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Abstract: Increasing evidences demonstrated that long noncoding RNAs (IncRNAs) are frequently dysregulated and
have critical roles in many tumors. However, the roles and functional mechanisms of IncRNAs in melanoma remain
largely unknown. In this study, we identified a novel INcRNA MHENCR which was upregulated in melanoma tis-
sues and further upregulated in metastatic melanoma. Increased expression of MHENCR indicted poor survival of
melanoma patients. Functional experiments revealed that MHENCR knockdown significantly inhibited melanoma
cells proliferation, induced cell cycle arrest and apoptosis, and also attenuated melanoma cells migration in vitro.
Furthermore, we identified MHENCR as a competitively endogenous RNA, which specifically bound to miR-425
and miR-489, upregulated their target genes IGF1 and SPIN1 expression, and further activated PI3K-Akt pathway.
Statistically significant correlations were observed between MHENCR expression and IGF1 and SPIN1 in melanoma
tissues. In vivo functional experiments further confirmed the pro-growth and pro-metastasis roles of MHENCR. Col-
lectively, our findings revealed that MHENCR functions as an oncogene in melanoma via activating miR-425/489-
mediated PI3K-Akt pathway, and may be a therapeutic target for melanoma.
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Introduction

With great progressions in cancer prevention
and early diagnosis, the incidence for all can-
cers combined is reducing, but the incidence
for melanoma continues to increase for the
past 30 years in the world [1, 2]. Although early
melanoma can be cured by surgical resection,
the late metastatic melanoma has high mortal-
ity rate for the lack of effective treatment [3, 4].
Therefore, it is urgent to identify molecular driv-
ers of melanoma tumorigenesis and progres-
sion [5]. Several reports have revealed some
molecules contributing to the progression of
melanoma [6, 7]. However, the precise mecha-
nisms governing melanoma progression are
not fully understood [8]. Further studies are
needed to reveal the underlying molecular
mechanisms and develop novel methods for
melanoma treatment.

Recently, increasing evidences indicate that
in addition to proteins, noncoding RNAs also
have critical roles in tumor progression [9]. An
important portion of these noncoding tran-
scripts is microRNA (miRNA), which is a class
of small noncoding RNA with 21-25 nucleotides
in lengths [10, 11]. miRNA directly binds to
3’-untranslated region of its target genes and
induces the translation inhibition and/or grada-
tion of target genes mRNA [12]. Through regu-
lating critical oncogenes or tumor suppressors,
miRNA also exerts significant effects on tumor
progression [13-15], including melanoma [16],
such as the roles of miR-425 in inhibiting mela-
noma metastasis through targeting IGF1 [17].
Long noncoding RNA (IncRNA) is another impor-
tant portion of functional noncoding RNAs with
greater than 200 nucleotides in length [18-21].
Its dysregulation has recently been reported in
various diseases including tumors [22, 23].


http://www.ajtr.org

MHENCR acts as an oncogene in melanoma

IncRNAs also regulate many oncogenes and
tumor suppressors expression transcriptionally
or post-transcriptionally with complex regula-
tion mechanisms [24, 25]. The pivotal roles of
IncRNAs in tumors including melanoma have
been revealed in many reports [26-28]. Alth-
ough several studies have investigated INcCRNAs
in melanoma, their completely biological roles
and molecular mechanisms are still obscure
[29].

In a previous study identifying differently ex-
pressed INcRNAs in human melanoma using
RNA sequencing [27], we noted that IncRNA
XLOC_013615 (ENSTO0000449500; Refseq
NR_132417.1) was significantly upregulated in
melanoma, and was further increased in me-
tastatic lesion. In our own clinical melanoma
tissues, we confirmed the upregulation of
XLOC_013615 in melanoma tissues and meta-
static melanomas and hence named MHENCR
(melanoma highly expressed noncoding RNA).
In this study, we analyzed its association with
clinical characteristics and melanoma patients’
prognosis, investigated its biological roles in
melanoma using in vitro and in vivo functional
experiments. Moreover, we explored the under-
lying molecular mechanisms contributing to the
functions of MHENCR in melanoma.

Materials and methods
Clinical samples

Thirty malignant melanoma tissues, twenty age
and gender-matched skin tissues with melano-
cytic nevus, and sixteen pairs of primary mela-
noma tissues and lymph node metastatic
lesions were obtained from patients who under-
went surgery at the 253rd Hospital of PLA
(Hohhot, Inner Mongolia, China). The clinical
characteristics of melanoma patients and con-
trols are shown in_Supplementary Tables 1, 2,
3. All samples were confirmed by histological
diagnosis. The Review Board of the 253rd
Hospital of PLA approved the use of clinical
samples, and all the patients signed written
informed consent.

Cell cultures

The human melanoma cell lines A375 and
SK-MEL-2 were purchased from Cell Resource
Center, Shanghai Institutes for Biological Sci-
ences (Shanghai, China). A375 cells were cul-
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tured in DMEM, and SK-MEL-2 cells were cul-
tured in MEM medium, both supplemented with
10% fetal bovine serum (Gibco, CA, USA) in 5%
CO, atmosphere at 37°C.

RNA extraction and quantitative PCR (qPCR)

Total RNA was isolated using Trizol Reagent
(Invitrogen, CA, USA) following the manufactur-
er's instructions. Reverse transcription was
carried out using PrimeScript™ Il 1st Strand
cDNA Synthesis Kit (Takara, Dalian, China)
according to the manufacturer’s instructions.
gqPCR was subsequently carried out using
SYBR® Premix Ex Tag™ Il (Takara, Dalian, China)
on ABI StepOne Plus system (Applied Bio-
systems, CA, USA) following the manufacturer’s
manual. The gene expression was calculated
using 222t method. B-actin was used as endog-
enous control. The primers sequences are as
follows: MHENCR, 5-ATGGTCAGTGGACGGA-
CG-3’ (forward) and 5-ACAGCAAGCACAAGGG-
TG-3’ (reverse); IGF1, 5-GTGTGTGGAGACAG-
GGGCTT-3’ (forward) and 5-ACTTGGCAGGCTT-
GAGGGG-3’ (reverse); SPIN1, 5-AAAGAGAC-
ACTTGGATGG-3’ (forward) and 5-CGATGTTTT-
TTGTGGGATG-3’ (reverse); B-actin, 5-GGGAAA-
TCGTGCGTGACATTAAG-3’ (forward) and 5-TG-
TGTTGGCGTACAGGTCTTTG-3’ (reverse).

5”and 3’ Rapid Amplification of cDNA Ends
(RACE)

5-RACE and 3’-RACE analyses were performed
to determine the full-length sequences of
MHENCR using a SMARTer™ RACE cDNA
Amplification Kit (Clontech, Palo Alto, CA, USA)
following the manufacturer’'s manual. The pri-
mers sequences are as follows: 5-RACE,
5-TCCGTCCACTGACCATCGTCCCTCG-3’; 3-RACE,
5-CGAGTGCGGTGGCTCATGCCTTTTAC-3".

Isolation of cytoplasmic and nuclear RNA

Cytoplasmic and nuclear RNA were isolated
with the Cytoplasmic & Nuclear RNA Purification
Kit (Norgen, Belmont, CA, USA) following the
manufacturer’s manual.

miRNAs and plasmids transfection
The miRNAs mimics and inhibitors of miR-425
and miR-489 were purchased from Gene-

Pharma (Shanghai, China). miRNAs and plas-
mids were transfected into melanoma cells
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using Lipofectamine 3000 (Invitrogen, CA, USA)
following the manufacturer’s manual.

Generation of cells stably depleting MHENCR

To inhibit MHENCR expression, three oligonu-
cleotides for shRNAs were synthesized and
inserted into the shRNA expression vector
pGPH1/Neo (GenePharma, Shanghai, China).
The shRNAs sequences are as follows: shRNA
#1, 5-AGGATCCCGGATTCCGTATCA-3’; shRNA
#2, B5-GGTGTCATCGAACACCCTTGT-3’; shRNA
#3, 5-GCTGTAATTAGAGTTGCACAT-3'. A scram-
bled shRNA was used as negative control. To
obtain MHENCR stably depleted melanoma
cells, A375 and SK-MEL-2 cells were transfect-
ed with the shRNAs expression plasmid, and
selected with neomycin for four weeks.

Cell proliferation, cell cycle analysis, and apop-
tosis assays

Cell Counting Kit-8 (CCK-8) assays were per-
formed to assess cell proliferation using the
cell counting kit 8 (Dojindo Laboratories,
Kumamoto, Japan) following the manufactur-
er's manual. Briefly, a total of approximately 5.0
x 10° cells/well was plated in 96-well plate.
After culture for 24, 48, and 72 hours, cell via-
bility was measured by a microplate reader. Cell
cycle distribution was measured using the Cell
Cycle Analysis Kit (Biyuntian, Jiangsu, China) on
a flow cytometer following the manufacturer’s
manual. Terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP nick end labeling (TUNEL)
assays were performed to assess cell apopto-
sis using the TUNEL Cell Apoptosis Detection
Kit (Beyotime, lJiangsu, China) following the
manufacturer’'s manual. Representative imag-
es were acquired by Zeiss axiophot photomicro-
scope (Carl Zeiss, Oberkochen, Germany) and
the results were quantified by Image-Pro plus
6.0 software.

Transwell and scratch assays

To assess the mobility capability of melanoma
cells, transwell assays and scratch assays were
performed. For transwell assays, a total of 1 x
10° cells in serum-free medium with 1 pg/ml
Mitomycin C were seeded into the upper well of
a poly-carbonate transwell chamber (BD Bio-
sciences, USA) plated in a 24-well plate. After
incubation for 24 hours, cells on the upper sur-
face of the well were scraped off with a cotton
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swab, and cells on the lower surface were fixed,
stained and counted. For scratch assays, cells
were plated in 6-well plate and incubated at
37°C until 90% to 95% confluent. Then the cells
were scratched with a pipette tip to form a
wound in the middle of the plates, followed by
rinsed with PBS and replaced with serum-free
medium. After incubation for 1, 2, and 3 days,
the fractions of cell coverage across the
scratched surface were quantified.

Western blot

Protein lysates were prepared in a 1 x sodium
dodecyl sulfate loading buffer. Equal amounts
of proteins were separated by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene
fluoride membranes. After incubated with
blocking solution, the membranes were blotted
with primary antibodies specific for IGF1,
SPIN1, PIK3CA, phosphorylated Akt, cyclinD1,
BCL2, or B-actin (Abcam, Hong Kong, China).
After washed for three times, the membranes
were blotted with HRP-conjugated goat anti-
rabbit or anti-mouse secondary antibody
(Abcam) and detected with enhanced chem-
iluminescence.

RNA Immunoprecipitation (RIP)

The full-length MHENCR transcript was PCR
amplified with the Ex Taq® Hot Start Version
DNA Polymerase (Takara, Dalian, China) and
subcloned into the Hind Il and EcoR | sites
of pcDNA3.1 plasmid (Invitrogen), named
pcDNA3.1-MHENCR. The primers sequences
are as follows: 5-CCCAAGCTTGTCAGCTCC-
TAACGCCGCA-3' (forward) and 5-GGAATTCC-
GACTTTATTGACATTTATTTCC-3’ (reverse). pSL-
MS2-12X (Addgene) was double digested with
EcoR | and Xho |, and the MS2-12X fragment
was subcloned into pcDNA3.1 and pcDNA3.1-
MHENCR, named pcDNA3.1-MS2 or pcDNA3.1-
MS2-MHENCR, respectively. The pcDNA3.1-
MS2-MHENCR with point mutations in miRNAs
binding sites were synthesized by GenScript
(Nanjing, China), named pcDNA3.1-MS2-MH-
ENCR-Mut. pcDNA3.1-MS2, pcDNA3.1-MS2-
MHENCR, or pcDNA3.1-MS2-MHENCR-Mut was
cotransfected with pGFP-MS2 into A375 cells.
Forty-eight hours later, RIP assays were carri-
ed out using the Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore, Bed-
ford, MA, USA) and anti-GFP antibody (Roche,
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Figure 1. Expression of MHENCR in melanoma and its association with melanoma patients’ prognosis. A: MHENCR
expression levels in 30 malignant melanoma tissues and 20 skin tissues were measured by qPCR. ***P < 0.001
by Mann-Whitney U test. B: MHENCR expression levels in 30 melanoma tissues with different clinical stages were
measured by qPCR. x?> = 14.186, P < 0.001 by Kruskal-Wallis test. The p values for the comparisons of different
clinical stages by Dunn’s multiple comparison test are shown on the graph. C: MHENCR expression levels in 16 pairs
of primary melanoma tissues and lymph node metastatic lesions were measured by qPCR. P < 0.001 by Wilcoxon
signed-rank test. D: Kaplan-Meier survival analysis of the association between MHENCR expression and overall
survival of melanoma patients. MHENCR median expression level was used as the cutoff. p value was acquired by
Log-rank test.

Mannheim, Germany) according to the manu-
facturer’s protocols. The retrieved miRNAs
were quantified by gPCR using TagMan miRNA
assays following the manufacturer’s manual
(Applied Biosystems, CA, USA). For anti-AGO2
RIP, miR-425 or miR-489 mimics and negative
control were transfected into A375 or SK-MEL-2
cells. Forty-eight hours later, RIP assays were
carried out using the Magna RIP™ RNA-Bind-

(Millipore). The retrieved RNAs were quantified
by qPCR.

In vivo xenograft assays

MHENCR stably depleted and control A375
cells (3.0 x 10°) were subcutaneously injected
into the flanks of athymic BALB/c nude mice.
Subcutaneous tumor growth was measured
and tumor volume was calculated according to

ing Protein Immunoprecipitation Kit (Millipore,
Bedford, MA, USA) and anti-AGO2 antibody
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V =0.5 x LW? (L, tumor length; W, tumor width).
After labeled with luciferase, 1.0 x 106 MHENCR
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Figure 2. The effects of MHENCR on melanoma cell proliferation, cell cycle and apoptosis. A: MHENCR expression
in MHENCR stably depleted and control A375 cells. B: MHENCR expression in MHENCR stably depleted and control
SK-MEL-2 cells. C: The effect of MHENCR knockdown on A375 cells proliferation was measured by CCK-8 assays.
D: The effect of MHENCR knockdown on SK-MEL-2 cells proliferation was measured by CCK-8 assays. E: The effect
of MHENCR knockdown on A375 cell cycle distribution was measured by flow cytometry. F: The effect of MHENCR
knockdown on SK-MEL-2 cell cycle distribution was measured by flow cytometry. G: The effect of MHENCR knock-
down on A375 and SK-MEL:2 cells apoptosis was measured by TUNEL staining. Scale bars, 100 um. For all panels,
results are shown as mean + SD. n = 3, *P < 0.05, **P < 0.01 by Student’s t test.

stably depleted or control A375 cells were
injected into the tail vein of nude mouse to
assess lung metastases. At 6th week after
injection, the metastases were monitored using
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the IVIS Lumina Il Imaging System (Caliper Life
Sciences, Hopkinton, MA, USA). The Review
Board of the 253rd Hospital of PLA approved
the animal studies.
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Statistical analysis

All statistical analyses were performed using
GraphPad Prism Software. For comparisons,
Pearson chi-square test, Mann-Whitney U test,
Kruskal-Wallis test, Dunn’s multiple compari-
son test, Wilcoxon signed-rank test, Log-rank
test, Student’s t test, and Pearson correlation
analysis were performed as indicated. A p value
< 0.05 was defined as statistically significant.

Results

MHENCR is upregulated in melanoma and
associated with poor prognosis of melanoma
patients

MHENCR expression in 30 malignant melano-
ma tissues and 20 age and gender-matched
skin tissues with melanocytic nevus was mea-
sured by gPCR. As shown in Figure 1A, MHENCR
expression levels were significantly upregulat-
ed in melanoma tissues compared with that in
control skin tissues. The melanoma patients
were grouped according to TNM stages, and
MHENCR expression levels were significantly
upregulated in later stages melanoma tissues
compared with that in early stages melanoma
tissues (Figure 1B). However, MHENCR expres-
sion levels did not change with age or between
males and females (Supplementary Figure 1).
We further measured MHENCR expression in
16 pairs of primary melanoma tissues and
lymph node metastatic lesions. Significant
upregulated expressions of MHENCR were
observed in metastatic lesions compared with
that in primary melanoma tissues (Figure 1C).
Furthermore, we performed Kaplan-Meier sur-
vival analysis to investigate the association
between MHENCR expression and patients’
prognosis. As shown in Figure 1D, increased
MHENCR expression in melanoma tissues indi-
cated poor overall survival. Collectively, these
data suggested that MHENCR is upregulated in
melanoma tissues and further upregulated in
later stage and metastatic lesions. High
MHENCR expression is associated with poor
prognosis of melanoma patients.

Knockdown of MHENCR attenuates melanoma
cells proliferation in vitro

The full-length sequences of MHENCR were
confirmed by RACE analyses and are shown in

Supplementary Figure 2A. Subcellular fraction-
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ation assays revealed that MHENCR was pre-
dominantly localized in the cytoplasm of mela-
noma cells (Supplementary Figure 2B). To
explore the biological functions of MHENCR in
melanoma, we stably knocked down MHENCR
in melanoma cells A375 and SK-MEL-2 using
three independent MHENCR specific shRNAs.
As shown in Figure 2A and 2B, shRNA #2 and
shRNA #3 had significant knockdown efficien-
cies in both A375 and SK-MEL-2 cells, and were
used in subsequent experiments. Cell prolifera-
tion was evaluated using CCK-8 assays, and
the results showed that knockdown of MHENCR
by both shRNAs significantly attenuated A375
and SK-MEL-2 cells proliferation (Figure 2C and
2D). To investigate whether the effects of
MHENCR on melanoma cells proliferation are
dependent on the regulation of cell cycle or cell
apoptosis, we measured cell cycle distribution
by flow cytometry. As shown in Figure 2E and
2F, knockdown of MHENCR by both shRNAs
increased G1/GO phase proportion and re-
duced S phase and G2/M phase proportion in
A375 and SK-MEL-2 cells. TUNEL staining
showed that knockdown of MHENCR by both
shRNAs induced A375 and SK-MEL-2 cells
apoptosis (Figure 2G). These data demonstrat-
ed that knockdown of MHENCR attenuated
melanoma cells proliferation and induced cell
cycle arrest and apoptosis.

Knockdown of MHENCR attenuates melanoma
cells migration in vitro

To investigate the effects of MHENCR on mela-
noma cells migration, transwell assays and
scratch assays were performed. Transwell ass-
ays showed that knockdown of MHENCR by
both shRNAs significantly attenuated A375 and
SK-MEL-2 cells migration (Figure 3A). Scratch
assays showed that the wounded area cover-
age was much slower in MHENCR depleted
A375 and SK-MEL-2 cells (Figure 3B and 3C).
These data suggested that knockdown of
MHENCR attenuated melanoma cells mobility
in vitro.

MHENCR directly associates with miR-425 and
miR-489

Recently, many IncRNAs are reported to func-
tion as competing endogenous RNA via binding
miRNAs and to further regulate miRNAs target
genes expression [30-32]. Because MHENCR
was predominantly localized in the cytoplasm,

Am J Transl Res 2017;9(1):90-102
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Figure 3. The effects of MHENCR on melanoma cell migration. A: The effect of MHENCR knockdown on A375 and
SK-MEL-2 cells migration was measured by transwell assays. Scale bars, 100 um. B: The effect of MHENCR knock-
down on A375 cells mobility was measured by scratch assays. C: The effect of MHENCR knockdown on SK-MEL-2
cells mobility was measured by scratch assays. For all panels, results are shown as mean + SD. n = 3, *P < 0.05,

**P < 0.01 by Student’s t test.

we hypothesized that MHENCR could also
directly bind miRNAs and function as compet-
ing endogenous RNA. miRcode program was
used to predict potential miRNAs binding sites
on MHENCR [33]. The program predicted two
miR-425 binding sites and one miR-489 bind-
ing sites on MHENCR (Figure 4A). To investi-
gate the association between miRNAs and
MHENCR, we performed RIP assays using MS2
vector system (Figure 4B). The results showed
that MHENCR specifically bound to miR-425
and miR-489, which was abolished by the
mutation of the predicted miR-425 binding
sites or the predicted miR-489 binding sites,
respectively (Figure 4C). It is well known that
miRNAs bind and recruit AGO2 to target genes
to induce translation inhibition and/or grada-
tion of target mRNAs [34, 35]. So we performed
anti-AGO RIP in miR-425 or miR-489 overex-
pressed A375 and SK-MEL-2 cells. As shown in
Figure 4D and 4E, overexpression of miR-425
or miR-489 both significantly increased the
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association between AGO2 and MHENCR, sup-
porting the specific association between miR-
425, miR-489 and MHENCR. Furthermore, we
measured MHENCR expression in miR-425 or
miR-489 overexpressed A375 and SK-MEL-2
cells. The results showed that miR-425 and
miR-489 did not change MHENCR expression
(Figure 4F and 4G). Collectively, these data
suggested that MHENCR physically associated
with  miR-425 and miR-489, but was not
degraded by miR-425 and miR-489, and
implied that MHENCR may function as compet-
ing endogenous RNA for miR-425 and miR-489
in melanoma.

Knockdown of MHENCR inhibits IGF1 and
SPIN1 expression, and inactivates PISK-Akt
pathway through competitively binding miR-
425 and miR-489

We next explore the effects of MHENCR on
miR-425 and miR-489 targets. As miR-425 has

Am J Transl Res 2017;9(1):90-102
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Figure 4. MHENCR physically associated with miR-425 and miR-489. (A) The predicted miR-425 and miR-489 bind-
ing sites on MHENCR. (B) Schematic presentation of the RIP assays using MS2 vector system. (C) The specific
bindings of miR-425 and miR-489 to MHENCR were measured by MS2-RIP assays, followed by qPCR analysis. (D)
Anti-AGO2 RIP assays were performed in miR-425 or miR-489 overexpressed A375 cells, followed by gPCR analysis
to measure MHENCR associated with AGO2. (E) Anti-AGO2 RIP assays were performed in miR-425 or miR-489 over-
expressed SK-MEL-2 cells, followed by qPCR analysis to measure MHENCR associated with AGO2. (F) The effects of
miR-425 and miR-489 overexpression on MHENCR expression in A375 cells were measured by qPCR analysis. (G)
The effects of miR-425 and miR-489 overexpression on MHENCR expression in SK-MEL-2 cells were measured by

gPCR analysis. For (C-G), results are shown as mean + SD. n = 3, *P < 0.05, **P < 0.01 by Student’s t test.

been reported to inhibit PI3K-Akt pathway via
targeting IGF1 [17], and miR-489 has also been
reported to suppress PI3K-Akt pathway via tar-
geting SPIN1 [36], we next investigate the influ-
ences of MHENCR on IGF1 and SPIN1. As
shown in Figure 5A and 5B, knockdown of
MHENCR by both shRNAs significantly inhibited
IGF1 and SPIN1 mRNA levels. Knockdown of
MHENCR by both shRNAs also significantly
inhibited IGF1 and SPIN1 protein levels (Figure
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5C and 5D). Furthermore, the depletion of miR-
425 abolished IGF1 suppression caused by
MHENCR knockdown (Figure 5E and 5F). The
depletion of miR-489 abolished SPIN1 sup-
pression caused by MHENCR knockdown
(Figure 5G and 5H). We then investigated the
effects of MHENCR on PI3K-Akt pathway. As
shown in Figure 51 and 5J, knockdown of
MHENCR significantly inhibited PISK-AKT path-
way, including PIK3CA, phosphorylated Akt,

Am J Transl Res 2017;9(1):90-102
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Figure 5. The effects of MHENCR on IGF1 and SPIN1 expression and PI3K-Akt pathway. (A) The effects of MHENCR
knockdown on IGF1 and SPIN1 mRNA levels in A375 cells were measured by qPCR. (B) The effects of MHENCR
knockdown on IGF1 and SPIN1 mRNA levels in SK-MEL-2 cells were measured by qPCR. (C) The effects of MHENCR
knockdown on IGF1 and SPIN1 protein levels in A375 cells were measured by western blot. (D) The effects of MHEN-
CR knockdown on IGF1 and SPIN1 protein levels in SK-MEL-2 cells were measured by western blot. (E) Depletion of
miR-425 in A375 cells abolished the effects of MHENCR knockdown on IGF1 mRNA levels. (F) Depletion of miR-425
in SK-MEL-2 cells abolished the effects of MHENCR knockdown on IGF1 mRNA levels. (G) Depletion of miR-489 in
A375 cells abolished the effects of MHENCR knockdown on SPIN1 mRNA levels. (H) Depletion of miR-489 in SK-
MEL-2 cells abolished the effects of MHENCR knockdown on SPIN1 mRNA levels. (I) The effects of MHENCR knock-
down in A375 cells on PI3K-Akt pathway were measured by western blot. (J) The effects of MHENCR knockdown in
SK-MEL-2 cells on PI3K-Akt pathway were measured by western blot. For (A-J), results are shown as mean + SD. n =
3, *P < 0.05, **P < 0.01 by Student’s t test. (K) The association between MHENCR expression and IGF1 expression
in melanoma tissues was detected by Pearson correlation analysis. (L) The association between MHENCR expres-
sion and SPIN1 expression in melanoma tissues was detected by Pearson correlation analysis.

cyclinD1, and BCL2. These data suggested that
MHENCR activated IGF1 and SPIN1 mediated
PIBK-AKT pathway via associating with miR-
425 and miR-489.

To investigate whether the regulation of IGF1
and SPIN1 by MHENCR exist in vivo, we ana-
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lyzed the correlation between the expression of
MHENCR and IGF1, SPIN1 in clinical melanoma
tissues used in Figure 1A. As shown in Figure
5K and 5L, statistically significant correlations
were observed between MHENCR expression
and IGF1 and SPIN1, supporting the regulation
of IGF1 and SPIN1 by MHENCR in vivo.
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Figure 6. The effects of MHENCR on melanoma xenograft growth and metas-
tasis. A: The subcutaneously xenograft growth curve showed the tumor size
derived from MHENCR stably depleted or control A375 cells. B: The tumor
weight of xenograft derived from MHENCR stably depleted or control A375
cells at 28™ day after injection. C: IGF1 and SPIN1 mRNA levels in xenograft
derived from MHENCR stably depleted or control A375 cells. D: The effects of
MHENCR on melanoma lung metastasis was detected by the measurement
of luciferase signal intensities derived from the lungs of mice at 6 weeks
after tail vein injection. For all panels, results are shown as mean + SD.n=6
mice in each group, *P < 0.05, **P < 0.01 by Mann-Whitney U test.

Knockdown of MHENCR impairs melanoma
growth and metastasis in vivo

To confirm the roles of MHENCR in vivo, we sub-
cutaneously injected MHENCR stably depleted
and control A375 cells into athymic BALB/c
nude mice. Tumor growth was measured every
7 days, and mice were sacrificed and tumors
were sectioned and weighed at the 28" day
after injection. As shown in Figure 6A and 6B,
knockdown of MHENCR by both shRNAs sign-
ificantly inhibited subcutaneous xenograft gro-
wth. The downregulation of IGF1 and SPIN1
were observed in MHENCR stably depleted
xenografts (Figure 6C). To investigate the
effects of MHENCR on melanoma metastasis,
we labeled MHENCR stably depleted and con-
trol A375 cells with luciferase, and then inject-
ed the cells into tail veins of nude mouse. As
shown in Figure 6D, knockdown of MHENCR by
both shRNAs significantly inhibited A375 cells
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lung metastases. Collectively,
these data suggested that
knockdown of MHENCR inhib-
its melanoma cells growth
and metastasis in vivo.
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Discussion

Every year, there are 160,000
estimated new cases of mela-

£ noma and 48,000 estimated
deaths from melanoma in the
o 501 world [4]. Moreover, the inci-
= 40- dence of melanoma is incre-
X asing quickly and will be a
= 301 huge challenge for public he-
§ 20- . alth [37]. Currently, great pro-
2 " gressions have been made
£ 107 in molecularly targeted thera-
- .

0 py and immunotherapy [5,
&L P 38-41], such as the anti-pro-

S ¥ & .
& &S grammed death 1 checkpoint

inhibitor and the BRAF inhibi-
tor, which reveal the impor-
tant clinical values of eluci-
dating the underling mole-
cular mechanisms of melano-
ma. However, the overall prog-
nosis of melanoma patients,
particular that in later stages
or with metastases, is still
very disappointed. Fully eluci-
dating the underlying molecu-
lar mechanisms and developing novel targeted
therapy are urgent for the treatment of later
stages melanoma.

In this study, we identified a critical IncRNA
MHENCR, which functions as an oncogene in
melanoma. MHENCR is significantly upregulat-
ed in malignant melanoma tissues compared
with skin tissues with melanocytic nevus, and
is further upregulated in metastatic melanoma
lesions. MHENCR expression in melanoma tis-
sues is correlated with clinical stages and poor
prognosis of melanoma patients. Functional
experiments showed that depletion of MHNCR
significantly inhibits melanoma cell prolifera-
tion and induces cell cycle arrest and apoptosis
in vitro. In vivo xenograft experiments showed
that depletion of MHNCR significantly inhibits
melanoma growth and lung metastasis. Our
results suggest that MHENCR may be a poten-
tial prognostic biomarker and therapeutic tar-
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get for melanoma. In addition to MHENCR,
other IncRNAs have also been revealed to have
functions in melanoma. IncRNA SLNCR1 incre-
ases melanoma invasion through transcription-
al activating matrix metalloproteinase 9 [27].
Silencing IncRNA SAMMON drastically decreas-
es melanoma cells viability through disrupting
mitochondrial functions [26]. IncRNA BANCR
promotes melanoma proliferation via regulat-
ing MAPK pathway [42]. All these reports, com-
bining with our results, reveal the important
roles of IncRNAs in melanoma, and demon-
strate that targeting IncRNAs could be a prom-
ising strategy for melanoma therapies.

Recently, many IncRNAs have been reported to
function as competing endogenous RNA to pro-
tect the genuine targets of miRNAs from degra-
dation and/or translational inhibition [43, 44].
In this study, using bioinformatic prediction
and experimental verification, we found that
MHENCR specifically associated with miRNA-
425 and miR-489, both of which regulate PI3K-
Akt pathway via targeting IGF1 and SPINZ1,
respectively. The PI3K-Akt pathway is well
known for their important roles in cell prolifera-
tion, cell cycle, cell apoptosis, malignant trans-
formation, drug resistance and metastasis of
various types of cancer, including melanoma
[45-47]. Many molecularly targeted agents
against the PISK-Akt pathway have been devel-
oped [48]. In this study, we found that through
competitively binding miR-425 and miR-489,
MHENCR regulated IGF1 and SPIN1 expres-
sion, and further significantly influenced PI3K-
Akt pathway, which was abolished by the muta-
tion of miR-425 and miR-489 binding sites.
Statistically significant correlations were ob-
served between MHENCR expression and IGF1
and SPIN1 in melanoma tissues, supporting
the regulation of IGF1 and SPIN1 by MHENCR in
vivo. Besides IGF1 and SPIN1, miR-425 and
miR-489 also target PTPN11 and the HER2-
SHP2-MAPK signaling [49, 50]. Via comple-
tely binding miR-425 and miR-489, whether
MHENCR also regulates PTPN11 and the HER2-
SHP2-MAPK signaling need further investiga-
tion. Collectively, our study identifies MHENCR
as a critical regulator of PI3K-Akt pathway, sup-
porting the oncogenetic roles of MHENCR in
melanoma.

In conclusion, our present study suggests that
MHENCR is upregulated in melanoma, predicts
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poor outcome of melanoma patients. Depletion
of MHENCR attenuates melanoma cells prolif-
eration and induces cell cycle arrest and apop-
tosis in vitro, and reduces melanoma growth
and metastasis in vivo. Mechanistically,
MHENCR associates with miR-425 and miR-
489, upregulates IGF1 and SPIN1 expression,
and activates PI3K-Akt pathway. Our study indi-
cates that MHENCR may be a potential prog-
nostic biomarker and therapeutic target for
melanoma.
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Supplementary Table 1. Clinicopathologic char-
acteristics of melanoma patients

Patients Age Sex Stage Survival Follow-up time

ID (months)
1 40 F | Yes 58
2 39 F I No 46
3 42 F | Yes 55
4 67 M Il Yes 57
5 62 F Ml Yes 58
6 68 F Il No 21
7 71 M Ml Yes 59
8 61 M Ml No 16
9 65 F Il Yes 59
10 35 F Il Yes 59
11 4 F Ml No 28
12 53 F 1] No 5
13 43 M I Yes 59
14 78 M Il Yes 58
15 65 F 1] Yes 57
16 59 F ] Yes 57
17 54 M Il No 18
18 65 M Il Yes 56
19 56 M | Yes 58
20 59 M Il No 18
21 73 M I Yes 57
22 57 F Il Yes 56
23 59 F I Yes 57
24 72 F Il No 32
25 47 M | Yes 59
26 63 M ] No 20
27 63 M Il No 32
28 33 M Ml No 41
29 44 F 1] No 12
30 48 M Il Yes 55
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Supplementary Table 2. Clinicopathologic char-
acteristics of melanocytic nevus controls

Patients ID Age Sex
1 63 F
2 57 F
3 49 F
4 69 F
5 67 M
6 62 F
7 54 M
8 38 F
9 35 F
10 76 F
11 49 F
12 42 M
13 46 M
14 55 F
15 64 M
16 68 F
17 76 M
18 71 M
19 56 M
20 63 M

Supplementary Table 3. The comparisons of
clinical characteristics between melanoma pa-
tients and controls

Characteristics Melanoma Control x>  pvalue”

Age 0.053 0.817
<60y 16 10
>60y 14 10

Gender 0.120 0.729
Male 15 9
Female 15 11

“p value was acquired by Pearson chi-square test.
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Supplementary Figure 1. MHENCR expression in melanoma with different clinical characteristics. A: MHENCR ex-
pression levels in 30 malignant melanoma tissues with different age were measured by gPCR. P = 0.819 by Mann-
Whitney U test. B: MHENCR expression levels in 30 melanoma tissues with different sex were measured by qPCR.
P = 0.648 by Mann-Whitney U test.
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GICAGIGCTA
CATTITAICIG

GGTCCCCGARG
GATGGICAGT
CAGGCCTCCA
CCGCAGGACT
ACCCGCTGCC
ATAGGAAGCAR

GCCCCCGGIC
GGACGGACGG
GAGGCTGGGG
GGCICICCIG
TGICTIGCAGG
GGIGCTCGCT

GELELICIGLA
TGTAATTAGA
AGGARAAGGT
AACACTTTIGG
GGCAACAGAG
CIATTITAIT
AGITIGCCTA

GGCCGCCTCC
GITGCACATT
GITITTAAAA
GAGACRRAGG
CCIGICICIG
ATCIGGTAARA
TCGICACGIT

GGGCGTITGCC
CGCCAGGGAG
CTGGCICTGT
ACCTCICCAG
ATCCCGGATT
TGGATGGAARC
CGGAACGGGA
CATTCAGTIC
ATTAGATIGG
TGGGAGGATIC
GGGAAGAATA
TATGAGAGGG
TTIGGAAARTAA
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Supplementary Figure 2. The full-length sequences and subcellular localization of MHENCR in melanoma cells. A:
The full-length sequences of MHENCR. B: MHENCR subcellular location in A375 cells was determined by cytoplas-
mic and nuclear RNA purification, followed by gPCR detection. U6 and B-actin were used as nuclear and cytoplasmic
controls, respectively. n = 3.



