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Abstract

Purpose Retinoids have previously been reported to
inhibit proliferation of melanoma cell lines in vitro.
However, the relative antimetastatic efficacy of various
retinoids on melanoma in vivo is unknown. Therefore, we
investigated the effects of different retinoids on the inva-
sion and metastasis of murine melanoma B16-F10 cells in
vitro and in vivo. Based on the findings, the antitumor
effects of a selected retinoid either alone or in combination
with cisplatin were also investigated in a preclinical mouse
melanoma model.

Methods Cell proliferation and invasion analyses of
murine melanoma B16-F10 cells were assessed in the
presence of different retinoids, either alone or in combi-
nation with cisplatin (CDDP) or 5-fluorouracil (5-FU).
Experimental lung metastasis assay was performed in this
study to investigate the antimetastatic efficacy of retinoids.
Additionally, a mouse melanoma model was used to assess
the antitumor efficacy of a selected retinoid in combination
with cisplatin.

Results Retinoids showed significant antiproliferation
and anti-invasion effects on murine melanoma B16-F10
cells. Pretreatment with retinoids increased the sensitivity
to CDDP but not to 5-FU in in-vitro. Moreover, the number
of metastatic colonies formed in the lungs of mice injected
intravenously with B16-F10 cells was significantly reduced
by injecting the respective retinoid once a day for 10 days.
Treatment with a combination of cisplatin and 13-cis-ret-
inoic acid resulted in a significant reduction in primary
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tumor size and the number of lung metastatic nodules in
melanoma-bearing mice.

Conclusion These results suggest that retinoids not only
exhibit antimetastatic effect, but also enhance the antitu-
mor activity of cisplatin in vivo.

Keywords Retinoid - Cisplatin - Melanoma - Metastasis -
Mouse
Introduction

Metastasis, the major cause of cancer mortality, is a com-
plex series of multi-step processes in which tumor cells
invade the basement membrane, penetrate blood vessels
and exit vessels at distant sites to form secondary tumors
[1]. The degradation enzymes of the basement membrane,
matrix metalloproteinases (MMP), play an important role
in the invasion and metastasis of human cancer. Although
advances in surgery, radiotherapy, and chemotherapy have
significantly improved the treatment of primary tumors, the
occurrence of metastasis still leads to poor prognosis and
death in patients with malignancy. A multi-step process
leads to metastasis [2]. The interrelated events of the
metastatic cascade include disruption of the basement
membrane, cell detachment (separation), cell motility,
invasion, penetration of the vascular system, circulating
cancer cells, arrest (stasis), and extravasation, and prolif-
eration [3]. Metastatic melanoma involves the escape of
melanoma cells from the epidermis, growth, and develop-
ment of a blood supply, dissemination of melanoma cells to
other organs, and their growth at these locations. Excess
extracellular matrix (ECM) degradation is an essential step
for cell migration [4]. As matrix degradation is so central
to the invasive/metastatic behavior of tumors, and this
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metastatic ability is life threatening, therapeutic strategies
designed to inhibit invasion and keep a tumor localized are
attractive. An experimental metastasis mouse model using
B16-F10 melanoma cells [5] has been applied to identify
possible antimetastatic agents [6—8].

Retinoids as an anticancer agent have been studied in
vivo and in vitro using various murine and human cancer
cell lines including melanomas for more than 20 years. A
number of retinoids have been evaluated as potential
therapeutic agents in the prevention and treatment of
human cancer [9-11]. It was found that retinoids inhibited
growth of many melanoma cell lines of various species
[12-14]. Retinoids were also reported to suppress mela-
noma cells transformed phenotype and modulate their
differentiation in vitro and formation of metastases in vivo
[15, 16]. The inhibitive effects of retinoids on metastasis
may be partly due to retinoid-mediated repression of tumor
cell motility [16] and suppression of MMP production [17].
However, not all retinoids inhibit melanoma cells; some
have no influence and others even stimulate melanoma cell
growth and invasion [18]. Furthermore, some retinoids
inhibit various functions in certain melanoma cells, while
these functions are not influenced in other melanoma cell
lines using the same retinoids. Up-to-date, there is no
systematic in vivo study comparing the effects of different
retinoids on the metastasis of melanoma. The purpose of
this study is to evaluate the potential efficacy of five reti-
noids, including all-trans-retinoic acid (ATRA), 9-cis-
retinoic acid (9-cis-RA), 13-cis-retinoic acid (13-cis-RA),
etretinate, and acitretin, on the growth and invasion inhi-
bition of murine melanoma B16-F10 cell line.

Retinoids have shown a synergistic action in combina-
tion with other chemotherapeutic agents in numerous
studies in vitro and in animal models [19]. Sacks et al. [20]
reported a synergistic interaction between ATRA and
CDDP or 5-fluorouracil (5-FU) in a series of squamous cell
lines. They inferred that the mechanism of synergism
would be based on drug perturbations in DNA synthesis
coupled to an increased sensitivity induced by ATRA.
Retinoids have also been tested in numerous clinical trials
for the prevention of cancer based on their ability to induce
cell differentiation and inhibit tumor growth in animal
models [19]. Combinations of 13-cis-RA and cisplatin or
cisplatin and ifosfamide have proven promising in patients
with head and neck cancer in phase I/Il trials [21].
Objective clinical responses with moderate toxicity have
been observed in patients with advanced non-small cell
lung cancer treated with 13-cis-RA and chemotherapy
(carboplatin, vindesine, and 5-FU) [22]. When combined
with a-tocopherol or cisplatin, 13-cis-RA was effective in
two phase II clinical trials in patient with advanced squa-
mous carcinomas of the head and neck or the skin,
respectively [23, 24]. Thus, it may be meaningful to
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evaluate the antitumor and antimetastatic effects of reti-
noids in combination with CDDP or 5-FU on melanoma in
vitro and in vivo.

Materials and methods
Drugs

All-trans-retinoic acid (ATRA) was purchased from Tokyo
Chemical Industry Company, Ltd. (Tokyo, Japan). 13-cis-
RA was purchased from Sigma Chemical Co. (St. Louis,
Mo, USA). 9-cis-RA, acitretin, and etretinate were kindly
provided by F. Hoffmann-La Roche Ltd. (Basel, Switzer-
land). All retinoids were dissolved in dimethyl sulphoxide
(DMSO). They were diluted with culture medium to
appropriate concentrations just before use.

Cell culture conditions

The murine melanoma B16-F10 cell line was ordered from
the American Type Culture Collection (ATCC) (Manassas,
Virginia, USA) and was tested to be pathogen free by
ATCC. The cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% heated-
inactive fetal bovine serum and 1% antibiotic solution
(penicillin/streptomycin) at 37°C in 5% CO, humidified
atmosphere.

Cell proliferation study

The inhibitory effect of retinoids on cell proliferation was
tested by incubating the B16-F10 cells with different reti-
noids. The cells were cultured in DMEM and were plated
in 6-well plates. After overnight incubation, and thereafter,
at every 48 h, the medium was replaced with fresh medium
or medium containing retinoids (10_6 M), until the total
viable cells of the respective wells were counted on days 2,
3,4, 5, and 6 by trypan-blue dye exclusion method. All
experiments were repeated in triplicate.

Combination chemotherapy studies

B16-F10 cells were allowed to grow for 6 days with or
without retinoids (10~ M), washed with phosphate-buf-
fered saline (PBS) and then plated onto 96-well microtiter
plates (5,000 cells per well). The cytotoxicity of the
respective chemotherapeutic agents (cisplatin [CDDP] or
5-FU) was determined using a previously described Fluo-
rometric microculture cycotoxicity assay (FMCA) [25].
Briefly, the plates were incubated at 37°C overnight to
allow the cells to adhere to the bottom. The medium of the
plates was then changed to 200 pul medium containing
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CDDP or 5-FU or control medium. After 3-day incubation
at 37°C, the plates were washed with PBS. 200 pl of
fluorescein diacetate solution (FDA, 10 mg/mL, Sigma)
was then added to each well. The plates were incubated at
37°C for half an hour, and the fluorescence generated from
each well was measured by fluorescence spectrometer. In
each plate, wells with untreated cells were measured as
controls and their fluorescence was defined as 100%. Cell
survival was presented as survival index (SI), which was
defined as the fluorescence in experimental wells expressed
as a percentage of that in the control wells. The 50%
inhibitory concentration (ICs) of chemotherapeutic agents
was defined as the concentration giving a SI 50%. Exper-
iments were carried out in six replicates and repeated three
times. The data were fit into Sigmoid E,,,, model with the
software SPSS (version 11.0, SPSS, Chicago, Ill, USA).

In vitro cell invasion assay

B16-F10 cell invasion through reconstituted basement
membrane (matrigel) was assayed according to the previ-
ously described method [26] with some modifications.
Before invasion assay, for each Transwell (pore size, 8 pm;
Corning Incorporated, Corning, NY, USA), the upper sur-
face of the microporous polycarbonate membrane that
separated the upper and lower chambers was coated with
matrigel (10 pg/well). For invasion assay, 100 pl of B16-
F10 cells (10° cells) was suspended in DMEM supple-
mented with 0.1% bovine serum albumin (BSA), and
seeded in the upper compartments of Transwell Inserts.
Conditioned medium (600 pl), obtained by incubating sub-
confluent human fibroblast cells for 24 h in serum-free
medium, was used as a source of chemo-attractants and
placed in the lower compartments of the inserts. Cells were
allowed to invade through the matrigel for 6 h at 37°C.
Cells that remained on the upper surface of the inserts were
wiped off by cotton swab. Cells which crossed the matrigel
barrier and migrated to the lower side of the inserts were
fixed in 70% ethanol, stained by dipping the Transwell into
solution of toluidine blue (1% v/v) for 1 min. The Trans-
well was then blotted dry on a piece of tissue. Ten random
unit fields per insert were counted by an inverted micro-
scope (Leica, Germany; 400x magnification). Only
invasive cells were detectable on the lower surface of the
inserts. Three different experiments in four replicates were
performed.

Animals

Experiments were performed on male C57BL/6J black
mice, 68 weeks old, purchased from Laboratory Animals
Center of the National University of Singapore, Singapore.
Mice were kept in plastic cages with sawdust bedding and

given food and water ad libitum. The room in the Animal
Holding Unit, National University of Singapore, Singapore
in which mice were kept was environmentally controlled at
a temperature of 23 £ 2°C and with a 12:12 light-dark
cycle. All animal experiments were approved by the
Institutional Animal Care and Use Committee of the
National University of Singapore.

Experimental lung metastasis assay

To prepare B16-F10 melanoma cells for inoculation, cells
in logarithmic growth phase were harvested by exposure to
trypsin. Cell viability in single cell suspensions was
determined by trypan blue exclusion. A total of 10° B16-
F10 melanoma cells (>90% viability) in 100 pl of PBS
were injected into the lateral tail vein of 6-8 week-old
male syngeneic C57BL/6J mice. The mice were divided
into four groups. The control group received saline of
comparable volume to the drug solution and the treated
groups received ATRA, 9-cis-RA, and 13-cis-RA, respec-
tively, at a dose of 20 mg/kg/day for 10 days. Mice in each
group were weighed every other day. The day of inocula-
tion was considered as day zero. After 14 days, mice were
killed; their lungs were removed and fixed in 10% form-
aldehyde. Metastatic foci that appeared as black spots on
the lung surfaces were counted under dissection micro-
scope (Leica Co., Inc., Tokyo, Japan).

Effects of retinoids and cisplatin combination on tumor
development in melanoma-bearing C57BL/6J mice

On day 0, B16-F10 melanoma cells were harvested from
the cultures. 1 x 10° cells in 20 ul PBS were injected
subcutaneously (s.c.) into the footpad of the right hind limb
of each mouse. The mice were intraperitoneally injected
daily saline of comparable volume to the drug solution for
10 days as the control. Other mice received either cisplatin
alone (10 mg/kg, i.p., on days 7 and 14), or retinoid alone
(13-cis-RA or ATRA, 20 mg/kg, i.p. daily for 10 days), or
the combination of cisplatin and retinoids. The tumor size
was measured on day 21 after the inoculation. Estimated
tumor volume was calculated using the formula:

Tumor volume (mm3) = (w2 x1)/2

where w = width and 1 = length in mm of tumor

After the killing of mice after on day 21, metastatic foci
in lungs were examined in the same way as in the exper-
imental lung metastasis assay.

Statistical analysis

The differences between the retinoid-treated groups and the
control group or between the respective retinoid-treated
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groups for both in vitro and in vivo experiments, were
tested by one-way ANOVA with either Dunnett’s test or
Tukey post-hoc test using the software SPSS (version 11.0,
SPSS, Chicago, Ill, USA) A P value of less than 0.05 was
considered to be statistically significant. All experiment
results were shown as mean & SD.

Results
Cell proliferation study

To test the inhibitory effect of different retinoids, cells
were cultured in medium containing the respective retinoid
for 6 days. Cell viability was more than 90% after treat-
ment. The growth curves of cells treated with different
retinoids were shown in Fig. la. Various inhibitory effects
were observed depending on the individual retinoids. When
treated at 1 pM, all retinoids significantly suppressed the
proliferation of B16-F10 cells after treatment for 6 days
(P < 0.05). The inhibitory effect of ATRA on the
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Fig. 1 a Growth curves of B16-F10 cells in culture medium and
b Cell proliferation on day 6 with and without retinoids treatment.
Each value was the mean obtained from at least three experiments.
Each experiment had three replicates. Error bars represent SD
(n=9). *P <0.001 significantly different from the value of the
control
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proliferation of cells was not different from that of 9-cis-
RA and 13-cis-RA (P > 0.05), while acitretin and etreti-
nate showed less inhibitory effect on proliferation when
compared to the first three retinoids (P < 0.05). On day 6,
growth inhibition in cells treated with retinoids ranged
from 24% (acitretin) to 45% (ATRA) as shown in Fig. 1b.
The inhibition effects of these drugs could not be due to
toxicity, as cell viability was more than 90%. Despite the
observed inhibition on proliferation, no significant changes
in cell morphology or pigmentation were observed in the
cells treated with all retinoids tested in this study (data not
shown).

Combination chemotherapy studies

The melanoma B16-F10 cells were treated with 1 uM of
the respective retinoids for 6 days, and then examined for
sensitivity to CDDP and 5-FU using FDA assay. Treatment
of B16-F10 cells with different concentrations of CDDP
(0.5-16 pg/ml) for 72 h led to a marked dose-dependent
cytotoxicity. The cells pretreated with retinoids showed
different sensitivities to CDDP. The ICs, values of CDDP
in B16-F10 cells with or without pretreatment of retinoids
are shown in Table 1. Comparison of CDDP sensitivities
with and without addition of retinoids shows that CDDP
was more cytotoxic when combined with ATRA, 9-cis-RA
or 13-cis-RA by at least 1.50-fold, as seen by comparing
the IC50s (P < 0.05, Table 1). However, combined treat-
ment of CDDP and etretinate or acitretin did not produce a
statistically significant reduction in the ICs, value of CDDP
compared to the treatment of CDDP alone (P > 0.05).

Table 1 Comparison of ICsq after exposing control or different ret-
inoids pretreated B16-F10 melanoma cells to CDDP and 5-FU

Drug Pretreatment 1C5q value (pg/ml) Potentiation®

CDDP Control 559 £ 1.20 NAP
ATRA 2.52 £+ 0.35* 2.33
9-cis-RA 3.07 £ 0.42% 1.91
13-cis-RA 3.93 + 0.38* 1.50
Etretinate 397 £0.53 1.41
Acitretin 4.02 £ 0.75 1.39

5-FU Control 0.46 £ 0.14 NAP
ATRA 0.26 £ 0.03* 1.79
9-cis-RA 0.41 £ 0.07 1.12
13-cis-RA 0.40 £ 0.13 1.15
Etretinate 0.34 + 0.06 1.35
Acitretin 0.37 £ 0.18 1.24

4 Potentiation was expressed as the ratio of the ICsy values of the

control and pretreated cells. The ICs, values given in the table rep-
resent the average of at least three independent experiments

> Not applicable
* ]1Csq was statistically lower than control (P < 0.05)
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In contrast to CDDP, the cells pretreated with all reti-
noids other than ATRA tested in this study did not show
significant changes in sensitivity to 5-FU. The ICs, values
of 5-FU in cells with or without pretreatment of retinoids
are listed in Table 1. Since combination of most retinoids
with 5-FU did not show much advantage in the in vitro
assays, the in vivo efficacy studies were only conducted to
examine the combined effects of CDDP and retinoids.

Effects of retinoids on the invasion of B16-F10 cells

The inhibition of retinoids on melanoma invasion was
investigated through the Transwell assay. The invasive
potential of B16-F10 cells with or without retinoid pre-
treatment was determined on the basis of the cell’s ability
to invade a matrigel containing the major components of
the basement membrane. Untreated or pretreated cells
demonstrated different invasion capacity through matrigel-
coated inserts. Data are expressed as cell number/
field £ standard deviation. Except acitretin, all other reti-
noids induced significant decrease in matrigel invasion of
B16-F10 cells (Fig. 2). The inhibition of matrigel invasion
was 43, 33, 40, and 22% for ATRA, 9-cis-RA, 13-cis-RA,
and etretinate, respectively, in comparison to the control

group.

Effects of retinoids on experimental lung metastasis in
mice

The retinoids showing in vitro inhibition effect on invasion
of B16-F10 cells were tested in vivo using experimental
lung metastasis model. All mice received either saline (in
control group) or retinoids continuously for 10 days from
the time of inoculation of B16-F10 cells. Administration of
saline, 13-cis-RA, and 9-cis-RA did not show any adverse
effect on the growth of mice during the study. There were
no significant differences in body weight gained among the
groups throughout the study. However, administration of
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Fig. 2 Effects of retinoids on the invasive ability of B16-F10 cells in
the in vitro matrigel assay. Data were expressed as means = SD of
triplicate experiments. *P < 0.05. **P < 0.01 (compared to the
control)
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Fig. 3 Body weight changes of mice after inoculation of B16-F10
cells (i.v. injection of 10° cells) and treatment with the respective
retinoids (20 mg/kg/day for 10 days)

ATRA resulted in a drop of body weight as shown in
Fig. 3, indicating the toxic effect of ATRA.

The ability of retinoids to inhibit experimental lung
metastasis after intravenous injection of B16-F10 cells in
mice was investigated. The incidence and the numbers of
metastatic lung tumors are indicated in Table 2. In control
mice, 12.1 £ 4.9 colonies of metastasis foci were observed
per lung at 14 days after inoculation with B16-F10 cells.
Treatment of ATRA and 13-cis-RA significantly reduced
the overall number of gross lung metastasis and mean
number of metastases per lung (Table 2). Despite that
9-cis-RA caused lower number of metastatic lung tumors
per mouse when compared to the control (8.3 &£ 1.9 versus
12.1 £ 4.9), the difference did not reach the level of sta-
tistical significance (P > 0.05). The relative decrease in the
mean number of metastases in the ATRA-treated mice was
greater than that in the 13-cis-RA or 9-cis-RA-treated mice,
perhaps reflecting the higher potent inhibition effect of
ATRA. The incidence rates of lung metastasis in the con-
trol group and the group treated with 13-cis-RA or 9-cis-
RA, were all 100%. However, the frequency of lung
metastasis in the group treated with ATRA was 90%.

Effects of retinoids and cisplatin combination on tumor
development in mice injected with B16-F10 melanoma
cells

ATRA and 13-cis-RA showed more potent effects than
other retinoids on combination with cisplatin in vitro and
on lung metastasis in vivo. These two retinoinds were,
therefore, chosen for in vivo test in combination with cis-
platin. ATRA (20 mg/kg), 13-cis-RA (20 mg/kg), and
cisplatin (10 mg/kg), either alone or in combination, were
administered to the mice according to the regimens
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Table 2 Effects of different

. . Group no. Treatment Number of mice Incidence of lung Number of metastatic
retinoids on lung metastasis of . .
. . examined metastasis lung tumors/mouse
tumor bearing mice
1 None 10 100% (10/10) 12.1 £ 49
2 ATRA, 20 mg/kg 10 90% (9/10) 3.7+ 1.8°
*  Significantly different from 3 13-cis-RA, 20 mg/kg 10 100% (10/10) 4.6 + 2.8"
group 1 by one way ANOVA 4 9-cis-RA, 20 mg/ke 6 100% (6/6) 83+ 1.9
with Dunnett’s test (P < 0.001)
T.abll et.3 E.ftf}?Cts ?f 13CIS.RA’ Treatment No of Tumor size Metastatic No. of gross
cisplatin, either ajone orin. mice (mm?) incidence (%) metastasis
combination, on melanoma in
C57BL/6 J mice Control 6 1349 £ 712 416 (67) 13
13-cis-RA 6 1,406 £+ 635 1/6 (17)
* Significantly different from Cisplatin 4 970 £ 431 2/4 (50) 5
control group by ANOVA with  cygpjatin + 13-cis-RA 5 559 + 312° 1/5 (20) 1

Dunnett’s test (P < 0.05)

specified in the paragraph under Materials and methods.
The combination of cisplatin and ATRA resulted in death
of all mice in the group within 14 days of treatment (that
group was then excluded from the study), while the com-
bination of cisplatin and 13-cis-RA resulted in only one
death out of the six mice in that group after 21 days of
treatment.

The antitumor effect as judged from the reduction in the
tumor size of the combined treatments of 13-cis-RA
and cisplatin (559 & 312 mm®) was higher than that of
the control and single-drug treatments (1,349 + 712,
1,406 &+ 635, and 970 + 431 mm3, respectively, for the
control and 13-cis-RA and cisplatin alone) (Table 3). When
13-cis-RA was used alone, it did not show any antitumor
effect as compared to the control group. However, the
number of pulmonary metastases was significantly
decreased by the treatment of 13-cis-RA alone, and 13-cis-
RA combined with cisplatin. Cisplatin alone did not show
any inhibitory effect on lung metastasis (Table 3).

Discussion

In this study, we demonstrated that all the tested retinoids
(ATRA, 13-cis-RA, 9-cis-RA, etretinate, acitretin) inhib-
ited B16-F10 cell proliferation in vitro. However, only
ATRA and 13-cis-RA showed potent inhibition effects on
cell invasion in both in vitro matrigel assay and in vivo
lung metastasis model. Meanwhile, combination of 13-cis-
RA and cisplatin treatment showed inhibition effects on
tumor growth and metastasis in mouse model with mod-
erate toxicity.

Retinoids exhibit a host of interesting effects on the
growth and differentiation of normal, preneoplastic, and
neoplastic cells in vitro and in vivo and thus have gained
attention in cancer prevention and treatment. Inhibitory
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effects have been reported in a broad spectrum of different
epithelial and mesenchymal tumor cell types and also in
mouse and human melanoma cells as reviewed by Lotan
[27]. Mechanistically, inhibition has been attributed to
cytostasis rather than cytotoxiciy since viability is main-
tained and growth arrest is reversible [28]. These reports
were consistent with our findings in that cell variability
could be maintained at more than 90%, despite reduction in
proliferation was observed after the 6-day treatment with
retinoids.

Several investigators reported that retinoids inhibited the
invasion of tumor cells. Wood et al. [15] noted that retinoic
acid inhibited the invasiveness of melanoma cells by the
down-regulation of gelatinases, tPA, and a motility factor
receptor, and up-regulation of laminin receptor. Jacob et al.
[29] reported that ATRA inhibited proliferation and che-
motaxis in all tested human melanoma cell lines, but
invasion was specifically inhibited in the cell lines derived
from metastases. Studies of tumor cell invasion into
basement membrane have shown that DNA synthesis and
cell proliferation are not required, whereas protein syn-
thesis and proteolysis play important roles [30]. These
observations suggest that different intrinsic factors in
tumor cells mediate the effects of retinoids on proliferation
and invasion. It may be the reason why etretinate and ac-
itretin showed significant antiproliferative effects on B16-
F10 cells, but showed little anti-invasive effects in this
study.

The present study provides the first experimental
evidence that both ATRA, and13-cis-RA suppressed
experimental metastasis of B16-F10 melanoma cells in
mice, as revealed by the smaller number of metastatic foci
found in treated mice compared with that in untreated
mice. The animal model used in this study was developed
by direct injection of B16-F10 cells into the bloodstream
via the tail vein, which eliminates intravasation but is able
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to measure the ability of malignant cells to extravasate into
the lungs. The results suggest that retinoids may also
inhibit extravasation of malignant cells except the inhibi-
tion effect of cell invasion. It should be noted that ATRA,
while not 13-cis-RA, induced substantial weight loss in
tumor-bearing mice (Fig. 3), although ATRA treatment
was more effective in inhibiting tumor metastasis
(Table 3). This may suggest 13-cis-RA, with good inhibi-
tion ability and moderate toxicity would be the more likely
candidate for use in future clinical trials.

It was reported that retinoid treatment could produce
growth inhibition, but allow continuing DNA synthesis
[20], which provided a rationale for examining combina-
tion therapy with standard cytotoxic agents. Sacks et al.
[20] reported the synergistic effect of ATRA and CDDP or
5-FU on cell proliferation of squamous cell carcinoma [20].
However, the combination effects on melanoma cells have
not been explored so far. In contrast to the previous report,
the results in this study indicated that increased inhibition
effects on melanoma cells was only observed for combi-
nation of retinoids with CDDP, but not with 5-FU. This
suggests that the mechanism for synergism is complex and
not just related to the rates or levels of DNA synthesis
itself. CDDP and 5-FU are cytotoxic through different
mechanisms, but both require DNA synthesis. Further
studies on molecular mechanisms by which retinoids
enhance effects of cytotoxic agents will allow for selecting
more potent and less toxic combination therapies.

Despite the limited efficacy of systemic chemotherapy
in the treatment of metastatic melanoma, it remains the
gold standard of treatment for patients for whom radical
surgery is unsuitable. Unfortunately, the progress in the
chemotherapy for metastatic melanoma in the last 20 or
30 years is very limited [31]. Currently, there is no effec-
tive therapy to impact overall survival in the management
of disseminated melanoma. Findings in our study indicated
that combination of 13-cis-RA and CDDP could suppress
the primary tumor growth and lung metastasis of mela-
noma cells with moderate toxicity. Thus, this combination
could be a potentially effective regimen for the treatment
of metastatic malignant melanoma in future clinical trials.
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