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The chemotherapeutical treatment is very limited for malignant melanoma, a highly lethal disease occurs globally. Natural
products derived from traditional Chinese medicine licorice are attractive in quest new treatments due to their anti-tumor
activities. A new dietary flavonoid isoliquiritigenin (ISL) were thus investigated to indentify its anti-melanoma activities on mouse
melanoma B16F0 cells in present study. Using biochemical and free radical biological experiments in vitro, we identified the prodiﬀerentiated profiles of ISL and evaluated the role of reactive oxygen species (ROS) during B16F0 cell diﬀerentiation. The data
showed a strong dose-response relationship between ISL exposure and the characteristics of B16F0 diﬀerentiation in terms of morphology changes and melanogenesis. The accumulated intercellular ROS during exposure are necessary to support ISL-induced
diﬀerentiation, which was proven by additional redox modulators. It was confirmed further by the relative activities of enzymes
and genes modulated melanogenesis in ISL-treatments with or without ROS modulators. The tumorigenicity of ISL-treated cells
was limited significantly by using the colony formation assay in vitro and an animal model assay in vivo respectively. Our research
demonstrated that isoliquiritigenin is a diﬀerentiation-inducing agent, and its mechanisms involve ROS accumulation facilitating
melanogenesis.

1. Introduction
Melanoma is the most aggressive form of skin cancer [1].
The mouse melanoma cell line, B16, which is isolated from
C57BL/6 mice, is often used as a cellular diﬀerentiation
model. The upregulation of melanin biosynthesis and induction of dendrite outgrowths are the typical diﬀerentiation characteristics in melanoma cells. Some studies
demonstrated the diﬀerentiation of B16 cells into mature
melanocyte-like cells by induction through α-melanocytestimulating hormone [2], signal transduction pathway
inhibitors [3, 4], mannosylerythritol lipid [5], and retinoic
acid treatments [6]. The diﬀerentiation of melanoma cells
into a terminal diﬀerentiation stage will be an eﬀective
strategy in preventing death caused by melanoma.

Reactive oxygen species (ROS) play a crucial role in
cellular diﬀerentiation [7]. ROS are toxic to cells at high
concentrations but act as intracellular second messengers
at sublethal concentrations, leading to the transcriptional
activation of various genes, including cell proliferation and
diﬀerentiation. The (reduction-oxidation) redox status also
plays an important role in regulating cellular diﬀerentiation
[8]. Some evidence on the eﬀective roles of oxidants or antioxidants as chemotherapeutic agents has been established
[9, 10].
Isoliquiritigenin (ISL), a dietary flavonoid in licorice,
exhibits a variety of biological activities, including antioxidant, anti-inflammatory, chemopreventive, and antitumor activities [11–14]. ISL inhibits cell proliferation and
induces HeLa cell apoptosis by increasing intracellular ROS

2
levels [15]. It also induces cellular diﬀerentiation and
decreases ROS levels in HL-60 cells [16]. However, the role of
ROS in ISL-induced cellular diﬀerentiation has not yet been
fully understood.
This study aims to investigate the eﬀects of ISL on the
proliferation and diﬀerentiation of B16F0 cells. The role of
ROS formation was also explored during ISL-induced diﬀerentiation in B16F0 cells. In addition, the prooxidative aspects
of antioxidants were highlighted to provide theoretical basis
for clinical treatment.

2. Methods
2.1. Reagents. Isoliquiritigenin (ISL, purity ≥ 98%) was
purchased from Jiangxi Herb Tiangong Technology Co., Ltd.
(Jiangxi, China). Culture medium (RPMI 1640), 2,7-dichlorodihydro-fluorescein diacetate (DCFH-DA), dimethyl
sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide (MTT), Levodopa (L-DOPA),
Phenylmethanesulfonyl fluoride (PMSF), N-acetyl-Lcysteine (NAC), and L-buthionine-(S,R) sulfoximine (BSO)
were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Fetal bovine serum (FBS) was purchased from
Tianjin Hao Yang Biological Manufacture CO., Ltd. (Tianjin,
China). Bradford protein quantitative kit and RNA extraction kit were purchased from Shanghai Sangong CO., Ltd.,
(Shanghai, China). First Strand cdna Synthesis Kit and cDNA
amplification Kit were purchased from Formentas CO., Ltd.,
(Vilnius, Lithuania). Penicillin and streptomycin were
obtained from Shandong Sunrise Pharmaceutical Co., Ltd.
(Zibo, China). All other chemicals are of analytical grade
and commercially available.

2.2. Cell Line and Cell Culture. B16F0 cells were purchased
from China Center for Type Culture Collection (CCTCC,
Wuhan, China). The cells were maintained in RPMI 1640
medium supplemented with 10% fetal bovine serum, and
100 U/mL penicillin, 100 μg/mL streptomycin at 37◦ C with
5% CO2 . The cells were split every 2 day and were diluted 1
day before each experiment.

2.3. Cell Viability Assay. Cell viability was measured using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay [17]. Cells were briefly trypsinized,
seeded into 96-well plates at 4 × 103 cells/well, and proincubated for 24 h before treatment. Thereafter, the cells were
exposed to diﬀerent ISL concentrations as indicated in
Figure 1(a) for 24 h or 48 h. The medium was after incubation, and fresh medium containing 10 μL of 5 mg/mL
MTT was added. The medium was removed after 4 h and
replaced with blue formazan crystal dissolved in 100 μL
dimethyl sulfoxide. Absorbance at 570 nm was measured
using a microplate reader (Thermo Varioskan Flash 3001,
USA). The cell inhibition rate was calculated as 100% ×
(control group A values − experimental group A values)/
control group A values.
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2.4. Analysis of Morphological Changes. Morphological
changes in B16F0 cells were observed under a phase contrast microscope equipped with a digital camera after 48 h
incubation with diﬀerent ISL concentrations as indicated in
Figure 1(b) (Axio Observer, Zeiss, Germany). Digital images
were obtained during observation under an inverted microscope at a 400x magnification. The raw accumulation of
melanin by ISL treatment was recorded via transmission
optical images at 200x magnification (Figure 2(a)).
2.5. Colony Formation Assay. B16F0 cells treated with or
without ISL were seeded at low density (100 cells/well) in
individual wells of a standard 6-well plate and grown for
10 days in Roswell Park Memorial Institute 1640 medium.
Colonies were visualized by crystal violet staining and were
counted. Digital images of the 6-well plate were taken,
and colony formation eﬃciency was calculated. Colony
formation eﬃciency % = number of colonies/number of
seeded cells [18].
2.6. Melanin Content Assessment. Extracellular and intracellular melanin contents were measured according to the
method described previously [19]. After incubation with ISL
as indicated, concentration in Figure 1(c) for 48 h, B16F0
cells and the supernatant were collected separately. One
milliliter each of 0.4 mol/L 2-[4-(2-hydroxyethyl) piperazin1-yl] ethanesulfonic acid buﬀer (pH 6.8) and EtOH (9 : 1,
v/v) was added to 1 mL medium. The optical density was
measured at 405 nm to quantify extracellular melanin using a
calibration curve obtained from synthetic melanin solution.
Cells were collected by trypsinization, pelleted, washed twice
with phosphate-buﬀered saline (PBS), and digested in 1 mL
of 1 N NaOH solution at 80◦ C for 1 h in capped tubes. The
intracellular melanin was measured as described above.
2.7. Tyrosinase (TYR) Activity Assay. TYR activity was
assayed by measuring the L-3,4-dihydroxyphenylalanine (LDOPA) oxidase activity using a previously described method
[20]. B16F0 cells, treated by ISL as indicated concentrations
and durations in Figure 2(b), were washed twice with icecold
PBS, lysed with 50 mM sodium phosphate buﬀer (pH 6.8)
containing 1% Triton X-100 and phenylmethylsulfonyl fluoride (0.1 mM), and frozen at −80◦ C for 30 min. TYR activity
was then analyzed spectrophotometrically. The dopachrome
concentration in the reaction mixture was measured at
475 nm (Thermo Varioskan Flash 3001, USA). The reaction
mixture containing 140 μL freshly prepared substrate solution (0.1% L-DOPA in 0.1 M sodium phosphate, pH 6.0) and
70 μL enzyme solution was incubated at 37◦ C. The change
in absorbance was measured for the first 2 h of the reaction
(i.e., during the linear increase in absorbance). Corrections
were made for the autooxidation of L-DOPA in the control.
The tyrosinase (TYR) activity was normalized against the
protein content of the samples, which was determined using
a commercial Bradford assay kit (Sangong Co., Shanghai,
China).
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Figure 1: (a) Eﬀects of ISL on proliferation of B16F0 cells. Cell inhibition rate was determined by MTT assay. Treatment of B16F0 cells
by ISL (0, 5, 10, 15, 20, and 25 μg/mL) for 24 h or 48 h was resulted in a significant concentration and time-dependent inhibition on cell
viabilities. The data represent the means ± SD from nine samples of three independent experiments. (b) Phase-contrast micrographs (400x)
show the morphology changes of B16F0 cells treated by ISL (0, 5, 10, and 15 μg/mL) for 48 h. (c) The extracellular melanin contents in
ISL-treated B16F0 cells for 48 h. ∗ P < 0.05 versus control (0 μg/mL). (d) The intracellular melanin contents in ISL-treated B16F0 cells for
48 h. ∗ P < 0.05, ∗∗ P < 0.01 versus control.

2.8. Evaluation of TYR, Trp1, and Trp2 Gene Expressions. The
total cellular RNA was isolated using a commercial kit (Sangong Co., Shanghai, China). RNA quality was tested using
the A260/A280 ratio and 1.5% agarose gel electrophoresis.
cDNA synthesis was performed using Moloney murine
leukemia virus reverse transcriptase with a First Strand cdna
Synthesis Kit (Formentas, Vilnius, Lithuania). The cDNA
synthesis system was performed according to the manufacturer’s instructions. The synthesized cDNA was amplified by Olig(dT)18 via according to the instructions of a
PCR Amplification Kit (Formentas, Vilnius, Lithuania). The

cDNA was also used for reverse transcription (RT) PCR
using TYR and TYR-related proteins and TRP-1 and TRP-2,
[21]. The PCR primers’ (synthesized by Sangon Co.) and
their cycling conditions were set as indicated (Table 1). The
reaction conditions were established by 12.5 μL 2 × PCR
Master (Sangong Co., Shanghai, China), 3 μL cDNA template, and 0.5 μL each primers. The RT-PCR products were
quantified by measuring each band intensity using GelPro
analysis software. The results were expressed as the ratio of
the intensity of each band to the intensity of the GADPH
band.
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Table 1: Primer sequences used.

Gene
TYR
TRP-1
TRP-2
GAPDH

Primer
(+) 5 -GGCCAG CTT TCA GGC AGA GGT-3
(−) 5 -TGG TGC TTC ATG GGC AAA ATC-3
(+) 5 -GCT GCA GGA GCC TTC TTT CTC-3
(−) 5 -AAG ACG CTG CAC TGC TGG TCT-3
(+) 5 -GGA TGA CCG TGA GCAATG GCC-3
(−) 5 -CGG TTG TGA CCAATG GGT GCC-3
(+) 5 -CAA GGT CAT CCA TGA CAA CTT-3
(−) 5 -GTC CAC CAC CCT GTT GCT GTA-3
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Figure 2: (a) Cells showed the increases of melanin after being treated by 15 μg/mL ISL for 48 h in transmission optical images (200x). (b)
Eﬀects of ISL on tyrosinase activities in B16F0 cells, ∗ P < 0.05, ∗∗ P < 0.01 versus control (0 μg/mL). (c) Agarose gel (1.5%) electrophoresis of
RT-PCR products showed the eﬀects of ISL on mRNA expression of tyrosinase, TRP-1, and TRP-2 against GADPH. (d) The quantified RTPCR results in ISL treatments via relative gene expression ratios to GAPDH. Bars represent means ± SD of three independent experiments;
∗
P < 0.05, ∗∗ P < 0.01 versus control.
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2.9. Tumorigenicity Experiments. Male C57BL/6 mice (6
weeks to 8 weeks old and weighs 18 g to 22 g) were obtained
from the Xinjiang Medical University Laboratory Animal
Center (Urumqi, Xinjiang). After B16F0 melanoma cells
were treated with 15 μg/mL ISL for 48 h, 1 × 106 viable
B16F0 cells in 200 μL culture medium were inoculated s.c.
to mice. Mice were sacrificed by cervical dislocation 10 days
after ISL-treated B16F0 cells were administered by injection.
At the end of the experiment, mice were sacrificed according
to the institutional guidelines for animal welfare. The tumors
were then isolated and weighed, and images were taken.
The tumor inhibition rate was calculated as follows. Tumor
inhibition rate (%) = (the weight of untreated B16F0
tumors formed − the weight of ISL-treated B16F0 tumors
formed)/the weight of untreated B16F0 tumors formed ×
100% [22].

melanogenesis were concentration dependent. The extracellular melanin increased from 13.699 μg/106 cells to
19.567 μg/106 cells when melanoma cells were incubated for
48 h in ISL-containing medium. The 5 μg/mL and 10 μg/mL
ISL treatments slightly increased the extracellular melanin
content. However, no significant diﬀerence was found compared with that of the control (Figure 1(c)). However, the
intracellular melanin content increased significantly by about
twofold than that of the control after 48 h incubation with
15 μg/mL ISL (Figure 1(d)).
The promotion of melanin production is evident in
images shown in Figure 2(a). The number of melanin pellet
increased under ISL treatment. Furthermore, the morphologies of ISL-treated B16F0 cells exhibited epithelial-like
structures.

2.10. ROS Detection. ROS were detected as previously
described [23]. Cells (4 × 103 cells/well) were seeded in a 96well plate and incubated for 24 h at 37◦ C. The appropriate
drug concentrations were added in quadruplicate after
incubation. The cells were then incubated further for 2 h.
2,7-Dichlorodihydrofluorescein diacetate (DCFH-DA) was
then added at a final concentration of 30 μM and incubated
for 40 min. Fluorescence was read at 485 nm excitation and
535 nm emission using a fluorescence plate reader (Thermo
Varioskan Flash 3001, USA). The ISL-induced ROS accumulation in cell was also recorded by using a fluorescence microscope (Axio Observer, Zeiss, Germany) at a 400x magnification. Each treatment group obtained more than 10,000
individual cells.

3.4. ISL Increases TYR Activity. TYR activity increased significantly after 48 h treatment with 15 μg/mL ISL compared
with that of the control (Figure 2(b)). The maximum
enhancement in TYR activity was observed after 48 h
treatment with 15 μg/mL ISL (14.1 units/mg protein in the
control, 25.2 units/mg protein in the treated group, P <
0.01).

3. Results
3.1. ISL Inhibits the Proliferation of B16F0 Cells. The eﬀects
of ISL on cell proliferation were determined using MTT assay
after 24 h or 48 h exposure. A significant concentration- and
time-dependent reduction in cell proliferation were observed
(Figure 1(a)). The cell inhibition rate ranged from 18% to
79% and 35% to 91% after 24 and 48 h of ISL treatment (5,
10, 15, 20, and 25 μg/mL), respectively.
3.2. ISL Induces Dendrite Morphological Changes in B16F0
Cells. The images in Figure 1(b) show a concentrationdependent decrease in cellular density in the ISL-treated
group. Moreover, a clear morphological change was observed
in ISL-treated cells. The ISL treatment induced the formation
of dendrite-like projections that produced star-shaped cells
compared with the rounded morphology of the untreated
cells. These eﬀects were more evident with increasing ISL
concentration.
3.3. ISL Stimulates Melanin Biosynthesis. The melanin contents of the cells in each treatment were measured to investigate the depigmentation activity of ISL on B16 cells. The
extracellular (Figure 1(c)) and intracellular (Figure 1(d))
melanin contents of B16F0 cells increased considerably
after 15 μg/mL ISL stimulation. In addition, ISL-stimulated

3.5. Eﬀects of ISL on the mRNA Expression of Melanin-Biosynthetic Genes. The mRNA levels of melanogenesis-related
proteins including TYR, TRP-1, and TRP-2 in B16F0 cells
were determined after ISL exposure to clarify further the TYR
activation mechanism induced by ISL (Figure 2(c)). The
mRNA expression of TYR increased in the 10 μg/mL (P <
0.05) and 15 μg/mL (P < 0.01, resp.) ISL group as shown
in Figure 2(d). However, TRP-1 and TRP-2 expressions in
all the treated groups showed a slight decrease but were not
significantly diﬀerent (P > 0.05).
3.6. ISL Inhibits Colony Formation. The colony-forming
eﬃciency of B16F0 cells was examined after 15 μg/mL ISL
treatment. Photographs of 6-well plate from a representative
experiment are shown in Figure 3(a). Untreated B16F0 cells
generated a relatively higher mean number of tumor spheres
when plated at a density of 100 cells/well than the 15 μg/mL
ISL-treated group (Figure 3(b)).
The biggest or smallest colonies were revealed in photographs taken using an inverted microscope at 200x magnification (Figure 3(c)). An evident change in the colony formation of ISL-treated B16F0 cells was observed. The cells in the
treated group were much smaller than the untreated B16F0
cells regardless of having the biggest or smallest colony.
Furthermore, many cells could not form a colony after 15 μg/
mL ISL treatment.
3.7. ISL Pretreatment Reduces Tumorigenicity of B16F0 Cells
In Vivo. No significant diﬀerences in tumor volumes were
observed among the tumor-burdened and blank vector. The
mean tumor diameters and weights in the ISL-treated group
were significantly smaller than those in the blank vector

6

Oxidative Medicine and Cellular Longevity
45

Control

ISL
15 µg/mL

Colony formation eﬃciency (%)

40
35
30
25
∗∗

20
15
10
5
0

Control

ISL

(a)

(b)

Control (max)

Control (min)

ISL (max)

ISL (min)
Control

ISL
(c)

(d)

Figure 3: (a) The colony formation assay was visualized and evaluated by crystal violet-stained colonies, which showed a significant
diﬀerence on colony formation between ISL treatment and control. (b) Bar graph showed the diﬀerences of colony formation between
15 μg/mL ISL-treated and control groups. Data were presented as mean ± SD for three independent experiments, ∗∗ P < 0.01 versus control
(0 μg/mL). (c) Eﬀects of 15 μg/mL ISL on the biggest (MAX) and smallest (MIN) colony formation of B16F0 cells (×200). (d) The eﬀect of
ISL pretreatment on the formation of tumor in C57BL/6 mice. B16F0 melanoma cells were treated with 15 μg/mL ISL for 48 h prior to s.c.
administration. The diameter and size of tumor were also calculated to represent the inhibition of tumor by ISL.

group (P < 0.01). The tumor inhibition rate of the ISLtreated group was 29.6% compared with the blank vector
group (Figure 3(d)).
3.8. ISL Increases Intracellular ROS Formation. The fluorescent probe DCFH-DA was used to measure the eﬀects
of ISL on the intracellular ROS levels in B16F0 cells. ISL
treatment significantly increased intracellular ROS levels in
B16F0 cells in a concentration-dependent manner, as shown
in Figure 4(a). A significant diﬀerence was observed between

both the 10 μg/mL (P < 0.05) and 15 μg/mL (P < 0.01)
ISL-treated groups and the control group. The 15 μg/mL
ISL-treated group increased about twofold than that of
the control group. Fluorescence intensity after incubation
with ISL (15 μg/mL for 48 h) was remarkably higher compared with the basal level in the untreated control group
(Figure 4(a)). DCFH-DA staining clearly illustrated the
presence of identical cell populations in all cases. Thus,
the ISL-mediated promotion of fluorescence intensity was
evident.
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Figure 4: (a) Eﬀects of ISL on intracellular ROS level in B16F0 cells data represent three separate experiments, ∗ P < 0.05, and ∗∗ P < 0.01
compared with control group (0 μg/mL). Photo of DCF fluorescence in cell was also taken at a 400x magnification parallel to ISL-treatment.
(b) Phase-contrast micrographs of B16F0 cells showed the morphology changes and melanin pellet (×400) after treated by 15 μg/mL ISL
alone or combined with 200 μM NAC/BSO pretreatment. (c) Eﬀects of 200 μM NAC/BSO pretreatment with or without 15 μg/mL ISL
treatment on extracellular melanin levels in B16F0 cells. (d) Eﬀects of 200 μM NAC/BSO pretreatment with or without 15 μg/mL ISL
treatment on intracellular melanin levels in B16F0 cells.

3.9. Role of ROS in the ISL-Induced Dendrite Morphological
Changes of B16F0 Cells. Given that increasing intracellular
ROS level was related to ISL-induced cellular diﬀerentiation, cellular redox state modulators were added to determine the interferential eﬀects of ROS against ISL-induced
diﬀerentiation. ROS production was inhibited with a pretreated antioxidant N-acetyl-cysteine (NAC, 200 μM), a
precursor of cysteine, and was promoted with a pretreated
prooxidant L-buthionine-(S,R) sulfoximine (BSO, 200 μM),
a glutathione (GSH) synthesis enzymatic inhibitor. All these
redox modulators’ pretreatments were taken for 2 h prior to
ISL treatments, which is acceptable for both reagent cause no
significant eﬀect on basal levels of cell growth.
Two redox status modulators were employed to detect
the eﬀects of ROS formation on ISL-induced morphological
changes and to understand the role of ROS in ISL-induced
cellular diﬀerentiation. Notably, no significant eﬀects on the
morphology were observed in B16F0 cells under treatment
with NAC and BSO alone. However, ISL-induced dendrite
morphological changes were alleviated with the pretreatment
of NAC but were enhanced by pretreatment with BSO.
An increase in the melanin pellet could also be observed
(Figure 4(b)).
3.10. Eﬀects of ROS on Melanin Production in ISL-Treated
B16F0 Cells. ROS formation may be related to extracellular
melanin secretion and intracellular melanin synthesis. The
eﬀects of NAC or BSO on melanin production during
the ISL-induced cellular diﬀerentiation of B16F0 cells were
investigated to verify this possibility. The results presented in
Figures 4(c) and 4(d) show that extracellular and intracellular melanin levels under ISL treatment were upregulated with

the pretreatment of BSO but depleted with the pretreatment
of NAC.
3.11. Eﬀects of ROS on the mRNA Expression of Melanin
Biosynthetic Genes in ISL-Treated B16F0 Cells. NAC or BSO
was used to accommodate the redox state to clarify the eﬀects
of ROS formation on melanin biosynthetic gene expression
in ISL-treated B16F0 cells. The eﬀects of NAC or BSO
treatment alone on TYR, TRP-1, and TRP-2 mRNA content
showed no significant diﬀerences compared with the control
(data not shown). However, the expression of TYR mRNA
was decreased in NAC pretreated plus ISL-treated groups but
increased in BSO pretreated- plus ISL treated-groups compared with that of the ISL-treated only group (∗ P < 0.05).
TRP-1 mRNA expression was upregulated by pretreatment
with NAC or BSO (∗ P < 0.05), whereas TRP-2 mRNA
expression decreased slightly in the BSO pretreated- and
ISL-treated groups. However, no significant diﬀerence was
observed (P > 0.05) (Figures 5(a) and 5(b)).

4. Discussion
Continuous division and constant multiplication are essential characteristics of a malignant tumor. Therefore, the
inhibitory eﬀects of multiplication and tumorigenicities in
vitro or in vivo are a significant appraisal of induced diﬀerentiation. Morphological changes with dendrite outgrowth
and melanogenesis are considered specific diﬀerentiation
markers for B16F0 cells [24]. TYR activity and melanin
content are well-known molecular markers of melanoma
cellular diﬀerentiation [25, 26]. TYR is very important in
controlling melanogenesis. Melanin content is correlated
with TYR activity but not with the protein level [27].

Oxidative Medicine and Cellular Longevity

9
2.4

ISL

∗

BSO NAC
+ ISL + ISL
GAPDH

500 bp
400 bp

TYR

500 bp
400 bp
300 bp

Gene expression ratios to GAPDH

Marker

2

∗

1.6
1.2
∗

0.8
0.4

TRP-1

200 bp

0
TRP-2

600 bp
400 bp
(a)

ISL

BSO + ISL

NAC + ISL

TYR
TRP-1
TRP-2
(b)

Figure 5: (a) Agarose gel (1.5%) electrophoresis of RT-PCR products showed the eﬀects of 15 μg/mL ISL alone and associates with 200 μM
NAC/BSO pretreatment on the mRNA expression of TYR, TRP-1, and TRP-2 against GADPH. (b) The quantified RT-PCR results in ISL
treatments via relative gene expression ratios to GAPDH. Bars represent means ± SD of three independent experiments ∗ P < 0.05, ∗∗ P <
0.01 versus ISL-treatment group.

ISL significantly inhibited the proliferation of the B16F0
cell line. A clear morphological change was observed after
ISL treatment, which induced the formation of dendritic
projections that gave the cells a star-like shape compared with
the rounded morphology of untreated cells. ISL treatment
increased melanin production and upregulated TYR activity
and mRNA expression. ISL significantly decreased the size
and number of colonies formed in vitro, as well as the
tumorigenicity of cells in vivo. All results show a decreased
malignant characteristics of B16F0 cells with ISL treatment
and an increased cell normalization-related properties. All
these changes suggest that the B16F0 cells tended towards
normalization and confirm that ISL induces rediﬀerentiation
and stimulates reversion against the malignant phenotype in
B16F0 cells.
The intracellular ROS levels in B16F0 cells were significantly increased after ISL exposure. The modulation of
intracellular ROS levels by BSO and NAC promoted and
inhibited B16F0 cellular diﬀerentiation, respectively. BSO
promotes high ROS levels by depleting reduced GSH [28].
NAC, however, elevates GSH levels, scavenges intracellular
ROS, and protects against the initiation of apoptosis [29].
Further experiments showed that ISL combined with NAC
decreased ROS and inhibited cellular diﬀerentiation, whereas
ISL combined with BSO increased ROS and promoted
cellular diﬀerentiation. ISL treatment not only induced ROS
generation, but also verified the close relationship between
ROS level and ISL-induced cellular diﬀerentiation.
ROS function as signaling molecules to mediate various biological responses, including cell growth and gene
expression [30], and play important roles in the regulation
of melanocyte proliferation and melanogenesis. ROS scavengers may downregulate melanogenesis [31]. Melanoma,

like many other cancer subtypes, exhibits reversible defects
in cellular diﬀerentiation [32]. Furthermore, the redox status
plays an important role in regulating cellular diﬀerentiation.
The inhibition of NADPH oxidase activity promotes B16
melanoma cellular diﬀerentiation. Cellular ROS production
and NADPH oxidase in cells are closely correlated. NADPH
oxidase is the major source of ROS induction in the membrane channel. Malignant cells are often under self-inflicted
(and/or host-inflicted) oxidative stress, thus, contributing to
the malignancy [7]. ISL was found to increase intracellular
ROS of B16F0 cells significantly and trigger cellular diﬀerentiation. One possible tumor treatment approach would
be to stress these cells further by providing ROS-generating
agents. This step should limit the eﬀects of ROS on normal
cells and provided ROS levels do not rise too high. However,
such circumstances will occur nevertheless, given an already
elevated ROS generation, which pushes malignant cells to the
point at which the cells can no longer cope with increasing
oxidative damage.
Oxidative stress has been implicated in cancer development. The overexpression of oxidant enzymes reduces
tumorigenesis in several human cancer cell lines and carcinogenesis in mouse models. Many (possibly all) antitumor
agents may cause oxidative stress by increasing ROS formation, which enhances their anticancer eﬀects [33]. On the
other hand, interfering with the ROS-antioxidant balance
in cancers has risks. For example, arsenic trioxide (As2 O3 )
may act against acute promyelocytic leukemia by causing
oxidative stress [34], but As2 O3 can also be carcinogenic, and
ROS is most likely to be involved in the cancer development
mechanism. Direct damage to DNA is believed to be a
key, albeit insuﬃcient, event that triggers cancer, suggesting
that the ability of ROS to suppress apoptosis and promote
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proliferation, invasiveness, and metastasis (and, possibly,
angiogenesis) is also important. Some reports have shown
the important role of redox homeostasis in cellular diﬀerentiation. An alteration in the redox homeostasis of cells implies
a change in ROS generation or metabolism.
Our data show that ISL-induced diﬀerentiation of
B16F0 cells accompanied increased ROS formation. Further
studies exploring the mechanisms involved in ISL-induced
diﬀerentiation are necessary, specifically that exploring the
relationship between ISL-induced diﬀerentiation and intracellular ROS formation, as well as the expression of critical
molecules involved in intracellular ROS-mediated cancer
diﬀerentiation.
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