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Abstract. - OBJECTIVE: MicroRNAs are non-
coding RNAs which are involved in the occur-
rence and progression of tumors. This study
aims to explore the role of microRNA-92a in cu-
taneous malignant melanoma (CMM) and its un-
derlying mechanism.

PATIENTS AND METHODS: The expr
level of microRNA-92a in 75 pairs of CM
sues and paracancerous tissues was d
mined using quantitative Real Time-

data of CMM patients wag
microRNA-92a expressio

tion of si-micro
cal performan
ing cell co
tion and

tissues. Compared with
ith lower expression of mi-
ose with higher expression of

cidences of lymph node metastasis
nd distant metastasis, as well as lower over-
survival. The knockdown of microRNA-92a
arkably decreased proliferative, invasive
and metastatic capacities of CMM cells. West-
ern blot results elucidated that microRNA-92a
knockdown in CMM cells upregulates FOXP1
expression. Additionally, rescue experiments
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Introduction

Cutaneous malignant melanoma (CMM) is
one of the most common surface malignancies
originating from melanocytes, which is the fast-
est growing skin malignancy'?. CMM frequently
occurs in the areas where are rarely exposed to
ultraviolet light. About 70-80% of CMM cases
in the colored race primarily occurs in the skin,
especially in extremities. By comparison, up to
90% of CMM cases occur in the skin of Cauca-
sians®*, The malignant level of CMM is much
higher than that of skin squamous cell carcinoma
and basal cell tumor’. CMM is mostly progressed
from sputum or pigmented plaque. Once CMM
enters the rapid growth phase, the prognosis
is extremely poor with a very high mortality
rate. The average survival of CMM is only 30.3
months, and the disease onset becomes younger®.
In recent years, there has been an increase of
about 3-5% every year in the incidence of CMM.
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Among 80% of patients with skin malignancies
die from CMMS. The complex pathogenesis of
CMM involves multiple factors, finally leading
to the uncontrolled cancer cell growth™. Gene
therapy for tumors based on oncogenes or tu-
mor-suppressor genes have been well concerned®.
Differentially expressed genes in CMM may be
involved in the malignant progression of CMM,
which may serve as therapeutic targets for CMM.

MicroRNAs are small noncoding RNAs that
are involved in multiple biological activities™'’.
Abnormally expressed microRNAs would lead
to uncontrolled proliferation or differentiation of
tumor cells, finally aggravating tumor develop-
ment''. Researches'>"® have found some certain
microRNAs that are related to CMM. They seri-
ously affect malignancy, proliferation and metas-
tasis of CMM.

FOXP1 is a member of the FOX family. Stud-
ies'*! have shown that FOXP1 is closely related to
the occurrence and development of tumors. How-
ever, the relationship between microRNA-92a
and FOXP1 in the development of CMM has not
been explored. The FOX family can affect the
proliferation of CMM cells, but its specific
anism is still unclear. Our previous study
that microRNA-92a is highly expressed in t
tissues and serum of CMM patients, suggest
the potential role of microRNA i
currence and progression of
that microRNA-92a is diffg

ically resected from CMM patients
surgical resection. All patients were
pathologically diagnosed as OSCC according to
e 8" edition of UICC/AJCC. Enrolled patients
not receive preoperative anti-tumor treat-
ents. This investigation has been approved by
the Ethics Committee of Shenzhen Hospital of
Southern Medical University. Patients and their
families have signed informed consent.
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Cell Lines

7 human CMM cell lines (A375.S2, A7, MeWo,
RPMI-7951, SK-MEL-5, SK-MEL-24, and SK-
MEL-28) and primary epidermal melanocytes
(PEM) were provided by the America
Culture Collection (ATCC; Manassas, V4
Cells were cultured in Dulbecco’s Mg
gle’s Medium (DMEM; Gibco, Grand
USA) containing 10% fetal bovj

at 37°C, 5% CO,.

Transfection

(Shanghai,
6-well plat

it-8 (CCK-8) Assay

were plated into 96-well
per well. After cell culture
, and 72 h, respectively, 10
jindo Laboratories, Kumamoto,
reagent was added in each well. 2 hours
ptical density (OD) value at the wave-
490 nm was measured using a micro-
late reader.

5-Ethynyl-2"-Deoxyuridine (EdU)
Proliferation Assay

CMM cells were seeded in 6-well plates and 50
um EdU reagent was added in each well. 2 hours
later, cells were stained with AdoLo and 4°,6-di-
amidino-2-phenylindole (DAPI) in the dark, fol-
lowed by detection of EdU-positive cells under a
microscope.

Transwell Assay

CMM cells were digested and resuspended
in serum-free medium. Cell density was adjust-
ed to 2.0x10%mL. Transwell chamber containing
Matrigel or not was placed in a 24-well plate. 200
uL of the cell suspension and 500 pL of medium
containing 10% FBS were added to the upper
and lower chamber, respectively. After 48 hours
of cell culture, the chamber was removed. Cells
were fixed with 4% paraformaldehyde for 30 min
and stained with crystal violet for 15 min. The
inner layer cells were carefully removed. Pene-
trating cells were captured in 5 randomly selected
fields of each sample.
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Quantitative Real Time-Polymerase
Chain Reaction (GRT-PCR)

Total RNA was extracted from CMM cell
lines and tissues using TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA), and RNA was
reverse transcribed into cDNA using Prime-
script RT Reagent (TaKaRa, Otsu, Shiga, Ja-
pan). QRT-PCR was performed using SYBR®
Premix Ex TaqTM (TaKaRa, Otsu, Shiga,
Japan), and StepOne Plus Real-time PCR Sys-
tem (Applied Biosystems, Foster City, CA,
USA). Primers used in this study were as
follows: MicroRNA-92a: forward: 5’-ACAG-
GCCGGACAAGTGCAATA-3’, reverse:
5>-GCTGTCACAGATACGCCATGAGTACG-3’;
u6: forward: 5-CTCGCTTGCGCAGCACA-3’,
reverse: 5-AACGCTTCACGAATTGGGT-3
FOXP1: forward: 5-CCCCAAACCACTGATA-
ACTCG-3’, reverse: 5>~ AGACACCATACCCAA-
CATTCC-3’; B-actin: forward: 5-CCTGGCAC-
CCAGCACAAT-3’, reverse: 5-TGCCGTAGGT-
GTCCCTTTG-3".

Western Blot

Total protein was extracted using a cell
(RIPA; Beyotime, Shanghai, China). Pr
samples were separated in a sodium dodecyl
phate-polyacrylamide gel electig i

the blocking solutio
was used for inc

deviation. The continuous variables
were analyzed using the #-test, and the categorical
ariables were analyzed using the x* test or Fish-
exact test. The Kaplan-Meier method was
sed to evaluate the prognosis of CMM patients,
and the difference between different curves was
compared by the Log-rank test. p<0.05 was con-
sidered to be statistically significant.

Results

MicroRNA-92a Was Highly Expressed in
CMM Tissues and Cell Lines

We examined the expression level of
croRNA-92a in 75 pairs of CMM tis
paracancerous tissues by qRT-PCR. 4
showed that microRNA-92a is hi
in CMM tissues than that g
tissues (Figure 1A, 1B).
pression in CMM cells a
as well. Similarly, mi
expressed in CMM

Clinical Stage and
CMM Patients

ients were divided into the
2a level group and the low
oRNA-92a level group, respectively. The
ip between microRNA-92a expression
sex, tumor stage, lymph node metas-
asis, and distant metastasis of CMM patients
was analyzed. It is shown that high expression of
microRNA-92a is positively correlated to tumor
stage, lymph node metastasis and distant metas-
tasis, whereas not correlated to age and sex of
CMM patients (Table I). To further analyze the
correlation between microRNA-92a expression
and prognosis of CMM patients, their follow-up
data were collected. The Kaplan-Meier survival
curves were conducted based on the follow-up
data, and the results elucidated that high ex-
pression of microRNA-92a is correlated to the
poor prognosis of CMM (Figure 1D). The higher
the expression of microRNA-92a, the worse the
prognosis of CMM patients. We suggested that
microRNA-92a may serve as a new prognostic
hallmark for CMM.

-

Knockdown of MicroRNA-92a Inhibited
Proliferation of CMM Cells

To explore the effect of microRNA-92a on the
proliferation of CMM cells, we first established
microRNA-92a knockdown model by construct-
ing si-microRNA-92a and siRNA NC (Figure 2A,
2B). The proliferative capacity of CMM cells was
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Figure 1. A-B, The expression of microRNA-92a §
tissues. C, Expression levels of microRNA-92a in 7 SRS B2

7951, SK-MEL-5, SK-MEL-24, SK-MEL-28) and norm$ mclanocyte cell (PEM). D, Kaplan-Meier survival
curves of patients with cutaneous malignant melanoma! I ~92a expression. Patients in the high expression
group had a significantly more favorableg gnosis that the low expression group. A representative data set was
displayed as mean + SD values. *p<0.Q

Knockdown of MicroRNA-92a Inhibited

Migration and Invasion of CMM Cells
Transwell assay was conducted to determine

the migratory and invasive abilities of CMM

determined by CCK-8 a
tively. Both experi
NA-92a knockdow,
of CMM cells (L4

miR-92a expression

Number of cases Low (%) High (%) p-value

0.435
32 20 12
43 23 20
0.294
27 22 15
38 18 20
0.021
42 29 13
33 14 19
mph node metastasis 0.032
No 45 30 15
Yes 30 12 17
Distance metastasis 0.036
No 60 38 22
Yes 15 5 10
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Figure 2. A-B, QRT-PCR was used to verify the efficiency of microRNA-92a knockdown in A375.S2 and SK-MEL-28 cell
lines. C-D, Growth curve analysis showed the cell growth of A375.S2 and SK-MEL-28 cells with microRNA-92a knockdown.
E, EdU-positive A375.S2 and SK-MEL-28 cells with microRNA-92a knockdown (magnification: 40x). A representative data

set was displayed as mean £ SD values. *p<0.05, **p<0.01.
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Figure 3. A-B, A375.S2 cells transfected with s
capacities (magnification: 40x). C-D, SK-MEL-28 @
migratory and invasive capacities (magnification: 40x).
**p<0.01.

ably decreased sug
tion and invasion
Similarly, the k

function in the malig-
M. Western blot results
FOXP1 after microRNA-92a
M cells (Figure 4A). There-
lieved that there may be an interaction
roRNA-92a and FOXP1 in the CMM
development.

XP1 Modulated MicroRNA-92a
xpression in CMM Cells

As previously described, FOXP1 expres-
sion was regulated by microRNA-92a. Sub-
sequently, bioinformatics showed that FOXP1
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may be a target gene of microRNA-92a (data
not shown). Here, we found that the FOXPI
expression is lower in CMM tissues than that
of paracancerous tissues (Figure 4B). Addi-
tionally, FOXP1 was also lowly expressed in
CMM cells than that of PEM (Figure 4C). We
thereafter selected 16 pairs of CMM tissues
and paracancerous tissues from the 75 en-
rolled patients to perform correlation analy-
ses. Both mRNA and protein levels of FOXP1
were negatively correlated to microRNA-92a
(Figure 4D). Survival curves showed worse
prognosis in the CMM patients with lower
expression of FOXP1 (Figure 4E).
Overexpression plasmid of FOXP1 was con-
ducted to verify its role in malignant progression
of CMM. The transfection efficacy of overex-
pression plasmid of FOXP1 in CMM cells was
determined at first (Figure 5A, 5B). CMM cells
were co-transfected with si-microRNA-92a and
overexpression plasmid of FOXPI. Rescue ex-
periments indicated that the inhibited migration
and invasion by microRNA-92a knockdown are
reversed after FOXP1 overexpression (Figure 5C,
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expression level of FOXP1 relative to GAPDH in human cutaneou
and cell lines were detectedusing qRT-PCR. D, A negative corre
tumor samples. E, Kaplan-Meier survival curves of patients with cu
Patients in the high expression group had a significantly more unfa
A representative data set was displayed as mean + SD values. *p<0.0

5D). As a result, we proved that microRNA!
promotes the malignant progression of CM
inhibiting FOXPI.

a and squamous
alignant degree
others. The inci-

which is explained as one of the reasons for its
oor prognosis and high mortality’. Current treat-
ts for CMM include surgery, chemotherapy,
diotherapy, biological therapy, etc. However,
the therapeutic efficacy of these treatments is not
satisfactory'®'®. Searching for new treatments are
of great significance for CMM patients.

1. B-C, The mRNA
paracancerous tissues
en microRNA-92a and FOXP1 in
noma based on FOXP1 expression.
hose in the low expression group.

udies'*'? showed crucial roles of mi-
as oncogenes Or tumor-suppressor
genes in tumor development. Those microRNAs
that are related to the pathogenesis of CMM may
be utilized as therapeutic targets for CMM!'"%.
This research explored the specific role of mi-
croRNA-92a in the malignant progression of
CMM. Our data showed a higher expression
of microRNA-92a in CMM tissues than that of
paracancerous tissues, suggesting that microR-
NA-92a may be an oncogene. Subsequently, mi-
croRNA-92a knockdown remarkably inhibited
proliferation, migration and invasion of CMM
cells. However, the specific mechanism remains
unclear.

FOXP1 is reported to be closely related to
the occurrence and progression of tumors?'. Tt
exerts multiple biological functions, such as
anti-apoptosis, transcription activation, DNA
repair and embryotic development regulation.
FOXP1 could affect the survival of tumor
cells and chemotherapeutic outcomes!'*!>. Rel-
ative studies have pointed out the differential
expression of FOXP1 in prostate and breast
cancer’*?. Since FOXP1 is related to tumor an-
giogenesis and tumor cell growth, it is served
as a hallmark of tumor development. In ad-
dition, FOXP1 1is involved in the regulation
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n of FOXP1 was verified by qRT-PCR in co-transfected cell lines. B, Western blot was used
FOXPI. C-D, The roles of microRNA-92a and FOXP1 in the regulation of cutaneous malignant
and invasion were examined by EdU. A representative data set was displayed as mean + SD values

of tumor metastasis and apoptosis**?>. In the Conclusions

esent investigation, we proved that FOXP1 is

ulated by microRNA-92a in CMM. MicroR- MicroRNA-92a is highly expressed in CMM,
A-92 promoted the malignant progression of which is remarkably correlated to tumor stage
CMM by targeting FOXP1. We considered that and poor prognosis of CMM patients. We found
FOXP1 may be applied in the clinical treatment that microRNA-92a promotes the malignant pro-
of CMM. gression of CMM by regulating FOXP1.

8998



MicroRNA-92a regulates the development of cutaneous malignant melanoma by mediating FOXP1

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Kur A, Lassen CB, Otsen CH, Lock-ANDERSEN J.
Changing presentation of cutaneous malignant
melanoma. Dan Med J 2015; 62: A5142.

2) Assas O, MiLLer DD, Brawan J. Cutaneous malig-
nant melanoma: update on diagnostic and prog-
nostic biomarkers. Am J Dermatopathol 2014; 36:
363-379.

3) CHaNnG L, PerJ, Li C, ZHANG P, ZHou D, Du W, Liu X,
Jiang C. Incidence and metastasis of cutaneous
malignant melanoma with respect to ABO blood
groups: a case-controlled study in northeast of
China. PLoS One 2014; 9: e88096.

4) SonG H, Tao Y, Ni' N, ZHou X, XionG J, ZeEnG X, Xu
X, Qi J, Sun J. MiR-128 targets the CC chemokine
ligand 18 gene (CCL18) in cutaneous malignant
melanoma progression. J Dermatol Sci 2018; 91:
317-324.

5) LiJ, CuY, WanG Q, Guo D, Pan X, WanG X, Bi H,
CHEN W, Liu Z, Znao S. The proliferation of mallg-
nant melanoma cells could be inhibited by r i
zumab via antagonizing VEGF through V
Mol Vis 2014; 20: 649-660.

6) Geister J, BAcHMANN IM, Nyakas M, HEeLsiNG P,
HE, MaeHLE LO, AampAL S, EiDE NA, SVENDSEN
STRAUME O, RossaHMm TE, J/-\COBSE

iRNAs in ageing
Genet Genomics

and cancer; computational and
approaches. Curr Pharm Biotech-
15: 429.

, KausHik S, VALDES-RODRIGUEZ R, ANVEKAR R.
MicroRNAs in cutaneous mel-anoma: role as di-
agnostic and prognostic biomarkers. J Cell Physi-
ol 2018; 233: 5133-5141.

FoaL S, PoLiNni B, CARrpPI S, PARDINI B, NACCARATI A,
Dussint N, LANzA M, BrescHi MC, RomANINI A, NIERI

14)

15)

16)

17)

21)

22)

23)

24)

25)

P. Identification of plasma microRNAs as new po-
tential biomarkers with high diagnostic power in
human cutaneous melanoma. Tumour Biol 2017;
39: 1393388018.

licHr N, Ikepa K, Horie-InouE K, Inoue S. FOXP
estrogen signaling in breast cancer. Vitag
2013; 93: 203-212.

De SmeDT L, PALmANS S, Govaere O, MQ

299-311.

SHIN VY, Siu MT, Liu X
MiR-92 _suppresses

in patlents
ur Biol 2016; 37: 9483-

INADA T, FUukusHIMA S, Mural M, JINNIN M, MIYASHITA
KAHARA S, YAMASHITA J, Aol J, MAsuGucHI S, IHN
r shaft miRNA-221 levels as a new tumor
marker of malignant melanoma. J Dermatol 2015;
42: 198-201.

MortTtok A, JuriNovic V, FARINHA P, RoseENwALD A, LEicH
E, Ot1 G, HorN H, KLAPPER W, Boest M, HIDDEMANN
W, SteibL C, ConnNors JM, SenN LH, Gascoyne RD,
Hoster E, WeigerT O, Kriper R. FOXP1 expression
is a prognostic biomarker in follicular lym-phoma
treated with rituximab and chemotherapy. Blood
2018; 131: 226-235.

Yu BH, L BZ, ZHou XY, SHi DR, Yang WT. Cyto-
plasmic FOXP1 expression is correlated with ER
and calpain Il expression and predicts a poor out-
come in breast cancer. Diagn Pathol 2018; 13: 36.

O’SuLLivaN AG, Eivers SB, MuLvaney EP, KinseLLA BT.
Regulated expression of the TPbeta isoform of
the human T prostanoid receptor by the tumour
suppressors FOXP1 and NKX3.1: implications for
the role of thromboxane in prostate cancer. Bio-
chim Bio-phys Acta Mol Basis Dis 2017; 1863:
3153-3169.

Oskay HS. FOXP1 enhances tumor cell migration
by repression of NFAT1 transcrip-tional activity in
MDA-MB-231 cells. Cell Biol Int 2017; 41: 102-110.

WANG X, Sun J, Cul M, ZHao F, GE C, CHEN T, Yao M,
Li J. Downregulation of FOXP1 inhibits cell prolif-
eration in hepatocellular carcinoma by inducing
G1/S phase cell cycle arrest. Int J Mol Sci 2016;
17: 1501.

8999





