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Abstract. It has been reported that ubiquitin C‑terminal 
hydrolase‑L3 (UCHL3) plays an important role in cancer 
development; however, the role of UCHL3 in melanoma 
remains unclear. The present study aimed to investigate the 
role of ubiquitin C‑terminal hydrolase‑L3 (UCHL3) and 
determine its underlying molecular mechanisms in melanoma 
occurrence and development using in vitro studies. Reverse 
transcription‑quantitative PCR analysis was performed to 
detect UCHL3 mRNA expression. The MTT assay was 
performed to assess cell proliferation. Cell apoptosis was 
analyzed via flow cytometry and the TUNEL assay. Cell 
ultrastructure was observed via transmission electron micros‑
copy. LC3B protein expression was detected via cellular 
immunofluorescence, while neural precursor cell‑expressed 
developmentally downregulated protein 8 (NEDD8) and LC3 
protein expression levels, and NEDD8 ubiquitination were 
detected via western blot analysis. The results demonstrated 
that transfection with small interfering (si)RNA‑UCHL3 signif‑
icantly suppressed cell proliferation, whereas apoptosis was 
significantly enhanced, as well as autophagy, autophagosome 
formation and LC3B protein expression. In addition, NEDD8 
protein expression and autophagosome numbers significantly 
decreased, while the LC3II/LC3I ratio significantly increased. 
NEDD8 knockdown via transfection with si‑NEDD8 had 
similar effects to si‑UCHL3, as well as si‑UCHL3+ si‑NEDD8. 
Taken together, the results of the present study suggest that 
UCHL3 knockdown decreases melanoma cell proliferation by 
increasing cell autophagy through regulating NEDD8 expres‑
sion and autophagosome numbers.

Introduction

Melanoma is the most common malignancy of the skin, with 
increasing incidence rate (1). Melanoma has a high risk of 
metastasis. Current treatment options for melanoma primarily 
consist of surgical resection, radiotherapy and chemotherapy; 
however, these methods are only effective for tumors at early 
stages (2). Once metastasis occurs, the median survival time is 
only 6‑9 months (3).

Ubiquitin C‑terminal hydrolase‑L3 (UCHL3) is a member 
of the ubiquitin carboxyl terminal hydrolase (UCH) family (4). 
Our previous studies have demonstrated that neural precursor 
cell‑expressed developmentally downregulated protein (NEDD) 
is upregulated in melanoma tissues and cells, with associated 
changes in several regulatory enzymes, among which UCHL3 
exhibits the most significant alterations (5,6). Recently, studies 
have been focusing on the role of the UCH family in cancer (7,8). 
Unlike other members of this family, UCHL3 not only func‑
tions as a ubiquitin hydrolase, but also regulates NEDD8 
hydrolase (9). Furthermore, it acts as a cleavage enzyme of the 
NEDD8 precursor to promote the maturation of NEDD8 (10).

NEDD8 is a ubiquitin‑like protein, and neddylation plays 
a key role in regulating ubiquitin ligase E3 and promoting 
the function of the ubiquitin pathway (11). The process of 
neddylation is similar to ubiquitination, which is maintained 
by a series of regulatory enzymes. Following transcription, 
NEDD8 is present in the form of its precursor, which is 
subsequently converted to mature NEDD8 following hydro‑
lysis by UCHL3 hydrolase (12). Mature NEDD8 is activated 
by NEDD8 activase and subsequently transferred to NEDD8 
ligase (13). NEDD8 carried by E2 is transferred to its substrate 
and associated with the cullin protein (14). However, NEDD8 
hydrolase can cause an isomeric change of NEDD8, dissociating 
NEDD8 from cullin, which plays a negative regulatory role, a 
process referred to as de‑neddylation (8). Thus, neddylation 
and de‑neddylation maintain the balance by simultaneously 
acting on the NEDD8 protein (15). UCHL3 not only acts on 
the NEDD8 precursor to convert it to its mature form, but also 
hydrolyzes the bound NEDD8 (16). Thus, the present study 
aimed to investigate the effect of UCHL3 knockdown on the 
biological activities of melanoma cells, and determine its role 
in downstream NEDD8 signaling via in vitro cell experiments.
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Materials and methods

Cell culture. Normal human epidermal cells, HaCat, were 
purchased from CLS Cell Lines Service GmbH, while the 
human melanoma cell lines, SK‑MEL‑2, MV3, A375 and 
MuM‑2B were purchased from the American Type Culture 
Collection. Cells were maintained in DMEM (HyClone; 
Cytiva) supplemented with 10% fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Inc.) and 1% penicillin‑streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.), at 37˚C with 5% CO2.

Small interfering (si)RNA transfection. One day prior to trans‑
fection, SK‑MEL‑2 and A375 cells (1x105) were seeded into 
the 6‑well cell culture plate and cultured until they reached a 
confluence of 70‑80%. Serum‑free Opti‑MEM (Sigma‑Aldrich; 
Merck KGaA, 125 µl) was used to dilute 5 µl 20 µM siRNA 
and negative control (NC), which were gently mixed and incu‑
bated at room temperature for 5 min. Subsequently, serum‑free 
Opti‑MEM (125 µl) was used to dilute 5 µl Lipofectamine® 
(lipo)3,000 (cat. no. L300001; Invitrogen; Thermo Fisher 
Scientific, Inc.), which was gently mixed and incubated for 5 min 
at room temperature. The solutions were incubated for an addi‑
tional for 20 min at room temperature. The plasmid‑lipo3,000 
mixture was added into culture wells of the 750 µl complete 
culture medium containing 1x105 cells for complete mixing, 
and the culture plates were incubated at 37˚C for 48 h with 
5% CO2. The following sequences were used for transfection: 
NC forward, 5'‑UGA CCU ACA ACU UCU AUG GTT ‑3' and 
reverse, 5'‑UUC UCC GAA CGU GUC ACG UTT ‑3'; UCHL3 
(human) siRNA‑1 forward, 5'‑GAA CAG AAG AGG AAG AAA 
ATT ‑3' and reverse, 5'‑UUU UCU UCC UCU UCU GUU CTT ‑3'; 
UCHL3 (human) siRNA‑2 forward, 5'‑CUG AAG AAC GAG 
CCA GAU ATT ‑3' and reverse, 5'‑UAU CUG GCU CGU UCU 
UCA GTT ‑3'; UCHL3 (human) siRNA‑3 forward, 5'‑UGG AAC 
AAU UGG ACU GAU UTT ‑3' and reverse, 5'‑AAU CAG UCC 
AAU UGU UCC ATT ‑3'; NEDD8 (human) siRNA‑1 forward, 
5'‑CAG ACA AGG UGG AGC GAA UTT ‑3' and reverse, 5'‑AUU 
CGC UCC ACC UUG UCU GTT ‑3'; NEDD8 (human) siRNA‑2 
forward, 5'‑CGG AAA GGA GAU UGA GAU UTT ‑3' and reverse, 
5'‑AAU CUC AAU CUC CUU UCC GTT ‑3'; and NEDD8 (human) 
siRNA‑3 forward, 5'‑UGG AGG AGA AAG AGG GAA UTT ‑3' 
and reverse, 5'‑AUU CCC UCU UUC UCC UCC ATT ‑3'.

MTT assay. Cells in the NC group were treated with normal 
medium; cells in the si‑NC groups were transfected with si‑NC; 
cells in the si‑UCHL3 group were transfected with si‑UCHL3, 
which inhibited UCHL3 expression; cells in the si‑NEDD8 
group were transfected with si‑NEDD8, which inhibited 
NEDD8 expression; and cells in the si‑UCHL3+ si‑NEDD8 
group were transfected with si‑UCHL3 and si‑NEDD8. 

Following treatment for 48 h, 20 µl MTT solution (5 g/l; 
Amresco, LLC) was added and cells were incubated for an 
additional 4 h at 37˚C. The excessive culture medium was 
discarded and 150 µl DMSO was added for 10 min of oscillatory 
reaction. Absorbance (OD value) was detected at a wavelength 
of 490 nm, using a microplate reader (BioTek ELx800). The 
cell proliferation rate was calculated in each group.

Apoptosis analysis. Cells in each group were digested with 
EDTA‑free trypsin (Sigma‑Aldrich; Merck KGaA) centrifuged 

at 8,000 x g for 30 sec at 4˚C, collected, rinsed twice with 
PBS and resuspended in binding buffer (Sigma‑Aldrich; 
Merck KGaA) (1x105 cells/l). Cells were subsequently stained 
with Annexin V‑FITC and PI for 10 min at 4˚C in the dark, 
according to the manufacturer's instructions (Nanjing KeyGen 
Biotech Co., Ltd.). Fluorescence intensity was measured at 
an excitation wavelength of 488 nm and emission wavelength 
of 530 nm, using a flow cytometer (Becton‑Dickinson and 
Company). The experiment was performed in triplicate.

Reverse transcription‑quantitative (RT‑q)PCR. Following the 
corresponding treatments in each group for 48 h, total RNA was 
extracted from cells of different groups using TRIzol® reagent 
(Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's instructions. The purity and concentration of RNA were 
detected using microNucleic Acid Analyzer (Thermo Fisher 
Scientific, Inc.). RNA was reverse transcribed into cDNA using 
the Takara reverse transcription kit (Takara Biotechnology Co., 
Ltd.), at 30˚C for 10 min, 42˚C for 30 min, 99˚C for 5 min and 
4˚C for 5 min. qPCR was subsequently performed using the 
Takara fluorescent quantitative kit (Takara Biotechnology Co., 
Ltd.), according to the manufacturer's instructions. GAPDH was 
used as the internal reference for PCR amplification. A DNA 
Engine with a Chromo 4 detector (MJ Research, Inc.; Bio‑Rad 
Laboratories, Inc.) was used for qPCR. The following thermo‑
cycling conditions were used for qPCR: 95˚C for 30 sec, 60˚C 
for 30 sec and 72˚C for 30 sec for a total of 40 cycles, followed 
by extension at 60˚C for 5 min. Relative expression levels were 
calculated using the 2‑ΔΔCq method (12). The primer sequences 
used for qPCR were designed and synthesized by Shanghai 
Shenggong Biology Engineering Technology Service, Ltd. 
The following primer sequences were used for qPCR: GAPDH 
forward, 5'‑GGT GAA GGT CGG TGT GAA CG‑3' and reverse, 
5'‑GCT CCT GGA AGA TGG TGA TGG ‑3'; UCHL3 forward, 
5'‑AGC CCT GAA GAA CGA GCC AGA T‑3' and reverse, 5'‑ACT 
TGG TGC CTC AGT CTG ACC T‑3'; NEDD8 forward, 5'‑AAT 
CAA GGA GCG TGT GGA GGA G‑3' and reverse, 5'‑AGA GCC 
AAC ACC AGG TGA AGG A‑3'; and LC3B forward, 5'‑TCA 
GCG TCT CCA CAC CAA TCT CA‑3' and reverse, 5'‑CGA ACG 
TCT CCT GGG AGG CAT A‑3'. The amplification conditions 
were as follows: Initial denaturation at 50˚C for 2 min, 95˚C for 
5 min, followed by 50 cycles of 95˚C for 15 sec and 60˚C for 
30 sec. The experiment was repeated in triplicate. 

TUNEL assay. SK‑MEL‑2 and A375 cells in each group 
were treated with the corresponding treatments for 48 h. 
Cells were subsequently fixed in 4% paraformaldehyde at 
room temperature for 25 min and washed twice with PBS. 
Cells were permeabilized with 0.2% Triton X‑100 for 5 min, 
washed twice with PBS, treated with fresh 3% H2O2 at room 
temperature for 5 min, followed by another two washes with 
PBS. After the slides were dried, 50 µl TUNEL reaction 
mixture (TdT and dUTP mixed at a ratio of 1:9) was added 
to the cells at 37˚C for 1 h. Only 50 µl dUTP solution was 
added to the NC group, and the reaction time was 60 min 
at 37˚C in a wet box in the dark. After washing three times 
with PBS, 50 µl converter‑POD was added to the cells after 
drying the slides for 30 min at 37˚C in a wet box in the dark. 
Subsequently, 100 µl DAB developer was added for 10 min at 
room temperature after washing three time with PBS. After 



ONCOLOGY LETTERS  22:  756,  2021 3

another three washes with PBS, cells were re‑stained with 
hematoxylin, immediately washed with tap water after 30 sec 
of reaction, dehydrated with gradient alcohol, transparentized 
with xylene and sealed with neutral gum. The ratio of positive 
cells was observed under a fluorescence microscope (Olympus 
Corporation BX43; magnification, x200).

Observation of cellular ultrastructure under a transmission 
electron microscope (TEM). Following the corresponding 
treatments in each group for 48 h, cells were collected via 
centrifugation at 1,000 x g for 10 min at room temperature. 
After washing three times with PBS, cells were immediately 
fixed with 25 g/l glutaraldehyde overnight at 4˚C. Subsequently, 
cells were fixed with 10 g osmium tetroxide for 2 h at 4˚C, 
dehydrated with gradient ethanol, soaked and embedded with 
Epon812 epoxy resin at 4˚C for 2 h, followed by semi‑ultrathin 
slicing (80 nm), as well as double staining with uranium 
acetate and lead citrate at 4˚C for 2 h. Cells were observed 
and photographed under a Hitachi H‑600 TEM (Hitachi, Ltd.).

Detection of LC3B protein expression in cells under a laser 
confocal microscope. Following the corresponding treatments 
in each group for 48 h, cells were fixed with 4% paraformal‑
dehyde at room temperature for 10 min. After washing three 
times with PBS (5 min each), cells were lysed using 0.1% 
Triton‑100 (Nanjing KeyGen Biotech Co., Ltd.) for 20 min. 
After re‑washing three times with PBS (5 min each), 5% BSA 
(Sigma‑Aldrich; Merck KGaA) was added for sealing at room 
temperature for 20 min. Subsequently, rabbit anti‑mouse LC3B 
monoclonal antibody (cat. no. ab205718; Abcam; 1:100) was 
added and incubated overnight at 4˚C, followed by washing 
three times with PBS (5 min each). Following the primary 
incubation, samples were incubated with HRP‑labeled goat 
anti‑rabbit IgG (cat. no. ab192890; Abcam; 1:500) at 37˚C for 
45 min, in the dark. Cells were washed with PBS, and Hochest 
33342 dye (1:200; Nanjing KeyGen Biotech Co., Ltd.) was 
used to stain the nuclei for 5 min at room temperature, and the 
treated cells were subsequently washed with PBS. Cells were 
observed and photographed under a laser confocal micro‑
scope (magnification, x200). Mean fluorescence intensity was 
detected using ImageJ software v1.8.0.112 (National Institutes 
of Health). The experiment was performed in triplicate.

Western blotting. Total protein from each group was 
extracted from cells using the total protein extraction kit (cat. 
no. KGP250; Nanjing KeyGen Biotech Co., Ltd.), according to 
the manufacturer's instructions. The BCA protein concentra‑
tion assay kit was used to detect total protein concentration 
and calculate the loading amount. Following denaturation by 
heating at 100˚C, 30 µg of total protein was loaded per lane. 
The proteins were separated by 10% SDS‑PAGE, transferred 
onto PVDF membranes and blocked with 5% skimmed milk 
at room temperature for 1 h, followed by three washes in 20% 
TBST (5 min each). The membranes were incubated with 
primary antibodies against NEDD8 (1:2,000; cat. no. ab81264; 
Abcam), LC3 (1:2,000; cat. no. ab192890; Abcam) and 
UCHL3 (cat. no. ab126621; Abcam; 1:2,000) overnight at 
4˚C. Membranes were washed three times with TBS‑0.5% 
Tween‑20 (TBS‑T) and subsequently incubated with diluted 
goat anti‑Rabbit IgG‑HRP secondary antibody (1:500; cat. 

no. KGAA35; Nanjing KeyGen Biotech Co., Ltd.) for 2 h at 
room temperature. Membranes were re‑washed, placed into 
a clean culture dish and evenly smeared with ECL develop‑
ment solution (cat. no. KGP116; Nanjing KeyGen Biotech Co., 
Ltd.) prepared at a ratio of 1:1. Membranes were exposed in 
the Bio‑Rad exposure system (cat. no. 170‑4150; Bio‑Rad 
Laboratories, Inc.), using ImageJ software (version 1.52r; 
National Institutes of Health) for image acquisition.

Statistical analysis. Statistical analysis was performed using 
SPSS 19.0 software (IBM Corp.). Measurement data are consis‑
tent with normal distribution. All experiments were performed 
in triplicate and data are presented as the mean ± SD. One‑way 
ANOVA followed by Tukey's post hoc test were used to compare 
differences among multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

UCHL3 gene expression in cells of each group. As presented 
in Fig. 1A, UCHL3 expression was significantly higher in the 
melanoma cell lines, SK‑MEL‑2, MV‑3, A375 and MUN2B 
(all P<0.001) compared with normal HaCat cells. Among 
these, SK‑MEL‑2 and A375 cells exhibited the highest 
expression of UCHL3, and thus were selected for subsequent 
experimentation. To assess the effect of UCHL3 inhibition, 
si‑UCHL3‑1, si‑UCHL3‑2 and si‑UCHL3‑3 were transfected 
into SK‑MEL‑2 and A375 cells. The results demonstrated 
that UCHL3 expression significantly decreased in all groups 
compared with the si‑NC group (all P<0.01; Fig. 1B), particu‑
larly in the si‑UCHL3‑2 group. Thus, si‑UCHL3‑2 was selected 
for UCHL‑3 knockdown experiments.

Effect of UCHL3 knockdown on the proliferation of 
melanoma cells. The results of the MTT assay demonstrated 
no significant differences in the proliferation rate of A375 and 
SK‑MEL‑2 cells between the si‑NC and NC groups (P>0.05), 
while the proliferation rate significantly decreased in the 
si‑UCHL3 group on days 2, 3 and 4 (all P<0.05; Fig. 1C).

Effect of UCHL3 knockdown on the apoptosis of melanoma 
cells. Flow cytometric analysis demonstrated no significant 
differences in the apoptotic rates of A375 and SK‑MEL‑2 cells 
between the si‑NC and NC groups (P>0.05). However, the apop‑
totic rates significantly increased in the si‑UCHL3 group of both 
cell lines compared with NC group (P<0.001; Fig. 2A and B). 

TUNEL staining analysis exhibited no significant differ‑
ences in the number of apoptotic A375 and SK‑MEL‑2 cells 
between the NC and si‑NC groups (P>0.05), while a signifi‑
cant increase in the number of apoptotic cells was observed in 
the si‑UCHL3 group compared with the NC group (P<0.001; 
Fig. 2C and D).

Effect of UCHL3 knockdown on the ultrastructure and LC3B 
protein expression of melanoma cells. No significant changes 
in the ultrastructure of A375 and SK‑MEL‑2 cells were 
observed between the NC and si‑NC groups, while the number 
of autophagosomes increased in A375 and SK‑MEL‑2 cells in 
the si‑UCHL3 group (Fig. 3A and B), suggesting that UCHL3 
knockdown may enhance autophagy. 
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Figure 1. UCHL3 gene expression in cells of each group and cell proliferation rate of different cell groups. (A) UCHL3 gene expression in different cell 
lines. (B) UCHL3 gene expression in SK‑MEL‑2 and A375 cells. (C) Cell proliferation rate of different A375 and SK‑MEL‑2 cell groups. UCHL3, ubiquitin 
C‑terminal hydrolase‑L3; NC, negative control; si, small interfering; OD, optical density. *P<0.05, **P<0.01 vs. normal control group; ***P<0.001 vs. HaCat 
cells or normal control group. 

Figure 2. Effect of UCHL3 knockdown on the apoptosis of melanoma cells. (A) Apoptotic rates of (A) A375 and (B) SK‑MEL‑2 cell groups via flow cytom‑
etry. (C) Apoptotic rates of (C) A375 and (D) SK‑MEL‑2 cell groups via the TUNEL assay (magnification, x200). ***P<0.001 vs. normal control group. 
UCHL3, ubiquitin C‑terminal hydrolase‑L3; NC, negative control; si, small interfering. 
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Immunofluorescence analysis demonstrated no signifi‑
cant differences in LC3B protein expression in A375 and 
SK‑MEL‑2 cells between the NC and si‑NC groups (P>0.05); 
however, UCHL3 knockdown significantly increased LC3B 
protein expression in the si‑UCHL3 group compared with the 
NC group (P<0.001; Fig. 3C and D).

Effect of UCHL3 knockdown on relevant gene expres‑
sion in melanoma cells. RT‑qPCR analysis demonstrated 
no significant differences in UCHL3, NEDD8 and LC3B 
expression levels between the NC and si‑NC groups 
(P>0.05; Fig. 4A and B); however, UCHL3 knockdown 
significantly decreased the expression levels of UCHL3 and 
NEDD8, and significantly increased LC3B expression in the 
si‑UCHL3 group compared with the NC group (all P<0.001; 
Fig. 4A and B).

Effect of UCHL3 knockdown on relevant protein expres‑
sion and NEDD8 ubiquitination. Western blot analysis 
demonstrated no significant differences in NEDD8 protein 
expression, the LC3II/LC3I ratio and NEDD8 ubiquitination 
in A375 and SK‑MEL‑2 cells between the NC and si‑NC 
groups (all P>0.05; Fig. 5A and B). However, UCHL3 knock‑
down significantly decreased NEDD8 protein expression and 
markedly increased the LC3II/LC3I ratio in the si‑UCHL3 
group compared with the NC group (all P<0.001; Fig. 5A), 
accompanied by notably decreased NEDD8 ubiquitination 
(Fig. 5B).

Sequence screening for NEDD8 knockdown and 
corresponding expression in each group. RT‑qPCR analysis 
demonstrated no significant differences in NEDD8 gene 
expression between the si‑NC and NC groups (P>0.05; 
Fig. 6A). Following transfection with three si‑NEDD8 
sequences, NEDD8 gene expression significantly decreased 

in the si‑NEDD8 groups compared with the NC group (all 
P<0.01; Fig. 6A), with the most significant decrease observed 
in the si‑NEDD8‑3 group. Thus, the si‑NEDD8‑3 sequence 
was used for subsequent experimentation. 

Notably, the proliferation of A375 and SK‑MEL‑2 cells 
on days 2, 3 and 4 significantly decreased in the si‑UCHL3, 
si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups compared with 
the NC group (all P<0.05; Fig. 6B).

Detection of cell apoptosis in each group. Flow cytometric 
analysis demonstrated that the apoptotic rates of A375 and 
SK‑MEL‑2 cells significantly increased in the si‑UCHL3, 
si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups compared with 
the NC group (all P<0.001; Fig. 7A and B), while no signifi‑
cance differences were observed between the si‑UCHL3, 
si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups (P>0.05).

Detection of apoptotic cell count in each group. The results 
of the TUNEL assay demonstrated that the apoptotic rates 
of A375 and SK‑MEL‑2 cells significantly increased in the 
si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups 
compared with the NC group (all P<0.001; Fig. 8A and B). 
However, no significant differences were observed between 
the si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups 
(P>0.05).

Ultrastructure of melanoma cells and LC3B protein 
expression. TEM analysis demonstrated no nuclear damage or 
autophagosome formation in A375 and SK‑MEL‑2 cells in the 
NC and si‑NC groups, while autophagosomes were observed in 
cells in the si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 
groups (Fig. 9A and B). 

Immunofluorescence analysis demonstrated that LC3B 
protein expression in A375 and SK‑MEL‑2 cells was rela‑
tively lower in the NC and si‑NC groups. Furthermore, LC3B 

Figure 3. Effect of UCHL3 knockdown on the ultrastructure and LC3B protein expression of melanoma cells. Ultrastructure of (A) A375 and (B) SK‑MEL‑2 
cell groups via transmission electron microscopy. LC3B protein expression in (C) A375 and (D) SK‑MEL‑2 cell groups (magnification, x400). Arrows depict 
autophagosome. ***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; NC, negative control; si, small interfering.  
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protein expression was significantly higher in the si‑UCHL3, 
si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups compared with 

the NC group (all P<0.001; Fig. 9C and D), while no significant 
differences were observed among the three groups (P>0.05).

Figure 4. Effect of UCHL3 knockdown on relevant gene expression in melanoma cells. Reverse transcription‑quantitative PCR analysis was performed to 
detect gene expression levels in (A) A375 and (B) SK‑MEL‑2 cell groups. ***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; 
NEDD8, neural precursor cell‑expressed developmentally downregulated protein 8; NC, negative control; si, small interfering. 

Figure 5. Effect of UCHL3 knockdown on relevant protein expression and NEDD8 ubiquitination. (A) NEDD8 and LC3 protein expression levels were detected 
via western blotting. (B) NEDD8 ubiquitination. ***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; NEDD8, neural precursor 
cell‑expressed developmentally downregulated protein 8; NC, negative control; si, small interfering.
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Figure 6. Sequence screening for NEDD8 knockdown and corresponding expression in each group. (A) Reverse transcription‑quantitative PCR analysis was 
performed to detect NEDD8 gene expression in the different groups. (B) Cell proliferation rates of the different groups. *P<0.05, **P<0.01 and ***P<0.001 
vs. normal control group.  NEDD8, neural precursor cell‑expressed developmentally downregulated protein 8; UCHL3, ubiquitin C‑terminal hydrolase‑L3; 
NC, negative control; si, small interfering; OD, optical density.  

Figure 7. Detection of cell apoptotic rates in each group. Apoptotic rates in (A) A375 and (B) SK‑MEL‑2 cell groups. ***P<0.001 vs. normal control group. UCHL3, 
ubiquitin C‑terminal hydrolase‑L3; NEDD8, neural precursor cell‑expressed developmentally downregulated protein 8; NC, negative control; si, small interfering.  
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UCHL3 and NEDD8 gene expression levels. RT‑qPCR anal‑
ysis demonstrated no significant differences in UCHL3 and 
NEDD8 gene expression levels in A375 and SK‑MEL‑2 cells 
between the si‑NC and NC groups (P>0.05; Fig. 10). However, 
UCHL3 expression significantly decreased in the si‑UCHL3 
and si‑UHL3+ si‑NEDD8 groups (all P<0.001; Fig. 10A and B), 
while NEDD8 gene expression significantly decreased in the 
si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups (all 
P<0.001; Fig. 10A and B).

Detection of relevant protein expression and NEDD8 
ubiquitination. Western blot analysis demonstrated no 
significant differences in NEDD8 protein expression, the 
LC3II/LC3I ratio and NEDD8 ubiquitination in A375 and 
SK‑MEL‑2 cells between the NC and si‑NC groups (P>0.05, 
Fig. 11A and B). Notably, NEDD8 protein expression signifi‑
cantly decreased and the LC3II/LC3I ratio increased in the 
si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups 
compared with the NC group (all P<0.001; Fig. 11A), with no 
significant differences among the three groups. In addition, 
NEDD8 ubiquitination was significantly suppressed in the 

si‑UCHL3, si‑NEDD8 and si‑UCHL3+ si‑NEDD8 groups 
(Fig. 11B). Notably, UCHL3 protein expression significantly 
decreased in the si‑UCHL3 and si‑UCHL3+si‑NEDD8 groups 
compared with the NC group (all P<0.001; Fig. 11A).

Discussion

UCHL3 is a member of the UCH family, which has attracted 
recent interest in tumor research (17). Among the UCH 
family members, UCHL1 is the most extensively investigated 
in the context of several malignancies, including esophageal 
cancer (18), gastric cancer (19), renal cancer (20), prostate 
cancer (21) and ovarian cancer (13). UCHL1 mainly functions 
as a ubiquitin hydrolase and ubiquitin ligase, and has limited 
distribution, primarily in the ovary, testis and neurons (22). A 
previous study demonstrated that UCHL3 can regulate DNA 
repair, and thus may participate in tumor development (23). It 
has been reported that interference with UCHL3 may cause 
meiotic arrest of mature oocytes (24,25). Downregulating 
UCHL3 expression in metastatic prostate cancer may inter‑
fere with UCHL3 expression in normal prostate cells and 

Figure 8. Detection of apoptotic cell count in each group. Apoptotic cell rates in (A) A375 and (B) SK‑MEL‑2 cell groups were measured via the TUNEL 
assay (magnification, x200). ***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; NEDD8, neural precursor cell‑expressed 
developmentally downregulated protein 8; NC, negative control; si, small interfering. 
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Figure 9. Ultrastructure of melanoma cells and LC3B protein expression in each group. Ultrastructure of (A) A375 and (B) SK‑MEL‑2 cell groups via trans‑
mission electron microscopy. LC3B protein expression in (C) A375 and (D) SK‑MEL‑2 cell groups (magnification, x400). Arrows indicate autophagosome. 
***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; NEDD8, neural precursor cell‑expressed developmentally downregulated 
protein 8; NC, negative control; si, small interfering. 

Figure 10. UCHL3 and NEDD8 gene expression levels in each group. Relative gene expression levels in different (A) A375 and (B) SK‑MEL‑2 cell groups. 
***P<0.001 vs. normal control group. UCHL3, ubiquitin C‑terminal hydrolase‑L3; NEDD8, neural precursor cell‑expressed developmentally downregulated 
protein 8; NC, negative control; si, small interfering. 
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promote their migratory and invasive abilities (7). UCHL3 
expression is upregulated in breast cancer (26) and cervical 

cancer (27), and it may be involved in the occurrence and 
malignant behavior of these two malignancies. Thus, whether 

Figure 11. Detection of relevant protein expression and NEDD8 ubiquitination. (A) NEDD8 and LC3 protein expression levels. (B) NEDD8 ubiquitination. 
***P<0.001 vs. normal control group. NEDD8, neural precursor cell‑expressed developmentally downregulated protein 8; UCHL3, ubiquitin C‑terminal 
hydrolase‑L3; NC, negative control; si, small interfering.  
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UCHL3 acts as an oncogene or tumor suppressor varies across 
different tumors. 

The results of the present study demonstrated that UCHL3 
was highly expressed in melanoma cell lines (SK‑MEL‑2, 
MV3, A375 and MuM‑2B), and UCHL3 mRNA expression 
was upregulated in SK‑MEL‑2 and A375 cell lines. Thus, 
SK‑MEL‑2 and A375 cell lines were selected for subsequent 
experimentation. The biological activities (cell proliferation, 
invasion and migration) of A375 and SK‑MEL‑2 melanoma 
cells were significantly inhibited following UCHL3 knock‑
down. Taken together, these results suggest that abnormally 
high UCHL3 expression may be an important factor in 
melanoma, and its knockdown may effectively inhibit the 
occurrence and development of melanoma.

Autophagy is another important pathway for protein 
degradation. Autophagy is widely present in eukaryotic 
cells, where it plays a key role in degrading longevity‑related 
proteins and organelles, and is important for maintaining cell 
stability (28). In addition, autophagy is a natural process in 
cells that enables self‑digestion of intracellular elements (29). 
Under conditions of injury, autophagy can provide energy 
through lysosome digestion of its own contents to maintain 
cell survival (30). Under normal physiological conditions, 
autophagy is maintained at basic levels; however, it is notably 
enhanced under conditions of nutrient deficiency, growth 
factor deficiency, hypoxia and other stress conditions (31). 
Furthermore, autophagy is an important cell process 
involved in cell proliferation, differentiation, senescence and 
immunity (30). Disordered autophagy has been reported in 
multiple diseases, such as infections (32), neurodegenera‑
tive conditions (33), cardiovascular diseases (34), metabolic 
diseases (35) and tumors (36,37). Autophagy may play a role 
in tumors in an environment‑dependent manner. Conversely, 
it can destroy damaged organelles, cause cell aging and 
inhibit the proliferation of precancerous cells, exhibiting a 
tumor‑inhibiting effect (28). It can also provide nutrients for 
tumor cells under conditions of nutritional and oxygen defi‑
ciency, thus promoting tumor progression (38). Autophagy 
also plays different roles in the development of melanoma. 
For example, a previous study reported a lower level of 
autophagy in the tumor specimens of 194 patients with early 
melanoma compared with benign nevus (39). Another study 
revealed that patients with melanoma with higher autophagy 
levels may have a longer progression‑free survival time (40), 
while nodular melanoma with low autophagy levels is 
associated with an increased risk of ulceration and tumor 
invasion, accompanied by a low 5‑year survival rate following 
surgery (41), suggesting that autophagy may inhibit melanoma 
growth. Conversely, another study on superficial spreading 
melanoma reported that the autophagy level was higher 
in tumor tissues compared with normal melanocytes (39). 
In addition, the level of autophagy is higher in metastatic 
melanoma compared with primary tumor (42). In a previous 
study, UCHL3 knockdown increased the number of autopha‑
gosomes on examination of the ultrastructure of melanoma 
cells, which was associated with a notable increase in LC3B 
levels and the LC3II/LC3I ratio (43). The results of the present 
study suggest that the increase in autophagy level may be an 
important factor mediating the inhibitory effects of UCHL3 
knockdown on the biological activity of melanoma cells.

Ubiquitination is closely associated with autophagy (44,45). 
The results of the present study demonstrated that UCHL3 
knockdown in melanoma cells not only inhibited NEDD8 
expression, but also decreased the ubiquitination of NEDD8. 
Furthermore, autophagy was significantly enhanced along 
with the decrease in NEDD8 ubiquitination.

In conclusion, the results of the present study demon‑
strated that UCHL3 knockdown decreased melanoma cell 
proliferation by increasing cell autophagy through regulating 
NEDD8 expression and autophagosome numbers in vitro. 
However, the present study is not without limitations as it 
only focused on the effect of UCHL3 on melanoma in vitro, 
whereas its effects in vivo remain unclear. Thus, this will be 
the focus of prospective studies. In addition, future studies 
will aim to assess the effect of UCHL3 on other melanoma 
cell lines. 
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