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ABSTRACT

Lovastatin and other HMG-CoA reductase inhibitors have been widely used to
reduce cardiovascular morbidity and mortality in many clinical studies, and they also
have effects unrelated to lipid reduction. In cellular levels, we showed that treatment of
human anaplastic thyroid cancer cells with lovastatin can induce cellular differentiation
in a lower dose (25 uM) and cellular apoptosis in a higher dose (50 uM) (10). Later, we
have revealed that lovastatin could inhibit cellular proliferation and induce apoptosis in
anaplastic thyroid cancer cell lines; meanwhile, we further showed that lovastatin
suppressed epidermal growth factor-induced cellular invasiveness via reduction of
geranylgeranylation of Rho/ROCK and FAK/paxillin signaling. The aim of the present
study was to observe the effect of lovastatin in nude mice with anaplastic thyroid cancer.
The nude mice were divided into 4 groups and observed for 30 days: A negative
control group (n=10), injection of PBS only without treatment of lovastatin; B
positive control group (n=10), injection of PBS loaded with ARO cells without
treatment of lovastatin; C  low dose treatment group (n=10), injection of PBS loaded
with ARO cells with treatment of lovastatin (Img/kg); D middle dose treatment
group (n=10), injection of PBS loaded with ARO cells with treatment of lovastatin
(5mg/kg); E  high dose treatment group (n=10), injection of PBS loaded with ARO
cells with treatment of lovastatin (10mg/kg). In group C, tumor growth seemed to be
more rapid than that of positive control group, but tumor growth in group D was
suppressed since Day 27. Prominent inhibition of tumor growth was shown in group E,
and tumor growth volume was significantly reduced in group E in comparison with
group B (P < 0.01). In conclusion, lovastatin can inhibit the anaplastic thyroid cancer

growth in nude mice in high dose. Further human clinical trial may be warranted.
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INTRODUCTION

Although only 1% of differentiated thyroid cancers transform into anaplastic
thyroid cancer, this disease is invariably fatal within a few months (1). Since surgical
intervention, chemotherapy and radiotherapy cannot improve the survival and life
quality of such patients (2), we need to develop a brand new therapeutic approach for
this fatal cancer. In recent years, we firstly found that TNFa induces the
three-dimensional cytomorphological differentiation of microvilli in anaplastic cancer
(3), and differentiation therapy combined radioactive iodine ('*'I) after surgery was
considered. However, TNFa might not be used to treat patients clinically for it toxicity.

Lovastatin is a 3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor. Lovastatin and other HMG-CoA reductase inhibitors have been widely used
to reduce cardiovascular morbidity and mortality in many clinical studies (4-6), and
they also have effects unrelated to lipid reduction (7-9). In cellular levels, we showed
that treatment of human anaplastic thyroid cancer cells with lovastatin can induce
cellular differentiation in a lower dose (25 uM) and cellular apoptosis in a higher dose
(50 uM) (10). Later, we have revealed that lovastatin could inhibit cellular proliferation
and induce apoptosis in anaplastic thyroid cancer cell lines (11); meanwhile, we further
showed that lovastatin suppressed epidermal growth factor-induced cellular
invasiveness via reduction of geranylgeranylation of Rho/ROCK and FAK/paxillin
signaling (12). Therefore, the present study tries to design an animal experiment to

prove the possibility of clinical effectiveness for lovastatin in anaplastic thyroid cancer.

MATERIALSAND METHODS
HM G-CoA reductase, nude mice and cancer cdll line
HMG Co-A reductase inhibitor, lovastatin, was commercially available in Taiwan.

Nude mice (BALB/c-nu) were purchased from SLC Japan (Hamamatsu, Japan).

3



Thyroid cancer cell lines (ARO) were maintained before implantation in RPMI 1640
medium supplemented with 10% fetal calf serum, 2 mM L-glutamine, 100 U/ml of
penicillin, and 0.1 p g/ml of streptomycin at 37  in a humidified atmosphere of 5%
CO,. ARO cells were suspended in PBS (4.0x10° cells/ml) and implanted via direct
subcutaneous injection (0.25 ml, 23G needle) over back area.
Designing of animal experiments

The nude mice were divided into 4 groups: A negative control group (n=10),
injection of PBS only without treatment of lovastatin; B positive control group
(n=10), injection of PBS loaded with ARO cells without treatment of lovastatin; C
low dose treatment group (n=10), injection of PBS loaded with ARO cells with
treatment of lovastatin (1mg/kg); D middle dose treatment group (n=10), injection of
PBS loaded with ARO cells with treatment of lovastatin (5Smg/kg); E high dose
treatment group (n=10), injection of PBS loaded with ARO cells with treatment of
lovastatin (10mg/kg).
Tumor growth evaluation with treatment of lovastatin

Tumor growth was evaluated by its volume every three days. Lovastatin was given
from the 18" day in C, D, E groups with various doses. Tumor volume was calculated
as: LxS® 2 ( L: longest length of tumor, S: shortest width of tumor) ever three days.
Tumor growth volume was calculated every three days as: tumor volume detected (Day
21) minus tumor volume detected (Day 18), Day 24 minus Day 21, Day 27 minus Day
24, Day 30 minus Day 27.
Satistical Analysis

Tumor volume changes were compared using the paired Student’s t-test, a P value

of < 0.05 being considered statistically significant.



RESULTS

Tumor growth after implantation over nude mice was smooth and no definite
tumor necrosis was noted during experimental course. Tumor growth curve of positive
control group B was shown in Fig.1.

In group C (treatment with lovastatin 1 mg/kg), tumor growth seemed to be more
rapid than that of positive control group (Fig. 2), but tumor growth in group D
(treatment with lovastatin 5 mg/kg) was suppressed since Day 27 (Fig. 3). Prominent
inhibition of tumor growth was shown in group E (treatment with lovastatin 10 mg/kg)
(Fug. 4), and tumor growth volume was significantly reduced in group E in comparison
with group B (positive control group), P <0.01, (Fig. 5).

It is surprising and interesting to find the variation of tumor growth in various
groups, because tumor growth in group C (treatment of lovastatin 1 mg/kg) is
significantly faster than that in group B (positive control group). The average tumor
growth rate of various groups were group E (0.0735 cm’/3-day) < group D (0.1602

cm’/3-day) < group B (0.2007 cm’/3-day) < group C (0.2849 cm’/3-day) (Table 1).

DISCUSSION
Thyroid cancer is an important endocrinological malignancy. In previous studies,
one-third well-differentiated thyroid cancers may transform to poorly-differentiated
patterns. Especially, 1% of well-differentiated thyroid cancer will transform to
anaplastic thyroid cancer, which is fatal without effective therapeutic strategies,
including surgical intervention, chemotherapy and radiotherapy.
In our prior publications, we found that lovastatin, one of HMG Co-A reductase

inhibitors, can induce apoptosis in anaplastic thyroid cancer cell line with higher doses



via inhibiting Rho signaling. In thyroid tissue, cellular apoptosis to inhibit cellular
proliferation play a pivotal role in maintaining homeostasis. The present study showed
a strong evidence that lovastatin can inhibit human anaplastic thyroid cancer in animal
models. It may point out that lovastatin could be a new therapeutic strategy in clinical
entity. However, the effects of inhibiting tumor growth were noted in high dose of
lovastatin (10 mg/kg), and this dose was 8 to 10 times for update human maximal
dosing for hyperlipidemia. Therefore, liver dysfunction and rhabdomyolysis are the
main problems in clinical trial in the future. On the other hand, it is not known why
lower dose (1mg/kg) lovastatin treatment will enhance tumor growth in our
experiments. We wonder that physiological dosing of lovastatin may be related with
angiogenesis, but higher dose lovastatin may inhibit tumor growth, even inhibit

angiogenesis.
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Figure 1l Tumor size changein nude mice without treatment of lovastatin
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Figure2 Tumor size change in nude mice with treatment of lovastatin (1mg/kQ)
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Figure 3 Tumor size changein nude mice with treatment of lovastatin (5mg/kg)
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Figure 4 Tumor size change in nude mice with treatment of lovastatin (10mg/kg)
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Figure5 Tumor growth volume (Day 30 minus Day 18) in positive control group

and L ovastatin (10mg/kg) group
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Table 1 Tumor size change (cm®) before and after treatment of L ovastatin

Before Treatment After Treatment
(Day1 to Day 18) (cm®) (Day 18 to Day 30) (cm®)
A 0.0000+ 0.0000 0.0000+ 0.0000
B 0.0395+ 0.0365 0.2007+ 0.1777
C 0.0453+ 0.0352 0.2849+ 0.2154
D 0.0273+ 0.0232 0.1602+ 0.1398
E 0.0407+ 0.0377 0.0735+ 0.1009

A: negative control; B: positive control; C: Lovastatin treatment (Img/kg); D:

Lovastatin treatment (5mg/kg); E: Lovastatin (10mg/kg)
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