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Abstract
Background & Objectives: Telomere plays a critical role in the maintenance of genomic stability in eukaryotic chromosomes.
More and more findings have shown that alteration in telomere length may involve in normal somatic cells and some diseases,
however, whether the telomere length is associated with the development and/or progression of hepatic diseases remains poorly
understood.

Methods:A case–control study was employed to illustrate the correlation of relative telomere length (RTL) with chronic hepatitis B
(CHB) and hepatocellular carcinoma (HCC). In this study, 152 patients with HCC, 212 patients with CHB, and 184 healthy controls
were recruited. Genomic deoxyribonucleic acid (DNA) was extracted from the peripheral blood leukocytes, and fluorescence
quantitative polymerase chain reaction (FQ-PCR) was used to detect telomere repeated numbers and 36B4 copy numbers. The RTL
was calculated by telomere repeat copy number to single-copy gene number ratio in each sample compared with a reference DNA
sample.

Results:We found that the RTL in HCC groupwas the longest, followed by CHB group, and healthy control groupwas the shortest,
showing significant statistical differences. When participants were categorized into longer and shorter group according to medium
value in healthy controls, individuals who had longer RTL had a significant increased risk of CHB (odds ratio [OR]: 1.83, 95%
confidence interval [CI]: 1.22–2.73) when the healthy control was used as the reference groups; furthermore, longer RTL also showed
higher incidence of HCC (OR: 3.22, 95% CI: 2.01–5.17; OR: 1.58, 95% CI:1.03–2.41) when healthy control and CHB were used as
the reference groups, respectively. When participants were categorized further into 4 groups according to quartile values of RTL in
healthy controls, it showed that the longest RTL was also associated with an increased risk of CHB (OR: 2.09, 95% CI: 1.17–3.74)
and HCC (OR: 4.31, 95% CI: 2.18–8.52; OR: 2.86, 95% CI: 1.53–5.34) when control and control/CHB group were used as the
reference groups, respectively.

Conclusion:Our results suggest that the alteration of telomere length in peripheral leukocytes might be involved in the hepatitis B
virus infection and HCC events, and RTL might be a potential useful predictor of CHB and HCC.

Abbreviations: 95% CI = 95% confidence interval, CHB = chronic hepatitis B, HBV = hepatitis B virus, HCC = hepatocellular
carcinoma, OR = odds ratio, RTL = relative telomere length, T/S = the ratio of telomere/single copy gene copy numbers.
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1. Introduction

China is one of the highest hepatitis B virus (HBV)-infected
countries worldwide[1]; about 9.75% of Chinese population are
Hepatitis B virus surface antigen (HBsAg) carriers. HBV is a
hepadnavirus which leads to chronic hepatitis B (CHB) and
cirrhosis, and is associated with a high risk of hepatocellular
carcinoma (HCC). HCC is a highly malignant cancer lacking of
effective treatment methods, so early diagnosis and prevention
are effective ways to improve the survival rate. In recent years,
more andmore researchers have paid attention to telomere length
measurement and investigated the association between RTL and
risk of many kinds of diseases, including cancer.[2–5]

Human telomeres complexes are composed of repetitive
nucleotide sequences (TTAGGG) and nucleoproteins such as
TRF1, TRF2, TPP1, POT1, TIN2, and RAP1 which protect
chromosome ends from end-to-end fusions and degradation to
maintain genomic integrity.[6] In human normal somatic cells, the
length of telomeric TTAGGG is 10 to 15kb, and shortened by
50 to 200 base pairs with each cell division cycle because of the
end replication inefficiency of deoxyribonucleic acid (DNA)
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polymerase. Besides the end replication problem, oxidative
damage and chronic inflammation are also associated with
telomere shortening.[8,9] When telomeres progresses shorten to a
critical length, they may be recognized as double-strand breaks
and activate the Rb and/or P53 pathway to initiate cellular
senescence and apoptosis.[10,11] If cells escape from the apoptosis
or senescence, the shortened telomeres lead to chromosome
abnormality and active oncogenes to initiate carcinogenesis.
There are lots of studies focusing on the association between

telomere length and cancer risk, while the results are inconsistent.
Some findings showed that shorter telomere length not only
increases the risk of gastric cancer,[12] but also decreases the
survival rate of bladder cancer,[13] while in other epidemiologic
investigates, longer telomere length was associated with the
increased risk of cancers that were reported.[14–18] To date, little
research has investigated the relationship between telomere length
and the event of hepatocarcinogenesis (from normal, CHB to
HCC) to our knowledge. In this study, the changes of leukocytes
telomere length in different cohorts of diseases in a southwest Han
Chinese population were investigated to try to understand the
relationship of RTL in different stages of hepatocarcinogenesis.
2. Materials and methods

2.1. Study population

The study population was recruited from the affiliated hospital
of North Sichuan Medical College from September 2013 to
September 2014 (Nanchong, Sichuan, China), and the case group
consists of 152 and 212 cases of newly diagnosed HCC patients
and CHB patients, respectively. All the cases were confirmed by
histology or imaging diagnosis or laboratory examinations, and
184 cases of controls were cancer-free individuals and were
recruited from the physical examination cohorts at the same
hospital. All the cases and controls employed in this study were
Han Chinese, and all of the subjects were agreed to donate 2mL
peripheral blood for this study. General characteristics such as
age, gender, alcohol consumption, and cigarette smoking were
collected by querying medical records. This study obtained
informed consents of all the subjects and was approved by the
ethics committee of North Sichuan Medical College.
2.2. Telomere length measurement

Genomic DNA was extracted from peripheral blood leukocytes
by using TIANamp Blood DNA Kit (Tiangen Biotech Co., Ltd.,
Beijing, China) according to the manufacturer’s protocol.
Telomere length was measured by quantitative polymerase chain
reaction (PCR) technology as previous described by Cawthon.[19]

In the protocol, 2 pairs of primers were used for measuring the
Table 1

Selected characteristics of all participants.

HCC

Age, y 55.7±12.3
Gender, % Male 130 (85.53)

Female 22 (14.47)
Smoking status, % Ever 75 (49.34)

Never 77 (50.66)
Alcohol use, % Ever 73 (48.03)

Never 79 (51.97)

CHB = chronic hepatitis B, HCC = hepatocellular carcinoma, Pa = HCC versus control, Pb = CHB ver

2

copy numbers of telomere and single copy gene 36B4. Telomere
forward primer (Tel F): 50-ACACTAAGGTTTGGGTTT-
GGGTTTGGGTTTGGGTTAGTGT-30, Telomere reverse
primer (Tel R): 50-TGTTAGGTATCCCTATCCCTATCCC-
TATCCCTATCCCTAACA-30. 36B4 forward primer (36B4F):
50-CAGCAAGTGGGAAGGTGTAATCC-30, 36B4 reverse
primer (36B4R): 50-CCCATTCTATCATCAACGGGTACAA-
30. In brief, PCR (the total volume is 10mL) comprised 2�
Master mix 5mL (Roche, Basel, Switzerland), forward primer
0.4mL (10nM, Sangon, Shanghai, China), reverse primer 0.4mL
(10nM, Sangon, China), template DNA 1mL, and ddH2O 3.2m
L. The thermal cycling for telomere PCR is 95 °C for 10 minutes
followed by 2 cycles of 95 °C for 15 seconds and 49 °C for 1
minute, the next step is 30 cycles of 95 °C for 15 seconds followed
by 62 °C for 1 minute and 72 °C for 20 seconds. For 36B4 PCR,
the thermal cycling is 95 °C for 10 minutes and followed by 40
cycles of 95 °C for 15 seconds and 58 °C for 1 minute. The copy
numbers of telomere and 36B4 gene were run in separate 96 well
plates on Roche Lightcycler 96 platform (Basel, Switzerland), and
all the reactions were triplicate. In every single 96 well plate,
negative control, positive control, and a standard curve were
included. A 5-point standard curve was created by diluting the
reference DNA sample using a 2-fold increment dilution in each
reaction, only the result shown R2>0.99 is accurate for using
2�DDCT method to calculate telomere and 36B4 gene copy
number. The ratio of telomere/single copy gene copy numbers
(T/S) is proportional to the average telomere length per cell as
described by Cawthon.[19,20] Relative telomere lengths (RTLs)
were measured as the ratio of patient T/S values to the reference
DNA T/S values to eliminate plate-to-plate variation.
2.3. Statistical analysis

Chi-square and Student t test were used to evaluate the difference
between categorical and continuous variables, respectively. RTL
data were analyzed as categorical variable based on the cutoff
points at the median and quartile value among controls. Odds
ratio (OR) and 95% confidence interval (CI) were calculated by
unconditional logistic regression model to evaluate the associa-
tion between RTL and HCC risk. All tests were 2-sided, and P
values below 0.05 were considered statistically significant. The
SPSS software 11.5 (SPSS, Inc., Chicago, IL) was used to perform
all of the analyses.
3. Results

3.1. Subject characteristics

The distributions of patient characteristics are summarized in
Table 1. A total of 152 HCC patients (male 130 and female 22),
CHB Control Pa/Pb/Pc

39.4±16.5 43.8±13.9 0.000/0.003/0.000
143 (67.45) 100 (54.35) 0.000/0.008/0.000
69 (32.55) 84 (45.65)
– 60 (32.61) 0.002//
– 124 (67.39)
– 94 (51.09) 0.577//
– 90 (48.91)

sus control, Pc = HCC versus CHB.



Table 2

RTL distribution by age and gender in HCC, CHB and Controls.

RTL, median (range)

HCC CHB Controls Pa/Pb/Pc

2.35 (0.30–6.68) 2.07 (0.62–7.31) 1.82 (0.33–7.67) 0.000/0.002/0.002
Age, y
<50 2.66 (0.37–6.68) 2.06 (0.62–7.31) 1.88 (0.33–7.67) 0.000/0.099/0.000
≥50 2.23 (0.30–5.94) 2.14 (0.83–3.81) 1.69 (0.55–3.41) 0.000/0.004/0.276
Pd 0.003 0.982 0.036

Gender
Male 2.34 (0.30–6.68) 2.00 (0.62–7.31) 1.78 (0.53–3.63) 0.000/0.023/0.001
Female 2.41 (1.01–5.08) 2.13 (0.85–4.29) 1.87 (0.33–7.67) 0.082/0.038/0.445
Pe 0.777 0.192 0.491

CHB = chronic hepatitis B, HCC= hepatocellular carcinoma, Pa= HCC versus control, Pb= CHB versus control, Pc= HCC versus CHB, Pd=<50 versus ≥50, Pe=male versus female, RTL= relative telomere
length.
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212 CHB patients (male 143 and female 69), and 184 healthy
controls (male 100 and female 84) were recruited in this study. All
participants were Han Chinese in southwest of China. The
average age in patients with HCC was older than that of CHB
and control, the differences were significant (P<0.05). In
addition, there were more male patients in HCC group than
that of CHB and control. We also investigated cigarette smoking
and alcohol consumption of all the subjects except CHB patients
because of extramural hospital treatment.
3.2. RTL distribution by age and gender in HCC, CHB and
Controls

As shown in Table 2, the RTL in HCC group was the longest,
followed by CHB group, and control group was the shortest, and
the difference was statistically significant when CHB or control
used as reference (P<0.05). Participants who aged more than 50
years had shorter RTL in HCC and control group when
compared with that in participants aged less than 50 years, while
no significant difference was found in CHB group. For
individuals who aged less than 50 years, RTL in HCC group
was longer than that of in CHB and control group, while in
individuals older than 50 years, the RTLs in both HCC and CHB
groups were longer than that of in control. When stratified by
gender, we found that RTL in male HCC was the longest,
followed by CHB, and control was the shortest (P<0.05), while
in the female group, only RTL in CHB groupwas longer than that
in control (P<0.05). However, the differences of RTL in HCC,
CHB, and control group were not significant in male and female
participants, respectively.
Table 3

The correlations between RTL and risk of HCC and CHB.

RTL HCC/control (n [%]) OR (95% CI) CHB/control (

By medium
Shorter 36 (23.7)/92 (50) Reference 75 (35.4)/92
Longer 116 (76.3)/92 (50) 3.22 (2.01–5.17) 137 (64.6)/92

By quartile
First 16 (10.5)/46 (25) Reference 33 (15.6)/46
Second 20 (13.2)/46 (25) 1.25 (0.58–2.71) 42 (19.8)/46
Third 47 (30.9)/46 (25) 2.94 (1.46–5.91) 68 (32.1)/46
Fourth 69 (45.4)/46 (25) 4.31 (2.18–8.52) 69 (32.5)/46

95% CI = 95% confidence interval, CHB = chronic hepatitis B, HCC = hepatocellular carcinoma, OR
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3.3. The correlations between RTL and risk of HCC and
CHB

As shown in Table 3, when control was used as the reference
group and RTL was dichotomized into long and short groups
based on the median value in control group, individuals with
longer RTL had a significantly increased risk of HCC (OR: 3.22,
95% CI: 2.01–5.17) and CHB (OR: 1.83, 95% CI: 1.22–2.73).
When CHB was used as reference, longer RTL was also
associated with an increased risk of HCC (OR: 1.58, 95% CI:
1.03–2.41). Furthermore, participants were further categorized
into 4 groups according to quartile values of RTL in control
individuals, and we also observed a significant relationship
between the RTL andHCC and CHB risk. When the first quartile
was used as the reference group, the ORs for the second, third,
and fourth were 1.25 (95% CI: 0.58–2.71), 2.94 (95% CI:
1.46–5.91), and 4.31 (95% CI: 2.18–8.52) in HCC group,
respectively. Similarly in the CHB group, the ORs for the second,
third, and fourth were 1.27 (95% CI: 0.69–2.35), 2.06 (95% CI:
1.15–3.69), and 2.09 (95%CI: 1.17–3.74) when the first quartile
was used as the reference group, respectively. Compared with
CHB group, the risk of HCC was increased in the fourth quartile
compared with the first quartile (OR=2.86, 95%CI: 1.53–5.34).

4. Discussion

In recent years,many researchers explored the association between
RTL and cancer risk, while the results were controversial. In some
types of cancers, such as gastric and bladder cancer, shorterRTL in
leukocytes was a risk factor of tumorigenesis,[12,13,21] while it was
opposite in lung and colorectal cancer.[17,18]
n [%]) OR (95% CI) HCC/CHB (n [%]) OR (95% CI)

(50) Reference 59 (38.8)/106 (50) Reference
(50) 1.83 (1.22–2.73) 93 (61.2)/106 (50) 1.58 (1.03–2.41)

(25) Reference 21 (15.6)/53 (25) Reference
(25) 1.27 (0.69–2.35) 38 (19.8)/53 (25) 1.81 (0.94–3.48)
(25) 2.06 (1.15–3.69) 33 (32.1)/53 (25) 1.57 (0.81–3.06)
(25) 2.09 (1.17–3.74) 60 (32.5)/53 (25) 2.86 (1.53–5.34)

= odds ratio, RTL = relative telomere length.
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Up to now, there are several studies focusing on the association
between RTL and hepatic diseases, including cirrhosis and HCC.
Wan et al[22] demonstrated that cirrhotic cases had a significantly
longer RTL in circulating serum DNA than that in noncirrhotic
controls, and long RTL had a significantly increased risk of
cirrhosis. In another study, researchers revealed that serum DNA
RTL in HBV-relative HCC was longer than that in healthy
control, and a dose–response relationship existed in the quartile
analysis.[23] Plentz et al[24] measured RTL in HCC tissue,
regenerative nodules, and surrounding noncancerous liver tissue,
the results showed that RTL in HCC tissue was the shortest. In
another study, RTL was gradually shortening during hepato-
carcinogenesis (from low-grade dysplastic nodules, high-grade
dysplastic nodules, HCC loci to HCC) and high-grade dysplastic
nodules and HCC were the shortest, which was significantly
positively correlated with chromosome instability.[25] Saini
et al’s[26] result revealed that patients with HCC had a shorter
RTL in cancer tissue when compared with CHB and chronic
hepatitis C. Besides these association studies, another functional
study revealed that longer RTL was positively correlated with the
invasive capacity of HCC cells, which indicated that telomere
might play multiple roles in HCC initiation and progression.[27]

In the present study, we measured leukocytes RTL from
peripheral blood using quantitative PCR technology and
investigated the association between RTL and HCC risk in a
southwest Han Chinese population. In the healthy controls, RTL
in individuals aged more than 50 years was shorter than that in
those aged less than 50 years, which was consistent with a
previous study.[7] We also found that there was a significantly
longer RTL in patients with HCC and CHB than that in healthy
controls, which demonstrated that RTL in peripheral blood
leukocytes might have gradually gotten lengthening from control,
CHB to HCC. The similar results were obtained when stratifying
analysis by age and gender, especially in male patients. When
unconditional logistic regression was used to evaluate the
association between RTL and the risk of HCC and CHB, it
revealed that longer RTLwas associated with an increased risk of
HCC and CHB both by medium and quartile, which indicated
that RTL in leukocytes might be a predictive biomarker of HCC
as telomere lengthening gradually during the procedure of
hepatocarcinogenesis.
In the previous studies, both shorter RTL in leukocytes and

serum-free DNA and longer RTL in HCC tissue were associated
with an increased risk of HCC risk. Although the conclusions
were opposite, the detailed molecular mechanisms remain to be
investigated further. Recent studies have suggested that telomere
dysfunction had dual roles in cancer progression and carcino-
genesis, including hepatocarcinogenesis.[28–30] Normal somatic
cells need telomere length in a balance level to maintain cell
proliferation, senescence, and apoptosis, excessively shortened
telomere may give rise to more frequency of chromosome end-to-
end fusion, while significant longer telomere delays cells
senescence and apoptosis and more genetic lesions might occur
during cell division, as a result, both exceed short and exceed long
telomere could lead to chromosome instability and initiate
tumorigenesis.[28,29] Recent studies, both in vivo and in vitro,
suggested that HBx protein, encoded by HBV viral genome,
increases both expression of telomere reverse transcriptase and
telomerase activity, thus prolonging the lifespan of hepatocytes
and contributing to malignant transformation.[31–34] Another 2
relative studies demonstrated that telomere length in leukocytes
was positively correlated with normal liver tissue and cirrhotic
liver tissue.[35,36] Here, from our study, we pointed out that
4

longer RTL in leukocytes is associated with an increased risk of
HCC, which is consistent with those findings.
There are a few limitations in this study. First, the character-

istics of the subjects are not completely collected. The patients
including those with HCC and control group had more
characteristics such as cigarette smoking and alcohol consump-
tion, while the individuals in CHB group were lacking of some
information, because most of the CHB patients were treated
outside the hospital and some patients were unwilling to provide
their private information to doctors. Second, the average age in
HCC was older than that in CHB and control, which should be
more comparable and accordant. While in the present study, the
result showed that RTL in HCC was the longest, which further
demonstrated that the lengthened telomere may play a critical
role in hepatocarcinogenesis. Third, the group of patients with
cirrhosis should be recruited in this study as one of the diseases
during HCC development. Because of the above limitations,
more studies in different ethics and populations should be
involved in the future experiments to further get more solid
conclusion.
According to the results, whether telomere lengthening is a

result of HCC or is an initiating factor for HCC remains
edificatory. Nevertheless, we observed that the leukocytes RTL
was longer in CHB and HCC patients, moreover RTL was longer
in HCC than that in CHB, which suggests that RTL might have
gotten gradually lengthening from CHB to HCC, indicating RTL
might be involved in HBV infections and/or HCC events, and
RTL could be served as a potential predictor for HCC.
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