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Abstract: Objective: High-risk of human papillomavirus (hr-HPV) testing have high sensitivity for cervical (pre)-can-
cerous lesions. However, its specificity compared with cytology is low. Therefore, a triage strategy for hrHPV posi-
tive women is needed in cervical cancer screening. Here, we evaluated the clinical performance of 5 methylation 
markers in cervical (pre)-cancerous lesions and tested whether methylation analysis for these genes could serve 
as triage markers. Methods: The hospital-based and case-control study was conducted in 259 hrHPV-positive cervi-
cal exfoliated subjects. With histopathological classification of normal uterine cervix (n=45), cervical intraepithelial 
neoplasia grade 1 (CIN1, n=50), CIN2 (n=46), CIN3 (n=43), and cervical cancer (n=75). Methylation levels of the 
genes JAM3, SLIT2, TERT, SOX1, and C13ORF18 were examined by using pyrosequencing technology. Results: DNA 
methylation analysis of five genes showed in the hrHPV-positive cervical exfoliated cell sensitivities 50-93% and 
specificities 79-90% for CIN3+. For CIN2+, the sensitivities were 34-89% and specificities of 90-98%. We select four 
with better effect out of five genes to joint each other that showed in the hrHPV-positive cervical exfoliated cell sen-
sitivities for CIN3+ between 66-87% and specificities between 74-91%. For CIN2+, sensitivities between 60-84% and 
specificities between 64-90%. Conclusion: The current results indicated that quantitative pyrosequencing-based 
testing for DNA methylation of four genes (JAM3, SOX1, SLIT2 and C13ORF18), especially the JAM3 and SOX1, may 
serve as molecular triage strategy for hrHPV-positive women. However, further prospective population-based stud-
ies using standardized DNA methylation testing will be need to validated.
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Introduction

Cervical cancer, a preventable disease, is one 
of the most common malignant tumors and the 
main causes of death among women world-
wide. According to Global Burden of Disease 
Cancer Collaboration statistics on cervical can-
cer, with approximately 485,000 new cases 
and 236,000 deaths in the year 2013 [1]. 
Therefore, it is critical important to establish a 
feasible and effective screening strategy to 
reduce the cervical cancer burden. As well 
known, cytology-based pap smear is the most 
widely used screening strategy that reduced 
incidence rate and mortality of cervical cancer 
for decades [2, 3]. However, its sensitivity for 
detection of CIN2 and high-grade lesions is low 
[4, 5]. As all known, high-risk human papilloma-

virus (hrHPV) is the main cause of cervical can-
cer [6]. Persistent hrHPV infection drives devel-
opment of high-grade cervical intraepithelial 
neoplasia (CIN2/CIN3) which may, if left un- 
treated, progress to invasive cancer [7]. hrHPV 
testing is more sensitive in detecting high-grade 
cervical lesions, providing a superior protection 
against cervical (pre)-carcinoma than cytology 
[8-10]. Therefore, it become an attractive pri-
mary cervical cancer screening tool [11]. A 
drawback of hrHPV testing, however, is the 
modest specificity which does not distinguish 
cancer-relevant lesions from transient hrHPV 
infections (≤CIN1) [12]. Insufficient specificity 
of the hrHPV DNA testing leads to high false-
positive rate and colposcopy referral rate, need-
less worry and extra medical burden [12-14]. 
Therefore, an effective triage strategy to 
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improve HPV-based molecular cervical screen-
ing is urgently needed. 

Numerous studies have demonstrated that  
promoter hypermethylation of tumor suppres-
sor genes is an early event in the development 
of cervical cancer and could serve as molecular 
marker for the early diagnosis [15-18]. DNA 
methylation analysis of tumor-suppressor 
genes has shown to be an effective molecular 
triage tool in hrHPV-positive women [19-22]. 
There other several existing tests to triage hrH-
PV-positive screening, including Pap cytology, 
genotyping for HPV16, HPV18 and other types, 
MicroRNA, immunostaining for p16 and ki-67 
or combination between them [23-26]. At pres-
ent, cytology-based testing is more commonly 
used triage tool of hrHPV-positive women [23]. 
Study has showed that DNA methylation an- 
alysis as triage was more sensitive for CIN3 
lesions and cancer than cytology testing [20]. 
Therefore, DNA methylation analysis marker 
can serve as an alternative or supplementary 
tool to detect advanced lesions and cervical 
cancer missed by cytology in hrHPV-positive 
women [22, 27]. In this present study, we 
explored the clinical performance of 5 genes 
methylation status by pyrosequencing assay 
and to evaluated its potential value as biomark-

er for hrHPV-positive women in cervical cancer 
screening.

Materials and methods

Patients

We conducted a hospital-based and case-con-
trol study in Tianjin Central Hospital of Gyne-
cology Obstetrics. The cervical exfoliated cell 
specimens collected from 259 patients. All the 
included 259 patients have received HCII 
hrHPV DNA test and had positive results. A cer-
vical brush was used to collected exfoliated cell 
and stored at 4°C until DNA extraction for the 
quantitative methylation analysis of JAM3, 
SLIT2, TERT, SOX1 and C13ORF18, before 
patients first referred for a colposcopy exami-
nation and cervical biopsy. With histopathologi-
cal classification of normal uterine cervix 
(n=45), cervical intraepithelial neoplasia grade 
1 (CIN1, n=50), CIN2 (n=46), CIN3 (n=43), and 
cervical cancer (n=75). The exclusion criteria 
included pregnancy, a history of cervical lesions 
and surgery, presence of other cancers, or ther-
apy with radiation and chemotherapy. Tianjin 
Central Hospital of Gynecology Obstetrics 
approved this study, and all subjects signed a 
written informed consent.

Table 1. Primer sequences for methylation markers

Genes Forward primer Reverse primer Sequence primer Tm 
(°C)

Amplica-
tion size 

(bp)
JAM3 5’-GGTAGTAGGTTTTGGTAGGTT-3’ 5’-biotin-CCCCAAACCCTAATCTCCC-3’ 5’-GTTGTAGTTGGTTTTTTAGTAATTT-3’ 59 206

SLIT2 5’-GAGGAGGGATTGTTTAGATAT-3’ 5’-biotin-CACCACTCTAAACTCTACTCACT-3’ 5’-GAGGATAGGTTTAGGTT-3’ 56 152

TERT 5’-TTGGAAGGTGAAGGGGTAGGA-3’ 5’-biotin-AAACCAAACCCAACTCCCAATAAATT-3’ 5’-GGTGTTAGGGTTTTTAGTTTT-3’ 60 112

SOX1 5’-GGTTTTTTTAGGGTATTTGGGATTAGTA-3’ 5’-biotin-ACCTCCAACTCCAAAACTACAACTTCT-3’ 5’-GGGTATTTGGGATTAGTATA-3’ 58 87

C13ORF18 5’-AGGAGAGTTATAGAGGAGGGGATA-3’ 5’-biotin-CATCTCCAAAATTTCTTCCATCT-3’ 5’-AGAAGTTTTTTAGGGAAGTA-3’ 56 163
JAM3: junctional adhesion molecule 3; SLIT2: neuronal guidence factor 2; TERT: telomerase reverse transcriptase; SOX1: sex-determining region Y, box1; C13ORF18: chromo-
some13 open reading frame 18. 

Table 2. The values of methylation in the cervical specimens in the 5 genes
Group n JAM3 (%) SLIT2 (%) TERT (%) SOX1 (%) C13ORF18 (%)
Normal 45 4.42±1.55 5.74±1.19 6.46±1.65 5.78±1.16 1.13±0.60
CIN1 50 4.31±1.82 6.96±2.98 6.25±1.55 5.28±1.37 1.35±0.68
CIN2 46 9.58±3.47 8.94±3.26 5.05±2.72 8.02±3.96 2.53±1.74
CIN3 43 13.77±4.87* 11.39±5.98* 7.63±2.42* 16.38±8.08* 4.27±3.12*

Cancer 75 25.88±13.92j 24.38±15.75j 12.73±9.45j 33.01±17.37j 8.92±7.94j

SD indicates standard deviation; JAM3: junctional adhesion molecule 3; SLIT2: neuronal guidence factor 2; TERT: telomerase 
reverse transcriptase; SOX1: sex-determining region Y, box1; C13ORF18: chromosome13 open reading frame 18. CIN: cervical 
intraepithelial neoplasia. *P<0.001 (difference between CIN3 and other groups); jP<0.001 (difference between cancer and 
other groups).
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HPV testing

HR-HPV infection was detected using HCII kits 
(Digene) in this study according to the manufac-
turer’s protocol. 13 high-risk HPV subtypes (16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) 
are able to be detected. Samples with a ratio of 
RLU (relative light units) higher than 1.0 were 
recorded as positive.

DNA extraction and bisulfite modification 

Genomic DNA was extracted from the cervical 
exfoliated cell using the TIANamp Micro DNA 
Kit (TIANGEN BIOTECH Co.Ltd, Beijing, China) 
following the manufacturer’s recommenda-
tions. The DNA concentration and purity was 
measured using NanoDrop 2000 spectropho-
tometer (Thermo Fisher ScientificInc, Valencia, 

CA). Ratio of A260/A280>1.8 was the qualified 
samples required. Sodium bisulphate treated 
of Genomic DNA samples was prepared using 
the EZ DNA Methylation-Gold kitTMD5006 
(ZYMO RESEARCH, USA) according to the ma- 
nufacturer’s instructions. Bisulfite-converted 
DNA was stored at -20°C until further use.

Pyrosequencing

Quantitative DNA methylation analysis of the 5 
genes were conducted by pyrosequencing. 
Genes fragments were amplified from bisulfite-
converted DNA by PCR that needed primers 
were in Table 2. The PCR was performed in a 
50 μl reaction volume, which contained 3 μl of 
the bisulfite-modified DNA template, 25 μl 
Thermo Scientific Dream Taq Green PCR Master 

Figure 1. Scatter plot for methylation levels of the five genes analyzed by pyrosequencing assay in cervical speci-
mens from normal, CIN lesions and cervical cancer patients (A: JAMA3 gene methylation rate for normal, CIN1, 
CIN2, CIN3 and cervical cancer patients; B: SLIT2 gene methylation rate for normal, CIN1, CIN2, CIN3 and cervical 
cancer patients; C: TERT gene methylation rate for normal, CIN1, CIN2, CIN3 and cervical cancer patients; D: SOX1 
gene methylation rate for normal, CIN1, CIN2, CIN3 and cervical cancer patients; E: C13ORF18 gene methylation 
rate for normal, CIN1, CIN2, CIN3 and cervical cancer patients).

Table 3. Performance of DNA methylation analysis for CIN2+ and CIN3+

Genes CIN2+ CIN3+

AUC (95% CI) P Sensitivity Specificity AUC (95% CI) P Sensitivity Specificity
JAM3 0.967 (95%, 99%) <0.001 89% 91% 0.946 (92%, 97%) <0.001 83% 90%
SLIT2 0.872 (83%, 92%) <0.001 61% 90% 0.866 (82%, 91%) <0.001 70% 79%
TERT 0.575 (51%, 64%) 0.045 61% 45% 0.754 (69%, 81%) <0.001 86% 40%
SOX1 0.901 (86%, 94%) <0.001 77% 98% 0.968 (95%, 99%) <0.001 93% 90%
C13ORF18 0.907 (87%, 94%) <0.001 73% 99% 0.925 (89%, 96%) <0.001 86% 87%
JAM3: junctional adhesion molecule 3; SLIT2: neuronal guidance factor 2; TERT: telomerase reverse transcriptase; SOX1: sex-determining region 
Y, box1; C13ORF18: chromosome 13 open reading frame 18. CIN: cervical intraepithelial neoplasia. AUC: area under the ROC curve.
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Mix (Thermo Scientific, Lithuania, EU), 10 uM 
each of gene-specific forward and reverse prim-
er, nuclease-free water. Thermocycling was 
conducted using the following conditions: 95°C 
for 10 minutes, followed by 40 cycles at 95°C 
for 30 seconds, 56-60°C for 30 seconds, 72°C 
for 35 seconds and final extension at 72°C for 
7 minutes. Following amplification, 45 μl of PCR 
product was mixed with 3 μl streptavidin-conju-
gated sepharose beads (GE healthcare, Swe- 
den) in 47 μl binding buffer, then shock blend-
ing for 15 minutes. The beads were released by 
a vacuum prep workstation, 1.2 μl sequencing 
primer (Table 2) added in 38.8 μl annealing 
buffer, and heated to 80°C for 3 minutes on the 
ThermoPlate, then cooling to room tempera-
ture. Methylation levels of each CpG loci of the 
5 genes were quantitatively measured by a 
PyroMark Q-CpG 1.0.9 software.

Statistical analysis

Statistical analysis and Graphs drawn were per-
formed by SPSS Version 20.0 (IBM, NY) and 
GraphPad Prism 6 statistical software. Meas- 
urement datas were expressed as mean ± 
standard deviation. Differences in methylation 
levels between different groups were analyzed 
by the One-way ANOVA. Receiver operating 
characteristic (ROC) curves (for CIN2+, CIN3+ 
and cervical cancer) were made and the area 

under the curve (AUC) were determined for the 
detection of the cervical (pre)-cancerous lesi- 
ons. Specificity and sensitivity were calculated 
with CIN2+, CIN3+ and cervical cancer as cutoff. 
P values were lower than 0.05 were considered 
statistically significant.

Results

Methylation levels of five genes in cervical 
specimens of hrHPV-positive women

A total of 259 women were enrolled in this 
study, including normal uterine cervix subjects 
(n=45), cervical intraepithelial neoplasia grade 
1 patients (CIN1, n=50), CIN2 (n=46), CIN3 
(n=43), and cervical cancer patients (n=75). 
They were all tested HPV positive, and histologi-
cal diagnoses were proved by two pathologists. 
The characteristics of enrolled patients and 
genes methylation levels are shown in Table 1. 
The mean age of cervical cancer had significant 
higher than anyother groups (P<0.001). Quan-
titative measurement of DNA methylation for 
each gene in line with disease severity is shown 
in Table 2 and Figure 1. The mean methylation 
levels for all genes, except for TERT, was lower 
in normal and CIN1 groups than other groups, 
which also displayed a tendency closely related 
to the progression of cervical carcinogenesis 
(Figure 1).

Figure 2. ROC curves of methylation levels of each gene for detection of CIN2+ (A) and CIN3+ (B) in hrHPV-positive 
women.
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Performance of DNA methylation analysis of 
five genes for detection of CIN2+ and CIN3+ in 
cervical specimens

Sensitivity and specificity for detection CIN2+ 
and CIN3+ in cervical specimens for the triage 
of hrHPV-positive women were shown in Table 
3 and ROC curve were computed in Figure 2 for 
each marker. At the optimal cut-off values, the 
gene JAM3 showed the highest sensitivity 
(89%) and specificity (91%) for the detection of 
CIN2+, while for SLIT2, SOX1 and C13ORF18, 
the sensitivity for CIN2+ was between 61 and 
77%. However, these genes showed high speci-
ficity between 90 and 99%. The area under the 
ROC curves (AUC) were 0.967 (95% CI, 95-99%) 
for JAM3, 0.872 (95% CI, 83-92%) for SLIT2, 

0.901 (95% CI, 86-94%) for SOX1, and 0.907 
(95% CI, 87-94%) for C13ORF18. For one gene 
(TERT) an AUC of 0.575 (95% CI, 51-64%), sen-
sitivity and specificity were 61% and 45%, 
respectively. For CIN3+, SOX1 showed the high-
est sensitivity (93%) and specificity (90%) 
among the five genes, with accuracy of 0.968 
(95% CI, 95-99%). While for JAM3, SLIT2, 
C13ORF18, the sensitivity for CIN3+ between 
70% and 86%, the specificity between 79% and 
90%, nd accuracy ranged from 0.866 to 0.946 
(95% CI, 82-97%). For TERT, accuracy, sensitiv-
ity and specificity were 0.754 (95% CI, 69-81%), 
86% and 40%, respectively. Therefore TERT 
was excluded from further analysis, although it 
had high sensitivity for CIN3+, with low specific-
ity for detection CIN2+ and CIN3+.

Table 4. Combined testing of DNA methylation for the detection of CIN2+ and CIN3+ in cervical speci-
mens
Genes CIN2+ CIN3+

AUC (95% CI) P Sensitivity Specificity AUC (95% CI) P Sensitivity Specificity
JAM3/SLIT2 0.925 (90%, 95%) <0.001 76% 92% 0.910 (88%, 93%) <0.001 74% 91%
JAM3/C13ORF18 0.841 (81%, 87%) <0.001 78% 70% 0.839 (81%, 87%) <0.001 75% 75%

JAM3/SOX1 0.940 (92%, 96%) <0.001 84% 91% 0.957 (94%, 97%) <0.001 87% 90%
SLIT2/C13ORF18 0.776 (74%, 82%) <0.001 71% 64% 0.790 (75%, 83%) <0.001 66% 77%
SLIT2/SOX1 0.891 (86%, 92%) <0.001 77% 90% 0.927 (91%, 95%) <0.001 76% 91%
C13ORF18/SOX1 0.793 (76%, 83%) <0.001 60% 82% 0.830 (80%, 87%) <0.001 67% 90%
JAM3: junctional adhesion molecule 3; SLIT2: neuronal guidance factor 2; TERT: telomerase reverse transcriptase; SOX1: sex-determining region Y, 
box1; C13ORF18: chromosome 13 open reading frame 18. CIN: cervical intraepithelial neoplasia. AUC: area under the ROC curve.

Figure 3. ROC curve of DNA methylation analysis of combined testing for detection of CIN2+ (A) and CIN3+ (B) in 
hrHPV-positive women.
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Performance of DNA methylation analysis 
of combined testing for detection CIN2+ and 
CIN3+ in cervical specimens

The clinical performance combined testing was 
calculated in Table 4 and ROC curve were com-
puted as shown in Figure 3 for detection of 
CIN2+ and CIN3+. The combination of genes 
with the highest combined sensitivity (84%) 
and specificity (91%) for CIN2+ were JAM3/
SOX1, and also for CIN3+, with sensitivity and 
specificity of 87% and 90%, respectively. The 
area under the ROC curve (AUC) were 0.940 
(95% CI, 92-96%) for CIN2+, 0.957 (95% CI, 
94-97%) for CIN3+. Table 4 shows that for other 
combinations, sensitivities for detecting CIN2+ 
lesions are between 60% and 78%, with a com-
bined specificity between 64% and 92%. For 
the detection of CIN3+, the sensitivity decreased 
(66-76%), whereas the specificity slightly incr- 
eased (75-91%). The area under the ROC curve 
(AUC) ranged from 0.790 (95% CI, 75-83%) to 
0.927 (95% CI, 91-95%) for CIN2+, 0.839 (95% 
CI, 81-87%) to 0.927 (95% CI, 91-95%) for 
CIN3+.

Discussion

More and more studies have demonstrated 
that DNA methylation could be a potential  
biomarker for detection of cervical cancer. 
Currently, numerous western countries (USA, 
Netherlands, Australia, Italy, Spain, etc.) are 
switching from previously programs cytological-
based screening to HPV testing in women with 
the age of 30-35 years for early detection of 
cervical cancer. High-risk HPV assay has a high 
sensitivity for detection of CIN3+, so that it can 
early find high-grade lesions and prevent cervi-
cal cancer [9]. However, the specificity of hrHPV 
testing is relatively low compared with cytology, 
it may lead to high false-positive rates, which 
will increase referrals for colposcopy, overtreat-
ment, and higher costs. Therefore, with a con-
vincing and feasible triage tool for hrHPV-posi-
tive women is urgently needed. Recently, stud-
ies have proved that DNA methylation analysis 
as a biomarker for hrHPV-positive women is 
valuable and it can alternative the role of cytol-
ogy-based test [19-21]. Cytology is an objec-
tive, morphological test that is largely variable 
between countries and even within a country 
[10, 23].

Most researches detected DNA methylation in 
cervical cancer have depend on the methods of 

methylation-specific PCR (MSP) or quantitative 
methylation-specific PCR (QMSP). However, th- 
ese methods have been reported to overrate 
aberrant methylation prevalence [28]. Quanti- 
tative pyrosequencing technique have been 
proved that could be a preferred tool for detec-
tion DNA methylation and feasible to use in 
clinical setting [29]. In the present study, we 
used the method of quantitative pyrosequenc-
ing to detected the clinical performance of five 
methylation markers in cervical exfoliated cell 
of hrHPV-positive subjects. Here, we found the 
JAM3 gene alone had the highest performance 
for the detection of CIN2+, with sensitivity and 
specificity of 89% and 91%, respectively. SOX1 
and C13ORF18 gene alone have the highest 
specificity of 98% and 99% for CIN2+, but the 
sensitivity, is relatively low (77% and 73%). For 
CIN3+, SOX1 gene single had the highest perfor-
mance, with the sensitivity of 93% and specific-
ity of 90%. JAM3 had the same specificity with 
SOX1, but the sensitivity is 83%. C13ORF18 
and SLIT2 also have better performance in 
detection of CIN3+. TERT had high sensitivity for 
CIN3+, but the specificity is very low for CIN2+ 

and CIN3+. To find the methylation panel with 
the highest combined sensitivity and specifici-
ty, different combinations of four genes (JAM3, 
SLIT2, SOX1, and C13ORF18) were analyzed. 
We found that the combination of genes with 
the highest combined sensitivity and specificity 
for CIN2+ and CIN3+ was JAM3/SOX1, with sen-
sitivity and specificity of 84% and 91% for 
CIN2+, 87% and 90% for CIN3+. The panel of 
JAM3/SLIT2 and SOX1/SLIT2 also have higher 
sensitivity and specificity for detection of CIN2+ 
and CIN3+.

The JAM3 (Junction adhesion molecule 3) is the 
third member of adhesion molecules family, 
played an important role in maintain cell polar-
ity of epithelial and endothelial cells, belonging 
to the immunoglobulin superfamily [30, 31]. 
One research had suggested that JAM3 meth-
ylation marker may be used as a triage marker 
for hrHPV-positive patients [32]. Methylation 
analysis of JAM3, C13ORF18, and TERT for 
CIN2+ and CIN3+ in scrapings of hrHPV-positive 
women also had been reported. For CIN2+, the 
sensitivity and specificity of 68% and 94% for 
JAM3, 43% and 94% for C13ORF18, 81% and 
47% for TERT. For CIN3+, the sensitivity and 
specificity were 80% and 76% for JAM3, 54% 
and 88% for C13ORF18, 90% and 43% for TERT 
[30]. In another study, a four genes (JAM3, 
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C13ORF18, EPB41L3 and TERT) methylation 
marker panel reached sensitivity of 65% and 
specificity of 79% for CIN2+, 82% and 73% for 
CIN3+, so it concluded that the four-gene panel 
might provide an alternative triage test after 
primary hr-HPV testing compared with cytology 
[20]. The SOX1 (sex-determining region Y, box-
1) is a member of the SOX transcription factor 
family. SOX gene family in carcinogenesis that 
due to involved in the regulation of cell prolifer-
ation, differentiation, and survival in multiple 
essential processes [33]. SOX1 is hyper-meth-
ylated in cervical had been reported. In a previ-
ous publication, the sensitivity and specificity 
of SOX1 for CIN3+ were 87.7% and 81.6%, with 
accuracy of 0.95 (95% CI, 92-98%), which also 
reported that the combination of SOX1 and 
NKX6-1 had the highest sensitivity and speci-
ficity of 84.93% and 99.02% for CIN3+ [34]. 
Here, our combination of JAM3/SOX1 has high-
er sensitivity than this panel for CIN3+, but 
specificity relatively lower. In this study, we 
found that JAM3 has the highest sensitivity and 
specificity for CIN2+, while SOX1 has the high-
est sensitivity and specificity for CIN3+. The 
panel of JAM3/SOX1 have the highest sensitiv-
ity and specificity for CIN2+ and CIN3+. The dif-
ferences between studies in methylation re- 
sults from analysis may due to different quanti-
tative methods, different primers, different cut-
off values, different ethnic and other factors.

Previous studies have reported that there will 
always remain a proportion of about 20-30% of 
women refusing to participate gynecologically 
driven screening [6]. However self-sampling for 
hrHPV testing could increase the participation 
rate in population-based screening [35-37]. 
Because of the methylation analysis and hrHPV 
testing can be conducted in the same self-col-
lected cervical sample, the methylation analy-
sis is more suitable as a triage testing after 
hrHPV self-sampling than cytology-based test 
which need additional visits to the physician 
[38]. Recently, studies have shown that JAM3, 
TERT, and C13ORF18 methylation are feasible 
directly on brushed-based self-samplers and 
showed good correlation with matched physi-
cian-taken samples in hrHPV-positive women 
[39]. The SOX1 methylation is also proved the 
conclusion [40]. There is no research at pres-
ent in this field relate to the SLIT2 methylation. 
In future, the effectiveness of these methyla-
tion markers as a triage tests in self-collected 
cervical samples for hrHPV-positive women will 
need to be validated in China.

The present studies have some limitations: 1) 
Almost all of cervical cancer are squamous cell 
carcinoma, we have collected some exfoliated 
cells of adenocarcinoma but not many. 2) The 
cut-off value for each gene was based on a hos-
pital-based, case-control study from a research 
background, which may not be suitable for clini-
cal setting from large population-based screen-
ing test. 3) Moreover, all patients enrolled in 
this study were Chinese. Methylation analysis 
of the markers on cervical exfoliated cells was 
conducted on smaller quantity patients. 4) The 
collection of cervical exfoliated cells taken 
immediately before colposcopy may be not 
appropriate, because of bad vision due to cervi-
cal bleeding.

In conclusion, the current results indicated that 
quantitative pyrosequencing-based testing for 
DNA methylation, especially the JAM3 and 
SOX1 may serve as molecular triage strategy 
for hrHPV-positive women in cervical cancer 
screening. However, further prospective popu-
lation-based studies using standardized DNA 
methylation testing will be need for validation.

Acknowledgements

This work was supported by Scientific Research 
Funding of Tianjin Health Bureau (13KG134).

Disclosure of conflict of interest

None.

Address correspondence to: Yuanjing Hu, Depart- 
ment of Gynecology Oncology, Tianjin Central Hos- 
pital of Gynecology Obstetrics, No. 156 Sanma 
Road, Nankai District, Tianjin 300100, China. Tel: 
+86-02258287742; E-mail: tdjhyj@hotmail.com

References

[1]	 Global Burden of Disease Cancer Collaboration, 
Fitzmaurice C, Dicker D, Pain A, Hamavid H, 
Moradi-Lakeh M, MacIntyre MF, Allen C, 
Hansen G, Woodbrook R, Wolfe C, Hamadeh 
RR, Moore A, Werdecker A, Gessner BD, Te Ao 
B, McMahon B, Karimkhani C, Yu C, Cooke GS, 
Schwebel DC, Carpenter DO, Pereira DM, Nash 
D, Kazi DS, De Leo D, Plass D, Ukwaja KN, 
Thurston GD, Yun Jin K, Simard EP, Mills E, 
Park EK, Catala-Lopez F, deVeber G, Gotay C, 
Khan G, Hosgood HD 3rd, Santos IS, Leasher 
JL, Singh J, Leigh J, Jonas JB, Sanabria J, 
Beardsley J, Jacobsen KH, Takahashi K, 
Franklin RC, Ronfani L, Montico M, Naldi L, 
Tonelli M, Geleijnse J, Petzold M, Shrime MG, 
Younis M, Yonemoto N, Breitborde N, Yip P, 



Quantitative methylation for cervical (pre)-cancerous lesions detection

10584	 Int J Clin Exp Med 2017;10(7):10577-10586

Pourmalek F, Lotufo PA, Esteghamati A, Hankey 
GJ, Ali R, Lunevicius R, Malekzadeh R, 
Dellavalle R, Weintraub R, Lucas R, Hay R, 
Rojas-Rueda D, Westerman R, Sepanlou SG, 
Nolte S, Patten S, Weichenthal S, Abera SF, 
Fereshtehnejad SM, Shiue I, Driscoll T, 
Vasankari T, Alsharif U, Rahimi-Movaghar V, 
Vlassov VV, Marcenes WS, Mekonnen W, 
Melaku YA, Yano Y, Artaman A, Campos I, 
MacLachlan J, Mueller U, Kim D, Trillini M, 
Eshrati B, Williams HC, Shibuya K, Dandona R, 
Murthy K, Cowie B, Amare AT, Antonio CA, 
Castaneda-Orjuela C, van Gool CH, Violante F, 
Oh IH, Deribe K, Soreide K, Knibbs L, 
Kereselidze M, Green M, Cardenas R, Roy N, 
Tillmann T, Li Y, Krueger H, Monasta L, Dey S, 
Sheikhbahaei S, Hafezi-Nejad N, Kumar GA, 
Sreeramareddy CT, Dandona L, Wang H, Vollset 
SE, Mokdad A, Salomon JA, Lozano R, Vos T, 
Forouzanfar M, Lopez A, Murray C and Naghavi 
M. The global burden of cancer 2013. JAMA 
Oncol 2015; 1: 505-527.

[2]	 Cannistra SA and Niloff JM. Cancer of the uter-
ine cervix. N Engl J Med 1996; 334: 1030-
1038.

[3]	 Gustafsson L, Ponten J, Zack M and Adami HO. 
International incidence rates of invasive cervi-
cal cancer after introduction of cytological 
screening. Cancer Causes Control 1997; 8: 
755-763.

[4]	 Mayrand MH, Duarte-Franco E, Rodrigues I, 
Walter SD, Hanley J, Ferenczy A, Ratnam S, 
Coutlee F, Franco EL; Canadian Cervical 
Cancer Screening Trial Study Group. Human 
papillomavirus DNA versus Papanicolaou 
screening tests for cervical cancer. N Engl J 
Med 2007; 357: 1579-1588.

[5]	 Arbyn M, Bergeron C, Klinkhamer P, Martin-
Hirsch P, Siebers AG and Bulten J. Liquid com-
pared with conventional cervical cytology: a 
systematic review and meta-analysis. Obstet 
Gynecol 2008; 111: 167-177.

[6]	 Hillemanns P, Soergel P, Hertel H and 
Jentschke M. Epidemiology and early detection 
of cervical cancer. Oncol Res Treat 2016; 39: 
501-506.

[7]	 Lorincz AT, Brentnall AR, Scibior-Bentkowska 
D, Reuter C, Banwait R, Cadman L, Austin J, 
Cuzick J and Vasiljevic N. Validation of a DNA 
methylation HPV triage classifier in a screening 
sample. Int J Cancer 2016; 138: 2745-2751.

[8]	 Ferreccio C, Barriga MI, Lagos M, Ibanez C, 
Poggi H, Gonzalez F, Terrazas S, Katki HA, 
Nunez F, Cartagena J, Van De Wyngard V, 
Vinales D and Branes J. Screening trial of hu-
man papillomavirus for early detection of cervi-
cal cancer in Santiago, Chile. Int J Cancer 
2013; 132: 916-923.

[9]	 Ronco G, Dillner J, Elfstrom KM, Tunesi S, 
Snijders PJ, Arbyn M, Kitchener H, Segnan N, 

Gilham C, Giorgi-Rossi P, Berkhof J, Peto J, 
Meijer CJ; International HPV screening working 
group. Efficacy of HPV-based screening for pre-
vention of invasive cervical cancer: follow-up of 
four European randomised controlled trials. 
Lancet 2014; 383: 524-532.

[10]	 Rijkaart DC, Berkhof J, Rozendaal L, van 
Kemenade FJ, Bulkmans NW, Heideman DA, 
Kenter GG, Cuzick J, Snijders PJ and Meijer CJ. 
Human papillomavirus testing for the detec-
tion of high-grade cervical intraepithelial neo-
plasia and cancer: final results of the POBA- 
SCAM randomised controlled trial. Lancet 
Oncol 2012; 13: 78-88.

[11]	 Kim JJ. Practice-based evidence for primary 
HPV testing in the United States. J Natl Cancer 
Inst 2014; 106. 

[12]	 Hansel A, Steinbach D, Greinke C, Schmitz M, 
Eiselt J, Scheungraber C, Gajda M, Hoyer H, 
Runnebaum IB and Durst M. A promising DNA 
methylation signature for the triage of high-risk 
human papillomavirus DNA-positive women. 
PLoS One 2014; 9: e91905.

[13]	 Baay MF, Weyler J and Vermorken JB. The val-
ue of human papillomavirus detection in pri-
mary cervical cancer screening. Eur J Gynaecol 
Oncol 2004; 25: 665-669.

[14]	 McCaffery K, Waller J, Forrest S, Cadman L, 
Szarewski A and Wardle J. Testing positive for 
human papillomavirus in routine cervical 
screening: examination of psychosocial im-
pact. BJOG 2004; 111: 1437-1443.

[15]	 Steenbergen RD, Snijders PJ, Heideman DA 
and Meijer CJ. Clinical implications of (epi)ge-
netic changes in HPV-induced cervical precan-
cerous lesions. Nat Rev Cancer 2014; 14: 395-
405.

[16]	 Xu J, Xu L, Yang B, Wang L, Lin X and Tu H. 
Assessing methylation status of PAX1 in cervi-
cal scrapings, as a novel diagnostic and pre-
dictive biomarker, was closely related to screen 
cervical cancer. Int J Clin Exp Pathol 2015; 8: 
1674-1681.

[17]	 Missaoui N, Hmissa S, Trabelsi A, Traore C, 
Mokni M, Dante R and Frappart L. Promoter 
hypermethylation of CDH13, DAPK1 and 
TWIST1 genes in precancerous and cancerous 
lesions of the uterine cervix. Pathol Res Pract 
2011; 207: 37-42.

[18]	 Chang CC, Huang RL, Wang HC, Liao YP, Yu MH 
and Lai HC. High methylation rate of LMX1A, 
NKX6-1, PAX1, PTPRR, SOX1, and ZNF582 
genes in cervical adenocarcinoma. Int J 
Gynecol Cancer 2014; 24: 201-209.

[19]	 Overmeer RM, Louwers JA, Meijer CJ, van 
Kemenade FJ, Hesselink AT, Daalmeijer NF, 
Wilting SM, Heideman DA, Verheijen RH, Zaal 
A, van Baal WM, Berkhof J, Snijders PJ and 
Steenbergen RD. Combined CADM1 and MAL 



Quantitative methylation for cervical (pre)-cancerous lesions detection

10585	 Int J Clin Exp Med 2017;10(7):10577-10586

promoter methylation analysis to detect (pre-)
malignant cervical lesions in high-risk HPV-
positive women. Int J Cancer 2011; 129: 
2218-2225.

[20]	 Eijsink JJ, Lendvai A, Deregowski V, Klip HG, 
Verpooten G, Dehaspe L, de Bock GH, Hollema 
H, van Criekinge W, Schuuring E, van der Zee 
AG and Wisman GB. A four-gene methylation 
marker panel as triage test in high-risk human 
papillomavirus positive patients. Int J Cancer 
2012; 130: 1861-1869.

[21]	 Pun PB, Liao YP, Su PH, Wang HC, Chen YC, 
Hsu YW, Huang RL, Chang CC and Lai HC. 
Triage of high-risk human papillomavirus-posi-
tive women by methylated POU4F3. Clin 
Epigenetics 2015; 7: 85.

[22]	 De Strooper LM, Meijer CJ, Berkhof J, Hesselink 
AT, Snijders PJ, Steenbergen RD and Heideman 
DA. Methylation analysis of the FAM19A4  
gene in cervical scrapes is highly efficient in 
detecting cervical carcinomas and advanced 
CIN2/3 lesions. Cancer Prev Res (Phila) 2014; 
7: 1251-1257.

[23]	 Rijkaart DC, Berkhof J, van Kemenade FJ, 
Coupe VM, Hesselink AT, Rozendaal L, Hei- 
deman DA, Verheijen RH, Bulk S, Verweij WM, 
Snijders PJ and Meijer CJ. Evaluation of 14 tri-
age strategies for HPV DNA-positive women in 
population-based cervical screening. Int J 
Cancer 2012; 130: 602-610.

[24]	 Lagos M, Van De Wyngard V, Poggi H, Cook P, 
Viviani P, Barriga MI, Pruyas M and Ferreccio C. 
HPV16/18 genotyping for the triage of HPV 
positive women in primary cervical cancer 
screening in Chile. Infect Agent Cancer 2015; 
10: 43.

[25]	 Luttmer R, Dijkstra MG, Snijders PJ, Berkhof J, 
van Kemenade FJ, Rozendaal L, Helmerhorst 
TJ, Verheijen RH, Ter Harmsel WA, van Baal 
WM, Graziosi PG, Quint WG, Spruijt JW, van 
Dijken DK, Heideman DA and Meijer CJ. p16/
Ki-67 dual-stained cytology for detecting cervi-
cal (pre)cancer in a HPV-positive gynecologic 
outpatient population. Mod Pathol 2016; 29: 
870-878.

[26]	 Tian Q, Li Y, Wang F, Li Y, Xu J, Shen Y, Ye F, 
Wang X, Cheng X, Chen Y, Wan X, Lu W and Xie 
X. MicroRNA detection in cervical exfoliated 
cells as a triage for human papillomavirus-pos-
itive women. J Natl Cancer Inst 2014; 106. 

[27]	 De Strooper LM, Hesselink AT, Berkhof J, 
Meijer CJ, Snijders PJ, Steenbergen RD and 
Heideman DA. Combined CADM1/MAL meth-
ylation and cytology testing for colposcopy tri-
age of high-risk HPV-positive women. Cancer 
Epidemiol Biomarkers Prev 2014; 23: 1933-
1937.

[28]	 Lorincz AT. The promise and the problems of 
epigenetics biomarkers in cancer. Expert Opin 
Med Diagn 2011; 5: 375-379.

[29]	 Siegel EM, Riggs BM, Delmas AL, Koch A, 
Hakam A and Brown KD. Quantitative DNA 
methylation analysis of candidate genes in cer-
vical cancer. PLoS One 2015; 10: e0122495.

[30]	 Weber C, Fraemohs L and Dejana E. The role of 
junctional adhesion molecules in vascular in-
flammation. Nat Rev Immunol 2007; 7: 467-
477.

[31]	 Liu Y, Nusrat A, Schnell FJ, Reaves TA, Walsh S, 
Pochet M and Parkos CA. Human junction ad-
hesion molecule regulates tight junction re-
sealing in epithelia. J Cell Sci 2000; 113: 
2363-2374.

[32]	 Yin A, Zhang Q, Kong X, Jia L, Yang Z, Meng L, 
Li L, Wang X, Qiao Y, Lu N, Yang Q, Shen K and 
Kong B. JAM3 methylation status as a bio-
marker for diagnosis of preneoplastic and neo-
plastic lesions of the cervix. Oncotarget 2015; 
6: 44373-44387.

[33]	 Song L, Liu D, He J, Wang X, Dai Z, Zhao Y, 
Kang H and Wang B. SOX1 inhibits breast can-
cer cell growth and invasion through suppress-
ing the Wnt/beta-catenin signaling pathway. 
APMIS 2016; 124: 547-555.

[34]	 Boers A, Wang R, van Leeuwen RW, Klip HG, de 
Bock GH, Hollema H, van Criekinge W, de 
Meyer T, Denil S, van der Zee AG, Schuuring E 
and Wisman GB. Discovery of new methylation 
markers to improve screening for cervical in-
traepithelial neoplasia grade 2/3. Clin Epigen- 
etics 2016; 8: 29.

[35]	 Verdoodt F, Jentschke M, Hillemanns P, Racey 
CS, Snijders PJ and Arbyn M. Reaching women 
who do not participate in the regular cervical 
cancer screening programme by offering self-
sampling kits: a systematic review and meta-
analysis of randomised trials. Eur J Cancer 
2015; 51: 2375-2385.

[36]	 Del Mistro A, Frayle H, Ferro A, Fantin G, 
Altobelli E and Giorgi Rossi P. Efficacy of self-
sampling in promoting participation to cervical 
cancer screening also in subsequent round. 
Prev Med Rep 2017; 5: 166-168.

[37]	 Tranberg M, Bech BH, Blaakaer J, Jensen JS, 
Svanholm H and Andersen B. Study protocol of 
the CHOiCE trial: a three-armed, randomized, 
controlled trial of home-based HPV self-sam-
pling for non-participants in an organized cer-
vical cancer screening program. BMC Cancer 
2016; 16: 835.

[38]	 Verhoef VM, Bosgraaf RP, van Kemenade FJ, 
Rozendaal L, Heideman DA, Hesselink AT, 
Bekkers RL, Steenbergen RD, Massuger LF, 
Melchers WJ, Bulten J, Overbeek LI, Berkhof J, 
Snijders PJ and Meijer CJ. Triage by methyla-
tion-marker testing versus cytology in women 
who test HPV-positive on self-collected cervico-
vaginal specimens (PROHTECT-3): a rando- 
mised controlled non-inferiority trial. Lancet 
Oncol 2014; 15: 315-322.



Quantitative methylation for cervical (pre)-cancerous lesions detection

10586	 Int J Clin Exp Med 2017;10(7):10577-10586

[39]	 Boers A, Bosgraaf RP, van Leeuwen RW, 
Schuuring E, Heideman DA, Massuger LF, 
Verhoef VM, Bulten J, Melchers WJ, van der 
Zee AG, Bekkers RL and Wisman GB. DNA 
methylation analysis in self-sampled brush 
material as a triage test in hrHPV-positive 
women. Br J Cancer 2014; 111: 1095-1101.

[40]	 Chang CC, Huang RL, Liao YP, Su PH, Hsu YW, 
Wang HC, Tien CY, Yu MH, Lin YW and Lai HC. 
Concordance analysis of methylation biomark-
ers detection in self-collected and physician-
collected samples in cervical neoplasm. BMC 
Cancer 2015; 15: 418.


