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microRNA-146a Regulates the Proliferation and Migration of Alpaca Melanocytes
by Targeting MAPK4 and Myosin Va Genes

LIU Xuexian, DU Bin, GUO Xiang, XUE Jixuan, YU Leitao, FAN Ruiwen”
(College of Veterinary Medicine , Shanxi Agricultural University, Taigu 030801, China)

Abstract: This study aimed to explore the regulatory role of miR-146a on the proliferation and mi-
gration of alpaca melanocytes and its molecular mechanism. The dual luciferase assay was used to
verify that MAPK4 and Myosin Va were the target genes of miR-146a by co-transfection with
MAPK4 or Myosin Va in 293 T cells; Quantitative real-time PCR and Western blotting were used
to detect the expression of downstream genes in alpaca melanocytes after overexpressing miR-
146a; CCKS8 and Transwell were used to detect the proliferation and migration of alpaca melano-
cytes after overexpressing miR-146a. The results showed that, compared to the negative control,
dual luciferase activity extremely significantly decreased by 36% or 30% in 293T cells co-trans-
fected with miR-146a and MAPK4 or Myosin Va, respectively (P<C0.001); In alpaca melano-
cytes, with the overexpression of miR-146a, the mRNA expression of MAPK4 and Myosin Va
were extremely significantly down-regulated by 67% and 47% (P<C0.001, P<C0.01), and the
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protein expression of MAPK4 and Myosin Va were significantly down-regulated by 38% and 69 %

(P<<0.05, P<C0.01), respectively; The expression of genes related to proliferation and migra-
tion(CREB, MITF, MLPH, Rab27a) were extremely significantly down-regulated at the tran-
scriptional and translational levels (P<C0.01, P<C0.001); CCK8 and Transwell results showed

that overexpression of miR-146a extremely significantly down-regulated the proliferation and mi-

gration ability of alpaca melanocytes (P<C0.01). In summary, miR-146a targeting MAPK4 and

Myosin Va inhibited the proliferation and migration of alpaca melanocytes through downregulat-
ing the expression of MEK1, CREB, MITF, MLPH, Rab27a.
Key words: miR-146a; MAPK4;Myosin Va ;proliferation; migration
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Table 1 The sequences and application of primers

5194 R (5'—>3") Nz H]
Primer name Sequence Application
MAPK4-mut-F CTAGCTAGCGCAGACTGGTTTGGGTAAGTCATCTAAGGGAGCTGGT PCR
MAPK4-mut-R GCTCTAGAACCAGCTCCCTTAGATGACTTACCCAAACCAGTCTGC PCR
MAPK4-wt-F GCTCTAGAACTGCATTGCCAGTGTCTAC PCR
MAPK4-wt-R CCGCTCGAGGTAGACACTGGCAATGCAGT PCR
Myosin Va-mut-F CTAGCTAGCCACAGCCCTCAGCTATCACATTGAGCCTGCTGTGCT PCR
Myosin Va-mut-R GCTCTAGAAGCACAGCAGGCTCAATGTGATAGCTGAGGGCTGTG PCR
Myosin Va-wt-F CCGCTCGAGGCTCTAGAAGAAATCAGAACCGATGGAA PCR
Myosin Va-wt-R TCTACAGGCTGCCGAAAA PCR
MEKI1-F TCTTGCCCTCTTGGTGGT Real-time PCR
MEKI1-R AGTCGGCTCCAAATTCCT Real-time PCR
CREB-F TCTACAGGCTGCCGAAAA Real-time PCR
CREB-R CTCAAAAGTCAACCTTTGA Real-time PCR
MITF-F GTCTGACTCACAGGCACTC Real-time PCR
MITF-R GTCTGACTCACAGGCACTC Real-time PCR
MLPH-F ATACTTCTTCCCCGGCTTGT Real-time PCR
MLPH-R CTGTTGGGGTTCCTCTCTGTGT Real-time PCR
Rab27a-F TCACGACAGTCGGCATTG Real-time PCR
Rab27a-R GCTCTGGCTTCTTCCTCT Real-time PCR
18S-F GAAGGGCACCACCAGGAGT Real-time PCR
18S-R CAGACAAATCACTCCACCAA Real-time PCR
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A. miR-146a 5 MAPK4 Myosin Va 1§ 3'UTR 54 0 s (7 HEAR 1) B.C. 5 NC # 1, 5 miR-146a + MAPK4 3'UTR
(wt) il miR-146a + Myosin Va -3'UTR (wt) 5 MAPK4 -3'UTR (mut) \Myosin Va -3'UTR (mut) £ %L 36 h # 293T 41
M 2 e Z /G ML, x . P<T0.05; x % .P<C0.01; % % %. P<C0.001,F[d

A. The 3'UTR binding sites of miR-146a with MAPK4 and Myosin Va (marked with box); B, C. The luciferase activity in
293T cells co-transfected with miR-146a +MAPK4 3'UTR (wt) and miR-146a +Myosin Va -3'UTR (wt) or MAPK4 -3’
UTR (mut), Myosin Va-3'UTR (mut) for 36 h, compared to NC. %.P<C0.05; % %.P<(0.01; % » %x. P<C0.001, the
same as below

B 1 MAPK4 Myosin Va 5 miR-146a S8R € R I8TF

Fig. 1 The verification of target relationship of miR-146a with MAPK4 and Myosin Va
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A. The mRNA expression levels of MAPK4 and Myosin Va in melanocytes transfected with inhibitor, NC and miR-146a
plasmids; B. Western blotting detection of protein expression levels of MAPK4 and Myosin Va; C. The relative protein lev-
els of MAPK4 and Myosin Va in inhibitor, NC and miR-146a groups by gray analysis
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Fig.2 The effect of overexpressing miR-146a on the mRNA and protein of MAPK4 and Myosin Va
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A. The mRNA expression levels of MEK1, CREB. MITF, MLPH and Rab27a in melanocytes transfected by inhibitor,
NC and miR-146a plasmids; B. Western blotting detection of protein expression levels of p-MEK1, MEK1, CREB, MITF,
MLPH and Rab27a; C. The relative protein levels of p-MEK1, MEK1, CREB, MITF, MLPH and Rab27a in inhibitor, NC
and miR-146a groups by gray analysis. The abundance of mRNAs was normalized to 18S rRNA, the level of protein expres-

sion was normalized to B-actin

miR-146a # [ J8 45 MAPK4 J5 i 3 B 2 {k MEK1
M5 CREB, N4 MITFE 3%k .

e SR8 2R A0 7= A 1 B 3R BURE T 42 a2 Y
RYER , Myosin Va,Rab27a 1 MLPH =¥ % 19
“IUE AW R FEH . Rab27a J&BE
Fia M E PR T, Myosin Va 75 2 8] i 15 2
ZK b & f Rab27a F1 MLPH & 4 9 (0 £ A4 4>
HMEAERSY . SR, 8 A #F 58 £ W, Myosin Va {2

B3 3% 3% miR-146a 33 MEK1,CREB MITF MLPH %1 Rab27a mRNA & 8 R iE 200
Fig.3 The effect of overexpressing miR-146a on mRNA and protein levels of MEK1, CREB, MITF, MLPH and Rab27a
in melanocytes
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Fig. 4 Effect of miR-146a on the proliferation of alpaca mela-
nocytes
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Fig.5 Effect of miR-146a on migration of alpaca melanocytes

MEK1.CREB.MITF MLPH Rab27a #j 3 ik T
I o DT X S B 5 3R 240 M B 38 BE R ST AR R A

1R

2 % 3Lk ( References) :

[1]

[2]

L3]

[4]

L5]

BARTEL D P. Metazoan MicroRNAs[ ] ]. Cell,2018,
173(1) :20-51.

ARIAXNEE, S B % miR-92a 0§10 FLAR
b R A0 A A R e T A A LT L R R B e
2020,51(1):137-149.

BAO L J,LIU Y H,MA Y,et al. The Regulatory of
MiR-92a on proliferation and apoptosis of dairy goat
mammary epithelial cells [ J]. Acta Veterinaria et
Zootechnica Sinica, 2020, 51 (1). 137-149.
Chinese)

kR ER , S, X1 SCHE 25 microRNA-96-5p # (7]
P IE R R AN MITF 5P 55000, &5
P52 2020, 51(6); 1229-1237.

ZHANG L H.MA Y Y.LIU W Y.et al. microRNA-

(in

96-5p targets MITF gene in alpaca melanocytes[]J].
Acta Veterinaria et Zootechnica Sinica ,2020,51(6) .
1229-1237. (in Chinese)

WANG J, QU J W, LI Y J, et al. miR-149-5p
regulates goat hair follicle stem cell proliferation and
apoptosis by targeting the CMTM3/AR axis during
superior-quality brush hair formation [ J . Front
Genet ,2020,11:529757.

YANG S S,FAN R W,SHI Z Q, et al. Identification

L6]

[8]

[10]

[11]

of a novel microRNA important for melanogenesis in
alpaca (Vicugna pacos)[J]. J Anim Sci,2015,93(4) ;
1622-1631.

CORDERO R ] B, CASADEVALL A. Melanin[]].
Curr Biol ,2020,30(4) :R142-R143.

Fo ok, VEAHE L K W%, 45 miR-146a 1 i % 2 5% B
SER KRN RR AR A Rk (] hEAEY L
B SR MR 2017, 33(1):81-87.

DU B, XU D M, ZHANG Y L. et al. miR-146a
inhibits the expression of tyrosinase gene family in
mouse melanocytes cells [ J]. Chinese Journal of
Biochemistry and Molecular Biology 2017, 33 (1)
81-87. (in Chinese)

ZHANG Y P,DING S, YANG ], et al. Identification
of miR-146a is associated with the aggressiveness and
suppresses proliferation via targeting CDKNZ2A in
breast cancer [ J]. Pathol Oncol Res, 2020, 26 (1);
245-251.

L1Y W.VANDENBOOM II T G,WANG Z W,et al.
miR-146a suppresses invasion of pancreatic cancer
cells[J]. Cancer Res, 2010, 70(4) :1486-1495.
BERRIRI S,GARCIA A V,FREIDITFREY N,et al.
Constitutively active mitogen-activated protein kinase
versions reveal functions of Arabidopsis MPK4 in
pathogen defense signaling[J]. Plant Cell, 2012, 24
(10) :4281-4293.

EIFAARAG S A,MAHMOUD A,HASHEM M H,et

al. In silico identification of potential key regulatory



974

oW o®

i1 52 %

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

factors in smoking-induced lung cancer[ J]. BMC Med
Genomics,2017,10(1) : 40.

REZATABAR S, KARIMIAN A, RAMESHKNIA
V,et al. RAS/MAPK signaling functions in oxidative
stress, DNA damage response and cancer progression
[J]. J Cell Physiol ,2019,234(9) :14951-14965.
CHEN T Z,ZHAO B L, LIU Y, et al. MITF-M
regulates melanogenesis in mouse melanocytes[ J]. J
Dermatol Sci ,2018,90(3): 253-262.

ROSKOSKI JR R. ERK1/2 MAP kinases: Structure,
function,and regulation[ J]. Pharmacol Res, 2012, 66
(2):105-143.

GUSTEMS M, WOELLMER A, ROTHBAUER U,
et al. c-Jun/c-Fos heterodimers regulate cellular genes
via a newly identified class of methylated DNA
sequence motifs[ J |. Nucleic Acids Res,2014,42(5)
3059-3072.

LANGFORD G M. Myosin-V, a versatile motor for
short-range vesicle transport [J]. Traf fic, 2002, 3
(12):859-865.

WU X F,BOWERS B,RAO K,et al. Visualization of
melanosome dynamics within wild-type and dilute
melanocytes suggests a paradigm for myosin V func-
tion In vivo[ ] ]. Cell Biol s1998,143(7):1899-1918.
RUDOLF R, KOGEL T,KUZNETSOV S A, et al.
Myosin Va facilitates the distribution of secretory
granules in the F-actin rich cortex of PC12 cells[J]. J
Cell Sci ,2003,116(7):1339-1348.

FUKUDA M,KURODA T S,MIKOSHIBA K. Slac2-
a/melanophilin, the missing link between Rab27 and
myosin Va: implications of a tripartite protein com-
plex for melanosome transport [ J]. J Biol Chem,
2002,277(14) :12432-12436.

MATESIC L E,YIP R,REUSS A E,et al. Mutations
in Miph, encoding a member of the Rab effector
family, cause the
observed in leaden micel J |. Proc Natl Acad Sci U S
A.,2001,98(18):10238-10243.

KURODA T S, ARIGA H,FUKUDA M. The actin-

melanosome transport defects

binding domain of Slac2-a/melanophilin is required for
melanosome distribution in melanocytes[ ] ]. Mol Cell
Biol ,2003,23(15) :5245-5255.
NAGASHIMA K, TORII S, YI Z H, et al
Melanophilin directly links Rab27a and myosin Va
through its distinct coiled-coil regions [ J]. FEBS
Lett ,2002,517(1-3) :233-238.

DA SILVA BIZARIO ] C, DA CUNHA

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

NASCIMENTO A A, CASALETTI L, et al
Expression of constructs of the neuronal isoform of
myosin-Va interferes with the distribution of melano-
somes and other vesicles in melanoma cells[J]. Cell
Motil Cytoskeleton ,2002,51(2) :57-75.

CORDES K R,SHEEHY N T, WHITE M P, et al.
mir-145 and mir-143 regulate smooth muscle cell fate
and plasticity[J]. Nature,2009,460(7256) :705-710.
KUNZ M. MicroRNAs in melanoma biology[ M ]//
SCHMITZ U. WOLKENHAUER O, VERA .
MicroRNA  Cancer
Experimental Medicine

Springer,2013,774:103-120.
MIONE M, BOSSERHOFF A. MicroRNAs in

Advances in

Dordrecht:

Regulation.

and Biology.

melanocyte and melanoma biology[J]. Pigment Cell
Melanoma Res ,2015,28(3) ; 340-354.

WANG W, GAO Y, ZHENG W W, et al
Phenobarbital inhibits osteoclast differentiation and
through NF-kB and MAPKs
pathway[ ] ]. Int Immunopharmacol, 2019, 69 118-
125.

WELLBROCK C, AROZARENA 1. Microphthalmia-

function signaling

associated transcription factor in melanoma develop-
ment and MAP-kinase pathway targeted therapy[]].
Pigment Cell Melanoma Res ,2015,28(4) :390-406.
KAWAKAMI A, FISHER D E. The master role of
microphthalmia-associated transcription factor in melano-
cyte and melanoma biology [ J]. Lab Invest, 2017,
97(6) :649-656.

STEINGRIMSSON E, COPELAND N G, JENKINS
N A. Melanocytes and the microphthalmia trans-
cription factor network|[]J]. Annu Rev Genet, 2004,
38(1):365-411.

LIM J,NAM S,JEONG ] H,et al. Kazinol U inhibits
melanogenesis through the inhibition of tyrosinase-
related proteins via AMP kinase activation[ J]. Br J
Pharmacol ,2019,176(5) :737-750.

WU M,HEMESATH T J, TAKEMOTO C M,et al.
c-Kit triggers dual phosphorylations, which couple
activation and degradation of the essential melanocyte
factor Mi[J]. Genes Dev ,2000,14(3) ;:301-312.

LIU Y L, LAT F, WILMOTT J S, et al. Noxa
upregulation by oncogenic activation of MEK/ERK
through CREB promotes human
melanoma cells[ J]. Oncotarget, 2014,5(22);11237-
11251.

HUBER W E,PRICE E R,WIDLUND H R,et al. A

autophagy in



4 3

X1 2 B5 45 :microRNA-146a 8 i ¥ [7] MAPK4 Hl Myosin Va 5 PR 842 5 3¢ B 6 2 40 f 34 58 12 7%

975

[35]

[36]

tissue-restricted cAMP transcriptional response:
SOX10 modulates a-melanocyte-stimulating hormone-
triggered expression of microphthalmia-associated
transcription factor in melanocytes[ J]. J Biol Chem ,
2003,278(46) :45224-45230.

CHANG H,CHOI H,JOO K M,et al. Manassantin B
inhibits melanosome transport in melanocytes by
disrupting the melanophilin-myosin Va interaction
[J]1. Pigment Cell Melanoma Res, 2012, 25 (6);
765-772.

ZERIAL M.MCBRIDE H. Rab proteins as membrane

[37]

[38]

organizers[ J ]. Nat Rev Mol cell Biol, 2001,2(2):
107-117.

HUME A N,COLLINSON L M, HOPKINS C R, et
al. The leaden gene product is required with Rab27a
to recruit myosin Va to melanosomes in melanocytes
[J]. Traffic,2002,3(3):193-202.

ALVES C P, MORAES M H, SOUSA ] F, et al.
Myosin-Va contributes to manifestation of malignant-
related properties in melanoma cells [J]. J Invest
Dermatol ,2013,133(12) :2809-2812.

(G =



