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NEDD4 E3 ubiquitin protein ligase serves an important role
in cutaneous melanoma occurrence and development
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Abstract. The present study aimed to discuss the effects and
relative mechanisms of NEDD4 E3 ubiquitin protein ligase
(NEDD4) in cutaneous melanoma (CMM) occurrence and
development. Clinical cancer and adjacent normal tissues
samples were collected to analyze pathological changes and
protein expression of NEDD4. Moreover, small interfering (si)
RNA was used to knockdown NEDD4 expression in SK‑MEL‑2
and Malme‑3M cells. Cellular proliferation, apoptosis,
invasiveness and migration were examined using colony
formation, flow cytometric, Transwell and wound‑healing
assays, respectively. In addition, the relative mRNA and protein
expression levels of NEDD4, notch receptor 1 (Notch1) and
PTEN were evaluated via reverse transcription‑quantitative
(RT‑q) PCR and western blotting. It was found that NEDD4
mRNA and protein expression were significantly upregulated
(both P<0.01). Following NEDD4‑knockdown, colony
number was significantly decreased, while the apoptotic rate
was significantly increased, the invasive cell number was
significantly inhibited and the wound‑healing capacity was
significantly decreased. Following si‑NEDD4 transfection,
RT‑qPCR and western blotting revealed that NEDD4
and Notch1 mRNA and protein expression levels were
significantly downregulated, while those of PTEN were
significantly upregulated in the SK‑MEL‑2 and Malme‑3M
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cell lines. Collectively, the current results suggest that
NEDD4‑knockdown effectively suppressed CMM biological
activity by regulating the Notch1/PTEN pathway in vitro.
Introduction
Immunotherapy has become one of the most rapidly developed
treatment methods in the field of cancer, which essentially
depends on activating the patient's own immune system against
tumors (1). A tumor vaccine is used to introduce various forms
of tumor antigen, which can induce cellular and humoral
immunity, as well as generating long‑term immune memory,
thereby controlling or preventing tumor progression (2).
Melanoma is a highly malignant tumor type, prone to
invasion and metastasis, with a poor prognosis (3). Melanoma
also has strong immunogenicity (4). Immunotherapy has
significant advantages in improving the curative effect of
melanoma, especially after the immune system is stimulated,
and often result in a long‑term curative effect and lasting
immune memory (5). Therefore, tumor vaccine‑induced
immunotherapy has a favorable application prospect for the
prevention and treatment of melanoma.
In eukaryotes, the ubiquitin‑proteasome system (UPS)
is critical to maintaining the intracellular protein balance
and mediating specific irreversible protein degradation of
short‑lived intracellular proteins, as well as some non‑functional
proteins (6,7). When certain proteins closely associated with
apoptosis and cell cycle control are ubiquitin labelled, they
can be identified and degraded by the 26S proteasome (8‑10).
The effects of the UPS on cancer treatment have become a
research hotspot. In 2004, scientists Aaron Ciechanover,
Avram Hershko and Irwin Rose were awarded the Nobel Prize
in Chemistry for the discovery of ubiquitin‑mediated protein
degradation (11). In 2009, articles on the antineoplastic effects
of the UPS were published in Nature, where the prospects
of such a system in cancer treatment were described from
multiple points of view (12‑17). Bortezomib, as the first
drug targeting the UPS, passed clinical trials in 2003. After
being approved by the Food and Drug Administration, it was
selected as a therapeutic medicine for multiple malignant
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hematologic tumors, including relapsed or refractory multiple
myeloma (18,19). However, simply inhibiting the proteasome
may cut off the entire UPS pathway. Consequently, not
only is the transformation of a great number intracellular
proteins inhibited, but significant adverse reactions are also
observed (20). To reduce the influence on the other biological
functions of the UPS, numerous regulatory enzymes that act
on this pathway have become hot topics of research (20‑22).
At present, MLN4924, as a compound that targets an NEDD4
E3 ubiquitin protein ligase (NEDD4) activating enzyme,
is at phase I of a clinical trial, and has shown promising
antineoplastic activity (23,24). Furthermore, melanoma
treatment has been revolutionized by immuno‑ and targeted
therapy (25‑27).
NEDD4 is a type of ubiquitin‑like protein, and its covalent
bonding to a substrate is known as neddylation (28). An
important physiological function of neddylation is to regulate
E3 ubiquitin‑ligating enzymes and promote the progression
of the ubiquitination pathway (29,30). Furthermore, the
family of cullin proteins includes the substrates on which
NEDD4 primarily acts. This family is one of the major
core structures of E3 ubiquitin‑ligating enzymes (31). As
catalyzed by a series of enzymes, NEDD4 is covalently
bound to cullin proteins, thereby forming a NEDD4 chain
structure (31). Consequently, the confirmational changes
to E3 ubiquitin‑ligating enzymes, and E2 (which carries
ubiquitin), promote entry to the E3‑substrate complex, such
that the substrate can be ubiquitinated (32). Numerous studies
have reported that neddylation not only enables a significant
increase in the ubiquitination efficiency of proteins to be
degraded, but also promotes the degradation of these proteins
by the 26S proteasome (33,34).
Previous studies have reported that NEDD4 serves an
important role in cancer development (29,30). NEDD4 is highly
expressed in patients with breast (35) and lung cancer (36),
where it was closely associated with clinical pathology (35,36).
Nevertheless, NEDD4 expression in melanoma, and its under‑
lying mechanisms in melanoma occurrence and development,
remain unknown. In the present study, NEDD4 expression
in melanoma tissues and benign moles was detected via
immunohistochemistry (IHC). Moreover, cellular experiments
were conducted following NEDD4‑knockout to determine its
influence on the biological activity of melanoma cells, and to
identify the associated underlying mechanisms.
Materials and methods
Patient samples, cell lines and cell culture. Specimens
of 30 cases with cutaneous melanoma (CMM; stages I‑II,
20 cases; and stages III‑IV, 10 cases) and 10 cases with
benign moles, surgically removed between March 2017 and
March 2019, were selected from The Affiliated Xingtai People's
Hospital of Hebei Medical University. The patients were not
treated with radiotherapy, chemotherapy or immunotherapy
prior to surgery. All patients were pathologically diagnosed
with CMM after surgery, and the collected specimens were
divided into two parts. Some specimens were frozen by
diethyl pyrocarbonate (DEPC) water treatment, immersed
in RNA Latter and stored at ‑80˚C for further use; the other
specimens underwent paraffin embedding and slicing to

Table I. qPCR primer sequences.
Gene name
NEDD4 E3
ubiquitin protein
ligase
Notch1
PTEN
GAPDH

Primer sequence (5'‑3')
F: TTGCACTTTGCAGCCAGAAG
R: CTGTCTGGGAGTCAGCTTCA
F: GCAGAGGCGTGGCAGACTAT
R: GGTTGGTGAGGCAGGCATTGT
F: GGTCTGAGTCGCCTGTCACCAT
R: CCGTGTTGGAGGCAGTAGAAGG
F: CAAATTCCATGGCACCGTCA
R: AGCATCGCCCCACTTGATTT

F, forward; R, reverse.

perform hematoxylin and eosin (H&E) staining and IHC. The
present study was approved by The Affiliated Xingtai People's
Hospital Ethics Committee (approval no. 2017012205). All
patients signed informed consent.
All cell lines used in the study were purchased from
the American Type Culture Collection. Normal skin cells
(HaCaT) and melanoma cell lines (SK‑MEL‑2, Malme‑3M,
MV3, A375 and MUM‑2B cells) were all cultured in DMEM
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
1% double‑antibiotic (100 U/ml penicillin and 100 mg/l strep‑
tomycin) and 10% FBS (Gibco; Thermo Fisher Scientific, Inc.).
The cells were maintained in an incubator at 37˚C (5% CO2).
After 3 days, the cell confluence had reached 80‑90%, and the
cells were passaged.
Reagents and instruments. A reverse transcription (RT) kit
and PCR kit were purchased from Takara Biotechnology Co.,
Ltd., while DEPC was from Sangon Biotech Co., Ltd. TRIzol®
reagent was purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). Richard‑Allan Scientific™ Wright‑Giemsa
compound stain was acquired from Thermo Fisher Scientific,
Inc., and the Annexin V‑FITC/PI apoptosis assay kit was
from Nanjing KeyGen Biotech Co., Ltd. The Transwell assay
was obtained from Corning, Inc., and crystal violet from
Sigma‑Aldrich; Merck KGaA. NEDD4 (cat. no. ab46521),
PTEN (cat. no. ab170941), Notch1 (cat. no. ab52627) and
GAPDH (cat. no. ab181602) antibodies were acquired from
Abcam. FBS were all purchased from Gibco; Thermo Fisher
Scientific, Inc. Small interfering RNA (siRNA/si)‑NEDD4
was purchased from Nanjing KeyGen Biotech Co., Ltd.
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) was used for transfection, and all PCR primers were
purchased from Sangon Biotech Co., Ltd.
H&E staining. Deparaffination and rehydration were performed
using the following conventional methods. The sections (5‑µm)
were immersed in xylene for 5 min at room temperature,
which was then replaced for immersion for another 5 min. The
sections were then rehydrated with a descending alcohol series
(absolute, 95%, 85% and 70% ethyl alcohol for 5 min each),
following by washing in PBS thrice for 3 min each. Next, the
sections were immersed in nuclear staining solution (Reagent I
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from the H&E kit; cat. no. KGA224; Nanjing KeyGen Biotech
Co., Ltd.) for 3‑5 min at room temperature, and then in color
separation fluid I of Reagent II for ~20 sec, followed by washing
for 30‑60 sec. Subsequently, the sections were immersed in
color separation fluid II of Reagent III for ~40 sec, and then
washed with water for 30‑60 sec at room temperature, prior to
staining for 2 min in Reagent IV. Reagent V was used to wash
the sections twice, and excess solution was removed. After the
sections were dried via absorption using filter paper, they were
mounted, underwent light‑microscopic examination and were
imaged at x400 magnification.
IHC staining. Tissue sections (thickness, 3‑µm) underwent
deparaffination (60˚C; 2 h), dehydration using a gradient
ethanol series (absolute ethanol, 95% ethanol, 85% ethanol
and 70% ethanol all for 5 min) and antigen retrieval at room
temperature, which involved thermally induced epitope repair
in citrate buffer (pH 6.0) for 30 min. The sections were sealed
with H2O2 at room temperature for 2 h, and then incubated
with primary (cat. no. ab46521; Abcam) and secondary (cat.
no. KGAA35; Nanjing KeyGen Biotech Co., Ltd.) antibodies
at 4˚C for 12 h, and at 37˚C for 2 h, respectively. Next, DAB
staining was conducted for 5 min at room temperature and
nuclear staining (hematoxylin) at room temperature for 5 min,
followed by mounting for subsequent light‑microscopic exam‑
ination (magnification, x400); five visual fields were randomly
select to determine the corresponding relative optical density.
The data were analyzed using Quantity One software v.4.66
(Bio‑Rad Laboratories, Inc.).
Reverse transcription‑quantitative (RT‑q) PCR. Total RNA
was extracted from clinical specimens and cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) which were
centrifuged for 5 min at 12,000 x g at 4˚C. The corresponding
supernatant was harvested. Next, 1 ml 75% ethyl alcohol was
added to 1 ml TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc.), and a NanoDrop 2000 spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.) was used to
calculate the RNA concentration after 5‑10 min of drying at
room temperature (or vacuum drying). The real‑time PCR
Master Mix (SYBR-Green; Takara Bio, Inc.) and the ABI
StepOne plus real‑time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc) were used for qPCR. The
following thermocycling conditions were used: Initial denatur‑
ation at 95˚C for 10 min; followed by 40 cycles of denaturation
at 95˚C for 15 sec and annealing at 60˚C for 1 min; and a final
extension of 10 min at 72˚C and amplification was monitored
in a real‑time manner. GAPDH was used as the reference gene.
For each sample, the test was repeated three times, and sample
gene expression was quantified using the 2‑∆∆Cq (37) method.
The primer sequences are presented in Table I.
Transfection. A day before transfection, cells were seeded into
a culture plate. Culture medium without antibiotics was added
into each well, such that the confluence had reached 70‑80% at
the time of transfection. Then, 2.5 µg siRNA was diluted using
250 µl Opti‑MEM (Thermo Fisher Scientific, Inc) without
serum, followed by gentle mixing and incubation at room
temperature for 5 min. Then, 5 µl Lipofectamine® 3000 was
diluted in 250 µl Opti‑MEM (without serum), mixed and
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incubated at room temperature for 5 min. Next, the
siRNA‑Lipofectamine mixture was added to each well
(containing 500 µl culture media and cells), and cultured for
4‑6 h in DMEM at 37˚C. The culture medium was replaced
with a fresh medium (10% FBS), and the cells were placed in
a 5% CO2 incubator (37˚C) for 48 h. The siRNA sequences
were as follows: si‑NEDD4‑1 forward, 5'‑GGGAAGAGA
GGCAGGAUAUTT‑3' and reverse, 5'‑AUAUCCUGCCUC
UCUUCCCTT‑3'; si‑NEDD4‑2 forward, 5'‑CCUAACAGAU
GCUGAGAAUTT‑3' and reverse, 5'‑AUUCUCAGCAUC
UGUUAGGTT‑3'; si‑NEDD4‑3 forward, 5'‑GUGAAAAGG
GAUUGGAUUATT‑3' and reverse, 5'‑UAAUCCAAUCCC
UUUUCACTT‑3'; and si‑negative control (NC) forward,
5'‑UGACCUACAACUUCUAUGGTT‑3' and reverse, 5'‑UUC
UCCGAACGUGUCACGUTT‑3'. Subsequent experimentation
was performed 48 h after transfection.
Plate and soft agar colony formation experiments. Cells in
the logarithmic phase were harvested and counted, and the
concentration was adjusted to 1x103/ml. In total, 3x103 cells
were collected and placed in culture medium. Distilled water
was used to prepare 1.3 and 0.8% agarose solutions with low
melting points. After the agarose solution was mixed with
RPMI-1640 (MilliporeSigma) at a 1:1 ratio, the mixture was
evenly distributed on a plate where it was naturally cooled and
solidified into a double agar layer. Next, 1 ml cell suspension
was added to the solidified upper agar layer, and the plate
was placed in an incubator (37˚C) for ~2 weeks. Both colony
morphology observation and counting were performed. For
both the experimental and control groups, the test was repeated
thrice.
Flow cytometry. Once the supernatant of the transfected
cells was removed, double staining was performed using the
Annexin V‑FITC/PI apoptosis assay kit (BD Biosciences) per
the manufacturer's protocol. Apoptosis was analyzed via flow
cytometry. Moreover, the cells were divided into live cells,
non‑viable non‑apoptotic cells, viable apoptotic cells and
non‑viable apoptotic cells. The number of apoptotic cells was
determined using the Muse Cell Analyzer (EMD Millipore).
The Muse software v.1.1.2 (EMD Millipore) evaluated the
numbers of apoptotic rate.
Transwell assay. The transfected cells (1x104 cells/well) were
seeded into the upper chamber of a Transwell insert pre‑coated
with Matrigel® (Corning, Inc.) in serum‑free medium. DMEM
containing 15% FBS was added into the 96‑well plate, and
100 µl (1x106/ml) cell suspension was added to the upper
chambers. After continuous cultivation for 24 h in an incubator,
the inserts were removed and washed with PBS, and the
redundant cells were removed using cotton swabs. Then, the
membranes were fixed for 15 min with 4% paraformaldehyde
at room temperature, dried and stained for 15 min with 0.5%
crystal violet at 37˚C. After washing three times with PBS,
the plate was assessed under a light microscope, images were
captured, and the number of invasive cells was calculated.
Wound‑healing assay. The cells were inoculated into a 6‑well
plate (2x105/ml; 2 ml/well). When reaching 80‑90% confluency,
the supernatant was removed, which was followed by washing
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Figure 1. Pathological changes and NEDD4 mRNA and protein expression in cutaneous melanoma clinical samples. (A) Pathology of different tissues was
detected by hematoxylin and eosin staining; magnification, x400. NEDD4 mRNA expression was measured using reverse transcription‑quantitative PCR.
(B) NEDD4 protein expression in difference tissues was examined using immunohistochemistry; magnification, x400. **P<0.01 and ***P<0.001 vs. adjacent
normal tissues. Adjacent, adjacent normal tissues; I‑II stage, I‑II stage melanoma; III‑IV stage, III‑IV stage melanoma. NEDD4, NEDD4 E3 ubiquitin protein
ligase.

once with PBS. Then, the monolayers were perpendicularly
scratched along the median line using a 10‑µl pipette tip.
After washing twice with PBS, serum‑free culture medium
was added to the wells, and images were captured at 0, 24
and 48 h under a light microscope (x100). The corresponding
wound‑closure distance was calculated as wound healing
rate, using the following calculation: (0 h width ‑ 24 h or 48 h
width)/0 h width x 100%.
Western blotting. After the proteins were extracted from
different groups of cells, which were treated with different
molecules using RIPA lysis buffer (Beyotime Institute of
Biotechnology), their concentration was determined using a
BCA assay. 10% SDS‑PAGE was performed to separate the
proteins (50 µg per lane), which were then transferred onto a
PVDF membrane. After washing with TBS‑Tween-20 (TBST;
0.1%), skimmed milk was used to block the membrane for
2 h at room temperature. Then, primary antibodies against
NEDD4, PTEN, Notch1 and GAPDH (Abcam) were added
to the membrane, which was incubated at 4˚C overnight.
Then, the membrane was rewarmed for ~30 min at room
temperature, washed with TBST, and incubated with the
horseradish peroxidase conjugated goat anti rabbit secondary
antibody (1:5,000; cat. no. abs20002; Absin Bioscience,
Inc.) at 37˚C for 2 h on a shaker at room temperature with
secondary antibody. DAB was used for color development,
which was exposed using an imager. The bands were detected
using an ECL reagent (EMD Millipore). The grayscale
values of the membranes were semi quantified using ImageJ
software v.1.52r (National Institutes of Health) and the relative
expression differences were determined using GAPDH as the
reference. The antibody dilutions were as follows: NEDD4,
1:100; Notch1, 1:100; PTEN, 1:200; and GAPDH, 1:500.
Statistical analysis. Statistical analysis was performed using
SPSS 22.0 software (IBM Corp.), and the data are expressed
as the mean ± SD. Statistical analysis was conducted using

one‑way ANOVA and RMANOVA followed by Tukey's post
hoc test. All experiments were repeated 3 times, and P<0.05
was considered to indicate a statistically significant difference.
Results
Pathological changes and NEDD4 mRNA and protein
expression in CMM clinical samples. Using H&E staining,
it was identified that immune cell infiltration were increased
in cancer tissues as the stage increased, and there was
no infiltration of the benign nevus. With clear interstitial
boundaries, NEDD4 mRNA expression was significantly
upregulated compared with that of the adjacent normal tissues,
as measured by RT‑qPCR (P<0.01; Fig. 1A). Using IHC, it
was found that, compared with adjacent tissues, NEDD4
protein expression was significantly enhanced in tumor
tissues (P<0.01; Fig. 1B), and NEDD4 protein expression at
stages III‑IV tissues was higher than that at stages I‑II. The
aforementioned results indicated that NEDD4 was associated
with melanoma. NEDD4 might be associated with CMM.
NEDD4 gene expression in different cell lines and siRNA
treatment groups. Compared with normal epidermal HaCaT
cells, NEDD4 gene expression was significantly upregulated
in melanoma cell lines (SK‑MEL‑2, Malme‑3M, MV3, A375
and MUM‑2B) (P<0.01), and was highest in SK‑MEL‑2 and
Malme‑3M cells (Fig. 2A). accordingly, SK‑MEL‑2 and
Malme‑3M cells were selected for subsequent experimentation.
In total, three types of siRNA that had knockdown effects on
NEDD4 expression were used. NEDD4 mRNA expression was
significantly suppressed in the siRNA‑transfected SK‑MEL‑2
and Malme‑3M cells compared with the si‑NC groups (P<0.01;
Fig. 2B). Moreover, NEDD4 mRNA expression in the siRNA‑2
group was the lowest in both the SK‑MEL‑2 and Malme‑3M
cell lines. After siRNA‑2 transfection (compared with the
NC group), NEDD4 mRNA expression was significantly
decreased in SK‑MEL‑2 and Malme‑3M cell lines (P<0.001,
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Figure 2. NEDD4 gene expression in different melanoma cell lines and transfection groups. (A) NEDD4 gene expression in different cell lines was detected
by RT‑qPCR. *P<0.05 and ***P<0.001 vs. the HaCaT cell line. (B) NEDD4 gene expression in different transfection groups in SK‑MEL‑2 and Malme‑3M cells
was measured by RT‑qPCR. **P<0.01 and ***P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; siRNA‑1‑3
cells transfected with si‑NEDD4‑1‑3; NC, negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase; RT‑qPCR, reverse
transcription‑quantitative PCR.

Figure 3. NEDD4‑knockdown suppresses cellular proliferation. Colony number in the (A) SK‑MEL‑2 and (B) Malme‑3M cell groups. ***P<0.001 vs. the
NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells transfected with si‑NEDD4. NC, negative control;
siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase.

Fig. S1). From the results, the SK‑MEL‑2 and Malme‑3M cell
lines were selected for the further experiments, and si‑RNA‑2
could decrease the expression level of NEDD4 in these cell
lines.
NEDD4‑knockdown suppresses cellular proliferation.
Following si‑NEDD4 transfection, the colony cell number was
significantly decreased compared with that of the NC group
(P<0.001; Fig. 3A and B) in SK‑MEL‑2 and Malme‑3M cell

lines. NEDD4 knockdown could suppress cell proliferation in
the SK‑MEL‑2 and Malme‑3M cell lines.
NEDD4‑knockdown increases apoptosis. Using flow cytom‑
etry, it was found that the cell apoptotic rate of the si‑NEDD4
groups was significantly increased (P<0.001; Fig. 4A and B)
compared with that of the NC groups in SK‑MEL‑2 and
Malme‑3M cells. NEDD4 knockdown could increase cell
apoptosis in the SK‑MEL‑2 and Malme‑3M cell lines.
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Figure 4. NEDD4‑knockdown increases cell apoptotic rate. NEDD4‑knockdown increased the apoptosis of (A) SK‑MEL‑2 and (B) Malme‑3M cells, as
determined by flow cytometry. ***P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells
transfected with si‑NEDD4. NC, negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase.

NEDD4‑knockdown inhibits cellular invasiveness. Using a
Transwell assay, it was demonstrated that the invasive cell
number in the si‑NEDD4 groups was significantly decreased
(P<0.001; Fig. 5A and B) compared with that in the NC
groups in both the SK‑MEL‑2 and Malme‑3M cell lines.
Following NEDD4 knockdown, the invasion abilities of

the SK‑MEL‑2 and Malme‑3M cell lines were significantly
decreased
NEDD4‑knockdown decreases wound‑healing capacity. The
wound‑healing assay results revealed that the closure rate of
the si‑NEDD4 groups, in which NEDD4 was knocked down
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Figure 5. NEDD4‑knockdown decreases cellular invasive capacity. (A) SK‑MEL‑2 and (B) Malme‑3M cell numbers in different groups, as determined using
a Transwell assay. ***P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells transfected with
si‑NEDD4. NC, negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase.

Figure 6. NEDD4‑knockdown affects wound‑healing in different groups. Wound width in (A) SK‑MEL‑2 and (B) Malme‑3M cell groups. **P<0.01 and
***
P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells transfected with si‑NEDD4. NC,
negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase.

by si‑NEDD4 transfection, was significantly suppressed at
24 and 48 h (P<0.01; Fig. 6A and B) compared with that in the
NC group in both the SK‑MEL‑2 and Malme‑3M cell lines.
Following NEDD4 knockdown, the cell migration abilities of
the SK‑MEL‑2 and Malme‑3M cell lines were significantly
decreased.

PTEN gene expression was significantly increased in the
si‑NEDD4 groups (P<0.001; Fig. 7A and B) compared with
those of the NC SK‑MEL‑2 and Malme‑3M cell groups.
NEDD4 knockdown might be regulated to Notch1 and
PTEN gene expression in the SK‑MEL‑2 and Malme‑3M
cell lines.

NEDD4‑knockdown affects the relative gene expression
of Notch 1 and PTEN. From RT‑qPCR analysis, the results
demonstrated that NEDD4 and Notch1 gene expression
was significantly decreased (P<0.001; Fig. 7A and B), while

NEDD4‑knockdown affects the relative protein expression
of Notch 1 and PTEN. The western blotting results indicated
that NEDD4 and Notch‑1 protein expression was significantly
downregulated (P<0.001; Fig. 8), and PTEN protein expression
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Figure 7. NEDD4‑knockdown the affects relative gene expression of Notch 1 and PTEN. Relative mRNA expression of Notch 1 and PTEN in (A) SK‑MEL‑2
and (B) Malme‑3M cell groups. ***P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells
transfected with si‑NEDD4. NC, negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase; Notch 1, notch receptor 1.

Figure 8. NEDD4‑knockdown affects the relative protein expression of Notch 1 and PTEN. Notch 1 and PTEN expression levels were determined by western
blotting. ***P<0.001 vs. the NC group. NC, cells treated with culture medium; si‑NC, cells transfected with si‑NC; si‑NEDD4, cells transfected with si‑NEDD4.
NC, negative control; siRNA/si, small interfering RNA; NEDD4, NEDD4 E3 ubiquitin protein ligase; Notch 1, notch receptor 1.

was significantly increased in the si‑NEDD4 groups (P<0.001;
Fig. 8), compared with those of the NC group, in both
SK‑MEL‑2 and Malme‑3M cells. NEDD4 knockdown might
be regulated to Notch1 and PTEN protein expression in the
SK‑MEL‑2 and Malme‑3M cell lines.
Discussion
Over the past few years, studies have reported that NEDD4
serves an essential role in tumor development (33‑36). For
example, relevant research findings have shown that abnormal
expression of NEDD4 is closely associated with the bioactivity
and prognosis of tumors (38‑41). However, to date, neither the

expression nor relevant underlying mechanisms of NEDD4 in
melanoma have been extensively investigated. In the present
study, IHC and RT‑qPCR analyses were initially used to
quantify NEDD4 expression in normal pigment nevus and
CMM tissues. After NEDD4‑knockdown, not only was the
bioactivity of melanoma observed, but the corresponding
mechanism was investigated based on molecular biological
experiments.
The present results demonstrated that the gene and protein
expression levels of NEDD4 in CMM tissues were significantly
increased compared with the normal pigment nevus tissues.
Moreover, as the stage increased, NEDD4 expression consistently
increased. In the cellular experiments, the bioactivity (e.g.,
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proliferation, invasion and migration ability) of CMM cells
(SK‑MEL‑2 and Malme‑3M; with highly expressed NEDD4) was
decreased following NEDD4‑knockdown. As shown by western
blotting and RT‑qPCR, the mRNA and protein expression levels
of NEDD4 and Notch1 were significantly downregulated, while
those of PTEN were significantly increased.
At present, the Notch signal transduction pathway is
considered a research hotspot in the life sciences field.
As one of the major signaling pathways that mediates
cell‑to‑cell contact, it is capable of regulating cellular
proliferation, differentiation and apoptosis (42,43). Moreover,
NEDD4‑silencing was reported to effectively suppress Notch1
expression (44). Additionally, Notch1 has a reverse regulatory
effect on downstream PTEN genes (42,45), and PTEN deleted
on chromosome 10 was the first tumor suppressor gene found
to possess a dual phosphatase activity. PTEN mutation or
expression loss is closely associated with the occurrence and
development of multiple malignant tumors (46). Furthermore,
PTEN expression loss is an important promoter of tumor
occurrence. In the present study, it was found that PTEN
expression was increased, along with a reduction in Notch1
expression, following NEDD4‑knockdown. However, there
were some study limitations. Using siRNA to knockdown
NEDD4 expression in SK‑MEL‑2 and Malme‑3M cells,
proliferation significantly decreased, while apoptosis
significantly increased. However, invasion and migration
ability were significantly downregulated. Thus, the effects
of apoptosis on invasion and migration cannot be ruled out.
Furthermore, the study only discussed the effects of the
NEDD4/Notch1/PTEN pathway in melanoma development,
and other pathways may also be implicated, which will be
investigated in future research.
In conclusion, the present study demonstrated that interfer‑
ence with NEDD4 expression has the potential to effectively
inhibit the proliferative abilities of CMM cells, as well as
inhibit invasive and migratory capacity. Moreover, the under‑
lying mechanism of NEDD4 may be closely associated with
the regulation of the downstream Notch1/PTEN signaling
pathway.
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