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Abstract: Gene promoter methylation may be used a potential biomarker for detecting solid tumor including cervical 
cancer. Here, we used methylation sensitive-high resolution melting (MS-HRM) analysis to detecting promoter meth-
ylation ratios of DAPK1, MGMT and RARB gene in patients with different cervical disease grade. The detection of 
gene promoter methylation was conducted in two hundred fifty patients’ samples including normal cytology (n=48), 
cervical intraepithelial neoplasia grade 1 (CIN1, n=54), cervical intraepithelial neoplasia grade 2 (CIN2, n=47), 
cervical intraepithelial neoplasia grade 3 (CIN3, n=56) and cervical squamous cell carcinomas (SCS, n=45). We 
found there were a significant positive correlation between the promoter methylation status of DAPK1 and cervical 
disease grade (P=0.022). In addition, the methylated promoters of DAPK1 combined with MGMT, MGMT combined 
with RARB, DAPK1 combined with RARB were positive correlated with cervical disease grade (P < 0.05). All three 
genes promoters methylated were positive correlated with cervical disease grade (P < 0.001). Receiver operating 
characteristic (ROC) curves was conducted to evaluate whether the three genes methylation could be used to be a 
potential marker for diagnosing high grade cervical disease (HSIL and SCC). The cutoff values for the methylation 
rates of all these genes were 0-5%. Regrettably, only the methylation of MGMT combined with DAPK1 gave 43.4% 
sensitivity and 68.6% specificity. The current results indicated that MS-HRM-based testing for DNA methylations of 
MGMT plus DAPK1 genes holds some promise for high grade cervical disease screening.
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Introduction

Cervical cancer is one of the leading causes of 
mortality for females, with the worldwide inci-
dence of cervical cancer reaching 454,000 
cases per year in 2010 [1]. According to prelimi-
nary statistics, there are about 62,000 women 
diagnosed cervical cancer and about 30,000 
died due to cervical cancer in China [2]. Some 
conventional cancer screening methods have a 
lower sensitivity or a higher sensitivity but tend 
to give false positives, such as cytology screen-
ing and HPV testing [3-5]. In a clinical setting, 
some screening methods generally cause 
excessive diagnosis and unnecessary hurt for 
patients with both physically and mentally, 
such as vaginal endoscopy and biopsy [6]. 
Therefore, a screening test with high sensitivity 
and specificity and without hurt is urgently 
needed for early diagnosis and monitoring of 
cervical cancer.

DNA methylation is a well-known epigenetic 
marker, as histone modification [7]. In cervical 
cancer and precancerous lesions, some gene 
promoter regions existed high methylation sta-
tus, for the detection of specific gene promoter 
region methylation status for cervical disease 
and cervical cancer diagnosis. Recently, more 
and more researchers focus on methylation 
detection in the diagnosis of cervical lesions, 
especially for high level forecast and screening 
of cervical lesions. 

The DNA hypomethylation and hypermethyl-
ation of several cancer-related genes have 
been extensively studied [8-10]. In cervical can-
cer, DNA methylation also affects the expres-
sion of several genes, including CDH1, TIMP-3, 
p16 (INK4a), FHIT and RASSF1A 9 [11]. DAPK1, 
MGMT and RARB genes have been shown to be 
associated with HPV-associated cervical carci-
nogenesis. Moreover, DAPK1, MGMT and RARB 
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genes have previously been shown to be tar-
gets for aberrant DNA methylation in cervical 
cancer, however the genes have not been com-
prehensively tested using quantitative meth-
ods [12]. In this study, we detected the gene 
promoter region methylation level of MGMT, 
DAPK1 and RARB by the methylation sensitivi-
ty-high resolution dissolution curve (MS-HRM) 
analysis. Additionally, we analyzed the relation-
ship between the promoter methylation level 
with cervical disease and cancer, and evaluat-
ed clinical value of the promoter methylation in 
diagnosis of cervical disease and cancer. The 
objective of this study was to identify promoter 
methylation status of MGMT, DAPK1 and RARB 
in cervical disease patients, and to determine 
whether the gene promoter methylation could 
be used as biomarkers to distinguish high 
grade cervical disease from low grade cervical 
disease.

Materials and methods

Study population

The cervical cytology remaining specimens 
were collected from the Department of 
Obstetrics and Gynecology in the Peking Union 
Medical College Hospital. For this study, we ret-
rospectively selected different level of patho-
logical cases. Pathological diagnosis was iden-
tified as the gold standard. The ethics 
committee approved the relating screening, 
inspection, and data collection from the 
patients, and all subjects signed a written 
informed consent form. Patients name, age, 
medical history, TCT examination results, 
Hybrid Capture II (HC2) test results and colpos-

copy, cervical biopsy, taper cutting or cervical 
cancer surgical pathologic result were collect-
ed in this study. The exclusion criteria included 
unreceived uterine cervical surgery or radiation 
and chemotherapy, without cervical physical 
treatment such as laser and freezing for at 
least three months.

The study sample comprised exfoliated cervical 
cell specimens from 250 patients. The average 
age of the patients was 42.5 (range from 21 to 
73), including 157 cases of CIN (54 grade I, 47 
grade II, 56 grade III) and 45 cases of cervical 
squamous cell carcinoma and 48 cases of uter-
ine benign disease as healthy control. According 
to the 2014 WHO reclassified cervical tumor 
classification, CIN1 was classified as LSIL (low-
grade squamous intraepithelial lesions), CIN2 
and CIN3 were classified as HSIL (high-grade 
squamous intraepithelial lesions). So there 
were 54 cases of LSIL and 103 cases of HSIL in 
the study sample.

Thin-prep cytology test (TCT) 

The cervical cell specimens were collected 
according to the TCT standards and stored at 
room temperature up to six months. The diag-
nosis reports of TCT were provided based on 
the Bethesda System (TBS) by cytopathologic 
experts from the Department of Obstetrics and 
Gynecology in the Peking Union Medical College 
Hospital.

HC2-HPV detection

At enrollment, all samples were tested by HR 
HC2 assay (Qiagen, Gaithersburg, MD), accord-
ing to the manufacturer’s protocol. All samples 
were stored at room temperature up to 7 days. 
HC2-HPV detection reports were provided by 
physician from the Department of Obstetrics 
and Gynecology in the Peking Union Medical 
College Hospital.

Pathological diagnosis

All pathological results were diagnosed by two 
pathologists from the Department of Obstetrics 
and Gynecology in the Peking Union Medical 
College Hospital. Read and review were per-
formed by the two pathologists respectively 
[13]. Patients with atypical squamous cells of 
undetermined significance (ASCUS) and HC2 
cytology for positive, or simple cytology for 
ASCUS (including) above, needed detection of 
Colposcopy with directed biopsy in the study.

Figure 1. Demographics of patients with different 
grade cervical disease and age. 
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DNA isolation and extraction

DNA was extracted from those samples by 
using the DNeasy Tissue Extraction Kit (Qiagen, 
Hilden, Germany) following the manufacturer’s 
protocol. The EpiTect Bisulfite Kit (Qiagen, 
Hilden, Germany) for bisulphite modification of 
the DNA samples. CpGenomeTM Universal 
Methylated DNA (Chemicon, Millipore, Billerica, 
MA) as a positive/methylated control in our 
experiments. DNA from peripheral blood mono-
nuclear cells was used as a negative/unmethyl-
ated reference. 

High resolution melting analysis (HRM) analy-
sis

PCR amplification was carried out in a 20 µL 
total volume containing: 10 μL LightCycler 480 
HRM Master Mix (Roche), 2 µL MgCl2 (25 mM), 
200 nM of each primer, 1 µL of bisulphite modi-
fied template (theoretical concentration 20 ng/
µL) and RNase-free H2O. The amplification con-
sisted of 15 min at 95°C, followed by 50 cycles 
of 5 s 95°C, 5 s at the primer annealing tem-

perature (Ta) and 10 s at 72°C. Primers 
sequence as follows: DAPK1, 5’-GGTTGTTT- 
CGGAGTGTGAGGAGG-3’ as forward, 5’-GCCGA- 
CCCCAAACCCTACC-3’ as reverse; MGMT, 5’-GC- 
GTTTCGGATATGTTGGGATAGT-3’ as forward, 5’- 
AACGACCCAAACACTCACCAAA-3’ as reverse; RA- 
RB 5’-TTTATGCGAGTTGTTTGAGGAT-3’ as for-
ward, 5’-ATCCCAAATTCTCCTTCCAA-3’ as re- 
verse. High resolution melting analyses were 
performed at the temperature ramping and flo-
rescence acquisition setting recommended by 
the manufacturer i.e. temperature ramping 
from 70-95°C, rising by 0.1°C/2 s. All the reac-
tions were performed in triplicate. The melting 
curves were normalized by calculation of the 
‘line of best fit’ in between two normalization 
regions before and after the major fluorescence 
decrease representing the melting of the PCR 
product using software. This algorithm allows 
the direct comparison of the samples that have 
different starting fluorescence levels.

Statistical analysis

Statistical analysis was performed by SPSS 
(version 20.0). Measurement results (e.g age) 
were expressed in mean ± standard deviation 
(SD). Hierarchical data were analyzed by using 
the Mann-Whitney Test and Kruskal Wallis Test. 
Pearson’s correlation coefficient was calculat-
ed to analyze the correlation between the 
genes promoter methylation and different 
grade cervical disease. Receiver operating 
characteristic (ROC) curves were generated to 
confirm the accuracy of diagnosis of each gene, 
and sensitivity and specificity were computed 
for each combination. A P-value of less than 
0.05 was considered statistically significant.

Table 1. Correlation between pathological diagnosis and TCT test in patients
                         Pathology 
TCT Total NILM LSIL HSIL SCC

NILM 33 33 (100%) 0 0 0
ASCUS 39 9 (23.1%) 14 (35.9%) 14 (35.9%) 2 (5.1%)
LSIL 56 3 (5.4%) 26 (46.4%) 27 (48.2%) 0 (0%)
HSIL 83 3 (3.6%) 10 (12%) 57 (68.7%) 13 (15.7%)
SCC 30 0 0 0 30 (100%)
Total 250 48 54 103 45
HPV infection 223 (89.2%) 21 (43.8%) 54 (100%) 103 (100%) 45 (100%)
HPV negative 27 (10.8%) 27 (56.3%) 0 0 0
TCT, Thin-prep cytology test; NILM, negative for intraepithelial lesion and malignancy; LSIL, low-grade squamous intraepithelial 
lesions; HSIL, high-grade squamous intraepithelial lesions; ASCUC, atypical squamous cells of undetermined significance; SCC, 
squamous cell carcinoma.

Table 2. The percentage of methylation for each 
gene in patients

MGMT DAPK1 RARB
Total 250 250 250
Negative 130 (52.0%) 155 (62.0%) 172 (68.8%)
Positive 120 (48.0%) 95 (38.0%) 78 (31.2%)
    0-5% 69 (27.6%) 72 (28.8%) 66 (26.4%)
    5-25% 11 (4.4%) 9 (3.6%) 12 (4.8%)
    25-50% 16 (6.4%) 8 (3.2%) 0 (0%)
    50-75% 9 (3.6%) 5 (2.0%) 0 (0%)
    75-100% 15 (6.0%) 1 (0.4%) 0 (0%)
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Results

A total of 250 tissue specimens were included 
in this study. The age characteristics and clini-
copathological features of this study popula-
tion were presented in Figure 1. The correla-

samples with cervical intraepithelial neoplasia 
grade 2 (CIN2), 56 samples with cervical 
intraepithelial neoplasia grade 3 (CIN3) and 45 
samples with cervical squamous cell carcino-
mas (SCS). In addition, by TCT test, the above 
tissue specimens included negative for intraep-
ithelial lesion and malignancy (NILM, n=33), 
atypical squamous cells of undetermined sig-
nificance (ASCUS, n=39), ASCUS-H (n=9), low-
grade squamous intraepithelial lesion of cervix 
(LSIL, n=56), high-grade squamous intraepithe-
lial lesions (HSIL, n=83), squamous cell carci-
noma (SCC, n=30). As shown in Table 1, the 
results from pathological diagnosis were basi-
cally consistent with the data obtained by TCT 
test. Additionally, by HC2 test, Table 1 indicated 
that 250 tissue specimens included 223 sam-
ples with HPV positive (HPV > 1 pg/ml) and 27 
samples with HPV negative (HPV < 1 pg/ml). 
The positive rate of HPV was 89.2%.

By MS-HRM analysis, we determined the fre-
quencies of methylation at the promoter of the 
DAPK1, MGMT and RARB gene respectively. 

Table 3. The percentage of methylation for each gene in patients with different cervical disease grade 
                    Methylation 
Pathology M D R M+D M+R D+R M+D+R

NILM (48) 24 (50%) 12 (25%) 15 (31.3%) 6 (12.5%) 12 (25%) 6 (12.5%) 4 (8.3%)
LSIL (54) 22 (40.7%) 20 (37%) 19 (35.2%) 6 (11.1%) 9 (16.7%) 8 (14.8%) 2 (3.7%)
HSIL (103) 55 (53.4%) 37 (35.9%) 29 (28.2%) 26 (25.2%) 27 (26.2%) 17 (16.5%) 16 (15.5%)
SCC (45) 19 (42.2%) 26 (57.8%) 15 (33.3%) 14 (31.1%) 13 (28.9%) 14 (31.1%) 12 (26.7%)
Total (120) 120 (48%) 95 (38%) 78 (31.2%) 52 (20.8%) 61 (24.4%) 45 (18%) 34 (13.6%)
P value 0.063 0.022 0.153 0.001 0.023 0.004 0.000
M: MGMT; D: DAPK1; R: RARB; M+D: MGMT combined with DAPK1.

Table 4. Correlation between pathological diagnosis, TCT test and 
promoter methylation of three genes in patients

Pathology TCT MGMT DAPK1 RARB HC2
Pathology 1
TCT r=0.679 1

(P=0.000)
MGMT r=0.009 r=0.146 1

(P=0.871) (P=0.006)
DAPK1 r=0.188 r=0.173 r=0.142 1

(P=0.001) (P=0.002) (P=0.012)
RARB r=-0.001 r=0.139 r=0.375 r=0.264 1

(P=0.981) (P=0.013) (P=0.000) (P=0.000)
HC2 r=0.199 r=0.268 r=0.158 r=0.129 r=0.172 1

(P=0.000) (P=0.000) (P=0.001) (P=0.01) (P=0.001)

Table 5. The AUC of ROC curve of HC2, TCT 
test and promoter methylation of three genes 

AUC 95% CI P
MGMT 0.53 0.46-0.6 0.445
DAPK1 0.57 0.5-0.64 0.052
RARB 0.49 0.42-0.56 0.754
M+D 0.58 0.51-0.65 0.034
M+R 0.54 0.46-0.61 0.349
D+R 0.54 0.47-0.61 0.306
M+D+R 0.57 0.5-0.64 0.072
TCT 0.84 0.8-0.89 0.000
HC2 0.62 0.55-0.7 0.001
AUC: area under the curve. The AUC of ROC curve was 
calculated for the diagnosis of HSIL and SCC. M: MGMT; 
D: DAPK1; R: RARB; M+D: MGMT combined with DAPK.

tions between age and 
clinicopathological features 
were not significantly (P > 
0.05). In addition, we also 
showed that the age was not 
associated with cervical dis-
ease grade by Thin-prep 
cytology test (TCT) test 
(P=0.47) and by pathological 
diagnosis (P=0.46).

By pathological diagnosis, 
the 250 tissue specimens 
included 48 samples with 
normal cytology, 54 samples 
with cervical intraepithelial 
neoplasia grade 1 (CIN1), 47 
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When dichotomized as methylation negative 
(the frequencies of methylation=0), and meth-
ylation positive (the frequencies of methylation 
> 0), the difference in the frequencies of meth-
ylation was not statistically significant for each 
gene. As shown in Table 2, for MGMT gene, we 
found that the 130 tissue specimens with 
methylation positive (frequency > 0%) and 130 
samples with methylation negative (frequen-
cy=0%). The positive rate of the promoter meth-
ylation of MGMT was 48% (n=120). In addition, 
the positive rates of the promoters’ methyla-
tion of DAPK1, RARB were 38% and 31.2% 
respectively. Moreover, there were not signifi-
cant associations between the promoters’ 
methylation of all three genes and patient age 
(data not shown).

For analysis of the correlations between meth-
ylation status of the MGMT, DAPK1 and RARB 
gene promoter and cervical disease grade, 
there was a significant association between the 
promoter methylation status of DAPK1 and cer-
vical disease grade (P=0.022) (Table 3). Further 
analysis revealed that the correlation was posi-
tive. In addition, DAPK1 combined with MGMT 

0.001). Additionally, Table 4 indicated a weak 
association between histological diagnosis and 
both HC2 and the methylation of DAPK1 
(r=0.199 and r=0.188 respectively, P < 0.001). 
Moreover, both TCT and HC2 were weakly asso-
ciated with the methylation status of DAPK1, 
MGMT and RARB (all r < 0.3, P < 0.05).

When dichotomized as low grade cervical dis-
ease (including normal and LSIL) and high 
grade cervical disease (including HSIL and 
SCC), the differences between methylation neg-
ative and methylation positive were statistically 
significant for DAPK1 and MGMT gene in combi-
nation (P=0.004, data not shown) and all three 
gene in combination (P=0.003, data not 
shown).

ROC curve analysis was conducted to evaluate 
whether the three genes methylation could be 
used to be a potential marker for diagnosing 
high grade cervical disease (HSIL and SCC). 
The area under the curve (AUC) of ROC plots for 
MGMT, DAPK1 and RARB in the detection of 
HSIL and SCC were 0.53, 0.57 and 0.49, 
respectively (Table 5). The cutoff values for the 

Figure 2. Receiver Operator Curve (ROC) analysis of TCT, HPV, methylated 
MGMT and DAPK1. ROC analysis of predicted sensitivity and 1-specificity 
was performed using SPSS 20.0, when TCT, HPV, methylated MGMT and 
DAPK1 were added to the model.

promoters methylated, MGMT 
combined with RARB, DAPK1 
combined with RARB were 
positive correlated with cervi-
cal disease grade (P < 0.05, 
Table 3). All three genes pro-
moters methylated (34/250) 
were associated with cervical 
disease grade (P < 0.001). 
The correlation was positive 
(Table 4). However, the differ-
ences were not significant 
between the promoter meth-
ylation status of single MGMT 
gene (P=0.063) and single 
RARB gene (P=0.153) with 
cervical disease grade re- 
spectively (Table 3). 

We analyzed the correlations 
between histological diagno-
sis and all that TCT, HC2 and 
the methylation status of 
DAPK1, MGMT and RARB. As 
shown in Table 4, there was a 
strong positive correlation 
between histological diagno-
sis and TCT (r=0.679, P < 
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methylation rates of all these genes were 0-5%. 
The methylation of DAPK1 combined with 
MGMT gave 43.4% sensitivity and 68.6% speci-
ficity. At a meth-index cutoff value of 2.6, the 
HC2 measure achieved 92.4% sensitivity and 
35.3% specificity (Figure 2). In addition, the TCT 
conferred 67.6% sensitivity and 78.8% specific-
ity (Figure 2).

Discussion

Methylation of DNA is a common regulatory 
process that regulates gene transcription in 
cells. DNA methylation is a well-balanced pro-
cess in normal cells. However, aberrant CpG 
methylation changes may occur in cancer cells 
[10]. Low methylation of oncogene promoters 
and high methylation of tumor suppressor gene 
promoters are pivotal alterations in tumorigen-
esis [14]. Several investigators have found that 
DNA methylation occurs frequently in CIN3 and 
cervical cancer cells, but rarely in CIN1 and nor-
mal cells [15], suggesting that aberrant meth-
ylation may indicate an increased risk of devel-
oping cervical cancer. 

Several investigators have found that DAPK1, 
MGMT and RARB showed elevated methylation 
in cervical cancers [16]. DAPK1 can induce cell 
apoptosis and inhibit cell survival and prolifera-
tion [17]. Previous investigations have revealed 
that the level of DAPK1 was low in many malig-
nant tumors [18]. The RARB gene encodes a 
nuclear receptor that binds retinoic acid, and is 
important in differentiation of stratified squa-
mous epithelium, including cervical epithelium 
[19]. Furthermore, RARB silencing was found in 
both cervical dysplastic and carcinoma cells, 
suggesting this protein can suppress cervical 
carcinogenesis. MGMT is a DNA methyltrans-
ferase. High methylation rate in MGMT gene 
promoter was detected in some cancer tissue 
including cervical cancer and non-small cell 
lung cancer [20]. MGMT also can inhibit cell 
survival and proliferation [20]. Thereafter, we 
selected these three genes to assess the asso-
ciation between ratio of methylation and high 
grade cervical disease. DNA methylation was 
assessed by semi-quantitative methods tend 
to overestimate methylation prevalence caus-
ing a high number of low specificity or false 
positives. Therefore, the use of quantitative 
MS-HRM analysis to determine DNA methyla-
tion levels is critical to accurately classify meth-
ylation status. In this study, we used MS-HRM 

analysis to quantitate the level of DNA methyla-
tion within DAPK1, MGMT and RARB gene pro-
moters in normal cervical and cervical cancer 
specimens.

Our findings demonstrated that DAPK gene 
methylation was associated with HSIL and SCC 
patients. Therefore, DAPK was a novel potential 
biomarker for high grade cervical disease. In 
addition, we also evaluated the association 
between HC2, TCT and high grade cervical dis-
ease. However, our results revealed that TCT 
and HC2 were significantly more sensitive and 
specific than DAPK methylation for the diagno-
sis of HSIL and SCC. In conclusion, a correlation 
between the DAPK1 methylation and high 
grade cervical disease including HSIL and SCC 
was observed in this study. However, whether 
methylation of DAPK1 confers a poorer progno-
sis of high grade cervical disease patients 
deserves further study.
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