
Abstract. – OBJECTIVE: Melanoma is a
highly aggressive tumour, and treatment effica-
cy depends on the stage of the tumour. Early
stage cutaneous melanoma is efficiently treat-
ed by surgical excision. In contrast, late-stage
melanoma requires chemotherapy with dacar-
bazine (DTIC). Unfortunately, advanced
melanoma can often be resistant to DTIC. The
mechanisms of anti-melanoma effects of DTIC
are still poorly understood, which hinders de-
velopment of more potent therapies.
In this study, we examined the effects of

DTIC on growth inhibition of FEMX-1 melanoma
cell line, expression of apoptosis-related pro-
teins, and expression of micro (mi)RNA-200
(miRNA-200a, miRNA-200b, miRNA-200c, and
miRNA-141).

MATERIALS AND METHODS: DTIC was used
at 50 (low dose) or 100 (high dose) mg/ml. Cell
growth inhibition was documented by MTT as-
say. Cell apoptosis was quantified by propidi-
um iodide staining and caspase 3-8 activity as-
say. Expression of apoptosis-related proteins
Bim, Bak, BAX, and Bad were documented by
Western blot analysis, while expression of miR-
NA-200 by PCR.

RESULTS: DTIC dose-dependently inhibited
growth of FEMX-1 melanoma cell line, induced
cell apoptosis, modulated the levels of apopto-
sis-related proteins, and up-regulated expres-
sion of miRNA-200 family members.

CONCLUSIONS: DTIC inhibits the growth of
melanoma cells by up-regulating expression of
miRNA-200.

Key Words:
Melanoma, Dacarbazine, microRNA.

Introduction

Melanoma is a malignant tumour whose inci-
dence has increased over the past 30 years. Fur-
thermore, mortality rates due to melanoma rise
faster than those of most other types of cancer1.
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This tumour is highly aggressive, and prognosis
depends on the developmental stage at the time
of the diagnosis2. Surgical excision of early stage
cutaneous melanoma can produce excellent re-
sults, but chemotherapy is required for late-stage
melanomas3. Dacarbazine (DTIC), an anti-cancer
drug used to treat fibrosarcoma4, Hodgkin’s dis-
ease5, and lung cancer6, is a standard medication
for advanced melanoma7. DTIC treatment of ma-
lignant melanoma was reported to be effective in
about 10% of cases8. DTIC promotes apoptosis
in melanoma cells, and inhibits growth and inva-
sion of melanoma9,10. However, advanced
melanoma can show resistance to DTIC11. De-
spite some advances, the mechanisms of DTIC
suppression of melanoma are still poorly under-
stood. A better understanding of these mecha-
nisms will be helpful to achieve more pro-
nounced therapeutic effects.
MicroRNA (miRNA) are endogenous small

(18-25 long nucleotides) non-coding RNA that
account for only 1% of the human genome12.
miRNA appear to regulate expression, modifica-
tion, transcription and translation of more than a
third of human genes13,14. The miRNA-200 fami-
ly, which includes four members (miRNA-200a,
200b, 200c, and miRNA-141), has been inten-
sively studied15. Expression of miRNA-200 fami-
ly members is time and tissue specific, and there
is a highly conserved gene clustering phenome-
non16. The miRNA-200 family is expressed at
low levels in liver cancer and renal cell carcino-
ma17,18, but is overexpressed in bladder and cervi-
cal cancers19,20. miRNA-200 expression in
melanoma cells regulates morphological plastici-
ty and the mode of melanoma invasion21,22.
Specifically, miRNA-200c causes cells to exhibit
the amoeboid invasion mode22. In contrast, up-
regulation of miRNA-200a changes the cell inva-
sion mode to elongated intrusion mode22.
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Caspase Activity Assay
The activity of caspase 3/8 in FEMX-1 cells

was measured using Caspase-Glo 3/8 assay
from Promega (Madison, WI, USA). Cells were
seeded onto 96-well white plates with optical
bottom (Nunc, Roskilde, Denmark) at a con-
centration of 5,000 cells per well and treated as
described above. Caspase activity was mea-
sured after 48 hours of treatment in accordance
with the manufacturer’s instructions. Assays
were performed in triplicate and repeated at
least three times.

Western Blot Analysis of Apoptotic
Proteins
Western blot assay was performed to deter-

mine protein expression levels of Bim, Bak,
BAX, and Bad. Cells were obtained as above,
centrifuged in 15 ml of 18% (w/v) dextran so-
lution (10,000 g, 4° C, 10 min), and were im-
mediately frozen and stored in liquid nitrogen.
Cells were then homogenized in 10 volumes of
lysis buffer (2 mM EDTA, 10 mM EGTA,
0.4% NaF, 20 mM Tris-HCl, 1% NP-40, 1%
Triton X-100, protease inhibitors, pH 7.5). The
lysates were subsequently centrifuged for 1
hour at 17,000 g and 4° C, and protein concen-
trations in supernatants were determined using
Coomassie G250 binding assay (Shfeng Bio-
logical Technology, Shanghai, China). Equal
amounts of proteins (10-20 mg) were separated
on 15% SDS-PAGE, followed by transfer to ni-
trocellulose membranes (Abcam, Cambridge,
UK). The membranes were blocked with
blocking buffer (5% nonfat dairy milk dis-
solved in Tween-TBS) overnight at 4° C. The
blots were then incubated with rabbit poly-
clonal Bim antibody (1:800 dilution; Santa
Cruz Biotechnology, TX, USA), rabbit poly-
clonal Bak antibody (1:800; Santa Cruz
Biotechnology), rabbit polyclonal BAX anti-
body (1:400; Abcam, Cambridge, MA, USA),
goat polyclonal Bad antibody (1:400; Santa
Cruz Biotechnology), or mouse polyclonal an-
ti-β-actin antibody (1:1,000; Santa Cruz
Biotechnology). Expression of β-actin was
used as a gel-loading control. The HRP-conju-
gated goat anti-mouse IgG (1:500; Abcam) was
used as a secondary antibody. The proteins
were visualized by enhanced chemilumines-
cence kit (Abcam). The membranes were
scanned using Chemi Imager 5500 V2.03 (Al-
pha Innotech, San Leandro, CA, USA). The
relative integrated density values were calcu-

A relationship between expression of the
above miRNA and DTIC efficacy was reported.
This indicates potential involvement of miRNA-
200 family in anti-melanoma effects of DTIC.
Specifically, DTIC may suppress melanoma by
regulating miRNA-200 levels. In this research,
we used FEMX-1 melanoma cell line to examine
an association between DTIC effects on
melanoma and miRNA-200 family.

Materials and Methods

Cell Culture
The FEMX-1 cell line was kindly provided by

the Third Military Medical University
(Chongqing, China). FEMX-1 cells were main-
tained in RPMI 1640 medium (Life Technolo-
gies, San Francisco, CA, USA) supplemented
with 10% fetal bovine serum (FBS; Life Tech-
nologies) and 2 mM L-glutamine (Life Technolo-
gies) at 37º C / 5% CO2 in a humidified atmos-
phere. The cells were routinely checked for my-
coplasma contamination.

Experimental Exposure to DTIC
FEMX-1 cells were exposed to three different

concentrations of DTIC (0, 50 or 100 mg/ml).
These experimental conditions are respectively
defined as control, low-dose DTIC, and high-
dose DTIC.

Apoptosis Quantification with
Propidium Iodide
Cells stained with propidium iodide (PI) were

analyzed by flow cytometry. Briefly, cells were
seeded onto 6-well plates at a concentration of 2
× 105 cells/ml and stained with the PI apoptosis
detection kit (Kaiji Co, Nanjing, China) accord-
ing to the manufacturer’s instructions. Samples
were analyzed using a FACSCalibur flow cy-
tometer (Becton Dickinson, Franklin Lakes, NJ,
USA) within 1 hour after staining.

MTT Assay
FEMX-1 cells were seeded onto 96-well tissue

culture plates at a density of 1 × 104 cells per
well. Cell proliferation was quantified by MTT
assay after 72 hours of treatment. Absorbance
was read using an ELx800 Absorbance Mi-
croplate Reader (Bio-Tek Instruments, Winooski,
VT, USA) at 570 nm. Proliferation of DTIC-
treated cells was calculated as percentage of con-
trol cells.
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Results

Growth of Melanoma FEMX-1 Cells is
Inhibited After Exposure to DTIC
PI-stained cells were analyzed by flow cytome-

try to test whether exposure to DTIC inhibits cell
growth and induces apoptosis. As shown in Fig-
ure 1, apoptosis rates were very low in control
cells (0.3 ± 0.02%). In contrast, apoptosis rates of
melanoma FEMX-1 cells in cells exposed to low
or high-dose DTIC were markedly increased (re-
spectively, 14.7 ± 0.4% and 19.5 ± 0.8 %). Cells
exposed to both DTIC conditions showed signifi-
cantly (p < 0.05) higher rates of apoptosis; fur-
thermore, there was also a statistically significant
difference (p < 0.05) in apoptosis rates between
cells treated with low vs. high doses of DTIC.
The MTT test showed decreased viability of

melanoma FEMX-1 cells exposed to DTIC (Fig-
ure 2). Specifically, we observed low cytotoxicity
in control cells, and marked and dose-dependent
growth inhibition by DTIC (Figure 2).

DTIC Promotes Caspase-Dependent
Apoptosis in Melanoma FEMX-1 Cells
Subsequently, we tested for caspase activation

in cells treated with DTIC (Figure 3). We ob-
served that DTIC dose-dependently induced acti-
vation of both caspase 3 and 8 (Figure 3).

Expression of Apoptosis-related
Proteins After Treatment with DTIC
To further confirm cell apoptosis, we exam-

ined the expression of pro-apoptotic proteins
Bak, Bax and Bad, as well as cleavage of Bid to
BimEL, BimL, and BimS (Figure 4). Control
cells showed low levels of Bid cleavage. In con-
trast, Bid cleavage was enhanced by DTIC (Fig-
ure 4). Similarly, expression of other tested apop-
tosis-related proteins was markedly altered by
DTIC (Figure 4).
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lated using an image analysis software Fluor
Chen 2.0 (Fluor Corporation Irving, TX, USA)
and normalized to expression of β-actin.

Expression of miRNA-200
Total RNA extraction and reverse transcription

were performed as previously reported22 using cells
treated for 24, 48, or 72 hours. PCR reaction was as
follows: 15-sec denaturation step at 95° C and 1-
min annealing step at 60°C, repeated for 45 cycles.
PCR products were separated on a 2.5% agarose
gel and visualized with ethidium bromide. The gels
were imaged using a FluorImager 595 (LI-COR
Biosciences, Lincoln, NE, USA). Specificity of am-
plified product was identified by the dideoxy se-
quencing methods using Thermo Sequenase Cycle
Sequencing Kit, with a DSQ-1000L sequencer
(Shimazu Co., Shiga, Japan). Primer sequences
were as follows: miR-200a reverse primer GTCG-
TATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACACATCGT and forward
primer GGCCCGTAACACTGTCTGGTAA, miR-
200b reverse primer GTCGTATCCAGT-
GCAGGGTCCGAGGTATTCGCACTGGATAC-
GACTCATCAT and forward primer GCCGCTT-
TAATACTGCCTGGTA, miR-200c reverse primer
GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACTCCATCA and
forward primer GCCGATTTAATACTGCCGGGT,
and miR-141 reverse primer GTCGTATCCAGT-
GCAGGGTCCGAGGTATTCGCACTGGATAC-
GACCCATCTT and forward primer GCCGCTAA-
CACTGTCTGGTAAA.

Statistical Analysis
The SPSS 16.0 software (SPSS, Chicago, IL,

USA) was used for statistical analysis. Data were
presented as mean ± SD. Differences were tested
for significance using ANOVA and Dunnett’s
post-hoc tests. Differences at a p value of < 0.05
were considered statistically significant.

Figure 1. Apoptosis in FEMX-1 cells exposed to DTIC. Cells were exposed to 0 (control), 50 (low does) or 100 (high dose)
mg/ml DTIC, and stained with propidium iodide (PI). Apoptosis rates were higher in cells exposed to low or high dose DTIC.
Shown are representative flow cytometry images.
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Up-regulated Expression miRNA-200
Family is Associated with DTIC
Treatment
Expression of miRNA-200 family (miRNA-

200a, miRNA-200b, miRNA-200c, and miRNA-
141) was tested in control cells or cells exposed
to DTIC (respectively, 0, 50, or 100 mg/ml; Fig-
ure 5). All of the tested miRNA-200 family
members were significantly up-regulated by
DTIC (p < 0.05 vs. control cells; Figure 5).

Discussion

In this report, we tested whether DTIC was
effective in inhibiting melanoma FEMX-1 cells.
Our findings showed that both low dose of 50
mg/ml and high dose of 100 mg/ml of DTIC
suppress the growth of melanoma FEMX-1
cells. The effects of DTIC were dose-depen-
dent. Moreover, high dose DTIC up-regulated
expression of pro-apoptotic proteins and activat-
ed caspases in melanoma FEMX-1 cells. In ad-
dition, expression of the members of the miR-
NA-200 family was also up-regulated by treat-
ment with DTIC.
Melanoma is a tumour originating from

melanin cells of neural ectoderm23. The treatment
of melanoma is challenging because of aggres-
sive early metastasization24. Lesion resection is a
very effective intervention but is only applicable

in early stages of the disease25. DTIC has long
been used to treat metastatic melanoma and is
still the first line treatment for late-stage malig-
nant melanomas. DTIC can be used as a single
agent or in combination with other drugs7,9,24.
The mechanisms of anti-melanoma effects of
DTIC are still not fully understood. In our work,
DTIC showed a considerable and dose-depen-

Figure 2. Inhibition of FEMX-1 cells by DTIC treatment. Cells were exposed to 0 (control), 50 (low dose), or 100 (high
dose) mg/ml DTIC for 36 hours. Then, cells were analyzed by MTT test. Data are mean ± SD of 10 experiments. *p < 0.05 vs.
control group, #p < 0.05 vs. low dose DTIC.

Figure 3. Caspase activation in FEMX-1 cells after DTIC
treatment. Cells were exposed to 0 (control), 50 (low dose),
or 100 mg/ml (high dose) DTIC for 36 hours. The caspase-
Glo 3/8 assay from Promega was used to quantify caspase
activity. Data are mean ± SD of 3 experiments. *p < 0.05 vs.
control group, #p < 0.05 vs. low dose DTIC.
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dent antitumor effect in melanoma FEMX-1
cells, which involved induction of apoptosis.
miRNA are non-coding RNA and are impor-

tant regulators of gene expression26. It was re-
ported that miRNA-200 family is involved in
suppressing invasion and metastasis of melanoma
cells22. Moreover, expression of miRNA-200 lev-
els is associated with DTIC treatment in patients
with melanoma. In our study, we documented

that expression of miRNA-200 family members
is up-regulated by DTIC in a dose-dependent
manner. Thus, up-regulation of miRNA-200 ex-
pression may represent a pathway through which
DTIC induces apoptosis in melanoma FEMX-1
cells. At present, such therapies may be too ex-
pensive, but future drugs may more closely uti-
lize epigenetic regulation of cancer cell apoptosis
for melanoma treatment.

Figure 4. Western blot analysis of expression of apoptosis-regulating proteins in FEMX-1 cells after DTIC treatment. Cells
were exposed to 0 (control), 50 (low dose), or 100 mg/ml (high dose) DTIC for 36 hours. Expressions of Bak, Bax, Bad,
BimEL, BimL, and BimS were normalized to expression of β-actin (gel-loading control).

Figure 5. Expression of miRNA-200a, miRNA-200b, miRNA-200c, and miRNA-141 in FEMX-1 cells after DTIC treatment.
Cells were exposed to 0 (control), 50 (low dose), or 100 mg/ml (high dose) DTIC for 36 hours. Data are mean ± SEM of 12
experiments. *p < 0.05 vs. control group. #p < 0.05 vs. low dose DTIC.
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Conclusions

Treatment with DTIC inhibits the growth of
melanoma FEMX-1 cells, possibly by up-regu-
lating expression of miRNA-200.
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