.  ZNF671 gene expression, relative to that of GAPDH, in 

empty vector- (left two bars) vs. ZNF-expressing (right two bars) UMUC3 UC stable 

cell  clones, as determined here by quantitative PCR, were assessed for possible 

association with soft agar cell survival, in Figure 3. **P<0.01 
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Supplementary Figure 3. ZNF671 methylation in UC patient tumor tissue samples 

from bladder or upper urinary tract was determined by bisulphite pyrosequencing. 

Assessments of association between ZNF671 methylation and tumor grade (A, B), 

relapse (C, D), and locoregional disease-free survival (E, F, by Kaplan-Meier analysis) 

are shown. *P<0.05, ***P<0.01 
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Supplementary Figure 4. Inverse relationship between ZNF671 expression and 

methylation levels observed after excluding seven samples (i.e., low expression and 

low methylation). A positive correlation was observed (Spearman R = -0.32, 

P=0.01).   
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Supplementary Figure 5. Analysis of possible correlation between tumor grade and 

ZNF671 methylation in primary or recurrent UC patient tumor tissue samples. 

Patients with recurrent tumors tended to have higher tumor grade (A, B) and higher 

ZNF671 methylation (C, D), as compared to primary tumors.  Tumor tissue samples 

(all cases, n=96, A, C,) or bladder UC patient tumor tissues only (n=63, B, D).  
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Supplementary Table 1. Primers used in this study 

Primer name Primer sequence 

(5’ to 3’) 

Annealing 

Temp (°C) 

Product 

size (bp) 

qMSP   

ZNF671 MF1 TTTGGTCGGGGTTTTGTAAC 60 

 

100 

ZNF671 MR1 AACATCAAACGCGTCTCG  

β-actin (ACTB) MF TGGTGATGGAGGAGGTTTAGTAAGT 60 133 

β-actin (ACTB) MR AACCAATAAAACCTACTCCTCCCTTAA  

COBRA   

ZNF671 BS-F TTTTGAAGGATAGTTTAGTGGGAAT 58 272 

ZNF671 BS-R CCATCCCTACAAAACATCAA  

Bisulphite Pyrosequeincing  

ZNF671_Pyro-F ATTTAATGAGGGTTTAGGAGAGG 60 228 

ZNF671_Pyro-R CAAACACTTCCCTCCCTACAAAACAT  

ZNF671_SEQ  GGATATTTTGTTTTTGTTAGGT   

RT-PCR  

ZNF671 RT F GTCATGAAACTAGAGCGAGGAGAA 60 108 

ZNF671 RT R ATGCCAACAACCAGGTCTAAGTC  

GAPDH RT-F CCCCTTCATTGACCTCAACTACAT 60 

 

60 

135 

GAPDH RT-R 

E-cadherin RT-F 

E-cadherin RT-R 

CGCTCCTGGAAGATGGTGA 

AAACAGGATGGCTGAAGGTG 

TGAATTCGGGCTTGTTGTC 

 

159 

Plasmid construction  

ZNF671 cDNA 

KpnI_F 

CGGGGTACCGAGATGTTGTCCCCAGTGT

CCC 

58 1626 

ZNF671 cDNA 

BamHI_R 

CGCGGATCCTTAAAGCTTTTCTCCAGCAT

GAACCC 

 

ZNF671 promoter 

NheI_ F 

CTAGCTAGCAGGCGGAGGTTGCAGTCA 62 960 

ZNF671 promoter 

BglII_ R 

GGAAGATCTCAGTCCCCACCCCAAACTAA  
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Supplementary Table 3. Gene Ontology (GO) analysis on molecular function (MF) of 

the 31 methylated probes using DAVID Bioinformatics Resources 6.7 

Term Gene count P-values 

GO:0030528~transcription regulator activity 10 3.05E-04 

GO:0003700~transcription factor activity 8 6.01E-04 

GO:0043565~sequence-specific DNA binding 6 2.93E-03 

GO:0033613~transcription activator binding 2 1.29E-02 

GO:0003677~DNA binding 9 2.37E-02 

GO:0016563~transcription activator activity 4 2.73E-02 

GO:0022832~voltage-gated channel activity 3 3.91E-02 

GO:0005245~voltage-gated calcium channel activity 2 4.44E-02 

GO:0003713~transcription coactivator activity 3 4.62E-02 

GO:0008134~transcription factor binding 4 4.81E-02 
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Supplementary Table 4 .Correlation between methylation of ZNF671 and 

clinical-pathological data in 96 UC tumor tissue samples 

 

 Bladder (n=63) Upper urinary tract (n=33) 

 Methylation (%) P Methylation (%) P 

Age       

  < 60 years 22.80 ± 23.382 (11/63) 0.46 26.00 ± 31.59 (8/33) 0.75 

  ≥ 60 years 28.53 ± 23.33 (52/63)  22.43 ± 21.93 (25/33)  

Gender     

Male 27.77 ± 23.25 (51/63) 0.66 23.87 ± 26.65 (17/33) 0.65 

Female 26.50 ± 24.26 (12/63)  22.69 ± 21.95 (16/33)  

Histological Grade1     

Low grade 8.14 ± 7.20 (12/63) 0.001 22.70 ± 31.49 (3/33) 0.59 

High grade 32.09 ± 23.40 (51/63)  23.36 ± 23.94 (30/33)  

Pathological Stage     

pT1  28.68 ± 24.35 (44/63) 0.89 33.84 ± 32.13 (10/33) 0.28 

pT2-4  24.85 ± 20.86 (19/63)  18.71 ± 18.73 (23/33)  

Primary/Recurrent     

  Primary 25.61 ± 22.41 (51/63) 0.19 23.75 ± 24.35 (32/33) NA 

  Recurrent 35.69 ± 26.00 (12/63)  8.65125 (1/33)  

Relapse     

Yes 33.36 ± 21.18 (22/63) 0.02 26.60 ± 24.47 (10/33) 0.46 

No 24.40 ± 23.96 (41/63)  21.86 ± 22.74 (23/33)  

Methylation     

Low 4.97 ± 2.63 (24/63) <0.001 5.36 ± 2.04 (15/33) <0.001 

High 41.41 ± 18.95 (39/63)  38.24 ± 23.89 (18/33)  

1Grading, low grade: G1; high grade: G2-3; 

2Mean ± SD 
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Supplementary Table 5. Hazard ratio for locoregional recurrence according to 

predictive factors in 63 bladder UC tissue samples 

 

Abbreviation: HR, hazard ratio; 95% CI, 95% confidence interval;  

TURBT, trans-urethral resection of bladder tumor 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

                         HR(95% CI); P value 

 Univariate analysis Multivariate analysis 

Age   

<60 vs≥60  2.764(0.645-11.836);0.171 NA 

Gender    

Male vs Female 0.034(0.000-2.898);0.136 NA 

Histological Grade   

Low vs High grade 1.938(0.572-6.564);0.288 1.488(0.395-5.602);0.557 

Pathological Stage   

pT1 vs pT2-4 0.587(0.199-1.736);0.336 0.486(0.161-1.467);0.201 

Primary/Recurrent   

Primary vs Recurrent 1.860(0.684-5.053);0.224 1.773(0.647-4.860);0.266 

Treatment   

TURBT vs cystectomy 0.045(0.000-271.35);0.486 NA 

ZNF671 Methylation   

Low vs High  3.029(1.023-8.966);0.045* 2.753 (0.868-8.727); 0.085 
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Supplementary Table 6. Hazard ratio for recurrence according to predictive factors in 

33 upper urinary tract UC tissue samples 

 

Abbreviation: HR, hazard ratio; 95% CI, 95% confidence interval;  

TURBT, trans-urethral resection of bladder tumor 

 

 

                         HR(95% CI); P value 

 Univariate analysis Multivariate analysis 

Age   

< 60 vs ≥60  0.819.(0.211-3.176);0.773 NA 

Gender    

Male vs Female 1.063(0.307-3.679);0.923 NA 

Histological Grade   

Low vs High grade 0.343(0.072-1.637);0.179 0.078(0.09-0.707);0.023* 

Pathological Stage   

pT1 vs pT2-4 1.585(0.336-7.474);0.561 3.716(0.524-26.33);0.189 

Primary/Recurrent   

Primary vs Recurrent 0.047(0.000-76764.23);0.675 NA 

ZNF671 Methylation   

Low vs High  4.473(0.948-21.104);0.058 7.889(1.323-47.058); 0.023* 


