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Abstract. Icariside II (IS) is a metabolite of icariin, which 
is derived from Herba Epimedii. In the present study, the 
antiproliferative effects of IS on A375 human melanoma cells 
were examined in vitro and a possible mechanism through the 
ROS-p38-p53 pathway is discussed. A cell WST-8 assay revealed 
that treatment with IS markedly reduced cell viability from 77 
to 21% (25 and 100 µM, respectively), and cell counting demon-
strated that IS treatment reduced cell proliferation. IS treatment 
also induced cell cycle arrest of A375 cells at the G0/G1 and 
G2/M transitions and inhibited the expression of cell-cycle 
related proteins, including cyclin E, cyclin-dependent kinase 2 
(CDK2), cyclin B1 and phosphorylated cyclin-dependent kinase 
1 (P-CDK1). In this study, it was determined that IS inhibits cell 
proliferation and induces cell cycle arrest through the generation 
of reactive oxygen species and activation of p38 and p53. These 
findings were further supported by the evidence that pretreatment 
with N‑acetyl‑L‑cysteine, SB203580 or pifithrin‑α significantly 
blocked IS-induced reduction of cell viability, increase of cell 
death and cell cycle arrest. In conclusion, IS inhibits cell prolif-
eration and induces cell cycle arrest. Crucially, it was confirmed 
that these effects were mediated at least in part by activating the 
ROS-p38-p53 pathway. 

Introduction

Melanoma is the fifth most frequently diagnosed type of 
malignancy in males and the sixth in females in the USA (1). 

Furthermore, its high rate of invasiveness and dissemination 
makes surgery an unlikely option, with the exception of rare 
cases (2). Despite the development of new modalities of therapy, 
the outcome for patients with advanced melanoma is extremely 
poor (3). Current standard treatment includes the single-agent 
dacarbazine which improves clinical response but not the median 
survival duration (4,5).

Future improvements in melanoma treatment are likely to 
arise from novel agents which target molecular pathways that 
regulate tumor cell growth and survival. In accordance with 
present research development, the mitogen-activated protein 
kinases (MAPKs) pathway is an attractive target for therapeutic 
intervention in melanoma (6). MAPKs have an important role 
in the regulation of numerous cellular processes, including cell 
growth and proliferation, differentiation, and apoptosis. MAPKs 
consist of extracellular signal-related kinases (ERKs), c-Jun 
NH2-terminal kinases (JNKs) and p38 MAPKs (7). Previous 
studies have indicated that the activation of p38 MAPK is 
involved in cell growth arrest and apoptosis via the generation 
of reactive oxygen species (ROS) (8,9). It has also been reported 
that p38 activation leads to accumulation of p53, a major tumor 
suppressor protein (10). p53-dependent cell cycle arrest is mainly 
mediated by transcriptional activation of p21 (11).

Previous studies indicate that ROS generation, by which a 
number of anti-cancer agents act, is in part responsible for the 
cytotoxic efficacy in a numerous types of tumor cell (12,13). 
Icariside II (IS) is a metabolite of icariin, which is derived from 
Herba Epimedii. IS is a novel anticancer drug that induces 
apoptosis in tumor cell lines (14-16). In the present study, the 
antiproliferative effects of IS on A375 human melanoma cells 
in vitro are evaluated and the possible mechanism through the 
ROS-p38-p53 signaling pathway is demonstrated. 

Materials and methods

Reagents and cell culture. Icariside II (>98% pure) (Fig. 1A) 
was isolated by the enzymatic hydrolysis of icariin (Shanghai 
Ronghe Pharmaceutical Company, Shanghai, China), as previ-
ously described (17). The A375 human melanoma cells were 
purchased from American Type Culture Collection (Manassas, 
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VA, USA) and maintained in Dulbecco's modified Eagle's 
medium (DMEM; Invitrogen, Carlsbad, CA, USA) containing 
4 mM L-glutamine, 3.7 g/l sodium bicarbonate, 4.5 g/l glucose 
and 10% fetal bovine serum (FBS; Invitrogen). Cells were 
maintained in a 5% CO2 humidified incubator at 37˚C. WST‑8 
was obtained from Dojindo (Mashikimachi, Japan), propidium 
iodide (PI) and RNaseA were supplied by Beyotime Institute 
of Biotechnology (Haimen, China). Rabbit monoclonal 
(P)-p38, mouse monoclonal P-p53, mouse monoclonal p21, 
rabbit polyclonal P-cyclin-dependent kinase 1 (P-CDK1), 
rabbit monoclonal cyclin-dependent kinase 2 (CDK2), mouse 
polyclonal cyclin E, rabbit monoclonal cyclin B1, rabbit 
monoclonal cleaved poly (ADP-ribose) polymerase (PARP) 
and mouse monoclonal β-actin antibodies were obtained 
from Cell Signaling Technology, Inc. (Beverly, MA, USA). 
N‑acetyl‑L‑cysteine (NAC), SB203580 and pifithrin‑α were 
supplied by Sigma-Aldrich (St. Louis, MO, USA). Horse 
radish peroxidase-conjugated secondary anti-mouse IgG and 
anti-rabbit IgG antibodies were provided by Cell Signaling 
Technology, Inc.

Cell viability assays. IS dissolved in dimethylsulfoxide 
(DMSO) was used for the treatment of cells. The final concen-
tration of DMSO used was <0.1% (v/v). Cell viability was 
measured using the WST-8 assay from Dojindo following the 
optimized manufacturer's instructions. The A375 cells were 
seeded at a density of 3,000 cells/well in 96-well culture plates 
in DMEM and incubated in a humidified incubator at 37˚C 
overnight. The cells were pretreated with or without NAC 
(2 mM), SB203580 (5 µM), or pifithrin‑α (5 µM) for 1 h. Then 
the cells were treated with different concentrations of IS (0, 
25, 50 or 100 µM). After 24 h of post-treatment incubation, 
10 µl WST-8 was added to each well for 1 h. Subsequently the 
optical density (OD) was measured at 450 nm. The percentage 
of viable cells was determined by the following formula: 
Ratio = [(ODIS-ODblank)/(ODcontrol-ODblank)] x 100. The cell 
viability data are averages of three independent experiments 
each containing six replicates. 

Cell proliferation assays. The A375 cells were seeded at a density 
of 2x105 cells/well in 6-well culture plates in DMEM and incu-
bated in a humidified incubator at 37˚C for 24 h prior to treatment 
with different concentrations of IS (0, 25, 50 or 100 µM). After 
24 h of post-treatment incubation, the cells were harvested and 
resuspended in 1 ml DMEM. Following resuspension, 100 µl 
cells were added to a CASY cup containing 10 ml CASY ton 
(Roche, Mannheim, Germany), an electrolyte/buffer. The detec-
tion of living and total cell numbers was determined by the 
Casy Cell Counter and Analyzer system (Roche) (18,19).

Cell cycle and cell death analysis. For cell cycle analysis, A375 
cells were seeded at a density of 2x105 cells/well in 6-well culture 
plates in DMEM and incubated in a humidified incubator at 37˚C 
for 24 h. Then the cells were starved with fetal bovine serum-free 
DMEM for 24 h. Subsequently, the cells were pretreated with or 
without NAC (2 mM), SB203580 (5 µM) or pifithrin‑α (5 µM) 
for 1 h. Next the cells were treated with different concentrations 
of IS (0, 25, 50 or 100 µM) for 24 h. Following incubation, cells 
were collected and fixed in 70% ethanol for 24 h at 4˚C. The 
cells were centrifuged at 245 x g for 5 min and the cell pellet 

was resuspended in 400 µl phosphate-buffered saline (PBS) 
containing RNase A (10 mg/ml, 50 µl) and PI (2 mg/ml, 10 µl). 
The mixture was incubated in the dark at 37˚C for 30 min 
and then analyzed using a FACSCalibur™ cytometer (BD 
Biosciences, San Jose, CA, USA). The cell cycle and cell death 
data were analyzed using FlowJo software V6.0 (Tree star, 
Ashland, OR, USA). The relative DNA content per cell was 
obtained by measuring the fluorescence of the DNA. The extent 
of cell death was determined by evaluating the sub G1 fraction, 
or the percentage of cells with DNA content <2N. The data were 
replicated three times.

Western blot assays. A375 cells were pretreated with or without 
NAC (2 mM), SB203580 (5 µM) or pifithrin‑α (5 µM) for 1 h. 
This was followed by treatment with different concentrations 
of IS (0, 25, 50 and 100 µM) for 24 h. The cells were resus-
pended in lysis buffer (150 mmol/l NaCl, 1% NP-40, 0.5% 
sodium deoxycholate, 0.1% SDS, and 50 mmol/l Tris-Cl pH 8.0, 
2 µg/ml aprotinin, 2 µg/ml leupeptin, 40 mg/ml of phenylmeth-
ylsulfonyl fluoride, 2 mmol/l dithiothreitol; Beyotime Institute 
of Biotechnology) and centrifuged at 10,080 x g for 15 min 
to remove nuclei and cell debris. Supernatants were frozen at 
‑80˚C until use. The protein concentrations were determined by 
the Bradford assay (Bio-Rad, Hercules, CA, USA) and 30 µg 
cellular proteins were electroblotted onto a polyvinylidene 
fluoride membrane (Millipore, Billerica, MA, USA) following 
separation using 10% SDS-polyacrylamide gel electrophoresis. 
The immunoblot was blocked for 1 h with 5% milk at room 
temperature followed by an overnight incubation at 4˚C with a 
1:1,000 dilution of primary antibodies against P-p38, P-p53, p21, 
P-CDK1, CDK2, cyclin E, cyclin B1, cleaved PARP or β-actin. 
Blots were washed twice with Tween 20/Tris-buffered saline 
(TTBS) prior to addition of a 1:1,000 dilution of horseradish 
peroxidase-conjugated secondary antibody for 1 h at room 
temperature. Blots were again washed with TTBS [Sangon 
Biotech (Shanghia) Co., Ltd., Shanghai, China] before develop-
ment by enhanced chemiluminescence using Supersignal West 
Femto Chemiluminescent substrate (Pierce, Rockford, IL, 
USA). Band intensities were quantified using UN‑SCAN‑IT 
Gel Analysis software (version 6; Silk Scientific, Orem, UT, 
USA). The optical density for the target protein was shown as a 
proportion of the β-actin optical density. The western blot data 
were replicated three times.

Evaluation of ROS. ROS were detected using the cell-perme-
able fluorescent probe 2,7‑dichlorodihydrofluorescein diacetate 
(H2DCFDA; Sigma‑Aldrich), a non‑fluorescent compound, 
which is converted into highly fluorescent dichlorodihydroflu-
orescein by cellular peroxides. The A375 cells were exposed 
to various concentrations of IS (0, 25, 50 and 100 µM) for 6 h 
and were then loaded with H2DCFDA (10 µM) in serum-free 
DMEM. Following incubation at 37˚C for 30 min, cells were 
washed with PBS and fluorescence was monitored by flow 
cytometry at excitation wavelength of 488 nm and an emission 
wavelength of 530 nm. The mean fluorescence intensity (MFI) 
data was analyzed using FlowJo software V6.0. The MFI data 
were replicated three times.

Statistics. All data are presented as the mean ± standard 
deviation. Data analysis was performed by one-way analysis 
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of variance. For comparison of two groups, a Student's t-test 
was used. P<0.05 was considered to indicate a statistically 
significant difference.

Results

IS inhibits cell viability and proliferation in A375 cells. The 
viability of A375 cells was tested following treatment with 
increasing concentrations of IS (0, 25, 50 and 100 µM) for 24 h. 
As demonstrated by the WST-8 assay, treatment with IS resulted 
in markedly reduced cell viability, from 77 to 21% (25 and 
100 µM respectively; P<0.01) (Fig. 1B). The detection of 
living and total cell numbers was determined by the Casy 
Cell Counter and Analyzer system. As displayed in Fig. 1C, 
following a 24-h incubation period, the total cell numbers in 
the medium control group was increased from 2.00x105 to 
10.62x105, and IS treatment significantly decreased total cell 
numbers, as compared with that of the medium control group 
(P<0.01). For example, only 5x105 total cells were counted in 
the IS 100 µM treatment group. A similar trend was observed 
in the living cells data (P<0.01).

IS induces cell cycle arrest and inhibits the expression of cell 
cycle‑related proteins in A375 cells. As a reduction in cell 
proliferation may result from the induction of cell cycle arrest, 
the present study investigated whether the IS-induced growth 
inhibition was due to cell cycle arrest. Cell cycle distribution 
analysis (Fig. 1D) showed that the percentage of cells in G0/G1 
phase increased with the increasing IS concentration and peaked 
at 100 µM of IS (69.51%), as compared with that of the medium 

control group (44.01%). By contrast, the percentage of cells in 
the S phase was reduced accordingly (P<0.01). Additionally, IS 
treatment induced G2/M arrest (P<0.01), although to a lesser 
extent. The cell cycle is regulated by cyclins and cyclin-depen-
dent kinases (20). As demonstrated by western blot assay 
(Fig. 2), 50 and 100 µM IS treatment significantly inhibited the 
expression levels of cyclin E, CDK2, cyclin B1 and P-CDK1 
(P<0.01), while 25 µM IS treatment only caused a significant 
reduction in the expression levels of cyclin E (P<0.01).

IS induces the production of ROS and activates p38, p53 and 
p21. To investigate the molecular mechanism for IS-induced 
cell cycle arrest, the present study examined whether IS induces 
the generation of ROS. The levels of ROS were determined 6 h 
after IS treatment. As shown in Fig. 3A and B, flow cytometry 
revealed that IS-induced ROS generation was ~2.3-fold higher 
compared with that in the medium controls (25 µM; P<0.01). A 
previous study has shown that ROS induce cell cycle arrest via 
activation of p38, p53 and p21 (20). In the present study, western 
blot analysis demonstrated that IS (25, 50 and 100 µM) treat-
ment significantly increased the phosphorylation of p38 and 
p53 compared with that in the medium controls (P<0.01; Fig
. 3C and D). An increased expression level of p21 was also 
observed following IS treatment compared with that in the 
medium controls (P<0.01).

NAC, SB203580, and pifithrin‑α reverse the effects of IS on 
cell viability, cell cycle arrest and cell death. As demon-
strated by WST-8 assay (Fig. 4A), treatment with 50 µM IS 
for 24 h significantly reduced cell viability compared with 

Figure 1. Icariside II (IS) inhibits cell viability and proliferation and induces cell cycle arrest in A375 cells. (A) Chemical structure of IS. (B) Cell viability 
of A375 cells as measured by the WST-8 assay. Cells were treated with IS at various concentrations (0, 25, 50 and 100 µM) for 24 h prior to the addition of 
WST-8 for 1 h. Then the optical density data were detected in a plate reader at 450 nm. (C) Cell proliferation assays. A375 cells were seeded at a density 
of 2x105 cells/well and treated with different concentrations of IS (0, 25, 50 and 100 µM) for 24 h. The detection of living and total cell numbers was determined 
by the Casy Cell Counter and Analyzer system. (D) Cell cycle analysis. A375 cells were starved with fetal bovine serum-free medium for 24 h. The cells were 
then treated with different concentrations of IS (0, 25, 50 and 100 µM) for 24 h. After fixation, the cells was stained with propidium iodide and then analyzed 
using a FACSCalibur™ cytometer. The data were analyzed using FlowJo software V6.0. The cell cycle data were replicated three times. **P<0.01, as compared 
with medium control.
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Figure 3. Icariside II (IS) induces the production of reactive oxygen species (ROS) and activates p38, p53 and p21. For the ROS assay, A375 cells were exposed 
to various concentrations of IS (0, 25, 50 and 100 µM) for 6 h and then were loaded with 2,7‑dichlorodihydrofluorescein diacetate (10 µM). Following incubation 
at 37˚C for 30 min, cells were washed with phosphate‑buffered saline and their fluorescence measured using either flow cytometry or fluorescence microscopy. 
The mean fluorescence intensity (MFI) data were analyzed with FlowJo software V6.0. (A) Representative images of ROS MFI. (B) Statistical data of ROS 
MFI. For western blotting assays, A375 cells were treated with different concentrations of IS (0, 25, 50 and 100 µM) for 24 h. The total protein were extracted, 
and the levels of P-p38, P-p53 and p21 were detected by western blot analysis. β-actin was used as the loading control. (C) Representative western blot images 
of P‑p38, P‑p53 and p21. (D) Quantification of band intensities of P‑p38, P‑p53, and p21. Band intensities were quantified using UN‑SCAN‑IT Gel Analysis 
software. **P<0.01, as compared with medium control group.

Figure 2. Icariside II (IS) inhibits the expression of cell cycle-related proteins. A375 cells were treated with different concentrations of IS (0, 25, 50 and 
100 µM) for 24 h. Cell cycle-related proteins, such as CDK2, cyclin E, P-CDK1 and cyclin B1 were detected by western blot analysis. All lanes were loaded 
with 30 µg protein and β‑actin was used as the loading control. Band intensities were quantified using UN‑SCAN‑IT Gel Analysis software. The optical density 
for target protein was shown as a proportion of β-actin optical density. **P<0.01, as compared with medium control group. (A) Representative western blot 
images of CDK2 and cyclin E. (B) Quantification of band intensities of CDK2 and cyclin E. (C) Representative western blot images of p‑CDK1 and cyclin B1. 
(D) Quantification of band intensities of p‑CDK1 and cyclin B1.
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that in the medium controls (P<0.01). Pretreatment with 
NAC (2 mM), a ROS scavenger, for 1 h completely reversed 
the IS-mediated reduction in cell viability (P<0.01), while 
pretreatment with SB203580 (5 µM), a p38 inhibitor, or 
pifithrin‑α (5 µM), a p53 inhibitor, for 1 h partially reversed 
the IS-mediated reduction of cell viability (P<0.01). Cell 
cycle data (Fig. 4B) demonstrated that 50 µM IS treatment 
induced G0/G1 phase and G2/M phase arrest compared with 
that in the medium controls (P<0.01), while pretreatment 
with NAC, SB203580 or pifithrin‑α reversed IS-induced cell 
cycle arrest, respectively (P<0.01). Fig. 4C shows that treat-
ment with IS 50 µM for 24 h resulted in a marked increase 
in the levels of cell death (33.60%) compared with those in 
the medium control (0.26%). NAC, SB203580 or pifithrin‑α 
pretreatment partly reversed the IS-mediated increase in the 
levels of cell death (P<0.01). Similar trends were observed 
in the levels of cleaved PARP, a marker of cells undergoing 
apoptosis (Fig. 4D and E). 

Figure 4. Icariside II (IS)-mediated reduction of cell viability, increase of cell cycle arrest, increase of cell death and PARP cleavage were reversed by NAC, 
SB203580 and pifithrin‑α. The cells were pretreated with or without NAC (2 mM), SB203580 (5 µM) or pifithrin‑α (5 µM) for 1 h followed by culture with 
50 µM IS for 24 h. (A) Cell viability assays. Following IS treatment for 24 h, WST-8 solutions were added for 1 h. The optical density data were detected in a 
plate reader at 450 nm. (B) Cell cycle assay. (C) Cell death assay. Following fixation, the cells were stained with propidium iodide and then analyzed using a 
FACSCalibur™ cytometer. The cell cycle and death data were analyzed using FlowJo software V6.0. (D) Representative western blot images of cleaved PARP. 
β‑actin was used as the loading control. (E) Quantification of band intensities of cleaved PARP. Band intensities were quantified using UN‑SCAN‑IT Gel 
Analysis software. The optical density for target protein was shown as a proportion of β-actin optical density. **P<0.01, as compared with 50 µM IS treatment 
alone group. 

Figure 5. Schematic representation of the probable pathway involved in ica-
riside II (IS)-induced proliferation inhibition, cell cycle arrest and death of 
A375 cells.
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Discussion 

Since deregulated proliferation and inhibition of apoptosis 
are key processes in the development of all types of tumor, 
they present two clear targets for therapeutic intervention in 
tumors (21). In the current study, the cell counting data demon-
strated that IS markedly inhibited cell proliferation in A375 
melanoma cells. The rate of cell proliferation is also identified 
through the calculation of the proportion of cells in various 
phases of the cell cycle, with the easiest being the S phase (22). 
The cell cycle data showed that IS significantly reduced the 
proportion of A375 melanoma cells in the S phase, which 
further supports the anti-proliferative effects of IS. 

Uncontrolled cellular proliferation is the result of cell 
cycle disorganization (22). Numerous families of regulatory 
proteins possess key roles in the control of cell cycle progres-
sion, including the cyclins, CDKs, their substrate proteins, the 
CDK inhibitors and the tumor-suppressor gene products p53 
and pRb (20). These families comprise the basic regulatory 
machinery responsible for catalyzing cell cycle transition. For 
example, the cyclin E-CDK2 complex has a critical role in the 
G1/S phase transition (23) and the cyclin B1-CDK1 complex is 
expressed predominantly during G2/M phase (24). Data from 
the present study showed that IS-induced cell cycle arrest of 
A375 cells predominantly occurs during the G0/G1 phase, 
occurring to a lesser extent during the G2/M phase. These effects 
were mediated by inhibition of cell cycle-related proteins, such 
as cyclin E, CDK2, cyclin B1 and CDK1. A previous study 
reported that IS could potentiate paclitaxel-induced cell death 
in A375 human melanoma cells (25). Paclitaxel mainly induces 
the cell cycle blockage at the G2/M boundary (26,27), while IS 
mainly induces the cell cycle blockage at the G1/S boundary. 
The synergistic mechanism may be attributed to different cell 
cycle regulation of these two compounds.

Evidence from a previous study implies that there is a 
positive correlation between cellular redox status and cyto-
toxic efficacy of anti‑cancer agents (28). The present study 
reported that IS inhibited the cell viability and cell prolif-
eration through the generation of ROS. These findings were 
further supported by the evidence that pretreatment with NAC 
blocked IS-mediated reduction of cell viability, increase of cell 
death and cell cycle arrest. Following IS treatment (6 h), the 
ROS levels in the 100 µM IS treatment group were lower than 
those in the 50 and 25 µM IS treatment groups. These ROS 
data were inconsistent with the cell viability and proliferation 
data. Perhaps the time elapsed for ROS production to reach a 
peak level following treatment with 100 µM IS, is significantly 
less than that after treatment with 25 and 50 µM. 

A previous study has indicated that ROS induces the 
activation of the MAPK pathways and that the activation of 
p38 MAPK is involved in cell growth arrest (24). p38 MAPK 
activation leads to accumulation of p53 by directly phosphory-
lating it at selected amino acid residues (29). p53 protein is 
an important cell cycle check-point regulator at the G1/S and 
G2/M check points (30,31). p53-dependent cell cycle arrest 
is mainly mediated by transcriptional activation of p21 (24). 
In this study, it was revealed that IS treatment induced 
massive ROS accumulation in A375 cells, and activated a 
series of important related proteins, including p38, p53 and 
p21. These results were further supported by the evidence 

that pretreatment with SB203580 or pifithrin‑α significantly 
blocked IS-mediated reduction of cell viability, increase of cell 
death and cell cycle arrest. Therefore, it was determined that 
the ROS-mediated p38-p53 signaling pathway was involved 
in IS-induced reduction of cell viability and cell proliferation, 
increase of cell death and cell cycle arrest (Fig. 5). 

In the present study, SB203580 and pifithrin‑α pretreat-
ment failed to completely reverse IS-induced cell death and 
cell cycle arrest. These findings suggested that other impor-
tant mechanisms may be involved in IS-mediated cytotoxic 
effects. A previous study demonstrated that IS sensitized 
U937 acute myeloid leukemia cells to apoptosis via activating 
JAK2-STAT3 signaling (20). Further studies are necessary to 
investigate the association between IS-mediated activation of 
the ROS-p38-p53 signaling pathway and inactivation of the 
JAK2-STAT3 signaling pathway in human melanoma cells.

In conclusion, the present study reports that IS inhibits 
cell proliferation and induces cell cycle arrest. Additionally, 
it confirms that these effects are mediated at least in part by 
activation of the ROS-p38-p53 signaling pathway. These find-
ings suggest that IS may be a potential chemotherapeutic agent 
in treatment of melanoma in the future.
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