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Abstract
Promoter mutations in telomerase reverse transcriptase (TERT) and telomere length have been studied in various tumors. In the
present study, the frequency and clinical characteristics of TERT promoter mutation and telomere length were studied in
hepatocellular carcinoma (HCC). TERT promoter mutation and telomere length were analyzed in 162 tumor samples of the patients
with HCC by sequencing and real-time PCR, respectively. The TERT promoter mutation rate was 28.8% (46/160) in HCC and was
associated with males (P=0.027). The telomere length was not significantly different in the presence of a TERT promoter mutation
but was shorter in high-grade tumor stages (P=0.048). Survival analyses showed that poor overall survival was associated with
longer telomere length (P=0.013). However, the TERT promoter mutation did not have a prognostic value for HCC. Multivariate
survival analyses demonstrated that the telomere length was an independent prognostic marker for poor overall survival (hazard ratio
= 1.75, 95% confidence interval: 1.046–2.913, P=0.033). These data demonstrated that TERT promoter mutation is a frequent
event in HCC; however, telomere length, but not the presence of a TERT promoter mutation, might have potential value as a
prognostic indicator of HCC.

Abbreviations: ALT = alanine transaminase, AST = aspartate transaminase, CI = confidence intervals, DFS = disease-free
survival, HCC = hepatocellular carcinoma, HR = hazard ratios, OS = overall survival, PCR = polymerase chain reaction, TERC =
telomerase RNA component, TERT = telomerase reverse transcriptase.
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1. Introduction

Telomerase is uniquely composed of both protein and RNA
components. The human telomerase reverse transcriptase
(TERT) gene, located on chromosome 5p15.33, is a catalytic
subunit of the telomerase complex, and functions in conjunction
with the telomerase RNA component (TERC). In progenitor
cells, the telomerase complex plays a central role in repairing
chromosome ends, known as telomeres, during cell division.
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TERT provides the reverse transcriptase activity to the complex
and uses TERC as a template.[1] The core promoter of TERT
includes 330bp upstream of the translation start site, as well as
37bp in exon 2 of the TERT gene.[2] The TERT gene has recently
garnered interest because of its involvement in the oncogenic
process. Cytosine to thymine transitions at C228 and C250 in the
TERT promoter locus were identified as 2 cancer-specific
“hotspot”mutations.[3,4] The mutations are related to functional
increases in TERT protein, telomerase activity, and telomere
length. This promoter mutation and dysregulated expression of
TERT was demonstrated in diverse human malignancies such as
glioblastoma,[5] malignant melanoma,[3,4] and mesothelioma,[6]

and also in epithelial malignancies including genitourinary
cancers.[7] An association between decreased survival of cancer
patients and TERT mutations has been reported.[8] Therefore,
studies on telomeres and the related gene, TERT, are considered
important in the fight against cancer. The present study
investigated TERT gene mutation and telomerase length in
malignant tumor, especially hepatocellular carcinoma (HCC).
HCC comprises the majority of primary liver cancers in adults

and is a leading cause of cancer-related deaths worldwide.[9]

Moreover, the incidence of HCC continues to increase. The 5-
year survival rate for patients with HCC was recently reported to
be 2% to 29%, thus indicating poor prognosis.[10] To date, there
have been many studies on diagnostic genes, prognostic factors,
and targeted genes for HCC therapy. The majority of HCC cases
occur in a background of chronic liver disease due to viral
hepatitis (B or C), alcohol-related cirrhosis, or possibly related
steatohepatitis. For all stages, the relative 5-year survival rate of
HCC is in the range of 15% to 55%.[11] However, even with
hepatectomy, which is expected to yield the best results, the 5-

mailto:anato82@dsmc.or.kr
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000005766


Lee et al. Medicine (2017) 96:5 Medicine
year survival rate and tumor recurrence rate are 30% to 50% and
70% to 85%, respectively.[12] The only chemotherapeutic agent
that is currently used and is effective against HCC is sorafenib, a
multikinase inhibitor.[13] Therefore, more effective and diverse
approaches for the treatment of HCC are urgently needed.
However, only a few experimental studies have been performed
on the TERT gene in tumor tissues of HCC. The objective of this
study was to recognize the clinicopathological significance of
telomere length and TERT mutation status in HCC and identify
their potential roles as prognostic factors.
2. Methods

2.1. Patients and tissue samples

A total of 162 cases were included in the study, by retrieval of the
pathology reports of patients who underwent conventional
surgery forHCCat theKyungpookNational UniversityHospital
from January 2005 to December 2010. The clinicopathological
parameters of patients were re-evaluated by a review of the
patients’ medical records and slides. Patients receiving preoper-
ative therapies such as transarterial chemoembolization, radio-
frequency ablation, and systemic chemotherapy with sorafenib
(Nexavar; Bayer Corp., Pittsburgh, PA) were excluded from this
study. Patients with other malignancies or incomplete survival
data were also excluded. Tumor specimens and corresponding
nonmalignant liver tissue specimens were formalin-fixed and
paraffin-embedded. Paraffin blocks containing representative
tumor lesions were selected after review of the corresponding
hematoxylin and eosin-stained specimens. The representative
lesion from each case was marked on the paraffin blocks and
manually cored with a cylindrical device 3mm in diameter. The
study was approved by the institutional review board of the
Kyungpook National University Hospital (KNUH-2014-04-
056-001).
2.2. TERT promoter mutation

Genomic DNA was extracted using a QIAamp DNA Mini Kit
(QIAGEN). Polymerase chain reaction (PCR) amplification of the
TERT promoter region was performed as described previously,
with 1 minor modification.[14] PCR was performed using
AmpliTaq Gold (Applied Biosystems). The PCR products were
electrophoresed on a 1.5% agarose gel and stained with ethidium
bromide to confirm the size of the bands. Subsequently, direct
DNA sequencing was performed using the ABI 3730 DNA
sequencer by Bionics Inc, Korea.
2.3. Telomere length analysis

Telomere length was examined by real-time PCR assay. For
quantitative determination of content relative to DNA, primers
for the specific amplification of telomeres and the b-globin gene
were selected, according to previous studies.[14] Real-time PCR
was then performed in the LightCycler 480 II system (Roche
Diagnostics, Germany), with a total reaction volume of 20mL.
Each measurement was repeated in triplicate and 5 serially
diluted control samples were included in each experiment.

2.4. Statistical analysis

The Chi-square, Fischer’s exact, Mann–Whitney U, and Simple
correlation tests were performed to analyze the relationship
between variables. Survival curves, estimated using the Kaplan–-
2

Meier method (univariate analysis), were compared by a log-rank
test. Overall survival (OS) was defined as the time between
diagnosis and either death from disease or death from other
causes. Disease-free survival (DFS) was defined as the time
between diagnosis and either disease recurrence or development
of distant metastasis. Hazard ratios (HR) and 95% confidence
intervals (CI) were estimated using the multivariate Cox
proportional hazard model, with adjustment for age (� 65 vs
> 65 years), gender, aspartate transaminase (AST), and alanine
transaminase (ALT). All statistical analyses were carried out
using the SPSS version 19.0 software package (SPSS-IBM Inc,
Chicago, IL), and P-values<0.05 were considered statistically
significant.
3. Results

3.1. Frequency and clinicopathological characteristics
of TERT promoter mutation and telomere length in HCC

The presence of the TERT promoter mutation could not be
performed on 2 HCC samples. And, we successfully sequenced
the TERT promoter region in 160 patients with HCC and
found the mutation rate to be 28.8% (46/160). Thirty-two
cases with TERT promoter mutations harbored the C228T
mutation and 14 carried the C250T mutation (Fig. 1).
Clinicopathological characteristics of TERT promoter muta-
tions in HCC are presented in Table 1. A TERT promoter
mutation was statistically associated with males (P=0.027).
The frequency of this mutation was higher in patients with
HCC and infected with hepatitis C virus (HCV; 60.0%)
compared to those infected with hepatitis B virus (HBV;
32.8%) or having other underlying disease. However, this was
not statistically significant (P=0.285). Other clinical param-
eters did not have any relationships with TERT promoter
mutations.
Telomere length was analyzed in 162 patients with HCC. The

average telomere length in HCC was 3.97±1.38, when
comparing the ratio of telomere length in tumors to that of
paired normal tissues. The mean telomere lengths in patients with
HCC with and without TERT promoter mutations were 4.01±
0.79 and 3.92±1.74, respectively, and showed no statistical
difference (P=0.963). To further explore the correlation between
telomere length and clinicopathological parameters of HCC,
patients were categorized into 2 subgroups, according to the
average telomere length ratio (tumor/normal) of 3.97. The
clinicopathological characteristics of telomere length are sum-
marized in Table 1. Shortening of telomere length was more
frequent in older (51.4%) patients compared to younger ones
(66.3%). However, this did not achieve statistical significance
(P=0.056). This parameter had a deep relationship with T stage
(P=0.048). Other variables showed no association with telomere
length.
Quantitative correlation analysis of telomere length with

clinical parameters was also performed. The associations
between telomere length, age, tumor size, AST, ALT, and overall
survival (OS) are presented in Table 2. Telomere length had no
correlation with any clinical parameters, and age was associated
only with ALT (r=–0.182, P=0.020). However, tumor size was
associated with ALT (r=0.194, P=0.013), AST (r=0.275, P<
0.001), and OS (r=–0.295, P<0.001). AST was also related to
other parameters including ALT (r=0.688, P<0.001) and OS
(r=–0.209, P=0.007). Other parameters had no quantitative
correlation with each other.



[15]

Figure 1. Identification of TERT promoter mutation in hepatocellular carcinomas. Two hot spot mutations, C250T and C228T, are identified by sequencing
chromatographs of TERT promoter locus. Both mutations generate a de novo ETS (E26 transformation-specific) binding motif (50}}-TTCC-30}}), recruiting some
transcription factors from ETS family. TERT = telomerase reverse transcriptase.

Lee et al. Medicine (2017) 96:5 www.md-journal.com
3.2. Prognostic value of TERT promoter mutation and
telomere length in HCC

We then performed survival analysis to clarify the prognostic
significance of TERT mutations and telomere length in HCC.
The median follow-up of patients for survival analysis was 75.1
months (3–101). Univariate survival analysis was performed
using a Kaplan–Meier curve; this showed a shorter overall
survival in patients withHCCand longer telomere lengths (63.07
vs 75.70 months, x2=6.24, P=0.013) (Fig. 2). However, the
presence of a TERT mutation was not associated with HCC
prognosis. Tumor size also had a prognostic value for both OS
and DFS. To evaluate if telomere length is an independent
prognostic predictor inHCC,we further analyzed the data, using
the Cox proportional hazards regression model after
adjusting for possible confounders of survival (Table 3).
Multivariate analysis showed that telomere length (HR for
OS=1.746, 95% CI: 1.05–2.91, P=0.033; HR of DFS=1.478,
95% CI: 0.95–2.31, P=0.087) was a potential independent
prognostic factor. However, the presence of a TERT mutation
did not show any statistical significance as an independent
prognostic marker (HR for OS=0.749, 95%CI: 0.41–1.35, P=
0.338; HR of DFS=0.978, 95% CI: 0.59–1.62, P=0.931). In
addition, sex and tumor size have a statistical significance for
HCC prognosis.

4. Discussion

HCC, the most common type of liver cancer, occurs secondary to
HBV, HCV, alcohol consumption, and rare metabolic disorders.
Its pathogenesis and progression have been studied extensively;
the genetic landscape of HCC includes recurrent somatic
mutations in CTNNB1, AXIN1, TP53, RB1, CDKN2A,
3

ARID1A, ARID2, PIK3CA, and VEGFA, among others.
Since the discovery of TERT promoter mutations in malignant
melanoma, this mutation was subsequently observed in a number
of other malignancies including liver cancer, bladder cancer,
glioblastoma, and thyroid cancer, and is established as a genetic
mechanism of human tumorigenesis.[3–5,16,17]

To define molecular subtypes of HCC for personalized
therapy, it is necessary to understand TERT promoter mutations
and their molecular mechanisms, which are still largely
unknown. Therefore, we evaluated the clinicopathological
characteristics and prognostic effect of TERT promoter
mutations and telomere length in patients with HCC. Here,
we identified TERT promoter mutations in 28.8% (46/160) of
patients withHCC. Previous studies showed that the frequency of
TERT promoter mutations in HCC is approximately 50% in
Western countries and 30% in Eastern countries.[15,17–19,20] Our
result was in agreement with that in these previous reports.
However, a relatively higher frequency of the C250T mutation
was an interesting finding because most TERT promoter
mutations in HCC have previously been reported to occur at
C228T (95%).
Previous studies have demonstrated that TERT promoter

mutations are positively associated with age and hepatitis C
infection, but negatively associated with HBV infection.[17,20]

Our results also showed a positive association of TERT promoter
mutations with HCV, but not with HBV, with a higher frequency
inmales. Taken together, TERT promoter mutations are themost
frequent genetic alterations observed in HCC.[21] Considering the
association of TERT overexpression with TERT promoter
mutations, questions have been raised about the change in
telomere length with respect to TERT promoter mutations in
HCC. However, TERT promoter mutation did not have any
effect on the regulation of telomere length.
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Table 1

Clinicopathological characteristics of TERT promoter mutation and telomere length.

TERT promoter mutation P Telomere length P
Mutated Nonmutated Short Long

Total 46 (28.8) 114 (71.2) 97 (59.9) 65 (40.1)
Age, y 0.142 0.056
< 60 22 (24.2) 69 (75.8) 61 (66.3) 31 (33.7)
≥ 60 24 (34.8) 45 (65.2) 36 (51.4) 34 (48.6)

Gender 0.027
∗

0.985
Male 40 (33.3) 80 (66.7) 73 (59.8) 49 (40.2)
Female 6 (15.0) 34 (85.0) 24 (60.0) 16 (40.0)

AJCC T stage 0.185 0.048
∗

T1 1 (7.1) 13 (92.9) 9 (64.3) 5 (35.7)
T2 37 (32.5) 77 (67.5) 64 (55.7) 51 (44.3)
T3 7 (23.3) 23 (76.7) 24 (77.4) 7 (22.6)
T4 1 (50.0) 1 (50.0) 0 (0) 2 (100)

AST, IU/L 0.485 0.941
< 40 27 (27.0) 73 (73) 60 (59.4) 41 (40.6)
≥ 40 19 (32.2) 40 (67.8) 36 (60.0) 24 (40.0)

ALT, IU/L 0.591 0.717
< 40 31 (27.7) 81 (72.3) 69 (60.5) 45 (39.5)
≥ 40 15 (31.9) 32 (68.1) 27 (57.4) 20 (42.6)

HCC cause 0.285 0.085
Alcohol 6 (28.6) 15 (71.4) 11 (50.0) 11 (50.0)
HBV 19 (32.8) 39 (67.2) 29 (50.0) 29 (50.0)
HCV 3 (60.0) 2 (40.0) 3 (60.0) 2 (40.0)
others 18 (23.7) 58 (76.3) 54 (70.1) 23 (29.9)

Modified UICC stage 0.477 0.124
I 2 (13.3) 13 (86.7) 9 (60.0) 6 (40.0)
II 35 (31.3) 77 (68.8) 63 (55.8) 50 (44.2)
III 9 (28.1) 23 (71.9) 25 (75.8) 8 (24.2)
IV 0 (0) 1 (100) 0 (0) 1 (100)

Tumor size, cm 0.483 0.251
< 5.0 29 (30.9) 65 (69.1) 61 (63.5) 35 (36.5)
≥ 5.0 17 (25.8) 49 (74.2) 36 (54.5) 30 (45.5)

Values are presented as number (%) unless otherwise indicated.
AJCC=American Joint Committee on Cancer, ALT= alanine transaminase, AST=aspartate transaminase, HBV=hepatitis B virus, HCC=hepatocellular carcinoma, HCV=hepatitis C virus, TERT= telomerase
reverse transcriptase, UICC= International Union Against Cancer.
P values of x2-tests are indicated.
∗
Bold values, P < 0.05, statistically significant.
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Recent studies reported that the mechanisms of telomere length
and TERT regulation were not simple, and the association with
other genetic alternations could be required.[22–24] Therefore, the
regulatory mechanism of telomere length may be through various
Table 2

Correlation with telomere length and clinical variables.

Age Tumor size AST ALT OS

Telomere length R 0.114 –0.019 0.107 0.012 0.067
P value 0.148 0.813 0.175 0.876 0.397

Age R 0.141 0.040 –0.182 –0.062
P value 0.071 0.615 0.020

∗
0.427

Tumor size R 0.275 0.194 –0.295
P value 0.000

∗∗
0.013 0.000

∗∗

AST R 0.688 –0.209
P value 0.000

∗∗
0.007

∗

ALT R –0.115
P value 0.143

ALT= alanine transaminase, AST= aspartate transaminase, OS= overall survival.
P-values of x2-tests are indicated
∗
Bold values: P<0.05

∗∗
Bold values: P<0.001, statistically significant.

4

pathways, including the TERT promoter mutations in hepatic
carcinogenesis. In our study, telomere length was associated with
age, T stage, and infection status. However, its quantitative
analysis showed no correlation with clinical parameters. A
previous study demonstrated that leukocyte telomere length
might serve as an independent prognostic marker for HCC. Some
studies have reported that short telomere length is associatedwith
a higher risk of HCC development and postoperative recur-
rence.[25,26] Notably, we demonstrated, for the first time, poor
prognosis with longer telomere length in HCC tissue. In early
stage of hepatocellular carcinogenesis, telomere shortening
occurs, while telomerase is reactivated during its progression
to more advanced HCCs, thus maintaining the telomere length
for immortalization. Therefore, HCCs with longer telomere were
shown to be associated with aggressive clinicopathological
characteristics inducing poor prognosis.
Many reports have shown no prognostic value of TERT

promoter mutations, similar to our results.[17] However,
Kawai–Kitahata et al[27] showed that TERT promoter mutation
was significantly associated with shorter disease-free survival and
poor overall survival. A recent study also suggested that
combination of the rs2853669 and a TERT promoter mutation
indicates poor prognosis in HCC.[28]



Figure 2. Kaplan–Meier plots showing overall survival (upper) and disease-free survival (lower) according to TERT promoter mutation (A and D), telomere length (B
and E), and tumor size (C and F). TERT = telomerase reverse transcriptase.

Table 3

Multivariated analysis of the prognostic values of various factors in HCC.

Variable
Progression-free survival (PFS) Overall survival (OS)

P Hazard ratio 95% CI P Hazard ratio 95% CI

TERT promoter mutation 0.931 0.978 0.592–1.161 0.338 0.749 0.414–1.354
Telomere length 0.087 1.478 0.945–2.312 0.033

∗
1.746 1.046–2.913

Age 0.516 0.994 0.975–1.013 0.567 0.994 0.972–1.016
Sex 0.049

∗
1.709 1.002–2.916 0.013

∗
2.397 1.206–4.476

Tumor size 0.108 1.482 0.917–2.393 0.015
∗

1.941 1.137–3.313
AJCC T stages 0.229 0.454
T1 0.877 0.896 0.082–9.760 0.816 1.324 0.125–14.068
T2 0.882 1.172 0.152–9.036 0.575 1.793 0.233–13.781
T3 0.874 1.403 0.176–11.168 0.346 2.734 0.338–22.117

AST 0.435 1.005 0.993–1.016 0.157 1.009 0.996–1.022
ALT 0.731 0.998 0.983–1.012 0.721 0.997 0.98–1.014

Hazard ratio (95% confidence interval) of multivariate analysis.
AJCC=American Joint Committee on Cancer, ALT= alanine transaminase, AST= aspartate transaminase, CI=confidence interval, HCC=hepatocellular carcinoma, OS = overall survival, PFS = progression-
free survival, TERT = telomerase reverse transcriptase.
P values of x2-tests are indicated.
∗
Bold values: P<0.05, statistically significant.
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Interestingly, we also demonstrated poorer prognosis of HCC
in male than female, which is in agreement with previous study
with HCC in Korea population.[29,30] This result may be
originated from high prevalence of HCC in Korean male by
specific epidemiologic factors like hepatitis infection and alcohol.
Considering the strong association between TERT and telomere
length, additional factors regulating the telomere system and
HCC progression should be considered.
In conclusion, we studied both TERT mutations and telomere

length in HCC by survival analysis. TERT promoter mutation
was frequent, but it had no effect on telomere length and tumor
progression. Instead, our study indicates that telomere length is
an independent prognostic marker for poor overall survival. The
combination of telomere length and clinical parameters has the
5

potential to become prognostic markers for HCC and may
further aid clinicians in therapeutic decisions.
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