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Abstract : Angiogenesis is now recognized to play a pivotal role in tumor
development, and even in the process of carcinogenesis. Trientine dihydrochloride
(trientine) is used in clinical practice as a copper (Cu)-chelating agent. In this study, we
elucidate that the effect of trientine on tumor development and carcinogenesis is due to
the suppression of angiogenesis in the murine hepatocellular carcinoma cell (HCC)
xenograft model and in the rat hepatocarcinogenesis model, respectively. Trientine
suppressed the tumor development associated with suppression of intra-tumoral
angiogenesis. Trientine treatment also resulted in a marked increase of apoptosis in the
tumor, although tumor cell proliferation itself was not altered. In vitro studies also
showed that trientine is not cytotoxic for the tumor cells, but it significantly suppressed
the endothelial cell proliferation. In a diethylnitrosamine (DEN)-induced rat
hepatocarcinogenesis model, trientine treatment significantly suppressed glutathione
S-transferase placental form (GST-P)-positive preneoplastic lesions. Trientine also
markedly suppressed neovascularization in the liver to a similar level as that of
development of preneoplastic lesions. On the contrary, the intrahepatic cell proliferation
was not altered with or without trientine treatment. These results suggested that Cu
plays a pivotal role in HCC tumor development and carcinogenesis via angiogenesis
suppression. Since trientine is already used in clinical practice without any serious side
effects, it may be an effective new strategy for future HCC therapy.
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Fig. 1. The effect of Copper (Cu)-chelators; penicillamine and trientine on BNL-HCC tumor development. Peni-
cillamine and trientine were administered at a dose of 3,000 ppm in the drinking water at three days af-
ter tumor implantation with or without Cu-deficient diet. The tumor volume was determined by
calipers at the indicated time points. Each point represents the mean + SD(n=8). * p<0.05, * * p<0.01

compared with the control group.



—0— Control

—e— Trientine 750ppm
{ —&—Trientine1500ppm
—B— Trientine3000ppm

§

:

Tumor volume (mmS)

x X%
*ok
*x

7 11 14 18 21 25 28 32 35
Days

Fig. 2. The doseranging study of trientine on tumor
development. Trientine was administered at
dose of 3,000, 1,500, and 750 ppm in the drink-
ing water at three days after tumor
implantation. The tumor volume was deter-
mined by calipers at the indicated time points.
Each point represents the mean + SD(n=8), *
p<0.01 compared with the control group.
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Fig. 3. Effect of trientine on the platelet/EC adhesion
molecule(PECAM/CD31) expression in BNL-
HCC tumors. Untreated BNL-HCC tumors(A)
and tumors from animals receiving 750 ppm
trientine(B) are shown. Tumor vascularization
visualized by immunostaining of CD31 vascu-
lar endothelial adhesion protein. CD31-positive
vessels significantly decreased by
trientine(original magnification, X 200).
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Fig. 4. Effect of trientine on CD31-positive cell area index(A), apoptosis index (B) and PCNA-positive cells
index(C) in animals with BNL-HCC tumors, respectively. For each of the tumors. ¥ p<0.01 compared with

the control group.
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Fig. 5. Effect of trientine on the in vitro proliferation of HCC tumor cells(A) and endothelial cells (B). Cell prolif-
eration was measured by MTT assay at 24, 48, 72 and 96hr. Trientine was added to the medium at 1.0 g
g/ml. Each point represents the mean + SDn=6). * p<0.01 compared with the control group.
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Fig. 6. Representative photomicrographs of a GST-P-positive preneoplastic lesion in
the liver. No histological changes indicating liver injury or liver fibrosis were

observed except for the development of GST-P-positive preneoplastic lesions.
Magnification X 100,

Table 1. Effect of trientine on the development of GST-P-positive lesions and Cu con-
tent in the liver

GST-P positive lesions Cii( g/
liver weight)

No. (/cm2) Size (mm2/102)

DEN 31.36+4.16 5.53+0.53 861+6.8

DEN +Tri ( 750) 22.40+320°  293+0.80" 492+48"
DEN + Tri (3000) 21.12+3.84"  2.67+047"" 39+5.1""
DEN +TJ-9 15.36+4.80"" 287+1.00"" 82+6.6

PBS N.D. N.D. 85+6.9

*

* . p<0.05 vs. DEN treatment group.  ** : p<0.01 vs. DEN treatment group.
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Table 1. Effect of trientine on CD31 mRNA and PCNA-positive cells in the DEN-treated liver

CD31 mRNA expression PCNA positive

(/ GAPDH) cells (%)

DEN 2524042 441124
DEN + Tri ( 750) 1584026 435+1.18
DEN + Tri (3000) 1554023 447+1.18

** . p<0.01 vs. DEN treatment group.
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Wiz, %, GST-P GHREHOWRORERE L IFHNOH
WEEIZIZIEFET L CHB LT,
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