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Abstract. Cantharidin (CTD) is an active component isolated 
from the blister beetle that has been demonstrated to exert 
antitumor effects on multiple types of cancer. The current 
study aimed to investigate whether the potential inhibitory 
effects of CTD exist in human melanoma cells and to assess 
the underlying antitumor mechanisms of CTD. Using the 
Cell Counting Kit‑8 assay, it was demonstrated that CTD 
treatment reduced A375 cell proliferation significantly in a 
dose‑dependent manner. The colony formation assay demon-
strated that CTD treatment could decrease the number of A375 
cell colonies. Using subcutaneous xenograft tumor models, it 
was also demonstrated that CTD retarded solid tumor growth 
significantly. Furthermore, CTD treatment could induce A375 
cell apoptosis, as detected by Annexin V‑fluorescein isothio-
cyanate/propidium iodide staining and western blot analysis. 
Notably, CTD treatment reduced microRNA (miR)‑21 expres-
sion and enhanced phosphatase and tensin homolog (PTEN) 
protein expression levels in A375 cells. Furthermore, overex-
pressing miR‑21 in A375 cells with the miR‑21 agomir blocked 
the antitumor effect of CTD both in vitro and in vivo. Finally, it 
was demonstrated that the inhibitory effects of CTD on A375 
cells may be regulated by attenuating miR‑21‑mediated PTEN 
suppression. Based on these observations, it was suggested 
that CTD be used as a novel anti‑proliferation agent of human 
melanoma via targeting the miR‑21‑PTEN signaling pathway.

Introduction

Melanoma, as a cutaneous cancer caused by the malignant 
transformation of melanocytes, is the most aggressive form 
and common cause of skin cancer‑associated mortality in 
humans (1,2). Risk factors for melanoma include age, sex, race, 

the constitutive color of the skin and the geographical zone (1). 
Recently, the incidence of melanoma has demonstrated rapid 
growth worldwide (3). Surgery, radiotherapy and chemothera-
pies are common therapies for early‑stage, non‑metastasized 
melanoma, with most cases of melanoma being curable. 
However, once metastasized, the efficiency of treatment was 
reduced significantly  (2). Chemotherapy is an extremely 
ineffective and unsatisfactory method for treating malignant 
melanoma because of drug resistance, which is characteristic 
of this disease and limits its usage (4). The development of 
novel agents for melanoma treatment in the clinic is urgently 
needed.

Cantharidin (CTD), a terpenoid that is isolated from 
Chinese blister beetles, has been used as a traditional 
Chinese medicine to treat tumors for a very long time (5). 
Until now, cantharidin and its derivatives have been proven 
to possess anticancer activities in various types of cancer, 
including pancreatic cancer (6), hepatoma (7), and glioma (8). 
Furthermore, CTD has been reported to suppress A375.S2 
human melanoma cell migration, invasion and apoptosis 
through cell cycle arrest and the induction of apoptosis (9,10). 
However, there is no available information demonstrating 
that CTD can inhibit the proliferation of melanoma and 
clarifying its underlying mechanisms.

MicroRNAs (miRs) are short (approximately 22  nt), 
endogenous non‑coding RNAs that regulate gene expression 
by binding to the 3'‑untranslated region (3'UTRs) of target 
genes, suppressing mRNA translation or degrading mRNA. 
Emerging evidence has demonstrated that miRs are involved 
in diverse biological processes and disease development, 
including a number of types of cancer. Recently, dysregula-
tion of miR‑21 was reported in melanoma (11,12) and selective 
expression alteration of miR‑21 has been one of the important 
mechanisms for melanoma treatment with high‑intensity 
focused ultrasound (13). However, whether the roles of CTD 
in melanoma are associated with miR‑21 remains unknown.

The present study aimed to investigate the role of CTD in 
regulating the proliferation of human melanoma A375 cells 
and its association with the miR‑21‑PTEN signaling pathway. 
It was demonstrated that in A375 cells CTD could inhibit 
proliferation and tumorigenesis, as well as induce apoptosis, 
possibly mediated by downregulating the expression of 
miR‑21 and upregulating the expression of phosphatase and 
tensin homolog (PTEN).
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Materials and methods

Chemicals and reagents. CTD and dimethyl sulfoxide 
(DMSO) were purchased from Sigma‑Aldrich; Merck KGaA 
(Darmstadt, Germany). RPMI‑1640 medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), fetal calf serum (FCS) 
and L‑glutamine were purchased from Gibco (Thermo Fisher 
Scientific, Inc.). Primary antibodies against PTEN, protein 
kinase B (AKT), protein kinase B (p) AKT, Bax, B‑cell 
lymphoma‑2 (bcl‑2), caspase‑3, anti‑GAPDH and the appro-
priate secondary antibodies were purchased from ProteinTech 
Group, Inc. (Chicago, IL, USA). The enhanced chemilumines-
cence (ECL) detection system was obtained from Millipore 
(EMD Millipore, Billerica, MA, USA).

Cell culture. The A375 human melanoma cancer cell line 
was purchased from the American Type Culture Collection 
(Manassas, VA, USA). Cells were cultured at 37˚C in a 5% CO2 
humidified incubator in RPMI‑1640 medium supplemented 
with 10% heat‑inactivated FCS, 2 mM glutamine, 100 U/ml 
penicillin and 0.1 mg/ml streptomycin.

Transfection of miR‑21 agomir, antagomir, PTEN small 
interfering siRNA or overexpressed PTEN. Micron™ 
hsa‑miR‑21‑5p agomir (5'‑UAG​CUU​AUC​AGA​CUG​AUG​UUG​
A‑3') or agomir control (sequence unavailable), micrOFF™ 

hsa‑miR‑21‑5p antagomir (5'‑UCA​ACA​UCA​GUC​UGA​UAA​
GCU​A‑3') or antagomir control (sequence unavailable) were 
obtained from Guangzhou RiboBio Co., Ltd., (Guangzhou, 
China; 10 nM). SignalSilence® PTEN siRNA (5'‑GCA​TAT​
GGA​AAG​CTT​CAT​T‑3') and its negative control oligonucle-
otides (5'‑ACA​CGT​CCG​AAC​ATA​CTA​C‑3') were purchased 
from Cell Signaling Technology (50 nM). Transfections were 
performed using Lipofectamine™ 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. For overexpression, the full‑length PTEN sequence 
was cloned into the lentiviral vector [Obio Technology 
(Shanghai) Corp., Ltd., Shanghai, China]. Following amplifica-
tion, lentiviral‑PTEN (LV‑PTEN) or empty vector (Vector) as 
a control was transduced into A375 cells at a concentration of 
5x104 transducing units/ml using polybrene [Obio Technology 
(Shanghai) Corp.] according to the manufacturer's protocol. 
Next, 5x105 cells were seeded into 6‑well plates. A total of 48 h 
following transfection, the cells were harvested for subsequent 
experiments.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from the A375 cell line 
using Trizol (Invitrogen; Thermo Fisher Scientific, Inc.). The 
concentration and purity of these RNA samples were detected. 
The total RNA samples were reverse transcribed into comple-
mentary DNA (cDNA) using PrimeScript RT Reagent kit 
(Takara Biotechnology Co., Ltd., Dalian, China). qPCR was 
performed using the MyiQ Real‑Time PCR Detection System 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and the 
SYBR‑Green I premix (Takara Biotechnology Co., Ltd.). U6 
or GAPDH mRNA were used as an endogenous control. The 
thermocycling conditions were as follows: 95˚C for 10 min, 
40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The experi-
ment was repeated three times and the levels of miR were 

normalized for each well to the levels of U6 using the 2‑ΔΔCq 

method (14). The forward (F) and reverse (R) primers used in 
this study were as follows: miR‑21, F: 5'‑GGA​CTA​GCT​TAT​
CAG​ACT​G‑3' and R: 5'‑CAT​CAG​ATG​CGT​TGC​GTA‑3'; U6 
F: 5'‑ATT​GGA​ACG​ATA​CAG​AGA​AGA​T‑3' and R, 5'‑GGA​
ACG​CTT​CAC​GAA​TTT‑3'; PTEN F: 5'‑CGG​CAG​CAT​CAA​
ATG​TTT​CAG‑3' and R: 5'‑AAC​TGG​CAG​GTA​GAA​GGC​
AAC​TC‑3'.

Western blot analysis. Cells were collected and homogenized 
in ice‑cold RIPA buffer (Beyotime Institute of Biotechnology, 
Shanghai, China). The amounts of protein from each treatment 
were detected and normalized using a bicinchoninic acid assay. 
Proteins (20 µg/lane) were separated by 10% SDS‑PAGE and 
were subsequently transferred to polyvinylidene difluoride 
membranes. The membranes were blocked with 5% non‑fat 
milk at room temperature for 2 h and then separately probed 
overnight at 4˚C with the following primary antibodies: 
Anti‑GAPDH (1:5,000; cat. no. 10494‑1‑AP), Bcl‑2 (1:1,000; 
cat. no.  12789‑1‑AP), Bax (1:1,000; cat. no.  50599‑2‑Ig), 
caspase‑3 (1:1,000, cat. no.  19677‑1‑AP), PTEN (1:1,000, 
cat. no. 22034‑1‑AP), AKT (1:1,000, cat. no. 10176‑2‑AP), 
p AKT (1:1,000; cat. no. 66444‑1‑Ig). After washing with 
TBST buffer (0.1% Tween‑20), the membranes were incubated 
with horseradish peroxidase‑conjugated goat anti‑mouse 
immunoglobulin (Ig)G or goat anti‑rabbit IgG (1:5,000; cat. 
no. SA00001‑1 or SA00001‑2) for 1 h at room temperature. 
Images were then captured of the membranes using the ECL 
detection system (EMD Millipore). Densitometry analysis of 
the bands was performed using Quantity One (version 4.5.0; 
Bio‑Rad Laboratories, Inc.). The proteins were quantified and 
expressed as their ratio to GAPDH.

Cell Counting Kit‑8 (CCK‑8) assay. A375 cells were seeded 
in 96‑well plates at a density of 1,000 cells/well in 100 µl 
culture medium with different doses (0, 0.2, 1 or 5 µM) of 
CTD (dissolved with 0.5% dimethyl sulfoxide; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) treatments. Next, at 
24, 48, 72 and 96  h following treatment, CCK‑8 solution 
was added to each well. The optical density of the cells was 
measured using a microplate reader (Bio‑Rad Laboratories, 
Inc.) at 450 nm.

Colony‑formation assay. A375 cells were seeded in a 6‑well 
plate (600 cells/well) in complete medium and were allowed 
to grow for 24 h. The cells were then exposed to 5 µM CTD 
or vehicle for 48 h. After the drug was removed, the cells 
were washed with PBS and incubated for another 14 days in 
complete medium. The cells were stained with 1% crystal 
violet solution at room temperature. Following 10 min incuba-
tion, the excess crystal violet was washed out and the stained 
colonies were counted under an inverted microscope (Nikon 
Corporation, Tokyo, Japan).

Establishment of subcutaneous xenograft tumor models. Male 
BALB/C Nu mice were obtained from Vital River Laboratory 
Animal Technology Co., Ltd., (Beijing, China) at 3‑ to 4‑weeks 
old and weighing 18‑20 g. Five mice per cage were housed 
together under a 12/12 h light/dark cycle in standard labora-
tory specific pathogen free cages (22±2˚C, 50‑60% humidity), 
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with food and water ad libitum. A375 cells were digested using 
0.25% pancreatin and were counted. The cell concentration 
was adjusted to 1x107 cells/ml and a 0.1 ml cell suspension 
was subcutaneously injected into the right armpit of the mice. 
The volume of tumors was measured with a caliper every 
3 days using the following equation: Tumor volume=width 
(W)2xlength (L)/2. When the tumor volumes reached approxi-
mately 100 mm3, the mice were randomly and equally divided 
into 2 groups and were treated with control or CTD (intraperi-
toneal injected with 200 µl vehicle or CTD, 0.5 mg/kg/day) for 
3 weeks. In addition, certain mice in the CTD‑treated group 
were intratumorally injected with miR21 agomir (10  nM 
diluted with 50 µl of PBS, three times per week; Guangzhou 
Ribobio Co., Ltd.) or agomir control accompanied with CTD 
treatment (n=6 per group). A total of 30 mice were included 
in the present study. All the experiments were performed in 
accordance with the relevant guidelines and approved by the 
Institutional Animal Care and Use Committee (IACUC) of 
Taishan Medical University.

Flow cytometric analysis. Following treatment with CTD for 
48 h, the cells were harvested and reconstituted to 1‑5x106/ml. 
Next, 100 µl cell suspension was transferred into a 5 ml flow 
tube, followed by staining with 5 µl of Annexin V/fluorescein 
isothiocyanate (FITC; Beijing 4A Biotech Co., Beijing, China) 
for 5 min at room temperature in the dark. Next, the cells were 
stained with 10 µl propidium iodide (PI) and 400 µl PBS, and 
then collected and detected by flow cytometry. The results 
were analyzed using Flowjo software (version 9.3.2; FlowJo 
LLC, Ashland, OR, USA).

Statistical analysis. Data analysis was performed using 
SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). All the 
data were presented as the mean ± standard deviation. The 
data of only two groups were analyzed using a Student's t‑test. 
One‑way analysis of variance followed by the Student Newman 
Keuls test was used for the analysis of three or more groups. 
P<0.05 was considered to indicate a statistically significance 
difference.

Results

CTD inhibits the proliferation and tumorigenesis of 
melanoma. The effects of different doses of CTD (0.2, 1 and 
5 µM) were first evaluated on the growth of A375 cells using 
the CCK‑8 assay. The results demonstrated that the OD value 
of 5 µM CTD‑treated A375 cells was significantly decreased 
compared with the vehicle control at 48, 72 and 96 h (P<0.05). 
Next, 1 µM CTD significantly decreased the OD value of 
A375 cells only at 96 h (P<0.01) and significantly increased 
compared with 5 µM CTD (P<0.01). Additionally, 0.2 µM 
CTD demonstrated no effect on the OD value (Fig.  1A). 
These results suggest that CTD had an inhibitory effect on 
the proliferation of A375 cells in a dose‑dependent manner. 
Therefore, 5 µM CTD was used in subsequent in vitro experi-
ments. The colony formation assay was also used to detect 
the roles of CTD in the growth of A375 cells. The plates with 
5 µM CTD treatment exhibited significantly fewer cell clones 
compared with the control group (P<0.01; Fig. 1B and C). All 
these results indicated that CTD inhibits the proliferation of 

A375 cells effectively in vitro. Whether CTD had antitumor 
effects on A375 cell xenografts in vivo was next investigated. 
The results demonstrated that CTD retarded the growth of the 
xenograft tumor significantly and the final tumor volume was 
significantly smaller compared with the vehicle‑treated group 
(P<0.01; Fig. 1D and E), suggesting that CTD inhibited the 
tumorigenesis of melanoma in vivo.

CTD promotes the apoptosis of A375 cells. To observe the effect 
of CTD on cell apoptosis in A375 cells, an Annexin V‑FITC/PI 
staining assay was conducted. As shown in Fig. 2A and B, 
CTD increased the number of apoptotic cells compared 
with those in the vehicle control group (P<0.01). These data 
suggest that CTD may promote human melanoma cell apop-
tosis. To study further the effects of CTD on cell apoptosis 
western blot analysis was performed. The expression level of 
Bcl‑2, an anti‑apoptosis protein, was significantly decreased 
following CTD treatment (P<0.01), while the expression levels 
of pro‑apoptosis proteins Bax and active caspase‑3 were 
significantly increased (P<0.01; Fig. 2C and D). These results 
indicate that CTD could effectively induce the apoptosis of 
A375 cells.

CTD suppresses miR‑21 and increases PTEN expression in 
A375 cells. Next, alterations in the relative expression levels of 
miR‑21 and its target gene PTEN following CTD administra-
tion were measured. A higher miR‑21 expression in A375 cells 
was decreased significantly following CTD treatment (P<0.01; 
Fig.  3A). Furthermore, PTEN, the potential downstream 
gene of miR‑21, was upregulated in both the mRNA and 
protein expression levels following CTD treatment (P<0.01; 
Fig. 3B and C). These results suggested that miR‑21 and PTEN 
may be involved in the effects of CTD on A375 cells. The AKT 
kinase is the one of the important downstream effectors of 
PTEN. Accompanied with the increased expression of PTEN 
following CTD treatment, the expression of the active form of 
AKT, pAKT, was decreased (Fig. 3C). These results proved 
that CTD may suppress the AKT pathway by increasing PTEN 
expression.

Antitumor effects of CTD via attenuating miR‑21‑mediated 
PTEN suppression. To further verify the association between 
miR‑21 downregulation and CTD‑induced antitumor effects, 
miR‑21 agomir and antagomir were used to observe the 
CTD effects on A375 proliferation and tumorigenesis. The 
results demonstrated that the miR‑21 agomir or antagomir 
could significantly increase or decrease, respectively, the 
expression of miR‑21 in A375 cells (both P<0.01; Fig. 4A). 
Compared with the CTD+antagomir/agomir control, the 
miR‑21 agomir (P<0.01) or antagomir (P<0.05) impeded or 
promoted the effect of CTD on the OD values, respectively 
(Fig.  4B). Furthermore, it was demonstrated that miR‑21 
agomir administration could significantly reverse the decrease 
in the xenograft tumor volumes caused by CTD treatment 
on the 21st day (P<0.01; Fig. 4C). These results suggest that 
miR‑21 is involved in the antitumor effect of CTD both in vitro 
and in vivo. Next, the roles of PTEN in the antitumor effect of 
CTD were evaluated. First, the effectiveness of the tools used 
to regulate PTEN expression was confirmed (Fig. 4D and E). 
Similarly, it was observed that PTEN overexpression or 
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siRNA PTEN treatment could significantly enhance or 
impede the roles of CTD in A375 cell viability, respectively 
(P<0.01; Fig. 4F). Finally, it was demonstrated that miR‑21 
agomir or antagomir administration blocked or enhanced the 
decreased effect of CTD on OD values, respectively, whereas a 
combination with PTEN overexpression or knockdown could, 
respectively, reverse these results (all P<0.05; Fig. 4G). These 
results indicate that the antitumor effects of CTD occurred via 
attenuating miR‑21‑mediated PTEN suppression.

Discussion

In the present study, the effects and underlying mechanisms of 
CTD on melanoma proliferation were evaluated. CTD could 
effectively inhibit the viability and colony formation of A375 
cells, decrease the size of xenograft tumors and induce A375 
cell apoptosis, all of which were regulated via attenuating 
miR‑21‑mediated PTEN suppression.

Previous findings have shown that CTD exerts general 
anticancer effects on the proliferation and metastasis of a 
number of types of human cancer (5). It was also indicated that 
CTD inhibited human melanoma cell migration and invasion 
effectively (9). In addition to the inhibited roles in melanoma 
metastasis, in the present study, it was demonstrated that CTD 
could suppress the proliferation of melanoma both in vitro and 
in vivo. Furthermore, the melanoma cell apoptosis increased 

following CTD treatment, which may be associated with the 
inhibition of AKT signaling pathway. These results are in 
agreement with results of previous studies (9,10) and indicates 
that CTD or its derivatives could be candidates for melanoma 
treatment.

However, because of the toxicity, CTD has a very narrow 
therapeutic window in clinical use (5,15). In addition, CTD 
can accumulate in certain healthy organs and impair its 
normal physiological function (5). Therefore, to fully exploit 
CTD in the future, it is important to clarify the underlying 
mechanisms and identify selective downstream targets of 
CTD during cancer treatment. CTD has been demonstrated 
to be the inhibitor of protein phosphatases (PP) type 1 and 
type 2A (PP2A), which serve key roles in regulating the signal 
transfer of the cell cycle, mitosis and apoptosis (16). However, 
the detailed underlying mechanisms of CTD remain unclear. 
Recently, miRs were demonstrated to serve important roles 
in cancer chemotherapy (17‑19), but little is known about the 
involvement of miRs in CTD treatment. Abnormal miR‑21 
expression was demonstrated in melanoma tumor tissue 
samples and cell lines (11,12,20). Furthermore, proliferation, 
invasion, migration and apoptosis are partly regulated by 
miR‑21 in melanoma tumorigenesis  (13,20,21). Therefore, 
the selective inhibition of miR‑21 is a promising therapy for 
melanoma. In the present study, it was demonstrated that the 
high expression of miR‑21 in A375 cells was inhibited by 

Figure 1. CTD inhibits the proliferation of A375 cells and tumorigenesis of melanoma. (A) Alterations in the viability of A375 cells following treatment with 
different doses of CTD as measured by a CCK‑8 assay. *P<0.05 and **P<0.01 vs. the vehicle group at the indicated time points. ##P<0.01 vs. the 1 µM CTD 
group at 96 h. The experiment was repeated three times. (B) Representative graphs of colony formation following CTD treatment. (C) Statistical analysis of the 
colony numbers. **P<0.01 vs. the vehicle group. The experiment was repeated five times. (D) Representative graphs of in‑site and isolated melanoma. (E) The 
tumor volume was recorded twice a week following CTD treatment for 3 weeks. **P<0.01 vs. the vehicle group at the indicated time points. n=6 per group. All 
values are presented as the mean ± standard deviation of the mean. CTD, Cantharidin; OD, optical density; CCK‑8, Cell Counting Kit‑8.
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Figure 3. CTD inhibits the expression of miR‑21 but increased the expression of PTEN in A375 cells. (A) Alterations in miR‑21 expression following CTD 
treatment. **P<0.01 vs. the vehicle group. The experiment was repeated five times. (B) Alterations in pten mRNA expression following CTD treatment. **P<0.01 
vs. the vehicle group. n=3 per group. (C) The left panel demonstrated representative western blotting graphs of PTEN, AKT and pAKT following CTD treat-
ment in A375 cells. The right panel demonstrates statistical analysis of the gray values of the blots. **P<0.01, vs. the vehicle group. The experiment was repeated 
five times. CTD, Cantharidin; pAKT, phosphorylated protein kinase B; PTEN, phosphatase and tensin homolog.

Figure 2. CTD induces the apoptosis of A375 cells. (A) Representative Annexin V‑FITC/PI double‑staining graphs. (B) Statistical analysis of the percentage 
of apoptotic cells. **P<0.01 vs. the vehicle group. The experiment was repeated five times. (C) Representative western blot graphs of Bcl‑2, Bax and active 
caspase‑3 following CTD treatment in A375 cells. (D) Statistical analysis of the gray value of blots. **P<0.01 vs. the vehicle group. The experiment was 
repeated five times. FITC, fluorescein isothiocyanate; Bcl‑2, B‑cell lymphoma‑2; PI, propidium iodide.
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CTD. Overexpression or downregulation of miR‑21 in A375 
cells could impair or enhance the effect of CTD on cell prolif-
eration, metastasis and apoptosis. These results suggest that 

miR‑21 was one of the important targets of CTD for melanoma 
treatment, a result that, to the best of our knowledge, has not 
been previously reported.

Figure 4. The antitumor roles of CTD in A375 melanoma cells are achieved by attenuating miR‑21‑mediated PTEN suppression. (A) Alterations in miR‑21 
expression following miR‑21 agomir or antagomir treatment. **P<0.01; ##P<0.01. The experiment was repeated three times. (B) Alterations in the viability of 
A375 cells following different treatments for 96 h as measured by the CCK‑8 assay. **P<0.01 vs. the mock group. ##P<0.01; &&P<0.01; $P<0.05. The experiment 
was repeated three times. (C) Final tumor volumes following different treatments for 3 weeks. **P<0.01, compared with the vehicle group. ##P<0.01. n=6 per 
group. (D) Expression of pten in A375 cells following different treatments. LV‑PTEN, overexpression of PTEN; siRNA PTEN, knockdown of PTEN by 
specific siRNA. **P<0.01; ##P<0.01. The experiment was repeated three times. (E) The left panel presents representative western blot graphs of PTEN following 
different treatments in A375 cells. The right panel demonstrates statistical analysis of the gray values of the blots. **P<0.01; ##P<0.01. The experiment was 
repeated five times. (F) Alterations in the viability of A375 cells following different treatments for 96 h as measured by the CCK‑8 assay. *P<0.05, **P<0.01 
vs. the mock group. #P<0.05; &&P<0.01. The experiment was repeated three times. (G) Alterations in the viability of A375 cells following different treatments 
for 96 h as measured by the CCK‑8 assay. *P<0.05 vs. the CTD+agomir control group. #P<0.05; &P<0.05. The experiment was repeated three times. PTEN, 
phosphatase and tensin homolog; siRNA, small interfering; CCK‑8, Cell Counting Kit‑8.
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miR‑21 can regulate certain target genes and is involved 
in melanoma (20,22). PTEN, a famous tumor suppressor, is 
one of the miR‑21 target genes reported recently (23). Previous 
studies have demonstrated that PTEN can promote the host 
immune response against cancer cells by suppressing the intra-
cellular levels of certain immunosuppressive factors, including 
interleukin (IL)‑6, IL‑10, vascular endothelial growth factor, 
and programmed cell death 1 ligand, by negatively regulating 
the AKT/protein kinase B signaling pathway (24‑27). In addi-
tion, PTEN is associated with melanoma aggressiveness and a 
worse prognosis in patients (28). Recently, a number of studies 
have demonstrated that various drugs or compounds promote 
PTEN mRNA and protein expression to repress tumor forma-
tion and progression  (29,30). Therefore, whether the roles 
of CTD in A375 cells are associated with miR‑21‑regulated 
PTEN was further investigated in the present study. The 
putative relationship between the PTEN/AKT pathway and 
effects of CTD on A375 cell proliferation were investigated, 
which were mediated by miR‑21. Certainly, miR‑21 has other 
potential targets such as programmed cell death 4 and p53, in 
addition to PTEN (23,31). Consequently, further studies are 
necessary to investigate whether other miR‑21 target genes 
are involved in the CTD‑induced repression of melanoma 
proliferation.

In conclusion, results of the present study provide evidence 
that CTD has anti‑proliferative effects on human melanoma 
and underlying mechanisms are via miR‑21 downregulation, 
increased PTEN expression, and decreased AKT activity. The 
identification of the miR‑21/PTEN/AKT pathway in CTD 
treatment may be useful in the development of more effica-
cious and less toxic CTD analogs for melanoma chemotherapy 
in the future.
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