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Malignant melanoma is a highly lethal disease, and advanced stages of melanoma have proven to be resistant
to many chemotherapeutic drugs including temozolomide and paclitaxel. Cancer stem cells (CSCs) have been
identified and isolated in different cancers including melanoma, and have been proven playing important role
in the drug resistance. Retinoic acid (RA) is a promising anticancer agent, which can induce differentiation
of CSCs. The main purpose of the present study was to evaluate the possible RA-induced differentiation of
melanoma CSCs and sensitization of melanoma CSCs to paclitaxel. Our results show that CSCs of human
melanoma A375 cells was more tolerant to paclitaxel than other non-CSCs melanoma cells. On the contrary,
RA had stronger inhibitory effect on melanoma CSCs than on non-CSCs. At the same time, RA could arrest the
cell cycle of CSCs and reduce the expression of Sox-2, Oct-4 in CSCs of melanoma, thereby induced the differ-
entiation of CSCs and increased its sensitivity to paclitaxel. With this study we concluded that RA increases the
anticancer effect of paclitaxel by inducing differentiation of cancer stem cells in melanoma, and the combined

application of RA and paclitaxel may be more effective in the treatment of melanoma.

1. Introduction

According to the World Health Organization, malignant melanoma
remains among the most aggressive human cancers, and its inci-
dence has increased dramatically over the last decades (Nikolaou
and Stratigos 2014; Garbe and Leiter 2009). Although significant
progress has been made in melanoma treatment, the prognosis for
melanoma remains very poor. Five-year survival rates of patients
with stage IV of less than 5% (Chi et al. 2011; Cummins et al.
2006) and resistance to many chemotherapeutic drugs including
temozolomide and paclitaxel is one of the primary reasons.
Multiple mechanisms contribute to the development of drug resis-
tance in melanoma (Helmbach et al. 2001; La Porta 2007). Cancer
stem cells (CSCs) in advanced stage of melanoma are one of the
main reasons for the drug resistance. CSCs are a subset of cancer
cells which have the ability of self-renewal and multi-lineage
differentiation (stemness) (Lee et al. 2011). Higher expression of
intracellular and extracellular drug transport system and stronger
ability to proliferation, anti-apoptotic and repair damage to DNA
of CSCs make them more tolerant to chemotherapic drugs than
other cancer cells which is non-CSCs (Colak and Medema 2014,
Fang et al. 2005).

Retinoic acid (RA) is a small lipophilic molecule, which is derived
from vitamin A and involved in regulating many developmental
processes (Marlétaz 2006). In cancer treatment, RA has been
proven to induce differentiation of cancer stem cells, reduce the
proliferation and migration ability of CSCs, and increase the sensi-
tivity of CSCs to chemotherapeutic drugs (Ginestier et al. 2009;
Lim et al.2012). However, RA has poor inhibitor effect on cancer
cells of non CSCs (Kraemer et al. 1988).

So far, there were only few studies on inducing differentiation of
melanoma CSCs to reduce their drug resistance by RA. To provide
evidence for the clinical combined application of RA and pacli-
taxel in melanoma treatment, the CSCs of human melanoma cells
were sorted, then the effect of RA and paclitaxel was assessed and
the underlying molecular mechanisms were explored.
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2. Investigations and results

2.1. Sorting of melanoma cancer stem cells (SP cells)

Side population cells (SP cells) are a small number of cells, which
have stem cell-like properties and are capable of self-renewal and
differentiation. Therefore, sorted SP cells were often used as the
cancer stem cells (Li et al. 2011). The melanoma cancer stem cells
were sorted from A375 cells and by the FACSDiva. The results
showed that the percentage of cancer stem cells (SP cells) was
2.27+0.2 % (Fig. 1). The SP cells and Non-SP cells were sorted
and used for the next experiments.
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Fig. 1: Sorting of the cancer stem cells (side population cells, shown by SP cells) in
human melanoma cancer cell lines. Cells were stained with Hoechst 33342
dye, and SP cells are shown in the lower left gated area. The percentage of SP
cells was 1m27+0.2%.
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Fig. 2: Effects of RA and Paclitaxel on the A375 SP cells and
the Non-SP cells. The SP and Non-SP cells were sorted
from A375 cells. Serial dilutions of RA and paclitaxel
were added, the MTT assay was performed at the end
of incubation. a) RA produced stronger inhibitory ef-
fects in the SP cells than in the Non-SP cells. b) The
SP cells were more tolerant to Paclitaxel than Non-SP
cells. **¥P<0.01.

2.2. Inhibitory effect on melanoma CSCs and Non-
CSCs

For evaluating the different inhibitory effect of RA and paclitaxel
on melanoma CSCs and non-CSCs, the two kinds of cells were
sorted and treated with various concentrations of RA and pacli-
taxel. The results show that RA produced stronger inhibitory
effects in the SP cells than in the non-SP cells (Fig. 2a). In contrast,
paclitaxel was more capable of inhibiting Non-SP cells than SP
cells (Fig. 2b). The results indicated that the CSCs were more
tolerant to paclitaxel than non-CSCs.

2.3. Inhibitory effect on cell cycle of melanoma CSCs

To analyze the effect of RA on melanoma CSCs cell cycle, the SP
cells were treated with RA (20 uM) for 24 h, Non-SP cells were
used as positive control, and then the cell cycle distributions of SP

cells, non-SP cells , and SP cells treated with RA were analyzed by
FCM. As shown in Fig. 3, compared with Non-SP cells, fewer cells
of SP cells were in the GO/G1 phase, while more cells were in the
G2 phase. This indicated that the SP cells were more active than
non-SP cells in division and proliferation. After treated by RA, the
G2 phase ratio of SP cells were decreased, while the GO/G1 phase
ratio were increased, which was closed to non-SP cells. The result
suggested that the SP cells were arrested at GO/G1 phases, the
division and proliferation of which was inhibited.

2.4. Effect on differentiation of melanoma CSCs

Oct4 and Sox2 are involved in the regulation of differentiation
and proliferation of stem cells (Tay et al. 2008; Ben-Porath et al.
2008). When the two are overexpressed, stem cells are overgrown
and poorly differentiated. Downregulation of their expression can
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Fig. 3: Inhibitory effect on cell cycle of melanoma CSCs. More
cells of SP cells were in G2 phase than Non-SP cells,
while lesser cells were in GO/G1 phase. RA induced
4 : 4 differentiation of SP cells, arrested the SP cells at GO/
G0/G1 S G2 G1 phase, and inhibited its division and proliferation.

*P<0.05;**P<0.01.
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Fig. 4: Effect of RA on differentiation of melanoma CSCs. The
0.2 L SP cells had higher expression level of Oct-4 and Sox-2
0 | than that of Non-SP cells. After treated by RA, the ex-
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inhibit stem cell proliferation and induce stem cell differentiation.
The results showed that the expression of Oct-4 and Sox-2 were
higher than that of non-SP cells. After treated by RA, the expression
of Oct-4 and Sox-2 of SP cells was significantly decreased (Fig. 4).
This indicated that RA induced differentiation of the SP cells.

2.5. Effect on sensitivity of CSCs to paclitaxel

To analyze the effect of RA on the sensitivity of CSCs to pacl-
itaxel, the SP cells were pretreated with RA (5 uM) for 48 h,
then paclitaxel (5, 10 nM) was added and cells were cultured for
another 24 h. The results showed that the SP cells pretreated with
RA were more sensitive to paclitaxel than that not pretreated with
RA (Fig. 5). This indicated that RA could increase the sensitivity
of melanoma CSCs to paclitaxel.

3. Discussion

Cancer stem cells (CSCs) are a subpopulation of cancer cells with
stem cell characteristics of self-renewal and multiple differentiation,
which govern cancer progression, angiogenesis and metastasis,
and might be the main cause of cancer progression (Bonnet and
Dick 1997). Malignant melanoma is a highly aggressive and drug
resistant cancer (Chin et al. 2006). Although several groups have
shown the presence and involvement of CSCs in melanoma and the
concept of CSCs is well accepted for many cancers (Civenni et al.
2011; Luo et al. 2012; Frank et al. 2011), the isolation and iden-
tification of CSCs in melanoma are still controversial due to the
uncertainty of melanoma CSCs markers. However, an increasing
number of studies proved that side population (SP) cells isolated
from cancer cell lines were capable of mimicking the cancer stem
cell model (Lopez de Cicco et al. 2005). The SP cells express high
levels of various members of ATP-binding cassette (ABC) trans-
porters which are responsible for chemotherapeutic resistance, and
exclude Hoechst 33342 dye, thus being able to be used for sorting
cancer stem cells via flow cytometry (Hirschmann-Jax et al. 2004).
In our study, SP cells were sorted from melanoma A375cell line
based on the same rationale. Cancer stem cells are closely related
to chemotherapy tolerance of cancers (Todaro et al. 2007; Bao et
al. 2006). Conventional anticancer treatments eradicate the bulk
of tumor mass but are ineffective for CSCs and hence, this could
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be a reason for tumor reoccurrence and progression. In our study,
the results also confirmed that the CSCs (SP cells) of melanoma
were more capable of proliferation and resistant to paclitaxel than
non-CSCs (non-SP cells).

Retinoic acid (RA) is a small lipophilic molecule, which is derived
from vitamin A (or retinol) and is involved in regulating many
developmental processes. Retinoic acid is a promising anticancer
agent, and the anticancer activity was first discovered in the treat-
ment of acute promyelocytic leukemia (APL), which has been
confirmed in various tumor types at present (Redne et al. 1996;
Haugen et al. 2004; di Masi et al. 2015). RA can induce CSCs
differentiation, reduce the proliferation and migration of CSCs,
and increase the sensitivity of CSCs to chemotherapeutic drugs
(Ginestier et al. 2009). However, RA has a poor inhibitory effect
on non-CSCs, and the capacity of inducing these cancer cells
apoptosis is poor when used alone, which limits its clinical use
(Kraemer et al. 1988). The results of our experiments also show
that RA produced stronger inhibitory effects in the SP cells than
in the non-SP cells of melanoma. Besides, RA could arrest the cell
cycle of melanoma SP cells at GO/G1 phases, and downregulate
the expression of Oct-4 and Sox-2. Oct4 and Sox2 transcription
factors are important factors for the maintenance of stem cell char-
acteristics, which plays an important role in the hyperproliferation
and differentiation of cancer stem cells, and are considered as stem
cell markers (Hochedlinger et al. 2005; Thomson et al. 2011).
Overexpression of Oct-4 and Sox-2 can enhance the proliferation
of CSCs, and inhibit the differentiation of CSCs, while inhibiting
the expression of Oct-4 and Sox-2 can induce the differentiation
of CSCs. These results indicate that after treatment with RA,
the CSCs of melanoma were induced to differentiate. And when
treated with RA before, the sensitivity of CSCs to paclitaxel was
also increased, which suggests that a combination of RA and pacl-
itaxel could improve efficacy of melanoma treatment.

4. Experimental

4.1. Materials

All-trans-retinoic acid (ATRA), Hoechst 33342, and paclitaxel were obtained from
Sigma-  Aldrich.  3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
(MTT), dimethyl sulfoxide (DMSO) were purchased from Aladdin.
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4.2. Cell cultures

Human melanoma cell line A375 and was acquired from ATCC. Cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% Newborn
calf serum (GIBCO), 100 U/ml penicillin and 100 mg/ml streptomycin.

4.3.  Sorting of cancer stem cells (SP cells)

Hoechst 33342 dual wavelength fluorescence analysis had been proven to be a tool
in the purification and characterization of adult tissue stem cells, and the Hoechst
unstained cells were described as the side population (SP) cells, namely, the stem cells
(Challen and Little 2006). A375 cells were harvested and pre-warmed at 37 °C for 10
min, then were labeled with Hoechst 33342 at a concentration of 5 ug/ml in the same
medium at 37 °C for 90 min (Hirschmann-Jax et al. 2004). Furthermore, the CSCs of
A375 cells (SP cells) analysis and sorting were performed on a FACSDiva (Becton
Dickinson, San Jose, CA, USA) by using a dual wavelength analysis (blue, 420-470
nm; red, 660-680 nm).

4.4. Proliferation inhibition assay

To evaluate the effect on the melanoma cancer stem cells of RA and paclitaxel, SP
and non-SP cells were sorted from A375 cells, and seeded into 96-well culture plates
at 3000 cells/well, respectively, and grown at 37 °C in the presence of 5 % CO, for 24
h. For SP cells DMEM medium containing 2% newborn calf serum was used, while
for the non-SP cells DMEM medium containing 10% newborn calf serum was used.
Then the culture medium was replaced with 150 uL. of DMEM medium containing
RA or paclitaxel at different doses for another 24 h. The final concentration of RA
and paclitaxel was in the range of 0-80 uM and 0-40 nM, respectively. Then, 20 uL of
5 mg/ml work concentration of MTT solution was added to every cell well. The cells
were further incubated for 4 h. Finally, 150 uL of DMSO was replaced for the medium
of each well to dissolve formazan crystals, and then the absorbance was obtained at
a test wavelength of 490 nm. The inhibitory rates were calculated by the following
formula: inhibitory rate% = 100% — (absorbance of the experiment samples/absor-
bance of the control)x100%.

4.5. Effect on cell cycle of melanoma CSCs

The CSCs (SP cells) were sorted form A375 cells and were seeded in 6 well plates
(2*#10°) ,using DMEM medium containing 2% newborn calf serum for 24 h. To
analyze cell cycle distribution, the SP cells were treated with RA at dose of 20 uM for
24 h. Then, the cells were incubated with 0.3 mL of a solution containing 50 mg/mL
propidium iodide (PI) for 30 min in the dark and analyzed by FCM (BD Biosciences).

4.6. Effect on differentiation of melanoma CSCs

The CSCs (SP cells) were sorted form A375 cells and were seeded in 6 well plates
(2#10°), using DMEM medium containing 2% newborn calf serum for 24 h. Then
culture medium was replaced with serum-free DMEM medium containing the same
dose of RA (20 uM) for another 6 h. The cells were continued to be cultured for 48
h using DMEM medium containing 2% newborn calf serum, and then the cells were
harvested. The RNA was extracted according to the RNA extraction kit, and the RNA
concentration was detected by NanoDrop 1000 spectrophotometer. Then RNA was
transcribed to cDNA according to the PrimerScript RT Reagent Kit instructions, and
Real-time PCR was used to detect the expression changes of Oct-4 , Sox2, Vimentin,
and PDL-1.

4.7.  Effect on sensitivity of CSCs to paclitaxel

The CSCs (SP cells) and non-CSCs (non-SP cells) were sorted and seeded in 96 well
plates (5*10°) cultured for 24 h in an incubator (37 °C, 5 % CO,). For SP cells DMEM
medium containing 2% newborn calf serum was sued for 24 h, and for the non-SP
cells DMEM medium containing 10% newborn calf serum was used. To detect the
sensitivity of SP cells and non SP cells to paclitaxel, the SP cells and the non-SP
cells were continued to be cultured for 24 h with paclitaxel (5, 10 nM). Then, cell
viability was determined by MTT. To detect the effect of RA on sensitivity of SP cells
to paclitaxel, the SP cells were cultured with RA (5 uM) for 48 h, then paclitaxel (5,
10 nM) was added and cells were cultured for another 24 h. Then, inhibitory rates
were determined by MTT.

4.8. Statistics

Results were represented as the meanzstandard deviation (SD). The statistical
comparisons were made by 2-tailed Student’s T test. Statistically significant p values
were labeled as follows: *p < 0.05; **p < 0.01; ***p < 0.001.
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