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B E: [B48] P &% (ultraviolet B, UVB) RS & F B K Bk A ZALH R An & F 0 & 09 £ 23057
BREZ—. MHIATAR M 2R B AR . AFAIA UVB RS Bk 00 [E 7 A B A
£f % 4m J.(normal human dermal fibroblast, NHDF)#= /s &, B16F10 2 & % J& 0 ], #Rit# REAHAY
FUAT # (Lactobacillus plantarum, LP) ATCC 8014 49 LR B EEZARMER. [F 1] ARAE
T UVB # NHDF @afef=. s &, B16F10 2 & ZB @A ARt %, A F A K v ed (methyl
thiazolyl tetrazolium, MTT) 3% . K 3% BL & & 3 B 4% # B dJdUTP 4 2 K 3% 47 i2
(terminal-deoxynucleoitidyl transferase dUTP nick end labeling, TUNEL)# &, 547 2 2',7'- — & 5 k&
— LB ES(2',7'-dichlorofluorescin diacetate DCFH-DA)¥ & 547 52 3040 im] 2 40 4m i 6 4 i i& 77
DNA 315 B A8 T 7 M A (reactive oxygen species, ROS)/K-F; F| F BBk %, J& R Ht | & (enzyme-linked
immunosorbent assay, ELISA)i% 42| NHDF 48 &+ éﬁ 1 A I R& A KTF;i8iE NaOH EigExf S &
FAE ST B16F10 4a it 2. & % & ik Ao B 28R B % M 470 T ; 38 i qQRT-PCR 447 #= Western blotting
TR S A A B & F A AR KR AR AR & KR K x% [4%]1 (1) LP #4%] UVB #54
NHDF #= B16F10 zmfie &1, X5V ROS A~ 4920/2 DNA 4 A %; (2) LP FTEAR42E%
#) B2 (matrix metalloproteinase, MMP)-1. MMP-3 #= MMP-9 (1 72 MMP-2) mRNA 7K-F-[ 5 37 %) 48
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.9 MZ 5 18 7 i3 B (extracellular signal-regulated kinase, ERK), p38 (f1~& JNK)/c-Fos (1 =&
c-Jun)fz 5B 3&A K], 3 A0 1A F7 AR (procollagen type-1 alpha 1, COL1A1)& & K-F, Amitg 1
AR REE4A%F;(3) LP ¥4 A 2% -3 7 (3§ /v LC3-11 #= Beclin 1 & & /K-F VA K LC3-1I/LC3-I b )
4| BE R BR B . BA R BRAH X & @ (tyrosinase-related protein, TYRP)-1 #= TYRP-2 & M A=/R & k(5
/£ 4] PKA/CREB/MITF 15 5@ 34 %), MK EE X4 2. [4#]1 LP £ UVB R&K 6 &k
Jask BA B AR AR B ETEREA.

KR ARFAMILTEH ATCC 8014; b, RWEZEFE AR, TR EINUVB);, KK mie

Anti-photoaging and anti-melanogenesis effects of
heat-inactivated Lactobacillus plantarum ATCC 8014 on
UVB-exposed skin cells

GONG Miao, XU Jing, ZHENG Bin, WEN Zhengshun, SONG Yan', ZHANG Xiaofang,
MENG Lingting

College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China

Abstract: [Objective] Ultraviolet B (UVB) irradiation is one of the main environmental causes
of skin photoaging and hyperpigmentation. Lactobacillus plantarum is a well-studied species of
probiotics that can benefit human health. The present study investigated the anti-photoaging
and anti-melanogenesis effects of heat-inactivated L. plantarum (LP) ATCC 8014 on the skin
cells (normal human dermal fibroblast (NHDF) cells and B16F10 murine melanoma cells)
exposed to UVB irradiation. [Methods] The viability, DNA damage, and reactive oxygen
species (ROS) levels of NHDF and B16F10 cells were determined by methyl thiazolyl
tetrazolium (MTT) assay, terminal-deoxynucleoitidyl transferase dUTP nick end labeling
(TUNEL) assay, and 2',7'-dichlorofluorescin diacetate (DCFH-DA), respectively. The level of
collagen I in NHDF cells was determined by enzyme-linked immunosorbent assay (ELISA).
The melanin production and tyrosinase activity in B16F10 cells were measured by NaOH lysis
method and L-DOPA oxidation method, respectively. qRT-PCR and Western blotting were
employed to measure the expression levels of genes and proteins associated with photoaging
and melanin production. [Results] (1) LP inhibited UVB-induced cytotoxicity by reducing the
ROS-mediated DNA damage in NHDF and B16F10 cells; (2) LP down-regulated the mRNA
levels of matrix metalloproteinase (MMP)-1, MMP-3, and MMP-9 (rather than MMP-2),
relating to inhibit the extracellular signal-regulated kinase (ERK), p38 (rather than JNK)/c-Fos
(rather than c-Jun) signaling pathway. It up-regulated the protein level of procollagen type-1
alpha 1 (COL1A1l), thereby increasing the content of type I collagen; (3) LP as an autophagy
inducer (up-regulating the protein levels of LC3-II and Beclin 1 and increasing the
LC3-II/LC3-I ratio) inhibited the activities and/or expression of tyrosinase, tyrosinase-related
protein (TYRP)-1, and TYRP-2 by inhibiting the PKA/CREB/MITF signaling pathway, thereby
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decreasing the melanin content. [Conclusion] LP has potential anti-photoaging and
anti-melanogenesis effects on the skin cells exposed to UVB.
Keywords: heat-inactivated  Lactobacillus  plantarum  ATCC
anti-melanogenesis; ultraviolet B (UVB); skin cells

8014; anti-photoaging;
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(Lactobacillus plantarum)z— ) IZ W5 ) £5
AR, JeRTIRTSE R B, HUbFEAT LB
M FUA A RER L, 7 A TR 20 (T i
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2R E U ) R R E /N IR T A DG B SR Y 1
(microphthalmia-related  transcription  factors,
MITF)JE7, MITF 55 260 225 sl 15 5 i
FHEW K cAMP R EE F I (PKA)/cAMP i
JCf45 -G 5 H (reaction element binds to proteins,
CREB)##H, W58 % B, B16F10 S0 Z 41
t PKA/CREB 4759 B 68 38 A2 UAE B0 B Wik i
SZFMHT . LC3 H Beclin 1 38 5 BlA A 2 1 15
(bR B E AP, SR, HET#M IS T LP XK
AR A R 52 ) e R DG AL B il . Park
VR I, BORIE AL R R TR R
E 4042 -1 (interleukin-1, IL-1B)AY R IA
IL-1B 43360k /0 ¥ T HaCaT 4 i/ ) MITF Al
TYR/TRP-1 ik, AT 2 (4 2 (1 A g0,
PadlisE, Kk ERR I E KCCM12625P RE
il B16F10 4fi it ¥y PKA/CREB {551, 1t4h,
B 25 A0 G W 2 PR S AR ) FLAT TR R ) — A
U Wei ZE0HR BLEEHZAL A4 AT DL IR
H AN AR THP-1 #f LC3-11 il Beclin 1 Y31k,
DL ES5RERE], LP Al RE@ 90 A WA Y
PKA/CREB/MITF {5518, FaAM PR (438 A il il
KPR B R IR ), DT & T 8 8 3% A AR
M, a7 — 2P

R, A LP vl e A it fide
BARERMIEH. b TR — i, IR
T UVB S 01 5 B K B 2T 4E 41 Jfd (normal
human dermal fibroblast, NHDF)F1/)Nf{, B16F10
RO AT S, TRUT LP X T AU
K- TR A 3R 77 A 52 e LA R T 7 ) T 45
B, A5 LP AR AR08 b Tt
A ZE LA AR L T RS

1 HE5xZ
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(ATCC); NHDF F1 B16F10 Zijitl, | AREH W)
FHEABR/A A ; DMEM Ki R B FIAR 4R I3 , BBI
ARl A BRA W s MTT K] & fn— bk
TUNEL 4 dd Tkl &, s s RKAEY
FARABRAT; DAPL (B, btk
FRHCA R A 5 ARG P %A (reactive oxygen
species, ROS)Jeta i &, m nt & A=Y T A2
SR 1A R R s el s R &, R
TS AR L 51 R, B TAEY TR (R
) Oy A3 BR 2> Fl ; PrimeScriptTM RT  #l
PrimeScript RT 7%, TaKaRa ZAw]; p-ERK
PUiAR(AP0472), ERK $ifA(A4782). p-INK Bk
(AP0276) . JNK 4 & (A4867) . p-p38 i &
(AP0526) . p38 PLIK(A4771). COL1Al ik
(A1352) . p-c-Fos #i{4&(AP0038). c-Fos #iik
(A0236) . p-c-Jun HL{K(APO105). c-Jun Hifk
(A0246) . TYR i 1K (A16993) . LC3 #i f&
(A19665). Beclin 1 ${4(A7353). p-PKA Hilk
(AP1345) . PKA #i{k(A0798). p-CREB #i ik
(AP0019). CREB #i{f(A11064). MITF #Hifk
(A11649), B-actin Hi{A&(AC038)F HPR ~HifH
IgG ZHL(AS014), HIUEHEs s EYRH A R
ANHl OB ECL fk ik &, RiBEE AR
AP EARAGBRA T oAb 28 B b4k
1.2 {UESEMEE

THZ-82B <A TEIRIRG &%, &I BT
#¥) 5 LDZX-50KBS .:U k1785 K H ey, o
MR R de i) s FA1004N 43Hr K, Lifg
R E R A A HH-4S HIR/KS
By, FIBHERSBNEARA R TG20-WS &
DAL, KU B D ML R A
ZHJH-C1209C Rk E G TIEG, RICEHT
i BF 22 A A R A s = Ak B 35 57 40
MultiskanFC 4> H ZhiEpR{L, FEBRCHRBHA
FRAF]; CKX41 {88 Bids, BARER; 210



SR | MRS, 2023, 63(7)

2685

REDSICEEIRAN, LN A YRR A R w2
775 T100 PCR AY, fASRAEAES " oh( i) A
BROSF]; SERF2eEE R PCR 1Y, FEER Ki/RE}
FABRA AL AR BRI, B TAY TREE
YA AR A A e kR RS,
ProteinSimple /A 7] %5
1.3 ARKEEIIFFE(LP) ATCC 8014 HY
HEE

LP £ H 4 Shukla Z5P30 sk b A7 . #5i%
TR FLFFH ATCC 8014 fE MRS Wiz
37 °CEi3% 24 h, 1102 K. B.04 500 t/min,
5 min), 80 °C FIFAKIE 20 min, X5 HK G
FITRRR AT E MRS 35fE | 37 °CHi5% 72 h, LA
BTN A I I 50
1.4 ZHAEEESE

NHDF F1 B16F 10 2 ffd 175 10%/16 4 1L 375 1
1% 5 X455 X1 DMEM §; 3538 T 37 °C.,
5% CO, A IR FRAR Th 5%
1.5 MTT &30

R4 Ding YL, AT MTT 43047 A
M E AN YG J1. NHDF Al BI6F10 40ffi% LP
(1 mg/mL)4bFE 1 h Ji5 H UVB 82530 mJ/cm?®),
WHE 24 h J5, MAMPE 100 uL MTT
(2 mg/mL)4FZEMF R 3 ho FEEIGFRIEE L MTT ik
F, IhN 200 uL DMSO, JR¥ IR A5 # FARERMY
TE 540 nm b2 W G
1.6 TUNEL 3$& 45

A Xu ZB9 )k, it TUNEL 43Hrill
SEANM DNA #iffi. A UVB (30 ml/cm®) &5}
NHDF #1 B16F10 #ijfi/5 M A LP (1 mg/mL)kt
24 h, FRAMMEITFREE, H 4% RP R
25 min J5 A 0.2% Triton X-100 £5%% 5 min. i
&, AR TUNEL 3857, 7E 37 °CHR
MRS 1 h, A PBS IHUEAMLS, S A DAPI
IAE I FREFE 10 min. g5, FBEEREE 5% vh

W (phosphate buffered solution, PBS){ % 41 fifl
3K, HZt BB AR,
1.7 DCFH-DA 3 5%

A Hu P05, it 2, 7-—H50k
& . £ R 1§ (2',7'-dichlorofluorescin diacetate
DCFH-DA) 4 £, 3% W & AH %F 1% ¥ % (reactive
oxygen species, ROS)/KF-. Fi§ UVB (30 mJ/cm?)
HE 5+ NHDF 1 B16F10 41l J5 il A LP (1 mg/mL)
LB 24 ho SRJE, 140 il DCFH-DA
(10 pmol/L), £ 37 °C FH55% 20 min, Bl)5, 7F
ZINREDOCRER NI DGR, BRI N
485 nm, KEFPK K 535 nm, BAIEE TUOE
AT TR
1.8 ELISA &0

M Hong S5/ 51, (5 IBAHR S 28 R o
Il % ¥ (enzyme-linked immunosorbent assay,
ELISA)I & NHDF 4 it v i) T BB it 2 F1K-F- o
J UVB (30 mJ/cm®)#8 5 NHDF FI B16F10 4l itz
JE A LP (1 mg/mL)ZbBE 24 h, Y A0 i % 57 3
R A =T R UL B A5 1 R SRR /K-
1.9 ZE&EE4 R SEREEEENE

R4 Liu P70 ikl A 2 60 2 A0 iR
RIREE N 2 . F UVB (30 ml/em?) H& 4}
NHDF F1 B16F10 #fiJffdJ5 it A LP (1 mg/mL)bFH
24 h, BiJ5 , 07E NaOH 57 (1 mol/L)H 241,
i FH AR {XAE 405 nm A0 2 4 20 2 o v ) P
R LR, 1A, RAHZ B4 (L-DOPA)
FE T S PR IHEGPE o B335 24 h )5, 4HBEAE RIPA 24
ff 2% MR R 240, B 010 000xg, 15 min,
4 °C)IRAF FIHW KA 80 ng M 4HNIE ik
W A1 80 uL L-DOPA (5 mmol/L)JIN A 96 FLA¥x
1£ 37 °C I F 30 min. i FHEEFRICI R 492 nm
A R B
1.10 gRT-PCR ##f

A Song A5UN Jy  UEA T AL 98 E

i
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PCR (quantitative real-time polymerase chain
reaction, QRT-PCR)K; . F UVB (30 mJ/cm®)H&
%} NHDF #1 B16F10 #fi L5 M A LP (1 mg/mL)
AEFR 24 h. f# il RNAiso Plus Kit (TaKaRa)$2Ht
A RNA, Ff| PrimeScriptTM RT &7 4 (TaKaRa)
B RNA JU 555 cDNA. Ll cDNA W#ifR, 7E
T100 PCR ¥ _Fiff7 PCR ¥4, 4551 B-actin
NNZ, P2 FOR HIWEEE mRNA AR
LKiktw, FWFIINE 1.
111 SEENEE S

Fi UVB (30 mJ/cm®)& 5 NHDF #l B16F10
M5 IMA LP (1 mg/mL)ZbEE 24 h, Western
blotting 4> HT AR H Song %P ik b A T o X HEHL
RS B IRE AL IET T SDS-PAGE HLIk, RIGH:
%] PVDF i FIFTEZ IR T 5%/ AR 3t P4l
2 h, JHAER B —$i(p-ERK . ERK ., p-JNK . JNK .
p-p38. p38. COLIAIl. p-c-Fos. c-Fos. p-c-Jun.
c-Jun. TYR. LC3. Beclin 1. p-PKA. PKA,
p-CREB. CREB, MITF Fl B-actin $/i{&) T 4 °C
BB NG, AT 2 he )5, 11 ECL
KRyGH AT R, Ak ENER RS
(ProteinSimple 2% 7)) 47 4% , {# A NIH Image J
1.38 BAFX 2 [ 45aly R4 T i 70 A o 64 B-actin

*1 SIHIFTIER

EAEANSEN, BEAE SmERR
Xt B-actin MG S ORI, 455 F/R M AL BRAD A X
T BRI AR e 3k
1.12 St oth

AW 5E P A5 B 3 R 7 3 1 A o 2=
(means+SDs)# /. £k A SPSS 23.0 (SPSS
Inc. ) TRy 255047, A A a4 2 (] 2
WEME. P<0.05 FoRzEFHEAREN. AR S
MK i Pearson AHI M REGE A T0HT -

2 ZERE54

2.1 LP ¥ NHDF #1 B16F10 ZRpE /7.
DNA /5 & 83+ ROS 7K B9 520

LP %} NHDF #l B16F10 ZHff1i% /7 . DNA i
fFAEXT ROS K- sgm WL 1-3. 4niEl 1A
1B Ai/R, H525 (4L, UVB REST R ERALT
NHDF 5 BI16F10 #fififl 3% J1(P<0.05), 4Nl
2A-D FIE 3A-D fizn, 545 H4AHE, UVB B
it i 1558 T NHDF #1 B16F10 i A DNA 4t
P (TUNEL  BHPE 20 i 5838 i AAHXT ROS 7K-F
(P<0.05). LP W[ %% UVB X} NHDF #
BI6F10 4G /1. DNA {5 A% ROS 7K3F
1) 47 T 5200 (P<0.05)

Table 1 Real-time PCR primer sequences
Gene Primer sequence (forward) (5'—3") Primer sequence (reverse) (5'—3")
NHDF cells
MMP-1 TCTCTT GGACTCTCCCATTCT AATAAGTACTGGGCTGTTCAGG
MMP-2 GATACCCCTTTGACGGTAAGGA CCTTCTCCCAAGGTCCATAGC
MMP-3 GGTGTGGAGTTCCTGATGTT TGGTCCCTGTTGTATCCTTTG
MMP-9 TGTACCGCTATGGTTACACTCG GGCAGGGACAGTTGCTTCT
B-actin GGATTCCTATGTGGGCGACGA CGCTCGGTGAGGATCTTCATG
B16F10 cells
TYR GTCCACTCACAGGGATAGCAG AGAGTCTCTGTTATGGCCGA
TYRP-1 ATGGAACGGGAGGACAAACC TCCTGACCTGGCCATTGAAC
TYRP-2 CAGTTTCCCCGAGTCTGCAT GTCTAAGGCGCCCAAGAACT
B-actin TGGAATCCTGTGGCATCCATGAAAC TAAAACGCAGCTCAGTAACAGTCCG

MMPs: Matrix metallopeptidases; TYR: Tyrosinase; TYRP: Tyrosinase related protein.
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3 400 Z 400
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3 00 3 00 . - . :
Control UVB LP UVB+LP © Control UVB LP UVB+LP

1 LP %} NHDF #Affl(A)F1 B16F10 4AA(B)7E 14 A2 M0
Figure 1 Effects of LP on the viability of NHDF cells (A) and B16F10 cells (B). Results are expressed as the
means+SDs (n=3). Values having different letters are significantly different (£<0.05).

A Control UVB LP UVB+LP B Control UVB UVB+LP

€ D
£100.0 S 100.0
S <
T 800 g _
ki . E 800 .
o 60.0Ff 3 600!
Z °
G 400 b = 400} b
5 a a 8. a a
=2 200} o200}
Sl B I RS
5 Z
2 00 : : : -5 00 - x -
Control  UVB LP  UVB+LP & Control  UVB LP  UVB+LP

2 LP %f NHDF ZARf(A 1 C)F1 B16F10 AR (B #1 D) DNA 5450200

Figure 2 Effects of LP on DNA damage by TUNEL assay in NHDF cells (A and C) and B16F10 cells (B and
D). (A) and (B), photomicrographs (scale bar: 50 um), white arrows mark green fluorescence. Quantitative
analysis of TUNEL-positive cell rate in NHDF cells (C) and B16F10 cells (D). Results are expressed as the
means+SDs (n=3). Values having different letters are significantly different (P<0.05).

2.2 LP %I NHDF X ZRmEXES  mE 4. K 4A Fos, S A4ME, UVB
A HE SR 2 FRA T NHDF 40 it o 18 e 2 1+ 1
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AR P TR S B 1 S AR, AnEl 4B-E T
N, a4, UVB BB T
MMP-1, MMP-3 I MMP-9 mRNA 7KFDL K
p-ERK . p-p38 Fll p-c-Fos & 17K F(P<0.05), ifi
LP % T UVB % NHDF 4 il i) b3 71 1 50 .
A, SasFEM L, UVB MG R E R T
NHDF #fififY) COL1A1 & 1/KF(P<0.05), T
LP &1 T UVB 3 E(/¥) NHDF 4 i COL1A1
E KRS T FE(P<0.05), ERK, p38. p-JNK,
JNK . c-Fos. p-c-Jun Fll c-Jun 25 [ 7K FEAE 420 (7]
¥ % 5(P>0.05)
2.3 LP X/ B16F10 {2 & E4 A
XS

LP Xf/NEL B16F10 4 g H 28 €228 A il 56
SH L S iznlEl 5A-C i/, 7£ B16F10
ik UVB REBH R RS TRAR T ®. KA

Control UVB

Control UVB

2 Wi P A & TYR. TYRP-1 #1 TYRP-2 Hy
mRNA 7K3-(P<0.05), 1fif LP &%k T UVB 7
) B16F10 AU R AR 5 5 BB i 1 LA
M TYR, TYRP-1 1 TYRP-2 mRNA 7K f) 55
(P<0.05). WK 5D, 5E fiR, HasA4MLL,

UVB RT3 E8h1T B16F10 408AY TYR,

p-PKA . p-CREB #l MITF % [17KF-(P<0.05), i
LP B &AL T UVB S5 B16F10 4i/ifd TYR.
p-PKA . p-CREB #1 MITF % H /K ¥ 1 T &
(P<0.05). IIt4h, 525 (ZHAMLL, UVB MG
M6 it T BI16F10 4H i i LC3-1 . LC3-1I .

LC3-II/LC3-THE 1 Beclin 1 & F17K 3 (P<0.05),
I LP @ k3% 7 UVB S84 LC3-1, LC3-II,
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Figure 3 Effects of LP on relative ROS level in NHDF cells (A and B) and B16F10 cells (C and D). A and C,
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Values having different letters are significantly different (P<0.05).
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Table 2 Correlation coefficient of the anti-photoaging and anti-melanogenesis-related parameters

Independent parameters Dependent parameters Correlation coefficients P
NHDF cells
p-ERK p-c-Fos +0.925 0.000
MMP-1 +0.653 0.021
MMP-3 +0.835 0.001
MMP-9 +0.838 0.001
p-p38 p-c-Fos +0.927 0.000
MMP-1 +0.704 0.011
MMP-3 +0.900 0.000
MMP-9 +0.903 0.000
B16F10 cells
p-PKA p-CREB +0.961 0.000
MITF +0.926 0.000
TYR (mRNA) +0.951 0.000
TYR (protein) +0.961 0.000
TYRP-1 +0.836 0.001
TYRP-2 +0.949 0.000
LC3-II p-PKA -0.915 0.000
p-CREB —-0.891 0.000
MITF —0.867 0.000
LC3-II/LC3-1 p-PKA —0.906 0.000
p-CREB —0.931 0.000
MITF —0.851 0.000
Beclin 1 p-PKA —0.945 0.000
p-CREB -0.912 0.000
MITF —0.881 0.000
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