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Abstract

Background: Despite of the trend that the application of DNA methylation as a biomarker for cancer detection is promising,
clinically applicable genes are few. Therefore, we looked for novel hypermethylated genes for cervical cancer screening.

Methods and Findings: At the discovery phase, we analyzed the methylation profiles of human cervical carcinomas and
normal cervixes by methylated DNA immunoprecipitation coupled to promoter tiling arrays (MeDIP-on-chip). Methylation-
specific PCR (MSP), quantitative MSP and bisulfite sequencing were used to verify the methylation status in cancer tissues
and cervical scrapings from patients with different severities. Immunohistochemical staining of a cervical tissue microarray
was used to confirm protein expression. We narrowed to three candidate genes: DBC1, PDE8B, and ZNF582; their
methylation frequencies in tumors were 93%, 29%, and 100%, respectively. At the pre-validation phase, the methylation
frequency of DBC1 and ZNF582 in cervical scraping correlated significantly with disease severity in an independent cohort
(n=330, both P<<0.001). For the detection of cervical intraepithelial neoplasia 3 (CIN3) and worse, the area under the
receiver operating characteristic curve (AUC) of ZNF582 was 0.82 (95% confidence interval =0.76-0.87).

Conclusions: Our study shows ZNF582 is frequently methylated in CIN3 and worse lesions, and it is demonstrated as a
potential biomarker for the molecular screening of cervical cancer.
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Introduction its low sensitivity and high levels of bias [9]. Moreover, most
countries in the world do not have the infrastructure for Pap
screening. HPV infections are common. Although the detection of
HPV as a surrogate marker of cervical cancer is sensitive, its
specificity is low and the high numbers of false positive results
entail unnecessary medical and psychological burdens [10,11]. An
alternative to HPV DNA testing are more specific novel

of women infected with HPV progress to cervical cancer [3]. biomarkers as pl6(INK4a), ProEx C or HPV E6/E7 mRNA
Other environmental, genetic, and/or epigenetic factors also play

decisive roles in cervical carcinogenesis [4—8]. Papanicolaou (Pap)
smears have been used for decades to screen for cervical cancer.

Cervical cancer is one of the major causes of death in women
with about 454,000 new cases and 200,000 deaths in 2010
worldwide [1]. Human papillomavirus (HPV) infection is the most
important risk factor for cervical cancer [2]. However, although
HPV infection is common in sexually active women, less than 1%

measuring the interaction of HPV with human cells [12-18].
Therefore, we need new markers for a better cervical cancer

! A - ) : screening.
The 1identification of cervical cancer and its precursor depends on

the microscopic inspection of exfoliated cervical cells. However,
cytological screening is associated with many problems, including

DNA methylation is one of the epigenetic mechanisms that
influence gene transcription, chromatin structure, genomic stabil-
ity, and the inactivation of imprinted genes and X chromosome
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[19]. 5'-Methylcytosine is prone to occur in the context of CG
dinucleotides and is associated with transcriptional silencing when
it occurs at promoter regions. Abnormal methylation of the
promoters of tumor suppressor genes is common in various
cancers, and the use of DNA methylation as a biomarker in
clinical oncology is promising [20,21].

Using a candidate gene approach identifies the association of
DNA methylation in cervical cancer, and the analysis of genome-
wide methylation has been rarely used to discover novel sites
[7,22-24]. The treatment of cervical cancer cell lines with
demethylating agents, coupled to expression microarrays, has
identified the genes encoding SPARC and TFPI2 as highly
methylated in invasive cervical cancer [25]. An approach based
on restriction landmark genomic scanning (RLGS) identified the
genes encoding NOL4 and LHFPL4 as methylated in cervical
cancer [23]. The differential methylation hybridization (DMH)
using a pilot methylation array identified SOXI, NKX6-1, PAXI,
WTI, and LMXIA as frequently methylated genes in cervical
cancer and its precursor lesions [22]. Further quantitative analysis
of these genes demonstrated the possibility of using them to detect
CIN3 and worse lesions from cervical scrapings [26]. With
advances in epigenomic technology, more genes that are
hypermethylated in cervical cancer may be detected. In this
study, we compared normal cervical epithelium and cancer tissues,
using methyl-DNA immunoprecipitation coupled to a high-
density promoter tiling array (MeDIP-on-chip), to identify more
genes hypermethylated in cancer as a discovery phase. We tested
the clinical performance of these genes as biomarkers in a large
independent cohort of cervical scrapings from patients with
differing severities of the disease as a pre-validation phase.

Methods

Clinical samples

Between 1994 and 2008, we collected 57 cervical tumor tissues
and 19 normal cervical cell scrapings for methylomic array
analysis. The detail patient demographic is listed in Table S1. The
quality of genomic DNA was analyzed with the Bioanalyzer 2100
(Agilent, CA, USA). Equal amounts of DNA from patients with
the same histological diagnosis were pooled for immunoprecipi-
tation. For a quick verification of the array data, twelve DNA
pools (each pool contains five patients of the same histological
diagnosis) were generated. Verified genes were further tested in a
small-scale of clinical samples individually. We then enrolled 330
women for a cross-sectional pre-validation including patients’
scraping cells, whose diagnosis is normal uterine cervix (V=156),
cervical intraepithelial neoplasia 1 (CIN1) (V= 55), CIN2 (V= 31),
CIN3/carcinoma i situ (CIS, N=47), squamous cell carcinoma
(SCC, N=41). All patients were enrolled, diagnosed, treated, and
their tissues banked at the National Defense Medical Center,
Taipei, Taiwan, as described previously [24,27]. The procure-
ment, preservation and utilization of tissues in this study was
approved and under the supervision of the institutional review
board of the Tri-Service General Hospital. Informed consent was
written and given by each patient providing specimens for
collection.

Cell lines

Hella, SiHa, and CaSki cells cultured with or without
demethylating agents were harvested for RNA and DNA isolation.
HeLa cells were cultured in Dulbecco’s modified Eagle’s medium,
and SiHa and CaSki cells were cultured in RPMI 1640. The
media were supplemented with 10% (w/v) fetal bovine serum,
100 U/mL penicillin, 100 pg/mL streptomycin, and 2 mM -
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glutamine (all media were from Invitrogen, Carlshad, USA), and
the cells were grown at 37°C in an atmosphere of 5% (v/v) COy in
air. The cells were seeded at a density of 1x10° cells per 100 mm
dish and allowed to attach for 24 hours. They were then incubated
in 5 uM 5-aza-2'-deoxycytidine (5-aza-dC; Sigma-Aldrich, Mil-
waukee, USA) for 4 days, with fresh 5-aza-dC added every day.
On the fifth day, the cells were incubated in 0.3 uM trichostatin A
(Sigma-Aldrich, Milwaukee, USA) for 24 hours.

DNA extraction, RNA extraction, and bisulfite conversion

Genomic DNA was extracted from the cultured cells, scraped
cells, or tumor tissues with the QIAmp DNA Mini Kit (QIAGEN
GmbH, Hilden, Germany). We isolated the total RNA from
cultured cells with the RNeasy Mini Kit (QIAGEN GmbH,
Hilden, Germany). The genomic DNA (I ug) was bisulfite
modified using the CpGenome Fast DNA Modification Kit
(Chemicon-Millipore, MA, USA), according to the manufacturer’s
recommendations, and dissolved in 70 uL. of nuclease-free water.

MeDIP-on-chip and Analysis

The detail about MeDIP-on-chip was listed in Material and
Methods S1. Genomic DNA (10 pg) in 90 pL. of nuclease-free
water was fragmented by sonication to sizes of about 300-500 base
pairs (bp). Anti-3>-methylcytosine antibody (Abcam, ab1884, MA,
USA) used to conjugate with Protein G Sepharose beads
(Amersham GE, PA, USA) to pull down methylated DNA
fragments and then detected on the HG18 CpG Promoter array
(Roche NimbleGen, Penzberg, Germany). We used the HG18
CpG Promoter array (Roche NimbleGen, Penzberg, Germany) for
hybridization. The labeling, array hybridization, scanning, and
analysis were performed with the recommended NimbleGen
equipment, according to the user guide version 1.0.

The signal intensity of each probe had a corresponding scaled
log2 ratio. The log?2 ratio was computed and scaled to center the
ratio data around zero. Centering was performed by subtracting
the biweight mean from the log2 ratio values for all probes. The
peak data of the enrichments were analyzed according to the
parameters: sliding window width =500 bp, P-value minimum
cutoff’ (-logl0) =2.0, and the default settings of NimbleScan
software version 2.3 (Roche NimbleGen, Penzberg, Germany).
Using the one-sided Kolmogorov—Smirnov (KS) test, P-values
were analyzed to determine whether the probes were drawn from
a significantly more positive distribution of intensity log?2 ratios
than those in the rest of the array. The resulting score of each
probe was the —log10 value of P-value from the windowed KS test
around that probe. We filtered the enrichments from the
squamous cervical carcinoma (SCC), adenocarcinoma (AC), and
normal samples separately, and then focused on those signals
enriched in both SCC and AC, but not in the normal samples
(Table S2). The enrichment of MeDIP signals was performed by
KS test (logl0 P-value) and visualized with SignalMap version
1.9 (Figure S1). All raw microarray data were deposited in NCBI’s
Gene Expression Omnibus (GEO) under accession ID:

GSE33187.

Methylation-specific PCR (MSP) and bisulfite sequencing

The MSP primers and their optimal annealing temperatures are
listed in Table S3. The condition for PCR reaction is shown in
Material and Methods S1.
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Figure 1. Logistics of the discovery of novel genes epigenetically silenced in cervical cancer using MeDIP-on-chip. (A) Flow chart of
the experimental design. N means numbers of hypermethylated genes. SCC, Squamous cervical carcinoma; AC, Adenocarcinoma. (B) The Venn
diagram shows the number of hypermethylated genes in SCC tissues, AC tissues, and normal cervical cell scrapings. Methylation enrichment occurred
in 192 genes for both SCC and AC, but not normal cervixes. (C) The Venn diagram illustrates the integration of MeDIP-on-chip results with gene
expression databases and tissue differential methylation regions (T-DMR) data. Genes with mRNA expression greater than 1.2 folds in normal tissues
relative to cancer (N=149), and genes within T-DMR (N =1314) were included in the analysis [32].

doi:10.1371/journal.pone.0041060.g001

Quantitative MSP (QMSP) and methylation index (M-
index) analyses

We used fluorescence-based real-time PCR for quantitative
MSP. The type II collagen gene (COL2A4) was used as the internal
reference gene. Multiplex QMSP was performed in the TagMan
probe system using the LightCycler 480 (Roche Applied Sciences,
Mannheim, Germany). The PCR primers and their optimal
annealing temperatures are listed in table S3. The 20 pL reaction
contained 2 pL of modified template DNA, 1 pL of 20X Custom
TagqMan reagent, and 10 pL of LightCycler® 480 Probes Master
(Roche Applied Sciences, Mannheim, Germany). In brief, the
PCR primers flanked an oligonucleotide probe with a 5’
fluorescent reporter dye (FAM for the target gene and VIC for
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the reference gene) and a 3’ quencher dye (MGB; Applied
Biosystems, Carlsbad, USA). The reactions were subjected to an
initial incubation at 95°C for 10 min, followed by 50 cycles of
denaturation at 95°C for 10 s, and annealing and extension at
60°C for 40 s. The DNA methylation level was assessed by the
methylation index (M-index), using the formula: 10,000x2 [©P °f
COL2A) — (Cp of Gendll 196 98] Results with Cp values of COL2A
greater than 36 were defined as detection failures.

Immunohistochemical analysis on cervical tissue
microarray

The paraffin-embedded cervical tissues of a tissue microarray
were prepared from Chinese patients. They were retrieved from
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Figure 2. Confirmation of methylation status of promoters in cell lines and clinical samples. (A) lllustrative methylation status of 31
genes, including 34 regions, in pooled normal (N pls), squamous cervical carcinoma (SCC pls), and adenocarcinoma (AC pls) samples detected by of
methylation-specific PCR (MSP). Each pool contained DNA from five patients. The bluescale represents the semi-quantitative methylation levels. The
gray boxes indicate unavailable results. (B) MSP results for DBC1, PDE8B, and ZNF582 in selected individual normal (N) and SCC tissues (T). M:
methylation-specific primers; U: nonmethylation-specific primers. In vitro methylated DNA (IVD) was used as the positive control. (C) Bisulfite
sequencing of DBC1, PED8B, and ZNF582 in tumor and normal samples. Each line indicates a single clone. Black and white circles indicate methylated
and unmethylated CpG sites, respectively. The green arrows indicate the annealing regions of MSP primers. (D) The location and intensity of probes
by MeDIP-on-chip. TSS represents the transcriptional start site and the arrows indicate the direction of mRNA transcription. The Y-axis shows the
value from the transforming P-value (-log10) by the KS test for each probe. (E) Gene expression analysis after demethylation treatment of cervical

cancer cell lines. DAZ, 5-aza-2'-deoxycytidine; TSA, trichostatin A.
doi:10.1371/journal.pone.0041060.g002

the Department of Pathology, Tri-Service General Hospital, and
prepared according to a previously published method [29]. The
tissue microarray contained 24 samples of normal squamous
epithelium, 15 samples of CIN1, 7 samples of CIN2, 16 samples of
CIN3/CIS, 58 samples of SCC, and 7 samples of lymph-node-
metastatic SCC. The immunohistochemistry procedure followed a
standard protocol, using a mouse polyclonal anti-human ZNF582
antibody (H00147948-BO1, Abnova, Taiwan) [30]. All tissue
microarray slides were examined and scored by two pathologists.

Statistical analysis

The correlation between categorical variables was determined
with Fisher’s exact test. Nonparametric statistics such as Kruskal—
Wallis rank sum test and Mann-Whitney U test were used to
analyze the correlation of continuous variables. The two-sided P-
value <0.01 was considered statistically significant. We evaluated
the performance of M-index to distinguish diseased samples from
control samples by calculating the area under the receiver
operating characteristic (ROC) curve (AUC). The statistical power
required to distinguish the disease group from the control group
was calculated for different cutoff values of the M-index, with an
accepted type 1 error of 5% (a=0.05, two-sided). All analyses
were calculated by the statistical package R (R version 2.11.1).

@ PLoS ONE | www.plosone.org

Results

Genome-wide promoter methylation analysis and
verification of candidate genes in the discovery phase
The logistics of the study is summarized in Figure 1A. We
determined the promoter methylation profiles of uterine cervix
using tumor tissues and normal exfoliated cervical cells. The
number of methylation enrichment in SCC, AC, and normal
cervixes was identified (Figure 1B). We intended to filter the
methylation enrichment occurring in both SCC and AC, but not
in normal cervixes. The 192 enriched methylation regions at
promoters of coding genes were identified and summarized in
Table S2. To narrow the candidate list, we integrated these 192
DNA methylation results with candidates from public gene
expression and methylation databases (Figure 1C). The public
gene expression data, GSE7803, derived from normal cervical,
precancerous, and carcinoma tissues, revealed 149 genes with
lower levels of gene expression in SCC than in normal cervixes,
which is supportive to the methylation-mediated silence concept in
cancer [31]. Since the methylation changes in cancer may be
similar to those in tissue differentiation, a methylation microarray
data set containing 1314 tissue-specific DNA methylation (T-
DMR) genes was included in the analysis [32]. Genes, observed in
our results and either of these two databases (GSE7803 and T-
DMR), were selected for further validation (N=153). The
reexpression of these 53 genes treated by demethylating agents
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Figure 3. QMSP analysis of DBC7 and ZNF582 in cervical scrapings. (A) Dot plots illustrate the M-index distributions. N represents the case
number. P-value <0.001 was determined by the nonparametric Kruskal-Wallis rank sum test. (B) The areas under the receiver operating curves (AUCs)
used to estimate accuracy. (*P-value <0.05, ***P-value <0.001; Cl, confidence interval).

doi:10.1371/journal.pone.0041060.g003

in cervical cancer cell lines was assessed. Thirty six genes were
confirmed (Figures S2 and 2E). The methylation status of these 34
regions of 31 genes was verified in a small scale of pooled and
individual clinical samples by MSP, respectively (Figure 2A and B).
Five genes were excluded due to the failure of MSP. Each pool
contained equal amounts of DNA from five patients. Nine genes
(L3MBTL, SSTR4, NKX2-1, CBFA2T3, NT5DC3, LINGO1, KIFIA
and RBM35B) methylated in normal samples or blood cells (GNAQ,
data not shown) were excluded from further analysis (Figure 2A).
DBC1, ZNF582, and PDESB demonstrated high methylation levels
in more than four cancer pools, and were chosen for further
validation in individual samples.

MSP and bisulfite sequencing were used to evaluate the
methylation status of DBCI, PDESB, and JNF5682 in a small-
scaled individual sample. In tumor tissues, the methylation
frequencies of DBCI, PDESB, and ZNF582 were 13/14 (93%),
4/14 (29%), and 14/14 (100%), respectively (Figure 2B). Bisulfite
sequencing of these genes confirmed the hypermethylation status
in cervical cancers (Figure 2C). The location and intensity of

@ PLoS ONE | www.plosone.org

probes by MeDIP-on-chip are shown in Figure 2D. Demethyla-
tion treatment restored the expression of these genes in cervical
cancer cell lines (Figure 2E). DBCI and JNF582 were selected for
testing in an independent clinical cohort.

Validation by quantitative methylation analysis in an

independent, cross-sectional cohort

To further validate the clinical utility of these genes, the
methylation status of DBCI and JNF582 in cervical scrapings,
rather than in the tissues, was tested using QMSP. The M-indexes
for DBC and JNF582 showed significant increasing trends with
worsening cervical lesions (P<0.001; Figure 3A). Table 1 showed
the median M-index for each disease category. The median M-
index for DBCI was 5.11 in SCC, which is significantly higher
than that in normal controls (median =1.20; P<0.001). The
median M-indexes for NF582 in CIN2, CIN3/CIS, and SCC
were 0.19, 1.71, and 31.95, respectively, and all were significantly
higher than those in normal controls. When the diagnoses were
dichotomized as CIN2+ and CIN1™ (including CIN1 and normal

July 2012 | Volume 7 | Issue 7 | e41060



Table 1. The Methylation Index (M-Index) of DBC1 and
ZNF582 in the spectrum of cervical lesions.

DBC1™" ZNF582™"

Case
Diagnosis Number Median 95% CI Median 95% ClI
Normal 156 1.20 0.522 - 2292 001 0.008 - 0.013
CIN1 55 0.02 0.006 - 0.082  0.06 0.017 - 0.141
CIN2 31 0.17 0.034 - 0432  0.19 0.009 - 1.973"
CIN3/CIS 46 0.24 0.020 - 2547 1.71 0.135 — 4.747*
Nee 39 5.11 0.898 - 30.035¥ 31.95 5653 - 171.926%

Abbreviation: Cl, confidence interval; CIN1, cervical intraepithelial neoplasia
type 1, CIN2, cervical intraepithelial neoplasia type 2; CIN3, cervical
intraepithelial neoplasia type 3; CIS, carcinoma in situ; SCC, squamous cervical
carcinoma. DBC1, deleted DNA in bladder cancer 1; ZNF582, zinc finger 582.
***P.value <0.001 obtained using Kruskal-Wallis rank sum test.

fP-value =0.002 compared with normal and obtained using Mann-Whitney U
test.

*p-value <0.001 compared with normal and obtained using Mann-Whitney U
test.

doi:10.1371/journal.pone.0041060.t001

cervix), the M-index for NF582 can significantly distinguish these
two groups (P<0.001, Table 2). JNF582 methylation had
accuracies of 0.78, 0.82, and 0.87 in the detection of CIN2+,
CIN3+, and SCC lesions, respectively (Figure 3B). Cutoft values of
M-index for the detection of CIN2+, CIN3+ or SCC were assessed
(Table 2). At a cutoft value of 0.62, the sensitivity and specificity of
ZNF582 in the detection of CIN3+ were 0.70 and 0.82,
respectively, with an accuracy of 0.80.

ZNF582 protein is expressed in human precancerous
cervical lesions, but not in invasive cancer

Immunohistochemical staining for ZNF582 in a cervical tissue
microarray containing 127 samples from patients with different
discase statues revealed the protein expression of ZNF582 in real
human tissues (Figure 4). ZNF582 protein expression increased
significantly from normal squamous epithelium to CIS, and then
decreased as the cancer cells progressed to invasive and metastatic
forms. These results supported the increasingly frequent DNA
methylation detected by a PCR-based method.

Usual DNA Methylation of ZNF582 in Cervical Cancer
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Figure 4. Representative expression of ZNF582 protein in
normal and abnormal cervical tissues. (A) Normal squamous
epithelium (N=24). (B) and (C), Cervical intraepithelial neoplasias 1 and
2 (CIN1 and CIN2, N=22). (D) Carcinoma in situ (CIS, N=16). (E) and (F),
Squamous cervical carcinoma (SCC, N=58) and metastatic forms (N=7),
respectively (x400). S, stroma.

doi:10.1371/journal.pone.0041060.9g004

Discussion

Attempts to detect cervical cancer using DNA methylation have
been hampered by the lack of consistent results for methylation
analyses. The sensitivity and specificity afforded by most published
genes are moderate and not clinically applicable yet [7]. Recent
studies, including ours, using quantitative methylation analyses
have shown that DNA methylation is a potential biomarker for
improved screening [24,33], and for the triage of mildly abnormal
Pap smears [34] or high-risk HPV-positive women [35-38]. New
genes displaying cancer-associated DNA methylation must be
identified to improve the performance of a DNA methylation
biomarker panel. In this study, we first used MeDIP-on-chip to
profile the methylation status of genes in cervical clinical samples.
This method has proved powerful in previous methylomic analyses
[39,40]. However, the application of this technology to clinical

Table 2. The area under the ROC curve analysis for distinguishing different diagnosis groups.

Gene Name Case/Control Cutoff value AUC (95% Cl) Sensitivity (95% ClI) Specificity (95% ClI)

DBC1 CIN2+/CIN1— 0.97 0.45 (0.51-0.38) 0.57 (0.48-0.66) 0.45 (0.39-0.52)
CIN3+/CIN2— 5.09 0.60 (0.53-0.68)" 0.37 (0.27-0.48) 0.83 (0.78-0.88)
SCC/SCC— 13.60 0.73 (O.57—0.74)i 0.44 (0.28-0.59) 0.94 (0.92-0.97)

ZNF582 CIN2+/CINT— 0.62 0.78 (0.73—0.84)i 0.63 (0.54-0.72) 0.85 (0.80-0.90)
CIN3+/CIN2— 0.62 0.82 (0.76-0.87)* 0.70 (0.60-0.79) 0.82 (0.76-0.87)
SCC/SCC— 3.77 0.87 (0.83-0.93) 0.77 (0.64-0.90) 0.90 (0.86-0.93)

bladder cancer 1; ZNF582, Kriippel-type zinc finger 582.
p-value <0.01 obtained using the Mann-Whitney U test.
*p-value <0.001 obtained using the Mann-Whitney U test.
doi:10.1371/journal.pone.0041060.t002
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Abbreviation: ROC, the receiver operation characteristics; AUC, the area under the ROC curve; Cl, confidence interval; CIN2, cervical intraepithelial neoplasia type 2; CIN3,
cervical intraepithelial neoplasia type 3; SCC, squamous cervical carcinoma; +, the descriptive and worse diagnosis; —, the better diagnosis. DBC1, deleted DNA in
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cancer tissues is limited [41,42]. The advantage of using clinical
samples is to reduce the overestimation of hypermethylation in cell
line, that can not be verified in clinical samples [43]. We used
pooled DNA that adjusts individual variations and gets more
common instances of DNA methylation biomarkers. Newly
identified DNA methylation in cervical cancer tissues will not be
useful for screening unless this methylation can be detected in
clinically accessible materials such as the cervical scrapings. We
identified candidate genes in cancer tissues, narrowed the
candidate list, and confirmed the most likely genes using QMSP
in cervical scrapings from a full spectrum of cervical neoplasms.
The present study has identified, for the first time, the
hypermethylated gene, JNF582, with possible utility in the
molecular detection of cervical cancer.

KNF582, located at chromosome 19q13.43, encodes the
Kriippel-type zinc finger protein 582 (HGNC: 26421), which
contains one KRAB-A-B domain and nine zinc-finger motifs [44].
A recent study of acute myeloid leukemia revealed that JNF82 is
consistently aberrantly methylated in different disease subtypes
[45]. However, the biological function of ZNF582 is not yet well
characterized. Most KRAB-ZNF proteins contain the KRAB (AB)
domain and bind KRAB-associated protein 1 (KAP1) to corepress
gene transcription [46,47]. Members of the KRAB-ZNF family
are probably involved in a variety of biological processes related to
the DNA damage response, proliferation, cell cycle control, and
neoplastic transformation [46]. The present study found that
ZNF582 1s highly methylated in invasive cancer tissues. Although
protein expression in carcinoma i siu is high, we detected the
DNA methylation of JNF582, that indicated the molecular
propensity of some in situ cells toward cancer invasion. The
expression of ZNF582 in precancerous lesions in accordance with
disease severity in tissue sections may fail to support the role of
INF582 as a tumor suppressor gene. However, its silencing in
invasive cancer lesions suggests that JNF582 may be a tumor
suppressor; the expression of which increases in response to
oncogenic stress in precancer stages. Further investigation of the
functional role of ZNF582 in cervical cancer may provide more
biological insight in cancer biology.

In contrast, DBCI, located at 9q32-33, is reported to display
frequent loss of heterozygosity in bladder cancers [48], lympho-
proliferative malignancies [49], and non-small-cell lung cancers
[50,51]. The overexpression of DBCI1 increased cell death in
cultured bladder cancer cell lines and inhibited cell growth of non-
small-cell lung cancer cell lines [51,52]. These reports suggest that
DBCI has a tumor-suppressive role.

The ideal DNA methylation biomarker panel, which fulfills the
various requirements for cervical cancer detection within different
infrastructures, has yet to be established. In previous studies, we
discovered that SOXI, NKX6-1, PAXI, WTI, and LMXIA are
highly methylated in cervical cancer [22]. A quantitative
methylation analysis of these genes showed sensitivities in the
range of 0.77-0.93 and specificities of 0.82-0.97 for CIN3+ lesions
in a single-hospital-based cross-sectional setting [24]. Previous
results also demonstrated the potential utility of quantitative PAX/
methylation in the triage of patients with mildly abnormal Pap
smears for the prediction of high-grade lesions, with a sensitivity of
0.88 and specificity of 0.98 [34]. These encouraging results have
been subjected to an ongoing multicenter validation study in
Taiwan. The latest report of quantitative methylation biomarkers
for the triage of high-risk HPV-positive women revealed that the
combined methylation analysis of CADM1 and MAL distinguished
CIN3+ lesions as effectively as cytology (sensitivity and specificity
of 0.66 and 0.79, respectively) or cytology/HPV genotyping
(sensitivity and specificity of 0.84 and 0.54, respectively) [38]. The
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AUC of this combination was 0.72. In the present study, SNF582
methylation alone conferred an AUC of 0.82, with a sensitivity of
0.70 and specificity of 0.82, which is equivalent to the performance
of cytology. A standardized assay and population-based studies are
required to evaluate the usefulness of this gene in molecular
cervical cancer screening. However, a standardized assay and
population-based study are required to evaluate the usefulness of
this gene in molecular cervical cancer screening.

A DNA methylation biomarker as effective as the conventional
Pap smear should be sufficient for women in developing countries
lacking a cytology-based infrastructure. Combined testing with
DNA methylation biomarkers and cytology may improve the
unsatisfactory sensitivity of cytology alone without seriously
compromising its specificity, or it may help in the triage of mildly
abnormal Pap smears in developed countries where the cytology
infrastructure has reached its limits. These proposed applications
of DNA methylation in cervical cancer warrant further investiga-
tions.

Technological advances may facilitate the discovery of novel
instances of cancer-specific DNA methylation and their translation
to clinical diagnostics. DMH and RLGS have been used for this
purpose, but they have been limited by the available enzymatic
cutting sites [7,22,42]. Some investigators used bisulfite conversed
DNA to apply to genome-wide methylation profiling by bead
array platforms [53]. Further improvement of immunoprecipita-
tion using anti-3>-methylcytosine or anti-methyl-CpG-binding
domain antibody coupled with next-generation sequencing tech-
nologies may provide a more comprehensive methylomic analysis
[54]. It may improve the performance of the cervical cancer
methylation panel.

The standardization and quality control of methylation testing is
also important in the development of these biomarkers for clinical
diagnostics. QMSP is fast and sensitive in quantifying the
methylation status of specific genes, and can be used to screen
many clinical samples simultaneously [5,26,55]. The optimal
testing condition for clinical purposes is necessary. Genetic
polymorphisms at the target sequences may affect the results of
QMSP. According to dbSNP build 130 database, there is a single
nucleotide polymorphism (SNP) (rs11791877, C/G) in the forward
primer of DBC1. This may be one of the reasons that its accuracy
is compromised in the testing of clinical samples. There are no
SNPs in primers and probe for JNF582.

In conclusion, we identified JNF582 as a potential candidate
gene in the development of a novel strategy for molecular cervical
cancer screening. The discovery and translation of new DNA
methylation biomarkers may be a useful tool in the screening of
cervical cancer in the near future.
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