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Abstract : Telomerase activities in hyperplastic nodules and hepatocellular car-
cinomas (HCCs) induced by a choline deficient L-amino acid defined (CDAA) diet were
examined by TRAP assay in rats. Male F 334 rats, 6 weeks old, received a CDAA diet for
10, 50 or 75 weeks. Hyperplastic nodules and HCCs were noted in rats fed a CDAA diet for
50 and 75 weeks, respectively. As a control, normal livers from 6 week old rats were
obtained. Normal liver and background parenchyma of rats fed either of the diets for 10
weeks or 50 weeks showed weak telomerase activities. In contrast, markedly increased
telomerase activities were found in hyperplastic nodules and HCCs. These results suggest
that increased telomerase activity may be one biological phenomenon of preneoplastic

lesions for evolution to HCCs in rat liver.
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Table 1. Sequence of telomeric repeats in various species

Holotrichous
Cilliates Tetrahymena TTGGGG
Flagellates
Trypanosoma TTAGGG
Fungus
Candida ACGGATGTCTAACTTCTTGGTGT
Criptococcus TTA (B,
Nematoda
Ascaris TTAGGC
C. elegance TTAGGC
Insect
Moth TTAGG
Vertebrata
Human TTAGGG
Mouse TTTAGGG
Germ cell (telomerase (+))
Somatic cell
M1 b A

Transformed cell
(telomerase (-) )

Telomere Length (kbp)

=
(V)

Immortal cell
(telomerase (+) )

7

M1
Hayflick's limit

Crisis

M2 Passage

Fig. 1. Hypothesis about telomere shortning and activation of telomerase.
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TRAP assay dNTPs
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Tag polymerase
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TS primer >
Inactivation of telomerase (90 °C, 3min)
@ <— CX primer
5 PCR
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< >
Polyacrylamide gel electrophoresis
autoradiography
Fig. 2. TRAP assay protocol.
Table 2. Contents of buffers used for TRAP assay
Extraction Buffer PCR Buffer
Human 10mM Tris-Cl (pH 7.5), 1mM MgCl,, 1 mM 20mM Tris-Cl (pH8.3), 1.5mM MgCl,,
EGTA, 0.1mM PMSF (or 0.1mM AEBSF), 63 mM KCI, 0.005% Tween 20, 1 mM EGTA
5mM BME, 0.5% CHAPS, 10% glycerol
Mouse 10 mM Tris-Cl (pH 7.5), 1mM MgCl,, 1 mM 30mM Tris-Cl (pHS8.4), 1.5mM MgCl,
EGTA, 0.1mM AEBSF, 5mM BME, 0.5% 68mM KCI, 5mM BME, 0.5mM EGTA,
CHAPS, 10% glycerol 0.05% Tween 20, 0.05%NP 40, 0.01% gelatin
Rat 23 mM HEPES (pH7.5),6.9mM KCL, 2.3mM  30mM Tris-Cl (pHS8.3), 1.5mM MgCl,
Hamster MgCl,, 2.3 mM DTT, 0.23 mM PMSF, RNase 68mM KCI, 5mM BME, 0.5mM EGTA,

inhibitor

0.05%Tween 20, 0.05%NP 40, 0.01% gelatin
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Fig. 3. Histological finding of focus induced by a
CDAA diet for 10 weeks in rats (H & E, X
100).
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Fig. 4. Histological finding of hyperplastic nodule
induced by a CDAA diet for 50 weeks in
rats (H & E, X75).
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Fig. 5. Histological finding of hepatocellular car-
cinoma, well differeniated type, induced by
a CDAA diet for 75 weeks in rats (H & E,
% 200)

Fig. 6. GGT-positive hyperplastic nodule induced
by a CDAA diet for 50 weeks in rats (X
100).
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Fig. 8. Telomerase activities by TRAP assay.

(A) : Results for normal liver and noncancerous tissues from rats receiving
CSAA or CDAA diets for 10, 50 or 75 weeked.

(B) : Results for normal liver and hyperplastic nodules induced by administra-
tion of a CDAA diet for 50 weeks. HN:hyperplastic nodule.

(C) : Results for normal liver and HCCs induced by administration of a CDAA
diet for 75 weeks. RNase (+) : HCCI extract treated with RNaseA ; CX (—):
HCCI extract without CX primer, TS (—) : HCCI extract without TS primer,
Lysis buffer and primer without tissue extract.
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Table 3. Densitometric quantification of telomerase activities in hyperplastic nodules and
HCCs induced by a CDAA diet in rats

Densitometric quantification

Telomerase activity relative

Samples (P-B)®/mm? to normal liver”
A
Normal liver 17.4° 1.00
CSAA 10 wks 20.7 1.19
CSAA 50 wks 25.4 1.46
CSAA 75 wks 23.6 1.36
CDAA 10 wks 20.4 1.17
CDAA 50 wks 22.3 1.28
CDAA 75 wks 23.4 1.34
®
Normal liver 25.6 1.00
HN 1 110.1 4.30
HN 2 132.2 5.16
HN 3 136.0 5.31
HN 4 176.0 6.88
HN 5 125.0 4.88
HN 6 154.9 6.05
HN 7 119.4 4.66
HN 8 96.2 3.76
HN 9 102.2 3.99
HN 10 100.6 3.93
HN 11 84.4 3.30
(®)
Normal liver 20.5 1.00
HCC 1 129.8 6.33
HCC 2 91.6 4.47
HCC 3 123.5 6.02
HCC 4 100.2 4.89

a) P-B: Photostimulating luminescence-Background
b) Ratios of telomerase activities to the normal liver control value
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Table 4. Reports about telomerase activity in malignant neoplasms

Telomerase activity

Tissue
Non-tumor tissue or normal tissue Tumor tissue
Human testis 100%
ovary 100% 100%
Iung 4.4% 80.1%
colon 0% 95.6%
stomach 6.1% 84.8%
prostata 0% 88%
kidney 0% 72.7%
liver 3.8% 84.8%
mammary gland 3.2% 92.9%
adrenal 0% 94%
head and neck 37.5% 87.5%
brain 65.6%
blood 80.6% 91.3%
Mouse skin — ++
Rat colon + ++
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