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Abstract. Double homeobox A pseudogene 8  (DUXAP8) 
has been reported to regulate the growth of several types of 
cancers, such as breast cancer and ovarian cancer. However, 
its role in melanoma remains unclear. In the present study, 
the mechanism through which DUXAP8 regulates melanoma 
progression was explored. The expression levels of DUXAP8 
were determined in 43 samples from patients with melanoma 
in different stages, as well as human epidermal melanocytes 
cells and malignant melanoma cell lines using reverse 
transcription‑quantitative PCR (RT‑qPCR). The prognosis 
of patients was analyzed using the Kaplan‑Meier method. 
The relationship between lncRNA DUXAP8 expression and 
microRNA (miR)‑3182 or nuclear protein 1 transcriptional 
regulator (NUPR1) levels was analyzed using Pearson's 
correlation. Luciferase reporter and RNA pull‑down were 
used to examine the interactions between these molecules. 
Proliferation was assessed using Cell Counting‑Kit‑8. 
Transwell assays were used to examine cell migration and 
invasion. lncRNA DUXAP8 was upregulated in melanoma 
tissue and cells compared with normal tissues and cells. The 
levels of DUXAP8 inversely correlated with survival time of 
patients with melanoma. Knockdown of lncRNA DUXAP8 
inhibited proliferation, migration and invasion of melanoma 
cells. lncRNA DUXAP8 targeted miR‑3182, while miR‑3182 
targeted NUPR1. The overexpression of NUPR1 reversed 
the effects of DUXAP8 knockdown or miR‑3182 mimic on 
melanoma progression. In conclusion, lncRNA DUXAP8 
downregulation inhibits the development of melanoma by 
regulating the miR‑3182/NUPR1 axis.

Introduction

Melanoma is one of the most common malignant tumors and its 
incidence increases by 3‑5% percent annually worldwide (1). 
The common pathological types of melanoma are superficial 
spreading type, nodular type, malignant freckles and acral 
freckles (2). Superficial spreading type is the most common 
in the white ethnicity, and extremity freckle‑like melanoma is 
more common in Asians and Pacific Islanders (3). The 5‑year 
survival rates of patients with melanoma at stage I, II, III and 
IV in China are 94, 44, 38 and 4.6%, respectively (4). Moreover, 
the survival rate is also closely related to primary ulcers (5).

Excessive ultraviolet radiation is one of the known causes 
of skin melanoma, and the effects of other factors such as 
endocrine, chemical and physical factors on the occurrence 
of melanoma are poorly understood (6). At present, several 
treatment strategies for melanoma exist (7). Chemotherapy 
alone has limited efficacy and is hindered by drug resis‑
tance  (8). Molecular targeting drugs and immunotherapy 
drugs have made great progress in the treatment of tumors 
due to their specificity, effectiveness, good patient tolerance 
and low adverse reactions compared to cytotoxic drugs (9). 
Multivariate analysis of the relationship between genetic 
variation and survival revealed that KIT and BRAF gene 
mutations are independent prognostic factors for melanoma, 
with risk factors of 1.989 (95% CI, 1.263‑3.131) and 1.536 
(95% CI, 1.110‑2.214), respectively  (10). However, distant 
metastases can occur early in malignant melanoma, which is 
a key factor affecting clinical treatment and leading to poor 
prognosis (11).

The mechanism of melanoma progression has not been 
fully elucidated. In addition, research on the mechanism 
underlying chemotherapy resistance is also of particular 
interest. It is also worth mentioning that a large part of current 
research on melanoma is carried out at the genomic level, and 
less attention has been given to gene expression analysis (12). 
Studying long non‑coding RNA (lncRNA) molecules related 
to the pathogenesis and progression of melanoma may provide 
insight into the mechanism of melanoma onset, which is of 
great significance for the treatment and new drug develop‑
ment. So far, several lncRNA candidates have been explored. 
Schmidt et al (13) demonstrated that the lncRNA SRA‑like 
non‑coding RNA1 could increase the expression of matrix 
metalloproteinase‑9, accelerate invasion of melanoma and 
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predict poor survival. Furthermore, homeobox D‑antisense1 
was confirmed to be upregulated in patients with melanoma 
and was also closely associated with survival time  (14). 
Although DUXAP8 has been shown to regulate hepatocel‑
lular carcinoma and lung cancer development (15,16), its role 
in melanoma has not been reported. Hence, the present study 
aimed to investigate whether DUXAP8 is involved in mela‑
noma development and the mechanism of lncRNA DUXAP8 
on the invasion and metastasis of melanoma was studied, with 
the aim of identifying a potential molecular‑level treatment 
against melanoma.

Materials and methods

Patients and tissue samples. A total of 43  patients with 
skin melanoma (mean age, 52 years; age range, 39‑61 years; 
27 male patients and 16 female patients) were enrolled from 
January 2014 to December 2018 at The Affiliated Changzhou 
No.  2 People's Hospital with Nanjing Medical University 
(Changzhou, China) or Weihai Central Hospital (Weihai, 
China). All patients were diagnosed pathologically by at least 
3  experienced and independent pathologists from Weihai 
Central Hospital or the Affiliated Changzhou No. 2 People's 
Hospital with Nanjing Medical University. Patients who had 
radiotherapy or chemotherapy before surgery were excluded. 
Patients that had not received radiotherapy or chemotherapy 
prior to sample collection were included. The cases included 
19 patients at stage I+II and 24 patients at stage III+IV. Tissue 
samples excised during the operation were immediately frozen 
in liquid nitrogen until RNA extraction. Adjacent normal 
tissue was used as a control. The distance between the resected 
tumor tissue and the healthy tissues was 2 cm. This study was 
approved by the ethics committee of The Affiliated Changzhou 
No. 2 People's Hospital with Nanjing Medical University. The 
patients signed informed consent forms.

Cell lines and transfection. The human epidermal melanocyte 
HEMa‑LP cell lines and the malignant melanoma A375, 
A2058 and SK‑MEL‑2 cell lines were purchased from the Cell 
Bank of Type Culture Collection of the Chinese Academy of 
Sciences. Cells were cultured in DMEM medium containing 
10% fetal bovine serum (Gibco; Thermo Fisher Scientific Inc.) 
and 1% penicillin‑streptomycin. The cells were incubated at 
37˚C in an incubator with 5% CO2.

T he  eu k a r yo t ic  exp r ess ion  p la sm id  ve c to r 
pSilencerTM3.1‑H1neo containing DUXAP8‑shRNA (5'‑GGA​
ACT​TCC​CAA​ACC​TCC​ATG​ATT​T‑3') and control shRNA 
(5'‑TTC​TCC​GAA​CGT​GTC​ACG​TTT‑3') were constructed 
by Shanghai GenePharma Co., Ltd. The miR‑3182 mimic 
(5'‑GCU​UCU​GUA​GUG​UAG​UC3'‑), NC mimic (5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3'), miR‑3182 inhibitor (5'‑GAC​
UAC​ACU​ACA​GAA​GC‑3'), NC inhibitor (5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3') and NUPR1 overexpression vector 
(oeNUPR1; pcDNA3‑NUPR1) were designed and synthesized 
by Shanghai GenePharma Co., Ltd. Cells were seeded in 6‑well 
plates. pcDNA3 (Invitrogen; Thermo Fisher Scientific Inc.) 
empty vector was used as the negative control for oeNUPR1. 
Transfection was performed using Lipofectamine®  2000 
reagent (Invitrogen, Thermo Fisher Scientific, Inc.) at 37˚C for 
48 h with a 100 nM of the aforementioned plasmids, negative 

controls, mimics and inhibitors, according to the manufacturer's 
protocol. Transfection efficiency was measured by RT‑qPCR 
and after 48 h of transfection, subsequent experimentation was 
performed.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Total RNA was extracted from tissues and cells using 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). Total 
RNA (500  ng) was reverse transcribed into cDNA using 
SuperScript III (Invitrogen; Thermo Fisher Scientific, Inc.) at 
37˚C for 15 min. Subsequently, qPCR was performed using 
an ABI PRISM 7500 Sequence Detection system (Thermo 
Fisher Scientific, Inc.) and SYBR Select Master mix (Thermo 
Fisher Scientific, Inc.). U6 or GAPDH were used as the 
internal reference genes. The following thermocycling condi‑
tions were used for qPCR: i) Initial denaturation at 95˚C for 
5 min; ii) 40 cycles at 95˚C for 20 sec, 58˚C for 30 sec and 
74˚C for 30 sec; and iii) final extension step at 72˚C for 5 min. 
The primer sequences were as follows: i) DUXAP8 forward, 
5'‑ACC​CAA​ACA​CTA​ATT​GTA​GACT‑3' and reverse, 5'‑TGT​
CTG​GGA​GAC​TGC​TTA​CA‑3'; miR‑3182 forward, 5'‑CAC​
TCA​GCT​GGC​TTC​TGT​AGTG‑3' and reverse, 5'‑CTG​GTG​
TCG​TGG​AGT​CG‑3'; NUPR1 forward, 5'‑AGG​ACT​TAT​TCC​
CGC​TGA​CTGA‑3' and reverse, 5'‑TGC​CGT​GCG​TGT​CTA​
TTT​ATTG‑3'; GAPDH forward, 5'‑GTC​GAT​GGC​TAG​TCG​
TAG​CAT​CGA​T‑3' and reverse, 5'‑TGC​TAG​CTG​GCA​TGC​
CCG​ATC​GAT​C‑3'; and U6 forward, 5'‑CTC​GCT​TCG​GCA​
GCA​CAT​ATA​CT‑3' and reverse, 5'‑ACG​CTT​CAC​GAA​TTT​
GCG​TGTC‑3'. miRNA and mRNA expression levels were 
quantified using the 2‑ΔΔCq method (17).

Cell‑Counting Kit‑8 (CCK‑8) assay. After cell transfection 
for 48 h, A375 and A2058 cells were seeded in a 96‑well cell 
culture plate at a density of 2x103 cells/well. After incubation 
for 24, 48 or 72 h, 10 µl of CCK‑8 reagent (Beyotime Institute 
of Biotechnology) was added to each well and incubated for 
4 h. The absorbance at 450 nm was measured using a micro‑
plate reader (Bio‑Rad Laboratories, Inc.). The average value of 
each well was taken to evaluate the cell proliferation.

Transwell assay. Cell migration and invasion were assessed 
by a Transwell assay. For the migration assay, 2x104 A375 or 
A2058 cells were diluted in FBS‑free medium and seeded into 
the upper chamber (BD Biosciences). For the invasion assay, 
cells were added onto a Matrigel®‑pre‑coated (Sigma‑Aldrich; 
Merck  KGaA) upper chamber. Subsequently, 500  µl of 
culture medium containing 10% FBS was inoculated into 
the lower chamber. After 24 h, non‑migratory/‑invasive cells 
were detached while the migrated/invaded cells in the lower 
chamber were fixed in 4% paraformaldehyde for 30 min at 
room temperature and stained using 0.5% crystal violet for 
30 min at room temperature. The numbers of migratory/inva‑
sive cells were counted in five randomly selected fields using 
an inverted light microscope (Olympus Corporation; 
magnification, x200).

RNA pull‑down. Biotin‑labeled wild‑type (WT) or mutant 
miR‑3182 (Shanghai GenePharma Co., Ltd.) were synthesized. 
A375 and A2058 cells were lysed using specific lysis buffer 
(Sigma‑Aldrich; Merck KGaA) containing RNase inhibitor 



ONCOLOGY LETTERS  22:  495,  2021 3

(Beyotime Institute of Biotechnology). The lysate was 
subjected to centrifugation at 12,000 x g for 12 min at 4˚C 
and the supernatant (500 ml per reaction) were incubated with 
biotin‑labeled wild‑type or mutant miR‑3182, followed by incu‑
bation with M‑280 streptavidin beads (100 µl; Sigma‑Aldrich; 
Merck KGaA) at 4˚C overnight. The beads were washed twice 
with cold lysis buffer and precipitated RNAs were eluted using 
elution buffer (Sigma‑Aldrich; Merck KGaA) according to 
the manufacturer's protocol, followed by RT‑qPCR analysis 
as described above. Transfection conditions were the same as 
described above.

Luciferase reporter assay. The bioinformatics online tools 
miRDB (http://mirdb.org/miRDB/index.html) and TargetScan 
7 (http://www.targetscan.org/vert_71/) predicted that miR‑3182 
had targeted binding sites with lncRNA DUXAP8 and NUPR1. 
The 3'UTR of DUXAP8 and NUPR1 containing binding site 
sequence was amplified and constructed into psiCHECK2 
luciferase reporter vector (Promega Corporation), referred 
to as DUXAP8‑WT and NUPR1‑WT reporter plasmids, 
respectively. The mutant (MUT) sequence was constructed 
on the reporter gene vector and recorded as DUXAP8‑MUT 
and NUPR1‑MUT reporter plasmids. A375 and A2058 
cells were transfected with indicated luciferase reporter and 
miR‑3182 mimic (5'‑GCUUCUGUAGUGUAGUC3'‑) or NC 
mimic (5'‑UUCUCCGAACGUGUCACGUTT‑3') (Shanghai 
GenePharma Co., Ltd.) using Lipofectamine® 2000 reagent 
(Invitrogen, Thermo Fisher Scientific, Inc.) for 48  h and 
then luciferase reporter assay was performed using a Dual 
Luciferase Reporter Assay kit (Promega Corporation) 
according to according to the manufacturer's protocol. Dual 

luciferase activity was measured separately, and the relative 
luciferase activity of each cell was calculated based on the 
fluorescence intensity and normalized to Renilla luciferase 
activity.

Statistical analysis. Statistical analysis was carried out using 
SPSS  22.0 software (IBM Corp.). Continuous data ware 
expressed as the mean  ±  standard deviation. Differences 
between groups were compared using an unpaired 
Student's t‑test or one‑way ANOVA followed by Tukey's post 
hoc test. The prognosis of patients was analyzed using the 
Kaplan‑Meier method and log‑rank tests. The relationship 
between DUXAP8 expression and miR‑3182 or NUPR1 levels 
was analyzed using Pearson's correlation coefficient. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of DUXAP8 and survival analysis. The expres‑
sion levels of lncRNA DUXAP8 were examined in melanoma 
tissue samples and cell lines. DUXAP8 was upregulated 
in melanoma tissue compared with adjacent normal tissue 
(Fig. 1A). Moreover, patients with stage  III+IV melanoma 
displayed higher levels of DUXAP8 than patients in stage I‑II 
(Fig. 1B). Similar results were also observed in cell lines. 
The expression of DUXAP8 in malignant melanoma cell 
lines (A375, A2058 and SK‑MEL‑2) was higher than that in 
HEMa‑LP cells (Fig. 1C). A375 and A2058 cell lines displayed 
the highest levels of DUXAP8. Therefore, these two cell lines 
were used in subsequent experiments. In addition, the patients 
were divided into two groups based on the median value of 

Figure 1. Expression of DUXAP8 and survival analysis. (A) Analysis of DUXAP8 expression levels in 43 pairs of melanoma samples. (B) DUXAP8 expression 
in samples from patients with melanoma at different stages. I+II stage, n=19; III+IV stage, n=24. (C) DUXAP8 expression in melanoma cell lines. (D) Survival 
curve analysis. DUXAP8high, n=22; DUXAP8low, n=21. *P<0.05. ANT, adjacent normal tissue; DUXAP8, double homeobox A pseudogene 8.

https://www.spandidos-publications.com/10.3892/ol.2021.12756
https://www.spandidos-publications.com/10.3892/ol.2021.12756
https://www.spandidos-publications.com/10.3892/ol.2021.12756


CHEN et al:  lncRNA DUXAP8 ACCELERATES MELANOMA PROGRESSION4

DUXAP8 expression, and patients with higher expression 
of DUXAP8 experienced shorter survival time (Fig. 1D). High 
DUXAP8 levels were associated with poor prognosis.

DUXAP8 knockdown inhibits the migration and invasion of 
melanoma cells. The expression of DUXAP8 was significantly 
reduced following transfection with sh‑DUXAP8, which 
confirmed the transfection was successful (Fig. 2A). In order 
to examine the effect of sh‑DUXAP8 on proliferation, CCK‑8 
assays were carried out. After transfection for 48 h and further 
culturing for 72 h, the proliferation of A375 and A2058 cells 
significantly decreased in the sh‑DUXAP8 group compared 
with that of the sh‑NC group (Fig. 2B). In addition, DUXAP8 
knockdown significantly decreased migration and invasion of 
melanoma cells (Fig. 2C and D). Therefore, DUXAP8 knock‑
down inhibited the proliferation, migration and invasion of 
melanoma cells.

lncRNA DUXAP8 targets miR‑3182, whereas miR‑3182 
targetsNUPR1. To identify the potential targets of DUXAP8, 
bioinformatics analysis was carried out using miRDB. 
miR‑3182 was identified as the most likely target according 
to the prediction results (Fig. 3A). To validate the interaction 
between DUXAP8 and miR‑3182, a dual luciferase reporter 
assay was carried out. Both in A375 and A2058 cell lines, 
transfection of miR‑3182 reduced the luciferase activity in 
the DUXAP8‑WT group. However, NC miRNA did not 
significantly reduce the luciferase activity of the vector. In 

the DUXAP8‑MUT group, luciferase activity remained 
unchanged. These results indicated that miR‑3182 significantly 
downregulated luciferase activity (Fig. 3B and C). Pull‑down 
assays also demonstrated that miR‑3182‑WT precipitated 
DUXAP8, proving their binding (Fig.  3D). Following 
DUXAP8 knockdown, the expression of miR‑3182 signifi‑
cantly increased (Fig. 3E). To identify the targets of miR‑3182, 
bioinformatics analysis was performed using TargetScan7. The 
results indicated that NUPR1 was the most likely candidate. 
The predicted binding sites of miR‑3182 and NUPR1 are shown 
in Fig. 3F. Moreover, luciferase reporter assays confirmed this 
interaction (Fig. 3G and H). Transfection with miR‑3182 down‑
regulated the expression of NUPR1 in both A375 and A2058 
cells (Fig. 3I). More importantly, sh‑DUXAP8 decreased the 
expression of NUPR1, while the miR‑3182 inhibitor reversed 
this effect (Fig. 3J and K). Thus, DUXAP8 promotes NUPR1 
expression by inhibiting miR‑3182.

Rescue assay and correlation analysis. For rescue assays, 
NUPR1 was overexpressed in A375 cells and A2058 cells 
(Fig.  1A). CCK8 and transwell assays demonstrated that 
the cell proliferation, migration and invasion were inhib‑
ited in the sh‑DUXAP8+miR‑NC+pcDNA3‑vector group 
compared with the sh‑NC+miR‑NC+pcDNA3‑vector 
group (Fig.  4A‑C). However, proliferation, migration 
and invasion were rescued by NUPR1 overexpression in 
sh‑DUXAP8+miR‑NC+oeNUPR1 group compared with that in 
the sh‑DUXAP8+miR‑NC+pcDNA3‑vector group (Fig. 4A‑C). 

Figure 2. Knockdown of DUXAP8 inhibits progression of melanoma cells. (A) shRNA‑mediated knockdown of DUXAP8. (B) CCK‑8 analysis of proliferation 
following sh‑DUXAP8 transfection. (C and D) Transwell assay for (C) migration and (D) invasion analysis following sh‑DUXAP8 transfection (magnifica‑
tion, x100). *P<0.05. DUXAP8, double homeobox A pseudogene 8; shRNA, short hairpin RNA; OD, optical density; NC, negative control.
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Proliferation, migration and invasion were suppressed by miR‑3182 
in the sh‑NC+miR-3182+pcDNA3‑vector group compared 
with the sh‑NC+miR-NC+pcDNA3‑vector group (Fig. 4A‑C). 
Proliferation, migration and invasion were also rescued by 
NUPR1 overexpression in sh‑NC+miR‑3182+oeNUPR1 group 
compared with the sh‑NC+miR‑3182+pcDNA3‑vector group 
(Fig. 4A‑C). In melanoma tissue samples, DUXAP8 expres‑
sion negatively correlated with that of miR‑3182, but positively 
correlated with that of NUPR1 (Fig. 4D and E). Altogether, 
these results confirmed the regulatory relationship between 
DUXAP8, miR‑3182 and NUPR1.

Discussion

In order to examine the role of DUXAP8 in melanoma, 
DUXAP8‑related miRNA and genes were explored. In the 

present study, DUXAP8 was upregulated in melanoma tissue 
samples and cell lines. DUXAP8 levels were negatively 
associated with the survival time of patients with melanoma. 
DUXAP8 knockdown inhibited the proliferation, migration 
and invasion of melanoma cells.

Previous studies have shown that lncRNA derived from 
pseudogenes could also regulate gene expression through 
various mechanisms, such as binding to RNA‑binding proteins 
and regulating target genes (18,19). Xu et al (20) carried out a 
genome‑wide analysis and identified the lncRNA DUXAP8 
as a significant biomarker of metastatic renal carcinoma. 
Ma et al (19) confirmed that DUXAP8 downregulated pleck‑
strin homology domain containing O1 level and promoted 
the progression of gastric cancer. Moreover, DUXAP8 could 
also inhibit Ras homolog family member  B  (RHOB) and 
early growth response 1 (EGR1) expression and accelerate 

Figure 3. DUXAP8 targets miR‑3182, while miR‑3182 targets NUPR1. (A) DUXAP8 target prediction results from the miRDB online tool. (B and C) Luciferase 
reporter assays confirming that DUXAP8 binds to miR‑3182. (D) RNA pull‑down analysis of the binding of DUXAP8 to miR‑3182. (E) miR‑3182 expres‑
sion levels following sh‑DUXAP8 transfection. (F) TargetScan prediction of the binding site between miR‑3182 and NUPR1. (G and H) Luciferase assays 
confirming that miR‑3182 binds to NUPR1. (I) NUPR1 mRNA expression following transfection. (J) Analysis of miR-3182 expression following transfection. 
(K) Analysis of NUPR1 expression following transfection. *P<0.05. DUXAP8, double homeobox A pseudogene 8; NUPR1, nuclear protein 1 transcriptional 
regulator; miR/miRNA, microRNA; shRNA, short hairpin RNA; NC, negative control; hsa, Homo sapiens; WT, wild‑type; Mut, mutant.
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development of lung cancer in vitro (18). Although the role of 
DUXAP8 in melanoma has not been reported so far, the effects 
of DUXAP8‑related genes have been confirmed. Indeed, as 
reported in a previous study, the RHO family is important 
for the activation of the FAK signaling pathway, which 
increases aggregation of melanoma cells (21). Importantly, 
the expression of RHOB is closely related to drug resistance 
in melanoma cells (22). Furthermore, RHOB also regulates 
the RAS/PI3K/AKT pathway, which increases invasion and 
migration of melanoma cells and patient survival (23). Besides, 
the transcription factor EGR1 was differentially expressed in 
saliva samples of mice with melanoma compared with normal 
tissues (24). Based on the aforementioned evidence, it may be 
hypothesized that DUXAP8 plays an important role in the 
development of melanoma.

Bioinformatics prediction and in  vitro experiments 
confirmed that DUXAP8 targeted miR‑3182 in this study. 
miR‑3182 is involved in different diseases, such as breast 
cancer  (25), osteosarcoma  (26) and lung cancer  (27). 
Zhou et al  (28) proposed that miR‑3182 was important for 
metastasis of nasopharyngeal carcinoma and prognosis of 
this disease. In breast cancer, miR‑3182 can inhibit mTOR 
signaling  (25). It is well known that the mTOR signaling 
pathway is closely associated with autophagy, invasion and 
proliferation of melanoma cell (29). The effect of miR‑3182 
in melanoma cells could not be ignored. In the present 
study, DUXAP8 promoted melanoma development by 
downregulating the expression of miR‑3182.

Furthermore, miR‑3182 was found to target NUPR1 in 
this study. In previous studies, NUPR1 has been confirmed 
to be associated with lung cancer, pancreatic cancer and liver 
cancer  (30‑32). In non‑small cell lung cancer, knockdown 
of NUPR1 inhibited proliferation in vitro and slowed tumor 
growth in vivo (30). Emma et al (32) reported that NUPR1 
regulated RUNX2 expression and further effect activation of 
hepatocellular carcinoma cells. Interestingly, RUNX2 was 
upregulated in melanoma tumor cells compared with controls 

and was also involved in migration of cells (33). In malignant 
tumors, NUPR1 was confirmed to modulate the caspase 3 
and PTEN levels and also regarded as a novel target for treat‑
ment (32). In addition, knockdown of PTEN is critical for the 
progression of melanoma development (34). In the present 
study, the direct effect of NUPR1 on melanoma cell lines was 
examined. Overexpression of NUPR1 reversed the effect of 
DUXAP8 knockdown or miR‑3182 mimic transfection on 
melanoma cells. In melanoma tissue, DUXAP8 expression 
positively correlated with that of NUPR1. Therefore, NUPR1 
is critical factor in the function of DUXAP8 in proliferation, 
invasion and migration of melanoma.

In conclusion, the lncRNA DUXAP8 may accelerate the 
development of melanoma by regulating miR‑3182/NUPR1 
expression. This demonstrates the molecular function of the 
DUXAP8/miR‑3182/NUPR1 axis in melanoma progression 
and suggests these molecules may represent potential targets 
for melanoma treatment.
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