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Objective: Human telomerase reverse transcriptase (hTERT), a crucial enzyme for telomere 
maintenance, has been associated with the development of ovarian cancer (OC). The purpose 
of this study was to investigate the difference of methylation rates of hTERT promoter in 
tumour tissues and plasma samples of patients with ovarian magnificent tumour and those 
with ovarian benign tumour, as well as in plasma samples of healthy women. This study 
further aimed to establish a possible association between increased methylation rate of 
hTERT promoter and circulating tumour DNAs (ctDNA) amongst patients with ovarian 
magnificent tumour.
Methods: Tumour tissue samples and plasma samples were separately obtained from 17 
patients with ovarian magnificent tumour (experiment group, group A) and from 15 
patients with ovarian benign tumour (control group, group B). Another 15 plasma samples 
were acquired from healthy women (control group, group C). Promoter methylation was 
assessed by methylation-specific PCR (MSP). Statistical analysis was conducted using 
SPSS 22.0.
Results: Methylation of hTERT was observed in 76.5% of tumour tissue samples and in 
70.6% of plasma samples from patients with ovarian magnificent tumour. It was also 
observed in 26.7% of tumour tissue samples and 20% of plasma samples from patients 
with ovarian benign tumour, and in 13.3% of plasma samples from healthy women. 
Comparing between plasmas and tissues, the respective rates of consistency, sensitivity 
and specificity were 70.59%, 76.9% and 50% in group A, and 80%, 50% and 90.9% in 
group B. Hence, the associations of hTERT methylation with ctDNAs (p=0.001) and tumour 
tissue samples (p=0.012) amongst patients with ovarian magnificent tumour were 
established.
Conclusion: An increased methylation of hTERT promoter is related to ctDNAs and tumour 
tissues of patients with ovarian magnificent tumour.
Keywords: human telomerase, promoter, methylation, ovarian tumour

Introduction
The incidence rate of ovarian malignancies ranks third amongst female reproductive 
system malignancies. Survival of patients with epithelial OC is significantly asso-
ciated with the stage of disease, thus early detection of OC can substantially 
increase survival rates.1 However, it is not easy to detect OC in its early stages 
due to lack of specific detection indicators. Thus, most OC cases have been 
diagnosed during the middle and late stages. Presently, the typically used tumour 
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markers for OC diagnosis have low sensitivity and speci-
ficity. Therefore, determining the specific tumour markers 
is of great clinical significance for assisting in early OC 
diagnosis.

About 90% of human cancers can abnormally activate 
telomerase; relatively, hyper methylation is a usual 
mechanism for telomerase activation in cancers.2 The 
hTERT hyper methylation in cancer was once evaluated 
by analysing normal samples from 1352 tumours and 80 
different normal tissues. The median methylation rate of 
hTERT in normal tissues was 7.0%, with no sample being 
more than 18.3%. Moreover, 91.4% of tumours had 
exceeded hTERT methylation levels in normal tissues.3 It 
was found that the expression of hTERT, as a catalytic 
protein subunit, was parallel to that of telomerase, which 
had been highly expressed in OC cases.4 There was 
methylation of hTERT promoter in several kinds of malig-
nant tumours,5 and its histological fragments could be 
dissociated from serums.6 It is therefore speculated that 
hyper methylation of hTERT promoter can be utilised as 
a prognostic biomarker of ovarian cancer. It has been 
validated that hTERT can be detected in free DNAs in 
serums, and the methylation of hTERT promoter can be 
a predictor of malignant tumours.7,8

Hence, this study aims to verify the significance of 
hTERT promoter methylation in OC diagnosis.

Materials and Methods
Patients and Samples
In this retrospective study, tumour tissue samples and 
plasma samples were separately obtained from 17 patients 
with ovarian magnificent tumour and from 15 patients with 
ovarian benign cyst. The said patients were surgically 
treated at Hangzhou Women’s Hospital. Meanwhile, 
plasma samples were also gathered from 15 healthy 
women. This study was performed in accordance with 
the Declaration of Helsinki. All of the enrolled study 
objects had provided informed consent. The study protocol 
was approved by the Ethics Committee of the Hangzhou 
Women’s Hospital. The patients had received no che-
motherapy or radiotherapy prior to surgery.

The obtained tumour tissue samples were frozen in 
liquid nitrogen, and then stored at −80°C for further ana-
lysis. DNAs were immediately extracted after the plasma 
samples were acquired. The median ages at the time of 
surgical treatment were 44 years old for patients with 
ovarian magnificent tumour (age range: 32–68) and 

42 years old for patients with ovarian benign cyst (age 
range: 32–68). The median age for the healthy controls 
was 45 years old (age range: 32–68) (p>0.05). For patients 
with ovarian magnificent tumour, seven cases were classi-
fied as grade I (41.2%), six as grade II (35.3%), and four 
as grade III (23.5%). There were two histological types: 
epithelial ovarian cancer (EOC) (15 cases, 88.2%), and 
immature teratoma (2 cases, 11.8%). Fifteen cases were 
unilateral (88.2%), and two were bilateral (11.8%). As for 
patients with ovarian benign tumour, they presented two 
histological types: epithelial ovarian cyst (11 cases, 
73.3%), and mature teratoma (4 cases, 26.7%). Twelve 
cases were unilateral (80%), and three were bilateral 
(20%) (Table 1).

Cell Lines and Cell Culture
According to literature,9 the methylation of hTERT pro-
moter was positive amongst human cervical cancer cells. 
The cells (HeLa; Shanghai Cell Bank of Chinese Academy 
of Sciences, China) were cultured at 37°C in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Rockville, 
MD, USA), and supplemented with 10% fetal bovine 
serum (FBS; Gibco) and 1% penicillin–streptomycin 
(Gibco) in a humidified incubator that contained 5% CO2.

DNA Extraction and Bisulfite Conversion
Immediately after sectioning, the tissue samples were kept 
at −80°C. The DNAs were extracted from tumour tissues 
and HeLa cells by cell/tissue genomic DNA Extraction Kit 
(No-GK0221, Shanghai Generay Biotech Co., Ltd.). After 
the blood was immediately drawn, the plasma was isolated 
by DNeasy Blood and Tissue Kit (No-50214, Qiagen 
GmbH, Hilden, Germany). Meanwhile, the concentration 
was measured by NanodropTM 2000 (Thermo Fisher 
Inc., USA).

MSP
The methylation of the hTERT promoter was determined 
by MSP. The DNAs were modified by sodium bisulfite 
using the EpiTect Bisulfite kit (48) Cat (No-59104, Qiagen 
GmbH, Hilden, Germany). The sensitivity of PCR was 
determined by FQ PCR. PCR was performed according 
to the kit instructions of SuperMix I (Beijing TransGen 
Biotech Co., Ltd.). The reaction mix contained a DNA 
solution, RNase-free water, bisulfite mix and DNA 
Protect Buffer, with a total volume of 50μL.

The specific modification steps were as follows: initial 
denaturation at 95°C for 5 min; incubation at 60°C for 25 
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min; denaturation at 95°C for 5 min; incubation at 60°C 
for 85 min; denaturation at 95°C for 5 min; incubation at 
60°C for 175 min; and, heat preservation at 20°C. The 
resulting mixture was eluted to afford the purified DNA. 
To detect the DNA sequence alterations after bisulfite 
treatment, MSP was used to distinguish methylated alleles 
from non-methylated ones. Forward primer 5ʹ- GGAA 
GTGTTGTAGGGAGGTATTTT −3ʹ and reverse primer 
5ʹ- CTTTAACCACTAACCTAATCCAAA −3ʹ (UF) were 
utilised in the PCR reaction of non-methylated promoter, 
with a product length of 198 bp. Meanwhile, forward 
primer 5ʹ- GGAAGTGTTGTAGGGAGGTATTTC −3ʹ 
and reverse primer 5ʹ- CTTTAACCGCTAACCTAAT 
CCG −3ʹ (MF) were employed in the PCR reaction of 
methylated promoter, with a product length of 198 bp. 
The reaction mix of PCR amplification contained 10μL 
of 2 × TransTaq HiFi PCR Super Mix, 0.5μL of forward 
primers (10μM), 0.5μL of reverse primers (10μM), 7μL of 
ddH2O, and 0.2μg of DNA template, with a total volume 
of 20μL.

Amplification was performed under the following 
conditions: initial denaturation at 95°C for 3 min; 40 
cycles of denaturation at 95°C for 15 s; annealing at 
60°C for 30 s; extension at 72°C for 20 s; and, final 

extension at 72°C for 7 min. Genomic DNA from the 
HeLa cells was used as the control of the methylated 
genes. The PCR products were loaded onto 8% PAA 
gels, stained with ethidium bromide, and visualised 
under UV light. The hTERT gene promoter was consid-
ered as either: (1) non-methylated, when only the ampli-
fication reaction of the non-methylated (U) primers was 
observed; or, (2) methylated or partially methylated, 
when the amplification reaction of the methylated (M) 
primers or both U and M primers was observed. 
A random reamplification of 20% of the samples was 
then conducted; no discrepancies were found on the 
methylation status.

Statistics
Statistical analysis was conducted using SPSS Statistics 
for Windows Software (Version 22.0). Pearson’s chi- 
square tests (χ2) were employed for the comparison of 
different groups. All p values of at most 0.05 were con-
sidered statistically significant.

Results
In group A, methylation was detected in tumour tissues 
(13/17, 76.5%), plasmas (12/17, 70.6%), tissues and 

Table 1 Distribution of hTERT Promoter Hyper Methylation Relative to Clinical and Pathological Data

hTERT Methylation

Tissue n (%) Plasma n (%)

Yes No p value YES No p value

Stage (A) 1.000 0.193

I 5 (71.4) 2 (28.6) 3 (42.9) 4 (57.1)

II 5 (83.3) 1 (16.7) 5 (83.3) 1 (16.7)
III 3 (75.0) 1 (25.0) 4 (100) 0 (0)

Histological type (A) 0.426 0.515
EOC 12 (80.0) 3 (20.0) 11 (73.3) 4 (26.7)

Immature teratoma 1 (50) 1 (50) 1 (50) 1 (50)

Histological type (B) 1.000 0.516

Epithelial cyst of ovary 3 (27.3) 8 (72.7) 3 (27.3) 8 (72.7)

Mature teratoma 1 (25) 3 (75) 0 (0) 4 (100)

Tumour distribution (A) 1.000 1.000

Unilateral ovary 11 (73.3) 4 (26.7) 10 (66.7) 5 (33.3)
Bilateral ovaries 2 (100) 0 (0) 2 (100) 0 (0)

Tumour distribution (B) 1.000 1.000
Unilateral ovary 3 (25) 9 (75) 3 (25) 9 (75)

Bilateral ovaries 1 (33.3) 2 (66.7) 0 (0) 3 (100)

Abbreviations: A, group A; B, group B.
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plasmas (10/17, 58.8%), and in tissue methylation but not 
in plasma (3/17, 17.6%, EOC stage I 3cases). Methylation 
was not detected in tissues, but was detected in plasmas (2/ 
17, 11.8%, EOC stage I 2 case). Comparing plasmas and 
tissues, the rates of consistency, sensitivity and specificity 
were 70.59%, 76.9% and 50%, respectively.

In group B, methylation was detected in plasmas (3/15, 
20.0%), tumour tissues (4/15, 26.7%), in tissues and plas-
mas (2/15, 13.3%), in tissues but not in plasmas (2/15, 
13.3%), and in plasmas but not in tissues (1/15, 6.7%). 
Comparing between plasmas and tissues, the rates of con-
sistency, sensitivity and specificity were 80%, 50% and 
90.9%, respectively. All of the cases that exhibited posi-
tive methylation were epithelial ovarian cysts. The 
patients’ ages were within 35 to 43 years old, no malignant 
tumour was found in the general examination, and no 
abnormality was found after a follow-up period of 
one year.

In the healthy control group, the hTERT promoter was 
methylated in two of the 15 plasma samples (13.3%). In 
the plasma samples, two cases (2/15, 13.3%) were positive 
for methylation, representing patients with ages 37 and 42 
years old. No tumour lesions were found after systemic 
examination, and no abnormality was found after a follow- 
up period of one year.

In the HeLa cell group, the hTERT promoter was 
methylated in all three samples (100%).

The relationship of hTERT methylation amongst the 
different groups is shown in Table 2. The number of 
hTERT methylation in tissues and plasmas of the experi-
mental and control groups is depicted in Table 3. The 

consistency of DNA methylation between the experimen-
tal and control groups, as well as the sensitivity and 
specificity of blood ctDNA detection, are expressed in 
Table 4. The correlation of hTERT methylation with 
respect to clinical and pathological features is presented 
in Table 1. Finally, the MSP images of agarose gel elec-
trophoresis are illustrated in Figure 1.

Discussion
Circulating free DNA (cfDNA) is released by necrotic or 
apoptotic tumour cells. The cfDNA level in cancer patients 
is higher than that in healthy people. The cfDNA from 
tumour patients’ plasmas is considered as ctDNA. Some 
studies have depicted that the positive rate of ctDNA 
amongst cancer patients is significantly higher than that 
in non-malignant individuals, and that the quantitative 
analysis of ctDNA is highly specific (>88%).10–12 In OC, 
droplet dPCR has a ctDNA detection limit of 0.002%, with 
high specificity (81%), high sensitivity (99%), and high 
detection rates (>93%).11 As indicated in some studies, the 
change of ctDNA is related to the response to adjuvant 
chemotherapy in OC cases, whilst the level of ctDNA is 
consistent with the burden of disease and the risk of 
recurrence amongst OC patients.10,12 Compared to normal 
epithelial cells, hTERT is overexpressed in over 95% of 
the OC patients.13 Through detecting methylation of 
hTERT in plasma ctDNA, tumour cells can be differen-
tiated from normal or benign ones.14 These conclusions 

Table 2 Methylation of hTERT Relative to the Different Groups

Group Yes n (%) No n (%) p value

Plasma 0.001
Ap 12 (70.6) 5 (29.4)

Bp 3 (20) 12 (80)

Cp 2 (13.3) 13 (86.7)

Tissue 0.012

At 13 (76.5) 4 (23.5)
Bt 4 (26.7) 11 (73.3)

Hell cells
D 3 (100) 0

Notes: Comparison between Ap and Bp (p=0.006), Bp and Cp (p=1.000), Ap vs Cp 

(p=0.002). 
Abbreviations: Ap, group A plasma samples; At, group A tissue samples; Bp, group 
B plasma samples; Bt, group B tissue samples; Cp, group C plasma samples; D, HeLa 
cell samples.

Table 3 Number of hTERT Methylation in Tissues and Plasmas of 
the Experimental and Control Groups

Group T (Yes) P (Yes) T (Yes) 

and 

P (Yes)

T (Yes) and 

P (No)

T (No) 

and 

P (Yes)

A 13 12 10 3 (EOC 

stage I)

2 (EOC 

stage I)

B 4 3 2 2 (Epithelial 

cyst of ovary)

1 (Mature 

teratoma)

Abbreviations: A, group A; B, group B; P, plasma samples; T, tissue samples; 
Yes, methylated; No, unmethylated.

Table 4 Consistency of DNA Methylation Between Tissue 
Samples and Plasma Samples; Sensitivity and Specificity of Blood 
ctDNA Detection in the Experimental and Control Groups

Group Consistency Sensitivity Specificity

Ap and At 70.59% 76.9% 50%
Bp and Bt 80.0% 50% 90.9%
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have provided relevant evidence for this study, which 
established the associations of hTERT methylation with 
ctDNA and tumour tissue samples of patients with ovarian 
magnificent tumour. However, there have been several 
cases with benign cysts, and some healthy women have 
likewise presented methylation of hTERT in plasma 
ctDNA. These require further research.

Cell-free serum DNA is a suitable and reliable 
approach for improving early OC detection.15,16 Hyper 
methylation of the promoter region of ctDNA has been 
reported to have diagnostic potential.17 As such, ctDNA 
analysis can be used to determine cancer-specific methyla-
tion patterns amongst OC patients. As the primary method 
for detecting methylated ctDNA in OC patients’ 
serums,15,18 MSP has been claimed to have a detection 

limit as low as 0.01%,19 a detection sensitivity of greater 
than 85%, and a specificity level of greater than 90% for 
ctDNA considering varied methylation levels.15,17,18 In 
this study, the hTERT promoter methylation in the 
ctDNA of OC patients was detected through the MSP 
method, and was compared with that of patients with 
ovarian benign tumour as verified on a histological level. 
The results suggested that the methylation rate of hTERT 
promoter in the ctDNA of OC patients was significantly 
higher than that of benign tumour cases and of healthy 
controls.

The selection of methylation sites in the hTERT pro-
moter region has an influence on the detection results. An 
analysis of the CPG loci of 92 patients with head and neck 
cancer (HNSCC) and 53 healthy controls indicated that 
some sites in HNSCC patients presented a higher fre-
quency of methylation than those in the controls, whilst 
a contrary finding was observed at another location of 
CPG.7 By probing the relationship between gene loci and 
activity of the hTERT promoter, it was found that the first 
exon, the first intron and the second exon of 37bp in front 
of the ATG upstream of the promoter of malignant tumour 
cells were active, whilst their expression in benign cells 
was relatively low.20 Therefore, in this study, the upstream 
region of the hTERT core promoter was taken as the 
methylation detection target area.

The CpG island is located in the hTERT promoter 
region and is commonly modified by hyper methylation 
in human cancer cells.3 The methylation of a specific 
region of the hTERT promoter is identified as a potential 
biomarker of tumour progression and survival in paediatric 
gliomas.8 It has been speculated that the methylation of 
specific regions, especially in the upstream of the hTERT 
core promoter, can activate the hTERT gene,8 leading to 
a progression of OC. There are several explanations 
regarding how the DNA methylation of a hTERT promoter 
activates hTERT. For one, DNA methylation prevents 
CTCF, which can inhibit hTERT transcription from bind-
ing to the transcription initiation site, thus allowing telo-
merase activation.21 RIF1 promotes EOC progression by 
activating hTERT, and the RIF1/hTERT pathway can be 
a potential therapeutic target for EOC patients.22 Wilms 
tumour protein is a suppressor of hTERT expression; its 
binding site depicts an increase of CpG methylation in 
cancer cells, thus reducing the inhibitory effect of the 
protein and promoting hTERT expression.23,24 DNA 
methylation can affect the chromatin conformation change 
of gene expression,25 which may lead to a binding with 

Figure 1 MSP images of agarose gel electrophoresis. 
Abbreviations: Ap, A group plasma; Bp, B group plasma; At, A group tissue; Bt, B 
group tissue; Hela, HeLa cells; Cp, C group plasma; M, methylation primer; U, 
unmethylation; primer marker: 1000bp; H2O, DNA free water.
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different factors and may drive hTERT expressions in 
cancer cells.26

Hyper methylation is one of the hTERT’s upregulating 
mechanisms in cancer. Unmethylation is a repressive ele-
ment of the hTERT promoter. Hyper methylation counter-
acts this effect, and may regulate other genes proximate to 
hTERT, which ultimately affect hTERT expression. Hyper 
methylation as an hTERT-upregulating mechanism, and 
the understanding of its biological mechanism, require 
further investigation.3

In this study, the association between hTERT promoter 
methylation, tumour type and clinical stage was analysed. 
It was found that the tumour’s type, distribution and clin-
ical stage had no significant correlation. The methylation 
rate of the hTERT gene promoter in ctDNA and in tumour 
tissues was greater than that in the control groups, indicat-
ing that the hTERT gene promoter methylation was asso-
ciated with ovarian malignant tumour. Because hTERT 
promoter hyper methylation is also associated with other 
epithelial malignancies, the diagnosis of ovarian cancer 
needs to combine with other tumor markers.

In this study, methylation of hTERT promoter was 
detected in plasmas and/or tumour tissues of a few patients 
with benign epithelial ovarian tumours. In addition, there were 
two cases of positive methylation in the plasmas of healthy 
controls. However, after further examination and a follow-up 
period of one year, no malignant tumour was detected 
amongst these participants. The reason for this requires further 
determination by methylation gene sequencing.

This study had some deficiencies. There was only one 
pair of primers amplified in the experiment, thus it was not 
known whether primers from a different position would 
have a higher specificity or would achieve a different 
experimental result. In addition, this study was only 
a qualitative test, and not a quantitative one. Hence, an 
accurate quantitative comparison of the primer amplifica-
tion products was lacking. Since ctDNA methylation 
detection was non-invasive, easy to sample, repeatable, 
highly specific and sensitive, hTERT promoter methyla-
tion detection was assumed as a potential minimally inva-
sive diagnostic tool for ovarian malignant tumour.

Conclusion
An increased methylation of hTERT promoter is related to 
ctDNAs and tumour tissues of patients with ovarian mag-
nificent tumour.

Core Tip
In this study, data analysis from clinical sample detection 
confirmed that the methylation rate of the hTERT DNA 
promoter in circulating tumour DNAs of patients with ovar-
ian malignant tumour was higher than that of patients with 
benign ovarian tumour and that of healthy individuals. 
Meanwhile, there was no significant difference in hTERT 
promoter methylation between the benign ovarian tumour 
group and the healthy control group. The methylation rate 
of the hTERT DNA promoter in ovarian malignant tumour 
tissues was higher than that in ovarian benign tumour tissues.
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