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Inhibitory Effect of SFRP5 on Melanogenesis in Melanocytes and

Its Mechanism

ZOU Daopei', CHEN Yangmei', PU Yihuan', GAO Tianwen?, CHEN Jin'*

(‘Department of Dermatology, the First Affiliated Hospital of Chongqing Meidical University, Chongqing 400010, China;
*Department of Dermatology, Xijing hospital, Fourth Military Medical University, Xi’an 710032, China)

Abstract  Secreted frizzled-related protein 5 is a member of the family of secreted frizzled-related proteins,
which plays an important role in regulating tissue differentiation and development. However, its effect on the bio-
logical function of melanocytes remains unclear. In this study, SFRP5 adenovirus (Ad-SFRPS5) was used to infect
PIG1 melanocytes, dopa oxidation, NaOH lysis, qRT-PCR, and Western blot were used to analyze the effects of
SFRP5 on melanin synthesis-related indicators. The effect of Ad-SFRP5 on the activity of various signaling path-
ways in PIG1 cells was analyzed using the luciferase reporter gene system. The results showed that SFRP5 inhibited
the tyrosinase activity and melanin synthesis of melanocytes without affecting the proliferation, apoptosis and cell
cycle of PIG1 cells. Meanwhile, it downregulated the expression of microphthalmia-associated transcription factor

(MITF) and its target protein by inhibiting the Wnt/B-catenin signaling pathway. This study initially explore the in-
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hibitory effect of SFRP5 on melanin synthesis in melanocytes by regulating the Wnt signaling pathway, and provide

a new therapeutic target for the treatment of pigmented skin diseases.
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Ji4; HaCaT4H f 0 B b g I8 fH AR A BR A
Ay 9t R W AR S JE KA I & 4t it FH 5 kip-BGluc
TCF/LEF. p-BGluc STAT. p-BGluc NF-kB. p-BGluc
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112 E2ZXHA 7 38 fifs 2 IfiL 375 FIDMEM i B
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PCRiA 71 %)W H TaKaRaA 7] ; CCK-8i 7 &1 [ Bi-
makeA 7]; %1 AB-catenin, GSK-3B. p-GSK-3BH.
50, [ 470 7K 1 4 Cell Signaling Technology(CST)A #l;
S Pt NSFRPS L v BEHTUAA I H Gene Tex A ] SRETA
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60%~70%H, FH0.25% (1) JEREH ALAH AL, REAMFEAHL
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(T AT I S o T U Ak R 5 T 2, G 5 1 0 5 52
IOAATA], SO IEE 1< 107N 4 Y, T A1 mmol/L NaOH
R mLA RN, B 137 °CAKIF /KB h, ik
F£490 nmip K 7F B A 1 0 52 7% 4k FE AL ) W' E
Ho BEORTERMMNE, PEORSE=0HA
Daoo/ X5 HEZH D 490%100%

1.2.6 qRT-PCRA M| B & % & A8 X 1647 MITF .
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[P EARNA, 42 P AEIAT I 5%, T3 cDNAFE iR
7120 °CUKH . NARZRAN: 5 uL SYBR. 0.4 puL I
W5l Y. 04 UL FHF 514 1 uL cDNAREH. 3.2 uL
ddH,O0. J 461t 0 94 °CTRAZ 130 s; 94 °CAZE
10 s, 59 °CiB k20 s, 72 °CZE{H20 s, 3404134 E
TP 18 . % 5 F Ad-RFPAIAA-SFRPS B YL 4l il 2 )=,
R MIMITF . % % B8 B (tyrosinase, TYR). 1% 2 IR AH
K4 F 1(tyrosinase-related protein 1, TRPI)FIH% & &
AH 2% EK H 2(tyrosinase-related protein 2, TRP2)3E K ]
FILAKE, 515 B .

1.2.7 & @& %% P i % (Western blot)a 47 1
i B ARG _ERERI10% SDS-PAGEREK 1, Hi vk
(90 V 1 h, 120 V 30 min)&5H Ji5, K73 25 & 1 4671 LA
210 mATE i i # BIPVDFE F, 5% 35 7

SR RE bR

#=1 qRT-PCR3|#F%]
Table 1 Primers of qRT-PCR

A FA(5' 3"
Genes Sequences (5'—3")
f-actin Forward: CAC CAC ACC TTC TAC AAT GAG C

Reverse: GTG ATC TCC TTC TGCATC CTG T

SFRP5 Forward: TGC CCT TGC CCA CAG TTA GA
Reverse: GAG GGA ACA GGG ATA GGA GAA CA

MITF Forward: CAA CAA CCT CGGAACTGG GACT
Reverse: TCC ATG CTC ATA CTG CTC CTC C

TRPI Forward: CTG TGC TGA GCC AGG CTAAGT G
Reverse: GCC ATC ACC CCA GGA GAC AA

TRP2 Forward: GGA GTG GTC CCT ACATCC TAC G
Reverse: GAA TGG ATG TTC TGC CGA ATC

TYR Forward: GAC AAA TCC AGA ACC CCAAGG

Reverse: GAG GCA TCC GCT ATC CCA GT
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37 °CH[#2~3 h, T4 °C## & %Pi A B-actin. SFRPS,
B-catenin. GSK-3B. p-GSK-3p. MITF. TRPI.
TRP2AITYR 5 57 [ Hi A4 (A BB ELA511 32 J91:1 000)
12~16 h, FHTBSTHEME 10 min/IR(GE37R), SR 5 I BAR
T A AR Y L =E T RlgGORTRE LTI 1:5 000),
F37°CH$E 1 h, FEHTBSTEEE 10 min/Ik(F£31K), H
22 R G BT R 488 52, B R HQuantity One
4.6. 25 A 43 B & 4 FL UK A% T B AR A, DA S i 2R
FIRIE KT

12.8 RAEZBERELARLNEE  HT25HF
i HUPIG 1 40 35 3 70%~80% il 25 5 I 5 65 38 )
25435 IR AL, SRJE NN Gk R (B HES uLi% Gy il 7
Lipofect AMINE™ 2000. 3 pg p-BGluc TCF/LEF B,
p-BGluc STAT. p-BGluc NF-xkB. p-BGluc Elk1/SRF
PLIZ200 pL 2545557 3E), 4 hJ5 B plS mL75 5% FBS
AR TR Fral KR T25 85 805, THALANE,
I LLAEFL5X 10> 4 J(500 pL) i) 25 i 432 b F-24 4L B
h, R BRINGEE AR S, 290l G 24 R B2 ) Ad-RFPAI
Ad-SFRP5ACFE4HNI36 h, LI g 10 pL, T
M52 586 2 B IE PE(CR AR SE IR A R R0 3R 2 2% i B
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B-actin

), U R B Wnt/B-catenin.  JanusPE/ (5 5 1% 5 A
5 SR WO B 1 (Janus kinase/Signal transducer and ac-
tivator of transcription, JAK/STAT). NF-kBUA & Erk/
MAPK {5 5 il i (15 1k
1.3 FitFESH

K FHISPSS 20.0% {1 # 47 4t it 22 2 . i &
TR DAY EbR i 22 (o) T, 4 [A] U SR F ok
55, RR2H SIS S r A 3R BA_E, A58 7K iEa=0.05,
P<0.05%R %57 BT G AR

2 H#HR
2.1 =R BR4BAE R SFRPSHIFRIL BN
qRT-PCR%E S (K 1A) & 7k, SFRPS/EPIG14H il
rh ) 2 ik B B 2 i T HaCaT4H 0 LA K2 5 2T 4 24 i,
75 HA G 5 & XL (P<0.001). Kk, FATH
Western blot>K 56 iiF 1X — &5 5, Western blot 45 R 5
qRT-PCRI{ &5 B —S(E1B). 1T & A R e
BTE A F A AT, 1 H.SFRPSTEPIG1 41 ffa
FIE KPR By, WERAT TR PTG 1 40 o 32 24 1)
LT R

SFRPS5

ok

PIG1 Fibroblast

SFRP5

Relative protein
expression of SFRPS

HaCaT PIG1 Fibroblast

A: SFRPS{E = Fi B JRAA I P mRNAZKP 415 B: SFRPSAE = F B IJRAR M A 1 2 L RGA /K. ##P<0.01, ***P<0.001, SHaCaTARfUAHLL .
A: the relative mRNA expression of SFRPS in three kinds of epidermal cells; B: the protein expression levels of SFRPS5 in three kinds of epidermal

cells. **P<0.01, ***P<(.001 vs HaCaT.

El1 SFRP57E =R IX4ARE - EI AR RIEE
Fig.1 Relative expression of SFRPS in three kinds of epidermal cells
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2.2 BRIRERIR I SRR

FEHEK 29340 il N B D4 38645 1 i3 #2 Ad-RFP
FIAA-SFRPS, F:ffi 2 Bl YL fE « B YPIG1 41 A
36 hJE F %< 6 A 411 R, 3% 205 B 11 J8% 4 ¥k JEE A
AE2).
2.3 T FRIASFRPSXPIGI 4 ARV EE J1. 4
GAEEGIY S m: oA

A S UG 1 S il 1 Western blotha & 4t Ad-
SFRP5F1Ad-RFP/5PIG 14 il ' SFRPS [ K 1A &, 45
B35 7R X Y Ad-SFRPS5 Ji5 SFRPS ) # IA & B & TH i
(EI3A). #t—, CCK-845 R 7R, SFRPSXIPIGI4H
()36 5 v 70 6 B B s2 i (BI3B) . xRl B AR 45 1
IR, YL Ad-SFRPS 2 )&, PIG1 4R E T 15 il (B
3C) S 4t i JE BA(EI3E) G B 2 A8 Ak o ot it =X 40 g R
g L BEAT 8 B M TR, SFRPSXIPIGI4H L (14 1
(EI3D) LA S 4 i J (I3 F) I W S 52
2.4 T FKIASFRP5YPIGIZAAE B 09 B S L B 55
HIEREZRIENEI

AT B 2R B PR DL R R R A R R
P 2K A0 MO T e 1Y EE AR bR, TR O 3R AT R Ad-
SFRP54b 2 2 J5 (PTG 1 410 A 1) % 24 IR I v 12 LA
N B RS EHATIE. 4R EoR, 5
ZHAH L, SFRPSHE B 2 #1 HI PIG 1 48 Jid () 1% 22 IR Il
W HEP<0.01)(K4A); HEEHE FTHEBEARS &
(P<0.01)(Kl4B).
2.5 IIFRIASFRPSEERA B HIHIPIGI4HREFMITF
TRP1. TRP2FNTYREIZFE

qRT-PCR45 H .78, Ad-SFRPSEYLPIG14H ffl 2

(A)

A: Ad-RFPALEEAL % 6 B F; B: Ad-SFRPSALHEZH 98 61 F o

Ja, A M MITFR AR X 2528 7K B &2 R B (P<0.05),
TYR(P<0.01). TRPI(P<0.001)F1TRP2(P<0.01)[1] &
AR E N (ESA).  F Ad-SFRPSEGLPIG]
P 2 Ja R HUE A, A H Western bloths IIMITF
TRP1. TRP2VLJ TYRMI & HKIE/KF. Western
blotf) 45 R 5 qRT-PCREE A — 2, 5 I HAZHAH L,
MITF. TYR. TRP1LL K TRP2/)ZFRIE KT IIH A H
FEEE R I(BES5B).
2.6 id3RiX SFRPSEEMEHIFI PIG1ZHAR+ Wt/
p-catenin{s S 1B I HYE M

I % R BgHR 45 JE 9 R A TN L R (T
cell factor, TCF)/#k B 4 55 [X] -F-(lymphoid enhancer
factor, LEF). STAT. NF-kB. ESTF{4% 3¢ K T-(ETS-like
transcription factor, Elk1)/IfILi# < B[] -F-(serum response
factor, SRF)H 4% % vif P, DA K < Bt Wnt/B-catenin.
JAK/STAT. NF-kBUL K Erk/MAPKAE 538 i (5
g 1B K, SFRPSXPIG14H fg 4 Wnt/B-cateninfz =5
3 4% ) 3 P A ) B S, T X JAK/STAT . NF-kBLL K
Erk/MAPKAE 5 18 2% {35 M 0 B B 2 i (E6A). N
Tk — P U8 UE SFRPS A2 i i Wt {5 58 i#% 52 1 2 €5
AN B A R, FATE— P T Ad-SFRPS
R GLPIGI4H il 2 5, 40 B2 ' B-catenin. GSK-3B %
p-GSK-3BHI R IE K. &5 R B IR, Ad-SFRP54LHE
Z J&, B-cateninff] 3 1% & B 2 K I (P<0.01); p-GSK-
3B IL E T T F(P<0.01); 1IGSK-3BIH KA
ZRAKR, ZRARGEE L(P>0.05)(F6C); H
7Ep-GSK-3B/GSK-3B [ FAH i 3 T F(P<0.001)(
6B).

(B)

20 pm

A: fluorescence picture of cells treated with Ad-RFP; B: fluorescence picture of cells treated with Ad-SFRPS.
E2 BRmEHIH B SRR

Fig.2 Successful amplification and infection of adenovirus
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E) o 8 5 (F)
g3 3
3 Dip G,: 64.53% at 37.52 3 Dip G,: 61.85% at 37.93
g Dip G: 20.55% at 63.79 €7 Dip G: 18.26% at 64.48 1251 @ G, = S G,
i Dip S 1492% G /G,:1.70 N Dip$:19.90% G,G,: 1.70
£ %CV: 11.68 23 %CV: 11.43 <o 1001
5 83 5 8 &
28 E 2 751
s g3 EEE S
Z 23 z 23 & 5
E £ :
3 3 ]
8 g w251
E N o
0

20 40 60 80 100 20 40 60 80 100
FL2-A PI PE-A FL2-A PI PE-A
RFP SFRP5

A: Western blot73 HTPIG1 4l if1 % 4 Ad-SFRPS 5 SFRPS [ #A ity B: CCK-8 K IAH i 3 FE 515t C: It QA i A 00 4 L 970 1 s D: e T 85 2
HEAT RE R M B LR AR U 40 3935 00 Fo 0 4 S0 8 R kAT 5E & Mo
A: Western blot analyzes the expression of SFRPS5 in PIG1 cells after transfected with Ad-SFRPS5; B: CCK-8 is used to detect cell proliferation; C: flow

cytometry is used to measure cell apoptosis; D: quantitative analysis of apoptotic results; E: flow cytometry is used to detect cell cycle; F: quantitative
analysis of cell cycle results.

&3 T FRIASFRP5YE & EMEIETE, MAEEHAFATHISN

Fig.3 The effects of SFRPS overexpression on the proliferation, cell cycle, and apoptosis of melanocytes

(A)

o (B)

é 1.4 o, 144

S5 1.2- % 1.2

NN

= 1.0+ s 1.0

2 sk é ok

=z 0.84 2 0.8

2 (6 2 0.64

5 0.6 : o

£ 0.4~ £ 041

g 02 = 0.21

& s

0= T 0= T

RFP SFRP5 RFP SFRP5

A: [E Y Ad-SFRPS T s ZURFEIG ML 154 B: /&Y Ad-SFRPSY B €8 38 & BHMRENA . **P<0.01, S50 fRALAT L
A the effect of Ad-SFRPS5 infection on tyrosinase activity; B: the effect of Ad-SFRPS5 infection on melanin content. **P<0.01 vs control group.
E4 BEBREEENEERULRECRLIENES
Fig.4 The measurement results of tyrosinase activity and melanin content
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A) s
W RrFP
= ) SFRP5
B
<
Z
a4
g
o
2
=
[}
=2
MITF TYR TRPI1
B
( ) RFP SFRP5 PIG1
o - -
£ e
> =3 SFRP5
(]
R .
- skk
TRPI .. . 2
o
5 *
Bactin  ME— — = lme

MITF TYR TRP1  TRP2
A: SFRPS5I RIAXPIG UMM MITF. TYR. TRPIFITRP2 mRNAZRIE /K [H540; B: SFRPSIL FIEXPIGI 40/ *MITF. TYR. TRP1AITRP2
B A FRIEAKCTIISEI . #P<0.05, *£P<0.01, ***P<0.001, 5RFPZLAALL
A: the effect of SFRPS overexpression on MITF, TYR, TRPI and TRP2 mRNA expression levels in PIG1 cells; B: the effect of SFRP5 overexpres-
sion on the protein expression levels of MITF, TYR, TRP1 and TRP2 in PIG1 cells. *P<0.05, **P<0.01, ***P<0.001 vs RFP.
[El5 id3RIASFRPSXEERERMEXEBMNFN

Fig.5 The effects of SFRPS overexpression on melanin production-related proteins

(A) B
& =
g 19 m REP %
£ &3 SFRP5 S _—
2 1.0 o
5 Z
(3 o
g sl B 0.5 \
2 2
2 B
2 LEE & o) o E o,
z’;’ TCF/LEF STAT  NF-xB  EIkl/SRF RFP SFRP5
© PIGI
4_
RFP  SFRP5 W RFP
3 SFRP5

(%)
1

B-catenin - -
pGSK-35 M. -

I - ]ﬂ IH

GAPDH -°- B-catenin p—G'SK—SB GSK—3B
A TR BHR S FE N 45 5 B: GEit 242 Brp-GSK-3B/GSK-3BH HLAE; C: Western bloths Il /B J Ad-SFRP5 X PIG 1411 fifd - B-catenin.  p-GSK-3B J%
GSK-3pELMIELM . *#P<0.01, ***P<0.001, 5REPAL LA .
A: luciferase reporter gene results; B: statistical analysis of the ratio of p-GSK-3p/GSK-3p; C: Western blot for detecting the effect of Ad-SFRP5 infec-
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Fig.6 The effects of SFRPS overexpression on the signaling pathways in PIG1 cells
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