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FOREWORD

The pathogenesis and clinical course of mammary gland tumours belong to the most
actual problems in the clinical and experimental oncology. Breast cancer exhausts pa-
tients both physically and emotionally. Recently (2009) 192,370 of new cases of invasive
breast cancer were expected in USA, as well as an estimated 62,280 additional cases
of in situ breast cancers. Approximately 40,170 women were expected to die in conse-
quence of the disease (American Cancer Society). Only lung cancer accounts for more
cancer deaths in women. Many of the known breast cancer risk factors, such as age,
family history, early menarche, late menopause, age at first full-term pregnancy, and
breast density, are endogenous risk factors and are not easily modifiable. However, other
factors associated with increased breast cancer risk — postmenopausal obesity, use of
combined oestrogen and progestin menopausal hormones, alcohol consumption, and
physical inactivity are modifiable. A woman'’s best overall preventive health strategy is to
reduce her known, above mentioned risk factors.

Chemoprevention is rapidly growing area of oncology. In the beginning of the 21st cen-
tury a vision of chemoprevention as an effective tool to fight with breast cancer exists.
Chemoprevention is the use of pharmacological agents that inhibit or reverse the pro-
cess of carcinogenesis. Whilst chemotherapy is targeted at people with manifest disease,
primary chemoprevention is directed at individuals who are healthy, although those
with in high risk of the disease (e.g. family history, mutated genes carriers). As treat-
ment (surgical, chemotherapy, radiotherapy) of breast cancer in some cases brings little
or no success (depending on the stage of disease), it is necessary to be concentrated on
the prevention not only from ethical but also economical reasons.

The aim of the chemoprevention trials is to find an efficient substance that can be
administered for a long period with minimum adverse effects. The drugs with pleiotropic
effects are very suitable for the chemoprevention. In the clinical oncology, some classes
of new agents, namely selective oestrogen receptor modulators, non-steroidal anti-in-
flammatory drugs, and retinoids are discussed. Moreover, the drugs primary used in the
treatment of any disease with anticarcinogenic side effect are also statins, antidiabetics
or pineal hormone melatonin — they may be potentially profitable in the breast cancer
chemoprevention. Our working group tested all above mentioned classes of drugs.

Chemopreventive animal studies play an important role in the evaluation of the effects
of new drugs in oncochemoprevention projects. Rodent mammary models are widely
used to study the aetiology, tumour biology, and treatment strategies of breast cancer.
Mice and rats have for many decades provided unparalleled insights into cellular and
molecular aspects of neoplastic transformation and tumorigenesis. Mammary carcino-
mas have been induced by both chemical xenobiotics and physical agents in rats and
mice. In general, it is more efficient to induce these carcinomas in the rat. The most
widely used chemical models to induce mammary carcinogenesis are directly acting
alkylating agent N-metyl-N-nitrosourea (NMU), or the polycyclic aromatic hydrocarbon
7,12-dimethylbenz(a)anthracene (DMBA). In our experiments, the chemoprevention ini-
tiated one week prior to carcinogen application and lasted remaining 15 — 25 weeks have
provided results reproducible to human oncology.

In this supplement of Acta Medica Martiniana, the current clinical approaches in the
breast cancer chemoprevention will be resumed. In regard to research of our group, we
will summarize the chemopreventive efficacy of different classes of drugs in rat mam-
mary carcinogenesis.

Assoc. Prof. Peter Kubatka, RNDr., PhD.
Assoc. Prof. Martin Pé¢, MD., PhD.
Prof. Ivan Ahlers, MD., DSc.
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Abstract

Mammary gland cancer is a serious worldwide medical problem. Chemoprevention is rapidly growing area
of oncology. The strategy of chemoprevention seems to be promising for reducing cancer incidence both in
well-defined high-risk individuals and also in the general population. Based on mechanism of action, two
classes of agents — selective oestrogen receptor modulators and retinoids — are effective in the suppression of
breast cancer initiation and progression. Several clinical trials have shown that selective oestrogen receptor
modulators significantly decrease breast cancer incidence in high risk women. In premenopausal women,
fenretinide have shown a durable trend towards reducing second breast malignancies. Clinical data suggest
that fenretinide could be useful for breast cancer chemoprevention in young women, perhaps in combination
with tamoxifen. This review summarizes the results of preclinical and clinical breast cancer research with
selective oestrogen receptor modulators and retinoids and discusses possible role of these drugs in the
prevention and treatment of the disease.

Key words: chemoprevention, breast cancer, selective oestrogen receptor modulators, retinoids, rexinoids

INTRODUCTION

In the beginning of 21st century pathogenesis and clinical course of mammary
gland tumours belong to the most pressing problems in the clinical and experimental
oncology. After colorectal cancer, breast cancer is the second most frequent cancer in
Europe. There were an estimated 421,000 new cases (13.1% of all cancers) of breast
cancer and 129,000 deaths (7.5%) from this malignity in 2008 (1). The chemoprevention
of breast cancer was often discussed in last years and presents a serious and practical
approach to the control of cancer disease. Chemoprevention has been defined as the
use of nontoxic nutrients or pharmacologic agents which enhance physiologic mecha-
nisms that protect organism against development and progression of mutant clones to
malignant cancer (2). Various groups of subjects could attribute to the selection of the
tumour chemoprevention. According to Decensi and Costa (3), there are: a) subjects
with high genetic risk for some types of tumours. Mutated forms of BRCA 1 and BRCA 2
genes represent the genes of susceptibility for malignant breast cancer forms (in women
as well as in men) and for ovarian carcinomas and they conform the inherited forms of
breast cancer with a frequency about 5%; b) subjects with well-defined precancerous
diseases (e.g. leukoplakias in oral cavity); c) subjects with cured form of the disease
for the prevention of the disease occurrence on the other place (contralateral breast in
breast cancer); d) subjects exposed to well-defined risk factors.

Address for correspondence:

Assoc. Prof. RNDr. Peter Kubatka, PhD., Department of Medical Biology, Jessenius Faculty of Medicine,
Comenius University, Mala Hora 4, 037 54 Martin, Slovakia,

Phone: 043/4131425, Fax: 043/413 63 32, e-mail: kubatka@jfmed.uniba.sk
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Despite the fact that carcinogenesis is primary driven by mutations of some
genes, there are also many epigenetic factors, particularly those relating to the action of
autocrine, paracrine and endocrine regulatory molecules. These molecules can be im-
portant determinants during the latent period of cancer disease. Pharmacologic modu-
lation of these regulatory cell pathways along with the use of drugs and micronutrients
which could effectively block mutagenesis may offer the strategy for cancer preven-
tion. Selective oestrogen receptor modulators and retinoids, which demonstrate several
mechanisms of anticarcinogenic action in the cell, have been shown to be very effective
agents for prevention of breast cancer in women at different degrees of risk. In this re-
view, the current clinical approaches in the breast cancer chemoprevention using the
above mentioned groups of drugs will be resumed. We will summarize results of our
working group - the experiments of chemoprevention of rat mammary carcinogenesis
using the oestrogen receptor modulators and retinoids.

SELECTIVE OESTROGEN RECEPTOR MODULATORS

Oestrogens have an important role in the process of breast cancer initiation and pro-
gression. It is more than 100 years since Beatson (4) removed ovaries of a 33-year old
patient with advanced breast cancer. This woman responded to the treatment, what
led to the general acceptance of this form of therapy. All the effects of oestrogens are
mediated through their binding to nuclear proteins called oestrogen receptors (ER) (5).
Through this action oestrogens have an important role in the treatment of oestrogen-
dependent breast tumours. Some natural compounds and synthetic drugs are also ca-
pable of binding to the ER. Some of these drugs mimic the effects of oestrogen, others
have more antioestrogen properties. In the 1960s, the triphenylethylene tamoxifen was
synthesized and demonstrated apparent antiproliferative effects in the breast. The anti-
oestrogenic activity of tamoxifen in the breast has established it as the “gold standard”
for the treatment of all stages of breast cancer. Later, it was discovered that tamoxifen
have many oestrogenic qualities. Oestrogen-like effects were observed in the increase of
bone density; decrease of serum cholesterol and of low-density lipoproteins and in the
endometrium (6). These dual activities provide several advantages for women receiv-
ing tamoxifen. For instance, there is inhibition of proliferation in breast epithelium,
but these women have benefit by both maintance of bone density and reduction of
cholesterol. Tamoxifen and other similar drugs with mixed oestrogenic/antioestrogenic
properties, which are species-, tissue-, cell- and gene-dependent, are collectively called
selective oestrogen receptor modulators (SERMs).

Tamoxifen given for different durations in an adjuvant setting has been associated
with a reduction of the risk of both contralateral and metastatic cancer. Adjuvant stud-
ies of tamoxifen demonstrated a 30-50% decrease in the incidence of contralateral tu-
mours in tamoxifen treated women (7). Tamoxifen was well tolerated with potential ben-
efits on postmenopausal bone mineral density and lipid profile. These data supported
the prospective evaluation of tamoxifen in the prevention of cancer in women at a high
risk from the disease (Table 1).

In 1998, a randomized trial of National Surgical Adjuvant Breast and Bowel Project
P-1 (NSABP P-1) assessed more than 13.000 healthy women at a risk for the develop-
ment of invasive breast cancer demonstrated, than tamoxifen could reduce the risk of
invasive and in situ ER-positive breast cancer in these women (8). Women were consid-
ered at high risk if they were 60 and more years old, were between the ages of 35-59 with
a 5-year predicted risk for breast cancer, or had a history of LCIS. After a median follow-
up of 54.6 months, tamoxifen decreased the overall risk of invasive breast cancer by 49%
and non-invasive breast cancer by 50%. Tamoxifen decreased the risk of breast cancer
incidence in women with LCIS by 56% and atypical ductal hyperplasia by 86%. The
breast cancer risk reduction was limited to the reduction of ER-positive breast cancer.



8 A CTA M E DTIC A M ARTINTIANA 2 010 S UPPL .1

Tamoxifen reduced the incidence of ER-positive breast cancer by 69%, but no difference
was observed in the occurrence of ER-negative tumours. Moreover, a 19% decrease in
bone fractures was observed in women treated with tamoxifen (8). Oestrogen-like effects
were also observed in the decrease of serum cholesterol and of low-density lipoproteins.
Based on results from NSABP P-1 trial, tamoxifen has Food and Drug Administration
(FDA) approval for the prevention of breast cancer in high-risk women.

The interim analysis of the Royal Marsden Hospital chemoprevention trial (RMH)
with administered tamoxifen (20 mg/day) to healthy women at increased risk of breast
cancer (family history) was realized from 1986-1996 (9). With a median follow-up of
70 months, no difference in the breast cancer incidence was noted between compared
groups. Thirty four of 1238 tamoxifen-treated women developed mammary gland cancer
vs. 36 of 1233 patients with placebo. In 1992, Italian investigators (Italian study) initi-
ated a trial of tamoxifen (20 mg/day for 5 years) vs. placebo in healthy 35-70 years old
women with a hysterectomy (10). At a median of 46 months, no differences were found in
the incidence of breast cancer in the placebo (22 cases) or the tamoxifen arm (19 cases).
A statistically significant reduction of breast cancer in tamoxifen treated women who
also used hormone replacement therapy during the trial was recorded. The RMH and
Italian study did not show a statistically significant risk reduction effect of tamoxifen,
but a trend toward lower risk after treatment was observed in both trials.

Initial results from the first International Breast Cancer Intervention Study (IBIS-
1) found that tamoxifen (20 mg/day) reduced the risk of invasive ER-positive tumours
by 31% in women at increased risk for breast cancer. After a median follow-up of 96
months after randomization, 142 breast cancers were diagnosed in the 3579 women in
the tamoxifen group and 195 in the 3575 women in the placebo group. The prophylactic
effect of tamoxifen was fairly constant for the entire follow-up period, and no decreased
benefit was observed for up to 10 years after randomization (11).

Since results from the tamoxifen prevention trials suggest that tamoxifen may only
reduce the risk of ER-positive disease. Differences among the study populations in the
proportion of women at risk for developing ER-positive breast cancer could alter the
observed tamoxifen risk reduction effects. All above mentioned breast cancer prevention
trials differed in terms of sample size, eligibility regiments, breast cancer risk of partici-
pants, and concomitant use of hormone therapy. Any of these factors may explain why
no overall risk reduction was observed in RMH and Italian trials. The study population
of the RMH trial was chosen primarily on the basis of family history, therefore it might
be assumed that a lower proportion of women were at risk for developing ER-positive
breast cancer (9). The lack of overall risk reduction effects of tamoxifen in the RMH and
Italian trials may also be due to smaller trial population.

Tamoxifen breast cancer prevention trials have provided relevant information regard-
ing side effects. The oestrogen agonist effects of tamoxifen on the uterus and liver, which
result in an increased incidence of uterine cancer and thromboembolic phenomena,
keep it from being considered an ideal SERM. Incidence of thromboembolic disease and
endometrial cancers increased approximately threefold when tamoxifen was used for
5 years. The most frequently reported side effects were also hot flushes in postmeno-
pausal women. The gynaecologic side effects of tamoxifen are diverse and reflect the
complexity of its mechanism of action, with agonistic and antagonistic effects on vari-
ous tissues, depending on the ambient oestradiol concentration and hence menopausal
status of the patient (12). Although reducing the risk of breast cancer may outweigh the
toxicity of tamoxifen for women at high risk for breast cancer and a low risk for side ef-
fects, a compound with a superior benefit risk profile would be preferable for a broader
spectrum of healthy postmenopausal women. Raloxifene may be such a compound.
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Table 1. Characteristics and results of chemopreventive trials with tamoxifen.
* (tamoxifen vs placebo), DCIS - ductal carcinoma in situ, # — incl. DCIS

. . Number of Breast cancers* ER status*
Trial Population = =
women totally | invasive DCIS + =
Healthy
NSABP P-1° . 124 vs 89 vs 41 vs
(USA. Canada) w'omer.l with 13.388 244 175 35 vs 69 130 38 vs 31
high risk
RMH® High risk,
(UK) family history, 2.494 62 vs 75 | 54 vs 64 7vs 7 3lvs44 | 17 vs 10
women 30-70y
Normal or low 19 vs 14 vs
3 10
Italian study risk 5.408 34 vs 45 | 28 vs 40 5vs 4 304 194
IBIS-1"
- .
(UK, Australia, | 22 old risk 7.152 69VS | 64vs85 | 5vs16 | 44vs 63 | 19vs 19
N. Zeland) women 35-70y 101

Raloxifene, a derivative of benzothiophene, represents the second generation of
SERMs. Originally it was developed for treatment and prevention of postmenopausal os-
teoporosis. However, its oestrogen-antagonistic properties in other tissues of the organ-
ism were also observed. Clinical studies have shown oestrogen-like effects in the bone
density increase and total serum cholesterol and low density lipoproteins decrease in
postmenopausal women (13).

The Multiple Outcomes of Raloxifene Evaluation (MORE), the study initiated in
1994, aimed at osteoporosis prevention in postmenopausal women (n=7.705), investi-
gate also the possibilities of raloxifene (60 or 120 mg/day) to decrease breast carcinoma
incidence. Analysis of the MORE trial found that 4 years of raloxifene therapy decreased
the incidence of all breast cancer by 62%, invasive breast cancer by 72% and invasive
ER-positive breast cancer by 84% among postmenopausal women with osteoporosis
compared with placebo (14). Investigators conducted the Continuing Outcomes Rel-
evant to Evista (CORE) trial to examine the effect of 4 additional years of raloxifene
(60 mg/day) therapy on the incidence of invasive breast cancer in women in MORE who
agreed to continue in CORE. During the CORE trial, the 4-year incidence of total breast
cancers were reduced by 50%, invasive breast cancer was reduced by 59%, and ER-pos-
itive invasive breast cancer was reduced by 66% in the group with raloxifene compared
to placebo. Similar to MORE, there was no reduction in DCIS and ER-negative invasive
breast cancer for women randomly assigned to raloxifene (15). Over the 8 years of both
trials, the incidence of invasive breast cancer was reduced by 66% and ER-positive
breast cancer by 76% among raloxifene treated women compared to placebo. In the ra-
loxifene group, the increased relative risk of thromboembolism in CORE trial (2.17), also
observed in MORE trial, persisted over the 8 years of both trials.

A study comparing the effectiveness of the 2 drugs — The Study of Tamoxifen and Ra-
loxifene (STAR) found that raloxifene (60 mg/day) decreased the risk of invasive breast
cancer to the same degree as tamoxifen (20 mg/day), although it did not have the same
protective effects against in situ cancer (16). There were more cases of uterine cancer with
tamoxifen than with raloxifene. Thromboembolic events occurred less often in the ralox-
ifene group and there were fewer cataracts and cataract surgeries in the women taking
raloxifene (17,18). The STAR trial has shown that raloxifene is as effective as tamoxifen
in reducing the risk of invasive breast cancer and has a lower risk of adverse events but
a non-statistically significant higher risk of non-invasive breast cancer. The risk of other
cancers, fractures, ischemic heart disease and stroke was similar for both drugs.

The potential cardioprotective effects of raloxifene in 10,000 postmenopausal women
are being examined in the Raloxifene Use for the Heart (RUTH) trial. The primary end
point is the incidence of myocardial infarction, as secondary outcomes will be examined
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the incidence of breast cancer and osteoporotic fractures. Preliminary results from this
trial pointed to the fact that postmenopausal women treated with raloxifene had an
increased risk of venous thromboembolic events compared with placebo. Concomitant
use of aspirin or nonaspirin antiplatelet agents along with raloxifene did not change this
risk (19).

Tamoxifen — the first U. S. FDA approved agent for reducing breast cancer risk, did
not gain wide acceptance for prevention, largely because it increased incidence of endo-
metrial cancer and thromboembolic events. The FDA approved the raloxifene for breast
cancer risk reduction in high risk women based on its demonstrated effectiveness in
preventing invasive breast cancer in the STAR trial. The results from all tamoxifen and
raloxifene prevention trials have important public health implications and clarify that
both raloxifene and tamoxifen are good preventive choices for postmenopausal women
with higher risk for breast cancer (18).

TAMOXIFEN AND RALOXIFENE IN EXPERIMENTAL MAMMARY CARCINOGENESIS

Experimental rat mammary carcinogenesis induced by chemocarcinogens is a widely
used model for the study of oestrogen and antioestrogen role in the process of breast
cancer initiation. N-methyl-N-nitrosourea (NMU) and 7,12-dimethylbenz(a)anthracene
(DMBA) are the most frequently used chemical substances in mammary tumours induc-
tion. Our group (Ahlers et al.) evaluated chemopreventive effects of SERMs tamoxifen
and raloxifene in NMU- and DMBA-induced mammary gland cancer in female Sprague-
Dawley rats. Moreover the effects of chemopreventives on body and uterine weight, food
and water intake were recorded. In our experiments, both agents — tamoxifen and ralox-
ifene demonstrated high antineoplastic activity in carcinogen-induced mammary can-
cer in rats. Total mammary tumour growth suppression was registered in group with
tamoxifen of both experiment with NMU and DMBA (20). In NMU-induced mammary
carcinogenesis, tumour incidence was decreased by 67% (P<0.001), tumour frequency
per group was reduced by 90% (P<0.0002) and latency period lengthened by 27 days in
raloxifene group compared to control group (21). In DMBA-induced mammary carcino-
genesis, raloxifene decreased tumour incidence by 80% (P<0.01) and tumour frequency
per group by 84% (P<0.01) in comparison with the control group (22). The investigation
of mammary tumours confirmed relative stable relation between adenocarcinomas and
fibroadenomas (rate about 70:30 %). The decrease in body weight accompanied with
apparent reduction of white adipose tissue suggested the oestrogen-like effects of ta-
moxifen and raloxifene in regulation of energy metabolism in rats. On the other hand,
uterine atrophy suggested the oestrogen-antagonistic effects of tamoxifen and raloxifene
on this organ in the rat. The important finding in our experiments is marked decrease
in water intake in tamoxifen- and raloxifene- treated rats, which was not accompanied
by changes in food intake. As there is an obvious connection in food and water intake
typical for rodents, we can declare dissociation in food and water intake after tamoxifen
and/or raloxifene treatment. High antineoplastic effects of tamoxifen and raloxifene in
chemically-induced rat mammary carcinogenesis have been also confirmed by other
investigators (23,24).

RETINOIDS

Retinoids, a family of compounds structurally related to vitamin A or retinol and in-
clude the all-trans-, 9-cis- and 13-cis-retinoic acids (ATRA, 9-cis-RA, 13-cis-RA). These
agents are presumed to exert their activity through binding of two distinct classes of
retinoid receptors — retinoic acid receptors (RARs) and retinoid X receptors (RXRs) (25),
each of which comprise three isotypes designated a, f3, y as well as several isoforms
generated by alternative splicing or promoter use. ATRA selectively binds to RARs, but
9-cis-RA binds to both RARs and RXRs, albeit with differing affinities. 13-cis-RA gets
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isomerised to ATRA, and thus, is functionally equivalent. RARs and RXRs are transcrip-
tion factors that act predominantly as RAR-RXR heterodimers, positively or negatively
modulating specific genetic programmes. Binding of retinoids to these receptors leads
to regulation of several cellular processes. Retinoids have been shown to suppress neo-
plastic growth in a variety of experimental models (26). The positive effects of retinoids
on chemically induced mammary carcinogenesis were reported by Moon et al. already
in 1976 (27). Two experiments investigating the effects of retinyl acetate were performed
at our laboratory. In both of them, female Sprague-Dawley rats bred in the same condi-
tions were used, but in the first experiment mammary carcinogenesis was induced by
DMBA (28) and in the second by NMU (29). In the first experiment retinyl acetate sig-
nificantly reduced the incidence and frequency of tumours and lengthened the latency
compared to control group. In the second experiment retinoid lengthened latency by 16
days; an additive effects of combined administration of retinyl acetate and melatonin in
this experiment were observed in tumour incidence and latency period of tumours, this
combination of drugs demonstrably inhibited tumour burden in rats.

Retinoids can act both as anti-initiators and anti-promoters; alter carcinogen metabo-
lism, cell division and differentiation, as well as expression of oncogenes and biosynthesis
of polyamines and prostaglandins (30). Retinoids can induce apoptosis, carcinogenesis
could be influenced by their immunostimulative activities — they activate cell-mediated
cytotoxicity and increase of natural killers (31). Several retinoids are able to inhibit the
activator protein-1 (AP-1) transcription pathway, which is involved in breast cancer cell
proliferation and transformation (32). Retinoids have been shown to inhibit the growth
of ER-positive (33) and ER-negative breast cancer (34).

The application of retinoids to decrease cancer development has a long history. Early
clinical trials evaluated ATRA, 9-cis-RA and 13-cis-RA in individuals at increased risk of
cancer. These trials have established proof of principle for human cancer chemopreven-
tion and their aim was to show the potential utility of retinoids in this regard. Based on
these trials, widespread use of above mentioned retinoids for long-term administration
in cancer chemoprevention is unsuitable because of apparent adverse effects such as
headaches and mucocutaneous toxicity (30). It is hoped that increased understanding
of retinoid receptor biology has facilitated the discovery of selective modulators of the
RXRs and thus will open new opportunities for the development of novel retinoids with
an enhanced therapeutic profile with decreased toxicity. The potential utility of selec-
tive RXR agonists may evolve from their ability to induce apoptosis (35) or possibly from
regulation through heterodimer formation with RARs (36), peroxisome proliferator-acti-
vated receptors (PPARs) (37), thyroid hormone receptor (38) and vitamin D receptor (39).
Specifically, ligands selective for the RXR have been developed, the so-called rexinoids,
which seems to afford equivalent or greater protection against cancer with substantially
diminished toxicity.

FENRETINIDE FOR BREAST CANCER CHEMOPREVENTION

The retinoid most widely studied in chemoprevention clinical trials is the synthetic
amide of retinoic acid N-(4-hydroxyphenyl)retinamide (4-HPR), or fenretinide. Sporn at
al. (40) demonstrated preferential accumulation of this drug in the breast rather than
in the liver. This agent has activity in both ER-positive and ER-negative breast cancer
cells, although there are tends to be a more effective in ER-positive cells (41). Fenretinide
has been described to inhibit chemically induced mammary carcinogenesis in rats (42).
Early clinical studies with this drug demonstrated its promising toxicity profile. The
most remarkable adverse effect was an increase in nyctalopia, which was successfully
managed with a 3-day drug holiday every 28 days (43).

The Instituto Nazionale dei Tumouri in Milan started in 1987 a multicentre phase III
randomized trial. Women (n=2972) ages 30 to 70 with stage I breast cancer were ran-
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domized to group with fenretinide (200 mg daily for 25 days followed by a 3-day drug
holiday) and control group without intervention (44). The trial primary end point was
the occurrence of contralateral breast cancer as the first malignant event. The second-
ary end point was the incidence of ipsilateral breast cancer reappearance, defined as
local occurrence in the same quadrant or occurrence of a second breast malignancy
in a different quadrant from the primary tumour. After a median follow-up duration
of 97 months, the results from this trial did not show a difference in breast cancer in-
cidence between women with fenretinide vs. without intervention. Fenretinide showed
no effect on contralateral breast cancer occurrence and a non-significant 17% reduc-
tion in ipsilateral breast tumour reappearance. However, a different trend was noted
when the analysis was stratified by menopausal status; there was a beneficial trend in
premenopausal women on both contralateral and ipsilateral breast cancer. No effect of
fenretinide treatment was observed in distant metastases and death. The frequency of
second primary tumours was comparable between the fenretinide and control group.
Moreover, potential important trial outcome is the finding about significant lower inci-
dence of ovarian cancer after 5-year fenretinide treatment compared to control group (6
vs. O cases). Further clinical trials are necessary to clarify this effect of the drug. Epi-
demiologic studies have observed an increase in serum concentrations of insulin-like
growth factor 1 (IGF-1) in premenopausal and postmenopausal breast cancer women
(45). It has been reported that IGF-1 is a key regulator of proliferation and apoptosis of
both normal and malignant cells including mammary gland cancer cells (46). Torrisi et
al., (47) have reported that fenretinide decreases serum concentrations of IGF-1 and its
main binding protein IGFBP-3 in premenopausal women. Thus, modulation of IGF-1
could be a supposed biological mechanism, which may explain the menopausal interac-
tion with fenretinide and contralateral breast cancer incidence in Milan study (44).

Detailed analysis of the trial reported some adverse effects in women. The most com-
mon were diminished dark adaptation (19%) and dermatological disorders (18.6%) —
such as skin and mucosal dryness, pruritus and urticaria. Less common events were
gastrointestinal symptoms and alterations of the ocular surface (48). The findings of the
phase III trial support the role of fenretinide as a preventive agent in mammary gland
carcinogenesis in women but indicate its lack of efficacy on the progression to a more
malignant phenotype.

It is well known, that combination of agents with different mechanism of action may
increase the efficacy and minimize adverse effects. In preclinical model, combined ad-
ministration of fenretinide and tamoxifen has proven additive or synergistic effects
(49,50). The effectiveness and the safety of the combination of fenretinide and tamoxifen
has been evaluated in breast cancer clinical trials both in metastatic patients (51) and in
the adjuvant setting (52), as well as in healthy women at increased risk (53).

In a pilot study involving 32 healthy women at high risk for developing breast cancer,
fenretinide was administered for four cycles at a daily oral dose of 200 mg for 25 out of
28 days (53). Tamoxifen was started after the first month of fenretinide administration,
at a daily dose of 20 mg, and continued for 24 months. The toxicity and pharmacody-
namics of 4-HPR as single agent as well as after tamoxifen administration was evalu-
ated. No interference of tamoxifen on retinoid plasma concentrations was observed. The
incidence of fenretinide-induced nyctalopia was 6% only, and reversed completely after
fenretinide discontinuation. Four subjects stopped treatment due to side effects, and hot
flushes were reported in 84% of women after the start of tamoxifen. The combination
tamoxifen plus fenretinide had acceptable tolerability for this high-risk cohort.

In the prevention trial of Decensi et al. (54), a total of 235 premenopausal women with
pTlmic/pTla breast cancer (n = 21), or intraepithelial neoplasia (n = 160), or 5-year
Gail risk 21.3% (n = 54) were randomly allocated to tamoxifen 5 mg/day, fenretinide
200 mg/day, their combination, or placebo. The aims of the trial are: data for plasma
insulin-like growth factor I (IGF-I), mammographic density, uterine effects, and breast
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neoplastic events after 5.5 years of treatment. During the 2-year intervention, tamoxifen
significantly lowered IGF-I and mammographic density by 12% and 20%, respectively,
fenretinide by 4% and 10% (not significantly), their combination by 20% and 22%, with
no evidence for a synergistic interaction. The combination of low-dose tamoxifen plus
fenretinide did not reduce breast neoplastic events compared to placebo, whereas both
single agents, particularly fenretinide, showed numerical reduction in annual odds of
breast neoplasms. Further follow-up is indicated. In another study with 235 women,
fenretinide positively balanced the metabolic profile in overweight premenopausal wom-
en. After 2 years of fenretinide treatment, 25% of women improving their insulin sensi-
tivity, and this may favorably affect breast cancer risk in these women (55).

NOVEL RETINOIDS

The activation of both RAR and RXR pathways may potentiate the effect of retinoids on
cell growth and differentiation. Alitretinoin (9-cis-RA) binds to both receptor and there-
fore is a pan-agonist. Alitretinoin has been shown to suppress mammary carcinogenesis
effectively in female rats with acceptable side effects (56). In this experiment, combina-
tion of alitretinoin and fenretinide has shown additive effects, suggesting that they may
inhibit mammary cancers by different mechanisms. A phase I trial of alitretinoin (50 to
140 mg/m?/day) and tamoxifen (20 mg/day) was conducted in 12 patients with meta-
static breast cancer (57). The combination of tamoxifen and alitretinoin was well toler-
ated and demonstrated antitumour activity in metastatic breast cancer.

The current focus is on the development and validation of RXR-selective ligands (rexi-
noids), with the aim of maximizing antineoplastic efficacy while minimizing adverse side
effects. Apart from modulation of the cell growth and differentiation, rexinoids have
been found to down-regulate COX-2 expression in normal mammary epithelial cells
(58). Compounds of particular interest include LGD1069 (bexarotene, Targretin) and
LG100268.

Rexinoid bexarotene was shown to suppress mammary tumorigenesis in transgenic
mice and its preventive effect was separated from toxicity (59). It was raised from this
experiment that cutaneous toxic effects of retinoids are mediated through activation
of RAR receptor, whereas cancer preventive activities of these agents are caused by
RXR receptor activation. Bexarotene also effectively suppressed chemically induced rat
mammary carcinogenesis (60). The substance suppressed both ER-positive (60) and ER-
negative tumours (61) and was well tolerated in animal models. The preliminary results
of our group pointed out to apparent antitumour activity of orally administered bexaro-
tene and additive effects of combination bexarotene plus pineal hormone melatonin in
NMU-induced mammary carcinogenesis in rats (unpublished results). Results of Yen
and Lamph (62) suggested a role for bexarotene in combination with chemotherapeutic
agents (paclitaxel, doxorubicin, cisplatin) in prevention and overcoming acquired drug
resistance in advanced breast carcinoma in vitro. The activity and safety of oral bex-
arotene (200 mg/m?/day) have been evaluated in 148 patients with metastatic breast
cancer (63). Approximately 20% of the patients experienced a clinical benefit. There were
no drug-related deaths, and only two subjects had serious adverse events. Based on
these data, a chemoprevention trial testing the ability of oral bexarotene (once daily for
28 days) to modulate breast tissue biomarkers has recently been initiated in women at
increased risk for breast cancer. In this biomarker study, known carriers of BRCA-1 or
BRCA-2 mutations or women with a 210% risk for carrying such mutations, were rand-
omized for oral bexarotene or placebo. The different biomarkers — including markers of
proliferation, growth factors and COX-2 will be analysed (NCI web site).

Another RXR-selective retinoid, LG100268 has shown promising antineoplastic activ-
ity in experimental models. The rexinoid LG 100268 was an effective chemopreventive
agent in preventing the development of both malignant and premalignant mammary
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lesions in MMTV-erbB2 mice. The cancer prevention effect was associated with reduced
expression of Ki67 and cyclin D1 in mammary glands by >80% (64). In another experi-
ment, LG100268 and arzoxifene have synergized to promote apoptosis in a rat model of
ER-positive breast carcinoma and in ER-positive human breast cancer cells in culture
(65). This combination induced apoptosis by up-regulation of TGF-p and inhibition of
the pro-survival nuclear factor kB and PI3K signalling pathways. Authors have shown
that it is not necessary to administer both drugs continuously during tumour progres-
sion to prevent cancer in the rat model because dosing of these drugs in combination for
relatively short periods, each followed by drug-free rests, is highly effective. This new ap-
proach to chemoprevention uses high doses of drugs that are too toxic for long-term ad-
ministration but, when given for short periods, the agents are nontoxic and still induce
apoptosis in breast cancer cells. And finally, LG100268 and arzoxifene were tested in the
prevention and treatment of mouse mammary tumour virus-neu model of ER-negative
breast cancer (66). The both substances as individual drugs, delayed the development of
ER-negative tumours. Moreover, the combination of the drugs was strikingly synergistic,
as no tumours developed in any mouse fed by this combination. This combination in-
hibited proliferation and induced apoptosis in the tumours and also induced significant
tumour regression when used therapeutically.

CONCLUSIONS

Tamoxifen and raloxifene are both indicated for the prevention of breast cancer in
postmenopausal women at high risk for development of the disease. Raloxifene is com-
parable to tamoxifen in its ability to reduce the risk of breast cancer in these women and
has fewer side effects as shown in the STAR trial. Combination of fenretinide with other
agents, such as SERMs, could manifest additive or synergistic effects. This combination
with low-dose tamoxifen has been proved to be safe. Great interest has been recently
focused on rexinoids, which appear to have a high antineoplastic potential and due to
their selective binding to RXR have a limited toxicity. Rexinoids also exhibits oncostatic
effects in ER-negative breast cancer experimental models, what have not been observed
in the prevention trials with SERMs. The rexinoid bexarotene is currently tested in
women at increased breast cancer risk.

The important questions relating to breast cancer prevention will be the scope of the
ongoing trials and include: documenting the extent to which breast cancer prevention
translates into improved survival, determining optimal duration of therapy, how age of
therapy initiation may interact with optimal duration, identifying women who are likely
to develop ER-positive breast tumours and developing therapies directed at decreasing
risk of ER-negative breast cancers or therapies applicable to premenopausal women.
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Abstract

Prolonged administration of non-steroidal antiinflammatory drugs (NSAIDs) in clinical praxis decreased
markedly the risk of various neoplasia incidence, especially that of colorectal and breast cancer. Using
preventive-curative protocols with NMU- or DMBA- induced mammary carcinogenesis in female Sprague-
Dawley rats we have analyzed possible protective effects of indomethacine, diclofenac, nimesulide, rofe-,
etori- and celecoxib. Indeed, all used drugs influenced to various degree the parameters of mammary tumor
formation. Respecting the clinical importance of COX-1 inhibitors (eg. ibuprofen and diclofenac) celecoxib as
COX-2 inhibitor is supposed to be currently the best choice, for drugs combination too, in experimental and
clinical oncology.

Key words: mammary carcinogenesis, female rats, non-steroidal antiphlogistics, chemoprevention

INTRODUCTION

Non-steroidal antiinflammatory drugs (NSAIDs) have been used in pain and in-
flammation treatment for more than three thousand years. NSAIDs inhibit synthesis
of prostaglandins (PGs) and leukotrienes while eicosanoid synthesis (including PGs,
thromboxanes and prostacyklines) is mediated by cyclooxygenase activity. There are two
cyclooxygenase forms: constitutive (COX-1) and inducible (COX-2) type, the latter is up-
regulated in inflammation and carcinogenesis. Mammary neoplasia showed increased
prostaglandin (PGE2 in particular) synthesis and content (1). In tumor tissues the COX
upregulation (COX-2 in particular) was proved, 80% of human precancerous lesions
showed COX-2 upregulation (2; 3). COX-2 upregulation induced mammary tumorigen-
esis in transgenic mice (4). However, COX-1 role in tumorigenesis was confirmed by
experimental oncology too; COX-1 knockout rodents were less sensitive to skin and in-
testinal carcinogenesis induction (5). COX activation stimulates carcinogenesis through
increased proliferation, invasiveness, angiogenesis, and apoptosis inhibition and im-
mune response modulation (2). COX-2 upregulation is associated with human epider-
mal growth factor 2 (HER2) overexpression and COX/PGs system stimulates estrogen
aromatase (6). Considering target effectivity and specifity, there are NSAIDs with selec-
tive COX-1 activity (acetylsalicic acid -ASA- administered in doses from 30-300 mg),
non-selective COX inhibitors (ASA administered in doses from 500 mg, indomethacin,
ibuprofen, diclofenac), preferential-selective COX-2 inhibitors (nimesulide, meloxicam,
piroxicam), and selective COX-2 inhibitors (coxibs — celecoxib, etoricoxib, valdecoxib,
parecoxib, lumiracoxib). Chronic ASA administration was prescribed as antiagregative
compound in thromboembolism prevention, other NSAIDs (mainly ibuprofen and di-
clofenac, nimesulide, meloxicam, celecoxib) were administered for prolonged periods in
osteoarthrotic and rheumathoid arthritic patients. While ASA is administered daily over
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several years, other NSAIDs are administered intermittently even in case of several-year
administration. ASA dosage is region-dependent, in Europe single daily dose of 100mg
prevails, in USA the single daily dose is higher, cca 300-400 mg; other NSAIDs doses are
similar. These facts complicate statistical evaluation of NSAIDs chemoprevention effect.

Sporadic notes from clinical practice on NSAID effect in neoplasias, especially of colorec-
tal origin (including familial adenomatous) were confirmed by papers documented the in-
hibiting effect of indomethacin in experimental DMBA-induced mammary carcinogenesis
in female rats (7) or indomethacin effectiveness on spontaneous intestinal tumor occur-
rence in rats (8), or piroxicam effects in experimental colorectal carcinogenesis in rats (9).

Numerous reports on NSAIDs chemopreventive effects in various neoplasia have been
published. NSAIDs inhibited mammary carcinogenesis (10), particularly the coxibs (11).
Some results were surprising: Harris et al. (10) summarised results of 91 epidemio-
logical trials. Long-term (over 5 years) NSAIDs (ASA and ibuprofen) administration de-
creased breast cancer incidence by 39%, colorectal cancer incidence by 73%, lung can-
cer incidence by 39, and prostatic cancer incidence by 39%; the effect of ASA was more
prominent. NSAIDs decreased oesophageal cancer incidence by 39%, stomach cancer
incidence by 62%, and ovarial cancer by 47% too. On the other hand, Zhao et al. (12)
excluded 21 reports out of 47 for inconsistency after detailed statistical analysis; in
remaining 26 reports even the long-term NSAIDs administration decreased the breast
cancer incidence but slightly (with marginal statistical significance), the average relative
risk (RR) was 0.91 (ASA) and 0.81 (ibuprofen), respectively. Most clinical trials, however,
reported significant breast cancer incidence decrease in long-term NSAIDs administra-
tion, approximately 20% (without difference among individual substances, 13, 14, 15).

The aim of our work was to analyze the effect of selected NSAIDs in mammary car-
cinogenesis in young (virgin) female Sprague-Dawley rats. We have chosen indometha-
cin and diclofenac as preferential COX-1 inhibitors; nimesulide as non-selective COX-2
inhibitor; and rofecoxib, etoricoxib, and celecoxib as selective COX-2 inhibitors. In some
experiments the combination of NSAIDs and melatonin was used.

MATERIAL AND METHODS

Female rats of Sprague-Dawley strain obtained from Charles River Laboratories
(Sulzfeld, Germany; Budapest, Hungary), An-Lab (Prague, Czech Republic) aged 33-37
days were adapted to standard vivarium conditions with the temperature 23+2°C, relative
humidity 60-70%, artificial regimen light:dark = 12:12 h, with lights on from 7.00 h (light
intensity 150 lux per cage). The animals were fed the MP diet (Top Dovo, Dobra Voda, Slo-
vakia) resp. Purina Mills Test Diet (Richmond, USA), ST-1 Bergman (Jesenicky u Prahy,
Czech Republic), Ssniff (Soest, Germany) and drank tap water ad libitum. Each group
involved about 20 animals; exact numbers see Tab.l. Mammary carcinogenesis was in-
duced by N-methyl-N-nitrosourea (NMU) and dimethylbenz/a/anthracene (DMBA). NMU
(Sigma, Deisenhofen, Germany) was administered intraperitoneally in two doses, each
per 50mg/kg b.w., in a six-day interval between 415-58™ postnatal days to all animals.
NMU was freshly prepared by dissolving in isotonic saline solution (0.5 ml per animal).
DMBA (Sigma, Deisenhofen, Germany) was disolved in corn oil and applied intragastri-
cally (1 ml per animal) in three doses of 10 mg per animal between postnatal days 45-59.
Chemopreventive effect of some NSAIDs compounds was analyzed:

Indomethacin (Léciva, Prague, Czech Republic) was administered in concentration of
20 ug/ml of tap water 3 days a week daily (Tuesday, Thursday, Saturday); for prepara-
tion of 1000 ml of solution 20 mg of indomethacin (INDO) were dissolved in 3.1 ml of
60% ethanol and mixed up with tap water to desired volume. Diclofenac (Diclofenac
sodium, produced by: Ningbo Smart Chemical & Pharmaceutical Co., LTD, Ningbo, Zhe-
jlang, China, provided by: Zentiva a.s., Hlohovec, Slovakia). Diclofenac (DICLO) was
administered in tap water in the concentration of 0.01 mg/ml (7 days before and 22
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weeks after the first NMU dose). Nimesulide (Helsinn Healthcare SA, Lugano, Switzer-
land) in a dose of 5 mg/kg b.w. was administered subcutaneously twice a week in the
afternoon. PEG 400-5 w/w, ethanol 96% — 15 w/w, 1N NaOH - 3.76 w/w and distilled
water H,0 76.24 w/w were used to prepare nimesulide (NIM) solution. The solution was
aplied in a volume of 0.5 ml per animal (either 5 days before and 27 weeks after the
first NMU dose or 3 days before and 13 weeks after the first DMBA dose, respectively).
Rofecoxib (Vioxx, Merck Research Laboratories, Merck Frosst, Montreal, Canada) was
finaly prepared with Purina Mills Test Diet (Richmond, USA). Rofecoxib (ROFE) was
administered in the chow in two concentrations — 0.01 mg/1 g (ROFE 0.001%), or 0.05
mg/1 g (ROFE 0.005%) 7 days before and 17 weeks after the first NMU dose. Etoricoxib
(Merck Research Laboratories, Merck Frosst, Montreal, Canada) was applied in a chow
ST-1 Bergman (Jesenicky u Prahy, Czech Republic). Etoricoxib (ETO) was administered
in the chow in two concentrations: 0.01 mg/1 g (ETO 0.001% or ETO10) and 0.025
mg/1 g (ETO 0.0025% or ETO25) 7 days before and 22 weeks after the first NMU dose.
Celecoxib (Celebrex, Pfizer Pharmaceuticals Group, New York, USA) was applied in the
Ssniff diet (Soest, Germany). Celecoxib (CELE) was administered in a concentration of
1.666 g/kg food (CELE 0,1666%) 7 days before and 20 weeks after the first NMU dose.

The animals were divided into several groups (20 animals per group as minimum):
control group without chemoprevention but with carcinogen application, chemopreven-
tion with NSAIDs - INDO, DICLO, NIME, ROFE (ROFE 0.001% a ROFE 0.005%), ETO
(ETO 0.001% a ETO 0.0025%), CELE. Chemoprevention with chemopreventive sub-
stance began 3-12 days before carcinogen administration and lasted until the end of the
experiment (13-27 weeks after the first NMU administration). The animals were weekly
weighed and palpated in order to record the incidence, number, location, and size of
tumors. The effect of chemopreventives on body mass gain (evaluated from the initiation
until the end of the experiment), food and water intake was observed. In the last week of
each experiment all animals were sacrificed by quick decapitation and final investigation
was performed: inspection of body organs, mammary tumor excision and size measure-
ment, tumor samples were preserved in 10% formalin solution for further investigation.
Statistical evaluation of selected parameters of mammary carcinogenesis (incidence, tu-
mor frequency per group and animal, tumor volume and latency), body mass, food and
water intake were evaluated by a combination of non-parametric and parametric tests.
Tumor incidence was evaluated by Mann-Whitney U-test, other parameters by one-way
analysis of variance or Kruskal-Wallis test, respectively. Tumor volume was calculated
according to formula: V (mm?®) = x S??>x S, / 12; where (S <S,), S, is tumor width and
S, tumor length in mm, S, and S, were measured perpendicularly.

The experiments were conducted according to the principles provided in the Law No.
115/1995, 289/2003, 489/2003 and 23/2009 of Slovak Republic for the Care and Use
of Laboratory Animals.

RESULTS

In NMU experiment the indomethacin chemopreventive effects were recorded only as
decreased tumor frequency per animal (by 17.7%). In DMBA experiment indomethacin
improved all tumor parameters, the incidence decreased by -63%, tumor frequency per
animal by 66.5%, tumor frequency per group by 88%, and latency period was lengthened
by 63%. Moderate diclofenac effect in NMU experiment was recorded in all tumor growth
parameters (except of latency period), mainly in incidence (-34.5%) and tumor frequency
per group (-40%). Nimesulide in NMU experiment decreased especially tumor incidence
and frequency per group. Rofecoxib showed better efficacy in almost all parameters,
mainly in tumor incidence at both concentrations (-40% and -42.5%, respectively), in
tumor frequency per group at higher concentration (-40%) and in tumor volume at both
concentrations (-35% and -43%, respectively). Etoricoxib was partially effective at higher
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concentration — in all parameters except of tumor volume; at lower concentration only
latency was lengthened (+7.96%). Celecoxib efficacy in mammary carcinogenesis inhibi-
tion was confirmed (except of tumor volume) in all parameters, particularly in incidence
(-24%), tumor frequency per group (-54.4%) and animal (-40%).

None gross macroscopic changes were seen in sectioned animals; general mortality
was below 10% per group.

Histological analysis: In experimental mammary tumorigenesis ductal adenocarcino-
mas prevailed. Malignant/benign lesion ratio is approximately 90/10 and is not altered
by successful NSAIDs treatment. As for adenocarcinomas, invasive (mainly cribriform)
forms prevail, the rest are carcinomas in situ (16).

Table 1: Effects of NSAIDs in prevention of mammary carcinogenesis in the experiments of physiological

group of the Dept. Animal Physiology, Faculty of Science, P. J. Safarik University KoSice

Tumor Tumor Tumor Tumor
- G f] Latency
Experiment Group incidence frequency frequency volume (days)
(%) per group per animal (cm?3) y

INDO-NMU (r:1(=)2Ng 70.00 2.10+0.58 3.00+0.70 1.28+0.43 116.79+9.07
(17)
(20 ug/ml tap water) INDO 85.00 2.10+0.32 2.47+0.29 2.89+0.62 99.88+6.10
12d+25w n=20 (+21.5%) (0%) (-17.67%) (+126%) (-14.5%)
(September to March)
INDO-DMBA igll\lg 100.00 3.40+0.63 3.40+0.63 2.69+0.66 93.40+6.37
(17)
(20 ug/ml tap water) INDO 36.84 0.40£0.13 1.14+0.14 2.24+1.45 152.29+10.42
9d+26w n=19 (-63%) (-88%) (-66.47%) (-16.7%) (+63%)
(November to May)

CONT
DICLO-NMU =20 80.00 3.65+0.67 4.56+0.66 1.65+0.22 90.60+4.80
(16)
‘(Sé(t);r)mg/ ml tap DICLO 70.83 2.21+0.41 | 3.12:0.40 | 2.61+0.99 | 105.06+7.37
7d+922w n=24 (-11.46%) (-39.45%) (-31.58%) (+58.18%) (+15.96%)
(August to January)

CONT
NIM-NMU =18 85.00 1.30+0.19 1.53+0.17 1.39+0.31 116.79+9.07
(18)
5 mg/kg b.w. NIM 55.56 0.78+0.21 1.40+0.22 1.02+0.34 99.88+6.10
5d+27w n=18 (-34.5%) (-40%) (-8.50%) (-26.62%) (-14.5%)
(October to May)

CONT
NIM-DMBA n=24 95.83 4.33+0.47 4.52+0.67 1.38+0.47 64,00+3,03
(18)
5 mg/kg b.w. NIM 96.00 4.60+0.67 4.79+0.64 2.28+0.44 64.90+2.82
3d+183 w n=25 (+0.2%) (+6%) (+5.97%) (+65.22%) (+1.40%)
(April to July)

CONT
ROFE-NMU =23 69.60 1.74+0.32 2.60+0.32 2.85+1.23 80.06+£6.03
(19) 1;%18113 41.70 1.42+0.43 3.40+0.64 1.85+ 0.72 80.50+£6.37
(0.001 2 0.005 mg/g | o, (-40%) (-18.4%) | (+30.8%) (-35%) (+0.5%)
chow)
7d+17w o 40.00 1.04+0.32 | 2.600.50 | 1.63+0.42 | 88.206.70
(June to October) ﬂ=25 (-42.5%) (-40%) (0.0%) (-43%) (+10%)
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Tumor Tumor Tumor Tumor
- ot Latency
Experiment Group incidence frequency frequency volume (days)
(%) per group per animal (cm?) y
ETO-NMU iC:)QNg 55.00+11.41 | 0.90+0.28 | 1.64+0.39 | 0.91+0.30 | 103.09+7.32
(20) ETO 10 | 55.56£12.05 1.39+0.41 2.50+0.50 1.63+0.80 111.30+7.70
(0.01a 0.025 mg/g n=18 (+1.02%) (+54.44%) (+52.44%) (+79.12%) (+7.96%)
h

; (;)V:_’)Zz w ETO 25 | 52.63%£11.77 0.84+0.26 1.60+0.34 1.69+1.03 110.60+9.78
(October to March) n=19 (-4.31%) (-6.67%) (-2.44%) (+85.71%) (+7.28%)
CELE-NMU o 94.12 612£1.01 | 6.50+1.00 | 1.48%0.26 | 77.63 +3.36
(21)
(1666 mg/g chow) CELE 71.43 2.79 £0.64 3.90 +0.59 2.26 £0.61 79.90 +5.57
7d+20w n=14 (-24%) (-54.4%) (-40%) (+53%) (+3%)
(December to May)

In the column “Experiment”the abbreviations of chemopreventive agent and of carcinogen used in presented
experiment, are shown. A line below denominates the authors and year of article’s release, followed by the
chemopreventive agent dose and duration of experiment, where “d” means the start - days before the first
carcinogen dose and “w” means duration of agent administration after the first dose of carcinogen. Finally, the
season of the experiment realization is shown.

Abbreviations for chemopreventives: INDO-indomethacin, DICLO-diclofenac, NIM-nimesulide, ROFE-
rofecoxib, ETO-etoricoxib, CELE-celecoxib

Abbreviations for carcinogens: NMU - N-methyl-N-nitrosourea, DMBA -7,12- dimethylbenz/a/anthracene,
CONT- control group with only carcinogen administered (NMU or DMBA)

DISCUSSION

Beneficial NSAIDs effects in familial adenomatous polyposis, colorectal cancer, and
other neoplasia revealed their protective (as well as therapeutic) effects in carcinogen-
esis; this became clear especially after chronic NSAIDs administration in arthrotic and
arthritic patients. The chemopreventive effect, however, had to be verified in animal
models using only a single substance (as arthritic patients were being treated with sev-
eral NSAIDs simultaneously) and mechanism of protective/therapeutic efficacy had to
be clarified. As for genetic background, neoplasia induction and tumor properties had
to be as close to those in humans as possible, the animal model choice was crucial.
Laboratory rodents, rats in particular, represent the most suitable model (22). Apart
from genome similarity, the animal species/strain sensitivity to carcinogenesis induc-
tion is critical too; as Wistar-Han strain is insensitive to common carcinogens we had
chosen susceptible Sprague-Dawley strain as experimental mammary carcinogenesis
model (23). Young virgin (sensu strictiori premenopausal) female rats were used, car-
cinogenesis induction was performed in the most sensitive period, during mammary
gland maturation. The experiments were of preventive/curative type, chemoprevention
lasted approximately for 7 days prior to and 18 weeks after the first carcinogen dose.
Short-term chemopreventive administration (only 2 weeks after the second carcinogen
dose) in the period of presumptive tumor promotion was not effective (diclofenac experi-
ment, not shown). We had not considered strictly preventive scheme (when chemopre-
ventives are administered only before carcinogen application), however, this strategy
brought intriguing results in Lenoir et al. (24) report using melatonin in experimental
mammary carcinogenesis. Our group administered NSAIDs up to 25 weeks after the
first NMU dose, longer administration may be useful in approaching the clinical situa-
tion e.g. NSAIDs administration in postmenopausal women.

The tumor growth parameters improvement by indomethacin in our DMBA experiments
is of particular interest. Similarly Carter et al. (7) and McCormick et al. (25) reported the
same effect, especially when using high-fat diet. However, indomethacin is not used in
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current medical practice. ASA in low doses regarded as the model of “selective” COX-1
inhibitor has no chemopreventive properties. Suzui et al. (26) used aspirin (400 ppm in
the diet) as second chemopreventive agent in female rats, mammary carcinogenesis was
induced by 2/Amino-1-methyl-6-phenylimidazol /4, 5-b/ pyridine. Aspirin diminished
mammary tumor frequency (-44%). In NMU experiments diclofenac slightly decreased
incidence and tumor frequency, and we found no other relevant reports as well. The
preventive effect of nimesulide was surprisingly confirmed only in NMU experiment; the
same effect (but using high-fat diet) was reported by Nakatsugi et al. (27). Considerable
effort had been made to coxib efficacy evaluation, results on rofecoxib and celecoxib are
prominent. We believe the lack of ETO efficacy is due to low daily dose, rofecoxib (espe-
cially in higher dose) showed better chemopreventive effect. After publication of these
results, serious side effects of some coxibs were revealed: long-term treatment increased
fatal thromboembolism rate in patients (28), therefore we turned down valdecoxib analy-
sis. As meta-analysis in patients treated with chronic low CELE doses showed less car-
diovascular complications (29) and this coxib was re-introduced to clinical practice, we
launched celecoxib efficacy evaluation in NMU-induced mammary carcinogenesis using
standard protocol instead. We found the CELE effect in experimental mammary carcino-
genesis is consistent and potentiated in combination with other substance (melatonin
in our case). Similar mammary carcinogenesis suppression was reported by Harris et
al. (30) using several CELE doses in DMBA protocol in female Sprague-Dawley rats.
Nowadays, CELE in combination with other compounds is breaking through to cancer
treatment, especially in colorectal (CRC) and breast cancer (BC) treatment (31). CELE
combined with capecitabine was effective in metastatic BC pretreatment, and CELE not
only improved capecitabine effectiveness but reduced its toxicity too (32). After rofecoxib
and valdecoxib withdrawal from the market, it is necessary to reevaluate early results
of Harris group (33) reporting 71% BC incidence reduction in patients with long-term
coxib treatment gained during 2003-2004. We have cited above cautious evaluation of
Zhao et al (12) on protective NSAIDs effect in BC.

CONCLUSIONS

Elementary knowledge on COX role in carcinogenesis should favor COX-2 inhibitors
role in carcinogenesis prevention. However, we should acknowledge the COX-1 superior-
ity in long-term treatment (ASA, ibuprofen, diclofenac). Apart from coxibs, non-specific
COX-2 inhibitors nimesulide and meloxicam (neglected in experimental oncology) are
often used in clinical practice. Reported results (33) favour celecoxib for combination
therapy. We find NSAIDs with NO-releasing activity (which should improve efficacy and
reduce toxicity) to be promising. Apart from NSAIDs with NO-releasing activity CELE
analogues with tetrahydropyridin dependent nitric oxide donor moiety seem to be prom-
ising too (34): we anticipate their antiinflammatory/antineoplastic effect.

The only way how to reduce toxicity and side gastrointestinal and cardiovascular ef-
fects is to use the lowest possible dose in shorter intervals. The epidemiological trials
favoring continual prolonged treatment exclude other NSAIDs but ASA, all other NSAIDs
treatment is under clinical practice restrictions. Combination of selected NSAIDs (e.g.
celecoxib) with approved chemotherapeutics or radiotherapy, respectively, in chosen ne-
oplasia treatment is a promising way.
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Abstract

Statins, 3- hydroxy- 3 methylglutaryl coenzyme A reductase inhibitors are commonly used drugs in the
treatment of lipid disorders. Recently, many epidemiological and preclinical studies pointed to antineoplastic
properties of statins and thus exhort to their use in cancer therapy and prevention. Probable mechanisms
by which statins influence the carcinogenesis are induction of apoptosis, the inhibition of proliferation and
angiogenesis, consequently metastasis growth. Results of our group suggested chemopreventive potential
of some statins in the chemoprevention of mammary carcinogenesis in female rats. Mechanism of action,
preclinical studies and clinical efficacy of statins are reviewed in this paper.

Key words: statins, antineoplastic properties, carcinogenesis, chemoprevention, cancer therapy

INTRODUCTION

Statins are most-widely used drugs for the treatment of hypercholesterolemia. They
had become a first choice in current prescribing practice and are pivotal in the prima-
ry and secondary prevention of cardiovascular diseases [1, 2]. The discovery of statins
significantly changed the approach in dislipidemic therapy and tremendously decreased
morbidity and mortality from cardiovascular events by 50% [3]. Statins are competitive
inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase. This enzyme is a rate lim-
iting step in cholesterol biosynthesis in the liver. Current preclinical studies have proved
pleiotropic properties of statins that can be useful for cancer therapy and prevention.

First member of statin group drugs — mevastatin (compactin) was derived from Penicil-
lium citrinum in 1976 [4]. Similarly as mevastatin, next statin — lovastatin is natural,
simvastatin and pravastatin were created as analogs of the first two drugs. All other
statins are synthetic. Two statins (pravastatin, rosuvastatin) are hydrophilic, others are
lipophilic (mevastatin, lovastatin, simvastatin, atorvastatin, fluvastatin, cerivastatin,
crilvastatin, pitavastatin) [5].

Statins are generally well tolerated drugs and this is one of the reasons why they re-
placed previous drugs (nicotinic acid, cholesteramine, estrogens, dextrotyroxene) used to
reduce cardiovascular events. However, there are few side effects of statins that are moni-
tored and reported. Most statins are metabolized in part by one or more hepatic cyto-
chrome P450 (CYP 450) enzymes, leading to an increased potential for drug interactions
and problems with certain foods (such as grapefruit juice) [6]. Statins can increase activ-
ity in hepatic transaminases up to 5% of patients. This effect is dose-related. Myotoxic-
ity, including myopathy and rhabdomyolysis led to acute renal insufficiency are rare (0.1
%) and associated with treatment of statins with various drugs [6, 7] such as bile acid
sequestrants, fibrates, niacin, gemfibrozil, and ezetimibe [8]. Statin's impact on the nerv-
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ous system is debatable. Several studies had dealt with memory, dementia or Alzheimer
disease and the results are contradictory [9]. Few cases reported link of pravastatin and
simvastatin to lichenoid drug eruptions [10, 11], lovastatin and simvastatin have been
reported to cause lupus-like syndromes [12, 13]. Generally, incidence of adverse effects
caused by statin treatment is very low and benefits definitely outbalance the risks [14].

As an essential step in biosynthesis of mevalonate pathway, statins affect levels of cho-
lesterol and others downstream products (isoprenoids) important in many physiologic
processes such as cell signaling, apoptosis, protein synthesis, cell growth, posttransla-
tional modifications and differentiation. Changes of these processes in neoplastic cells
may therefore result in control of tumor initiation, growth, and metastasis [7]. The anti-
neoplastic properties and potential tumor-suppressive effect of statins, and their use in
cancer therapy or prevention is the main subject of this review.

ANTINEOPLASTIC PROPERTIES OF STATINS

Induction of apoptosis

Several experimental studies of carcinogenesis have shown pro-apoptic effect of statins.
Mechanism of impact is mostly indirect. Direct impacts of statins to apoptosis are not
examined as well as subsidiary. Some published studies are describing interactions be-
tween molecules of statins and proteasome. A small amount of unconverted lovastatin
remains in the body and stops the activation of the proteasome due to inhibition of p21
and p27 degradation in the cell cycle. These cyclin-dependent kinase inhibitors stay in
the cell and stop the unregulated cell growth that characterizes cancer cells. Therefore
are known to inhibit cancer cell growth [15]. Higher pro-apoptic activity showing lipo-
philic statins compare to hydrophilic [16].

Statins inhibit processes of geranylgeranylation and farnesylation (posttranslational
modifications), which are essential for the activity of many proteins (e.g. small GTP-
binding proteins Ras a Rho) responsible for activation and function cell signaling, im-
portant for cell growth of normal and transformed cells [17]. Apoptosis inducted by
statins is caused by regulation changes of pro-apoptic and anti- apoptic proteins expres-
sions. For example, lovastatin (5 pmol/]) increased the regulation of Bim protein and
induced apoptosis in human glioblastoma cells [18]. Pretreatment with lovastatin (10-30
nmol/1) significantly increased apoptosis in four tested colon cancer cell lines with dif-
ferent sensitivity. In this case, decreased expression of the antiapoptotic protein Bcl-2
and increased the expression of the proapoptotic protein Bax was observed [19]. Treat-
ment with as little as 1amol/1 lovastatin over a period of 72 hours led to DNA degrada-
tion into nucleosome-sized fragments characteristic of apoptosis [20]. Dimitroulakos et
al. [21] have manisfested lovastatin-induced apoptosis of the acute myeloid leukemic cell
lines and the neuroblastoma cell.

Actual results of our group demonstrated an apparent antineoplastic effect of dietary
administered atorvastatin in the chemoprevention of rat mammary carcinogenesis in the
specimens of mammary tumors, atorvastatin at a concentration of 100 mg/kg, significant-
ly decreased mRNA expression of Bcl-2 gene but did not influence Bax mRNA expression
compared to control group [unpublished results]. In this regard, pro-apoptotic shift of ratio
in Bax/Bcl-2 mRNA expression caused by atorvastatin in our experiment was confirmed.

Statins seem to be suitable for activation of caspases, which are substantial part pro-
cess of apoptosis. Caffario et al. [22] found out, that cerivastatin caused death of human
myeloma cells by activating caspase- 3, caspase-8, and caspase -9. Lovastatin induced
apoptosis in prostate cancer cell line through activation of caspase-7 [23] and in leu-
kemic cells by activation of caspase-3 [24]. Similarly, Shellman et al. [25] have pointed
to fact that lovastatin 50-times enhances activity of caspase-3, while they worked with
mice and human model of melanoma. Simvastatin has been shown to activate mito-
chondrial caspase 9 and to induce apoptosis in chronic lymphocytic leukemia cells [26].
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Finally, atorvastatin induced apoptosis in activated hepatic stellate cells and highly in-
creased protease activity of caspase-9 and -3. Gene expression of the proteins of Bcl-
system revealed that that Bid is involved in apoptosis induced by atorvastatin [27].

Inhibition of proliferation

Almost 20 years ago, it was already suggested that statins could inhibit tumor cell
growth and possibly prevent carcinogenesis [28]. Statins inhibit proliferation of can-
cer cells in vitro, either in vivo by inhibition of HMG-CoA reductase and subsequently
through decrease of isoprenoids levels. Cell proliferation inhibition depends on the sen-
sitivity of the particular statin and cell type of which it interact [5]. For example, fluv-
astatin inhibited the proliferation and viability in murine renal cancer cells [29]. On the
other hand, lovastatin have been caused inhibition of farnesyl biosynthesis in human
astrocytomas. This led to a block in Ras mediated signaling, indicated by lower MAPK
activity and consequently, tumor cell proliferation was reduced up to 80% [30].

Several studies demonstrated positive results in breast cancer models. Treatment with
lovastatin at a concentration of 50 mg/kg did inhibit the formation of pre-neoplastic mam-
mary intraepithelial neoplasias in vivo [31], cerivastatin induced dose-dependent decrease
in cell proliferation of breast cancer cell line [32]. Statins have shown to be able to inhibit
the cell proliferation of receptor-positive and -negative human breast cancer cells but failed
to completely abrogate the E,-induced proliferation of receptor-positive breast cancer cells
[33]. Atorvastatin, fluvastatin, lovastatin, simvastatin investigated on the proliferation of
the human breast cancer cell line MCF-7 were able to inhibit cell proliferation up to 90
% at a concentration of 50 yumol/1 [34]. Clinical studies have recorded similar positive
results, fluvastatin decreased tumor proliferation and increased apoptosis in high-grade,
stage 0/1 breast cancer. Proliferation (Ki-67) of high grade tumors decreased by a median
of 7.2% (P = 0.008), which was statistically greater than the 0.3% decrease for low grade
tumors. Study suggests that statins have biologic effects on the high grade subset of early
stage breast cancers [35]. Moreover, embryonic stem cells treated with statins exhibited
morphological change and significant reduction in cell proliferation [36].

Generally, statins can be categorized into three groups with regard to their antipro-
liferative properties. The inhibitory potency of simvastatin, lovastatin, fluvastatin and
atorvastatin are in the same order of magnitude, whereas pravastatin is significantly
less potent, and cerivastatin is more potent [37]. Inhibition of cell proliferation caused by
HMG-CoA reductase inhibitors has been suggested to be due to prevention of transition
from G1 to S phase in the cycle, down-regulation of cyclin- dependent kinases that as-
sist the progress of cell cycle or up-regulation of cell cycle inhibitors [38]. This inhibition
can be reversed by the availability of free mevalonate, FPP (farnesylpyrophosphate), or
GGPP (geranylgeranylpyrophosphate), indicating that the observed effects of statins are
indeed mediated by HMG-Co A reductase inhibition [5].

Impact on angiogenesis and metastasis

Angiogenesis play an important role in tumor growth and metastases. Statins can by
direct or indirect mechanisms inhibit or stimulate angiogenesis depending on type of
tumor cells and concentration of drug [1].

Statins by unknown mechanism, but demonstrably decrease the levels of one of the
most important molecule of angiogenesis, vascular endothelial growth factor (VEGF), and
thereby inhibit capillary formation. In contrast, statins have been shown to stimulate pro-
teinkinase B in endothelial cells, which activates eNOS (endothelial nitric oxide synthase).
Increased synthesis of nitric oxide (NO) improves blood circulation and pro-angiogenetic
activity [1, 17, 39] as was proved in certain studies [40, 41]. Weis et al. [42] demonstrated
biphasic effect of statins, when low concentration of cerivastatin and atorvastatin (0.5
mg/kg/per day) increased proliferation of endothelial cells, while high doses (2.5 mg/kg/
per day) significantly inhibit tumor vascularization and reduced tumor growth [42].
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Several lines of evidence suggest that statins impair the metastatic potential of tumor
cells by inhibiting cell migration, attachment to the extracellular matrix, and inva-
sion of the basement membrane [1]. Lovastatin reduced endothelial leukocyte adhesion
molecule (e.g. E-selectin) expression. Inhibition of E-selectin expression gives rise to
a significant reduction in TNF-alpha stimulated adhesion of colon carcinoma cells to
human endothelial cells. Moreover, low concentration of lovastatin (< 1umol/1) attenu-
ated TNF-alpha induced tumor cell invasion in vitro [43]. Wang et al. [44] demonstrated
a reduction in gene expression of matrix metalloproteinase (MMP) — 9 and decreasing
membrane localization of Ras proteins after treatment with lovastastin in vitro. Statins
have been shown to inhibit epithelial growth factor (EGF) — induced tumor cell inva-
sion. Treatment of pancreatic cancer cells with fluvastatin markedly attenuated EGF-
induced translocation of RhoA from the cytosol to the membrane fraction and actin
stress fiber assembly, whereas it did not inhibit the tyrosine phosphorylation of EGF
receptor and c-erbB-2. HMG-CoA reductase inhibitors affect RhoA activation by pre-
venting geranylgeranylation, which results in inhibition of EGF-induced invasiveness
of human pancreatic cancer cells [45].

Although the exact mechanisms by which statins reduce risk of various type of cancer
have not been fully elucidated and hypotheses are still subject of many studies, there
seems to be considerable overlap of mechanisms by which statins exert their beneficial
effects. In addition to the above- mentioned mechanisms, the anti-inflammatory, im-
modulatory, and radiosensitinzing properties of statins may further contribute to the
inhibition of cancer [5].

Preclinical studies

Inhibitors of HMG-CoA reductase have demonstrated antineoplastic effects in a variety
of cell lines, e.g. neuroblastoma [46], leukemia [47] breast cancer [48], melanoma [25]
and glioma cells [49].

Even some researchers have shown that lipid-lowering drugs including statins in-
crease the occurrence of several types of cancer in rodents [50], there is evidence that
oral dosing of statins significantly inhibited the growth of a mouse ErbB2 mammary
carcinoma model [51]. Another study was comparing effects of all commercially avail-
able statins in an in vitro and in vivo model of human experimental pancreatic adeno-
carcinoma, whereas simvastatin exerted the highest tumor-suppressive effect in vitro,
rosuvastatin, cerivastatin and fluvastatin were the most potent compounds in an in vivo
model [52]. Pravastin suppressed hepatocarcinogenesis in male Sprague-Dawley rats.
These results suggest that this effect might be related to pravastatin’s inhibition of p21
(ras) isoprenylation and thus inhibition of cell proliferation and induction of apoptosis
in neoplastic lesions [53]. In addition, combinatorial treatment with lovastatin and en-
zastaurin (Protein kinase C inhibitor) was found to enhance anti-tumor efficacy in hu-
man hepatocellular carcinoma in vivo and in vitro [54]. Furthermore, animal model with
female mice proved that pravastatin and simvastatin may prevent colon tumorigenesis
[55]. Recently, tumor growth was significantly reduced in the mice model treated with
lovastatin. However, the tumor grew much faster in the mice treated with 1 mg/kg/
day of lovastatin than in the positive control group. Authors suspect this result might
be related to vascular endothelial growth factor. In this model, investigators found that
lovastatin inhibits tumor growth at a high dosage (5 or 10 mg/kg/ day). However, it
also promotes tumor growth at a low dosage (1 mg/kg/day) and that this duality effect
should be further studied for patients treated with various dosages of statins [56].

Finally, in our experiment antineoplastic effects of atorvastatin in the chemopreven-
tion of N-methyl-N-nitrosourea - induced mammary carcinogenesis in female Sprague-
Dawley rats were evaluated. In the group with higher concentration (100 mg/kg), ator-
vastatin suppressed tumor frequency by 80.5 % and tumor incidence by 49.5%, as well
as prolonged the latency period by 14 days compared to control animals. Atorvastatin,
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administered at a lower dose in the group (10 mg/kg), did not demonstrate a significant
antineoplastic effect in mammary gland carcinogenesis [unpublished results]. In the
next experiment performed by our group tumor- suppressive effect of simvastatin in
the same rat model of mammary carcinogenesis were investigated. Higher concentra-
tion (180 mg/kg) significantly decreased tumor incidence by 58.9 % and suppressed
frequency by 80.5 % compared to control group of animals. Similarly, the latency pe-
riod lengthened by 14.5 days compared to not- treated animals. Lower concentration
(18 mg/kg) did not significantly change parameters of mammary carcinogenesis (Table
1). Compared to control group, in the groups SIMVA 18 and SIMVA 180 a significant
increase in food intake of animals was recorded. The significant changes in final body
weight gain among groups with administered simvastatin and control group were not
found [unpublished results].

Table 1. Effects of simvastatin in NMU-induced mammary carcinogenesis in female Sprague-Dawley rats at
the end of experiment.

Group CONT SIMVA 18 SIMVA 180

all animals/tumor bearing animals 19/12 19/15 19/5

tumor incidence (%) 63.16 78.95 (+25 %) 26.32 a,b (-58.5 %)
tumor frequency per group* 1.89+0.57 1.84+0.30 (-2.5 %) 0.37+0.16 a,b (-80.5 %)
tumor latency* (days) 97.42+5.94 95.20+3.73 (-2 days) 112.00£5.42 c (+14.5 days)
average tumor volume* (cm?) 0.93+£0.28 0.74%£0.29 (-20.5 %) 0.71+0.43 (-23.5 %)
cumulative tumor volume** (cm?) 33.48 25.79 (-23 %) 4.97 (-85 %)

CONT - control group, SIMVA 20 - group with administered simvastatin at a concentration of 20 mg/kg in
food, SIMVA 200 - group with administered simvastatin at a concentration of 200 mg/kg in food.

* Data are expressed as means+SEM.

**Data are expressed as a sum of volumes per group. Values in brackets are calculated as %-ual deviation
from the 100% of non-influenced control group (with exception of latency). Significantly different, *P<0.05 vs
CONT, PP<0.01 vs SIMVA 18, °P<0.05 vs SIMVA 18.

Clinical Studies

The results of large clinical trials led to FDA (Food and Drug Administration) approval
of first statins in 1987 [57]. Later results of a clinical trials showed that statins may not
only decrease LDL cholesterol but moreover statins unveil antineoplastic effects. Scan-
dinavian Simvastatin Survival Study (4S) and its follow up study have yielded not sig-
nificant but promising result, when cancer risk decreased by 12 % in the group treated
with simvastatin compare to placebo group [58].

Nowadays, epidemiologic studies indicated that statins may prevent certain malig-
nancies, including melanoma, breast, colon, and prostate cancer [5948, 6049, 6150,
6251, 6352]. Poynter et al. [61] found out that use of statins were associated with a 47
% relative reduction in the risk of colorectal cancer after adjustment for other known
risk factors. The Air Force/Texas Coronary Atherosclerosis Prevention Study showed a
50% lower incidence of new cases of melanoma in lovastatin-treated patients [63]. The
benefit of using statins was shown also in randomised clinical study “The risk of cancer
in users of statins”. Patients included in this study were after infarct myocardium and
were using one of the statins or combination of these drugs longer than 4 years. This
had resulted in 20% decrease risk of carcinomas [64]. Similar results were observed in
control-case study from Quebec, confirming that users of statins were found to be 28%
less likely than users of bile acid-binding resins to be diagnosed as having any cancer
[65]. Another large study was provided by Danish investigators. Trial named ,Cancer
risk among statin users: a population-based cohort study”, studied relative risk for any
of the monitored specific cancers (liver, colorectum, lung, breast, prostate, female genital
organs and lymphatic and haematopoetic tissue). In summary, individuals prescribed
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statins experienced a slightly reduced cancer incidence compared to population controls
of nonusers and users of other lipid-lowering drugs [66]. Several studies were focused
on mammary gland carcinoma. American multicentric prospective study of old women
treated with hypolipidemic therapy exhorts to use statins especially in this group of
critical patients, according to decreasing carcinoma occurrence by 68 % [62]. Boudreau
et al. [67] carried out study about long term use (5 years ) of statins in postmenopausal
women, where statins slightly decreased occurrence of breast cancer (OR = 0.7). How-
ever, in 2007, a group of researchers led by the same author did not find association
between statins use and breast carcinoma in a large population-based setting [68].

Some statins were used for the treatment of cancer. Pravastatin administered at a
daily dose of 40 mg prolonged the survival of patients with advanced hepatocellular car-
cinoma [69]. Minden et al. [70] described a case when lovastatin had apparent control
of the leukemic blast cells in acute myeloid leukaemia patients. This effect was observed
at a dose double the usual recommended dose for hypercholesterolemia. Moreover, Katz
et al. [71] have proved that statins enhance the efficacy of neoadjuvant chemoradiation
in rectal cancer, although with the unusually high incidence of pathologic complete re-
sponse. In another study, fluvastatin reduced proliferation and increased apoptosis in
women with high grade breast cancer [35].

However, not all clinical studies have yielded promising results. Cholesterol and Re-
current Events (CARE), a randomized clinical study, has shown pro-carcinogenic impact
in women treated with pravastatin. The incidence of breast cancer in a prospective trial
was 5.5% among pravastatin treated patients versus 0.3% in the placebo group [72].
Similarly, other study showed increased breast cancer risk among patients older than
55 years. Statins were not associated with breast cancer risk in women < 55 years. [73].
Different study investigated combination of simvastatin (40 mg/per day) and ezetimibe
(10 mg/per day) in patients with aortic stenosis (SEAS) caused debate and controversial
views. The rate of new cancers was 50% higher in the active treatment arm -106 in the
ezetimibe/simvastatin group versus 67 in the controls [74]. On the other hand, procar-
cinogenic effect of statins used in clinical trials is really sporadic.

Based on favourable results from oncological research, statins may represent a novel
clinical approach for cancer risk reduction or maybe treatment. Several questions are
unanswered about the role of statins in cancer patients. It is unknown, which types of
tumors are responsive to statin therapy. Actual experimental data suggested that statins
may be potentially effective in the treatment of melanoma, leukaemia, brain cancer,
hepatocellular cancer and squamous cell cancer of the head and neck [75]. Further, it
is not known, which statins are most effective in carcinogenesis — hydrophilic statins
(pravastatin, rosuvastatin) or lipophilic statins (atorvastatin, simvastatin, fluvastatin,
lovastatin). Finally, the optimal statin regimens were not defined yet. Statins adminis-
tered in combination with other oncostatic substances may enhance tumor suppressive
effects. In order to reduce statin adverse effects (myopathy, hepatotoxicity, rhabdomyoly-
sis), it is favoured continuous low-dose drug clinical regimens.

SUMMARY

Pleiotropic properties of statins with proven anticarcinogenic effects in human cells
can open a new era in clinical medicine. New information about antitumor potential of
statins had led to the development of clinical therapeutic and preventive trials, aimed to
precisely define the role of these drugs in clinical oncology. Many of these studies have
given promising initial results, but future large confirmatory trials should definitively
answer the question about statins® role in carcinogenesis. The results of our group
clearly pointed to atorvastatin and simvastatin favourable effects in experimental rat
mammary carcinogenesis and gave the drugs a chance to become classified among sub-
stances with chemopreventive efficacy in various neoplasias including breast cancer.



32

A CTA M E DTIC A M ARTINTIANA 2 010 S UPPL .1

10.
11.

12.
13.
14.
15.
16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

REFERENCES

Hindler K, Cleeland ChS, Rivera E, Collard CHD. The Role of Statins in Cancer Therapy. The Oncologist
2006; 11: 306-315.

Vrecer M, Turk S, Drinovec J, Mrhar A. Use of statins in primary and secondary prevention of coronary
heart disease and ischemic stroke. Int J Clin Pharmacol Ther 2003; 41 (12): 567-577.

Fox K, Steg P, Eagle K, Goodman S, Anderson F, Granger C, Flather M, Budaj A, Quill A, Gore JM. Decline
in Rates of Death and Heart Failure in Acute Coronary Syndromes, 1999-2006. JAMA 2007; 297: 1892-
1900.

Endo A, Kuroda M, Tsujita Y. ML 236A, ML 236B, and ML 236C, new inhibitors of cholesterogenesis
produced by Penicillium citrinum. J Antibiot 1976; 29: 1346-1348.

Gauthaman K, Fong Ch, Bongso A. Statins, Stem Cells, and Cancer. Journal of Cellular Biochemistry
2009; 106: 975-983.

FedeleSova V. Vedlajsie uicinky liecby hypolipemikami. Cardiol 2002; 11(1): 44- 46.

Chan, Kelvin KW, Oza Amit M, Siu, Lilian L. The Statins as anticancer agents. Clinical Cancer Research
2003; 9: 10-19.

Bays, H. Statin Safety: An Overview and Assessment of the Data-2005. American Journal of Cardiology
2006; 97 (8A): 6-26.

Duval D, Vaughan CJ, Delanty N. Effects of Statins on Ischemic Stroke: Neuroprotection and/or Triggering
of Apoptotic Damage? Stroke 2000; 31: 989-990.

Keough GC, Richardson TT, Grabski WJ. Pravastatin-induced lichenoid drug eruption. Cutis 1998, 61: 98-100.
Roger D, Rolle F, Labrousse F, Brosset A, Bonnetblanc JM. Simvastatin-induced lichenoid drug eruption.
Clin Exp Dermatol 1994; 19: 88-89.

Ahmad S. Lovastatin-Induced Lupus Erythematosus. Arch Intern Med 1991; 151: 1667-1668.

Noel B, Panizzon RG. Lupus-like syndrome associated with statin therapy. Dermatology 2004; 208: 276-277.
Rajanikant GK, Zemke D, Kassab M, Majid A. The Therapeutic Potential of Statins in Neurological
Disorders. Current Medicinal Chemistry 2007; 14: 103-112.

Brower V. Of Cancer and cholesterol: Studies elucidate anticancer Mechanism of Statins. J National
Cancer Inst 2003; 95(12): 844-846.

Bonetti PO, Lerman LO, Napoli C, Lerman A. Statin effects beyond lipid lowering- are they clinically
relevant? European heart Journal 2003; 24: 225-248.

Svoboda M, Vysko¢il J, Novakova J. Statiny v onkoligii. Klin Farmakol Farm 2005; 19: 155-159.

Jiang Z, Zheng X, Lytle RA, Higashikubo R, Rich KM. Lovastatin- induced up-regulation of the BH3-only
protein, Bim, and cell death in glioblastoma cells. J Neurochem 2004; 89: 168-178.

Agarwal B, Bhendwal S, Halmos B, Moss SF, Ramey WG, Holt PR. Lovastatin Augments Apoptosis Induced
by Chemotherapeutic Agents in Colon Cancer Cells. Clinical Cancer Research 1999; 5: 2223-2229.
Jones KD, Couldwell WT, Hinton DR, Su Y, He SH, Anker L, Law RE. Lovastatin induces growth inhibition
and apoptosis in human malignant glioma cells. Biochemical and biophysical research communications
1994; 205 (3): 1681-1687.

Dimitroulakos J, Nohynek D, Backway KL, Hedley DW, Yeger H, Freedman MH, Minden MD, Penn LZ.
Increased Sensitivity of Acute Myeloid Leukemias to Lovastatin-Induced Apoptosis: A Potential Therapeutic
Approach. Blood 1999; 93 (4): 1308-1318.

Caffario P, Dammacco F, Gernone A, Silvestris F. Statins activate the mitochondrial pathway of apoptosis
in human lymphoblasts and myeloma cells. Carcinogenesis 2005; 26: 883-891.

Marcelli M, Cunningham GR, Haidacher SJ, Padayatty SJ, Sturgis L, Kagan C, Denner L. Caspase- 7 is
activated during lovastatin- induced apoptosis of the prostate cancer cell line LNCaP. Cancer Res 1998;
58: 76-83.

Wang IK, Lin-Shiau SY, Lin JK. Induction of apoptosis by lovastatin through activation of caspase-3 and
DNase II in leukaemia HL-60 cells. Pharmacol Toxicol 2000; 18: 140-142.

Shellman YG, Ribbble D, Miller L, Gendall J, Van Buskirk K, Kelly D, Norris DA, Dellavalle RP. Lovastatin-
induced apoptosis in human melanoma cell lines. Melanoma Res 2005; 15(2): 83-89.
Chapman-Shimshoni D, Yuklea M, Radnay J, Shapiro H, Lishner M. Simvastatin induces apoptosis of
B-CLL cells by activation of mitochondrial caspase 9. Exp Hematol 2003; 31: 779-783.

Aprigliano I, Dudas J, Ramadori G, Saile B. Atorvastatin induces apoptosis by a caspase-9 dependent
pathway: an in vitro study on activated rat hepatic stellate cells. Liver Int 2008; 28: 546-557.

Buchwald H, Cholesterol inhibition, cancer and chemotherapy. Lancet 1992; 339 (8802): 1154-6.



A CTA M E DTICA M ARTTINTIANA 2 010 S UPPL.1 33

29. Horiguchi A, Sumitomo M, Asakuma J, Asano T, Asano T, Hayakawa M. 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitor, fluvastatin as a novel agent for prophylaxis of renal cancer metastasis.
Clin Cancer Res 2004; 10: 8648-8655.

30. Bouterfa HL, Sattelmeyer V, Czub S, Vordermark D, Roosen K, Tonn JC. Inhibition of Ras farnesylation by
lovastatin leads to downregulation of proliferation and migration in primary cultured human glioblastoma
cells. Anticancer Research 2000; 20 (4), 2761-2771.

31. Shibata MA, Kavanaugh C, Shibata E, Abe H, Nguyen P, Otsuki Y, Trepel JB, Green JE. Comparative
effects of lovastatin on mammary and prostate oncogenesis in transgenic mouse models. Carcinogenesis
2003; 24: 453-459.

32. Denoylle CH, Vasse M, Kérner M, Mishal Z, Ganné F, Vannier JP, Soria J, Soria C. Cerivastatin, an inhibitor
of HMG-CoA reductase, inhibits the signaling pathways involved in the invasiveness and metastatic
properties of highly invasive breast cancer cell lines: in vitro study. Carcinogenesis 2001; 22 (8): 1139-1148.

33. Mueck AO, Seeger H, Wallwiener D. Effect of statins combined with estradiol on the proliferation of human
receptor-positive and receptor-negative breast cancer cells. Menopause 2003; 10 (4): 332-336.

34. Seeger H, Wallwiener D, Mueck AO. Statins can inhibit proliferation of human breast cancer cells in vitro.
Exp Clin Endocrinol Diabetes 2003; 111 (1): 47-48.

35. Garwood ER, Kumar AS, Baehner FL, Moore DH, Au A, Hylton N, Flowers CHI, Garber J, Lesnikoski BA,
Hwang ES, Olopade O, Port Rush E, Campbell M, Esserman LJ. Fluvastatin reduces proliferation and
increases apoptosis in women with high grade breast cancer. Breast Cancer Res Treat 2010; 119 (1): 137-144.

36. Lee MH, Cho YS, Han YM. Simvastatin suppresses self-renewal of mouse embryonic stem cells by inhibiting
RhoA geranylgeranylation. Stem Cells 2007; 25: 1654-1663.

37. Negre-Aminou P, van Vliet AK, van Erck M, van Thiel GC, van Leeuwen RE, Cohen LH. Inhibition of
proliferation of human smooth muscle cells by various HMG-CoA reductase inhibitors: comparison with
other human cell types. Biochim Biophys Acta 1997; 1345: 259-268.

38. Lee J, Lee I, Park CH, Kang WK. Lovastatin- induced Rho A modulation and its effect on senescence in
prostate cancer cells. Biochem Biophys Res Commun 2006; 339: 748-754.

39. Pella D, Vargova V, Fedacko J, Rasi R. Statiny- maju dominantné miesto v kardiovaskularnej prevencii?
Lipidy zniZujuce a pleiotropné ucinky statinov. Ambulantna terapia 2007; 5 (2): 100-105.

40. Marchesi S, Lupattelli G, Siepi D, Schillaci G, Vaudo G, Roscini AR, Sinzinger H, Mannarino E. Short-
term atorvastatin treatment improves endothelial function in hypercholesterolemic women. J Cardiovasc
Pharmacol 2000; 36: 617-621.

41. Forgione MA, Leopold JA, Loscalzo J. Roles of endothelial dysfunction in coronary artery disease. Curr
Opin Cardiol 2000; 15: 409-415.

42.Weis M, Heeschen C, Glassford AJ, Cooke JP. Statins have biphasic effects on angiogenesis. Circulation
2002; 105: 739-745.

43. Nubel T, Dippold W, Kleinert H et al. Lovastatin inhibits Rho-regulated expression of E-selectin by TNFalpha
and attenuates tumor cell adhesion. FASEB J 2004; 18: 140-142.

44.Wang IK, Lin-Shiau SY, Lin JK. Suppression of invasion and MMP-9 expression in NIH 3T3 and v-H-Ras
3T3 fibroblasts by lovastatin through inhibition of ras isoprenylation. Oncology 2000; 59: 245-254.

45.Kusama T, Mukai M, Iwasaki T, Tatsuta M, Matsumoto Y, Akedo H, Nakamura H. Inhibition of
epidermal growth factor/ induced RhoA translocation and invasion of human pancreatic cancer cells by
3-methylglutaryl-coenzyme a reductase inhibitors. Cancer Res 2001; 61: 4885-4891.

46. Girgert R, Vogt Y, Becke D, Bruchelt G, Schweizer P. Growth inhibition of neuroblastoma cells by lovastatin
and L-ascorbic acid is based on different mechanisms. Cancer Lett 1999; 137: 167-172.

47. Wong WWL, Tan MM, Xia Z, Dimitroulakos J, Minden MD, Penn LZ. Cerivastatin triggers tumor- specific
apoptosis with higher efficacy than lovastatin. Clin Cancer Res 2001; 7: 2067-2075.

48.Rao S, Lowe M, Herliczek TW, Keyomarsi K. Lovastatin mediated G1 arrest in normal and tumor breast
cells is through inhibition of DK2 activity and redistribution of p21 and p27, independent of p53. Oncogene
1998; 17: 2393-2402.

49. Koyuturk M, Ersoz M, Altiok N. Simvastatin induces proliferation inhibition and apoptosis in C6 glioma
cells via c-jun N-terminal kinase. Neurosci Lett 2004; 370: 212- 217.

50. Newman TB, Hulley SB. Carcinogenicity of lipid lowering drugs. JAMA 1996; 275: 55-60.

51. Campbell MJ, Esserman LJ, Zhou Y, Shoemaker M, Lobo M, Borman E, Baehner F, Kumar AS, Adduci K,
Marx C, Petricoin EP, Liotta LA, Winters M, Benz S, Benz CC, Breast cancer growth prevention by statins.
Cancer Res 2006; 66 (17): 8707-8714.

52. Gbelcova H, Lenic¢ek M, Zelenka J, Knejzlik Z, Dvorakova G, Zadinova M, Pouckova P, Kudla M, Balaz P,
Ruml T, Vitek L. Differences in antitumor effects of various statins on human pancreatic cancer. Int J
Cancer 2008; 122: 1214-1221.



34

A CTA M E DTIC A M ARTINTIANA 2 010 S UPPL .1

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68

69.

70.

71.

72.

73.

74.
75.

Tatsuta M, Iishi H, Baba M, Iseki K, Yano H, Uehara H, Yamamoto R, Nakaizumi A. Suppression by
pravastatin, aninhibitor of p21 (ras) isoprenylation, of hepatocarcinogenesis induced by N-nitrosomorpholine
in Sprague- Dawley rats. British Journal of Cancer 1998; 77: 581-587.

Kim W, Yoon JH, Kim JR, Jang IJ, Bang YJ, Kim YJ, Lee HS. Synergistic anti-tumor efficacy of lovastatin and
protein kinase C-beta inhibitor in hepatocellular carcinoma. Cancer Chemother Pharmacol 2009; 64: 497-507.
Narisawa T, Fukura Y, Terada K, Umezava A, Tanida N, Yazawa K, Ishikawa C. Prevention of
1,2-dimethylhydrazineinduced colon tumorigenesis by HMG-CoA reductase inhibitors, pravastatin and
simvastatin, in ICR mice. Carcinogenesis 1994; 15: 2045-2048.

Wang CHY, Shui HA, Chang TCH. In vivo evidence of duality effects for lovastatin in a nude mouse cancer
model. International Journal of Cancer 2010; 126: 578-582.

Stossel TP. The Discovery of Statins. Cell 2008; 134 (19): 903-905.

Strandberg TE, Pyo6rala K, Wilhelmsen L, Faergeman O, Thorgeirsson G, Pedersen TR, Kjekshus J, 4S
Group. Mortality and incidence of cancer during 10-year follow-up of the Scandinavian Simvastatin
Survival Study (4S). Lancet 2004; 364: 771-777.

Singal R, Khurana V, Caldito G, Fort C. Statins and prostate cancer risk: a large case control study in
veterans. Journal of Clinical Oncology 2005; 23 (16S): 1004.

Shannon J, Tewoderos S, Garzotto M, Beer TM, Derenick R, Palma A, Farris PE. Statins and prostate
cancer risk: a case-control study. Am J Epidemiol 2005; 162: 318-325.

Poynter JN, Gruber SB, Higgins PD, Almog R, Bonner JD, Rennert HS, Low M, Greenson JK, Rennert G.
Statins and the risk of colorectal cancer. N Engl J Med 2005; 352: 2184-2192.

Cauley JA, Zmuda JM, Lui LY, Hillier TA, Ness RB, Stone KL, Cummings SR, Bauer DC. Lipid-lowering drug
use and breast cancer in older women: a prospective study. J Womens Health (Larchmt) 2003; 12: 749-756.
Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beer PA, Langendorfer A, Stein EA, Kruyer W,
Gotto AM Jr. Primary prevention of acute coronary events with lovastatin in men and women with average
cholesterol levels: results of AFCAPS/TexCAPS. Air Force/Texas Coronary Atherosclerosis Prevention
Study. JAMA 1998; 279: 1615-1622.

Graaf MR, Beiderbeck AB, Egberts ACG, Richel DJ, Guchelaar HJ. The risk of cancer in users of statins.
J Clin Oncol. 2004; 22 (12): 2388-2394.

Blais L, Desgagne A, LeLorier J. 3-hydroxy-3-methylglutaryl coenzyme a reductase inhibitors and the risk
of cancer: a nested case control study. Arch Intern Med 2000; 160: 2363-2368.

Friis S, Poulsen AH, Johnsen SP, McLaughlin JK, Fryzek JP, Dalton SO, Sorensen HT, Olsen JH. Cancer
risk among statin users: a population- based cohort study. Int J Cancer 2005; 114 (4): 643-647.
Boudreau DM, Gardner JS, Malone KE, Heckbert SR, Blough DK, Daling JR. The association between
3-hydroxy-3-methylglutaryl coenzyme A inhibitor use and breast carcinoma risk among postmenopausal
women: a case-control study. Cancer 2004; 100 (11): 2308-2316.

. Boudreau DM, Yu O, Miglioretti DL, Buist DS, Heckbert SR, Daling JR. Statin use and breast cancer risk

in a large population-based setting. Cancer Epidemiol Biomarkers Prev 2007; 16: 416-421.

Kawata S, Yamasaki E, Nagase T, Inui Y, Ito N, Matsuda Y, Inada M, Tamura S, Noda S, Imai Y, Matsuzawa
Y. Effect of pravastatin on survival in patients with advanced hepatocellular carcinoma. A randomized
controlled trial. Br J Cancer 2001; 84: 886-891.

Minden MD, Dimitroulakos J, Nohynek D, Penn LZ. Lovastatin induced control of blast cell growth in
an elderly patient with acute myeloblastic leukemia. Leuk Lymphoma 2001; 40: 659-662.

Katz MS, Minsky BD, Saltz LB, Riedel E, Chessin DB, Guillem JG. Association of statin use with a
pathologic complete response to neoadjuvant chemoradiation for rectal cancer. Int J Radiat Oncol Biol
Phys 2005; 62: 1363-1370.

Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown L, Warnica JW, Arnold JM,
Wun CC, Davis BR, Braunwald E. The effect of pravastatin on coronary events after myocardial infarction
in patients with average cholesterol levels. N Engl J Med 1996; 335: 1001-1009.

Beck P, Wysowski DK, Downey W, Butler-Jones D. Statin use and the risk of breast cancer. J Clin
Epidemiol 2003; 56 (3): 280-285.

Pedersen TR. Lipid-lowering drugs and risk for cancer. Curr Atheroscler Rep 2009;11 (5): 350-7.
Collisson EA, Kleer C, Wu M, De A, Gambhir SS, Merajver SD, Kolodney MS. Atorvastatin prevents RhoC
isoprenylation, invasion, and metastasis in human melanoma cells. Mol Cancer Ther 2003; 2: 941-948.

Received: October, 1, 2010
Accepted: November, 22, 2010



A CTA M E DTICA M ARTTINTIANA 2 010 S UPPL.1 35

MELATONIN IN BREAST CANCER CHEMOPREVENTION AND
TREATMENT

Kassavova M. !, OrRenbas P. !, AHLERs 1. !, Bosgkova B. !, Kusatka P. 2, Kiskova T. !,
AmncLersova E. 1, PEc M. 2, Kaso K. 3

Department of Animal Physiology, Institute of Biology and Ecology, Faculty of Science, P.J. Safarik
University, Kosice, Slovak Republic, 2Department of Medical Biology, Jessenius Faculty of Medicine,
Comenius University, Martin, Slovak Republic, *Department of Pathological Anatomy, Jessenius Faculty of
Medicine, Comenius University, Martin, Slovak Republic and BB Biocyt, Diagnostic Centre, Ltd., Banska
Bystrica, Slovak Republic

Abstract

Melatonin is an ubiquitously present natural indole with pleiotropic action. There is much evidence to
indicate its regulatory function in circadian and circaannual rhythmicity, immunity, antioxidative defence and
inflammation. Melatonin exhibits oncostatic properties in various types of cancer, particularly in hormone-
dependent, i.e. breast cancer. In addition to in vitro studies, chemically-induced (7,12-dimethylbenz[a]
anthracene, DMBA; N-methyl-N-nitrosourea, NMU) mammary carcinogenesis in female rats is commonly used
for evaluation of chemopreventive/tumor-suppressive effect of melatonin. Under experimental conditions,
melatonin efficacy seems to depend on various factors, e.g. the dose, the way of administration and the time
of day, respectively. The beginning of melatonin application (before or after carcinogen administration) as well
as the duration of treatment are of importance. During the past ten years, effects of melatonin administered
alone or in combination with other chemopreventive substances (retinoids, non-steroidal anti-inflammatory
drugs, antiestrogens) in DMBA or NMU-induced rat mammary carcinogenesis were investigated in our
laboratory. Basic tumor growth parameters — tumor incidence, frequency per group and per animal, tumor
volume and latency were evaluated. The results of our studies suggest incosistent antitumorigenic effect of
melatonin: the administration of melatonin alone is less effective, the combination with other chemopreventive
substances displays an enhanced antitumor activity. With respect to the substantial benefits occurring in the
cancer patients treated with the combination of chemotherapeutic drugs and melatonin and very low toxicity
reported, this substance shows a great potential for further clinical evaluation.

Key words: chemoprevention, breast cancer, melatonin

INTRODUCTION

Melatonin is very old, evolutionary conserved molecule, present in numerous taxa
of evolutionary distant organisms like bacteria, unicellular eukaryotes, algae, fungi,
plants, invertebrates and vertebrates. In vertebrates, melatonin is a neurohormone pro-
duced primarily by the pineal gland. High concentrations were detected also in retina,
gastrointestinal tract, bone marrow, skin and other tissues (review: 1,2). Pineal gland-
derived melatonin serves particularly as a chemical expression of the darkness, i.e. it is
involved in the regulation of circadian and circannual rhythms of various physiological
processes. On the other hand, it is very likely that extrapineal melatonin is used locally
in the tissues where it is produced, with autocrine and paracrine effects (3,4). In gen-
eral, MEL is highly pleiotropic. In addition to its chronobiological function, it exhibits
immunomodulating, antioxidative, antiinflammatory and apoptotic properties.

The wide spectrum of melatonin regulatory effects is mediated through its binding
to several specific receptors and intracellular targets. In mammals, two high-affinity
cytoplasmic membrane receptors have been identified, MT1 and MT2. These receptor
subtypes are involved in chronobiotic effects of melatonin, i.e. in all actions directly in-
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fluencing a circadian master clock in suprachiasmatic nuclei (5). MT1 and MT2 belong
to the family of G-protein-coupled receptors, their activation suppresses adenylyl cy-
clase activity leading to a reduction in the intracellular level of cAMP and subsequently
to the changes in target protein phosphorylation. Modulation of cGMP formation has
also been reported (6). The third putative MT3 receptor was identified in various Syrian
hamster organs. Recently, it has been purified and designated as quinone reductase 2,
a detoxification enzyme (7,8). As melatonin molecule has the lipophilic properties, it is
capable passing of plasma membrane and binding directly to the nuclear DNA recep-
tors — ROR and RZR isoforms from the retinoic acid receptor superfamily (9). Their exact
role has not been elucidated yet, they seem to be involved in immune modulation, anti-
oxidative processes and apoptosis. In addition to membrane and nuclear receptors, the
cytosolic melatonin binding sites were identified, considerably significant is calmodulin.
Melatonin-calmodulin interactions are relevant to cytoskeleton rearrangements (10). Mi-
tochondrial melatonin binding sites seem to be related to antioxidative cell protection
and prevention of Ca?*- and NO-dependent cellular stress (5).

Anticarcinogenic, chemopreventive and oncostatic melatonin potential has been re-
ported in in vitro and/or in vivo experimental studies against a variety of cancer types
such as hepatocellular, colorectal, non-small lung, renal, bladder and ovarian carci-
noma, neuroblastoma, melanoma, leukemia (11,12). These effects are most pronounced
in hormone-dependent cancers, particularly mammary and prostate tumors. The data
suggest that melatonin is involved in preventing tumor initiation, promotion, and pro-
gression (13).

Plausible mechanisms of anticancer melatonin action

MT1 receptor is a major transducer of melatonin’s actions in the breast, suppress-
ing mammary gland development and mediating the anticancer actions of melatonin
through multiple pathways (14). Melatonin inhibits the growth of breast cancer acting
as an antiestrogen through different mechanisms. The indirect neuroendocrine path-
way includes the inhibition of hypothalamo-pituitary-gonadal axis and the consequent
reduction of estrogene circulating levels. Melatonin acts directly at tumor cell level by
the activation of the estrogen receptor, thus behaving as a selective estrogen receptor
modulator (SERM). This indole regulates the enzymes involved in the biosynthesis of
estrogens in peripheral tissues (aromatase, sulfatase, sulfotransferase and others), thus
having the properties of a selective estrogen enzyme modulator (SEEM) (15). Melatonin
inhibits the growth of breast cancer via the decrease in linoleic acid cellular uptake and
metabolism, thereby preventing the formation of its mitogenic metabolite, 13-hydroxy-
octadecadienoic acid (16). It has been shown that melatonin has strong antioxidative
properties. It is a potent scavenger of both reactive oxygen and nitrogen species as well
as a strong up-regulator of antioxidative enzymes (glutathione-peroxidase, superoxid-
dismutase, glutathione-reductase, catalase) and down-regulator of prooxidant enzymes
(lipooxygenases, nitric oxid synthases). Melatonin and its metabolites are potent an-
tiinflammatory agents due to their ability to downregulate gene expression of the pro-
inflammatory enzymes, e.g. cyclooxygenase-2 (17). Melatonin has also been shown to
modulate immune function. Various cells of immune system are able to synthesize me-
latonin, e.g. NK cells, eosinophilic leukocytes, lymphocytes, monocytes, platelets, mast
cells. Melatonin has been demonstrated to stimulate cytokine production (IL-2, IL-6,
IL-12), enhanced phagocytosis, increased NK cell activity, decreased TNFa activity. It is
believed that induction of Th2 lymphocytes as well as inhibition of Th1 function contrib-
ute to anti-inflammatory action of melatonin (review: 18,19).

It has been suggested that the altered circadian rhythm regulation plays significant
role in carcinogenesis (20,21). Nowadays there is a rising evidence that melatonin is able
to induce circadian synchronization on the cellular level in cancer cells. Melatonin is
involved in the regulation of clock genes in breast cancer cells via RORa transcriptional
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activity. Blockade of BMAL1 expression by melatonin is associated with the decreased
expression of SIRT1, a member of the silent information regulator family, the histone
deacetylase, which is involved in epigenetical control of apoptosis. SIRT1 inhibits the
expression of DNA repair enzyme and the expression of apoptosis-associated genes.
(14,22). Melatonin participation in apoptosis seems to be different in normal and cancer
cells. Melatonin exerts anti-apoptotic effects in immune cells and prevents apoptosis
of the cells in central nervous system. On the other hand, in cancer cells, melatonin is
able to increase apoptotic cell death (6). Additionally, inhibition of telomerase activity
has been shown, both in vitro and in vivo (23) as well as stimulation of expression of cell
surface adhesive molecules (E-cadherin, $1-integrin) in cancer cells (24).

Breast cancer - preclinical studies

The results of in vitro studies have shown that only those breast cancer cell lines are
susceptible to antimitogenic effect of melatonin which express estrogen receptors (MCF-
7, T47D, ZR75-1). MCF-7 cell line is the most commonly used for study of melatonin
effects in mammary carcinogenesis. This line is derived from pleural effusion of woman
with metastatic breast carcinoma and expresses both estrogen and progesterone recep-
tors. Melatonin in culture medium inhibits cell proliferation and invasiveness, suppress
the mitotic activity of estradiol and EGF, therefore blocks proliferation at stage G,/G,
phase of mitotic cycle (25). Physiological melatonin concentrations (close to 1 nM) and
pulsatile exposure that mimics it circadian pattern in vivo (melatonin concentration was
changed every 12 h between 10 pM and 1 nM in culture medium) were the most effective
(26). Melatonin inhibits also the proliferative effect of prolactin, growth hormone (27)
and some growth factors (IGF-1, EGF) in MCF-7 cells (28,29).

First experimental in vivo evidences on oncostatic effect of pineal gland come from
the half of last century (review: 30). In 1978, Cohen and collaborators introduced the
hypothesis that diminished function of the pineal gland may promote the breast cancer
development in humans by inducing a state of hyperoestrogenism (31). Subsequent
years have brought great progress in investigation of melatonin role in mammary car-
cinogenesis, particularly on the animal models. Mammary tumorigenesis in female rats
induced by chemical carcinogenes - DMBA (7,12-dimethyl-benz[a]Janthracene) and NMU
(N-nitrosomethylurea) is most commonly used. Mice with the high incidence of sponta-
neous mammary tumors as well as transgenic mice bearing oncogenes related to mam-
mary carcinogenesis (N-ras, HER-2/neu and others) are used less frequently (review:
32). Depletion of pineal function resulted in the stimulation of experimental mammary
tumorigenesis. Aubert et al. (33) and Tamarkin et al. (34) reported the increased inci-
dence of DMBA-induced mammary tumors in surgically pinealectomized rats; similar
results were found in NMU-induced rat neoplasia (35). Long-term exposure to constant
light (24 h/day), so-called functional or physiological pinealectomy, resulted in the high-
er incidence and shorter latency period of tumor appearance in DMBA-treated Holtzman
rats as compared to control animals (36), melatonin was able to reverse these effects.
On the other hand, experimental manipulations leading to the pineal activation seem
to have an opposite effect, for example blinding, anosmia or underfeeding (review: 25).
Many other experimental and clinical studies have revealed that melatonin is a crucial
substance in antineoplastic effect of pineal gland, even though efficiency of pineal pep-
tides should be taken into consideration too (review: 32).

Anti-tumorigenic effect of melatonin administration in chemically-induced female rat
mammary carcinogenesis depends on various experimental factors. Older reports have
shown that morning administration of melatonin was followed by the increase in the
incidence of mammary tumors induced by DMBA (37). Subsequent investigations have
demonstrated a tumor-inhibitory effect of melatonin application during the late light
part of day and during the night. Administration of melatonin prior to the nocturnal
increase in endogenous melatonin may be most effective because tissues are most sensi-
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tive to the hormone at this time (25). As for the way of administering melatonin, i.p., s.c.
or oral solution in drinking water is the most common. The most frequently daily doses
used are in the ranges 100-500 pg/rat. Dose-dependence of melatonin oncostatic effect
was analyzed in the study of Beau Yon De Jonage-Canonico et al. (38). Three different
melatonin doses were tested — 1, 3 and 10 mg/kg/day, administered daily intragastri-
cally for 6 month, followed by the observation for other 4 months. Melatonin treatment
started the day after DMBA administration. At the end of treatment period, maximal
incidence decrease was observed in the 3 mg/kg/day group (35 % v.s. 90 % in control
animals). The number of tumors (i.e. frequency) per rat was reduced with a maximal
effect in the 10 mg/kg/day group. Four months after the treatment cessation, maxi-
mal incidence decline was recorded in the 3 and 10 mg/kg/day groups (60% vs 95% in
controls), tumor frequency per rat was maximally reduced in the 10 mg/kg/day group.

The beginning of melatonin treatment is of importance — before, after or simultane-
ously with the administration of carcinogenic agent (DMBA or NMU). Lenoir et al. (39)
published the study comparing the effect of preventive and curative treatment with
melatonin (10 mg/kg /day, intraperitoneally) in female rats. In preventive group, MEL
was administered for only 15 days before DMBA administration; in curative group -
long-term (6-month) treatment was used, starting the day after DMBA administration.
The rats were followed up for a year after the carcinogen administration. The incidence
was decreased in both curative and preventive group, the decline persisted longer (up
to 10th month of experiment) in curative group in comparison to preventive group (up
to 7th month). Average number of mammary adenocarcinomas per rat was decreased
in both groups as compared to the controls (DMBA group) for all the time. The authors
concluded almost identical preventive and curative effects of melatonin on the growth
of DMBA-induced mammary tumors. In Saez’s study (40), using combined preventive-
curative approach, the rats were subjected to melatonin treatment (5 mg/rat/day) from
one month prior to DMBA administration to the death of the animals. At the end of
experiment, latency of mammary tumors was increased as well as overall surviving,
tumor growth rate decreased and melatonin returned the prolactin levels to those of the
healthy animals. In the following curative study, melatonin administration started after
the first tumor appearance and lasted to the death of animals. Increased survival time
of tumor-bearing rats was registered, without any changes in tumor incidence or tumor
growth. Melatonin improved the prolactin and catecholamine levels in tumor-bearing
rats (41). The results of these studies suggest that combined preventive-curative ap-
proach is the most effective, with long-lasting melatonin treatment. This idea is support-
ed by the results of our study evaluating the effect of melatonin on NMU-induced mam-
mary carcinogenesis in female rats exposed to repeated stress (immobilization in boxes).
Melatonin was administered in drinking water at a concentration of 4 ug/ml daily from
15.00 h to 8.00 h of the next day. Melatonin application started 5 days prior to the first
NMU dose and lasted 15 days, i.e. during the promotion phase of tumor development,
or long-term until the end of the experiment (week 20). Although the results were non-
significant, long-term melatonin administration reduced the number and size of mam-
mary tumors more markedly than its short-term administration: tumor frequency per
animal was reduced by 28 % and tumor volume was depressed by more than 40% (42).

During the past 10 years, effects of melatonin administered alone or in combination
with other chemopreventive substances (retinoids, non-steroidal anti-inflammatory
drugs, antiestrogens) in DMBA or NMU-induced mammary carcinogenesis in female
rats were investigated in our laboratory. In our studies, the model of melatonin admin-
istration in drinking water at concentrations of 4 ug, 20 pug and 100 png/ml was used.
The continuous (24 hours/day) melatonin administration at concentration of 100 pg/
ml (i.e. 3 mg/rat/day) in DMBA-induced tumorigenesis decreased the tumor frequency
per animal; melatonin was administered from the first day after DMBA throughout the
experiment (25 weeks). Combination of melatonin with retinyl acetate had even more
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marked tumor-suppressive effects, depressed the incidence, considerably decreased
the frequency per animal and extended the latency period (43). To increase efficien-
cy, we decided to use the melatonin solution treatment from 3.00 p.m. to 8.00 a.m of
the next day (i.e. in the period of maximal tissue sensitivity to melatonin signal) in all
other experiments. From 8.00 a.m. to 3.00 p.m the rats were drinking tap water. We
chose the preventive-curative model, when MEL was administered 12-14 days before
carcinogen application during the whole experiment (22-25 weeks). MEL administra-
tion at the concentration of 20 pg/ml (i.e. 0.5 mg/rat/day) in NMU-induced carcino-
genesis extended the latency period; the combined treatment of MEL with retinyl ac-
etate was more effective again: more markedly prolonged latency, declined incidence
and decreased frequency per group were observed (44). Similar results were recorded in
DMBA-induced tumorigenesis: MEL (20 png/ml) increased the incidence and frequency
per group, while the combined chemoprevention with indomethacine decreased the in-
cidence, frequency per group and per animal as well as prolonged latency (45). In some
experiments, the tumor-suppressive effect of neither MEL alone (20 pg/ml) nor its com-
bination with other chemopreventive agents was observed (NMU+MEL+tamoxifen, 46;
NMU+MEL+indomethacine, 45). In other experiments the only slight effect of MEL alone
was noted, when the decreased tumor volume (MEL+DMBA+tamoxifen, 46) or the de-
creased incidence (MEL+DMBA+nimesulide, 47) was marked. In one study, even tumor-
stimulating effect of melatonin was registered: an increased tumor volume after isolated
MEL administration as well as increased frequency per animal in combination was seen
(MEL+ NMU+nimesulide, 47). No marked changes in tumor parameters were observed
after shortening the MEL treatment period (3 days before NMU application, 20 weeks
overall): effect of MEL alone was not expressed, the combination with chemopreventive
agent (celecoxib) led to decrease of tumor frequency per group and per animal (48). We
also tested the efficiency of lower MEL dose (4 ng/ml, i.e. 0.1 mg/rat/day). The isolated
administration of this dose was not effective (the only frequency per group decrease in
NMU-induced tumorigenesis was recorded); the combination with raloxifene was more
efficient, we observed marked decrease of incidence and frequency per group after NMU
as well as DMBA administration (49,50).

Clinical studies

Several clinical trials have suggested the potency of melatonin in the management of
breast cancer and other cancer types as well. Much of the evidence came from small
trials done by Paolo Lissoni and co-workers. They have demonstrated a wide array of
beneficial effects of high dose melatonin - 10-50 mg/day, particularly in patients with
advanced cancer. Melatonin acts synergistically with the wide range of chemotherapeu-
tic agents to enhance their antitumor effect, i.e. cisplatin, etoposide, oxaliplatin, 5-fluo-
rouracil, gemcitabine, doxorubicin, paclitaxel, tamoxifen (51,52,11). The presence of me-
latonin seems to prolong both disease progression-free and overall 1-year survival (53).
Concomitant administration of melatonin enhanced the overall tumor regression rate
and 5-year survival in patients with metastatic non-small cell lung cancer treated with
cisplatin and etoposide (54) as well as the efficacy of irinotecan in metastatic colorectal
cancer patients (55). Additionally, melatonin alleviates the side effects of chemothera-
py - thrombocytopenia, neurotoxicity, cardiotoxicity, cachexia, chemotherapy-induced
asthenia (56). Melatonin may induce the control of neoplastic growth in patients with
metastatic solid tumors, for whom no other conventional anticancer therapy is available
(57). Patients receiving melatonin have a better performance status and less anxiety
than those treated without melatonin. Melatonin improves the quality of life in cancer
patients also by consolidating and enhancing nighttime sleep due to its chronobiological
effects (11). Large, well-designed, multicentric, randomized, double-blind clinical trials
are needed for evaluation of melatonin using in clinical oncology.
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CONCLUSION

The results of several studies suggest that chemopreventive and tumor-suppressive
effect of melatonin in experimental chemically-induced rat mammary carcinogenesis
is not consistent. The administration of melatonin alone is less effective. The inhibition
of tumor growth is more apparent in the combined chemoprevention, where potentiat-
ing/enhancing effects can be expected. In addition to the dose, the way and schedule of
melatonin administration, it is necessary to take into consideration other factors, e.g.
the influence of season. These findings correspond to the results of clinical studies, in
which melatonin is applied preferably in supportive and/or adjuvant therapy, consider-
ably in patients suffering from cancer in the developed stage, with poor clinical progno-
sis. However, oncostatic effect of melatonin was tested on the relatively small numbers
of cancer patients so far. With respect to the wide range of beneficial effects of melatonin
in organism as well as its low or no toxicity even in high doses, this indole is a candidate
for independent clinical evaluation in patients with breast cancer and also with other
types of cancer.
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Abstract
Peroral antidiabetics, biguanides and thiazolidinediones were reported to suppress carcinogenesis both in vitro and
in vivo. As the incidence of many cancers including breast cancer is higher in diabetic patients, the choice of suitable
therapy may lower the cancer risk. The experimental data are promising, however, the link between cancer and
long-term administration of peroral antidiabetics, particularly thiazolidinediones, should be further investigated.

Keywords: biguanides, thiazolidinediones, breast cancer, chemoprevention

INTRODUCTION

Cancer chemoprevention remains a great challenge for oncology. Metabolic pathways
and cell growth regulation are interconnected and metabolic disorders, such as diabe-
tes mellitus type 2, are associated with higher cancer risk. The cancer risk for diabetic
patients, mainly those with type 2 diabetes, is higher particularly for primary liver and
pancreatic cancer, but is elevated for non-Hodgkin’s lymphoma, colorectal, endometrial,
breast, renal, and bladder cancers too (1-6). Increased cancer incidence in diabetic pa-
tients is related to hyperinsulinaemia, impaired insulin receptor and insulin-like growth
factor signalling, and subsequent cell proliferation enhancement. On the other hand,
cancer patients often develop glucose intolerance (7,8). From this point of view peroral
antidiabetics with pleiotropic properties that showed antitumor activity draw more and
more attention. So far, the chemopreventive effects were reported in two groups of pero-
ral antidiabetics: biguanides and thiazolidinediones which improve insuline sensitivity.
The aim of this paper is to summarise the effects of peroral antidiabetics in carcinogen-
esis, particularly mammary cancer.

BIGUANIDES

Biguanides inhibit fatty acid oxidation and liver gluconeogenesis, increase insulin re-
ceptor availability and suppress monoamine oxidase activity (9). First reports on oncos-
tatic properties of biguanides were published by Dilman group. Phenformin suppressed
dimethylbenz(a)anthracenene (DMBA) and N-nitrosomethylurea (NMU)-induced mam-
mary tumorigenesis in female rats (10,11), and 1,2-dimethylhydrazine-induced colon car-
cinogeneis in rats (12). Phenformin prolonged survival and inhibited spontaneous tumo-
rigenesis in female C3H/Sn mice (13), the same was reported for buformin in female rats
(14). However, buformin and phenformin have been withdrawn in most countries because
of lactic acidosis risk and nowadays only metformin is used in type 2 diabetes treatment.
Metformin exerts its effects through AMP-activated protein kinase (AMPK) activation and
subsequent mammalian target of rapamycin (mTOR) pathway inhibition which leads to
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decrease of protein synthesis and cell proliferation. AMPK activation by AICAR (5-ami-
noimidazole-4-carboxamide ribonucleoside) inhibited breast, glioma, prostate (15), and
melanoma cell proliferation (16). Many in vitro studies reported tumor suppressive effects
of metformin. Metformin suppressed proliferation and induced apoptosis in glioma cells
(17), decreased proliferation after metformin treatment was found in prostate (18), ovar-
ian (19), melanoma (16), and breast cancer cell lines (both estrogen receptor o negative
and positive) too (20). Metformin induced translation inhibition and subsequent global
protein synthesis decrease in MCF-7 cells (21). The antiproliferative effect of metformin
may not entirely depend on AMPK activation. AMPK inhibition by compound C decreased
antiproliferative properties of metformin on ovarian cancer cells (19) and glioma cells (17)
but AMPK inhibition using siRNA against the two catalytic subunits of AMPK did not pre-
vent the antiproliferative effect of metformin in prostate cancer cell lines (18). Therefore
there may be another underlying mechanism of metformin activity to be revealed.

In vivo reports on metformin oncostatic activity are scarce. Metformin treatment re-
duced tumor growth in mice bearing LNCaP xenografts (18) and p53 deficient colon can-
cer HCT116 xenografts, however, the growth of HCT116 p53+/+ cells was not affected
(22). Metformin inhibited pancreatic tumorigenesis in hamsters (23) and tobacco carcin-
ogen-induced lung tumorigenesis in A/J mice (24). Metformin administration increased
mammary tumor latency and overall surviving in HER-2/neu transgenic mice (25,26)
and decreased tumor outgrowth and incidence in nude mice bearing MDA-MB-231 mam-
mary tumor xenografts (27). Our group evaluated chemopreventive effect of metformin
(administered in drinking water at a concentration of 50 and 500 ug/ml, respectively) in
NMU-induced mammary carcinogenesis in female Sprague-Dawley rats. Metformin did
not significantly alter the tumor growth although a delay in tumor onset was recorded
after higher metformin dose during the experiment (28). We suppose the lack of chemo-
preventive efficacy was due to low doses (corresponding to 5 and 50 mg/kg/rat/day,
respectively), whereas doses used by other authors were several-fold higher (22,23,25).

Human studies showed lower cancer incidence in diabetic patients treated with met-
formin in comparison with those treated with other hypoglycaemic drugs (29,30). Cancer-
related mortality in diabetic patients using metformin in comparison to those using sulfo-
nylureas or insulin was lower too (31). The cancer incidence decrease recorded in diabetic
patients may be attributed to so-called metabolic rehabilitation too — biguanides treatment
in breast and colon cancer patients improved the survival and slightly decreased contralat-
eral breast tumor incidence (32-35). A short-term clinical trial in nondiabetic patients with
rectal aberrant crypt foci (ACF) showed suppression of colonic epithelial proliferation and
ACF formation after one-month metformin treatment in comparison with untreated group
(36). On the other hand, adverse effects of metformin could not be excluded. A study in
athymic nude mice suggested metformin may stimulate angiogenesis and consecutively
tumor promotion (20), therefore, its effect in vivo should be further analysed.

THIAZOLIDINEDIONES (GLITAZONES)

The other group of peroral antidiabetics, thiazolidinediones, have been used in diabetes
type 2 treatment only from the late 1990s. This group is presented by pioglitazone (Actos TM,
Eli Lilly), rosiglitazone (Avandia TM, GlaxoSmithKline), and troglitazone (Rezulin). However,
troglitazone was removed from the market in 2000 due to hepatotoxicity risk and rosigli-
tazone is to be suspended because of cardiovascular risk. A new analogue rivoglitazone is
under research for use. Thiazolidinediones are synthetic ligands of peroxisome proliferator-
activated receptors y (PPARy). PPARy and other two isotypes (o, 3/9) are members of nuclear
receptor superfamily comprising steroid, retinoid, and thyroid hormone receptors. PPARy act
as transcription factors and are involved in cell proliferation, lipid transport and accumula-
tion, and immune system modulation. In diabetic patients PPARy agonists improve insulin
sensitivity. Numerous (mostly in vitro) reports suggest PPARy ligands may inhibit carcino-
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genesis through cell cycle arrest and apoptosis induction, angiogenesis suppression, and
anti-inflammatory actions (37). Grommes et al. (38) reported glioma growth inhibition by
pioglitazone (PIO) both in vitro and in vivo, a combination therapy of PIO and 6-OH-11-O-
hydroxyfenantrene (IIF, a retinoid X receptor ligand) enhanced reduction of glioma cell pro-
liferation (39). Rosiglitazone (ROSI) decreased neuroblastoma cell proliferation in vitro but
showed only minor antitumor effect in a metastatic xenograft mouse model (40). PIO inhib-
ited human gastric cancer cell growth in vitro (41) and pancreatic cancer cell growth both in
vitro (42) and in vivo (42,43). Early carcinogenic transformation in chemically-induced liver
carcinogenesis in rats was suppressed by PIO (44,45) and ROSI (44). Both ligands inhib-
ited chemically-induced colon carcinogenesis in mice (46) and pheochromocytoma PC12 cell
growth (47). PIO and another PPARy ligand 15-deoxy-812,14-prostaglandin J2 induced apop-
tosis and suppressed the production of angiogenic factors in human renal cell carcinoma in
vitro (48), the latter substance induced apoptosis in human hepatoma cells (49) and human
oral squamous cell carcinomas too (50). PIO suppressed colon cancer liver metastasis in im-
munodeficient mice (51) and ovarian tumor xenograft growth in nude mice (52). A new PPARy
agonist ciglitazone induced apoptosis in melanoma cells both in vitro and in vivo (53). The
effect of PPARy ligands on breast cancer cell lines is probably modulated by estrogen receptor
status. Estrogen receptor o was found to associate with PPARy and interfere with its signaling
(54). Growth inhibition of ERa-negative MDA-MB-231 cells by troglitazone was more promi-
nent than that of ERa-positive MCF-7 cells, which supports this hypothesis (55). Apoptosis
induction by PPAR ligands was not confirmed univocally. Troglitazone (56) and ROSI (57)
triggered apoptosis in MCF-7 cells which was enhanced in combination with retinoid X re-
ceptor ligand 9-cis-retinoic acid (58), on the other hand, autophagy instead of apoptosis was
reported in MDA-MB-231 breast cancer cells treated with ROSI and troglitazone (59). Apo-
ptotic induction may be improved by combination therapy — troglitazone combined with as-
pirin caused cell cycle arrest and apoptosis in human lung cancer cells (60). ROSI inhibited
mammary tumor cell line metastasis (61), impaired adrenocortical carcinoma proliferation
in a xenograft mouse model (62), and prevented the progression of preinvasive lung cancer
in the A/J mouse model (63). PIO, ROSI, 15-deoxy-812,14-prostaglandin J2, and another
PPARYy ligand, GW7845, suppressed MDA-MB-231 human breast cancer cell invasion (64).
Troglitazone inhibited MCF-7 xenograft growth in BNX mice (56). PPARy ligand, GW7845
(a tyrosine analog optimized for potency on PPARy inhibited NMU-induced mammary car-
cinogenesis in rats (65), another PPARy ligand, N-(9-fluorenyl-methyloxycarbonyl)-L-leucine
inhibited mammary tumor growth in the same experimental model as was proved by promi-
nent apoptosis induction; this effect was enhanced in combination with cyclooxygenase-2
inhibitor celecoxib (66). Similarly, ROSI suppressed DMBA-induced mammary tumor growth
in rats (67). Our group found prominent PIO effect in NMU-induced mammary carcinogen-
esis in rats using the same experimental protocol as in the report on metformin mentioned
above. PIO was administered in a diet (at a concentration of 10 and 100 ppm). PIO at a higher
dose decreased final incidence by 38%, frequency per group by 63%, and extended latency
period by 32% when compared with control group. Tumor histopathology showed the most
homogenic group was the group administered with higher PIO dose, control group (without
chemoprevention) and the group with lower PIO dose were heterogeneous considering tumor
type and number of mixed-tumor cases. Mixed-tumor types with high invasive properties
were found particularly in control group (68). An important fact to emphasize is the length
of in vivo studies. Suh et al. (65) and Badawi et al. (66) initiated chemoprevention one week
after the carcinogen application and continued it for 8 weeks, we initiated chemopreven-
tion 12 days prior to tumor induction in order to cover the initiation stage of carcinogenesis
and continued it for additional 17 weeks until the experiment termination (68). Similarly
Kocdor et al. (67) administered ROSI (200 ug/kg b.w.) 2 weeks prior to carcinogen applica-
tion but the chemoprevention continued only for additional 7 days (the experiment lasted
120 days following DMBA administration). All three authors mentioned above confirmed
tumor incidence and frequency decrease after PPARy ligand treatment, moreover Kocdor et
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al. (67) reported no malignant tumor occurrence after ROSI treatment. However, the differ-
ent chemopreventive protocol used by above mentioned authors and by our group compli-
cates the comparison of chemoprevention efficacy. We have chosen the preventive/curative
approach to cover both initiation and promotion stages of carcinogenesis (68) as was sug-
gested by Mehta (69). On the other hand, Kocdor et al. (67) applied chemoprevention during
initiation period while Suh et al. (65) and Badawi et al. (66) applied chemoprevention during
promotion period, moreover, the length of chemoprevention differed. Therefore, we believe
the experimental protocol of in vivo studies (carcinogenesis induction, the onset and length
of chemoprevention administration, and termination of experiment in particular) should be
standardised to enable proper evaluation of chemoprevention efficacy in individual malig-
nant transformation stages.

Data on long-term thiazolidinedione administration in cancer patients are missing. Clini-
cal phase II trial of troglitazone (stage IV, 8-week median treatment) and ROSI (stages O-II,
2-6 week treatment) in breast cancer patients did not prove their anticancer effect. PIO in
combination with cyclooxygenase-2 inhibitors showed some response in patients with meta-
static melanoma, soft tissue sarcoma, and glioma (37). Thiazolidinedione administration in
diabetic patients did not reduce proportion of cancer cases in comparison with other treat-
ment; however, these studies either lack duration response analysis (70) or the duration did
not exceed 52 weeks (71). Govindarajan et al. (72) showed a 33% lower incidence of lung
cancer in thiazolidinedione users in comparison with non-users but the duration of thiazoli-
dinedione use was not considered and the study was not able to account for smoking history
which complicate data interpretation. Safety issues, however, should be carefully considered
when choosing a long-term therapy. A new meta-analysis confirmed previously suspected in-
creased risk for myocardial infarction although not for cardiovascular mortality or all-cause
mortality in patients treated with ROSI (73). As a result, European Medicines Agency recom-
mended in September 2010 to suspend rosiglitazone from the European market. New thiazo-
lidinedione analogues such as rivoglitazone may show better efficacy and safety.

CONCLUSIONS

Assuming the reports on biguanide and thiazolidinedione anticancer efficacy and our
results, we believe they may have big potential as chemopreventives when administered
in early stages of malignant transformation or, preferably, prior to initiation. This hypoth-
esis should be further investigated in in vivo studies using standardised experimental
protocol. Clinical trials in cancer patients failed to prove an oncostatic efficacy of PPARy
ligands probably because of their inability to reverse advanced stages of cancer. There-
fore, preventive-therapeutic strategy rather then just therapeutic one should be chosen in
order to inhibit or reverse carcinogenesis, the combination with other drugs (e.g. NSAIDs,
selective estrogen receptor modulators or retinoids/rexinoids) should be preferred.
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