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Abstract: Melanoma is a common malignancy with a low survival rate worldwide. Long non-coding RNA Sprouty4-
Intron 1 (SPRY4-IT1) is correlated with various cancers, including melanoma. Herein, the underlying molecular 
mechanisms of SPRY4-IT1 in melanoma were characterized. We found that SPRY4-IT1 level was upregulated in 
melanoma cells lines compared to the normal skin cells, while miR-22-3p was downregulated. According to of 
bioinformatics analysis, SPRY4-IT1 was a hypothetic target of miR-22-3p, and knockdown SPRY4-IT1 by sh-RNA 
(sh-SPRY4-IT1) markedly elevated the miR-22-3p level. Also, the target relationship was further confirmed by dual 
luciferase reporter assay. In addition, low-expression of SPRY4-IT1 impeded cell proliferation, invasion, migration, 
and epithelial-mesenchymal transition. Furthermore, western blot assay indicated that the enhanced miR-22-3p 
further decelerated the phosphorylation of p38MAPK, MAPKAPK and Hsp27, which indicates that miR-22-3p could 
inactivate the p38MAPK/MAPKAPK/Hsp27 signaling pathway. Overall, our results show that sh-SPRY4-IT1 inhibits 
cell proliferation and motility through inactivating MAPK signaling by up-regulating miR-22-3p. Therefore, designing 
targeted drugs against SPRY4-IT1 provides a new direction for the treatment of melanoma.
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Introduction

Melanoma is one of the most common malig-
nancies with high aggressive and metastatic 
worldwide [1]. Nowadays, the incidence of mel-
anoma has increased with an annual growth 
rate of about 4.1% [2]. Generally, melanoma 
constitutes only 5% of all skin cancers but 
accounts for over 65% of skin cancer-related 
deaths due to the abnormal proliferation and 
early metastasis [3]. Localized melanomas can 
be cured by surgical excision. Patients with dis-
tant metastases might be treated with chemo-
therapeutic, radiotherapeutic and immunother-
apies [4, 5]. However, the clinical application of 
these methods faces many limitations and 
challenges. Therefore, it is imperative to further 
explore the underlying molecular mechanisms 

and discover some new effective therapeutics 
to melanoma.

Sprouty4 (SPRY4) is one of the genes (SPRY1-4) 
which has been reported to be involved in vari-
ous human cancers [6, 7]. Long non-coding 
RNA Sprouty4-Intron 1 (SPRY4-IT1) is a 708 bp 
lncRNA that originated from an intron of SPRY4 
gene. It encodes an endogenous inhibitor of the 
receptor-transduced mitogen-activated protein 
kinase (MAPK) pathway [7, 8]. Initially, SPRY4-
IT1 was reported to be a carcinogen in melano-
ma [9]. Much research has shown that abnor-
mal expression of SPRY4-IT1 occurs in many 
other diseases, such as preeclampsia [10], 
osteosarcoma [11], testicular germ cell tumor 
[12], lung cancer [13], pancreatic cancer [14], 
and gastric cancer [15]. Although the role of 
SPRY4-IT1 was first discovered in melanoma, 
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the underlying molecular mechanism remains 
unclear. 

miR-22-3p is a noncoding RNA consisted of 22 
nucleotides. It was originally identified as an 
anti-oncogene in HeLa cells [16, 17]. A mass of 
studies indicated that miR-22-3p was involved 
in various diseases, including the liver cancer 
[18], pancreatic cancer [19], cervical carcino-
ma [20] and gastric cancer [21]. However, the 
roles of miR-22-3p in various cancers are incon-
sistent. In previous studies, miR-22-3p was 
reported to act as an oncogene, promoting 
malignancy in breast cancer [22-24], cervical 
cancer [20] and multiple myeloma [25]. 
However, several studies found it was an anti-
oncogene in liver cancer [18] and hepatocellu-
lar carcinoma [26]. Nevertheless, the role of 
miR-22-3p in melanoma remains unknown.

The p38/mitogen-activated protein kinase 
(p38/MAPK) is a crucial signal pathway which 
is shown to modulate multifarious biological 
processes such as proliferation, differentiation, 
and survival [27]. Both stress and inflammatory 
cytokines can induce activation of p38/MAPK 
pathway. As the primary substrate for p38/
MAPK, MAPK-activated protein kinase-2 (MA- 
PKAPK-2; MK2) can momentarily phosphory-
late the ubiquitously expressed heat shock  
protein 27 (HSP27), a protein in response to 
osmotic stress, reactive oxygen species, and 
inflammatory cytokines. Previous studies sh- 
owed that HSP27 plays an important role in cell 
migration, apoptosis, and actin cytoskeleton 
organization [28]. Numerous studies exhibited 
that the activation of p38MAPK pathway 
involved in various diseases, such as epithelial 
cells [29], intrahepatic cholangiocarcinoma 
[30] and colorectal cancer [31]. However, 
whether p38MAPK pathway is correlated with 
melanoma is still unclear. 

This study aimed to investigate the underlying 
molecular mechanism of SPRY4-IT1 in melano-
ma in vitro. In present study, we revealed a 
novel mechanism of SPRY4-IT1 in melanoma 
and assert that designing targeted drugs 
against SPRY4-IT1 is a new direction for the 
treatment of melanoma.

Materials and methods

Cell lines and cell culture 

The human melanoma cell lines (A375, A875) 
and normal (fibroblast-like) skin cell lines (TE 

353.SK) from the same individual were pur-
chased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). COLO-
679 was from Deutsche Sammlung von 
Mikroorganismen (Braunschweig, Germany). All 
cells were cultivated in Dulbecco’s Modified 
Eagle’s Medium (DMEM) supplemented with 
10% fetal bovine serum (FBS, GIBCO, Carlsbad, 
CA), 1% penicillin (GIBCO, Carlsbad, CA), and 1% 
streptomycin (GIBCO, Carlsbad, CA) at 37°C 
under 5% CO2.

Cell transfection

sh-SPRY4-IT1, Ad-SPRY4-IT1, miR-22-3p inhibi-
tor, miR-22-3p mimic and negative control were 
provided by Gene Pharma (Shanghai, China). 
Transfection of A375 cells was conducted in 
accordance to Lipofectamine 2000 transfec-
tion reagent (Invitrogen, Grand Island, NY, USA).

Quantitative real-time reverse transcription 
PCR (qRT-PCR)

Total RNA was extracted from human melano-
ma cell lines (A375, A875, COLO-679), normal 
(fibroblast-like) skin cell lines (TE 353.SK) and 
tumor tissues with TRIzol reagent (Invitrogen, 
USA) and reverse-transcribed to cDNA by 
RevertAid First Strand cDNA Synthesis kit 
(Thermo Fisher, USA). RT-qPCR was conducted 
by SYBR-Green PCR Master Mix kit (Takara, 
Japan) and ABI 7500 Real-Time PCR System 
(Applied Biosystems, USA). The primers of 
GAPDH were 5’-GTCAGGATCCACTCATCACG-3’ 
(sense) and 5’-GATCGGACTTACGGACTCACATC 
-3’ (antisense); The primers of SPRY4-IT1 we- 
re 5’-GCTTATCGATCCGGATGGCGTAG-3’ (sense) 
and 5’-GGCTAAATCGGCTGAGCTAGGC-3’ (anti-
sense); The primers of miR-22-3p were 5’- 
TGCCATGCAAGGGCTTTACGCC-3’ (sense) and 
5’-CCGTAAGGCTTAAACGTAGGCTCC-3’ (antisen- 
se). GAPDH was used as an internal reference. 
Fold changes were calculated by the equation 
2-ΔΔCt. The experiments were independently 
repeated in triplicate.

Dual luciferase reporter assay

Targetscan7.0 (http://www.targetscan.org) was 
employed to speculate the target of miR-22-3p 
on the lncRNA SPRY4-IT1 3’untranslated region 
(3’UTR). The 3’UTR segments of SPRY4-IT1 (wt 
and mut) was amplified and inserted into the 
luciferase reporter vector (pmirGLO; Promega, 
USA). A375 cells were transfected with Luc-
SPRY4-IT1-wt or Luc-SPRY4-IT1-mut or combi-
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nation with miR-22 mimic in accordance to 
Lipofectamine 2000 transfection reagent 
(Invitrogen, 11668019, USA). The luciferase 
activities were monitored by Dual-Luciferase 
Reporter Assay kit (Promega, USA). The experi-
ments were independently repeated in tri- 
plicate.

BrdU staining assay

A375 cells transfected with sh-SPRY4-IT1 or 
miR-22-3p inhibitor and in combination with 
miR-22-3p inhibitor were seeded on coverslips 
in 96-well plates and cultivated overnight. After 
adding BrdU (10 μg/mL) to culture medium, the 
cells were further incubated for another 1 h, 
and then fixed in 4% paraformaldehyde for 10 
minutes. Finally, cells were stained with anti-
BrdU antibody (Biocompare, South San Fran- 
cisco, CA) in accordance to the manufacturer’s 
instructions. The coverslips were counter-
stained with DAPI and photographed with fluo-
rescence microscopy (Olympus, Tokyo, Japan). 
Results were expressed as the cell number per 
field. The experiments were independently 
repeated in triplicate.

Western blot analysis

A375 cells and tumor tissues were ground in 
liquid nitrogen and lysed in lysis buffer 
(Beyotime, China). After separated by 8% SDS 
poly-acrylamide gel, proteins were moved to 

were all from Santa Cruz Biotechnology (USA). 
The relative protein level was analyzed by 
ImageJ software. The experiments were inde-
pendently repeated in triplicate.

Transwell assay

To determine invasive capacity of cells, 
Transwell assay was conducted. After diluted by 
serum-free DMEM medium, matrigel was coat-
ed on the upper surface of the apical chamber. 
Air drying at room temperature for later use. 
After 24 h of starving culture with serum-free 
medium, cell suspension was added into the 
apical chambers (200 ml per chamber). The 
lower chambers were filled with 600 μl medium 
containing 10% FBS. After incubation at 37°C 
for 48 h, the chambers were pulled out and 
swashed with PBS for twice. A cotton bud was 
utilized to expunge the residual cells on the 
upper membranes. After fixed with 95% alcohol 
and stained with crystal violet, cells were exam-
ined by microscope (Leica, Germany) and the 
average number of invasive cells was recorded. 
The experiments were independently repeated 
in triplicate.

Wound healing assay

Wound healing assay was performed to monitor 
migration ability in vitro. Mitomycin C (10 μg/
ml) was added to the cell culture medium to 
inhibit cell replication [32]. A375 cells were 

Figure 1. Increase of SPRY4-IT1 and decrease of miR-22-3p in human mela-
noma. A. The expression level of SPRY4-IT1 was measured by RT-qPCR in hu-
man melanoma cell lines (A375, A875 and COLO-679) and normal skin cells 
(TE 353.SK). B. The expression level of miR-22-3p was detected by RT-qPCR 
in human melanoma cell lines (A375, A875 and COLO-679) and normal skin 
cells (TE 353.SK). (**P < 0.01 vs. control; ***P < 0.001 vs. control).

polyvinylidene difluoride (PV- 
|DF) membranes (Millipore, 
IPFL00010, Billerica, MA). Af- 
ter probed with primary anti-
bodies, the samples were 
incubated with corresponding 
secondary antibodies (Santa 
Cruz Biotechnology, USA) and 
detected with an enhanced 
chemiluminescence (ECL) su- 
bstrate kit (Amersham Bio- 
sciences). The primary anti-
bodies and secondary anti-
bodies specific to Ki-67 (sc-
23900, 1:1000), PCNA (sc- 
71858, 1:1000), E-cadherin 
(sc-8426, 1:1000), Vimentin 
(sc-80975, 1:1000), p-p38 
(sc-7973, 1:1000), p-MAP-
KAPK (sc-293140, 1:1000), 
p-HSP 27 (sc-81498, 1:1000), 
GAPDH (sc-66163, 1:1000) 
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transfected with sh-SPRY4-IT1 or miR-22-3p 
inhibitor and in combination with miR-22-3p 
inhibitor and incubated at 37°C overnight. After 
that, cell monolayers were ripped by a sterile 
micropipette tip and photographed with invert-
ed microscope (Nikon, Tokyo, Japan) at 0 h and 
24 h. All scratch would formation, images were 
monitored at a magnification of 40 × and mea-
sured by Image Pro Plus software (Media 
Cybernetics, Inc., Rockville, MD, USA). The 
experiments were independently repeated in 
triplicate. 

Immunofluorescent assay

To estimate the level of p38 in A375 cells trans-
fected with sh-SPRY4-IT1 or miR-22-3p inhibi-
tor and in combination with miR-22-3p inhibitor, 
immunofluorescent assay was manipulated. 
Briefly, A375 cells were seeded onto small 
glass dishes and transfected with sh-SPRY4-
IT1 or miR-22-3p inhibitor and in combination 
with miR-22-3p inhibitor. After that cells were 
fixed with 4% paraformaldehyde for 30 min, 
permeabilized with 0.5% TritonX-100 for anoth-
er 30 min, and blocked with TBST containing 
5% bovine serum albumin (BSA, Affymetrix, 
Cleveland, OH) at 37°C overnight. After being 
pretreated with primary antibodies against p38 
(1:50, #9212, Cell Signaling Technology) at 4°C 
overnight, cells were incubated with Alexa 

Flour® 594 secondary antibody (1:2000, cat. 
no. Z-25307, Thermo Fisher) and stained with 
DAPI (1:1000, cat. no. D9564, Sigma-Aldrich) 
at room temperature for 3 h. Subsequently, the 
cells were washed with PBS and analyzed by 
confocal microscopy (LSM 510 Meta, Zeiss, 
Oberkochen, Germany). The experiments were 
independently repeated in triplicate.

Statistical analysis

The statistical analysis was conducted with 
SPSS 21.0 (SPSS, Inc, Chicago, IL, USA). 
Measurement data are presented as mean ± 
SD (x ± s), and data consistent with the normal 
distribution were analyzed by t-test. Multiple 
sets of data were analyzed by One-way ANOVA 
followed by Bonferroni post-hoc test. Enu- 
meration data are presented as a percentage 
or ratio and verified by Chi-Square Test. P < 
0.05 was considered as significant.

Results

Increase of SPRY4-IT1 and decrease of miR-
22-3p in human melanoma

We firstly monitored SPRY4-IT1 and miR-22-3p 
in three melanoma cell lines (A375, A875 and 
COLO-679) and normal skin cells (TE 353.SK) 
by RT-qPCR. As shown in Figure 1A, SPRY4-IT1 
level was significantly increased in three mela-

Figure 2. miR-22-3p was negatively regulated by SPRY4-IT1 in A375 cells. A. The target of miR-22-3p on SPRY4-IT1 
3’UTR (wt and mut). B. The expression level of miR-22-3p was monitored by RT-qPCR in A375 cells transfected with 
sh-SPRY4-IT1 or miR-22-3p inhibitor and in combination with miR-22-3p inhibitor. (**P < 0.01 vs. control; ##P < 0.01 
vs. miR-22-3p inhibitor group). C. The expression level of miR-22-3p was monitored by RT-qPCR in A375 cells trans-
fected with Ad-SPRY4-IT1 or miR-22-3p mimic and in combination with miR-22-3p mimic. (**P < 0.01 vs. control, 
##P < 0.01 vs. miR-22-3p mimic group). D. The activity of SPRY4-IT1 was monitored by dual luciferase reporter assay 
in A375 cells co-transfected with SPRY4-IT1 (wt and mut) and miR-22-3p mimic. (**P < 0.01 vs. control).
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noma cell lines (A375, A875 and COLO-679) 
compared with normal skin cell lines (TE 353.
SK). (P < 0.01, P < 0.001). Conversely, miR-22-
3p level was significantly decreased (Figure 1B; 
P < 0.01, P < 0.001). Compared with TE 353.
SK, A375 cell line showed greatly significant 
differences both in SPRY4-IT1 and miR-22-3p 
(P < 0.001). Thus, A375 cell line was used in 
the follow-up experiments (P < 0.001). Taken 
together, these results demonstrated that 
SPRY4-IT1 and miR-22-3p might be implicated 
in human melanoma with contrary effects.

miR-22-3p was negatively regulated by SPRY4-
IT1 in A375 cells

Targetscan7.0 (http://www.targetscan.org) was 
employed to speculate the target of miR-22-3p 
on the lncRNA SPRY4-IT1 3’UTR (wt and mut). 
(Figure 2A). miR-22-3p level was measured by 
RT-qPCR. As shown in Figure 2B, knockdown 
SPRY4-IT1 by sh-RNA (sh-SPRY4-IT1) noticeably 
upregulated the expression of miR-22-3p in 
A375 cells (P < 0.01). A reverse result was 
observed after transfection with miR-22-3p 
inhibitor (Figure 2B; P < 0.01). On the contrary, 
transfection with Ad-SPRY4-IT1 significantly 
reduced the miR-22-3p level. (Figure 2C; P < 
0.01). All data suggested that SPRY4-IT1 

caused negative regulation of miR-22-3p. 
Luciferase report assay further confirmed the 
correlation between SPRY4-IT1 and miR-22-3p. 
Obviously, there was a significant decrease in 
A375 cells transfected with SPR wt and miR-
22-3p mimic, (Figure 2D; P < 0.01) while no 
marked effect was observed in a combination 
of SPR mut and miR-548c mimic. (Figure 2D; P 
> 0.05). In short, these results indicated that 
SPRY4-IT1 negatively regulated miR-22-3p in 
A375 cells.

sh-SPRY4-IT1 suppressed proliferation by regu-
lating miR-22-3p in A375 cells

BrdU staining assay was applied to investigate 
proliferation and western blot was utilized for 
further verification of cell proliferative capacity. 
As shown in Figure 3A, after transfection with 
sh-SPRY4-IT1, BrdU-positive cells were mark-
edly decreased in the sh-SPRY4-IT1 group com-
pared to control and miR-22-3p inhibitor group. 
(Figure 3B, P < 0.01). Western blot assays 
showed that the expression of proliferation 
marker proteins (Ki67 and PCNA) was down-
regulated in the A375 cells sh-SPRY4-IT1 group 
(Figure 3C, P < 0.01) while a reverse result was 
observed in the miR-22-3p inhibitor group. 
(Figure 3B, P < 0.01). Taken together, the pres-

Figure 3. sh-SPRY4-IT1 suppressed proliferation by regulating miR-22-3p in A375 cells. A375 cells were transfected 
with sh-SPRY4-IT1 or miR-22-3p inhibitor and in combination with miR-22-3p inhibitor. A. The cell proliferation was 
monitored by BrdU staining assay. B. The bar graph showed the percentage of BrdU-positive cells. (**P < 0.01 vs. 
control, ##P < 0.01 vs. miR-22-3p inhibitor group). C. The expression of proliferation marker proteins Ki-67 and PCNA 
were monitored by western blot. (**P < 0.01 vs. control, ##P < 0.01 vs. miR-22-3p inhibitor group).
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Figure 4. sh-SPRY4-IT1 restrained migration, invasion and EMT by regulating miR-22-3p in A375 cells. A375 cells were transfected with sh-SPRY4-IT1 or miR-22-3p 
inhibitor and in combination with miR-22-3p inhibitor. A. The invasive ability was monitored by transwell assay. B. Migration capacity was monitored by wound heal-
ing assay. (**P < 0.01 vs. control, ##P < 0.01 vs. miR-22-3p inhibitor group). C. The expression of EMT marker proteins (E-cadherin and Vimentin) were monitored 
by western blot. (**P < 0.01 vs. control, ##P < 0.01 vs. miR-22-3p inhibitor group).
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Figure 5. MAPK pathway is implicated in the inhibition of sh-SPRY4-IT1 on A375 cells proliferation and motility by regulating miR-22-3p. A375 cells were transfected 
with sh-SPRY4-IT1 or miR-22-3p inhibitor and in combination with miR-22-3p inhibitor. A. The phosphorylation levels of MAPK signaling related proteins were moni-
tored by western blot. (**P < 0.01 vs. control, ##P < 0.01 vs. miR-22-3p inhibitor group). B. The translocation of p38 in the nucleus was measured by immunofluo-
rescence assay. (**P < 0.01 vs. control, ##P < 0.01 vs. miR-22-3p inhibitor group).
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ent study indicated that sh-SPRY4-IT1 sup-
pressed proliferation by regulating miR-22-3p 
in A375 cells.

sh-SPRY4-IT1 restrained migration, invasion 
and EMT by regulating miR-22-3p in A375 
cells

Transwell assay and wound healing assay were 
applied to monitor the migration and invasion 
levels, while western blot was utilized to investi-
gate the EMT process of A375 cells. As shown 
in Figure 4A and 4B, down-regulation of  
SPRY4-IT1 significantly inhibited A375 cell inva-
sion, and migration capacity, whereas, miR-22-
3p inhibitor counteracted the inhibitory effects. 
(Figure 4A and 4B, P < 0.01). Generally, 
increase of E-cadherin and loss of vimentin are 
the fundamental events in EMT. As shown in 
Figure 4C, low expression of SPRY4-IT1 observ-
ably increased E-cadherin protein levels and 
decreased vimentin protein levels (P < 0.01), 
whereas the miR-22-3p inhibitor did the con-
trary (P < 0.01). Therefore, our research showed 
that sh-SPRY4-IT1 restrained migration, inva-
sion and EMT by regulating miR-22-3p in A375 
cells.

MAPK pathway is implicated in the inhibition 
of sh-SPRY4-IT1 on A375 cell proliferation and 
motility by regulating miR-22-3p

A375 cells were transfected with sh-SPRY4-IT1 
or miR-22-3p inhibitors and in combination with 
miR-22-3p inhibitor. Western blot assays were 
used to investigate the molecular mechanism 
of sh-SPRY4-IT1 on A375 cells. As shown in 
Figure 5A, the phosphorylation levels of p38, 
MAPKAPK, and Hsp27 were restrained in sh-
SPRY4-IT1 group. (Figure 5A, P < 0.01). 
However, after transfection with miR-22-3p 
inhibitors, phosphorylation levels of p38, 
MAPKAPK, and Hsp27 were significantly accel-
erated. (Figure 5A, P < 0.01). These results 
demonstrated that sh-SPRY4-IT1 suppressed 
the activation of MAPK signaling by up-regulat-
ing miR-22-3p. Furthermore, immunofluores-
cence analysis showed that sh-SPRY4-IT1 
markedly reduced the p38-positive punctum. 
(Figure 5B; P < 0.01), and the decrease was 
counteracted with the transfection of miR-22-
3p inhibitor. Collectively, we claimed that MAPK 
pathway was implicated in the inhibition of sh-
SPRY4-IT1 on A375 cell proliferation and motil-
ity by regulating miR-22-3p.

Discussion 

Melanoma has been a serious skin disease 
around the world due to the high mortality and 
the low survival rate. Despite a couple of novel 
targeted therapies available in melanoma 
treatment, as a result of the clinical limitations, 
the survival rates of patients suffered from 
malignant melanoma is remain low [33]. At 
present, no completely effective treatments 
are available. The abnormally expressed pro-
teins associated with proliferation, invasion 
and migration were culprit in the formation of 
melanoma [3]. Therefore, it is the most intuitive 
way to investigate the underlying molecular 
mechanism by proliferation and invasion in 
melanoma.

Previous studies demonstrated that LncRNAs 
were identified as significantly abnormal ex- 
pression in the melanoma. As an intronic 
lncRNA of the SPRY4 gene, SPRY4-IT1 plays sig-
nificant roles in melanomagenesis. Knockdown 
of SPRY4-IT1 remarkably promoted cell death, 
invasion, and apoptosis of the melanoma cell 
lines A375 and WM1552C [9]. Further clinical 
studies showed that overexpression of SPRY4-
IT1 was observed in melanoma patients, com-
pared to low-expression in healthy controls. 
Additionally, the increase of SPRY4-IT1 mark-
edly lowered overall survival rates of patients 
[34]. Consistent with these results, in our study, 
we found that SPRY4-IT1 was overexpressed in 
human melanoma compared to the normal skin 
cells. Knockdown of SPRY4-IT1 obviously inhib-
ited cell proliferation, invasion and migration. 
These results suggest that SPRY4-IT1 is closely 
related to the formation of melanoma.

miR-22-3p is a pivotal small RNA molecule 
involved in cell proliferation, invasion, and 
tumorigenesis. Studies by Chen et al. showed 
that upregulation of miR-22-3p suppressed cell 
growth and induced apoptosis in hepatocellu-
lar carcinoma cells [18]. Guo et al. indicated 
that miR-22 acted as tumor suppressor by tar-
geting the Sp1 gene and inhibiting gastric  
cancer cell migration and invasion [35]. 
Furthermore, Chen et al. found that miR-22-3p 
was regulated by berberine, thus suppressing 
cancer cell growth in HCC [36]. Likewise, in our 
study, we investigated the role of miR-22-3p in 
melanoma. The results showed that knock-
down of SPRY4-IT1 obviously accelerated the 
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expression of miR-22-3p, and the enhanced 
miR-22-3p further inhibited the proliferation 
and metastasis of melanoma cells. 

The p38 mitogen-activated protein kinase 
(MAPK) signaling pathway is activated by 
numerous inflammatory mediators and envi-
ronmental stresses. Mitogen-activated protein 
kinase (MAPK)-activated protein kinase 2 
(MAPKAPK-2 or MK2), a downstream substrate 
of the p38MAPK, is responsible for the signal-
ing events influencing inflammation, cell divi-
sion and differentiation, apoptosis, and cell 
motility. Previous studies demonstrated that 
p38/MAPK modulated cell proliferation and 
metastasis in various cancers. Jiang et al. indi-
cated that inactivation of p38/MAPK induced 
by SIP-SII restrained migration and invasion of 
ovarian cancer cells [37]. Additionally, epitheli-
al-mesenchymal transition (EMT) could also be 
regulated by the p38/MAPK/MAPKAPK/Hsp27 
signaling pathway. According to the results of 
Kondo et al., after treating with flagellin and 
TGF-β1, the phosphorylation of p38MAPK, 
MAPKAPK and Hsp27 were all upregulated, 
and the levels of E-cadherin protein were 
reduced in intestinal epithelial cells [29]. Also, 
Ling et al. indicated that SB203580 was able  
to weaken cell migration, invasion, and vasculo-
genic mimicry forming abilities by blocking 
p38/MAPK signaling pathways [38, 39]. Sim- 
ilarly, in our studies, we found that knockdown 
SPRY4-IT1 by sh-RNA obviously impeded the 
phosphorylation of p38MAPK, MAPKAPK and 
Hsp27, and enhanced E-cadherin protein, 
which indicating that sh-SPRY4-IT1 could inhibit 
cell proliferation, invasion, and migration by 
inactivating the p38MAPK/MAPKAPK/Hsp27 
signaling pathway.

In conclusion, our research revealed a novel 
mechanism of SPRY4-IT1 in melanoma. The pri-
mary mechanisms can be summarized as fol-
lowing: 1) SPRY4-IT1 was upregulated in mela-
noma, while miR-22-3p was downregulated. 
Low-expression of SPRY4-IT1 noticeably elevat-
ed miR-22-3p level in melanoma. 2) Knockdown 
of SPRY4-IT1 by sh-RNA (sh-SPRY4-IT1) notice-
ably suppressed proliferation and motility in 
melanoma. 3) sh-SPRY4-IT1 interacted with 
miR-22-3p to inhibit melanoma cell growth and 
motility by interfering with the MAPK pathway in 
vitro.
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