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Telomerase activity is activated and telomere length altered in various types of cancers, including

hepatocellular carcinoma (HCC). A total of 39 HCC tissues and the corresponding non-tumour livers

were analysed and correlated with clinical parameters. Telomere length was determined by terminal

restriction fragment assay, and telomerase activity was assayed by telomeric repeat ampli®cation

protocol. Telomerase activity was positive in 24 of the 39 tumour tissues (1.15±285.13 total product

generated (TPG) units) and in six of the 39 non-tumour liver tissues (1.05±1.73 TPG units). In the 28

cases analysed for telomere length, telomere length was shortened in 11 cases, lengthened in six cases,

and unaltered in 11 cases compared with non-tumour tissues. Neither telomore length nor telomerase

activity was correlated to any clinical parameters. # 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Telomeres are specialised structures at the ends of eukar-

yotic chromosomes that are important in maintaining the

stability and integrity of chromosomes [1]. In humans, telo-

meres are composed of hundreds to thousands TTAGGG

sequence repeats [1]. The shortening of telomeres is the

`clock that times' cellular senescence [2]. Tumours with

shorter telomeres than in the original tissue have been detec-

ted in many cancer types, although longer telomeres have also

been described [3]. The length of telomeres can be deter-

mined by analysis of chromosome terminal restriction frag-

ments (TRFs), composed of telomeric TTAGGG repeats

and subtelomeric DNA [4].

Telomere length in cancer cells appears to depend on a

balance between the loss of telomere repeats at each cell cycle

and the telomere elongation mediated by telomerase activity

[1]. Telomerase activity is repressed in somatic cells and tis-

sues, but activated in immortal cells and cancers [2]. Telo-

merase activity can be measured by telomeric repeat

ampli®cation protocol (TRAP) and a more reliable method

with internal control and quanti®cation has been reported

[5].

Hepatocellular carcinoma (HCC) is one of the most com-

mon malignancies in the world [6], and it is the leading cause

of cancer deaths in Taiwan [6, 7]. Telomere length and telo-

merase activity in HCC have been reported in Japan [8±14].

We studied telomere length by TRF analysis and telomerase

activity by TRAP assay in HCC tissues and their corre-

sponding non-tumour liver tissues from Taiwan patients.

MATERIALS AND METHODS

Thirty-nine pairs of surgically resected HCC tissues and

the corresponding non-tumour liver tissues were obtained for

telomere and telomerase studies. All samples were collected

within 1 h after resection, frozen in liquid nitrogen immedi-

ately, and stored at ÿ 80�C until use.

TRF analysis

Before TRF, DNA degradation was excluded by electro-

phoresis of undigested DNA. TRF analysis, modi®ed from

the method of Allsopp and colleagues [15], was performed in

28 of the 39 cases. Two micrograms of genomic DNA was

digested with RsaI and then electrophoresed on 0.7% agarose

gels and blotted on to Nylon membranes (Hybond-N,
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Amersham, Buckinghamshire, U.K.). The membrane was

hybridised with the telomeric probe 32P(CCCTAA)3 at 37�C
and washed at 42�C in 2�standard saline/citrate (SSC). The

®lters were autoradiographed on Kodak XAR-5 X-ray ®lms

with an intensifying screening at ÿ 70�C for 12±24 h. Auto-

radiographs were scanned with a densitometer. The TRF

lengths were estimated at the peak position of the hybridisa-

tion signal. Shortening or lengthening of TRFs were arbi-

trarily de®ned if the TRF length of tumour tissues was more

than 20% shorter than or more than 20% longer than the

corresponding non-tumour tissues, respectively [11].

TRAP assay

Telomerase activity was assayed by the TRAP method [5]

using TRAPeze2 telomerase detection kit (Oncor, Gaithers-

burg, Maryland, U.S.A.). Frozen tissue samples, 50±100 mg,

were minced with a knife and then washed in ice-cold wash

buVer (10 mM Hepes±KOH (pH 7.5), 1.5 mM MgCl2,

10 mM KCl, 1 mM dithiothreitol), then homogenised with

200ml ice-cold 1�3-[(3-cholamidopropyl)-dimethyl-ammo-

nio]-1-propanesulfonate (CHAPS) lysis buVer supplied in

the kit. After 30 min of incubation on ice, the lysate was cen-

trifuged at 13 000 rpm for 1 h at 4�C and the supernatant was

frozen and stored at ÿ 70�C. The concentrations of protein

were measured using the BSA binding assay kit (Bio-rad,

Hercules, California, U.S.A.), and an aliquot of extract con-

taining 10 mg of protein was used for each TRAP assay. The

protocol suggested by the manufacturer was followed, except

that the conditions for step 3 were modi®ed to 27 cycles of

30 sec at 94�C, 30 sec at 55�C. After polyacrylamide gel elec-

trophoresis, a phosphorimager (Fujix BSA 1000, Fuji Photo

Film Co., Tokyo, Japan) was used and quanti®cation was

performed according to protocol. All samples were checked

by Western blot and Coomassie blue staining to exclude the

degradation of protein. Only the presence of typical ladder

bands with total product generated (TPG) > 1.0 unit was

regarded as positive.

For statistical analysis, Cox's regression model was used to

analyse the signi®cance of telomere length and telomerase

activity on clinical parameters. The software used was Stat-

view 4.5 (Abacus Concepts, California, U.S.A.). Probability

< 0.05 was regarded as signi®cant.

RESULTS

Patient characteristics are shown in Table 1. In the 28

cases analysed, the TRFs lengths were shortened in 11 cases,

lengthened in six cases, and unaltered in 11 cases. The aver-

age length of TRFs of the tumour tissues was 7.19 kb (range

2.5±15.6 kb), while the average length of TRFs of the non-

tumour tissues was 7.76 kb (range 4.8±10.6 kb). The change

in TRF length was not related to tumour size, time of recur-

rence, Edmondson's grade or alpha-fetoprotein (AFP) level

at diagnosis.

Telomerase activity was positive in 24 of the 39 (61.5%)

HCC tissues, and in six of the non-tumour liver tissues

Table 1. Patient characteristics

Number patients

(n = 39)

Gender

Male 29

Female 10

Mean age (years) (range) 56.3 (20±82)

Tumour size (cm)

1±2.9 10

3±4.9 13

5±9.9 11

10±15 5

HistologyÐnon-tumour tissues

Non-speci®c/fatty change 4

Chronic persistent hepatitis or portal ®brosis 7

Primary biliary cirrhosis 1

Liver cirrhosis 27

AFP (ng/ml)

< 20 16

20±400 11

> 400 12

Recurrence after surgery*

Within 6 months 11

7±12 months 5

13±18 months 1

19±24 months 2

25±30 months 2

> 30 months 3y
Free of recurrence (for 39±126 months) 12

Edmondson's grading

Grade II 14

Grade II±III or III 19

Grade III±IV 3

Unclassi®ed 3

*3 other patients died 1 month, 27 months and 30 months after sur-

gery with no sign of recurrence. y1 patient, 32 months; 1 patient, 38

months, 1 patient, 115 months. AFP, alpha-fetoprotein.

Figure 1. Determination of telomerase activity in hepatocel-
lular carcinomas (HCCs) using the telomeric repeat ampli®-
cation protocol (TRAP) assay. TSR8 was used as a
quantitation control and lysis buVer as a negative control. A

heat treated sample was also assayed as a negative control.
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(Figure 1). The range of telomerase activity was 1.15±285.13

TPG units for tumours and 1.05±1.73 TPG units for non-

tumour livers (Figure 2). The diVerence between tumours

and non-tumours of the 39 patients was signi®cant (student t

test, P < 0.002). The histology of six telomerase positive non-

tumour specimens was liver cirrhosis in four, chronic hepati-

tis in one and non-speci®c change in one. There was no sig-

ni®cant relationship between telomerase activity and tumour

size, AFP level, Edmondson's grade or recurrence of HCC.

The TRF lengths and telomerase activity also had no sig-

ni®cant relationship.

DISCUSSION

Telomerase activity has been extensively studied [8±12]. It

has been reported to have been detected in all HCCs

[10, 12], and at least an 80% positive rate has been noted [9].

Using the TRAP method [5], only 61.5% was detected in our

series. DiVerences in sampling may be one important factor.

The criteria of quanti®cation with TPG > 1. 0 unit, in addi-

tion to the typical ladder bands, may be another. Similar to

previous studies, tumour size had no signi®cant relationship

to telomerase activity [8]. We also found that tumour recur-

rence and AFP value were not correlated with telomerase

activity. DiVerentiation of HCC has been reported to have

good correlation with telomerase activity, with poorly diVer-

entiated HCCs 100% positive for telomerase activity [8].

However, negative cases in poorly diVerentiated HCC have

also been reported [9]. Although tumour necrosis has been

suspected as an important in¯uencing factor [9], our study

again showed a negative correlation, but inadequate sampling

was excluded in our series by DNA and protein checks before

experimentation. Therefore, telomerase activity might not be

an important predictor for prognosis of HCC.

The exact mechanism of telomerase activation in malig-

nancy has not been de®ned. The shortened telomere may

lead to genomic instability, contribute to the loss of hetero-

zygosity, and result in reactivation of telomerase [2]. There

may be a selection for telomerase positive cells [16]. No

matter what the mechanism, the presence of telomerase

activity in HCCs suggests that anticancer agents based on

telomerase inhibition [17] might be potentially eVective.

Telomerase activity although very weak, was detected in

six of non-tumour liver tissues in our study and has been

detected in others [8±12]. Micrometastasis leading to positive

telomerase activity might be a possibility. However, long term

observation and detailed histological examination of the 6

patients with detectable telomerase activity in non-tumour

livers did not completely support this hypothesis. Although 2

had early recurrence 3 and 5 months after the operation,

there were also 3 patients without evidence of recurrence for

27, 49 and 84 months respectively. Another possibility was

that some of the cells in the non-tumour liver were truly tel-

omerase positive. Adenomatous hyperplasia has been repor-

ted to have telomerase activity [12], and other chronic liver

diseases with telomerase activity do exist [8±11]. Telomerase

positive non-tumour livers might be precancerous lesions, as

reported for adenomatous hyperplasia; and, thus, the devel-

opment of HCC in the telomerase positive livers may be

higher than telomerase negative livers. However, further

observation is needed. Finally, telomerase activity may be due

to in®ltration of lymphocytes into the liver [18], which might

be clari®ed by an in situ TRAP assay [19].

Telomere lengths in HCC tissues are usually shortened

when compared with corresponding non-tumour liver tissues

[12, 13], but longer or unaltered telomere lengths have also

been shown [11, 14], as was seen in the present study. Telo-

merase activity might be reactivated after critical telomere

shortening [3], although, telomerase might also be activated

before telomere shortening. Alternatively, telomeres could be

shortened and then re-elongated during tumour development

[16]. Telomere length was again found not to be informative

in telomerase positive cells [2]. However, the TRAP assay is

very sensitive and a small fraction of tumour cells with telo-

merase activity will lead to a positive TRAP assay. In con-

trast, TRF analysis can only indicate the average telomere

length of all tumour cells, so it is diYcult to detect any

change in the TRF length if only a small fraction of tumour

cells have altered telomere length. This might explain the

diVerent results in previous reports. Telomeres can also be

elongated via telomerase-independent mechanisms [20].

Telomeres from sperm DNA do not decrease with the age of

the donor [15], whilst the telomere length of lymphocytes

does decrease [20], although both are positive for telomerase

activities. Many factors, such as Est 1 [21] or Bcl-2 [22], may

also mediate telomere functions. Thus, the relationship

between telomere length and telomerase activity is probably

more complicated than the original telomere hypothesis [16].

Alternative lengthening mechanisms for the maintenance of

telomeres have also been reported, although rare for carcino-

mas [23], but the contribution of this mechanism to telomere

length in HCC needs further investigation.
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