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miR-21 inhibitor facilitates the anticancer activity of
doxorubicin loaded nanometer in melanoma
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Abstract. MicroRNA-21 (miR-21) is a potential thera-
peutic target for melanoma. Whether miR-21 inhibitor
affects the anti-cancer activity of doxorubicin assisted by
¢(RGDyK)-modified liposome (DLN) in melanoma and the
underlying mechanisms are largely unknown. In this study,
in vitro and animal models were used to explore the effect
of DLN combined with miR-21 inhibitor on melanoma cells.
The data demonstrated that treatment with 5 ul DLN (final
concentration of doxorubicin 5 mg/ml) for 72 h effectively
inhibited melanoma cell growth (~75% inhibition). The
experiments were then divided into five groups: Control
group, vector group, DLN group, miR-21 inhibitor group and
miR-21 inhibitor + DLN group. Compared with the control
group, DLN (5 ul) or miR-21 inhibitor significantly reduced
migration and invasion of melanoma cells, promoted apoptosis
and arrested cells at the G1 phase. Notably, the combined
application of DLN with miR-21 inhibitor further promoted
the anti-cancer effects (reducing migration and invasion of
melanoma cells, promoting apoptosis and arresting cells at
Gl phase) compared with individual application of DLN
or miR-21 inhibitor. Mechanically, DLN did not function
by reducing miR-21 expression, whereas DLN and miR-21
inhibitor downregulated B-cell lymphoma-2 (BCL-2) expres-
sion, and facilitated BCL-2-associated X protein (Bax) and
P53 expression in melanoma cells. DLN and miR-21 inhibitor
together displayed stronger effects on Bcl-2, Bax and P53
expression that each alone. In vivo data further demonstrated
that DLN inhibited tumor growth further than a similar dose
of doxorubicin only. Furthermore, miR-21 inhibitor and DLN
exerted the optimal anti-cancer effect compared with single
application of DLN or miR-21 inhibitor. Together, the find-
ings demonstrated miR-21 inhibitor facilitated the anti-cancer
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activity of DLN in melanoma, and the mechanisms involved
Bcl-2, Bax and P53 expression.

Introduction

Cancer is the second most common cause of mortality in the
United States, and the incidence rate is still increasing (1).
Chemotherapy is still the most common treatment among
the four major cancer therapy types: Surgical treatment,
radiotherapy, chemotherapy and biological therapy (2). The
majority of the approaches currently used involve interference
in nucleic acid metabolism and DNA repair (3). Currently,
there are >70 types of anti-tumor drugs commonly used in the
clinic, and >400 new anti-tumor drugs have entered clinical
trials (4). However, the majority of drugs fail due to their lack
of specificity for tumor cells.

Targeted therapy is a way of targeting tumor cells with
drugs and other active substances that kill tumor cells
without affecting the function of normal tissues and cells (5).
Subsequently, the curative effect is improved and side effects
are relatively reduced based upon the application of target
therapy. The targeted drug delivery uses a novel nano drug
delivery system, which increases the selectivity of the drug to
the target focus, thus increasing the drug concentration in the
tumor tissue (6,7). Current, the drug delivery systems mainlyact
by targeting an antigen or antibody on the surface of tumor
cells (8,9). Doxorubicin is one of the common chemothera-
peutic agents used to treat liver cancer (10). However, it has dose
limitations due to its poor bioavailability, hydrophobicity and
cytotoxicity. The cyclin-(RGDyk)[c(RGDyK)] peptide func-
tionalized nanomicellar system can overcome the drawbacks
of low transport of chemotherapeutics across the blood-tumor
barrier (BTB) in multidrug-resistant cancer cells (11). The
anti-tumor efficacy of chemotherapeutic agents was signifi-
cantly facilitated with the assistance of the c((RGDyK) drug
delivery system (12,13). However, the therapeutic effects of
doxorubicin assisted by ¢(RGDyK)-modified liposomes on
melanoma growth and the underlying mechanisms are largely
unknown.

MicroRNAs (miRs) can act as oncogenes or tumor
suppressor genes during cancer development (14,15). miRs
regulate multiple signaling pathways and change the expres-
sion of mRNAs (16,17). miR-21 was reported to be upregulated
in the tissues and cells of various solid tumors, including
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glioma, colon cancer, gastric cancer and melanoma tissue (18).
Overexpression of miR-21 in glioma cells can inhibit apoptosis
and miR-21 may have an oncogenic function (19). miR-21 is a
potential therapeutic target for various types of cancer, partic-
ularly melanoma (18). Therefore, a miR-21 inhibitor could
potentially facilitate the antitumor effect of a targeted therapy.
In this study, cellular and animal models were used to explore
the effect of doxorubicin capsuled in 4c[RGDyk]-L-[CD]
nanoparticle and miR-21 inhibitor on melanoma cells, and to
assess its associated mechanisms. This study may provide an
experimental basis for the treatment of melanoma.

Materials and methods

Preparation of doxorubicin-loaded nanometer. Doxorubicin
was obtained from Beijing Huafeng United Technology Co.,
Ltd. (Beijing, China). c((RGDyK) (molecular weight, 619.51)
was synthesized by GL Biochem Ltd. (Shanghai, China).
Liposomes loaded with doxorubicin and c¢(RGDyK)-L-[CD]
were prepared in our lab using the method described previ-
ously (20). Doxorubicin (1 ml) diluted in PBS was added into a
dialysis bag. After 48 h, the dialysis bag was cut and 2 ml 10%
Triton X-100 was added to destroy all the liposomes. The final
concentration of doxorubicin was 20 mg/ml.

Cell culture. Melanoma cell line BI6F10 was purchased from
Shanghai Cell Bank of Chinese Academy of Sciences and
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) and
100 U/ml penicillin-streptomycin (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) in 5% CO, at 37°C. When
the cell confluence reached 90%, the culture medium was
discarded and cells were washed twice with PBS and passaged
following trypsin digestion.

miR-21 inhibitor transfection. At a density of 50-70%, B16F10
cells (3x10? cells) were transfected with vector (miR-21 scram-
bled control) or inhibitor (1 pxl) using Lipofectamine™ 2000
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions for 6 h. The miR-21 inhibitor and miR-21
negative control (NC) inhibitor were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China). Cells were then cultured in
DMEM containing 10% FBS for another 72 h. The sequences
of miR-21 inhibitor and vector were 5'-UCAACAUCAGUC
UGAUAAGCUA-3' and 5-UCUACUCUUUCUAGGAGG
UUGUGA-3

MTT assay. The effects of doxorubicin-loaded nanometer
(DLN) on melanoma cell growth were evaluated by MTT
assay. The cells were treated with different concentrations
of DLN (0-20 pl) for 24-72 h. To investigate the anti-tumor
effects of association application of DLN with miR-21 inhib-
itor, the experiments were divided into five groups: Control
group, vector (miR-21 inhibitor NC) group, DLN group,
miR-21 inhibitor group, and miR-21 inhibitor + DLN group.
Following the indicated treatments, an MTT assay was applied
to evaluate cell proliferation. DMSO (100 ul) was added to
each well to dissolve the formazan. The optical density was
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determined via microplate reader (BioTek Instruments, Inc.,
Winooski, VT, USA) at 570 nm and represented cell viability.

Transwell assay. BI6F10 cells in the logarithmic growth phase
were cultured in serum-free medium for 24 h. The medium
was discarded and the cells were digested using trypsin. The
cells underwent washing, centrifugation and resuspension in a
low serum DMEM medium (containing 0.2% FBS) to form a
single cell suspension with a density of 5x10%/ml. The cells in
different groups were treated for 48 h. Subsequently, the cells
were collected and suspended cells (100 ul; 1x10%/ml) were
added into each Transwell chamber. DMEM/F12 (600 ul)
containing 10% FBS was added into each well in a 24-well
plate. The prepared Transwell chambers were placed in the
24-well plate for 20 h at 37°C and 5% CO,. Cells in the lower
chamber were fixed in 4% paraformaldehyde for 30 min at
room temperature and stained with 3% crystal violet for 5 min
at room temperature. Four fields in the upper and lower, left
and right positions were selected for counting in each well.
The experiment was repeated for three times and mean value
was calculated.

Cell migration. BI6F10 cells (3x10°) were seeded in 6-well
plates and treated with the indicated drugs for 72 h. After
that, the cells were collected and suspended cells (100 ul;
1x10%/ml) were incubated in the plates for 24 h. A line was
drawn across the center of the wells. After incubation in CO,
incubator at 37°C, the images were captured under a light
microscope. The migration speed was calculated based on
the formula: Cell mobility (zm/h)=[width,-width,]/72 h.
Width,,, and width, represented the width measured at 0 and
72 h, respectively.

Flow cytometry. BI6F10 cells (3x10°) were seeded in 6-well
plates and treated with indicated drugs for 72 h. The cells
were collected following trypsin digestion. The cells were
incubated with Annexin V-fluorescein isothiocyanate
(0.5 ul) and propidium iodide (PI; 0.5 ul; cat. no. C1062;
Beyotime Institute of Biotechnology, Haimen, China) for
30 min in the dark. Subsequently, apoptosis was detected by
flow cytometry (BD Biosciences, San Jose, CA, USA) and
data were analyzed using FlowJo 10 (FlowJo LLC, Ashland,
OR, USA). Following transfection for 72 h, the cells were
collected for PI staining (0.5 xl/ml) and the cell cycle distri-
bution was assessed by flow cytometry (BD Biosciences)
within 1 h of staining.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). B16F10 cells (3x10°) were seeded in 6-well plates
and treated with indicated drugs for 72 h. RNA in different
groups was extracted using a TRIzol (Thermo Fisher Scientific,
Inc.). Subsequently, RNA was transcribed into cDNA
according to the instructions of a Reverse Transcription Kit
(Takara Biotechnology Co., Ltd., Dalian, China). Fluorescence
gPCR was utilized to detect the expression level of the target
RNAs using cDNA as the template following the instruc-
tion of Platinum™ II Taq Hot-Start DNA Polymerase (cat.
no. 14966005; Thermo Fisher Scientific, Inc.). SYBR-Green
(cat. no. HY-K0501; MedChemExpress, Monmouth Junction,
NJ, USA) was used as fluorophore and the thermocycling
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Table I. Primer sequence for use in reverse transcription-quantitative polymerase chain reaction.

Primer name Sequence (5'-3") Primer length (bp) Product length (bp) Annealing (°C)
miR-21 F CGCCGTAGCTTATCAGACTG 20 65 57.7
miR-21 R CAGCCACAAAAGAGCACAAT 20

U6 F CTCGCTTCGGCAGCACA 17 94 60
U6R AACGCTTCACGAATTTGCGT 20

BCL-2F GTGCCTGCTTTTAGGAGACCGA 22 128 62.9
BCL-2R GAGACCACACTGCCCTGTTGATC 23

P53 F AGTGCTCGCTTAGTGCTCCCT 21 110 62.6
P53 R GTGCATGTTTGTGCCTGTCCT 21

Bax F AGACACTCGCTCAGCTTCTTG 21 116 58
Bax R CTTTTGCTTCAGGGTTTCATC 21

GAPDH F GAAGGTCGGAGTCAACGGAT 20 224 58.3
GAPDH R CCTGGAAGATGGTGATGGG 19

miR-21, microRNA-21; F, forward; R, reverse; BCL-2, B-cell lymphoma-2; Bax, BCL-2-associated X protein.

conditions were as follows: Initial denaturation at 95°C for
10 min, followed by 40 cycles of a two-step PCR at 95°C for
15 sec and 60°C for 1 min. The expression of miR-21 was
normalized to U6. The expression of BCL-2, Bax and P53 was
normalized to GAPDH. The primers are listed in Table I. The
244 method was used to quantify the results as previously
described (21).

Western blot. BI6F10 cells (3x10%) were seeded in 6-well
plates and treated with indicated drugs for 72 h. Protein was
extracted from the treated cells using a protein isolation kit
(cat. no. 28-9425-44, GE Healthcare Life Sciences). Protein
levels were quantified with a bicinchoninic acid protein assay
kit. Protein (25 ug/lane) was separated via SDS-PAGE on
12% gels and transferred onto nitrocellulose membranes.
The membranes were blocked in 5% skim milk for 2 h at
room temperature. The antibodies against BCL-2 (cat.
no. ab32124; Abcam, Cambridge, MA, USA; 1:1,000), Bax
(cat. no. ab32503; Abcam; 1:2,000), P53 (cat. no. A11212;
ABclonal Biotech Co., Ltd., Woburn, MA, USA; 1:1,000)
and GAPDH (cat. no. AC033; ABclonal Biotech Co., Ltd.;
1:1,000) were incubated overnight at 4°C. After washing,
the membranes were incubated with the secondary antibody
(horseradish peroxidase-labeled goat anti-rabbit IgG; 1:100;
cat. no. abl131368; Abcam) for 2 h at room temperature.
Enhanced chemiluminescence kit (cat. no. RPN2133; GE
Healthcare Life Sciences) was added to the membrane and
visualized using a gel imaging system (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Establishment of in vivo tumor model. All animal experi-
ments were approved by the Ethics Committee of Jiangxi
Tumor Hospital (approval no. 20170312). Female Balb/c nude
mice (6-week old; 20 g) were purchased from Hunan SLAC
Experimental Animal Co. Ltd. (SCXK2016-0002) and housed
in a specific pathogen-free condition that was automatically
maintained at a temperature of 23+2°C, a relative humidity of
45-65%, and with a controlled 12 h light /dark cycle. The mice

implanted with the tumor cell lines were randomly divided into
six groups (n=5 in each group): Control group, doxorubicin
group, DLN group, miR-21 inhibitor group, miR-21 inhibitor +
doxorubicin group and miR-21 inhibitor + DLN group. BI6F10
cells in the logarithmic growth phase (1x107) were diluted in
0.2 ml PBS and injected (subcutaneous injection) into the
Balb/c nude mice. Doxorubicin, DLN and miR-21 inhibitor
group were administered for 10 consecutive days, following
attainment of a tumor size of 50 mm?®. In the miR-21 group,
each mouse received miR-21 inhibitor [intraperitoneal injec-
tion (i.p.), 20 ul]. In the miR-21 inhibitor + doxorubicin group,
each mouse received 20 pl (1 ug/ul) miR-21 inhibitor (i.p.) and
20 ul doxorubicin (5 mg/kg). In the miR-21 inhibitor + DLN
group, each mouse received 20 ¢l miR-21 inhibitor (i.p.) and
20 ul DLN (5 mg/kg). General conditions of the mice were
monitored daily and the tumor size was measured every
2 days. Following 10 days of drug administration, the mice
were anesthetized using isoflurane and decapitated, and the
whole tumor was removed. The tumor specimens were fixed
in 4% paraformaldehyde in PBS (pH 7.4) at 4°C overnight and
then embedded in paraffin for tissue sectioning. The tissues
were sectioned into 5 ym-thick sections. Subsequently, the
slides were stained with hematoxylin (3%) and eosin (3%) for
5 min at room temperature. The images were captured under
light microscopy.

Statistical analysis. The data were presented as the
mean + standard deviation and analyzed using SPSS 17.0
(SPSS, Inc., Chicago, IL, USA). Statistical significance
was determined by one-way analysis of variance with
Newman-Keuls as the post-hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results
DLN inhibits cell growth of BI6FI0 cells. Initially, we

detected the effects of 5 ul DLN on cell growth of B16F10
cells. As shown in Fig. 1A, DLN inhibits the cell growth in a
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Figure 1. DLN inhibits cell growth of BI6F10 cells. (A) DLN inhibits the cell growth in a time-dependent manner (0-72 h); (B) DLN with 5 mg/ml doxorubicin
exhibited the optimal effects on cell growth after 72 h treatment. "P<0.05 vs. control. DLN, doxorubicin-loaded nanometer.
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Figure 2. miR-21 inhibitor reduces miR-21 expression. miR-21 inhibitor
reduced miR-21 expression, while control vector did not affect miR-21
expression. ‘P<0.05 vs. control. miR-21, microRNA-21.

time-dependent manner (0-72 h). Significant difference was
observed at the 48 and 72 h time points compared with the O h
control (P<0.05). As shown in Fig. 1B, 5 ¢l DLN (5 mg/ml)
the optimal effects on cell growth were observed after 72 h
treatment. Therefore, 5 ul DLN was selected to treat the cells
for 72 h in the subsequent experiments.

miR-21 inhibitor reduces miR-21 expression. miR-21 expres-
sion was confirmed by RT-qPCR. As shown in Fig. 2, miR-21
inhibitor significantly reduced miR-21 expression (P<0.05),
while control miR-21 inhibitor NC did not affect miR-21
expression.

miR-21 inhibitor facilitates the anti-migration effect of DLN.
As shown in Fig. 3, DLN significantly inhibited the migration
of melanoma cells (P<0.05). miR-21 inhibitor also significantly
inhibited cell migration compared with control (P<0.05).
Combined application of DLN and miR-21 inhibitor further
inhibited cell migration compared with single application of
DLN and miR-21 inhibitor.

miR-21 inhibitor facilitates the anti-invasion effect of DLN.
As shown in Fig. 4, DLN significantly inhibited invasion of
melanoma cells at the concentration of 5 ul (P<0.05). miR-21
inhibitor also significantly inhibited cell invasion (P<0.05).
Results demonstrated that DLN and miR-21 inhibitor

combination further inhibited cell invasion compared with
DLN or miR-21 inhibitor alone.

miR-21 inhibitor promotes cell cycle arrest following DLN
treatment. As shown in Fig. 5, miR-21 inhibitor and DLN
increased the number of cells at G1 phase, and decreased the
number of cells at S phase (P<0.05). miR-21 inhibitor further
increased cell cycle arrest ability of DLN when combined
treatment was performed.

miR-21 inhibitor facilitates the apoptosis induced by DLN. As
shown in Fig. 6, DLN induced apoptosis of melanoma cells at
a concentration of 5 ul (P<0.05). miR-21 inhibitor also induced
apoptosis of melanoma cells (P<0.05). The co-application
of miR-21 inhibitor and DLN produced a further increase
in apoptosis compared with single application of DLN and
miR-21 inhibitor.

miR-21 inhibitor promotes the effects of DLN on BCL-2,
P53 and Bax. miR-21 and apoptosis-related gene expression
were also detected. As shown in Fig. 7A, miR-21 expression
in miR-21 inhibitor group and miR-21 inhibitor + DLN group
was significantly reduced compared with control (P<0.05). By
contrast, DLN treatment alone did not affect miR-21 expres-
sion. BCL-2 mRNA expression was downregulated by miR-21
inhibitor or DLN treatment (P<0.05). Additionally, the associ-
ated application of miR-21 inhibitor with DLN further reduced
BCL-2 expression. Bax mRNA expression was upregulated by
miR-21 inhibitor or DLN treatment (P<0.05). Furthermore,
the associated application of miR-21 inhibitor with DLN
further promoted Bax expression. P53 mRNA expression was
upregulated by miR-21 inhibitor or DLN treatment (P<0.05),
and the combined application of miR-21 inhibitor with DLN
further promoted P53 expression. The protein expression of
BCL-2, Bax and P53 was confirmed by western blotting, with
a similar trend observed in different groups as the mRNA
expression (Fig. 7B and C).

miR-21 inhibitor facilitates the anti-tumor effects of
DLN in vivo. Mouse body temperature and behaviors
were monitored each day. In the present study, the mice
displayed normal wellbeing and all animals presented
with a single subcutaneous tumor in the forelimb armpit
and the longest diameter was <10 mm. Furthermore, no
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Figure 3. miR-21 inhibitor facilitates the anti-migration effect of DLN. (A) Representative images at 0 and 72 h. (B) Quantification of migrated cells. Results
are presented as the mean + standard error of six replicates. “P<0.05 vs. control; “P<0.05 vs. miR-21 inhibitor + DLN. DLN, doxorubicin-loaded nanometer;
miR-21, microRNA-21.
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Figure 4. miR-21 inhibitor facilitates the anti-invasion effect of DLN. DLN significantly inhibited invasion of melanoma cells at the concentration of 5 ul.
miR-21 inhibitor also inhibited cell invasion. DLN and miR-21 inhibitor combination further inhibited cell invasion. “P<0.05 vs. control; “P<0.05 vs. miR-21
inhibitor + DLN. DLN, doxorubicin-loaded nanometer; miR-21, microRNA-21.
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Figure 5. miR-21 inhibitor increases cell cycle arrest of DLN. Upper panel: Representative images of flow cytometry and quantification data of cell cycle
distribution. "P<0.05 vs. control; “P<0.05 vs. miR-21 inhibitor + DLN. DLN, doxorubicin-loaded nanometer; miR-21, microRNA-21.

ulceration or abrasion of tumor surface was observed.
The maximum tumor burden was observed in the control
group (~8% of the body weight). As shown in Fig. 8, tumor
weight in the doxorubicin, DLN, miR-21 inhibitor groups
were significantly reduced compared with control (P<0.05).
The combined treatment of miR-21 inhibitor with DLN
further inhibited tumor growth compared with individual
of miR-21 inhibitor or DLN treatment. As shown in Fig. 9,
the tumor tissue in control group was rich in blood vessels.
The tumor cells were arranged closely and the size was
relatively consistent. Tumor cells in the doxorubicin group
were loosely arranged, and tumor cells in the DLN group
were significantly enlarged. Tumor cells in miR-21 inhibitor
group exhibited vacuoles and necrosis. More tumor cells in
miR-21 inhibitor + doxorubicin group exhibited necrosis. In

addition, tumor cells in miR-21 inhibitor + DLN group were
loosely arranged.

Discussion

In this study, in vitro cellular and animal models were used
to explore the effect of DLN combined with miR-21 inhibitor
on melanoma tumor cells. Our data revealed that DLN had
stronger anticancer effects compared with direct application
of doxorubicin. From a mechanistic perspective, DLN did not
affect miR-21 expression to exert its antitumor effects, which
was facilitated by miR-21 inhibitor. These data provided novel
idea for the application of DLN in melanoma treatment.
Melanoma is a skin cancer caused by the dedifferen-
tiation of melanocytes (22). Melanoma is characterized by
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Figure 6. miR-21 inhibitor facilitates the apoptosis induced by DLN. Upper panel: Representative images of flow cytometry. Lower panel: Quantification data
of apoptosis. “P<0.05 vs. control; “P<0.05 vs. miR-21 inhibitor + DLN. DLN, doxorubicin-loaded nanometer; miR-21, microRNA-21.

strong immune escape ability (23). Currently, the treat-
ment of melanoma is typically early surgery, followed
by chemotherapy combined with biological therapy. As
malignant tumor is caused by unlimited proliferation and
abnormal differentiation (24), the available treatments
involve stimulating differentiation and apoptosis. However,
traditional chemotherapeutic drugs still have various prob-
lems. The most prominent is that chemotherapy drugs not
only kill tumor cells, but also selectively damage normal
cells, particularly hematopoietic tissue and cells (25).
The C[RGDyk]-modified liposome targeted delivery
system is one of the common active tumor-targeting drug
delivery systems (26). This system improves therapeutic
efficacy in bone metastasis from breast cancer (27) and

glioblastoma (28). In this study, the anticancer effect of
DLN in melanoma was investigated.

MTT assay was used to determine the appropriate concen-
tration and appropriate time for the administration of the drug
delivery system, which provided the basis for the following
experiments. Based upon the data, 5 ul DLN (5 mg/ml) was
selected and the cells were treated for 72 h. In the current
study, the effect of 10 ul DLN on cell proliferation was not
observable. Although the reasons were not identified, high
concentrations of C[RGDyk]-modified liposome may affect
the bioavailability of doxorubicin. These data receive more
attention in a future study. miR-21 is a potential therapeutic
target in melanoma (18,29,30). In this present study, miR-21
inhibitor was applied in melanoma cells. The results confirmed
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Figure 8. miR-21 inhibitor facilitates the anti-tumor effects of in vivo.
Tumor weight in doxorubicin, DLN, miR-21 inhibitor groups were
significantly reduced compared with control. The associated application
of miR-21 inhibitor with DLN further inhibited tumor growth compared
with single application of miR-21 inhibitor or DLN. "P<0.05 vs. Control;
#P<0.05 vs. miR-21 inhibitor + DLN. DLN, doxorubicin-loaded nanometer;
miR-21, microRNA-21.

that the miR-21 inhibitor significantly reduced the expression
of miR-21 in melanoma cells. More importantly, miR-21
inhibitor further promoted the anti-tumor effects of DLN,
including inhibiting cell proliferation, invasion and migration,
and promoting apoptosis of melanoma cells. In this study,
the reduced proliferation following treatment with DLN may
affect the cell invasion and migration results. Therefore, we
resuspended the cells after treatments and similar numbers of
cells in different groups were used in the analysis of cell migra-
tion and invasion, which may alleviate the bias of migration
and invasion caused by reduced cell proliferation.

Invasive melanomas are characterized by the growth
of melanocyte nests, which are surrounded by interstitial
matrix and various types of stromal and immune cells. The
surrounding tissue is typically matrix rich (31). Integrins
are heterodimeric, transmembrane receptors that function as
mechanosensors, adhesion molecules and signal transduction
platforms in a multitude of biological processes, particularly in
tumorigenesis (32). Self-aggregated pegylated poly-nanopar-
ticles were tagged with c¢(RGDyK) peptide for targeted
doxorubicin delivery to integrin-rich tumors (33). This may
relieve the side effects of chemotherapeutics on normal organs.
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Figure 9. Hematoxylin and eosin staining of the tumor tissues (x200). The tumor tissue in control group was rich in blood vessels. The tumor cells were
arranged closely and the size was relatively consistent. By contrast, the tumor cells in other groups were loosely arranged and the cell growth was inactive.

miR-21, microRNA-21.

Although the cytotoxicity of DLN was not investigated in the
current study, several studies have already verified the safety
of DLN (34,35).

The data of the current study demonstrated that DLN may
promote melanoma cell apoptosis and affect cell cycle, thus
arresting cells at G1 phase and affecting cell proliferation.
Although miR-21 inhibitor also demonstrated anti-cancer
effect in melanoma, the co-application of DLN may further
promote the effect. miR-21 can regulate multiple signaling
pathways and change the expression of tumor-associated
protein-coding mRNAs (36). Notably, DLN treatment did not
cause a reduction of miR-21, which indicated that the effect of
DLN was independent of miR-21. However, additional miR-21
inhibition promoted the anti-cancer effect of DLN.

BCL-2 is a cell-survival factor, while Bax is the most
important apoptosis-associated factor. Bax protein can form
heteromeric two polymers with BCL-2 (37). The ratio of
Bax/BCL-2 is the key factor determining apoptosis (38). P53
can increase the expression of Bax and downregulate the
expression of BCL-2 to promote apoptosis (39). P53 can also
modulate apoptosis through the death receptor pathway (40).
The current study demonstrated that miR-21 inhibitor aggra-
vated the effect of DLN on the expression of BCL-2, Bax and
P53. These results suggest that the induced apoptosis may be
associated changes in the expression of these genes.

In order to further investigate the effect of DLN and
miR-21 inhibitor on tumor growth, a tumor formation assay
in nude mice was performed. The results revealed that DLN
was more effective in inhibiting tumor development than
doxorubicin. Based on previous publications (12,41,42), DLN
may have high bioavailability, hydrophobicity and cytotoxicity
in tumor cells. miR-21 inhibitor facilitates the anti-cancer

activity of DLN in melanoma in vivo as demonstrated by
the reduced tumor growth and the morphological changes.
However, further experiments are essential for the verification
of the mechanisms in vivo.

There were other limitations in this study. The mechanisms
associated with the anti-tumor effects of miR-21 inhibitor and
DLN require further investigation, although apoptosis may
partially explain the effects. Additionally, only one dose of
DLN was used in the study. More doses of DLN combined
with miR-21 inhibitor should be delivered to further clarify
the efficacy. For potential future clinical use, the toxicity of
combination of DLN with miR-21 inhibitor in normal cells
should also be evaluated.

In conclusion, miR-21 inhibitor promoted the anti-cancer
effects of DLN in melanoma cells. Furthermore, the data
revealed that the anti-cancer effect of DLN is miR-21-indepen-
dent, and involves BCL-2, Bax and P53 expression. This study
may provide an alternative treatment for melanoma.
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