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ACTH : adrenocorticotropic hormone

AMP : adenosine monophosphate

ATP : adenosine triphosphate

a-MSH : a-melanocyte stimulating hormone

CRE : cyclic adenosine monophosphate responsive element

CREB : cyclic adenosine monophosphate responsive element-binding protein
DCT : dopachrome tautomerase

ET-1 : endothelin-1

MITF : microphthalmia-associated transcription factor

miRNA : microRNA

POMC : pro-piomelanocortin

PKA : protein kinase A

RISC : RNA-induced silencing complex

SDS-PAGE : sodium dodecyl sulfate polyacrylamide gel electrophoresis
TYR : tyrosinase

TRPI : tyrosinase related protein-1

TRP2 : tyrosinase related protein-2

UV : ultraviolet

UTR : untranslated region

cAMP : 3'5'-cyclic adenosine monophosphate
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eI, R, BRO ORI Y, REZFEICZBoOMENS25
0.06~0.2 mm % & DAL T, £EOAEMIOE, FhiaE, Aroimia
&, FEEMEOIE TR SN D (Fig. 1-1) L2, BERIX, a7—7 7 Eoil
MEALARR 2> 5 72 0, POl 72 I8, MRt 2 A L TR, HEbILEE, HLEETE,
RERE D Z @D D, V2, BUEIZSNE D ORI SIEEFD T2 DY T
BEREZH > TH Y, KEOMERIRBA MR T 270012, BIEMRASHEL, &£
JBIZ D> TRBEN LN 6, REICH &R o THBNED D FBAH A2
WLTWG LY, ZOF—rF— =20, KIS 5A L C ke £
TR 2 M, 0%, AEMIRICR> THANE LD TR 2 Bl 2 ET 5
D, Fiz, REICHE, BERMIETH 2 @EMIEAFEL TN D, RO
B HIZE, BOTOBREREZENENOTLOHEZT D AT =R &0
SIRENRDHY, ZOPTAT =V PESHRIND Y, AT=FAT =Bk
EHIMEEN, ILRBE, BOAEELARTHD Y, AT = I MEFEL,
BOLHLWIBODZ—RAT = LHEHDLWETRED T =2 AT =%
Vo AT UIRBEICE NS EINRAE I L, Ml ZBiET 2 @EnH Y,
HEETIZ X > CRENEL 2200, Mgz —RaIchE+ 06 Thsd Y, L
L, ARLVRZEDINDE — A —"—=DH A 7 L DFELALRERSNR O 1 Fl
HEA T =R EPEHDNT U 2 a2 L, REA~D AT = ORI &=
HL, YIRNEEINTERD Y,

AT = DERAN=ALE LT, KEBEIZE £ 5550 (ultraviolet, UV)
OGN LV RIENERE D&, REGEWEET D277 F /A FTEAT 7V
A FfIFEAR/NLE S (a-melanocyte-stimulating hormone, a-MSH) °= > K& U >

(endothelin-1,ET-1) 72 ERX T = DEGHZREET DRk 2 72t A B A V&l
H425 9, ZoH9h, a-MSH (37 124 A7 J 225 > (pro-piomelanocortin,
POMC) 7't v 7128k v, B-MSH, y-MSH 5 L OEIB i A~ £

(adrenocorticotropic hormone, ACTH) & & ©IZFEA, WS D, a-MSH X A 7
YA NOREIAFHETDHAT /) a/vF 1 LT H— (melanocortin 1 receptor,
McIR) EfEATHIET, G U\ T ENLTT T =AY 7 7 —1E (adenylate
cyclase, AC) ZiEMAL L, 77 / v > =V £ (adenosine triphosphate, ATP) 7>
A 27U w27 AMP (3'5'-cyclic adenosine monophosphate, cAMP) & ik & {23~
%0, NG cAMPBED FHIC XY, 7uT A %) —E¥ A (proteinkinase
A, PKA) EMHALE I, cAMP IIREBLIGE G #7327 E (cyclic AMP-responsive
element-binding protein, CREB) % U fgf L, VU f#{k L7- CREB IZEZNIZHAT
T5, BENICBITLIZY VERME CREB 1%, Y~ hAZF VBB TOTRE—X
—fEIRZAFAET D cAMP JH& S| (cAMP-responsive element, CRE) (ZfEET 5
& /NIRERE B A LK - (microphthalmia-associated transcription factor, MITF) @
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B AHET D 67, ZOHK, MITF ITMRENTY VBB h, BENICBITT
HTZ LT, AZ=VAELEHEFETHDH T a ) —=E (tyrosinase, TYR), F 1
J—¥BH# & > /X7 1 (tyrosinase related protein-1, TRP1), K—/X7 @ A h— K X
77— (FuF—EEE % /37 2) (dopachrome tautomerase, DCT (tyrosinase
related protein-2, TRP2)) s 1D 7' 1 E— & —FIKIZ/FET D M-box IZHEA L
8.9, TNHDRAT =V ESRBEREORE T TN EAHIET S (Fig1-2)
6)

BB DR AT = AEREIHIL, Y IREENTER0%H0<
729, FEAEHELBIRE SN TWS, BARIZEBIT HEH LI, EIMROEFE KT
?éﬁ%k%@@éékﬂ#@oht%@f%@,@E@%ﬁf%ékémf
B 0, BORKASOEIICHZFET 2 D TIERY, AARTITE RN D ADE
LS, E0DbTEMOELIOFRMLE LT, lOoEL S 2R bEM L TXEL
DAFET 5 10, REFMROBELETH D THEAEM] TIE, ZEDOELIZALT
KET DB NFAET D 10, BARTBRICE S &, YRFIHRHEOBmZEIZE -
TESARPNRELNE INTEY, A OB TEADEMN OS2 Z & &4t
T2 nTED 10, JILFRMRIZ2 D EALBOHUEDOIT T TIEHIALAE T 5 <
WL A E B D ELHE L FEIZN D 8 LWVERERFETET D L 912 b, 2D
ZAMBRNOREBOR LELPHEEHINDIBEOEXAOER LT L 2o
7210, 2O, SAMOENRI LTS 1890 (BHA 23) b, MG
DB NEAT, shORBAEE L TEMDOIFEEHZHWOLNTZDIFEETDH
i AGEEE LTHOLWON TWATF X =T LB LU0 ETF & Tholz,
Z D%, KO AFTE L T <IZoNT, 1960 FRHPENS HARAND
ERBOWKEREALTHE D, TR SIZABEBR-TZALTIEZRLS, TFEL
ZOLOEALTLHZE, FLFNIOHIEZHRZ LI L] EEIND L HITRoT2 10,
1970 FERICAD &, HAMOBIEGEE N RE SN D, 202506, #&
WLz B < ROTZDIZERBEM DR SN D L 9 1T7 > Tho T, I, BokD
{bBE KT Cld Black Lives Matter JEEENZ LV, EAZENRT S HRUA b=
7T LW RBEZHET IEEDNEE-TEY, SBOENIZBITS [£H] ©
ZEZHFFEIHICEEL Wb ETHREIND,

2019 FEICRIT 2 HAE DL ALbEs R ALTE Y BT 2,600 F‘P%/E (ZEL
1 JK L8SOMEMIE ED A 7 7 HidHIl BV TR 20% % D, B2 #kbfn
6momw%ﬁm%@iﬁﬁﬁﬁgm%9%&@otﬂ,A%ﬁ“nm%?%
NADREEAL T 212N TEWN B L OF ASNE A O % B bt FRZIEEE LT
w<&ﬁ%ﬂfwé(my&)mo

ZIE0T &2 T DA, EETMLA~DOBE RO 5
ﬂ“(b\éﬁk DIREENTND, %ﬂ%@foﬁi) “C?B AT = AR OBAEEESR T
boFu T F—EDEEEIHT N 7 F /A FHCRRFITERT %
FRADEENTND ZENRZN W, AT = AGROERER THLTFr T
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— P OIEMEEZIHET S E L, TATF o, EXZ I CVY ) — Al b,
TNTFANIEETHDLarETERLT VA VHI 5~T5%EEN 5 1 Ka
X)L Na—ANBREE LT, FaXx ) VBERTHD 14159, Fr )
— B DOIEMAEFERZ RTINS, EMFECRULEN LR ERT Z &N
HMHENTWD W, EX IV CIEESMPLMBNTWSEAMS T, K—r3F%)
v R—= BT T D, L, BXZ 2 CIIAALEERES, ZEMICXRITD
720, BERFBEKRLE L THEHAISNTWS ¥, Ly ) —LFe R TDOEID
RICEENDHHTHY 19, FoF—FOiEMAEL & 12 TRP-1 EMH: %
EIL W, —F, 5I7F A MORKRFAIERT 5k LT, IV L=
FABHGILTND W, IV VERACEHE LTHOWLATEY, HRIMR
ICRBSNTRE T T7F /%A Mo pWERb= s R 1 BAT 23 A
N ZJEHEL T DELB O ENTEY, II VLR = eV 10O
SEREETa Y 7T HZETAT YA NOEMHCISZ T 5, 72, &4+
MBBEORILES LR EZRT RO TS W, 2 b DEEFEY
PAMCh, AT=0D7TF ) A b~OBEEIMHT L =aF U iBT7T I R 1),
FRE OB 2R LS, AREINIZA T =0 OWEEMHIT 57T/
=V VBT MU UL Wil kRx i X 2RO BRI bR & LT
RN TND 19, Z0OXH7%AT = AR E HIET 25 A Ik S
NDETICE, EAADRDONREEOBICEMNSTDEAZ Y —= 0 7 BN T
Hb, BIEITOITNWD AT UV —=0 75, $88WmE CGEaky) 247 7%
A MTHFEL, a-MSH R ET-1 %2 W T, A 7= EAAFESE, ARE
NIEA T =V BEERT HZE TEOEARTODREEZFM L TWD, ZD—
REIIREABMIERDIZDDA I V== JIETI, AT 94 bE2BRmE
TR, o-MSH Zx, HFRIZ3 H, EAINTZA T =VE&0WEIZ T HO
FEfZ B L2, A7 UV —=" 78RN 6 BE &RV, L7 > T, FHm
T LV TEMR2 AT = AT EZHETE 2R ) —= 7
EOBRFENRD LN TN D,

+HAEME T N ATIEY VXV EORFHERDPRF SN TN D a— R
IR RIRD 2%FRE & S, AWML > TEERY ) A LOFERIE, ¥ 37
BT X ) BESIERE et —4—7 FORBGRGIHEEERTHY, Thll
SEADERIXER A T W EERLY O ThH D LfE L 6Tz 20, LinL
RWRG, BN B a— RLTWRW . »a—F ¢ 7 RNA B RKEICHEEL
TWAHZEBRHLNERY, IHIT, EFEORERZ: RNA FZEOERIZE -
T, POTIEERZ LR WIREEY I3 EOBRICAE LYy 7 B %
bNTEIEL D/ va—F 17 RNA 1L, & hOAMEENCB W TEE)D
ZERRBEREZ Do TWD WS, [RkDT ) LBlEa RES BT HIZR T ) L8]
WL LTZ 20, ) v a—F 47 RNA O—2>T&H 5 microRNA (miRNA) [,
BEREAMIZR 65K 22 HHEIZ E OB I BN S5 3% small RNA Th
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%o mRNA O — RELF| & BEEI D 5 - RO MED 7~8 M 2023 Fa A 72 B 4]
Z b mRNA EHHF 2R L, FIRRA IS5 2 & TH 7 OB AT
i A X 2 E-> 2, FHRMEIOA =L E LT, BN T miRNA BE 1D
RNARY AT —FINZKVIREINTZTT7 A~ —miRNA|ZV AX 7 LT —F
M AEE% CTéd 5 Drosha (2 &0 —5n38Ilr =4, 7L —H%—miRNA 2 pEAT
%o T DH%EME S /7 T D Exportin-5 12 X W HHIVEICBE L%, Bl
DYRX 7 LT —BULROMEFRE TH 5 Dicer (2 LD ~7T U EENYIR S, —
APHD miRNA duplex & 725, ZD 5 HO R 1 AKEHAS Argonaute ¥ /37 H 1

(AGO1) EREREAMRE 72 RISC KT %, miRNA 7% miRNA 54 % v
NWIETHDHT A1 X NI LREA L, RISC (RNA-induced silencing complex)
EIKRT 5 2 & T, R mRNA OMARER E —H LT 0B X7 L7 —EIZ
LoTHRENSD (Fig. 1-4) 2, ©F ¥, miRNA [T mRNA & 554 FEAIIT RS
BT HDITTIERN T2, miRNA —43 7 T%< O mRNA ZE & L THET 5
ZEINTED W,

T TIE, miRNA [ IT 0T YA < —Ji7e EO A R E R AT 57
OORMR T ) —=o F~—D1— L7 BR[NNI H D Z ERHRESNTND 2
27 miRNA I 4 > OFEEIZ L > TRIAT 0 7 7 A VREA DY — 2 &t 2
ERDOMNOTEBY, "M F~w——L L TORHAMEZRLE 2, 7=, BEICA
T = A RIZEBWT S miR-137 3 X OV miR-148 2% MITF @ mRNA % F J5 il #4
HEVIHMENENTND 62930 Z DK 97 miRNAs NEAFNIDAR S ) —=1
TIWMEHTENILA T 2 A N THBRWE % L8 1%, o-MSH /1%, 42 RNA %
FH L, ©8&HY 7L Z A L PCR T miRNA ORBEOLEE 2 HET 5721 TF
RS DR D DMRFETE D, 2 RNA ZHIH LT 5 2 B LERRI 23 230>
SNz, BETONTNWDI A ) —= v ikl i3 2 & 4 HoHRE
Mz 725,

T ZCARME T, EHABRBROZDODOH LWAT U —= T <w——¢ L
THIHTE, A7 =AAMEHEK T mRNA LA 72ES] % £F> miRNA
ERET HT-DIZ, o-MSH FBKIZE T 5 A T = A KIERRE CHRENLH#H T 5
miRNA ([ZOWTHE LT,
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Figure 1-1. Structure of the epidermis. The epidermis is composed of the stratum
corneum, stratum granulosum, stratum spinosum, and stratum basale, in that order, from
the superficial layer. Melanin produced by melanocytes in the basal layer is passed to
keratinocytes in the spinous layer.
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Figure 1-2. Melanin biosynthesis signaling pathway in o-MSH stimulated-
melanocyte. When skin is exposed to UV light, keratinocytes secrete a-MSH. a-MSH
binds MCIR on the cell surface, melanocytes produce melanogenesis. Increased
stimulation of MCI1R by a-MSH triggers intracellular cAMP production, following by
the activation of PKA signal pathway. The expression of the transcription factor MITF
and its activation by phosphorylation stimulate the transcription of upregulates the
expression of TYR, TYRP1, and DCT, which a group of melanin synthase enzymes.
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Figure 1-3. Domestic sales of whitening cosmetics?.



gene

Forming RISC
IO Cytoplasm (RNA induced
i Nucleus AGOL silencing complex)
5'-ca I I _J I
pri- (THINT] P
mIRNA miRNA RISC A\
Poly-A-tail SIIl ,
Search for
pre- complementary mRNAs
miRNA [(IRNLT .
RN T mRNA
—

duplex
| =z
1

pre-miRNA CI A111] Release RISC

Regulate protein expression

Figure 1-4. MicroRNA translation repression. MicroRNAs complex with AGOI to
form RISC, which base pairs with complementary sites on the target mRNA to regulate
protein expression stability and translation and repress expression.



F1E AS=VERICEEEY % niRNAs DEE & £ A#F O #ZEA
1.1 #% &

miRNA [IZ DR D 1 ZHOBEFRBUCEHET 5720, Hx RERO
WA F~—T1—L 720 ED AR IE SN TR Y 323, KHIT AR DA
F~—d1—& L CORAIZHT M IENEATCHD, A A ~v—T—& L TD
HHABIE LT, FISLIRAT B W T, 14 FEEHO miRNA OB Z — N i
DHEMEE DB L > TR D Z EDRINTEY 39, Ml TiEf+ O miR-
13 DHEEENBEERRATHT2ODNA F~—T— L2 A[REMERHRE ST
W5 30, — 5, TV, <w—fF{E W T2 U OEBTEH miRNA & /31 4
~ =7 — k L CTHWATZDDORKIENHEA TS 20, AT = AEABOERIZE
THFMIC TR L7z miR-137 98 L X miR-148 230D X 912, %5 miRNA 28
%5bfw5_kﬁﬁ%éMTméo$ﬁ T, EAEMOR ) —=2 T~
— 7 —& LT miRNA OF|HAZ BT 728, KETIE, v~V ARXT /—~ Bl6
FElZ31F % a-MSH #FE A 7 = B fe CRELAZE) T 5 miRNA % [FE L,
Z @ miRNA D A 7 = RGBT D ERERF 2 /5 LT,

1. 2. REMHEIURRAE

1. 2. 1. IRORAS/ —<HREE

<A AT ) —= B16-F10 #lfn3 L OV B16-4AS5 Mifaix, BALEAFIEAT NA A
VY —2trz— (DM "B AF L7z, B16-F10 fildix, 50U/mL <=
VoBIOS0pg/mL A L7 h~A v aEdie 10% 7 VIRRME (Fetal bovine
serum, FBS) %A Roswell Park Memorial Institute (RPMI-1640) (&t~ A /L 2F0
TSR T3S, KK 55T, 37°C, 95%ZER-5%CO, BB FIZEE L
72 CO A U F a2 _X—%— (MCO-19AIC, =PEEMESHE, KIKH) 12 ThH#E
L72, B16-4AS flfii% 50 U/mL X=V B LU 50pug/mL A hL 7 b~ A 2
% & e 10%FBS & A Dulbecco’s Modified Eagle Medium (D-MEM) %7/ 22— &
B (8 L7 A L AFEMSE T3NS FE) T, 37C, 95%Z25K(-5 %CO, BB
RELTZ COr A > FaX—F—ZCTHEL,

1. 2. 2. Small RNA >—%4 > R fighr
1. 2. 2. 1. £ RNA D
5.0x10% cells'mL (ZFH% L 7= B16-F10 #ifld & 7= 1% B16-4A5 #ildiZ o-MSH
(SIGMA, St.Louis, MO, USA) (1puM) Z¥shNL, 24 BRALEL L7z, & Dk,
T AL —H—THMEREL, U U EEEE R (phosphate-buffered saline, PBS)
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(2T 2 [EIVEE L=, Mif@iZ, TRIzol (Invitrogen, Waltham, MA, USA) 1 mL
ZMZzZ, 1.5mL =y XU Fa—TICB L%, MLUIIRRSHE, Mz s
i, W7 vmadvs GREFRR, &7 AV LR TFERASH) 200
uL ZESIL, 30 B L < R4, 8,100 x g, 15 /02 CimoyBiEt:, biEz#H L
W1SmL =y Xy Fa—7ZEIR LT, 2-7 vy — GUEER, EL7 A
Jb DFYEREER TRk 4E) 500 ul 2%, 10 ZyifiE L=, 8,100 xg, 10 47,
4°CIZ T Bt Lz, EEAERREL, TRE L7 L v M2 75%T X /) —
L% 500 pL %, PEF L, 5,000 xg, 547, 4°CIZ Tl 7-, EiEx2kRE
%, KZEE L v k% 30 47§zt S, Diethly pyrocarbonate (DEPC) 7K (Invitrogen)
180 uL, DNase I 2 uL 38 L TUNZ ™ 10 x Buffer 20 uL (¥ 1 7 34 AHEASH, =
T, W) ANz, 37°CT 1 KRR L7, DNase ILEEF, 1.5mL =3
YFa—TIZIMERET FY A (RAStt=v R U—r, EILT) 40 pL,
7 x/)—)b—27rmnuk/Lh  (Invitrogen) 150 uL %2 ¥ L < #R% %, 13,000 x
g, 547, ACITTELODHRICHE L, REEZHLWFa—TIZB LIk, =%/
—/b GRIEReRL, & L7 A L AFLHSE T3S t) 800 uL 2Nz 72, £
%, 15mL Ty _XFa—7% 13,500 x g, 304y, 4°CICTmLDEELT7-, L&
HEIBRE, W LIRSV Y bE 75% =X J—)L 500 L (& CTHEE L,
13,500 x g, 15 43, 4°CIZ Tim 0Bt U7 KR~ L~ b % | R EEZ &, Nuclease
free water (Invitrogen) 25 uL \IZTHEfEL, T E2RNA & L7-, flith L7 RNA
D e % HeR 3 5 72912 Agilent 2100 (Agilent Technologies Inc., Santa Clara, CA,
USA) (2L 7=,

1. 2. 2. 2. Small RNA >—4 U R @B

o-MSHZLEEB16-F10#fiid & a-MSHAMLEEB16-F10/fd 2251, 2. 2. 1. THIZNAE U4
RNAZHH U7z, fhiH L72RNAD SE % Agilent 210012 & 0 f#iT L= & = A, 18S,
28SD ' — 7 & small RNADFEIKIZ ' — 7 Z /8 L, RNAD WE & L THiE9.70
THY, Wy —r o —icfkd 2550 & LTl e iiE cdh - 7= (Fig. 1-5),

ED%, = ATAT T V=& L, KR —7 % — (HiSeq2500SE)
% V7= Small RNA Sequencing fEATICHE L7=, Z DT — 7 = AEHEB LUK
FENA A A T ~T 4 7 AfENTIZ, Filgen A 4E (44 #/=TH), Novogene 1

Aext, HE) IZ%ZFE L7, miRNA ORBUI~ T ZAD5F 7 AfS| (V77 1>
ZEH) I2v v S L, & miRNA =2 — RiEklc~v vy B 7 En- U — R
R LT,

1. 2. 2. 3. miRNA I
KR —r o A THE LN Y — RS, miRNA OFBLELZ T L=, 4
WRHIE LN 72 o 7 L DO BEA, Trimmed of M values (TMM) ZfEH LTV —
REHEfE %2 EM{E L, DEGseq (Wangetal., 2010) % L CHRIHEDESZH
10



H U772, o-MSH ARULEE B16-F10 #lifil & a-MSH #LEE B16-F10 i > miRNA &
BiZ58) @ Fold Change & miRNA FELZDOMEHAEMLEZ RV — /) 71y MZ
XORLTZ, &BIT, 77 AKX —f#HT1E, Transcripts Per Kilobase Million (TPM)
IEBUBIETERIRD logio (TPM+1) fETHA T LT,

1. 2. 3. miRNA DIRMBIEEFDREK (in silicof&Hr)
a-MSH RALEE B16-F10 #lifid & o-MSH 22 B16-F10 MO THRILA K = <
Z # L 72 miRNAs O® £ B & & + ® &, % 1L , TargetScan7.2
(http://www.targetscan.org/vert 72/) 3 X TO'miRDB (http://mirdb.org/) DT — &~
— A% W in silico #HT % Z N EIAT - T,

1. 2. 4. ;l S VEREEERR
1. 2. 4 1. ERERFEAN (URIZzH>avik)

AT = /éﬁk WV TR LEH) L7Z miRNA O AT = A A IEEE 2
BEtd 572012, NLAICHEf L7-%&f precursor miRNA &t k, =7 AD
miRNA %1 & OFA[EME MKV Y miR-Negative Control (NC) (Applied Biosystems,
Waltham, MA, USA) ZLLTFOFIATHIFBAIZEA LTz,

miRNA OFEIREEN 20 nM D34, OPTI-MEM  (Life Technologies Corporation,
Carlsbad, CA, USA) :Lipofectamine RNAi MAX (Invitrogen) : miRNA (20 uM)
=96:3:1 (uL) 1T, miRNA O 40 nM D54, OPTI-MEM: Lipofectamine
RNAi MAX: miRNA (20 uM) =95:3:2 (uL) (ZZNENFABL, B Xy T
S4T30 ERE LTz, FE L’Cb\éf&ﬁ 2,12 7L L F S L— MZ 5104
celUmL [ZHEFE L, —ME7 L — MIWKAE S H 72 B16-4A5 Ml PBS(-) T 2 FEVEH
#%, OPTI-MEM 900 uL =z, 37C, 95%ZE5-5%COx IZEXE S TWNDH A U F
2 _N—Z— I CTRE LT, 30 9%, v = /LIZHTIE L 72 miR-OPTI-MEM JE&K %
100 pL/well /z’sbnb, 37C, 95%ZEK-5%COx [ZFEE STV D COx A F 2
— X —WNT 24 W], B3 L7z, 24 Kfil# D-MEM K27 /L a— R EFHIICH) Y #a
Z, SFERERICHL L7z,

1. 2. 4. 2. A5 UBERBOER

AT =V ERBEERET DDA T = AR Z DL RO FIECTIER LT,
B AT = (SIGMA) % 1mg IEFFL, 100 mL ZA A7 Z A2z 7=, IN
NaOH Z %, e A8 SR BEHIZ CTHA L, 100 mL (2 INNaOH % i T A A
Ty LTz, 96 Vo v TF T L— MIHE LA T =ik % 10 ug/mL &
725X oz (50 uLiwell), <A FHHE— 7L —hRY ~5{“—VARIOSMN
LUX (Thermo Fisher Scientific, Waltham, MA, USA) (2T 475nm (28T AWt
FEARIE L, FEERR A R L7z,
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1. 2. 4. 3. #iIlEAA S = VEDRIE

AT = UAEARFHEERIE LT a-MSH (SIGMA) ZH&IRE 1 uM E72b X912
B16-4A5 Hifid (5.0x10% cells/mL) (2SI L, 72 REREJALERE L7z, 72 FEf] OB 1%,
BVART L—R—= L DifgEnx Ly, Bl EHIZH LW 1.5 mL Fx v
YFa—TIBL, 13,500 xg, 1575, 4°CI2 Tl L7z, @0 % PBS(HIZT 2 [H]
Vet tt, 13,500xg, 15747, 4CIZ T LBt L7-, EiEZED bR, Mia~SLr >
R Z IN NaOH 200 uL /1%, 60°CIZC 1 Kffffifa 28t S 7=, 96 7 =L~
INF T L— MR 50yl B L, ~LVFE—RFL— U —F—(2LV 475
nm (23T DWICE A RE LT, FIRFIC, WK O % X7 &% DCM 7'a 7
A7 vEA%> b (BioRad, Hercules, CA, USA) IZXVHIEL, A T=V
BIIT 1.2.4.2. HOFMAIZHAE C TR L7 ARHERBR A BRI L, FIRHZHIE
L7z /8 ERICE D MiERk, kL7,

MpERAS=—vE  BRAENER BEHRIVEHLEYUILOASZVERE (ug)

(pg/mg protein) EUR LI=#RED 2 /0 EE (mg)

1. 2. 4. 4 HARHGAEEEHER

1.2.4. 1. THIZHE L TH miRNA 238 A L, o-MSH HlH 5 48 FEfE]#% D Bl6-
AA5 Ml %, /NG — LA T Ry 7 AT ESEE (FSX100, OLYMPUS,
W) & W THIREP A 2852 LT,

1. 2. 5. #IBBA~Y 4 - A RNA DRIE
1.2.2.1. THITHE L T a-MSH HE A 50, 1, 3, 6, 12, F L UR4KFEHZICHIHL
L 724> RNA Oj2J% % NanoDropLite (Thermo) (2 TCHIE L7=, Z D%, Nuclease
free water 2 VN T25.0 ng/uL ICFHEE L, W EISHOT 7 L— M & LT, &
fE miRNA OFEH &4 HE T 572012, TagMan® MicroRNA Reverse Trancription
Kit (Applied Biosystems, CA, USA) % H\>, Table 1-11Z9¢ > THHREERK %
LTz, WHRE 7T A ~—[%, TagMan® MicroRNA Assays mmu-miR-122b-3p
(code #464780 mat) % HV>, PHEAEIZ(X, TagMan® MicroRNA Assays RNU6B
(code #001093) (LA k= Applied Biosystems) DR EH 7 7 A ~—% H\\ o, &4
TAELEL, WEREEERIR & E T o — 7T E N E 10 pl/tube 0%, WiERE K
JNEAT 5 1o WHRBFOG DSIFIE, 4°CT357, 16°CT3057, 42°CT3047, 85°CT
50 Uiz, WHRGIGHE T, cDNA 727 L — k& TagMan® Fast Advanced
Master Mix (Applied Biosystems), % HV>T TagMan 7’2 —=>7 U 7 /L' % A A PCR
{707, 480 =)L~V TF 7 L — MZ Table 121276 > THB LY TV A A
PCR ik %20 pL/well 37243 7E L 7=, TagMan® MicroRNA Assays mmu-miR-122b-
3p, E£-WNEHENE L L T TagMan® MicroRNA Assays RNU6B @ U 7 /L% 1 . PCR
A7 o4 ~—%HW\=, U7 /%A 2L PCR ZMFE Holding Stage ; 50°C CT247,
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95°C T20%, Cycle Stage ; 95°C T1#), 60°C T20#%40% A 7 /v L, D%, 4°C
THHLT,

1. 2. 6. FAOLF—EEETM
1. 2. 6. 1. HBFAORAR

B16-4A5 Mz /L A7 L—s—Th& &V, [ L, 12,000Xg, 3 /72 Tz
ODBELTz, RIEEFRE%, PBS()TILE % 2 [MI¥EE L7z, HiEZEBRE L CTHila
Ny MZ0IM Y gy 7 7 —250 pL H1iZ TRITON ®X-100 (MP Biomedicals,
Santa Ana, CA, USA) % 5% & oAk Z M4 TREB L, 1.5mL T =— 7128 L7z,
K CHE NSRRI A B e 2 VT L2 (10 B X3 [|)), #f%, iE
DB (14,800 X g, 15747, 4°C) 12ftL, LRifa~v AT n o —YEERIK L
L7,

1. 2. 6. 2. EHE#ZORAELFOSF—EEERE

9 N~vAr7my )L L— MNIEETHS 1% L-DOPA (#D9628, SIGMA)
ZS50uL Nz, ALz~ 2MF oo —VEERRE 50 L Mz 7=, <D,
37°CTC 3 RFRIfRIE L, RIS S ®T, Btctk, v~V F 7L — K —Z—2 XD 475
nmm (ZBITDRNELZRE LT, Fuih—8imtii, UToHERICLE
H U7z, RIRRS, BERIR DX X E &% DCM Fus A 7 w41 %> b (Bio
Rad) 2LV HIE LTz,

a-MSHALEE, miRNABAFIEREAMIBIZE T H|RAME (475n0m) /EUR LMD 2 VNV BE
o-MSHFRALE, miRNAKEAMRIZH 1T DAIE (475nm) /ENR LMD 2 DV BEE

FALF—UiEt=

1. 22 7. J7L3 4 LPCR
1. 2. 1. 1. FEERE
High Capacity RNA-to-cDNA Kit (Thermo) (ZA#AK S 41 52xRT Buffer (10 uL)
&£20xRT Enzyme Kit (1 uL) ZJBA & 72RT master mix(Z, 1.2.2. 1. OIHZHE
U CHH L7ZZRNAY > 7 /L 250 ng/uL & 72 % X 9 121 %, DNase-RNase free water
VR A EDN20 pLiZ 72 D X OB L7, WIZ, Veriti 96 well Thermal Cycler
(Thermo Fisher Scientific) % ]V T, RNA7>5cDNAD LG UG % 37°C T60
5y, WRBRER OBKIE 2 95°C TS/TVY, 4°CTMmHI LT,

1. 2. 7. 2. J7ILE A LPCR
Power SYBR Green PCR master mix (Thermo Fisher Scientific) % 10 pL, DNase-
RNase free water& 6.4 pL, cDNAY A > 7 WK %2 L, &7 74 ~— (10 uM)
(% 717 34 AR S, Table1-4) Z08ulilz, 20 uLd U 7 /L% A LPCRIX
iR & ESL L 7=, Fast Optical 48-well Reaction Plate (Thermo Fisher Scientific) (Z
13



U7 NnH A LPCRIGHK 220 pL/iwell AL, 7L — k Z48-well Opticall Adhesive
Film (Thermo Fisher Scientific) T —/L L7z, & ®d7%, Step One Real Time PCR
System (Thermo Fisher Scientific) & X Y & B s T OB EZ E & LT, PCRE
1%, Holding Stage ; 95°C T1047, Cycle Stage ; 95°CT15%», 60°C T173Z45% A1
7 VAT, Melt Curve Stage ; 95°C TI15FP, 60°C Tl & L7z, WHMIEMERERT-IC
lXglyceraldehyde-3-ghosphate dehydrogenase (UL, GAPDH) % FA\, H#GZCIEIC
o THAHEREZIT > 72,

1. 2. 8. AUN)ERBEN
1. 2. 8. 1. HARREFEY > TILORE

B16-4A5#HAE (5.0x104 cells/mL) %267 = /L~ /LF 7 L — NMI2mLT L,
AR, 1. 1. 4. 1. OHEIZHEL TEmMIRNAZEA L7z, KICA T = VL
FEAo-MSHZ FIREEL uME 725 K5I L, 720 U7, ALERt%, #H
Jld A2 PBS(-) T¥Eid L (1.0 mL x 3[a]), 2% protease inhibitor, 2% phosphatase inhibitor

( LL = Roche Diagnostics GmbH , Mannheim , Germany ) % 7 &r Radio-
Immunoprecipitation (RIPA) Buffer (25 mM Tris-HC1 (pH 7.6), 150mM NaCl, 1%
Sodium deoxycholate, 0.1% Sodium dodecyl sulfate (SDS)) (T CHifid & Mg L7z,
(RIS U 7 e P i 38 B IRt 2 N C (108D x 3[ED) OK B Tl L 72,
Ml #%, 13,500xg, 1547, 4°CIZTHLBEL, LiEEV 7 AEKE LT
B LTz, o TN o 2 87 EREE, DC™M a7 A 0T vkAFy
R~ (BioRad) ZJHWTHIE LTz, # o7 E&EZFE LI 7 AEIKIT, 10%
ANAT b2 B ) =N FGieh TNy 7y —& A, 98°COSFM T T54rH
mEL, SDS-ARYU T 27 U AT I RTIVEKIKE) (SDS-Poly Acrylamide gel
Electrophoresis, SDS-PAGE) (Zff: L 7=,

1. 2. 8. 2. SDS-PAGE

KENEIZH A LR BB LT BEORY T 7 UL T R R vEY Y
kL, ¥k#E)N> 77— (Bio Rad, Tris/Glycine Buffer 10%, ###li/k90%) % pkEh
Jg DKIS/yD1ETANTZ, T NDK L — 21212 ul (¥ 22374 : 20 pg/Lane) &
OV TN, EwmDOL—IIXEEOY TN DHE N By fEY— T —
BIEAN LT, £D%%, 125V, 903 CikEh$ 2 Z & T, tBREO ¥ 78
SBELT-, VkENER, T AT L— NI b I VEEEIZHN L, RERRNES LV EY)
WELY, 7vavT 47Ny 77— (BioRad, Tris/Glycine Buffer 10%, # % /
—L20%, EBHIKT0%) (TR L7ZIEH D EicBE L=,

1.2 8 3 wIX4vIAvyTFavY
Polyvinylidene difluoride (PVDF) f% (GE Healthcare UK Ltd, Amersham Place,
England) %, A%/ —/VIZ10RR L, BUKILALEE, oy T v I Ny 77
14



—IZR LT L LT, 7y T 4 0 Iy 77— LS PRBAEE AR
TVEEROTN TN AR L L, 1.2.8.2. TR~ /=SDS-PAGEX# 1T > 7=~
W EPVDFIRZ k7, 7 vy T 4 7HEICE v ME, KKTHL LR 560V,
9043 CSDS-PAGEIZ & - Tl L 7= % v /X7 B % PVDFEICHR G L=, #R54,
PVDF/EE % 5%ilERIFL (Difco Laboratories Inc, MI, USA) &8 ~ U Af&fE{bA
HEHEK (1xT-TBS) WiKICIR L CTIRH T v v F 7 24To7c, 7ryxr 7
T, T-TBSTUEH% (104y x3[A]) , Tyrosinase (#C2-B5, NOVUS Biologicals
LLC, Centennial, CO, USA) , MITF (D5G7V, Cell Signaling Technology, Danvers,
MA, USA) , P-actin (#0000093224, SIGMA) DSFE—IRFURIEIR (FiRAE=
1:1,000) (23R LT, 4°CT Wik L7z, € D%, T-TBSTHFR (1057 x 3[A])
5% i BE By FL & A T-TBS S WK (2 X v 4 R L 7= = % i & ( Enhanced
chemiluminescence™ (ECL) Anti-Mouse IgG, Horseradish peroxidase linked whole
antibody F 7213 ECL Anti-Mouse IgG, Horseradish peroxidase linked whole antibody,
GE Healthcare =7y fRA5521:10,000) (232 L CTHO=IE 22+£1°C) (2T, IRFHER
WLz, TO%, T-TBSIZTHHEL (1043 x 3[8]) , ECL Primeff 3K (GE
healthcare) T577%L¥E1%, iBright Imaging System (Thermo Fisher Scientific) (2T
i L7z,

1.2 9. Wo7zx5—BLR—4—TFvtAa
miR-122b-3p DIER B Z FIET 5728, Tyr mRNA 3°-FEFIRREH (UTR,
untranslated region) (Z7F/ET 2 miR-122b-3p 3 EE T B HIAL & flAGA A 728

— Ry H—FHN, VT 2T =B ULR—F—T v ALY LT,
1. 2. 9. 1. TYR-3 -FEEIRREEBOI n—=24

1.2.2.1. OIEIZHE L THhH U724 RNA % 500 ng/uL (ZFR%E L, WilRE G H
D7 7 L— k& L7z, PrimeScript™ RT reagent Kit (¥ 71 7 /34 AR ES4) %
VN, Table 1-6 (T > TR GREFRIK 25 U7c, SRS, 8T o — 7 |Zifilid
BIEFRHE % 10 uL/tube A, WHAG SRS &2 1T o 72 WHR G SUSSRAHT 37°C; 1 47,
37°C ; 15757, 85°C; 5#), 4°CTHHEAT Tz, WHEGSUSKE T, SUSERY)
L, N7 2T —FB LR —T v ICHWLI LY —RT X —ThH D
pmirGLO (Promega, Madison, WI, USA) #i#Z[E (Fig. 1-6) O 7 =T —E
TRICHFET D2~V TF 7 a—=2 7 A MIHAIATe Tpr-3’-UTR O FEIR & 7%
77 A4 ~—k v I (Table 1-7, Fig.1-7) ZHW\T, 7 v —=2 7 %4757 (Table
1-8) , PCR IZLL F D SAHIZ L » THT > 7= ; Holding Stage ; 94°C C 1 47, Cycle Stage ;
94°CC 30 b, 55°CC 30 b, 72°C, 143% 30 %A 7 )b, ZDi%, 4°CTHAEIL
72, PCR G T 12, PCR EEMZ 2% 7 H v — A7 VESKIKENCHEL, BRE L
TCHEEN 7 v — = 7 TE TV DR LT, BRIKEIOEE, ~— A —I1% 100bp
DNA Ladder (Dye Plus) (¥ % 7 /34 A#kA&tt) 2 HW e,
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1. 2. 9. 2. DNABRFOFEH (VIYHL)

1.2.9. 1. OIZHEL TR L7= PCR FEHY 50 pL IT7 = /) —/)L— 7 mrR)L
2 (Invitrogen) 200 puL ZA0Z, 30 ML <% L7-, KIZ 11,300 x g, 10 77,
4CIZ T B, EEZH LW ISmL ATy X Fa—7IZmINL, Z7un
BRIV 200 ul ZNZ, 30 B L <IRE L7-, maO0BE% (11,300 x g, 10 47,
4°C), EFiFEEHLWF a—7ZEIL, 800uL DT /— L&z, -80°CT—
WhEnE L7z, —80°CHAiE%, 17,600x g, 3074y, 4°CIZCimbyBEL, =& /—)b
ZELDBRE, EEENL v D EHEESHE T, KRIZ Table 1-9 [ ZH€ - THRFE L 7=l R
%% (Pme I3 KON Xbal) % S0pL #/Nx, 37°CT 1 KEfERIE L7, BEEAXL v
k Z RIS, #kFEKR 7L (Lonza, Rockland, ME, USA) (2T 50V, 1
R CHEIL AN BERIKEIL, =F YU h7u~A KT20 550, =iEICTY
L1z, TDO%K, REKTS HkEHEL, UV FT7 AL NI F—F— ETa—
TNVEFERE, v —HIZELY DNAWHZ80 L7z, 819 H L7z DNA ¥
RINEHF LT 2 —7ZEIR L, 65°CICME LT vy T 4 v TNy 77—
1000 pL (Table 1-10) AR 7z, Z D%, 65°CT 15 pfRIR L, 7L & TEEICHE
i Uiz, ZNVIRRE 3~4 3EIL, 7=/ —/L—Z7vuri/LA 200 ulL 0%,
30 ML L IR L7z, WIT 11,300 x g, 104y, 4°CIZ TR, EBiEZ#H L
WF 2—7ZEI L, Z7radkbs 200ul 20z, 30 M L<IEE L=, T D
%, 11,300 x g, 10 47, 4°CIZCEL7BER, HEZHLWF 2 —7IZEIRL,
800 uL =% 7 — &z, —20°CT—HuFfiE L7z, ZD%, EB~L v M 1
BEM 2 ST, 1554072 DNA W 13—20°CI THRE Lz,

1. 29 3 SA445—23ay

/7 wu—=227 L7 DNA Wrhi & pmirGLO Dual-Luciferase miRNA Target
Expression Vector (Promega) @7 A 7 —3 2 U {EZIL, Promega fhIZ/ERFEFEL
Teo Flo, RERNY Z2—0fERT, (FRI 72 miR-122b-3p-Tr & 2 h—~7
Z—%MH L, Tablel-7 1278 L7 Br-MUT 77 A ~—+& > % H\, Gene Script
t1: (Piscataway, NJ, USA) ZFEFE LT,

1. 2. 9. 4. HEEKHR

RESE L 72 pmirGLO-miR-122b-3p-Tyr-3°UTR-Binding site (miR-122b-3p-Tyr-WT)
Vector £ 7213, pmirGLO-miR-122b-3p-7yr-3’UTR-Binding site-mutation (miR-122b-
3p-Tyr-MUT) Vector %, Eschericia. coli DH5a% VW CIRE R 2 Z N F AT - 7=,
E. coli DH5a : miR-122b-3p-Tyr-WT Vector (10 ng/uL) F721%, miR-122b-3p-Tyr-
MUT Vector (10ng/pL) =100 :2 (uL) O TRAL, 1REPKP CHEE L, =
D, 155 TY v B 70 AE LR bR S § 7o, 1RfHI#, 42°CT24)
b—hrya v 7 252, 20 %EHIOKP 557 R LTz, & D%, Super optimal broth
with catabolite repression (SOC) Bz#f1Z250 pLil %z, 37°C CIRffi e —7 — & —I(C
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LB U B RiERE Lz, WIZ, 37°CIChNiR L7 7 > B2 U & f Lysogeny
Broth (LB, Merck KGaA, Darmstsdt, Germany) FERIZHIIZ, EEZH F L, I
oy T —IBE A —0 T —T N EHOTEREKL, 37°CT—BHE L, £0
%, £ Lcan=—%2RE W EZAWTRERY, 94771 —HOLB#
KEEHIZ :E~Lto3t~bt-ﬂ%ﬁ®ﬁﬁ%ﬁﬁﬂht«7& AR UN
STV D NHERT 572912, QIAGEN Plasmid Midi Kit (QIAGEN, Hilden,
Germany) % HW\WT~T ¥ — é??EEHj L, Tablel-111Z%E > THH U 7= HiIBRE% 56 K
(Pme I L U'Xba 1) ALERT:, FAAGAATZREIKODNAKT T E22% 7 e — R 7
JVERIKENC L R Lz, EXIKEIORE, ~— 5 —(X1KB Plus (0.1-10 kb)
(SMOBIO Technology, Hsinchu, Taiwan) % f 7=,

1. 2. 9. 5. €£oU—RHOF—DKEEH

miR-122b-3p-Tyr-WT £ 721%, miR-122b-3p-Tyr-MUTD/L > 7 = T —F & P —
R B—%RBT HRGEETNETNTA 7TV —FERE ) DI TG &
FAOWTEREEIY, LBIRAETHI100 mLIZIN X 72, & D%, 37°C C4SKFEAR 2%
L7z, WICHIKZE6,000 x g, 157y, 4°CIZ Tk, ERiGzBrE L7z, Y
LB Ly b H& A% D' o —~_7 ¥ —%QIAGEN Plasmid Midi Kit® ~*
g kT RERR LT,

1. 2.9. 6. LOTxS5—EBLR—E2—TFvtA

127 = /b= /L F 7 L— FZB16-4AS5HIl 2 5x10% cells/mL & 72 % K D (T L,
37°C, 95%22R-5%COUTRE SN T WD A & F 2 N—F —N TR 7 L — |
\ZHEE ST, 5 RERR., miR-NC, miR-122b-3p % 721%, miR-122b-3p inhibitor
(FEREENR20nM) &, B —_27 ¥ — (250ng/ul) (KRN 10ng/ul) %,
URT =27 v a AT KD TREZAIITE AR, 24RFHEE LTz, V27 =T
—B L AR—%—7 &A1, Dual-Luciferase® Reporter Assay System (Promega)
ZHWTITo 72, K MR E LTV % Passive Lysis Buffer(Z CHEQAARL,
F ®Luciferase Assay Reagent 114100 uL 3 207 EL TE WV ) A—=F—HD
1.5 mLF =2 —71Z, 20 nlLOAIAEMRIK Z N A T2, BHIZZDOF a—7 % L <
WE L, VI /) A—%—GloMax®20/20 Luminometer (Promega) (Z & V) ZdEE
ZHE LT, HE, Stop& Glo®Bufferz100uLilz, VI A XNy 77
—EORNRE L PE LTz, BABEIIRZ AN T 2T —EBOFRNEE T
AR DN T 2T —BIZ L DFETHIE LT,

1. 2. 10. #EtnzE
HIEMEE, PR TR Lc, ZHER O LB I Duncanit (p <0.05) 12X
n, %ﬂ%ﬂﬁ?%®ﬁm%ﬁoto
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(A) RNA quality check
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Figure 1-5. Quality check of RNA extracted from B16-F10 cells. (A) From left to right,
M: DNA ladder marker (Trans 2K plus), 1: RNA extracted from a-MSH unstimulated
cells, 2: RNA extracted from a-MSH stimulated cells. 18S and 28S peaks were observed
for both RNAs, indicating that RNA is not degraded. (B) RNA extracted from a-MSH
unstimulated cells was electrophoresed and graphed. (C) RNA extracted from a-MSH
stimulated cells was electrophoresed and graphed.
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Table 1-1. Composition of reverse transcriptase solution

Reagent Volume (pL)
10xRT Buffer 1.00
10mM dNTP mix 0.10
Nuclease free water 4.77
RT enzyme 0.67
RNase Inhibitor 0.13
RT primer 2.00
Total RNA solution 1.33
Total 10.00

Table 1-2. Composition of real-time PCR reaction solutions

Reagent Volume (pL)
TaqgMan® Fast Advanced Master Mix (2x) 4.0
TagMan® Gene Expression Assay (20x) 1.0
cDNA template 2.0
Nuclease free water 11.0
Total 20.0

Table 1-3. Composition of reverse transcriptase solution

Reagent Volume (pL)
2xRT Buffer mix 10.0
20xEnzyme mix 1.0
Total RNA solution X
Nuclease free water 9.0-x
Total 20.0
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Table 1-4. Primer sequences for real-time PCR

Gene name Primer sequences

Forward: 5'-ACTATGGCCAAGGCAGAGCAAC-3'
Reverse: 5'-TCAGAGGCTACAAGCCAAGGTAATG-3'
Forward: 5'-CAAGTACAGGGATCGGCCAAC-3'
Reverse: 5'-GGTGCATTGGCTTCTGGGTAA-3'

Mitf

Tyr

Table 1-5. Composition of real-time PCR reaction solutions

Reagent Volume (uL)
Master mix 10.0
Nuclease free water 6.4
Primer (Forward) 0.8
Primer (Reverse) 0.8
cDNA sample 2.0
Total 20.0

Table 1-6. Composition of reverse transcriptase solution

Reagent Volume (ul)
5xPrimeScript Buffer 2.0
PrimeScript RT Enzyme Mix | 0.5
50 uM Oligo dT Primer 0.5
100 uM Random 6 mers 0.5
RNase Free dH.0 5.5
Total RNA solution 1.0
Total 10.0
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(A) PmirGLO vector3?

SV40 late
Mmcs poly(A) signal
SV40 early
enhancer/promoter

luc2

pmirGLO
Vector

(7,350bp)

hRluc-neo
fusion

PGK
promoter

Synthetic
poly(A) signal

Multi cloning site3”

5°..GCAAG ATCGC CGTGT AATTC TAGTT GlT'ITA AAC‘GA GCTClG CTAGC
J |
luc2 Pmel EcolCRI  Nhel

Dral Sac |

ICTCGA G‘;I'CTA GA”GTC GACCT GCAGG... 37

]
Xhol Xbal Sall

Accl Sbfl

(B) pmirGLO-Tyr-miR-122b-3p sensor

| Poly A
Luciferase —w

PGK Promoter I

Tyr mRNA 3’-UTR region

Figure 1-6. A schematic representation of the sensor vector used in the luciferase
reporter assay. (A) PmirGLO vector is designed to quantitatively evaluate miRNA
activity by the insertion of miRNA target sites 3'-UTR of the firefly luciferase gene (luc2)
37, Firefly luciferase is the primary reporter gene; reduced firefly luciferase expression
indicates the binding of endogenous or introduced miRNAs to the cloned miRNA target
sequence3”). PmirGLO vector’s multi cloning site sequence is shown. (B) Schematic of
the pmirGLO-T73-miR-122b-3p sensor vector used in the luciferase reporter assay.
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Table 1-7. Primers sequences for PCR, cloning 7yr-3'-UTR

Primer Primer sequences
Tyr WT Forward: 5'-GTTTAAACGCGCGGCCGCAGGAAACAGAGTGGGACTGA-3'
Reverse: 5'-GCTCTAGAGCCCAAACAGCTATGGTCTATG-3'
Forward: 5'-TGTTGGGCGCGCTACAAATTTAAACTAG-3'
TyrMuT Reverse: 5'-TTGTAGCGCGCCCAACAAATAGGTCGAGT-3'
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(A)
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

7¥rVVT
561
Fp{i [

1681
1741
1801
1861
1921
1981
2041
2101

gaaaggagaa
atggccattt
caccatggat
atatccttct
gtgagtcctg
gtttcaactg
tcttgattag
acctcacttc
gccaaatgaa
tatggatgca
acattgattt
tgtgggaaca
attggagaga
ctgaaaatcc
gcagatcaga
tattacgtaa
atgtggaatt
atttcagctt
cttctcaaag
tacagggatc
ttgaacaatg
ctatcggcca
atttcttcat
caggctttta
ggcttcttgg
gtaggctatg
tcctcatgga

r

aaatttaaac
ttttcctaag
aataataact
atgaatgtgt
aatttccaag
tctctctcete
gaaaatcttg

ggaaagacga

aatgttcttg
tcctcgagece
gggtgatggg
gtccagtgca
gccctctgtg
cggaaactct
aagaaacatt
agcaaaacat
caatgggtca
ttactatgtg
tgcccatgaa
agaaattcga
tgcagaaaac
taacttactc
agagtataat
tcctggaaac
ttgtctgagt
tagaaacaca
tagcatgcac
ggccaacgat
gctgcgaagg
taacagagac
aacatccaag
cagaaattat
ggcagcactg
ccttcagaag

caaagacgac

tagtataaaa
tcctagtttce
tactaatagc
cttaattatt
aaaaatattc
tctctcgtgt
gattgataga

ataattacta

gctgttttgt
tgtgcctcect
agtccctgcg
ccatctggac
ttttataata
aagtttggat
tttgatttga
actatcagct
acacccatgt
tcaagggaca
gcaccagggt
gaactaactg
tgtgacattt
agcccagcat
agccatcagg
catgacaaag
ttgacccagt
ctggaaggat
aatgccttac
cccatttttc
caccgccctce
tcttacatgg
gatctgggat
attgagcctt
gtgggagctg
aagaagaaga
taccacagct

aaggttttac

taagaaatga
taaataaaat
taaacttgag
tctctectcecte
gtttgtgtgt
aatgattcat

aattagtaac

23

attgccttet
ctaagaactt
gccagctttc
ctcagttccc
ggacctgcca
ttgggggcce
gtgtctccga
cagtctatgt
ttaatgatat
cactgcttgg
ttctgccttg
gggatgagaa
gcacagatga
ccttcttctce
ttttatgcga
ccaaaacccce
atgaatctgg
ttgccagtcc
atatctttat
ttcttcacca
ttttggaagt
ttcctttcat
atgactacag
acttggaaca
ttattgctge
agaagcaacc

tgctgtatca

gtggagtttc
gttggcaaaa
aggcagaggt
cttcaaaggg
gtgctcaggc
aaattgtaca
aaagaataag
catccccaca
caacatctac
gggctctgaa
gcacagactt
cttcactgtt
gtacttggga
ctcctggcag
tggaacacct
caggctccca
atcaatggat
actcacaggg
gaatggaaca
tgcttttgtg
ttacccagaa
accgctctat
ctacctccaa
agccagtcgt
agctctctct
ccagaaggaa

gagccatctg

cagatctctg
gaatgctgcc
tcctgccagg
gtggatgacc
aacttcatgg
gagaagcgag
ttcttttett
ggcacctatg
gacctctttg
atatggaggg
ttcttgttat
ccatactggg
ggtcgtcacc
atcatttgta
gagggaccac
tcttcagcag
agaactgcca
atagcagatc
atgtcccaag
gacagtattt
gccaatgcac
agaaatggtg
gagtcagatc
atctggccat
gggcttagca
aggcagccac

tgaacatcct

ctcactcga%lngil_ggéjctgf_ctac

r WT,

catagaccat agctgtttd:

g ctttttttca

ctggga&%frgpae aatata

ttcctettac
gcacattttt
tctctectcecte
gtgtgtgtgt
taatttatga

agaggagaac

aactaattga
gttttcctta
tctctctcete
taactgattc
aattatttca

atctgccagce

gacccatgtt
tatatatata
gctggttttt
cttcattgtg
tctctctete
aaacaatttt
ttaatgatta
ttttattaat
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2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

tgtcatttaa
gggaatgcac
attacctgaa
aagcttcaag
gaacagcgat
gtcatctttg
tactgtaaat
acactgtagc
tgagccacca
cttacccgcet
aagttttagt
ttgttttttce
ttgtactctg
acaagggtct
cttcatgtca
gcagtcacac
aaaattatat
gtatatttca
tgtcctgttg
ttcttectcet
tgcaattctc
cttatgaggc
tatgagtaga
cacaaaagcc
tcatgttcta
tttatatggc
gatgccctat
tggtagagtt
cttataatga
tgaggtgggg
atcaaatttt
gttggaatca
gattattagc
ttgggatcac
ttcactttcc
tcctgtttgt

gttaccttat
tgcctaagag
gtttaccata
tcggcttgac
gggaaactat
agaccttcac
taattttttc
tgtcttcaga
tgtggttgct
gagccatctc
ttttagttta
tagtactgga
ctacctagca
ttataaactc
tcatagaata
ctttgataaa
tatgactatt
gtcttgctta
ctacatcatt
aggcttttaa
tatctgtaga
tgacagcaag
gtttgtcagt
ttaacattat
tttaagtttt
agcattctag
gggcagtgat
atcatgttct
ctgagctatt
gtggatctgc
caaaaaataa
aaactcatgt
catttaaact
aattgaatat
ttttgcctat

cccataggta

ctaccttctg
gatagtggct
gccagaaaat
tgcaatctga
ctgaatcaga
acctgttgag
ttttecttttt
cacaccagaa
gggatttgaa
gccagcccag
gtaaaatttt
catcaaccca
tgtatatata
ggtgtttccc
ttgttttttt
agttaccatc
tcaatatatc
ttgtgaagct
ctgttaagaa
aattaatttt
gattaacctg
cataaatcat
ttatacaata
ttagctgttg
atatgcttca
gatggagtgt
ggcttctgtt
ggtagaagga
acatttaaaa
ggagagtcac
taaaatattt
agaactttct
agtagattcg
gtctcctcaa
tttaaaatat

aataaaatgt
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tgactggtgg
cctggaagga
taatcaaaac
aatcatcaag
ttctagtgtg
tcaccaaaat
aaaaagattt
gagggtgtca
ctcaggacct
taaattttta
aggaagcaaa
gtgccttgta
aatctaccca
tttatcacaa
ctctagcggt
tctttgatta
tgaaagtttc
tttataaatt
ataagtaagt
agtattcata
tgatcgatac
tgatgttcag
gaatataaat
caaactacat
aatttattat
gaagagattt
tgagggacac
ttcaagccca
aagaataaaa
atggagaagt
ataaaatgta
tcagtcacta
agacttacct
aaaatatctt
atgcattctc
tgagtgtg

aaaaatatca
gtgggttatt
agatgactca
cccaagagcc
atagtgtcag
ttgctgtgaa
atttattatt
gatctcatta
ctggaagaac
ctttagtgaa
tttttagttt
tatgcaatgc
acaaatgttc
tacaattccc
tcaaggtatg
tatattctca
attaaattct
gcttcacttt
ggcaatattt
tatttttatc
aagtcatttt
catttatata
tataaacaag
atgaacaact
ttggggcctc
cttagcctca
tcagttttct
gtagtatagg
gcatgaagct
ggagggcaga
attgaacgaa
gatctgattg
taattattta
aaaaattcat

tttaattaaa

ggcaagagat
actagagatt
gtaacatctg
aaaggaatgg
gggcacatgg
ggtaaatttt
atacataagt
cagatggttg
agtcagtgct
agtaaaattt
tctaaacgaa
aagcattttc
attacagctg
tcectttgcecca
tatttgtata
ttatggtaac
cattaacttt
tttctgaaat
tccececttte
aaatcaaaca
aactagtgtc
agctttcatt
ctattaatac
ttagtaattt
ttattgtttt
atccccatct
attcgagtcc
tacaccatgc
gaggaggcag
tttacattat
caatatgtgg
attgtgaatt
gttgccaaat
agtaatcact

cagctctgca
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mmu-miR-122-3p: 3' CACCUCACACUGUUACCA

@]
b=
&
&

miR-122b-3p-Tyr-WT: 5' - - -ACUCGACCUAUUUGUUG

o
c
o
c
c
c
O
-
b4

miR-122b-3p-Tyr-MUT: 5' - - -ACUCGACCUAUUUGUUGGGCGCGCTA - - -

Figure 1-7. Micro RNA-122b-3p target tyrosinase (Tyr) directly in the mouse
melanocyte cell line. (A) Each region of 7yr-3'-UTR to be incorporated into the
multicloning site downstream of luciferase. = : coding region, = : binding sites of primers
(Forward, Reverse) used for cloning 7yr-3'-UTR, m : binding site with miR-122b-3p seed
sequence. (B) The miR-122b-3p seed sequence and the complementary sequence on the
Tyr-3'-UTR are shown in red, and the miR-122b-3p seed sequence and the complementary

sequence on the 73r-3'-UTR with a 5-base mutation are shown in blue.

Table 1-8. Composition of PCR cloning reaction solution

Reagent Volume (ulL)
10xBuffer 5.00
dNTP mix 4.00
Nuclease free water 39.25
0.1 uM Forward-primer 0.25
0.1 pM Reverse-primer 0.25
cDNA template 1.00
Taq polymerase 0.25
Total 50.00
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Table 1-9. Composition of restriction enzyme solution

Reagent Volume (uL)
dH20 35.0
10xReaction Buffer 5.0
Pmel 5.0
Xba 1 5.0
Total 50.0

Table 1-10. Composition of cutting buffer

Reagent Volume (mL)
50mM Tris-HCI (pH 8.0) 5.0
0.5mM EDTA 0.1
Mess up with dH,0 to 100.0

Table 1-11. Composition of restriction enzyme solution

Reagent Volume (uL)
dH,0 13.0
10xCut Buffer 2.0
Pme 1 0.2

Xba 1 0.125
DNA fragments 5.0
Total 20.325
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1.3. & B

1. 3. 1. Small RNA >—%4 > Rf@&#r

o-MSH CTHIFEFEE L 7o~ 7 A B HEFEAMI B16-F10 IZ81F 5 X 7 = A/ K
RIS CEET % miRNA ORBEZEITT 5720, A RNA A flithi#z, wthft
—Ar B —I2 X D SmallRNA 2 —47 v AT 24T - 720 = DFE %, o -MSH #i
MLy %E@%rwﬂbu L 72 miRNA % 2 -2, 8/ L 72 miRNA, 9 o%%ﬂ%mﬁmu
L, 32507 F7AX =25 T= (Fig. 1-8, Table 1-12), o-MSH Hli%iZ
FEENBD LT 9 DO miRNA O 5 6, KWFFETIE, 2/ EEiT2 %L)T
(2R B2 L 72 miR-1a-3p, miR-1b-5p, miR-122b-3p, miR-133a-3p 35 & X miR-
499-5p IZFEH LT,

1. 3. 2. AS=ZVHEEHBETREANESH LIniRNASOEREEZFRER (/n
silicofi#¥r)

miRNAFEBLLEAEHTIC LV, o-MSHFIEL U 7o /il PNIZ THBLNZHE) L 7-miR-
la-3p, miR-1b-5p, miR-122b-3p, miR133a-3pF3 & U'miR-499-5pD A T = A E kK

(2B 53 D HER B R 1%, Target Scan7.23 KL U'miRDBD 7 — & X— X |2 TE 4L
%ﬂﬁﬂﬁ L7z, in silicof#ff OFEFR G, miR-1a-3pld Trpl 3 K ODet% & 107315
¥8, miR-1b-5piETyr% & 1043365858, miR-122b-3piL Tyr% & T2494FE%H, miR-133a-
3pld Trpl % & T2 589FESH, miR-499-5pldMitfEs X O\ Tyr& & T o346 F85H DI A& s 1
NENZENAFE LT (Fig. 1:9) . 255 2OmiRNAIZWTNE A T = AR
(B 53 D Mitf°Tyr, Trpl, DctxFER)E 35 Z ERHERI S 7=,

1. 3. 3. HBAEADLI-KFEniRNAZE A L /=B16-4A5HREIZ & (T 5 o -MSHH
HBBEOAS_VERBRADRE

AT = AR B E R A RSB R 1 & 35 & Tl &4 7=miR-1a-3p, miR-1b-
5p, miR-122b-3p , miR-133a-3p3 &L U'miR-499-5p% ZNELN Y R 7 =7 ¥ 3 Lk
IZ L VB16-4ASHIRICEA L, o-MSHEIHE (7208fH) @, AT =2 OApkEL
HIE L7z, miR-NCE AL & thik L C, miR-1a-3p&E A Ti%0.861%, miR-1b-
SpE AAIAE TIX1.066%, miR-122b-3pE AMfL TIX0.67f%, miR-133a-3p & AHHA
TIX0.991%, miR-499-5pi AL CTIX0.591% & 72 > 7= (Fig. 1-10)

1. 3. 4. miR-122b-3p & V' miR-122b-3p inhibitor Z#& A L 7= B16-4A5 #Hka
28175 a-MSHRIBEBDA S ZVERADEE
AT = AR ZEIH] L 72miR-122b-3p & miR-499-5p D 9 b, 7'&1:% TIETyr& =
B R & 92 2 & Tl S 7=miR-122b-3pDVE AR I E D flde = & &
L 72, miR-122b-3p & miR-122b-3pD#HE % fHE ¥~ HmiR-122b-3pD 7T > F k& L A
A e X —%VRT =V v a ARICEVEANL%, B16-4ASHIIEIZ a-MSH
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WMAEMZ, A7=OEEZFHE LT, miR-NCHIIE & [z L TmiR-122b-3pi&
ANHIRECTIX0.4715 1238 Lo A T = A& IS, miR-122b-3p inhibitor&E AifE T
IZRIEIZHEIN L, miR-122b-3p 8 AHEAE & bhig U C2.39f%5 238 L 7= (Fig. 1-11) ,
F 72, B A LRIV T, miR-122b-3p AT & LLi L C, miR-122b-
3p inhibitoriE AR TIZ A 7 = AERESEM L TV (Fig.1-12)

1. 3. 5. B16-4A5 #ARAIZ & 1T 5 a-MSH RFZE D miR-122b-3p DHRBZE L

Small RNA > —7%7 > AfRHTIZ K U, a-MSH 4LEE 24 B[ 1% ¢ miR-122b-3p D
HOKRTRNRRINTZZ LD, X7 VF = v 7 % BWINZ, a-MSH #li% L 7= Bl6-
4AS fifEZ 0, 1, 3, 6, 12 B XU 24 B D RNA Z#[H[IX L, TagMan U 7 /L
4 A I PCRIEIZ £ 5 T miR-122b-3p OFBLORRFH) 72 IEBE L 2t LTz, &
DOFEF, 0 K% O miR-122b-3p ZEL & bhik U C 1 BRI OB &I 0.92 1%, 3
IRFfF % DOFEBLEIL 0.85 7, 6 AR OFBLEIL 0.88 {5, 12 K HE OFBLEIL
0.86 fi7, 24 Fffl#& DFBLEIT 0.62 {512 L (Fig. 1-13) , o-MSH HHIZ LV
miR-122b-3p OFRIFHY 72 FEBL D P b % #egB L7,

1. 3. 6. miR-122b-3p #&EA L /= B16-4A5 fifRICH (+ 5 F 0O 5 —EiE 4
il

miR-122b-3p FEAMALAZ W2 A T = ARGRR DB A T = G RO
RN HER TE 7272, 2O miR-122b-3p (2 X5, AT = AN ED X 5
RERABFIC L > TEIERIENTWA D, RIKRIETSHZ L& LT,

ATIE 1. 3. 2. THD in silico FEHTIZ X U miR-122b-3p DAE B -& L TTFa v
TR TR EINTTo0, FTHIOIC miR-122b-3p EAMLIZIBIT AT 17
— B ORI A2 1T - 72, Z OFEE, miR-NC E AL & ik L, miR-122b-3p &
AN TIETF v & —EB1EMED 0.54 15 & 72> 72, —7J7, miR-122b-3p inhibitor %
BN L7 M Tl miR-122b-3p |AMIAR D 1.29 £i5 & 72> 72 (Fig. 1-14)

1. 3. 7. miR-122b-3p Z&EA L 1= B16-4A5 #ifAI=# [+ 5 a-MSH RE&E D * S5
—VEERICESETSFALF—ED A VNV EE S VEGFRENDER
miR-122b-3p OIERES T 23R 1. 3. 2. THD in silico AT B Tyr & HEHI S
AU, A 1. 3. 6. HTIE miR-122b-3p A X T /¥4 MMZEIT 5 o-MSH Hl# %
OF v v —BIEMEIZIK T L7z, miR-122b-3p 2% in silico fRAT CR ST Tyr &
FERY & L C0iuE, miR-122b-3p EAMALIZ I T 5 F 1 o F— B OTEMHAEIX
miR-122b-3p HAIZ LV, a-MSH B2 D Tyr O &% 2737 B OJEBL &N I ézh
7171&5 EHERITTE D, ZOBHND, vERAZ Ty MEIZKY Tyr #2387
BHORBEIIOWTHNT LTz, £, 2 7= A BEREERE ORI Z HIH T 5
sﬁx@l%ﬂbé Mitf IZ DWW T b RERICRFEZ 1T - 72, £ DOFES, miR-NC & A
fid & Ebi U T miR-122b-3p 3B AMAIZ I 1T 5 Tyr & /X7 EOFBLEIL 0.42 {5
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AR T L7=, — 7, Mitf O % X7 B O3 BLEIZ DU Tl miR-NC E AAfE & b
e LT 1.27 fFicm L7 (Fig. 1-15)

miR-NC E AL & Hel LT, a-MSH filJ##% © miR-122b-3p E AL TiX Tyr
DY X7 ERBNRA L2728, Tyr mRNA O3BiE% Y 7L 4 A L PCR IZ
THEMT L7, a-MSH #II#1% ¢ miR-NC A & bb#E L C miR-122b-3p #H A
FCiL, Tyr mRNA OFIBLEN 0.56 {5128 Lz, F72, Mitf mRNA (221 C
HFEERICHIE L72 & 2 A, o-MSH #ili# £ @ miR-122b-3p EH AL T D MitfmRNA
DIEBUE miR-NC B M & Ll LT 1.02 512720, 1T & A EBILR 7207z

(Fig. 1-16)

1. 3. 8. miR-122b-3p & RO IEH

N 72T —BUR—F = Z—5FT 5720, Tyr-3’-UTR LI/ ET 5
miR-122b-3p & DFE S A FTe L 2 IC T T A ~— %3G L, 1268835 ODNA
Wi A2 ESL U 7= (Table 1-7, Fig.1-7) . =Dk, {ER L 7-DNAW T I & FEPCR %
TV, ZJu—=2 0% Tot, 70—=V R TETWDENERT LD, 2%
THu— AT IVESIKENCHE Ue, ZORER, 1208 5T ITIc Ny ROER T
x 7= (Fig.1-17 (A) ) . RIZ, FEAENLZpmirtGLON Y X —Z T A F—va v L,
E. coli DH5a% AW C, B &# A 1T - 72, miR-122b-3p-Tyr-WT % 7213, miR-122b-
3p-Tyr-MUT ZMHAIA A TENR T 2 —DBNEN STV D DR T D70, X7 Z—
EHRAAIANTEE.coliDHSa)» HDNAZ flH L, Table 1-111C7E > TEERLEL 2171,
2%7 A m— A7 VERKVKENI A L7z (Fig.1-17 (B) ) .

1. 3. 9. LR—42—7 vt A2k % niR-122b-3p DFKEEFDFE

Tyr73miR-122b-3p DR Bl - ThH 5 Z L FRIET 572D, Tyr-3’-UTROFEE
A % B e FEIBS L ONRE B AL O SHE Sk A mRUZS BALVER U 7RG A IR A LA GA
NEBE =T =NV T 2T =B LR —F—T vt A & ZNnE
1To7z, ZOFEE, miR-122b-3p-Tyr-WT-X7 Z —+miR-NC% & A L 7= Hifg &kt
1 LC, miR-122b-3p-Tyr-WT-XZ7 % —~+miR-122b-3p% E A L 7= I TIL 3 el
0545 MK F L=, —J7, miR-122b-3p-Tyr-MUT-X 27 ¥ — +miR-122b-3p % & A
L 72 fifa1E, miR-122b-3p-Tyr-WT-X 27 % —+miR-122b-3p% & A L 7= #lifia & bhifg
L CRMAENN. 7364 EH- L=, £72, miR-122b-3p-Tyr-WT-X27 ¥ —+miR-122b-3p
inhibitor z 3 A L 72 #i TIE, miR-122b-3p-Tyr-WT-X 2 % — +miR-NCE Al fia &
Lol U723 8 O3 EMEIX0.9965 1272 U, miR-122b-3p-Tyr-MUT-X 7 # — +miR-
122b-3p inhibitor & E A L 7=l T, miR-122b-3p-Tyr-MUT-X2 ¥ — +miR-NC
BN & el L7238 OB IT 1216512 o 72, 2D OfE RS, miR-
122b-3p A3 Tyr-3’-UTRIZAFAE S DA G RIS/ & L, TyrdD Z & 737 B OF B 4 il
W92 Z &R TE, insilicoffATIZ THERI S L7 Tyr?y, miR-122b-3pDAERYIE
B LCRIET D Z ENTET (Fig1-18)
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(A) Volcano plot
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(B) Cluster analysis

B16_WT

B16_MSH

mmu-miR-148a-3p ' 1.3

1

mmu-miR-1a-3p 0.5
0
mmu-miR-1b-5p 05

-1
mmu-miR-582-5p
-1.5

mmu-miR-690

mmu-miR-100-5p

mmu-miR-677-5p

mmu-miR-122-5p

mmu-miR-122b-3p

mmu-miR-133a-3p
! mmu-miR-499-5p

Figure 1-8. Altered expression of miRNAs in a-MSH-stimulated B16-F10 cells. (A)
Volcano plot of miRNAs altered in the process of melanin biosynthesis. The x-axis shows

the fold change in miRNA expression between different samples, and the y-axis shows
the statistical significance of the differences. Statistically significant differences are
represented by red dots (log 2 (Fold Change) > 1 and log10 (qvalue) > 0) and green dots
(log 2 (Fold Change) > -1 and log10 (qvalue) > 0). (B) The overall TPM cluster analysis
result is clustered by log10 (TPM+1) value, red represents miRNAs with high expression
level, blue represents miRNAs with low expression level. The color from red to blue
represents the logl0 (TPM+1) value from large to small.

31



Table 1-12. Differentially expressed levels altered-miRNAs by next generation

sequencing analyze in a-MSH-stimulated B16-F10 cell

sRNA MSH (-) MSH (+) log2 (Fold change) p.value

up

miR-690 3.07x 10 7.54x 10 1.03 2.42x 103
miR-582-5p 2.93x10 6.24x 10 1.09 4.42 x 103
down

miR-1a-3p 2.60 x 103 3.26x 10 -6.31 0.00
miR-1b-5p 2.59 x 103 3.26x 10 -6.31 0.00
miR-148a-3p 5.41 x 10? 9.27x 10 -2.54 1.33x 1078
miR-133a-3p 1.02 x 10? 1.67 -5.94 8.49 x 1026
miR-499-5p 7.96 x 10 1.67 -5.57 2.29x10%
miR-122-5p 1.09 x 10? 1.43x 10 -2.93 3.28 x 1019
miR-122b-3p 1.09 x 102 1.43x 10 -2.93 3.28x 10
miR-100-5p 8.76 x 10 4,15x 10 -1.08 5.47 x 10~
miR-677-5p 6.26 x 10 2.89x 10 -1.07 7.32x 10*
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miR-1a-3p vs Trp1

Trp1-3'-UTR:5'. . .

mmu-miR-1a-3p:3'

miR-1a-3p vs Dct

Dct-3'-UTR:5'. .

mmu-miR-1a-3p:3'

miR-1b-5p vs Tyr

Tyr-3'-UTR:5'. ..

mmu-miR-1b-5p:3'

Tyr-3'-UTR:5'.
mmu-miR-1b-5p:3'

miR-122b-3p vs Tyr

Tyr-3-UTR: 5'. .

mmu-miR-122-3p: 3'

miR-133a-3p vs Trp1

Trp1-3'-UTR:5'.

mmu-miR-133a-3p:3'

2826 2848

UCUGUGUGUUCCUUUIIlCIJIlllJllJ
UAUGUAUGAAGAAAUGUAA

2114 2136

.GACUUCACGAGGCUGACAUUCCA. ..

Ll
UAUGUAUGAAGAAAUGUAAGGU

243 265
CUCUAGCGGUUCAAGGUAUGUAWU. ..

[
ACCUUACAUUUCUUCAUACAU

1382 1404

..AAACCCUAUUAAAUUGUAUGUAU. ..

Pl
ACCUUACAUUUCUUCAUACAU

1654 1677

2304 2326
.. ACAAAAUGAAGGAGA(IE

GUCGACCAACUUCC——C

O—0
c—r
oO—0
oO—0

RAR—UAfiE<

33



miR-499-5p vs Mitf

Mitf-3'-UTR:5'. . .

mmu-miR-499a-5p:3'

miR-499a-5p vs Tyr

Tyr-3'-UTR:5'. . .

mmu-miR-499a-5p:3'

Figure 1-9. Schematic diagram of putative miRNAs binding sites within the melanin
synthesis-related genes 3°-UTR are shown in mouse melanoma cell. The red-colored
areas indicated a seed sequence position of miR-1a-3p, miR-1b-5p, miR-122b-3p, miR-
133a-3p, and miR-499-5p to the Mitf-3'-UTR, Tyr-3'-UTR, Trpl-3'-UTR, and Dct-3'-
UTR. Binding site positions are numbered relative to the first nucleotide in mRNAs

sequence.

4088 4110
CUUGG GAGCACAUGA?(IELIJCILIJLIJJ?G. ..
UUUGUAGUGACGUUCAGAAUU
4246 4268

[
UUUGUAGUGACGUUCAGAAUU

34

GGUUUUUAUGAAUGUGUCUUAAU. ..



g ; : ' 3
; UUUU \‘: \g
2.5 E it S i T o e S g SRR AT, e b T
© 20 |
s a
= % :
Fe)
5 1.5 t abc
= bed
c d
8 ¢ cd
£ 1.0 } d
c
I
[}
E 0.5 F
0
a-MSH: — +: &+ & T =+ I 5
miRNA : — — NC 1la-3p 1b-5p 122b-3p 133a-3p 499-5p

Figure 1-10. Effects of melanogenesis-related miRNAs in a-MSH-stimulated B16-
4AS cells. Colorimetric measurement of the melanin content of B16-4A5 cells (panel)
and images of one representative assay (upper panel). Precursor miRNAs were used at a
concentration of 40 nM. Cells were treated with a-MSH (1 uM) for 72h. Relative ratios
are shown with the value cells without a-MSH treatment as 1. Data represent the mean +

SE and statistical analysis was conducted by Duncan's new multiple range test (n=3, p <
0.05).
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Figure 1-11. Effects of miR-122b-3p and miR-122b-3p inhibitor in o-MSH-
stimulated B16-4AS5 cells. Colorimetric measurement of the melanin content of B16-
4AS5 cells (panel) and images of one representative assay (upper panel). Precursor
miRNAs were used at a concentration of 20 nM. Cells were treated with a-MSH (1 pM)
for 72h. Relative ratios are shown with the value cells without a-MSH treatment as 1.
Data represent the mean + SE and statistical analysis was conducted by Duncan's new
multiple range test (n=6, p < 0.05).
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a-MSH(-) a-MSH(+)

Figurel-12. Microscopic observation of o-MSH-stimulated B16-4AS cells after
treatment with or without miR-122b-3p and miR-122b-3p inhibitor. Cells transfected

with each precursor miRNA at a concentration of 20 nM were stimulated with a-MSH (1
uM) for 48h. Scale bar: 20 um.
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Figure 1-13. Down regulation of miR-122b-3p in a-MSH-stimulated B16-4AS cells.
Cells were treated with a-MSH (1 uM) for 0, 1, 3, 6, 12, 24h, then total RNA was
extracted by TRIzol with DNase I treatment. Expression level of miR-122b-3p in in a-
MSH-stimulated cells were examined by the TagMan® miRNA assay using the real-time
PCR. Relative ratios are shown with the value cells Oh after a-MSH treatment as 1. Data
represent the mean + SE and statistical analysis was conducted by Duncan's new multiple
range test (n=6, p < 0.05).
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Figure 1-14. Effect of miR-122b-3p and miR-122b-3p inhibitor on tyrosinase activity
in o-MSH-stimulated B16-4AS5 cells. Each precursor miRNA was used at a
concentration of 20 nM. Cells were treated with a-MSH (1 uM) for 48h. Relative ratios
are shown with the value cells without a-MSH treatment as 1. Data represent the mean +

SE and statistical analysis was conducted by Duncan's new multiple range test (n=6, p <
0.05).
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Fig 1-15. Effect of miR-122b-3p on tyrosinase and mitf protein expression in a-
MSH-stimulated B16-4A5 cells. Western blotting performed with 50 ug of protein per
lane. B-actin was used as an internal control. Each precursor miRNA was treated at a
concentration of 40 nM. Cells were treated with a-MSH (1 uM) for 48h. Relative ratios
are shown with the value cells without a-MSH treatment as 1. Protein expression levels
of Tyr and Mitf were quantified by f-actin. Values in brackets means the relative density
of image.
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Figure 1-16. Effect of miR-122b-3p on 7Tyr and Mitf expression in a-MSH-stimulated
B16-4AS cells. Cells were treated with a-MSH (1 uM) for 24h, then total RNA was
extracted by TRIzol with DNase I treatment. Each precursor miRNA was used at a
concentration of 40 nM. Cells were treated with a-MSH (1 uM) for 24h. Relative ratios
are shown with the value cells without a-MSH treatment as 1. Data represent the mean +

SE and statistical analysis was conducted by Duncan's new multiple range test (n=6, p <
0.05).
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<—=insert DNA
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Restriction enzyme-treated
miR-122b-3p-Tyr-WT
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miR-122b-3p-Tyr-MUT
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— — — —

< jnsert DNA

Figure 1-17. Cloning 7yr-3'-UTR binding region with miR-122b-3p. (A) From left to
right: the marker, 126 base pairs DNA fragments containing the binding site (miR-122b-
3p-Tyr). (B) From left to right: the marker, region containing the binding site between
miR-122b-3p and the 7yr-3'-UTR (line 3), restriction enzyme-treated binding site (line 3),
mutated region of 5 base pairs at the binding site between miR-122b-3p and the 7yr-3'-
UTR (line 3), and the restriction enzyme-treated containing the binding site (line 3),
region with a 5 base pair mutation in the binding site between miR-122b-3p and 7yr-3'-
UTR (line 3), and region with a 5 base pair mutation in the restriction enzyme-treated
binding site (line 3).
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Figure 1-18. Identification of miR-122b-3p target gene 7yr by the luciferase reporter
assay. Each precursor miRNA was used at a concentration of 40 nM. Relative ratios are
shown with the value cells with miR-NC + pmirGLO-miR-122b-3p-7y»-WT as 1. Blue
bars indicate pmirGLO-miR-122b-3p-T3»-WT and orange bars indicate pmirGLO-miR-
122b-3p-Tyr-MUT. M : miR-122b-3p-Tyr-WT, B : miR-122b-3p-Tyr-MUT. Data
represent the mean + SE and statistical analysis was conducted by Duncan's new multiple
range test (n=3, p < 0.05).
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1.4 &% %

miRNA [FHIFE N D Z7e & 3G e MAE, MERR, JR3 L OREILNIC bR &,
HHIREECTHLE L TERRNZEER L TEBY M, b MOMOWFHIEDELE 7O
9 60%ZFERIZ LTV D EHEHI STV D 39, miRNA TR ERABIZHES T 5
ZERMEINTERY, SAMRERIZEI Y miR-214 (ZRESEINL, KJEOM
AL ZFHET L ERRESNTND 0, LENR-T, AT7=VAEREHE
T HABIHIZ LV, BENLEHT S miRNA Z[FEETE L, O miRNA %
EH L IR0 T T 2 CEBRIBOI O OBRBEKTIZIT TR, #l
WA ) == JIEOREENTEX D, £2TC, a-MSH fliliE 5 27-Z &£i2 kD
FEIND AT = EGHRRICEG T2 8B 28 LT 25 miRNA & Kk
Ry —r oY —% TN LT, ZOFEE, o-MSH #ill¥ % 5 % 7-Hika & A& H
W OMPRRE T, FRREENEF ML 2 50 miRNA &, BAFIZED L9
@ miRNA (logratio>2 £721% <—2) #I[EE L7 (Fig.1-8, Table1-12), ZiLH
FHEENEE) L7 miRNAs D955, FRIIEBNBEEFEIZREA Lz 5 50D miRNA

(miR-1a-3p, miR-1b-5p, miR-122b-3p, miR-133a-3p ¥ & ' miR-499-5p) @D, A
g ) == w—h—t LTOREMEICOWTHIEZ T 72, TR, &
miRNA DOAEFEARF DR D T=01\Z in silico T #1T-72& 25, 4 miRNAs
%, AT = ERICED OBEEIFORBLAHIET 2GR TH D Mif A7
= VB REEREETH D Tyr, Trpl, Det % FNEYRREIR & 95 Z & VA
L7z (Fig. 1-9), &IZ, ZH 5 miRNA O A T = ASA~DOEREHRR %9 5 72
», ZiILH miRNAs ORISR TH 5 precursor miRNA Z A THYIZHAL L 72 mimic
miRNA Z ZNZEN~Y T AAT ) —<HIBICEATLHZ LT, AT=VAERKD
N 218 < 2 REE L 7=, fAEIC 5 50 miRNA (miR-1a-3p, miR-1b-5p, miR-122b-
3p, miR-133a-3p 3 L F miR-499-5p) % EH A L, o-MSH Hll#gZ O D A F =
VAR EARIE L E 25, miR-122b-3p B X Y miR-499-5p AL T, miR-
NC E AL & i LT, ARICA T = ENE Lz (Fig. 1-10), A EIOMFSE
T, AT =V OARRIBRRIZBWT, iR L L TEL Br 2 1E0EE T &
T 5 & TR S A7 miR-122b-3p OAEHBEF O E Y #LA 72, miR-122b-3p &
AT, AT =VAERKENGITLZ 2R L2 025, miR-122b-3p
DFERE % BHE 5 miR-122b-3p inhibitor Z #IZE A L, o-MSH HJi%# DM
DA T = EREOIK T EIE T 5 OO0 % RICHEE L 72, miR-122b-3p inhibitor
AL TIE, AT = AERRED miR-122b-3p B AL & Hel L CTHEIIN L, miR-
122b-3p IZ K > TA T = U AGEAHEI SN TWD Z LR sz (Fig 1-11),
ZORERIE, Mitf ENEG T E L TA T =V ARENHEITSZ EAmeNnT
V5 miR-218 D Ant-miR-218 78 A T = U TR AR S 7= fiE & —F L7= 4,

F72, miR-122b-3p MBI LT AT v —BiZFui vnhb A 7=
EAGKRT ABRICE AR THY D, AT A NNTHEERSN, FOiE
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Pa EGHIET 2 EIX A S W o I IREEMEEEBORREICA TOL D LB 2
HILTUV D 9, B16-4A5 HildiZ 31T 5 miR-122b-3p &3 A L 7= o-MSH #ll#% O
Fr o —EOREEIEMIX, miR-NC FAMIE ki L, AEICIKT L (Fig.
1-14), miRNA OEAEIT, FEAEIE O mRNA DO X 87 EAER (BIRR)
ZNHIT 5 22, in silico AT T RIS 4072 L 912, miR-122b-3p 23 Tyr ZAERYE
57357501, miR-122b-3p FHAMIIL TIX Tyr O F X7 ERELH S
HZEMD, VAKX T 0y MEZX VN L=, ZORE, miR-122b-3p &
NHIIE Tl miR-NC AL & Hel L C, Tyr DX 87 BERBEOIK T 2R L
7= (Fig. 1-15), mRNA OFHEI(IZHOWTH, E@mAY TI/VH A A PCRIEDFER
735, miR-122b-3p AN TIX Tr  mRNA ORHENME T L7- (Fig. 1-16),
miRNA (2 L5 & o\ 7 ERBIAERE L LT, 2 7 BORRIAEOMIZ,
LR mRNA O fRZEET 52 ENHHN TS 4, miRNA 2KV, ¥ X7
BORRMEEZ%Z 570, A mRNA 2830 S5 22 F mRNA O miRNA Ji
ZEEFE L miRNA 85 B3 — REYI & OFRHPEIC R & KFE L 49, 4 2 AR 23
mRNA % b 726 L, FMMEMED EFERILEICOR N EE2 BN TWD
45,46 ARHFFEDFER LV, Tyr ® mRNA E2ME T L7 2 &1, miR-122b-3p D
— REdFI &, Tyr mRNA @ 3°-UTR & OFEE AL OFMHMEN mV 2 & AR S i
2o E£72, Tyr DX 7B B LU mRNA OFEENEAD LD, o-MSH #i#E
AT = UERRREEIZBIT S Tyr O BRKAT7FTHY, AT = FEEEREREDOR
BZRE T 2B R CTh 5D Mitf - ®OIBUNHIZ L 5 H O TIXR W REE L
72o LU, Mitf O % > /37 85 LUV mRNA FE 5T miR-122b-3p E AL T,
miR-NC A & b L K& S B{b Lo T2, LLEDORERD S, miR-122b-
3p 1% Tyr & EHERAZRE A & L, TirmRNA OO0 fiEE R4 252 & T, X
NI BERBNMETT 5 L EZ 5, miR-122b-3p EAMPTTF 1 > F—P DOfgHE
EEBIRDN -T2 2 EEFAMTIT D 2 LN TE T,

BREHIIZ miR-122b-3p OIERBER 72 Tyr THDHZ EZRET D720, Tr
mRNA @ 3’-UTR BIZAFET 25 & Pl SAU72f5 & K & miR-122b-3p D& % /L
V727 —BUR—=F—7 vt AIZTHIE L 72, miR-122b-3p+miR-122b-3p-Tjr-
WT X7 & —ZE8 AN LMl TOFRMEIL, miR-NC+miR-122b-3p-Ty-WT X2
2 —ZHANLICMiONLy 7 =T —BHE L ik LT, RE <& T L% (Fig
1-18), F7=, miR-122b-3p+miR-122b-3p-Tyr-MUT X7 X —%E A L7-HfliTo
HEEIE miR-NC+miR-122b-3p-Tyr-WT X7 ¥ —%EA LMoLy 7 =5
— PR &l LT, Bkl odn, 2D OFERIX, miR-122b-3p 2% Tyr
mRNA @ 3>-UTR _EOFEGFEIR LSS L, Tyr Z /X7 HORBLRIH S -7z
HTH Y, miR-122b-3p 2 Br ZHEHEIE T2 TDH 2 L2 XRTHMETH 7=,

CNHAREICBITAHERD, miR-122b-3p 1% Tr & EHEAEG L T5 2
ETCYUARAT ) —~HIlICBIT DA T = AGRERRIT 52 LR HRTE
7co BUE, Fig.1-10 T miR-122b-3p HAMMAE & [FERIZ, miR-NC &AM & Huig
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LTCA T =B EE D &8 72 miR-499-5p 73, A 7 = /EApk a4 5 1E
MBI OWTIREEZ T > TV 5,
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E2E niRNA DRBRMODR Y ) —=0F7—h—BHEIC DV TREE
2. 1. # &

%1 ETIEL, miR-122b-3p DA 7=V AERROBEBER CHLITFr v —ED
mRNA ZEH & T 52 LT, a-MSHEHED A T = EE/E T M52 &
BN LT,

ZDOEHIZa-MSHIZE VAL L7= B16 AT / —< 2T, FE L H)
F% miRNA ODE#NZ — LT, AR EZ L O E AT YV —= 7
THZENTEDLON, BBICAT =V AREZ FHHIET EMESNTWDS
miR-148a-3p % N THRGE L 72 2931,

2. 2. RBMBELURRAE

2. 2. 1. {pakkEE
~ 7 ARAT ) —= BI6-F10 fifalL 1.2. 1. HHIZHEL, EEZ{T-o7-,

2. 2. 2. HIRAAS=—VEDEE

12 7 =)L /LT 7 L— NI, B16-F10 #ild% 5.0x104 cells'mL & 725 X 9128
fEL, 37C, 95%7ZE%(-5 %CO BREEIZEE LTc COy A ' F a2 X—F —NT 24 Ik
M, $e5 S¥7-, PSR, MW E-ITRETS A% S0pg/mL L7725 K951
WM L7, 5 2 B, o-MSH 28R 1 uM & 725 Lo 12nx, 24 K
BALEE L7=, MIN A T =0 BB IO, XU X7 EEIT1.2.4. HIZHEL TEE
L7,

2. 2. 3. #REA miRNA DEE

2. 2. 3. 1. £RNAHIH

B L, HRTXADI L, AT =AM R %2R L7 BN 14 FEE
DTFx A% 50 ug/mL (272D X OIZHIML, a-MSH Z#&EE 1uM &5 X 91T
Nz, 24 BFREALERTS, 1.2.2.1. JH|IZHE L TE RNA ZHiH L7,

2. 2. 3. 2. miR-148a-3p DEE

2.2.3. 1. HOFNEIZHE L CTHIE U724 RNA %250 ng/pL [IZFABL L, WilRE Y
m%®7/7v—bkbtoﬁ%%ﬁmkio)7w54Apaui1MMm®
MicroRNA Assays mmu-miR-148a-3p Z T 1.2.5. HHIZHEL TIT - 7=,

2. 2. 4 HEEHOE
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HEME, PRIHAERERRZE TR Lz, ZREM OLEE I Duncani®: (p <0.05) 12X
D, ENENABEOREZIT> T,

48



2. 3. #®% R

2. 3. 1. &Y - BEAEODIXRDAS = VERIMFIHR

119 ¥ O CHFBE KD =X A 2 VT A 7 = AR R 2/~
X ALPRFE LT, o-MSH A, 72 K% DA T = AEkEa2 e L, Btt=a s
Fa— /L CTohD o-MSHABLZI 1T 5 AT = ARk L g LT X 7 = Rk
fil# A4 B L7z (Table2-1), HIEDFER, 30%LL LD A T = ARl 2R L
72 14 FEE DY > 7 )L % Table 2-2 IR L7z,

2. 3. 2. ASZ=VERIGIZIRERTHEM I XX EZNE L-ROBRMERKIC
H 1+ 5miR-148a-3pD HINEEN

miR-148a-3p 1% Mitf ZHEHEILF & L, A 7=/ EAREZIHIT D 2 &3,
BE OGRS THE I TS 230, X5|Z, % 1 T{T-72 Small RNA > —7
> ARMTICTC, Fex b B16-F10 il T miR-148a-3p DI BLH o-MSH FIM T &
ol U C ao-MSH FISFZICRE WA T2 L 2R L TVWDH, £2 T, o-MSH
FIZ K B AT = AR BLE DS K X <3 5 miR-148a-3p 1%, A T =
VB RIN RIS =% A2 LV E SN D &, miR-148a-3p DR ELE D/ 73
B & D AE¥ENGR AT, B16-F10 iz, 2. 3. 1. THTA T = ARk
FKhE<m L 14 FEOMM T X A) TV ERML, o-MSH il L 7= o
24 FFfH# O miR-148a-3p DH B EDEE) Z2HE L7z, B16-F10 M2 T 5 o-
MSH #ili## ® miR-148a-3p DRBLEE 1 & LizE, [ A 7 = AEpfizh &
& DT X A TIL miR-148a-3p OFELE X 1 LI E (=0-MSH HE D HDEA D
miR-148a-3p DHILE) | Th D, MHTOFE, #K L 4FEEHDOH B, No.l &
U7 3%E%, No.8 B—~ IV xRS 12 FEHO T F 24P TlE miR-148a-3p
DRFBEN 1 % RS2 2 LR (Fig.2-1), ZNHORERLY, 27
= AR RRINE Y RS O = S 2 Tl miR-148-3p FELE DY o-MSH HIIEEED miR-
148-3p FEBLE: & Lbils L TN 217238 5 & & A &H (Fig. 2-2), miR-148a-
3p WEAFMOAT ) —=v T ~—h—L L TOMELRETIHEHEND D Z
ENTMNoT,
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Table 2-1. Effects of treatment with 119 different natural extracts on melanogenesis
in o-MSH-stimulated B16-F10 cells.

Material Derived raw material Part Melanogenesis (%)
- AEJUEUALATT, DR
Iﬁl;ﬁ /<7T/ |) é/* 49.9
I crxyoHa,2942a0 .
mE 5 RATHI Y P 82.4
5)71—74 v ExAoF¥ RE 55.7
T3 T3 RBE (£) 58.9
42 o 2 73.9
Fv (fIF) Ty LFy =3 75.8
Fv (F&HF) Fx/ & -3 59.6
IEX IEX = 85.0
D9FFT D9FFT R= 82.6
Loy Ly LEBLUVETF 57.4
f@'faﬁ‘/”)ﬁh 4 3L OvFE B 97.9
:?t (515 Citrus aurantium Linne BRABELEERE 94.4
ax/ 24 ax/ 24 o1 125.3
N % (RYE /Y Porphyra
B . £E 68.5
yezoensis )

BE mER F 79.1
a25ELTY

(57 LF4 Salacia reticulata (Celastraceae)  #1 75.6
7%)
(U Ah4a ] 55.7
e L) FTUA eSS 94.0
? AT (7AITAX Aloe bfjrbadensis Miller (Aloe = 58.8
2) vera Linne)
TEY Vitis vinifera Linne BELYBLN-ET

43 P j .

A THF S Lin'nfe 94 < Pyrus communis 2 (25
F7HRAK 7HRAK = 87.0
TIF¥ TIFx EBLUBE 53.1
TIFvJL TIFxIIIL -4 52.9
IASY J AN B 57.5
AI7S3AEX (4 = s -
SFoam) AISIAEF BETE 46.4
Vi 2% AN BEKLUVIRE 52.4

RAR— A<
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Material Derived raw material Part Melanogenesis (%)

AANXZ (R

o5 AL HhXS 1€ 87.6
AL HhXS AL HhXS = 63.6
o oFxaw oFxan BE 81.7
bo=> TE BEr 61.4
LA SFS :’:;jgzzfljit;orment/ﬂa Schrk iR 8.5
A4 X A4 X EF 97.6
Ry Ry HfEFE 89.9
B 3 ;11/,719 SYA¥aY eF 85.4
o ;QTZ@\% LSH%, 54X B, BN E 90.3
£E EE = 91.7
FOI *AFFOT = 173.5
=Ty TEaRr=2ov i 82.6
Fa—honN— F*a) B (4) 82.0
FILTT EQY RF7AA R 106.7
TIL=A TIL=A 1t 159.2
(R DL )| (R DL )| it 124.8
T %;W’ﬂﬂt/i‘vmﬁ (8% 3 26.2
READa JaAREA4 D 1t 114.1
NFR NFY ith &R 111.4
LEY LEY B= 143.8
FrX1) oA, EFY AL, S
5 VLAV T 9RNTAIY), &% 105.3
JhA
F7OXI REXHA (FryvdnN) B 86.0
P IAY) FNE BREROEE 96.5
HH5 %%V?ﬁb7%®ﬂﬂ77 %= 644
V% TA V% TA ERLUE 50.9
AFaw AFaw = 108.3
*A4Fd *A4Fd R= 103.2
JL—=I0L—Y FJL—TI)IL—Y RE (&) 254.9
dRD = i) 90.7
avoly— ELAYYU™Y = 107.1
o TFAXNDHD i) 122.2
oy xoNy iR 83.4

RAR— S A<
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Material Derived raw material Part Melanogenesis (%)
A IO UYY IO UHTY RB= 91.1
AVE S AVE i 79.2
ED ED = 106.2
RIN—Z U b+ =Ly VAW | = 97.3
A3y aJHRNF BR %R UIR 93.1

ISy RSEEMED L

Y EHEY D RELFE

(Brassocattleya Marcella

Koss)
v LUT7EEMED FLYEIE ESLUE

MDIREFE (Laelio cattleya 175.9

Drumbeat)

T RFOED LRBEYDRE

& (Dendrobium HYBRID)
k< b+ k< b+ R= 120.4
IALYD Ex4+ad Hh b & 193.4
oLy Coptis chinensis Franchet BE 125.1
FrXYvDy ArEXEUYD th E & 53.1
ARYavo ARYavo £, EBLUE 180.5
Vi s B Vi s B X 32.6
*oq *oq B 230.9
D933 (UPV) U333 i) 61.1
JTED Vitis vinifera Linne = 163.8
FOFTF TOFTF REIVIEE 56.5
a4 TS G 93.3
HROYD YROUD = 126.4
VI VA R 133.0
v (V3aw) Y = 124.9
SEYSYD /A FVAIFYD TEF 158.3
s =y E P ] s =y E ERLUE 157.6
43 =Jra EA43IHD=T kO Vi 159.2
eA3V/3%Y phamsaxyyy 2 1785
- - i3 132.4
=744 DARZT XA 1€ 131.3
YN ke <90 RE 176.5
24 L BFTraHYry th_E &R 146.2
778 27 wpgs BITERA D £ 25 94.4
NIXAVR (TA 2 xyz 3 109.0

JhARHYH)
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Material Derived raw material Part Melanogenesis (%)
UL EL, <Yk R EE'?&/\J&B@L\E 99.5
;f"* @Y =i 1t 86.7
R22E Ra RE 96.8
E4V A IAVTHATY BRR 86.3
E4= =l /AT F/F E¥ 774
izzy(b%y AYRANYH 3 75.4
YILIXH YILIXY BETE 101.7
a—nY a—nY ES 99.2
IRNUE— IRNUE— & 76.7
)3 )3 £X (%) 126.1
WA KRR FARNSHRYRTIR ES 87.0
A—<YA3IYL O—YAhIVYL BTt 55.9
TAIERA L &'Lyb’l',‘if, :‘;””y”“’" Hinne b b 7 75.1
E R =, INBLF FERERVL-EF 63.9
hyvay 9 X BRE%ERV=IR 69.7
hzvylL hzvyL 1€ 72.3
ax ax B 192.4
T4 X (=) T4 X EF 115.8
FEEE 2 2l
Z;ﬁLV SES TRy e 101.3
FEEE 2 2l
74 7A EBLUE 292.8
élj\;o) (R=2X Rosa canina Linne (Rosaceae ) BE 78.3
a—kb— a—k—/% Er 94.0
Ly J= ) ay BE 197.7
_ Clematis vitalba Linne .
JLRTAR (Ranunculaceae) = 101.6
LEVISR LEVYISRA EBLUE 113.9
A—X<Y1)— E@Z =Ly = 172.4
A—Y)LE1)— A—0O /NI YNTF S YINF D5 116.5
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Table 2-2. Extracts that significantly repressed the melanogenic effects of a-MSH

stimulation.
No. Name Repression of melanogenesis (%)
1 A9JS3EFX 53.6
2 TIAN 49.1
3 YAy 47.6
4 TIFxIL 47.1
5 7TFYF¥x 46.9
6 FAr¥XUVD 46.9
7 EFDH¥X 45.3
8 O—vAh=IYL 44.1
9 HSUFT7F 43.5
10 LYH5FYD 42.6
11 IADY 42.5
12 9355 39.9
13 HYH5IFX 35.9
14 A—<IAIVYL 30.3
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Figure 2-1. Micro RNA-148a-3p expression levels in a-MSH-stimulated B16-F10
cells treated with anti-melanogenesis induced plant extracts. Cells were treated with
a-MSH (1 uM) for 24h, then total RNA was extracted by TRIzol with DNase I treatment.
Expression level of miR-148a-3p in a-MSH-stimulated cells were examined by the
TagMan® miRNA assay using the real-time PCR. The expression level of miR-148a-3p
shown with the value cells on a-MSH stimulated in B16-F10 cell as 1. Data represent the
mean + SE and statistical analysis was conducted by Duncan's new multiple range test
(n=3, p < 0.05).
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Figure 2-2. Relationship between the rate of repression of melanin production and
the expression of miR-148a-3p in a-MSH-stimulated B16-F10 cells treated with anti-
melanogenesis induced plant extracts. The vertical axis of the graph shows the ratio of
the expression level of miR-148a-3p when the expression level of miR-148a-3p in the
cell group 24 hours after a-MSH treatment is set as 1, and the horizontal axis shows the
percentage repression of melanin production by each sample treatment when the melanin
production in the a-MSH treated cell group is 100%. The correlation coefficient R is the
value excluding No.1 and No.8. No. 1 and No. 8 are indicated by green dots, respectively.
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2. 4. F E

AETIE o-MSH (2 THI L 72 BRIZR B ZEE) T 5 miRNA 3 EBHFEM DR
J—=v U w—01— L LTCO@EMEEZRTICOWTHGEE LT, £, FFimic Tl
i U7 BE—REICATON TN D A7 U —= 0 FEE W T, RS &
STEREMARDOY T AL LIz 20EAREE B16-F10 #lj CTHF
fliL7ze =F ZAALB L, o-MSH §IiH DA B16-F10 Ml TD A T = A pl i
EHHE UTZBRIS, A T = U AERINEIERN 30% L EAOR LT 14 FEEOY T v E
Bk L7 (Table 2-2),

miR-148a-3p 1455 1 ORI T —/7r > ADFER, B16-F10 M2\ T a-
MSH HillrT & bl U, o-MSH HI % IR BLEDME T L7 miRNA TH 2 (Table
1-12), 512, Mitf #1808 L L, MITF Z > X7 EOFREZLEL, AT
SRR EIEIT S I E R EE ORI THRICHE SN TW D 2930, 22T,
miRNA DEHAFBM DAY ) —=2 F~—h—L L COMMZMMT 5720, 2
T = PR Dm0 7o 14 FEOMEY =X 2% B16-F10 M2 L, o-
MSH #ili## @, miR-148a-3p DR BILE A L1, £DOFEE, A7 =Mz
RONENT R R ERN LM CTD miR-148a-3p DR HLEIL, a-MSH HIE D 7
DOFMALD miR-148a-3p FHE L HLE LT, NI 2N H D5 Z LaVRS Tz

(Fig.2-1,2-2), L7=23> T, miRNA DWEBAEM DRI ) —= T ~w—h—L L
TORHBEER S D Z & DRE SN,

ARIERTHRFT LT AT =V IfBIR DB E W E ST 14 O 2D H b,
12 FEXE D =% A 2RI L= BRI2IE, a-MSH $Ii% D 2  miR-148a-3p DI H & L
Lbi#z L C miR-148a-3p OB EOEMMPHER Sz, 2F D, =X (FRR)
MEAZIEEZA L TN TH, mRNA OFBILOELENETRH U ANF — %2R L
ERORNWZENSN, R ) —=v T v—Hh—L LTORELE RO
DITIE, BE—0 miRNA TIEAGT 2 O TIIEBRERIEF ICEm . LR - T,
MITF #1289 & L, A T = AR 6T %5 miR-2184)X° miR-340%)%°, Mitf Ol
EifEkIZAE S35 SOX-5 (SRY-box transcription factor 5) DFEEHL 2 FHHi1 925 miR-
21a-5p%0, Mitf DIEBLZ I+ % TGF-B &M b7 —E 1 (TGF-B-activated kinase
1, TAK1) D3 B1%&FE9 5 miR-143-5p5), cAMP/CREB &K ICBH G325 A > &
U URERKE IR 1 (IGFIR) Z #4145 miR-37952, Wnt/p-H 7 = L D & % il f
T HREREZ FFD SOX-1 #3456k =2 VYV —AHKD miR-200c¢3), 1
B THE L7 miR-122b-3p & W o 72 EHD A T = AG ABE miRNAs 4 v
HIETHEZ EFANERH D EEZ O, A7 UV —=v 7 RiEE LTI,
NS miRNAs #F v 7 BICHE L2 7 L— FAERL, 2o 2240
BELU7Ma ) S L7 RNA 22— A 7T U XA X952 L C, M, #Hb
TX5HEEZD,
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w o’

FTRTNX, SBAMVREWIN L, ESFDHT2DICA T = INFELTWAEDR, AT
=IO F — o F— =W A T LD ELACEESMNR O MRS LV, WFE
T80, IRNBENT L5, BREIR AT = AERKREZINGIT 5720
LA LBESLDBATE SN TWDR, BRGEICEDITITRAREEY B kDE AR &
BRTHVLENDY, —HRAEHTZY 4 HIZEDOR TV —=2 THHDPVLETH
Lo TDI=®, EARMORER AT ) —=0 T HIEOBREENRD LN TEY,
Kol ZZOHHAI ) —=v 7 ~—T— L LT, mRNAIZIEHR L7z, AHfF
ZETIE, EABMBROIZODOH LWA Y UV —= FIEOMNL 7 BEEZ, AT =
/@Qﬁ%@.?@mmmkmﬁ%ﬁ%@%ﬁOHﬂNA®%ﬁk%®mmM\
DA T = AR EHE T OERETOMH, 27V —=r7<—01—L LT
DFPEIZ DN TENZIURGE L 72,

B1E AS=VERICEEET % miRNAs DREE & {ERHEFF D fAZEA

EHEMORAI V) —=2 T ~—TD1— L7045 miRNA Z[RIET H72D, A7
= U AEA RIS NE BT 5 miRNAs 2485 L7z, a-MSH Hliic X > TR
BNBEE ICHD L2 5 90 miRNAs D A T = AR RA~DEEIZ OV THRGET
5728, 5250 miRNAs v A AT ) —~ Bl6-4A5 Ml EAL, A T7="
HEREEITE LTz, *HT 47 a2 ba—/LThs miR-NC A & i L
T, AT7=AERENEAD Lz miRNA © 5 b, KBTI, Tir ZEREG T
&9 % LTI Sz miR-122b-3p OVERBEFF OfFIIZEYD A A 72, miR-122b-3p
DT U FrAAL B X —ZHIFITEA L, miR-122b-3p &AM & Hlg L 72
EZA, AT=UAERENKIBIZEM L7279, miR-122b-3p HAIZ L > TA T
= UGB S NS Z AR LT,

KIZ, miR-122b-3p OIERELT & THIS N Br ITOWTREZEIT O 72,
Fu o —EOEMN, BRI TN TN To72 L 25, miR-NC &
A & Beig LT, miR-122b-3p EAMNE TIX Tyr Z /X7 EOFBN, Tyr O
mRNA O3 fEZ2 I L THEIND Z L 2R LT, 512, miR-122b-3p 23 Tyr
mRNA @ 3>-UTR EIZFET HRAWMICHEAT 22 b, v 7 =T —B LR
—Z—fEMTIC K VR T E o, LEORER I Y, miR-122b-3p 2% r ZHEHER
F L L, Tr mRNA O fR%= N LT, Tyr X RN EORBRAEZEST L2 LT,
AT =R AT OMEA R T Z LN TEL,

F£2E niRNADEBREMORHY)—=2H5T—h—¢LTOEEIZDONTE
i
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miRNA ODEAZMO RV ) —= F~—h —@ 2 a3 5 7= 012, KRW
B 119 FEOY > F AN B Lz A0 2 T = Il R 25k o A
IV == T ETIME Lz, =% 2AZRMNM L7554, o-MSH §ili% o 70 B16-
F10 A & B U 72 BRIZ A T = AR DS 30%LL 2 7s Uiz 14 O3
TV EEKE LT,

WIZ, Mitf ZHEREIG & L, AT =4z 8#H4 5 miR-148a-3p & AW T
miRNA DAY J—=2 7 ~<—J1—& L TCOmMEEHME L7z, AT = ARkl
BN E Do T2 14 FEIEHO =% 2 % B16-F10 fIZ N L, o-MSH #4217 - 7=
B2 miR-148a-3p 3 HLIE, a-MSH HIE O ZOME & Hils L C, 12/14 fE¥ED = %
AEUI LT /ia M 2@ mnd 7=, ZOMRELY, 27 = MfIzhRo
& DT X X & NIN%, a-MSH il L7235, miR-148a-3p 1X[E A DOIBLOLHE) %
RIEARH D 2 L AR TE 72720, miR-148a-3p IIEHAFZEM DAV UV —=
J—H—E L TOMMEIEWEHE L,

AHFZEL Y, a-MSH FIEIZ K-> THHBEINI A T = AEBORTR TH B L H)
T5, mRNANE[ABMORAZ ) —= 7DD EL L EHATE5 2L
BRTZENTE, LL, H—DO miRNA DBZE AT ) —=0 T D= DfE
BETDHIEIEFAT Y —= U TREEMEL A GRERE WD, A T7=04
BB E-T 58O miRNA (TEREF S 5200270 > TV D b DIZIRD) %
FHTIMLERND D,
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