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Telomerase activity has been detected in tissueofn noncanceous liver of patients with chronic
liver disease, but its functional significanceemains to be elucidatedWe therefore evaluated the
telomerase activity in surgically obtained noncanaeus liver tissue fom 20 hepatocellular caci-
noma (HCC) patients. Two samples of noncang®us liver tissue wee obtained fom each patient:
one from the paenchyma adjacent to the KEC nodules of theresected specimen; the otherdm
the parenchyma distant fom the HCC nodules of theremnant liver. Telomerase activity was
assayed by a non-radioisotope quantitative system based on “TRAP-eze.” Five samplesf the
noncanceous liver tissue adjacent to the HCC nodules (25.0%) we telomerase-positive; all such
cases showed high-grade malignant potential, such as intrahepatic metastasis and/or portal vascu-
lar invasion and infiltration of the fib rous capsule in the caresponding HCC nodules, and telom-
erase positivity showed neither arelationship with the histological activity index scoes nor a
correlation with liver function. Interestingly, no telomerase activity was detected in any of the 20
samples obtained fom the paenchyma of theremnant liver. Theseresults indicate that telom-
erase in noncanceous liver tissue is associated not with the hepatic condition accompanying HCC,
but with the biological characteristics of the tumor itself, and may deriverfom infiltrating cancer
cells. Determination of telomerase status may aid in designing m®effective surgical pocedues.
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Telomere structures are necessary for maintaining chroerase might compensate for the loss of telonfeteSec-
mosomal integrit In vertebrate anisms, telomerase is ond, a small number of clinically unrecognized cancer
the main mechanism presently known that can stabilizeells may already have arised from these telomerase-posi-
the loss of telomerés.Over essentially the last 2 years, tive cells in conjunction with some other events of car-
screeing of mosttypes of human cancers has establishedcinogenesi§. Another explanation may be thatrde
a very stong assoation between the presence of telom- numbers of infiltrating lymphocytes contained in the liver
erase activity and malignayyanaking this enzyme one of tissue express telomerase activity; in viral hepatitis the
the most common tumor markétsSince the development inflammatory cells, such as activated lymphocytes, plasma
of the sensitive TRAP asgd® some normla somaic cells and a variety of antigen-presenting cells, infiltrate
cdls such as germ, hemataptic, and cevica epithelial  the portal tracts and the acini to various degi@es.
cells, as well as epidermal keratinocytes, have been Noncancerous liver tissue in patients with HCC also
shown to be weakly positive for telomerase agtivih expresses telomerase acivit™ In connection with this,
some cases, liver tissue, especially from patients wittwe have previously shown that infiltrating cancer cells
viral hepatitis or cirrhosis, also expresses weak telomeraseight be contained in the noncancerous liver tissue adja-
activity.*® The reasons for this may be that, first, continu-cent to the HCC nodules of the resectedrii¥eRecent
ous necrosis and regeneration due to chronic persisterfforts to determine the optimum rgical treatment for
inflammation cause excessive division of hepatocytesHCC have generally yided satisfactory result$. But,
beyond normal limits; in a small number of cells, telom- the rate of recurrence afterrgary still remains high, and
most recurrence is seen in the remnantr.lit@rahepatic
metastasis and portal vascular invasion were considered to

*To whom correspondence should be addressed. be the most important factors leading to recurréhi®.
Abbreviations: TRA&, telomerase repeat amplification protocol; Howeve, there is a possibility that some remnt nod-

TPG, total products generated; HCC, hepatocellular carcinoma; . .
HBs, hepatitis B virus surfacaigen; HOV, hepatitis C virus; ules after sigery are not derived from the main tumor but

HAI, histological activity index; ICG-R15, indocyanine green aré instead i”dependem occurrences (_jlj'e to multicentric-
retentbn rate at 15 min; AP a-fetoprotein; PCR, polymerase ity."” Understanding the functional significance of telom-
chain reaction; hRT, human telomerase reverse transcriptase. erase activity in noncancerous liver tissue could be
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helpful in designing optimum sgical procedures to ules, and the other from the lobe of the remnant liver

improve the long-term prognosis of patients withigsu  opposite to that with HCC nodules. Three patients under-

cally treated HCC. went preoperative transcatheter arterial embolization. All
In this stug, we employed a quantitative system basedsamples were frozen immiadely and stored at80°C

on the “TRAP-eze” kit to evaluate synchronously telom-until use. The HCC patients comprised 18 males and 2

erase activity in HCC nodules, in the noncancerous livefemales, with ages ranging from 45 to 73 years (mean;

tissue adjacent to the HCC nodules, and in the liver tissuél). Of the 20 HCC patients, 7 were positive for HBs

distant from the HCC nodules of the remnantrlive antigen and 13 for HCV antibgdThe preoperative ICG-
R15 and the AFRevel were evaluated. Hapathologcal
PATIENTS AND METHODS examinations were carried out for tumor size, degree of

differentiation, portal vascular invasion, intrahepatic
Tissue samples The samples of HCC nodules and non- metastasis, infiltration of fibrous capsule, and stage,
cancerous liver tissue were synchronously obtained fronaccording to the Liver Cancer Study Group of Jdfan.
twenty HCC patients by sgical resection at the First The inflammatory state and/or fibrous progression in the
Department of Sgety, Kobe Universiy. Two samples of noncancerous liver tissue was evaluated according to the
noncancerous liver tissue were obtained from each patiertlAl.1® The profiles of the patients are listed Table |.
at different sites of the liver; one from the liver paren- Informed consent for the experimental use of the samples
chyma at a distance of 2 cm from the edge 6CHod-  was obtained from all patients.

Table I. Clinicopathologic Features in Patients with Hepatocellular Carcinoma

Telomease activty (TPG)

Modified HAI®

Hepattis Tumor Noncancerousliver — im®

Case Age ) » AFP?  ICG-R15? ; e Degree of
no. (yeas) Sex m;”(u:sa) (SCI,ZT?) StageiGradin — (ng/ml) (%)  Hce rodules tissues an\%or fe-in® gitfereniaton
scoreg sc%reg Resected Remnant

1 55 M C 40 1 14 5 4 12.5 78.4 28.3 negative + + moderate
2 73 M C 3.0 1 13 6 3 18.3 negative 21.4 negative + + necrosis
3 45 M B 22 1 11 5 12 5.9 61.6 18.1 negative + + moderate
4 48 M B 41 1 11 6 917 16.3 10.3 6.1 negative + + moderate
5 65 F C 6.7 8 3 12,558 15.9 87.7 3.5 negative + + moderate
6 64 M C 3.7 1 10 3 303 8.6 246.0 negatie negative + - poor

7 51 M B 51 1 16 6 49,2903 117 157.1 negatie negative + + poor

8 64 M C 6.9 14 6 88 304 81.8 negatie negative + - moderate
9 58 M B 32 1 14 6 519 29.2 77.3 negatie negative - - moderate
10 58 F B 14.0 1 6 3 64,930 5.7 61.9 negatie negative + + moderate
11 61 M C 15 | 13 3 7 15.8 40.0 negatie negative - - well

12 60 M B 34 1 12 5 3 10.2 31.3 negatie negative - + moderate
13 69 M C 1.8 | 10 3 24.8 10.6 9.8 negatie negative - - well

14 54 M C 24 10 3 30 125 7.4 negatie negative - - well

15 73 M C 14 | 12 3 5 19.2 4.3 negatie negative - - well

16 59 M C 16 1 14 6 370 322 negative negatie negative + + well

17 62 M C 34 1 7 3 5 235 negative negatie negative + + well

18 67 M C 25 1 14 6 86 30.0 negative negatie negative + - well

19 58 M C 3.1 1 13 5 8 18.3 negative negatie negative - + necrosis
20 67 M B 25 1 8 3 640 8.0 negative negatie negative - + necrosis

a) B, hepatitis B virus surface antigen (HBsAg) was positive; C, aaiilbo hepatitis C virus was positive.

b) HAI, histological activity index by Ishakt al.'®

¢) AFP, a-fetoprotein; ICG-R15, indocyanine green retention rate test at 15 min.

d) TPG, total product generated (uhitg protein).

€) im, intrahepatic metastasis; vp, portal vascular invasion; fc-inf, infiltration of fibrous capsule.

f) well, well-differentiated type; moderate, moderatelffedtentiated type; pappoorly diferentiated type; necrosis, becawo$ preop-
erative transcatheter arterial embolization.
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Lane 1 MM Positive control (TSR 8)
Lane 2 ﬂ Negative control (CHAPS)

Lane 3 JM\AMJ\J\J\M* Sample |

Lane 4 M Sample 2
Lane 5 _J[UL Sample 3

18 36 50 80 110 bp

Fig. 1. Electrophoresis pattern of telomerase activity. The first peak is Cy-5-labeled TS primer. The second peak isltheritit@rna
(36 bp). The PCR product of telomerase extension yielded a six-nucleotide peak (50, 56, 62, 68, 74 bp...), from the (BOrthpeak
the first amplifiable telomerase product. Lanes 3, 4, and 5 show the telomerase activity in an HCC nodule (sample 1) (ifit&/} 61.6
Hg), noncancerous liver tissue adjacent to the HCC nodule of the resected liver (sample 2) (TPG; 18d), units/noncancerous
liver tissue of the remnant liver (sample 3) (TPG; 0 wg}/obtained from case 3, respectively.

Telomerase assayTRAP-eze” was used according to the quantified in terms of size, peak height, and peak area.
manufacturer’s instructions, and telomerase activity wasThe quantification of telomerase activity was calculated
determined as describé&d. by use of the following formula:

Briefly, 50 mg frozen samples were homogenized in TPG unitslug proteir=[(A/B)/(A in positive controlB
ice-cold wash buffer (10 M HEPES-KOH (pH 7.5), 1.5 in positive control)k100; A, total area of telomerase
mM MgCl,, 10 mM KCI, 1 mM DTT), pelleted again, activity (50 bp, 56 bp, 62 bp, 68 bp..B), area of internal
resuspended in 20l of ice-cold CHAPS Lysis buffer control (36 bp).

(“TRAP-eze”) and incubated for 30 min on ice. The Statistical analysis All data are expressed as the mean
lysates were then centrifuged at 12,600r 20 min at  with standard deviation, and comparisons among mean
4°C. The supernatants were rapidly frozen and stored atalues were made by using the Mann-Whithey U or
-80°C. TSR8 (“TRAP-eze”) was used as the positive con-Anova test. The? test was used to compare the incidence
trol. The concentration of protein was determined byamong groups. AlP values less than 0.05 were consid-
using “Coomassie” Protein Assay Reagent (Pierce Chemiered statistically significant.

cal Co., Rockford, IL), and an aliquot of the extract con-

taining 1 ug protein was used for each TRAP assay; theresuLTs

aliquots were incubated with 0.1 ng of Cy-5 labeled TS

primer (3-AATCCGTCGAGCAGAGTT-3) in Master Telomerase activity in HCC nodules TPG ranged from
Mix (“TRAP-eze”). After 30 min incubation at 30°C, 0 to 246.0 unitg/g protein as quantitated by telomerase
PCR was carried out at 94°C/30 s, 60°C/30 s and 72°C/4&ssay in 20 HCC nodules. Telomerase activity was not
s for 30 cycles. The products were diluted with an equalletected in 6 HCC nodules. Three telomerase-negative
volume of formamide dye solution, heated at 94°C for 5cases were preoperatively treated with transcatheter arte-
min, and applied (S4d/lane) to 10% denaturing gel con- rial embolization (case 2, 19, and 20), and, histologically,
taining 6 M urea fitted to an automated DNA sequencerthe other three were well-differentiated HCC (case 16, 17,
(“ALF red” DNA Sequencer: Pharmacia Biotech). During and 18). The mean values in well-, moderately, and
electrophoresis at 45 W, the temperature of the gel wapoorly differentiated HCC cases were 8.7, 61.3, and 201.5
maintained at 45°C. The data from the “ALF red” DNA unitsjug, respectively. There was a statistically significant
Sequencer were collected and analyzed automatically bylifference among the three groups (Fig. 2).

Fragment Manager V1.1 (Pharmacia Biotech). Telomerasdelomerase activity in noncancerous liver tissue
activity was detected in a shark-tooth pattern with a peri-Telomerase activity in noncancerous liver tissue adjacent
odicity of about 6 nucleotides (Fig. 1). Each peak wasto the HCC nodules was positive in 5 of 20 (25.0%) sam-
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ples and ranged from 3.5 to 28.3 units/protein. The and infiltration of the fibrous capsule was higher than the
relationship of telomerase activity to clinicopathological rate without these event®<0.05). Telomerase positivity
features is shown in Table Il. The positivity rate with both demonstrated neither a relationship with the HAI scores
portal vascular invasion and/or intrahepatic metastasispor a correlation with serum AFP level or ICG-R15 level.
Interestingly, none of the 20 samples from the paren-
chyma of the remnant liver showed telomerase activity
(Table I).
250 - °
A DISCUSSION
150 L

Evidence suggests that detection of telomerase activity
could be an important marker for the diagnosis of
HCC*51113) |t is becoming clear that the intensity of
telomerase activity in HCC nodules is closely associated
with tumor differentiation, as shown by quantitative assay
60 - in this and another stud$.Moreover, telomerase activity
has been detected in tissue from noncancerous liver in
40 * patients with chronic liver disease, whether or not such
tissue is taken from tumor-bearing livérs* 2 We have
° demonstrated telomerase activity in noncancerous liver
0 _"- tissue adjacent to HCC nodules (7/19; 36.8%) and in sam-

undetectable [ @ @ @ ples from liver with chronic hepatitis (1/6; 16.7%), but

well moderate poor not in samples from normal liver without hepatitis viral
differentiation infection!® Presently, there appear to be three possibilities
Fig. 2. Relationship of TPG to histologic grade in HCC nod- for telomerase activation in noncancerous liver tissue: hid-
ules. The mean values in well-, moderately, and poorly diﬁ‘eren-den HCC cells, immortal precancerous cells, and lympho-

tiated HCC cases were 8.7, 61.3, and 201.5 ymts/ Cytes migrating into liver tissue. No conclusion has,
respectively. There are statistically significant differences amondgiowever, been reached because first, no standard methods

the three groupsP&0.01). for determining telomerase expression have been estab-
lished. Second, there have been few reports on telomerase
activity in HCC nodules compared with that in the corre-
sponding nontumorous liver® Also, most of the studies

100 9

80 o e @

20

Total product generated (units/pg protein)

Table Il. Comparison of Telomerase Activation in Resectedd0o not mention whether the samples of noncancerous liver

Noncancerous Liver Tissue with Clinicopathological Features  tissue were obtained from resected liver parenchyma

_ Telomerase activity N involving HCC nodules and, if so, how distant they were

Variable® — , Statistics therefrom, or whether from the remnant liver parenchyma.

Positive Negative .

In this study, consequently, we synchronously evaluated

Age 5712 626 NS telomerase activity in noncancerous liver tissue samples
Virus marker (B/C) 2/3 5/10 NS

from two different regions of the liver parenchyma by

Z‘l‘:rgor size - 95;?526 . 7564:&28 057 '\"\ISS using a quantitative system based on the “TRAP-eze” kit,
ICG-R15 13849 17 %99 NS gtr;\u/(;hzor;as been proved to be highly reproducible and sen-
Stage (I/1I/11) 0/4/1 3713 NS " . L
TPG in HCC nodule 596345 55.973.6 NS In this study, telpmerase activity was positive in 25.0%
Histological activity index of noncancerous liver tissue at a c_hstance of 2 cm from
grading 11.61.4 11.33.1 NS the edgg of HCC_ nodules, which _dlstance was defined as
staging 4813 40616 NS the surgical-margin free at operation by the Liver Cancer
Differentiation 0/4/0 71412 NS Study Group of Japa#®. In contrast, none of the samples
(well/moderate/poo) obtained from the remnant liver tissue showed telomerase
im and/or vp 5/0 7/8 P<0.05 expression. If the telomerase activity in noncancerous
(positive/negative) liver tissue derives from liver cells or migrating lympho-
fc-inf (positive/negative) 5/0 7/8 P<0.05 cytes, as mentioned above, it may be detected not only in
a) See Table I. the liver tissue adjacent to the HCC nodules, but also in
b) Cases with preoperative transcatheter arterial embolizatiorthe liver tissue distant from the HCC nodules, on the
were excluded. assumption that the liver parenchyma is pathophysiologi-
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cally uniform. Moreover, telomerase expression in non-bilities such as immortal precancerous cells, and lympho-
cancerous liver tissue adjacent to the HCC nodules wasytes migrating into liver tissue, may not be entirely ruled
associated not with the hepatic condition accompanyingut. Further detailed studies in a larger number of patients
HCC, but with the biological characteristics of the tumor are necessary to clarify this possibility. Studies on hTRT,
itself, such as intrahepatic metastasis and/or portal vascwhich has recently been identified as a putative human
lar invasion and infiltration of the fibrous capsule. At telomerase catalytic subufit?® may also help to clarify
present, two modes of recurrence after liver resection arthe significance of telomerase expression in honcancerous
known; intrahepatic recurrence, and multicentric carcino-liver tissue. We may at least suggest that the functional
genesis? It has been considered that the intrahepaticsignificance of telomerase activation in the liver tissue
recurrence occurs via the portal system from the primaryadjacent to HCC nodules differs from that in the liver tis-
tumor to the neighboring liver tissue at a relatively earlysue distant from HCC nodules.

stage, and that intrahepatic metastasis, portal vascular The most important problem for surgical treatment of
invasion, and infiltration of the fibrous capsule are predic-HCC is the extremely high frequency of recurrence. When
tors for such postoperative intrahepatic recurrence othe HCC-bearing liver is damaged by chronic hepatitis
HCC»* 9 |t is interesting that telomerase activity in HCC and/or cirrhosis, surgeons often hesitate to carry out
nodules was negative (probably because of preoperativextended hepatectomy with a large safety margin that
transcatheter embolization), as it was in the remnant livewould obviate postoperative hepatic failure. Such limited
tissue, whereas it was positive in the noncancerous livenepatectomy may be associated with a high incidence of
tissue adjacent to the HCC nodules (case No.2). Thipostoperative recurrence, if micrometastasis has already
might suggest that intrahepatic metastasis spreading to ttepread with some carcinomatous cells left in the remnant
neighboring liver tissue was present prior to hepatectomyliver. Assay of telomerase can provide new information
Taken together, our results in this study may suggest thatot only for determining more effective surgical proce-
telomerase activity from phenotypically non-malignant dures, but also for choosing follow-up treatment for post-
tissue adjacent to the tumor may derive from previouslyoperative HCC patients.

undetected infiltrating cancer cells. Because faint telom-

erase activity was detected in one liver sample with(Received March 11, 1998/Revised May 11, 1998/Accepted June
chronic liver disease in our previous repdrpther possi- 3, 1998)
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