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Evaluation of DNA methylation in promoter regions of SFRP4 and 
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Background: Aberrant DNA hypermethylation in tumor suppressor genes is a common feature in cervical 
cancer (CC). This abnormal hypermethylation could be used as potential biomarkers for detecting CC in 
non-invasive samples such as urine and plasma. 
Methods: This study aimed to evaluate in urine and plasma the methylation status of two genes previously 
found hypermethylated in CC (ZAR1 and SFRP4) and assesses their diagnostic value. Thus, DNA 
methylation was measured in 171 paired samples of urine and plasma taken from women with non-lesions [60], 
low-grade squamous intraepithelial lesions (L-SIL) [40], high-grade squamous intraepithelial lesions (H-SIL) 
[40] and cervical squamous cell carcinoma (SCC) [31] by quantitative methylation-specific PCR (QMSP). 
Results: In urine, a significant difference was observed for methylation levels of SFRP4 between cancer 
group and all the other groups (P<0.005), but not for ZAR1. The ROC analysis in urine showed an AUC 
of 0.633 for both genes, with a specificity of 83.3% and a sensitivity of 45.16%. In plasma, there were no 
significant differences of DNA methylation levels either for ZAR1 or SFRP4 genes between the studied 
groups; however, an AUC of 0.6333 was obtained with a sensitivity of 93.55%. 
Conclusions: Hypermethylation of SFRP4 promoter region in urine could be used as CC biomarker 
within a panel of methylated genes. 
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Introduction 

Cervical cancer (CC) is the third most common cancer in 
women of all ages worldwide and the second most common 
in women between 15 and 44 years old (1). About 500,000 
new cases of CC are detected annually, of which about half 
will die from this disease. The most affected population in 
the world is found in developing countries, with 84% of 
new cases and 87% of CC-related deaths (1). In Chile, CC 
is the sixth cause of death by malignant tumors in women, 
with a mortality rate of 6 deaths per 100,000 (2).

Preneoplastic lesions of the cervix can be classified as 
type I (mild dysplasia), type II (moderate dysplasia) and 
type III (severe dysplasia and carcinoma in situ) cervical  
intraepithelial neoplasia (CIN) (3-5). These lesions can be 
also classified according to Papanicolaou test results into the 
low-grade squamous intraepithelial lesion (L-SIL), which 
consists of CIN I and/or human papillomavirus (HPV)-
infected tissue, and the high-grade squamous intraepithelial 
lesion (H-SIL) comprising both CIN II and CIN III (5).

The persistent infection with high-risk oncogenic HPV 
(HR-HPV) is the main etiological cause of CC, being 
found in 99.7% of the cases (6). However, the presence 
of a persistent infection for HR-HPV is not enough to 
transform the epithelial cells of the host. Several other 
modifications should be present to ultimately trigger 
immortalization in epithelial cells and induce a malignant 
and invasive phenotype. This process can involve genetic 
bases (mutations, deletions, copy-number alterations and 
chromosomal rearrangements) or epigenetic bases (DNA 
methylation, post-translational modifications of histones or 
microRNAs) (7-9).

The most frequently studied epigenetic phenomenon 
is DNA methylation, defined as the addition of a methyl 
group to the 5’ carbon of the pyrimidine ring of a 
cytosine. The abnormal increase of methylation in the 
promoter regions of tumor suppressor genes (TSG) 
is known as aberrant hypermethylation, which is a 
common alteration in carcinogenesis as this could induce 
a partial or complete repression of the affected genes. 
Aberrant hypermethylation can be detected in the early 
stages of cervical carcinogenesis, and it may therefore 
constitute a promising and useful tool as a biomarker for 
early detection, progression, survival prognosis and/or 
therapeutic response in this disease (10-13).

In CC, aberrant hypermethylation affects several TSGs 
belonging to different pathways involved in cell adhesion, 
DNA repair and cell cycle control, and also to those genes 

related to nuclear receptors (14).
In recent years, several studies have been performed to 

develop a reliable biomarker that can detect the early stages of 
CC in samples that are less invasive than a cervical brush and 
as easy to obtain as urine and blood. The detection of DNA 
hypermethylation in urine has been previously used in bladder, 
prostate and cervical cancer (15-22) and possesses the advantage 
that it can be self-collected by the patient. The detection of 
DNA methylation in blood has been used in several types of 
malignancies, such as lung (23), colorectal (24), breast (25), and 
cervical cancer (26-29), among others. The determination of 
methylation patterns in some specific genes could offer a new 
alternative to current CC screening programs.

In a previous study, we constructed methylation 
microarrays (MeDIP-chip) to find highly methylated 
genes in cancer but not in normal samples to be assessed as 
potential methylation biomarkers for diagnosis. Data analysis 
of this MeDIP-chip performed with DNA extracted from 
the cytobrush samples of 7 patients with cervical squamous 
cell carcinoma (SCC) and 12 women with normal epithelium 
showed that there was promoter aberrant hypermethylation 
of ZAR1 and SFRP4 genes (30). Additionally, our group 
evaluated the methylation status of these genes in cytobrush 
samples within different histopathological subgroups of 
diagnosis (non-lesion: 60; L-SIL: 40; H-SIL: 40 and SCC: 31)  
through quantitative methylation-specific PCR (QMSP) 
using specific probes for each gene. Significant differences 
in the methylation levels between the SCC group and the 
other groups (P<0.01) were found. The technique sensitivity 
was 77.4% and 71%; the specificity was 80% and 65%, and 
the area under the curve (AUC) was up to 0.83 and 0.75 for 
ZAR1 and SFRP4, respectively (31).

With this background, this study focused on assessing 
the methylation levels in the promoter regions of ZAR1 and 
SFRP4, using urine and plasma samples to propose these 
patterns as potential biomarkers for early detection and/or 
progression of CC in non-invasive specimens.

Methods

Clinical samples

Samples were obtained between 2011 and 2013 from the 
Cervical Pathology Healthcare in the Hernán Henríquez 
Aravena Hospital in Temuco, Chile. A total of 171 paired 
samples of urine and plasma were taken from women with 
different histopathological diagnoses: 60 without lesion 
(non-lesions), 40 L-SIL, 40 H-SIL and 31 SCC. Women 
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who participated in the study signed an informed consent 
approved by the School of Medicine Ethics Committee 
of Universidad de La Frontera (Approval No. 246/006). 
Pathology Unit from Hernán Henríquez Aravena Hospital 
confirmed the histopathological diagnosis. 

Random urine samples (first-catch) were collected in 
sterile 50-mL flasks containing 3 mL of crystal violet 
as preserver. The minimum acceptable volume of urine 
sample was 10 mL. Briefly, these samples were centrifuged 
at 3,500 rpm for 12 minutes at room temperature (RT) 
and supernatant was discarded. Then, 500 µL of PBS was 
added and this mix was taken to a 1.5-mL tube and was 
centrifuged at 12,000 rpm for 5 min at RT. Supernatant was 
again discarded and 500 µL of lysis buffer was added to be 
finally stored at −20 ℃.

Blood samples were collected in sterile 5-mL tubes 
containing EDTA as anticoagulant and DNA preserver. The 
minimum acceptable volume of blood sample was 4 mL. 
These samples were centrifuged at 3,500 rpm for 10 minutes 
at RT and plasma was then taken to 1.5-mL tubes for storage 
at −80 ℃.

DNA extraction

DNA from urine and plasma samples was extracted using the 
EZNA Tissue DNA Extraction kit (Omega, USA), according 
to the manufacturer’s instructions. DNA quantity and purity 
was evaluated with a Nanodrop-1000 spectrophotometer. 
Only samples with a DNA concentration over 20 ng/µL and 
purity over 1.7 according to an A260/A280 coefficient were 
used. DNA integrity was evaluated by PCR amplification of a 
268-base pair fragment of β-globin (HBB) using the following 
primers PCO4 (5' CAA CTT CAT CCA CGT TCA CC 3') 

and GH20 (5' GAA GAG CCA AGG ACA GGT AC 3') (32).

Bisulfite modification

1 µg of genomic DNA was modified using the EZ DNA 
Methylation Kit-GoldTM (Zymo Research, USA) according 
to the manufacturer’s instructions. Bisulfite modification 
was confirmed by the amplification of a 133-bp fragment of 
β-actin (ACTB) (Table 1). 

Quantitative methylation-specific PCR (QMSP)

This qPCR-based method that measures fluorescent 
emission was performed to determine methylation levels 
of the promoter regions of SFRP4 and ZAR1. Primers and 
probe sequences of SFRP4 and ZAR1 are shown in Table 1  
and the sequences to which these primers and probes bind 
are shown in Figure 1. Amplification reactions were made in 
triplicate in a final volume of 20 µL with 1 µL of bisulfite-
modified DNA; 300 nM of each primer; 50 mM of probe; 
0.375 units of Platinum Taq Polymerase (Invitrogen, 
USA); 100 µL of dNTPs; 100 nM of ROX dye (Invitrogen, 
USA), 8.3 mM of ammonium sulfate; 33.5 mM of Trizma 
(Sigma, USA); 3.35 mM of magnesium chloride; 5 mM of 
2-mercaptoethanol; and 0.05% of DMSO. Amplification 
was performed according to the following thermic profile: 
95 ℃ for 10 minutes, followed by 40 cycles of 95 ℃ for 
30 seconds, 56 ℃ for 1 minute and 72 ℃ for 30 seconds, 
using Mx3000P QPCR equipment (Stratagene, USA). Each 
PCR reaction included bisulfite-modified DNA samples; a 
100% methylated DNA (Zymo Research, USA) as positive 
control, leukocyte DNA from a healthy person as negative 
control and, finally, several blanks of PCR mix without 

Table 1 QMSP primers and probes of ZAR1, SFRP4 and ACTB

Gene Oligonucleotide Sequence (5'-3')

ZAR1

Forward GTTATTAAGGGTAAGGGCGC

Reverse CGCTAATAACTATCGAAATACTCGAC

Probe AACAACGAAACCGCGCCCGCCGA

SFRP4

Forward GGGTGATGTTATCGTTTTTGTATCGAC

Reverse CCTCCCCTAACGTAAACTCGAAACG

Probe AACCGCGACGCGAACTCCCCCTCGA

ACTB

Forward TGGTGATGGAGGAGGTTTAGTAAGT

Reverse AACCAATAAAACCTACTCCTCCCTTAA

Probe ACCACCACCCAACACACAATAACAAACACA

QMSP, quantitative methylation-specific PCR.
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DNA. Serial dilutions (250, 50, 10, 5 and 2 ng) of positive 
control (Universal Methylated Human DNA Standard, 
Zymo Research) were used for standard curve construction 
in order to obtain equation of the line and slope values 
for each gene, which served subsequently to calculate the 
amount of methylated DNA of each reaction. Relative DNA 
methylation levels for SFRP4 and ZAR1 were determined 
as the relation between the specific methylation of the 
amplified gene and ACTB (reference gene), multiplied by 
1,000 for easier tabulation (mean value of triplicates of 
study gene, divided by mean value of triplicates of ACTB, 
multiplied by 1,000).

ROC analysis

Receiver operational curves (ROCs) were calculated using 
relative DNA methylation levels obtained by QMSP 
comparing normal women and CC patients for each 
gene (SFRP4 and ZAR1) and each sample type (urine and 
plasma). The AUC was calculated to compare different 
diagnostic techniques. According to Swets et al. (33), an 
AUC ≥0.70 is moderately good for group discrimination 
(negative vs. cancer).

Statistical analysis

A chi-squared test was performed to compare ages and 
histological diagnoses, and Fisher’s exact test for group 

comparison. A Kruskal Wallis test and Dunn’s post-test were 
used to compare DNA methylation levels among groups. A 
95% confidence was used for each test. Analyses and graphs 
were made using Prism GraphPad 5.0 (GraphPad Software, 
Inc., USA). Cohen’s kappa coefficient was calculated for 
concordance analysis of the results of the different sample 
types. The positivity of the tests was compared according to 
the cut-off point obtained with the ROC curves. Another 
comparison was made using the results of the presence or 
absence of methylation. Each analysis was performed using 
SPSS v.20.0 (SPSS IBM Inc., USA). Finally, the percentage 
of coincidence in methylation status among the different 
sample types (urine, plasma and the previous cytobrush 
results) was calculated, multiplying by 100 the number 
of methylated samples in urine or plasma and dividing 
this result by the total number of methylated samples in 
cytobrush or urine samples (these samples showed the 
highest number of positive results) according to each case. 

Results

Sample characteristics

The age range of participants was between 16 and  
81 years old (mean: 36.4 years). The samples were grouped 
according to the age in ≤35 (57.3%) and >35 (42.7%) years. 
There was an association between age and grade of cervical 
lesion (P<0.0001, Chi square, 95% confidence), with a 

Figure 1 Sequences of SFRP4 and ZAR1 gene promoter regions to which primers and probes bind.
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significant difference being observed between the CC patient 
group and the other groups (non-lesion P=0.0004; L-SIL and 
H-SIL P<0.0001, Fisher’s exact test, 95% confidence).

Most patients without lesions and those with L-SIL and 
H-SIL were ≤35 years, whereas most patients with CC were 
>35 years (Table 2). Eight samples of preneoplastic lesions 
did not have an accurate diagnosis and were discarded 
(four L-SIL and four H-SIL). Three plasma samples were 
discarded because the ACTB gene could not be amplified 
after its bisulfite modification, even after DNA re-extraction 
from the samples. All the other samples had an adequate 
DNA integrity (HBB positive) and were properly converted 
by bisulfite modification (ACTB positive).

DNA methylation in urine samples

The methylation levels in promoter regions of the SFRP4 
and ZAR1 genes were evaluated by QMSP in 171 urine 
samples (non-lesions: 60, L-SIL: 40, H-SIL: 40 and SCC: 
31). For SFRP4 showed significant differences in patients 

with SCC (mean =4.98) compared to all the other groups: 
non-lesion (mean =0; P<0.0001), L-SIL (mean =0.04098; 
P=0.0007) and H-SIL (mean =0.07513; P=0.0034)  
(Figure 2A). However, for ZAR1 no differences were 
observed between non-lesion (mean: 6.155), L-SIL (mean 
=79.48), H-SIL (mean =13.71) and SCC groups (mean 
=1.424) (Figure 2B). 

DNA methylation in plasma samples

Methylation levels in promoter regions of SFRP4 and ZAR1 
were evaluated by QMSP in 168 plasma samples (non-lesion: 
58, L-SIL: 40, H-SIL: 39 and SCC: 31). There was no 
significant difference in DNA methylation levels either for 
SFRP4 or ZAR1 among the study groups (Figure 3A,B). 

ROC curves for QMSP in urine and plasma samples

The ROC analysis results of DNA methylation in urine 
showed an AUC of 0.6613 and 0.5065 for SFRP4 and ZAR1, 

Table 2 Clinic pathological features of study groups

Item Total, n (%) Non-lesion, n (%) L-SIL, n (%) H-SIL, n (%) SCC, n (%)

Age (years)

≤35 98 (57.3) 35 (58.3) 28 (70.0) 29 (72.5) 6 (19.4)

>35 73 (42.7) 25 (41.7) 12 (30.0) 11 (27.5) 25 (80.6)

Total 171 (100.0) 60 (35.1) 40 (23.4) 40 (23.4) 31 (18.1)

L-SIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; SCC, cervical squamous cell 
carcinoma.

Figure 2 Methylation levels of SFRP4 and ZAR1 gene promoter regions in urine samples of women with different histological diagnosis measured 
by QMSP. The quantity of methylated DNA of gene promoter was expressed as the ratio of the amount of methylated SFRP4 (A) or ZAR1 (B) 
and the amount of ACTB (reference gene), multiplied by 1,000. Box plots show the median ± SEM. **, P<0.01; ***, P<0.001; and ****, P<0.0001 
(Kruskal-Wallis test; Dunn post-test. 95% confidence). QMSP, quantitative methylation-specific PCR; SCC, cervical squamous cell carcinoma.
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respectively. The best cut-off point for SFRP4 was 0.03026 
with a specificity of 100% and a sensitivity of 30.26% 
(Figure 4A, Table 3). For ZAR1 the best cut-off point was 
0.09571 with a specificity of 83.33% and a sensitivity of 
19.35% (Figure 4B, Table 3). When the methylation in both 
genes was evaluated simultaneously, an AUC of 0.633 was 
obtained, with a specificity of 83.3% and a sensitivity of 
45.16%, and the best cut-off point was 0.03026 (Table 3).

In plasma samples an AUC of 0.5272 and 0.5284 was 
obtained for SFRP4 and ZAR1, respectively. The best cut-
off point for SFRP4 was 43.33, with a sensitivity of 98.28% 
and a specificity of 3.226% (Table 3). For ZAR1 the best 

cut-off point was 8.083, with a specificity of 96.77% and 
a sensitivity of 8.621% (Table 3). An AUC of 0.6333 was 
obtained with a sensitivity of 93.55% and a specificity of 
8.3% when both genes were analyzed (Table 3). ROC curves 
for methylation results in plasma are not shown because the 
curves were close to the identity line (AUC =0.5), which did 
not offer more information.

Concordance analysis

For this analysis, the methylation status of SFRP4 and ZAR1 
in urine and plasma was compared to methylation results of 

A B

Figure 3 Methylation levels of SFRP4 and ZAR1 gene promoter regions in plasma samples of women with different histological diagnosis 
measured by QMSP. The quantity of methylated DNA of gene promoter was expressed as the ratio of the amount of methylated SFRP4 (A) 
or ZAR1 (B) and the amount of ACTB (reference gene), multiplied by 1,000. Box plots show the median ± SEM. **, P<0.01; ***, P<0.001; 
and ****, P<0.0001 (Kruskal-Wallis test; Dunn post-test. 95% confidence). QMSP, quantitative methylation-specific PCR; SCC, cervical 
squamous cell carcinoma.

Figure 4 ROC curves of SFRP4 and ZAR1 promoter methylation to distinguish between women with normal epithelia and SCC, using 
urine samples. (A) SFRP4 and (B) ZAR1. The best cut-off value for SFRP4 was 0.03026, with a sensitivity of 30.26% and a specificity of 
100%. The best cut-off value for ZAR1 was 0.09571, with a sensitivity and specificity of 19.35% and 83.33%, respectively. ROC, receiver 
operational curve; SCC, cervical squamous cell carcinoma.
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these two genes obtained in cytobrush samples, which were 
previously reported (31).

Presence or absence of DNA methylation
In order to analyze the presence or absence of methylation 
in promoter region of SFRP4 among the different types of 
samples, Cohen’s Kappa coefficient was calculated, obtaining 
values of 0.072; −0,047 and 0.085 when results from urine vs. 
cytobrush, plasma vs. cytobrush, and plasma vs. urine were 
compared, respectively. In the case of ZAR1 these values were 
0.055; −0.022 and 0.041, respectively (Table 4).

Positivity according to the calculated cut-off point
When posit ive or negative results  were analyzed 

according to the calculated cut-off for SFRP4, Cohen’s 
kappa coefficient was 0.80; −0.035 and 0.099 for urine 
vs. cytobrush, plasma vs. cytobrush and plasma vs. urine, 
respectively. The values obtained for ZAR1 were 0.055; 
−0.011 and 0.052, respectively (Table 4).

Coincidence of results

For this analysis, the methylation status of SFRP4 and ZAR1 
in urine and plasma was also compared their methylation 
status in cytobrush samples (31).

Presence or absence of DNA methylation
The coincidence percentages among the different types of 

Table 3 Values of area under the ROC curve (AUC) and other parameters for QMSP results in urine and plasma samples

Item AUC Cut-off point Sensitivity (%) Specificity (%)

Urine

ZAR1 0.506 0.09571 19.35 83.33

SFRP4 0.661 0.03026 30.26 100

ZAR1 + SFRP4 0.633 0.03026 45.16 83.33

Plasma

ZAR1 0.528 8.083 96.77 8.62

SFRP4 0.527 43.330 3.23 98.28

ZAR1 + SFRP4 0.512 8.083 93.55 8.30

ROC, receiver operational curve; QMSP, quantitative methylation-specific PCR.

Table 4 Concordance and coincidence analyses according to the methylation status of SFRP4 and ZAR1 genes evaluated by QMSP

Item

SFRP4 ZAR1

Cohen’s κ 
coefficient

Asymptotic 
standard error

Coincidence 
percentage

Cohen’s κ 
coefficient

Asymptotic 
standard error

Coincidence 
percentage

Presence or absence of methylation

Urine vs. cytobrush 0.072 0.044 69.20 0.055 0.043 75

Plasma vs. cytobrush −0.047 0.023 0 −0.022 0.026 50

Plasma vs. urine 0.085 0.107 25 0.041 0.072 25

Using cut-off point

Urine vs. cytobrush 0.08 0.046 69.23 0.055 0.043 75

Plasma vs. cytobrush −0.035 0.02 0 −0.011 0.024 57

Plasma vs. urine 0.099 0.111 33.33 0.052 0.072 28

QMSP, quantitative methylation-specific PCR.
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paired samples were assessed using the above-mentioned 
results of presence or absence of methylation in the 
promoter region of SFRP4. The coincidence percentages 
were 69.2%, 0% and 25% for urine vs. cytobrush, plasma 
vs. cytobrush and plasma vs. urine, respectively. For ZAR1 
these values were 75%, 50% and 25%, respectively (Table 4).

Positivity according to the calculated cut-off point
When positive or negative results were analyzed according 
to the calculated cut-off considering the coincidence 
percentage for SFRP4, these values were 69.2%, 0% and 
25% for urine vs. cytobrush, plasma vs. cytobrush and 
plasma vs. urine, respectively. The coincidence percentages 
for ZAR1 were 75%, 57% and 28%, respectively (Table 4). 

Discussion

CC has among the highest prevalence and incidence in 
women worldwide, especially in developing countries (34). 
The main screening technique for this malignancy—or its 
precursor lesions—is the Papanicolaou stain (PAP), which, 
despite having greatly reduced the prevalence of CC, has a 
lower sensitivity than 60%. Therefore, in recent years new 
HPV-based tests have emerged showing better sensitivity 
than the PAP smear in CC diagnoses. Nevertheless, 
these tests cannot predict which patients will progress to 
invasive cancer.

Several reports have found that promoter hypermethylation 
of certain genes is an early event in cancer development (35),  
given that it regulates gene expression. In CC, aberrant 
methylation in genes such as p16INK4A (36), CDH1 (7), 
hMLH1, VHL, APC (37), SFRP4, ZAR1 (31), FKBP6 and 
ZNFS16 (30) have been proposed as prognostic and/or 
progression markers for CC in cervical scrapes. However, 
cytobrush sampling can be affected in a population by factors 
such as shame, religion or sociocultural background, and so 
forth. Therefore, the use of other samples such as blood and 
urine that would allow increased coverage of CC screening 
programs are worthy of assessment. Some advantages 
of urine samples compared to cervical samples are that 
sampling is more acceptable to women (38), urine does not 
interfere with the natural history of HPV infection (39),  
and higher concentrations of genomic DNA can be detected 
(83–100%) (40), which supports its use for hypermethylated 
gene detection.

In this study a significant difference was found in the 
methylation levels of SFRP4 among samples from patients 
with SCC and other groups of women, which is supported by 

the results obtained for this gene in cytobrush samples (31).  
However, no difference in methylation levels of ZAR1 was 
detected in urine and plasma among the study groups.

There was a marked decrease in sensitivity for the 
discrimination between women with normal epithelium 
or cancer, comparing cytobrush samples (77.4% ZAR1; 
71% SFRP4) and urine (19.35% ZAR1; 30.26% SFRP4). 
AUC values showed a decrease from 0.7476 to 0.6613 in 
the case of SFRP4 and from 0.8296 to 0.5065 for ZAR1, 
which were termed as less accurate according to Swets  
et al.’s classification (AUC between 0.5–0.7) (31,33). Feng 
et al. obtained similar sensitivities when they studied 
individual genes (between 6% and 47% for CDH13, RARB, 
DAPK1 and TWIST genes). On the other hand, sensitivity 
increased to 45.61% when the methylation levels of the 
two genes (SFRP4 and ZAR1) were combined, which was 
also similar to the results reported by Feng et al. (45%) (22). 
In addition, these sensitivities were similar to the results 
obtained with cytology test of cervical exfoliated cells (30% 
to 60%) (22).

Higher sensitivities were obtained by Chung et al. in 
bladder cancer (sensitivity of 85% using a panel of five  
genes) (19), and by Rouprêt et al. in prostate cancer (sensitivity 
of 86% using a panel of four genes) (41), that could be 
explained by the anatomical path of urine elimination.

Some of the main difficulties that may interfere with 
DNA methylation detection in urine are: (I) in these cases, 
samples are not collected from the original site of disease, 
and only contain spontaneously exfoliated cells (39) or 
certain amounts of trans-renal DNA from patients or from 
pathogens (42-44); (II) cells of interest are more diluted in 
urine sample; (III) urine contains PCR inhibitors (45); and 
(IV) human DNA levels in urine are not constant during 
evacuation, having higher concentrations in the early 
fraction than in the medium fraction or total urine (46).  
Therefore, the first fraction of urine should be used in future 
studies to obtain a higher number of exfoliated cervical cells 
and thus a larger amount of DNA. Also, using biomarkers 
panels or establishing methylation scores (algorithms) could 
increase the detection sensitivity and turn urine into a useful 
sample for detecting CC or other types of cancer.

Detection of DNA methylation in plasma samples

Several studies have found that aberrant methylation of 
specific genes can be detected in DNA extracted from 
plasma or serum from patients with various malignancies 
(23-28,47,48), which has a particular clinical benefit for 
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achieving an early molecular diagnosis and assessing 
progression in these diseases (49-51).

In this study, no differences in DNA methylation 
levels were found among the different women’s groups 
for either of the two study genes. This result is due to the 
low methylation frequency observed in the cancer group 
for ZAR1 and SFRP4 in plasma samples (presence in 1/31 
samples or 3.22%). These frequencies are similar to those 
obtained by Widschwendter et al. for the hTERT and 
TIMP3 genes (no more than 4%) in CC (26). However, 
higher frequencies have been found by studying the 
methylation status of the CALCA (62%), PGR (79%) (26) 
and DAPK genes (64.3%) (27) in patients with CC.

The lower methylation frequency of these genes could 
be explained by the way CC is propagated. The main 
dissemination route is local extension and lymphatic 
embolization. However, patients with larger lesions or with 
a more advanced disease can have a hematogenous spread 
by direct invasion of blood vessels through capillaries and 
lacerated veins, through the thorax or through small venous 
and lymphatic channels (52). CC usually follows the path 
of least resistance such as lateral spread, which involves the 
parametrium. This could explain why only a few cells or 
free DNA molecules are introduced into the blood stream, 
hindering the detection of methylated DNA in plasma 
samples. A similar phenomenon occurs in the case of urine 
because a smaller number of DNA and CC cells can cross 
the renal filtration. Another possibility is that the tumors 
are small or present less progression. 

There are some nucleases in the blood stream that can 
degrade cell-free DNA (cfDNA). The cfDNA present in the 
blood is cleared by the liver and kidney, having a variable 
half-life in circulating blood ranging from 15 minutes to 
several hours (53). 

To date, the correlational evidence between DNA 
methylation observed in cancer tissues compared to blood 
is limited. In different nutritional interventions, DNA 
methylation measurements from blood do not always reflect 
the methylation status of other tissues (54). More research is 
needed to understand the correlation between methylation 
patterns of a specific tissue and other sample types.

Another approach that could be considered for the 
development of biomarkers is the use of the DNA contained 
in exosomes. Exosomes are small cell-derived vesicles with 
a diameter of between 50 and 150 nm composed of a lipid 
bilayer containing membrane proteins. These have been 
suggested as active transporters for proteins, lipids and 
nucleic acids including microRNAs (miRNAs), mRNA, 
DNA, lncRNAs (long non-coding RNA), and other non-

coding RNAs, that can be protected from enzymatic 
degradation (55). As exosomes have been found in several 
sample types such as urine, serum, plasma and cervical 
vaginal lavages (56), their use as biomarkers for cancer 
detection is promising. 

One of the major limitations of this study was the fact that 
fractionation and selection of the exosomes or circulating 
tumor cells (CTCs) was not considered in the pre-analytical 
steps of these experiments. These pre-analytical steps could 
have helped enhance the amount and quality of DNA 
obtained from samples and, subsequently, the results could 
have shown a higher methylation frequency of the ZAR1 and 
SFRP4 genes in these samples in order to establish a stronger 
correlation with previously reported data.

Concordance analysis and coincidence between different 
types of samples

These analyses compared methylation status of SFRP4 
and ZAR1 in urine and plasma to the methylation status 
of SFRP4 and ZAR1 in cytobrush samples, reported by 
previously Brebi et al. (31). Cohen’s kappa coefficients 
showed low correlations between results of methylation 
presence and positivity for each study gene through the 
different sample types (k<0.4) (57). These values are given 
mainly by the low detection of methylation in urine samples 
and the lowest detection in plasma samples. However, 
comparing the coincidence percentage of urine versus 
cytobrush samples a higher correlation was found for both 
genes. Conversely, this coincidence was not seen when 
plasma was compared with other sample types. The higher 
coincidence percentage of cytobrush with urine and not 
with plasma can be explained for the greater amount of 
exfoliated cells from cervix that could be present in urine 
protecting DNA. Moreover, the presence of DNA nucleases 
in plasma is much higher than in urine. In summary, this 
study suggests that only urine could serve as a possible 
replacement for cytobrush samples in CC detection, as long 
as panels of methylated genes are used together. 

As cancer is a complex and dynamic disease that can 
change quickly, reliable and robust non-invasive platforms 
are needed for diagnosis in order to provide a personalized 
treatment. The liquid biopsy platforms described in the 
literature such as CTCs, exosomes, cfDNA, miRNAs, 
lncRNAs and other non-coding RNAs have the potential 
to add tremendous value to cancer patient care. The most 
important contribution of all forms of liquid biopsy lies in 
the detection of altered nucleic acids derived from tumors 
compared to the background of molecules derived from 



166 Hoffstetter et al. Methylation SFRP4 and ZAR1 in urine and plasma of women with cervical lesions

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):157-168 tcr.amegroups.com

normal cells. Among these techniques, exosomes have a 
number of advantages for diagnostics, including obtaining 
a high-quality RNA from fresh or frozen biofluids, thus 
increasing the scope of detectable mutations, splice variants, 
fusions as well as expression-based assays for mRNA, 
miRNA, lncRNAs and other RNAs. Exosomes are also 
released from living cells as an active process, whereas 
cfDNA is released through the process of apoptosis and 
necrosis. Therefore, combining exosome RNA and cfDNA 
has the advantage of increasing the detection sensitivity for 
low frequency mutations (58).

For the patient there is an obvious and clear advantage to 
a liquid biopsy compared to conventional surgical methods. 
However, most of the current studies in biofluids have focused 
on the detection of actionable mutations more than on the 
methylation status of these deregulated genes. As DNA 
mutations will only provide information about some aspects of 
the disease, looking at RNA expression or methylation status 
of these genes in biofluids can help further understand the 
processes occurring in the body of a cancer patient. 

The use of more modern technologies could increase 
the detection of DNA methylation in both blood and urine 
samples and thus improves the methodological sensitivity 
in detecting these epigenetic modifications. Some of these 
advances could involve techniques such as DROPLET 
Digital PCR, which is a more precise, sensitive and faster 
solution for a wide variety of applications, especially in the 
study of cancer biomarkers in different conditions due to its 
ability to measure several types of cancer mutations, detect 
rare DNA copies and epigenetic modifications, and detect 
markers with a low or variant number of copies in samples 
with superior sensitivity and resolution (59-61).

Conclusions

According to the results obtained, inconclusive evidence 
was found for using SFRP4 and ZAR1 hypermethylation for 
detecting SCC of CC in either urine or plasma. However, 
studies with larger numbers of participants and an improved 
sampling, mainly in urine, could increase the sensitivity 
of the detection of SFRP4 and ZAR1 methylation. 
Furthermore, the use of methylated gene panels would 
potentially allow early detection of CC and its precursor 
lesions in urine and plasma samples.
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