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Abstract

Background: This study aims at exploring the correlations between DNA methylation and polymorphisms in the
promoter region of the human telomerase reverse transcriptase (hTERT) gene and postoperative recurrence in
patients with thyroid carcinoma (TC).

Methods: A total of 312 patients diagnosed with TC were chosen for the study and categorized into recurrence
(n = 75) and non-recurrence (n = 237) groups. The hTERT rs2736100 and rs2736098 polymorphisms were detected
by performing polymerase chain reaction-restriction fragment length polymorphism. DNA methylation in the
promoter region of hTERT gene was evaluated by pyrosequencing. A telephonic and/or outpatient follow-up was
conducted for all patients. The correlations of DNA methylation and polymorphisms in the promoter region of
hTERT with postoperative recurrence of TC patients underwent analysis.

Results: The patient in the recurrence group showed evidently different pathological types and tumor stages in
comparison to the non-recurrence group. The GG genotype of hTERT rs2736100 might increase the recurrence risk
of TC patients. No correlations between hTERT rs2736098 polymorphisms and recurrence risk were observed.
Compared to the TT + TG genotype frequency, the rs2736100 GG genotype frequency increased in patients
without multicentricity, patients with extrathyroidal invasion, patients with lymph node metastasis, patients with
undifferentiated carcinoma, and patients in the III + IV stage. The recurrence group showed significantly higher
DNA methylation level compared to the non-recurrence group. The DNA methylation level was closely associated
to tumor stage and lymph node metastasis of TC patients in the recurrence group.

Conclusions: The DNA methylation and rs2736100 polymorphisms in the promoter region of hTERT gene might be
in correlation to postoperative recurrence of TC patients.
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Background
Thyroid carcinoma (TC) is an uncommon form of car-
cinoma but is one of the most common malignancies in
the human endocrine system [1]. It accounts for about
2% of newly diagnosed carcinoma cases and a majority
of deaths related to human endocrine carcinoma every
year [2]. TC still remains as the most common type of
cancer that is primarily diagnosed in adolescence and
young female adults aged between 15~29 years and sec-
ond between 30~39 years [3]. In recent years, with the
rapidly expanding prevalence, the treatment of TC has been
one of the most researched subjects in the Department of
Head and Neck Surgery [4]. A neck dissection is usually a
safe therapeutic treatment for TC patients but can induce
some complications [5]. The 5- and 10-year survival rates
of most TC patients are excellent, but it is another type of
complication in patients with poorly differentiated TC [6].
Therefore, the development of novel prognostic bio-
markers is essential for TC [1]. On the other hand, the in-
creasing evidence suggested that the common variant in
the DNA sequence, especially single-nucleotide polymor-
phisms (SNPs), is commonly associated to the efficacy of
surgical treatment [7].
Telomerase is an enzyme, which accounts for the

maintenance of chromosomal end integrity, and plays a
crucial role in tumorigenesis and progression of cancers;
its activity is characterized by the expression of the hu-
man telomerase reverse transcriptase (hTERT) gene [8].
The hTERT gene being the key component of telomerase
catalytic activity, encodes the reverse transcriptase com-
ponent of the telomerase complex, and its abnormity is
considered to be associated to tumorigenesis [9, 10].
High hTERT expression and telomerase activity have
been found in thyroid tumors particularly in advanced
forms, while in the majority of normal adult tissues,
including normal thyroid tissues, telomerase activity is
close to none [11]. DNA methylation is generally re-
ported to be closely related to gene repression through
the prevention of activating transcription factors against
binding to the DNA [12]. The promoter of the hTERT
gene encodes the catalytic subunit of the telomerase en-
zyme and has an intensive CG-rich cytidine-phosphate-
guanosine (CpG) island, suggesting the crucial role of
methylation in the regulation of hTERT expression [13].
The rs2736100 polymorphism is located on intron 2 of
the hTERT gene, and the rs2736098 polymorphism is lo-
calized on exon 2 of hTERT gene [14, 15]. Recently, des-
pite the inconclusive results, relations between these
SNPs and cancer risk have been reported [16]. It has
been established that the hTERT promoter mutations
are linked to poor prognosis of several human tumors,
which include gliomas, ovarian cancer, and melanoma
[17–20]. Further, the mutations in the promoter region
of hTERT are extremely prevalent in advanced TC, and

an acquisition of such a mutation could activate the ac-
cumulation of excess genetic defects, which result in dis-
ease progression [11]. Therefore, in this study, we aimed
at examining the correlations between DNA methylation
and polymorphisms in the promoter region of the
hTERT gene and postoperative recurrence in patients
with TC.

Methods
Study subjects
From April 2007 to March 2012, a total of 312 patients
who were histologically and radiologically diagnosed with
TC and treated in the Ningbo No.2 Hospital (n = 165) and
Ningbo No.7 Hospital (n = 147) were selected for this
retrospective study. The diagnosis was conducted in com-
pliance with the guidelines published by the American
Thyroid Association (ATA) in 2015 [21]. All subjects were
in strict accordance with the inclusion and exclusion cri-
teria [22–24]. The inclusion criteria were as follows: (1)
patients recently diagnosed with TC, (2) patients ≥18 years
old, (3) patients with definitive pathological diagnosis, and
(4) patients with no history of other tumors. Exclusion cri-
teria were as follows: (1) patients with incomplete patho-
logical data and (2) patients suffering from severe liver or
kidney disease, cardiovascular disease, hematologic disease,
or malignant tumor before admission. After treatment, the
patients were allotted into the recurrence group (patients
who showed postoperative recurrence, n = 75) or the non-
recurrence group (patients who showed no postoperative
recurrence, n = 237). The study was performed with the
approval from the Ethics Committee of the Ningbo No.2
Hospital. All patients signed informal consent.

Treatment for TC
TC on the basis of their behavior and histology can be
classified into differentiated and undifferentiated can-
cers. The surgical options of treatment for differentiated
TC include total/near-total thyroidectomy, subtotal thy-
roidectomy, as well as lobectomy plus isthmusectomy
[25]. In our study, there were 28 TC patients with a
tumor of diameter 3 cm and they were treated by total/
near-total thyroidectomy or subtotal thyroidectomy;
among them, 7 cases by lymph node metastasis and 3
cases with pulmonary metastasis were treated by thy-
roidectomy. For the three cases with a tumor of diam-
eter 4 cm, whose thyroid capsule was invaded by tumor
cells were treated by total thyroidectomy plus bilateral
lymph node dissection and mediastinal lymph node dis-
section. The five cases with thyroid microcarcinoma
(tumor diameter <1 cm) were treated by unilateral thy-
roidectomy. The subtotal thyroidectomy plus bilateral
lymph node dissection and mediastinal lymph node dis-
section was the treatment for TC patients with a tumor
diameter between 1 and 3 cm. For undifferentiated TC,
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surgery still remains as the main treatment during the
early stage and radiotherapy and chemotherapy during
the end stage. All patients acquired some routine nurs-
ing care in the Department of General Surgery and
strengthening of perioperative nursing intervention.

Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP)
Peripheral venous blood samples were withdrawn from
all patients. The genomic DNA was then extracted from
the blood samples with a Qiagen DNA extraction kit
(Qiagen, Valencia, CA, USA). Two loci (rs2736100 and
rs2736098) were chosen in the promoter region of the
hTERT gene. The primers of the two loci for polymerase
chain reaction (PCR) are shown in Table 1. The PCR
conditions for these two loci were different. PCR condi-
tion for rs2736100 were as follwos: pre-denaturation at
94 °C for 5 min; 35 cycles of denaturation at 94 °C for
30 s, annealing at 63 °C for 30 s, and extension at 72 °C
for 45 s; and extension at 72 °C for 10 min. PCR condi-
tion for rs2736098 were as follows: pre-denaturation at
94 °C for 5 min; 35 cycles of denaturation at 94 °C for 30 s,
annealing at 61 °C for 30 s, and extension at 72 °C for 45 s;
and extension at 72 °C for 10 min. Their PCR products
were preserved at 4 °C. Identification of genotypes was
done by enzyme digestion. The hTERT gene polymorphism
in the promoter region was detected by PCR-RFLP.

Pyrosequencing
The PyroMark Q24 pyrosequencing instrument, EpiTect
Bisulfite Kit, and Hostart Taq PCR mix (all acquired from
Qiagen, Valencia, CA, USA) were all applied for determin-
ing the DNA methylation level in the promoter region of
the hTERT gene. The sequences were amplified after the
transformation and purification of the DNA samples with
sulfite. Then the amplified DNA was detected by pyrose-
quencing with the primers mentioned in Table 2.

Follow-up
A telephonic and/or outpatient follow-up for all patients
(n = 165) was conducted after operation and radiation ther-
apy. The postoperative recurrence was observed and re-
corded. The postoperative recurrence was identified on the
basis of (1) if the hormone levels in the blood were higher

than the normal values and (2) observation by radiological
re-examination.

Statistical analysis
All data was processed with the SPSS 20.0 software (SPSS
Inc.; Chicago, IL, USA). The measured data was expressed
as mean value ± standard deviation (mean ± SD) and was
analyzed by the t test. The enumeration data was expressed
in percentage and was analyzed by the chi-squared test.
Hardy-Weinberg equilibrium was used for analyzing the
frequency distribution of the genotypes of the hTERT gene
in the recurrence and non-recurrence groups. The recur-
rence risk was evaluated with odds ratio (OR) and 95%
confidence interval (95%CI). P < 0.05 was considered to be
statistically significant. Finally, for evaluation of the sample
size, G*power software was used for power calculation,
sample size and P values were used for estimating the
statistical test of effectiveness, and effect size (ES) was
employed for comparing the differences [26, 27].

Results
Baseline characteristics of TC patients in the recurrence
and non-recurrence groups
The baseline characteristics of TC patients were com-
pared in between the recurrence and non-recurrence
groups (Table 3). The recurrence group (n = 75) included
24 male and 51 female patients with the mean age as
45.04 ± 10.53 years. The non-recurrence group (n = 237)
included 67 male and 170 female patients with the mean
age as 42.58 ± 8.40 years. No significant difference in the
parameters of gender and mean age were observed in
between these two groups (both P > 0.05). The patho-
logical type and tumor stage of the recurrence group
were evidently different in comparison to the non-
recurrence group (both P < 0.05), which indicated that
the postoperative recurrence of TC might be associated
to the pathological type and tumor stage.

Genotype determination of hTERT rs2736100 and
rs2736098
The genotyping of hTERT rs2736100 and rs2736098 was
identified using enzyme digestion. For rs2736100 (T >G),
there were three bands for the TG genotype (125, 452,
and 570 bp), one band for the TT genotype (570 bp) and
two bands for the GG genotype (125 and 452 bp), as
shown in Fig. 1. For rs2736098 (G >A), there were two
bands for the GG genotype (121,and 180 bp), one band

Table 1 Primer sequences of rs2736100 and rs2736098
polymorphisms for polymerase chain reaction

SNP Primer sequence

rs2736100 Forward: 5′-CCCCACAAGCTAAGCATTAT-3′

Reverse: 5′-GAAGAACCACGCAAAGGAC-3′

rs2736098 Forward: 5′-CCGTGGTTTCTGTGTGGTGT-3′

Reverse: 5′-CCCCTGAGGAGTAGAGGAAGT-3′

SNP single-nucleotide polymorphism

Table 2 Primer sequences for polymerase chain reaction

Primer Primer sequence

TERTMF 5′-ATGATGTGGAGGTTTTGGGAATAG-3′

TERTMR 5′-Biotin-CCCAACCTAAAAACAACCCTAAT-3′

TERTS 5′-GGAGGTTTTGGGAATAG-3′
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for the AA genotype (310 bp) and three bands for the GA
genotype (121, 180 and 310 bp), as shown in Fig. 2.

Allele frequency and genotype distribution of hTERT
rs2736100 and rs2736098 between the recurrence and
non-recurrence groups
The allele and genotype distribution of hTERT rs2736100
and rs2736098 corresponded to the Hardy-Weinberg

equilibrium (P > 0.05). Therefore, the samples in our
study were random and representative.
The hTERT rs2736100 frequency of T allele was 50.8%

in the non-recurrence group and 35.3% in the recurrence
group, and the frequency of G allele was 49.2 vs 64.7%;
which differed significantly between the recurrence group
and the non-recurrence group (P = 0.001). In the non-
recurrence group, the TT, TG, and GG genotype frequen-
cies of hTERT rs2736100 were 22.8, 56.1, and 21.1%,
respectively. In the recurrence group, the TT, TG, and GG
genotype frequencies were 9.3, 52.0, and 38.7%, respect-
ively. The frequency of hTERT rs2736098 G allele was
75.1 vs. 78.7% in between the non-recurrence and recur-
rence groups, and of A allele was 24.9 vs. 21.3%. In the
non-recurrence group, the GG, GA, and AA genotype fre-
quencies of hTERT rs2736098 were 57.0, 36.3, and 6.8%,
respectively. In the recurrence group, the GG, GA, and
AA genotype frequencies were 61.3, 34.7, and 4.0% re-
spectively. No significant differences observed in the non-
recurrence and recurrence groups (all P > 0.05). The GG
genotype of hTERT rs2736100 can potentially increase the
recurring risk of TC (OR = 4.47, 95%CI = 1.80 ~ 11.12).
There was no relation between hTERT rs2736098 and re-
currence of TC (Table 4).

Correlations of hTERT rs2736100 polymorphism with
baseline characteristics of TC patients in the recurrence
and non-recurrence groups
As shown in Table 5, hTERT rs2736100 polymorphism
was correlated to multicentricity, extrathyroidal invasion,
lymph node metastasis, and pathological type of patients
in the recurrence group (all P < 0.05), while no correl-
ation was observed in between hTERT rs2736100

Table 3 Baseline characteristics of patients between the
recurrence and non-recurrence groups

Characteristic Non-recurrence
group

Recurrence
group

χ2/t P

(n = 237) (n = 75)

Gender

Male 67 (28.3) 24 (32.0) 0.69 0.467

Female 170 (71.7) 51 (68.0)

Mean age (years) 42.58 ± 8.40 45.04 ± 10.53 1.26 0.211

Pathological type

Papillary thyroid
carcinoma

220 (92.8) 41 (54.7) 72.13 <0.0001

Follicular thyroid
carcinoma

10 (4.2) 7 (9.3)

Medullary thyroid
carcinoma

5 (2.1) 10 (13.3)

Undifferentiated
carcinoma

2 (0.8) 17 (22.7)

Tumor stage

I 174 (73.4) 10 (13.3) 98.67 < 0.0001

II 25 (10.5) 20 (26.7)

III 35 (14.8) 29 (38.7)

IV 3 (1.3) 16 (21.3)

Fig. 1 Genotypes of hTERT rs2736100 identified by enzyme digestion.
Note: hTERT human telomerase reverse transcriptase

Fig. 2 Genotypes of hTERT rs2736098 identified by enzyme digestion.
Note: hTERT human telomerase reverse transcriptase
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polymorphism and baseline characteristics in the non-
recurrence group patients. The frequency of rs2736100
GG genotype increased in patients without multicentri-
city, patients with extrathyroidal invasion, patients with
lymph node metastasis, and patients with undifferenti-
ated carcinoma, in comparison to the patients with
multicentricity, patients without extrathyroidal invasion,
patients without lymph node metastasis, or patients with
differentiated carcinoma (69.0, 75.9, 79.3, and 51.7 vs 31.0,
24.1, 48.3, and 0.0%) (P = 0.020, P < 0.001, P < 0.028, and
P < 0.004).

DNA methylation level in the promoter region of hTERT
gene in the recurrence and non-recurrence groups
Five cytidine-phosphate-guanosine (CpG) sites were
identified by pyrosequencing of the promoter region of
hTERT upstream of the transcription start site (UTSS)
region. Figure 3a–d as the pyrosequencing diagrams of
the four TC samples, respectively. The DNA methylation
levels of these five CpG sites are shown in Fig. 3. The
percentage in the blue frame presented the DNA methy-
lation level of the corresponding site. Different DNA
methylation levels were observed in different samples.

Table 4 Allele frequency and genotype distribution of hTERT
rs2736100 and rs2736098 polymorphisms between the
recurrence and non-recurrence groups

Non-recurrence
group

Recurrence
group

P OR (95%CI)

(n = 237) (n = 75)

rs2736100

TT genotype 54 (22.8) 7 (9.3) Ref

TG genotype 133 (56.1) 39 (52.0) 0.059 0.44 (0.19–1.05)

GG genotype 50 (21.1) 29 (38.7) 0.001 4.47 (1.80–11.12)

T allele 241 (50.8) 53 (35.3) Ref

G allele 233 (49.2) 97 (64.7) 0.001 1.89 (1.29–2.77)

rs2736098

GG genotype 135 (57.0) 46 (61.3) Ref

GA genotype 86 (36.3) 26 (34.7) 0.671 0.89 (0.51–1.54)

AA genotype 16 (6.8) 3 (4.0) 0.353 0.55 (0.15–1.98)

G allele 356 (75.1) 118 (78.7) Ref

A allele 118 (24.9) 32 (21.3) 0.373 0.82 (0.53–1.27)

hTERT human telomerase reverse transcriptase, Ref reference, OR odds ratio,
CI confidence interval

Table 5 Correlations of hTERT rs2736100 polymorphism with baseline characteristics of patients in the recurrence and
non-recurrence groups

Characteristic Non-recurrence group Recurrence group

TT + TG (%) GG (%) P TT + TG (%) GG (%) P

187 50 46 29

Tumor size

<20 mm 127 (67.9) 30 (60.0) 0.293 31 (67.4) 16 (55.2) 0.287

≥20 mm 60 (32.1) 20 (40.0) 15 (32.6) 13 (44.8)

Multicentricity

Yes 115 (61.5) 28 (56.0) 0.532 27 (58.7) 9 (31.0) 0.02

No 72 (38.5) 14 (28.0) 19 (41.3) 20 (69.0)

Extrathyroidal invasion

Yes 66 (35.3) 22 (44.0) 0.258 11 (23.9) 22 (75.9) <0.001

No 121 (64.7) 28 (56.0) 35 (76.1) 7 (24.1)

Lymph node metastasis

Yes 33 (17.6) 11 (22.0) 0.482 25 (54.3) 23 (79.3) 0.028

No 154 (82.4) 39 (78.0) 21 (45.7) 6 (20.7)

Pathological type

Papillary thyroid carcinoma 173 (92.5) 47 (94.0) 0.907 27 (58.7) 10 (34.5) 0.004

Follicular thyroid carcinoma 8 (4.3) 2 (4.0) 5 (10.9) 2 (6.9)

Medullary thyroid carcinoma 4 (2.1) 1 (2.0) 8 (17.4) 2 (6.9)

Undifferentiated carcinoma 2 (1.1) 0 6 (13.0) 15 (51.7)

Tumor stage

I + II 156 (83.4) 43 (86.0) 0.659 21 (45.7) 9 (31.0)

III + IV 31 (16.6) 7 (14.0) 25 (54.3) 20 (69.0) 0.208

hTERT human telomerase reverse transcriptase
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The DNA methylation levels of five CpG sites in the
hTERT UTSS promoter region were evaluated by pyro-
sequencing of all 312 patients. A percentage higher than
5% is considered as an indication of DNA methylation
[28]. The DNA methylation levels in the hTERT UTSS
promoter region were observed to be higher than 5% in
all 312 samples. The DNA methylation levels and the
mean DNA methylation levels at the five CpG sites were
significantly higher in the recurrence group in compari-
son to the non-recurrence group (Fig. 4 and Table 6).

Correlations of DNA methylation level in the promoter
region of hTERT gene with baseline characteristics of TC
patients in the recurrence and non-recurrence groups
The quartile (17%) of mean DNA methylation levels was
considered as a threshold of hypomethylation and hyper-
methylation [28]. As shown in Table 7, the DNA methy-
lation level of rs2736100 is closely associated to tumor

stage and lymph node metastasis of TC patients in the
recurrence group (both P < 0.05) and not correlated to
the non-recurrence group patients (both P > 0.05). In-
creased hypermethylation of rs2736100 was observed in
TC patients with lymph node metastasis and patients in
the III + IV stage in comparison to the patients without
lymph node metastasis and those in the I + II stage in
the recurrence group (77.4 and 69.8 vs. 22.6 and 30.2%)
(P < 0.001, P = 0.007).

Discussion
Neck surgery is thought of as a safe therapeutic method
that can bring excellent 5- and 10- year survival rates for
TC patients [6]. However, there are still some complica-
tions and a relatively high incidence of recurrence after
surgery [5]. Therefore, it is of great significance to de-
velop better prognostic biomarkers for treating TC. Our
findings have provided evidence that rs2736100 poly-
morphism and DNA methylation in the promoter region
of the hTERT gene is correlated to the prognosis of TC
after surgery.
Interestingly, the rs2736100 polymorphism was identi-

fied in the promoter region of the hTERT gene and was
considerably associated to postoperative recurrence of
TC patients. It has been reported that hTERT promoter
mutations can increase the transcriptional activity from
the promoter [29], which can change the stringency with
which hTERT is regulated, which can possibly facilitate
the activation of hTERT and consequently lead to a poor
outcome of cancers [30]. In line with our study, Xing et
al. demonstrated that mutations and gene copy number
gain are a representation of some new prognostic
markers for TC [31]. Landa et al. found that the hTERT
promoter mutations are highly abundant in advanced
TC [11]. Additionally, the rs2736100 polymorphism has
been reported to be associated to risk of glioma, lung

Fig. 3 a–d DNA methylation levels in the promoter region of the hTERT gene of the four TC samples evaluated by pyrosequencing. Note: hTERT,
human telomerase reverse transcriptase; TC, thyroid carcinoma

Fig. 4 DNA methylation levels in the hTERT UTSS promoter region of
patients of the recurrence and non-recurrence groups. Note: hTERT
human telomerase reverse transcriptase, UTSS upstream of the
transcription start site; **P< 0.05 compared to the non-recurrence group
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cancer, and testicular germ cell cancer [18, 32, 33]. It has
been proven that rs2736100 polymorphism of the
hTERT gene has a genotype-specific effect on hTERT ex-
pression, which is closely associated to susceptibility to
papillary TC [34] Furthermore, our study discovered
that the T and G alleles of rs2736100 polymorphism
of hTERT gene were associated to the recurrence of
TC by PCR-RFLP analysis, and GG genotype can in-
crease the risk of the recurrence of TC.
Moreover, the pyrosequencing assay was performed in

our study for analyzing the DNA methylation levels at the
five CpG sites, which showed that the DNA methylation
levels were significantly higher in the recurrence group
compared to the non-recurrence group. An increase in
the hypermethylation of rs2736100 was observed in TC
patients with lymph node metastasis and patients in the
III + IV stage compared to the patients without lymph
node metastasis and patients in the I + II stage in the

recurrence group. DNA methylation is one of the mecha-
nisms that can instigate gene silencing in the process of
carcinogenesis, especially in tumor suppressor genes [35].
Expression of hTERT still remains as one of the major lim-
iting factors for telomerase activity [36]. Expression of
hTERT decreased during cell differentiation, and it si-
lenced in completely differentiated somatic cells, while it
is frequently was reactivated by means of an unknown
mechanism in 80–95% of cancers and immortalized cells,
which enabled these cells to be alive with shortened telo-
meres [37]. Dense hypermethylation was observed in the
promoter region of hTERT in most cancer cell lines as re-
ported previously [38–40]. DNA methylation is consid-
ered to play a critical role in the regulation of the hTERT
gene [8], which can provide us a promising explanation
about how the hTERT gene regulated by DNA methyla-
tion affects the risk of TC. Aberrant gene methylation has
been proposed to be a new prognostic marker for TC [31].

Table 6 Comparison of methylation levels at five CpG sites of patients in the recurrence and non-recurrence groups

Group CpG 1 CpG 2 CpG 3 CpG 4 CpG 5 Methylation levels Mean value P

Non-recurrence group 16% 17% 18% 9% 10% Low 14.0% <0.001

Recurrence group 25% 31% 21% 39% 38% High 30.8%

CpG cytidine-phosphate-guanosine

Table 7 Correlations of methylation levels of the promoter region of hTERT gene with baseline characteristics of patients in the
recurrence and non-recurrence groups

Characteristic Non-recurrence group Recurrence group

Hypomethylation (%) Hypermethylation (%) P Hypomethylation (%)
(n = 22)

Hypomethylation (%)
(n = 53)

P

Tumor size

<20 mm 112 (70.0) 45 (58.4) 0.078 12 (54.5) 19 (35.8)

≥20 mm 48 (30.0) 32 (41.6) 10 (45.5) 34 (64.2) 0.134

Multicentricity

Yes 102 (63.8) 41 (53.2) 0.122 9 (40.9) 27 (50.9)

No 58 (36.3) 36 (46.8) 13 (59.1) 26 (49.1) 0.428

Extrathyroidal invasion

Yes 57 (35.6) 31 (40.3) 0.489 8 (36.4) 25 (47.2) 0.391

No 103 (64.4) 46 (59.7) 14 (63.6) 28 (52.8)

Lymph node metastasis

Yes 29 (18.1) 15 (19.5) 0.802 7 (31.8) 41 (77.4) <0.001

No 131 (81.9) 62 (80.5) 15 (68.2) 12 (22.6)

Pathological type

Papillary thyroid carcinoma 147 (91.9) 73 (94.8) 0.707 12 (54.5) 25 (47.2)

Follicular thyroid carcinoma 7 (4.4) 3 (3.9) 2 (9.1) 5 (9.4)

Medullary thyroid carcinoma 4 (2.5) 1 (1.3) 2 (9.1) 8 (15.1)

Undifferentiated carcinoma 2 (1.3) 0 (0.0) 6 (27.3) 15 (28.3) 0.897

Tumor stage

I + II 135 (84.4) 64 (83.1) 0.805 14 (63.6) 16 (30.2)

III + IV 25 (15.6) 13 (16.9) 8 (36.4) 37 (69.8) 0.007

hTERT human telomerase reverse transcriptase
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Accumulating studies have provided enough evidence on
how DNA methylation and gene polymorphisms are com-
monly linked to the differences in surgery efficacy for
many cancers [41–44].
Our results also revealed that postoperative recurrence

of TC was associated to pathologic types and tumor stages
and that the DNA methylation levels and the rs2736100
polymorphisms of hTERT gene were associated to the
tumor size, multicentricity, extrathyroidal invasion, patho-
logic types, lymph node metastases, and tumor stage of
the recurrence group. Recent studies have demonstrated
that tumor size, nodal metastases, and histological type
are often associated to postoperative recurrence of TC
[30, 45, 46]. In addition to this, Gandolfi et al. revealed
that mutations in the hTERT promoter are closely associ-
ated to metastasis in papillary TC [47].

Conclusions
To summarize, our study demonstrated that rs2736100
polymorphism and DNA methylation in the promoter
region of the hTERT gene might be correlated to the
prognosis of TC after surgery. Our study provided refer-
ences for the treatment of TC in the aspect of molecular
biology. However, it must be noted that our findings
need to be further validated by well-designed larger
molecular epidemiological researches.

Abbreviations
CpG: Cytidine-phosphate-guanosine; hTERT: Human telomerase reverse
transcriptase; OR: Odds ratio; PCR: Polymerase chain reaction; TC: Thyroid
carcinoma; UTSS: Upstream of the transcription start site

Acknowledgements
We would like to give our sincere appreciation to the reviewers for their
helpful comments on this article.

Funding
Not applicable.

Availability of data and materials
This data and materials are available.

Authors’ contributions
JJL and YZW carried out the molecular genetic studies, participated in the
sequence alignment, and drafted the manuscript. PC carried out the
immunoassays. JRZ participated in the sequence alignment. JJL and JRZ
participated in the design of the study and performed the statistical analysis.
PC and YZW conceived of the study, participated in its design and
coordination, and helped to draft the manuscript. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
All patients signed informal consent.

Ethics approval and consent to participate
The study was performed with the approval from the Ethics Committee of
the Ningbo No.2 Hospital. All patients signed informal consent.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 11 November 2016 Accepted: 16 May 2017

References
1. Zhao Y, Liu X, Zhong L, He M, Chen S, Wang T, Ma S. The combined use of

miRNAs and mRNAs as biomarkers for the diagnosis of papillary thyroid
carcinoma. Int J Mol Med. 2015;36(4):1097–103.

2. Khan MS, Pandith AA, Azad N, Hussain MU, Masoodi SR, Wani KA, Andrabi KI,
Mudassar S. Impact of molecular alterations of BRAF in the pathogenesis of
thyroid cancer. Mutagenesis. 2014;29(2):131–7.

3. Goldfarb M, Casillas J. Unmet information and support needs in newly
diagnosed thyroid cancer: comparison of adolescents/young adults (AYA)
and older patients. J Cancer Surviv. 2014;8(3):394–401.

4. Haymart MR, Banerjee M, Yang D, Stewart AK, Doherty GM, Koenig RJ,
Griggs JJ. The relationship between extent of thyroid cancer surgery and
use of radioactive iodine. Ann Surg. 2013;258(2):354–8.

5. Shaha AR. Complications of neck dissection for thyroid cancer. Ann Surg
Oncol. 2008;15(2):397–9.

6. Vriens MR, Weng J, Suh I, Huynh N, Guerrero MA, Shen WT, Duh QY, Clark OH,
Kebebew E. MicroRNA expression profiling is a potential diagnostic tool for
thyroid cancer. Cancer. 2012;118(13):3426–32.

7. Kim DH, Dai F, Belfer I, Banco RJ, Martha JF, Tighiouart H, Tromanhauser SG,
Jenis LG, Hunter DJ, Schwartz CE. Polymorphic variation of the guanosine
triphosphate cyclohydrolase 1 gene predicts outcome in patients
undergoing surgical treatment for lumbar degenerative disc disease.
Spine (Phila Pa 1976). 2010;35(21):1909–14.

8. Daniel M, Peek GW, Tollefsbol TO. Regulation of the human catalytic
subunit of telomerase (hTERT). Gene. 2012;498(2):135–46.

9. Nugent CI, Lundblad V. The telomerase reverse transcriptase: components
and regulation. Genes Dev. 1998;12(8):1073–85.

10. Eissa S, Motawi T, Badr S, Zaghlool A, Maher A. Evaluation of urinary human
telomerase reverse transcriptase mRNA and scatter factor protein as urine
markers for diagnosis of bladder cancer. Clin Lab. 2013;59(3-4):317–23.

11. Landa I, Ganly I, Chan TA, Mitsutake N, Matsuse M, Ibrahimpasic T, Ghossein RA,
Fagin JA. Frequent somatic TERT promoter mutations in thyroid cancer: higher
prevalence in advanced forms of the disease. J Clin Endocrinol Metab.
2013;98(9):E1562–6.

12. Lewis KA, Tollefsbol TO. Regulation of the telomerase reverse transcriptase
subunit through epigenetic mechanisms. front genet. 2016;7:83.

13. Devereux TR, Horikawa I, Anna CH, Annab LA, Afshari CA, Barrett JC. DNA
methylation analysis of the promoter region of the human telomerase
reverse transcriptase (hTERT) gene. Cancer Res. 1999;59(24):6087–90.

14. Zou P, Gu A, Ji G, Zhao L, Zhao P, Lu A. The TERT rs2736100 polymorphism
and cancer risk: a meta-analysis based on 25 case-control studies.
BMC Cancer. 2012;12:7.

15. Qi HY, Zou P, Zhao L, Zhu J, Gu AH. TERT rs2736098 polymorphism
and cancer risk: results of a meta-analysis. Asian Pac J Cancer Prev.
2012;13(7):3483–8.

16. Schoemaker MJ, Robertson L, Wigertz A, Jones ME, Hosking FJ, Feychting M,
et al. Interaction between 5 genetic variants and allergy in glioma risk.
Am J Epidemiol. 2010;171(11):1165–73.

17. Killela PJ, Reitman ZJ, Jiao Y, Bettegowda C, Agrawal N, Diaz Jr LA, et al. TERT
promoter mutations occur frequently in gliomas and a subset of tumors
derived from cells with low rates of self-renewal. Proc Natl Acad Sci U S A.
2013;110(15):6021–6.

18. Shete S, Hosking FJ, Robertson LB, Dobbins SE, Sanson M, Malmer B, et al.
Genome-wide association study identifies five susceptibility loci for glioma.
Nat Genet. 2009;41(8):899–904.

19. Terry KL, Tworoger SS, Vitonis AF, Wong J, Titus-Ernstoff L, De Vivo I, Cramer
DW. Telomere length and genetic variation in telomere maintenance genes
in relation to ovarian cancer risk. Cancer Epidemiol Biomarkers Prev.
2012;21(3):504–12.

20. Horn S, Figl A, Rachakonda PS, Fischer C, Sucker A, Gast A, et al. TERT
promoter mutations in familial and sporadic melanoma. Science.
2013;339(6122):959–61.

21. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et
al. 2015 American Thyroid Association Management Guidelines for Adult

Li et al. World Journal of Surgical Oncology  (2017) 15:114 Page 8 of 9



Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The
American Thyroid Association Guidelines Task Force on Thyroid Nodules
and Differentiated Thyroid Cancer. Thyroid. 2016;26(1):1–133.

22. Khan N, Oriuchi N, Higuchi T, Zhang H, Endo K. PET in the follow-up of
differentiated thyroid cancer. Br J Radiol. 2003;76(910):690–5.

23. Helal BO, Merlet P, Toubert ME, Franc B, Schvartz C, Gauthier-Koelesnikov H,
Prigent A, Syrota A. Clinical impact of (18)F-FDG PET in thyroid carcinoma
patients with elevated thyroglobulin levels and negative (131)I scanning
results after therapy. J Nucl Med. 2001;42(10):1464–9.

24. Schluter B, Bohuslavizki KH, Beyer W, Plotkin M, Buchert R, Clausen M.
Impact of FDG PET on patients with differentiated thyroid cancer who
present with elevated thyroglobulin and negative 131I scan. J Nucl Med.
2001;42(1):71–6.

25. Ramirez AT, Gibelli B, Tradati N, Giugliano G, Zurlo V, Grosso E, Chiesa F.
Surgical management of thyroid cancer. Expert Rev Anticancer Ther.
2007;7(9):1203–14.

26. Tumati S, Martens S, Aleman A. Magnetic resonance spectroscopy in mild
cognitive impairment: systematic review and meta-analysis. Neurosci
Biobehav Rev. 2013;37(10 Pt 2):2571–86.

27. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods. 2007;39(2):175–91.

28. Castelo-Branco P, Choufani S, Mack S, Gallagher D, Zhang C, Lipman T, et al.
Methylation of the TERT promoter and risk stratification of childhood brain
tumours: an integrative genomic and molecular study. Lancet Oncol.
2013;14(6):534–42.

29. Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L, Garraway LA. Highly
recurrent TERT promoter mutations in human melanoma. Science.
2013;339(6122):957–9.

30. Beesley J, Pickett HA, Johnatty SE, Dunning AM, Chen X, Li J, et al.
Functional polymorphisms in the TERT promoter are associated with risk of
serous epithelial ovarian and breast cancers. PLoS ONE. 2011;6(9):e24987.

31. Xing M. Molecular pathogenesis and mechanisms of thyroid cancer.
Nat Rev Cancer. 2013;13(3):184–99.

32. Wang Y, Broderick P, Matakidou A, Eisen T, Houlston RS. Role of 5p15.33
(TERT-CLPTM1L), 6p21.33 and 15q25.1 (CHRNA5-CHRNA3) variation and lung
cancer risk in never-smokers. Carcinogenesis. 2010;31(2):234–8.

33. Turnbull C, Rapley EA, Seal S, Pernet D, Renwick A, Hughes D, et al. Variants
near DMRT1, TERT and ATF7IP are associated with testicular germ cell
cancer. Nat Genet. 2010;42(7):604–7.

34. Ge M, Shi M, An C, Yang W, Nie X, Zhang J, et al. Functional evaluation of
TERT-CLPTM1L genetic variants associated with susceptibility of papillary
thyroid carcinoma. Sci Rep. 2016;6:26037.

35. Fukushige S, Horii A. DNA methylation in cancer: a gene silencing
mechanism and the clinical potential of its biomarkers. Tohoku J Exp Med.
2013;229(3):173–85.

36. Renaud S, Loukinov D, Abdullaev Z, Guilleret I, Bosman FT, Lobanenkov V,
Benhattar J. Dual role of DNA methylation inside and outside of CTCF-binding
regions in the transcriptional regulation of the telomerase hTERT gene. Nucleic
Acids Res. 2007;35(4):1245–56.

37. Zinn RL, Pruitt K, Eguchi S, Baylin SB, Herman JG. hTERT is expressed in
cancer cell lines despite promoter DNA methylation by preservation of
unmethylated DNA and active chromatin around the transcription start site.
Cancer Res. 2007;67(1):194–201.

38. Dessain SK, Yu H, Reddel RR, Beijersbergen RL, Weinberg RA. Methylation of
the human telomerase gene CpG island. Cancer Res. 2000;60(3):537–41.

39. Nomoto K, Maekawa M, Sugano K, Ushiama M, Fukayama N, Fujita S,
Kakizoe T. Methylation status and expression of human telomerase reverse
transcriptase mRNA in relation to hypermethylation of the p16 gene in
colorectal cancers as analyzed by bisulfite PCR-SSCP. Jpn J Clin Oncol.
2002;32(1):3–8.

40. Guilleret I, Yan P, Grange F, Braunschweig R, Bosman FT, Benhattar J.
Hypermethylation of the human telomerase catalytic subunit (hTERT) gene
correlates with telomerase activity. Int J Cancer. 2002;101(4):335–41.

41. Arakawa Y, Watanabe M, Inoue N, Sarumaru M, Hidaka Y, Iwatani Y.
Association of polymorphisms in DNMT1, DNMT3A, DNMT3B, MTHFR and
MTRR genes with global DNA methylation levels and prognosis of
autoimmune thyroid disease. Clin Exp Immunol. 2012;170(2):194–201.

42. Ravegnini G, Zolezzi Moraga JM, Maffei F, Musti M, Zenesini C, Simeon V,
Sammarini G, Festi D, Hrelia P, Angelini S. Simultaneous analysis of SEPT9
promoter methylation status, micronuclei frequency, and folate-related
gene polymorphisms: the potential for a novel blood-based colorectal
cancer biomarker. Int J Mol Sci. 2015;16(12):28486–97.

43. Lin J, Zeng RM, Li RN, Cao WH. Aberrant DNA methylation of the P16,
MGMT, and hMLH1 genes in combination with the
methylenetetrahydrofolate reductase C677T genetic polymorphism and
folate intake in gastric cancer. Genet Mol Res. 2014;13(1):2060–8.

44. Xi J, Su Y, Beeghly Fadiel A, Lin Y, Su FX, Jia WH, Tang LY, Ren ZF.
Association of physical activity and polymorphisms in FGFR2 and DNA
methylation related genes with breast cancer risk. Cancer Epidemiol.
2014;38(6):708–14.

45. Lo TE, Canto AU, Maningat PD. Risk factors for recurrence in Filipinos
with well-differentiated thyroid cancer. Endocrinol Metab (Seoul).
2015;30(4):543–50.

46. Baek SK, Jung KY, Kang SM, Kwon SY, Woo JS, Cho SH, Chung EJ. Clinical
risk factors associated with cervical lymph node recurrence in papillary
thyroid carcinoma. Thyroid. 2010;20(2):147–52.

47. Gandolfi G, Ragazzi M, Frasoldati A, Piana S, Ciarrocchi A, Sancisi V. TERT
promoter mutations are associated with distant metastases in papillary
thyroid carcinoma. Eur J Endocrinol. 2015;172(4):403–13.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. World Journal of Surgical Oncology  (2017) 15:114 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study subjects
	Treatment for TC
	Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
	Pyrosequencing
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics of TC patients in the recurrence and non-recurrence groups
	Genotype determination of hTERT rs2736100 and rs2736098
	Allele frequency and genotype distribution of hTERT rs2736100 and rs2736098 between the recurrence and non-recurrence groups
	Correlations of hTERT rs2736100 polymorphism with baseline characteristics of TC patients in the recurrence and non-recurrence groups
	DNA methylation level in the promoter region of hTERT gene in the recurrence and non-recurrence groups
	Correlations of DNA methylation level in the promoter region of hTERT gene with baseline characteristics of TC patients in the recurrence and non-recurrence groups

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	References

