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B OE: [88] EREBIRSHAKERH KT R4 (human immortalized epidermal cells, HaCaT)
AZ 3 3 B F E2 48 X B T 2 (nuclear factor erythroid 2-related factor 2, Nrf2) & ik & 49 2h #) S AT B
CUMHﬁ,U%ﬁ%%%Fiiﬁ@&%Mﬂ@DL%%%%&%ﬁ%xLﬁ%]kk@ﬂi

TIEH 500 mg/kg D-F FUbEE 5 B R % RAEE (n=6), FH o AE F 5x10° CFU % & 49 3) 4 Wk
AFH CCEM1155 R & @ WA ik 4s LiF R Bk, 8 Bl b RAEAREZRIL. [£R] sh4h 0k
AFH CCEMI1SS & AU R LB AR 69 mor A RKERAWK, MRk LF LB RIERE
MR &R R, SR A4, v IR CCEFMI155 R & AR 48 (1155B) 6 2 3 i & % %) RZ
FRLLLRLEM), 338 A0 R K 3 (P<0.05)5 A KK R 4 4 % 5. (P<0.01), K Z ZA47EFE p2l 49
FIE R B-F U F B E M (P<0.001), HXEMAERZEZAA . sib, 1155SBALRERZT K
o B A ALY AL EE(P<0.05). 1T B AL EBEE P (P<0.01) AL R A A& B IK 42 (P<0.01), &1k &
ZBEKR(P<0.01), 3R AARE S, H—F AR AN, RFRAKT LA N2 49 mRNA
(P<0.05)Fe % @ & A (P<0.001), FATEE R T afdu fAL K B fo b1 & m £ 51 (heme oxygenase-1, HO-1).
T A A R BE 1 (peroxiredoxin 1, Prdx1). AREIE & & 1 (thioredoxin 1, TXN1)F= 5 2 R F ﬂ?w}h R
i% 3% B 4L I 3K (glutamate-cysteine ligase catalytic subunit, GCLC) #9455, A& Nrf2 F i1z 5
@, (48] KR IEE W RBEATEH CCEMI155 K& F AR T8 18 307F Nrf2 13 58 58 4 1%
B E . AR ABAETLPENR BRRETHAA, HAFL bR REIRE Zmi
BT HEE R,
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Inactivated cells of Bifidobacterium animalis CCFM1155
modulate the Nrf2 signaling pathway to alleviate skin aging in mice

CUI Haobo, TANG Xin", MAO Bingyong, ZHANG Qiuxiang, ZHAI Qixiao, ZHAO Jianxin,
CHEN Wei, CUI Shumao

School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu, China

Abstract: [Objective] To investigate the efficacy of postbiotics prepared with Bifidobacterium
animalis CCFMI1155, a strain previously identified for its ability to enhance nuclear factor
erythroid 2-related factor 2 (Nrf2) secretion in human immortalized epidermal cells, in alleviating
skin aging. [Methods] A mouse model of skin aging was established by daily subcutaneous
injection of D-galactose (500 mg/kg) for eight weeks (n=6 per group). The model mice were then
orally administered either heat-inactivated cells (1155B) or concentrated fermentation supernatant
(1155T) of CCFM1155 cells at a dose equivalent to 5x10° CFU of live bacteria. [Results] The
1155B was the primary postbiotic component exerting anti-skin aging effects, whereas the 1155T
group showed no significant effect. Compared with the model group, the 1155B treatment
ameliorated skin aging phenotypes by improving the skin tissue structure, increasing the epidermal
thickness (P<0.05) and dermal collagen fiber density (P<0.01), and decreasing the expression of
the senescence marker protein p21 and the activity of senescence-associated [3-galactosidase (P<
0.001). In addition, the 1155B treatment enhanced the antioxidant defense system of the skin by
elevating the activities of total superoxide dismutase (P<0.05) and catalase (P<0.01), as well as the
content of reduced glutathione (P<0.01), while lowering the malondialdehyde level (P<0.01).
Mechanism studies revealed that the 1155B upregulated both the mRNA (P<0.05) and protein (P<
0.001) levels of Nrf2 in the skin. Consequently, it promoted the transcription of key downstream
antioxidant molecules, including heme oxygenase-1, peroxiredoxin, thioredoxin 1, and the
glutamate-cysteine ligase catalytic subunit, thereby activating the downstream signaling pathway of
Nrf2. [Conclusion] The inactivated cells of B. animalis CCFM1155 alleviates skin aging by
activating the Nrf2 signaling pathway. These findings offer a novel perspective on postbiotic
regulation of the Nrf2 pathway and lay a theoretical foundation for developing safe and effective
anti-skin aging products.

Keywords: Bifidobacterium animalis CCFM1155; Nrf2; anti-skin aging; postbiotics; D-galactose-
induced aging

W IEIR A P RERERT AW iR A AR, BRI B, X e o — A o
HAEpEE AL S E R, FmAS RS EEME e LN LR sh
FHUARIET -, MM ARERIORS T, IR ko E 22—, KRR A5
ARG S — B pRp . R 2RI PE%A (reactive oxygen species, ROS)AE B i,
REE . WA FEE NS E A, UkE HEELSBEBARARBEER N THEED

P4 actamicro@im.ac.cn, 7 010-64807516



BEIGTE 25 | BUEY~AAR, 2026, 66(8)

3955

HAEPL,

W5 sk B B2 A OG- 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) /& 4 il 470 8 Ak 2
JO7 P R SRR B RO, B AR IR, Nrf2 %
RAKCET R, SEGUEALRE IS . AL
T, AT BN 2 P AE AP, P 4
T+ Nrf2 F IR0 A 95 32 K A DG 1Y o 22
Feg . CAMFERY], WIRPERGE Nrf2 8 # g
P& 5 Nrf2 H 28 35 A] A7 2400 o 20 i b Ak g
FES —BE Nef2 BRI, N MR FER
AR FOSUIICAE: £ B T 52 AT 3G i Nrf2 {5 53 5
BN A S A0 2 5 2 % B v A 1 AH S35 95 1) T A
RS sk, RSB ZGE I AG, AE
PERERIVE, AR 10 B0 [F] i a] T4 1E
WAMIIGE, 51RO,

Jo A2 o — R R AR SRR, PR KT A
A T KA A, E B A IR
Mash . BEEERR . AN R AP E, 5
eg s Mtt, EATTEA T mZetE. 1
EME, G FA S AR s e
i A — MR A 3 BT T 1 sh L
FF# CCEMI1155, MRAPSERG A R ELN], %R e
AT R i AR T HoO, U5 A8 A 49 19 A K
oAk M BB A 4 MY (human  immortalized
epidermal cells, HaCaT)fFifi %, JFARUE#E Nrf2
eIk, DAITZ fif A0 B e T i o0 kg,
FE 75 30 1 AR N R Nef2 (95 508, #Emr
AT T B DA KRB 2 TR, )
ARt —P 00k, HK, J5 40 & )
Nrf2 Ht 48U T A FH 0 ) Jox Aty H i e s A0
RETH, BT REREANARA T2 S R
AL IE . ABFSE T D-F FURS A
AN AL, B ER 3 ) R AT TR
CCFMI1155 J& £ et B IR S Nrf2 f5 -5 i i
AR, IR i g g, DA 2
T g AR RS Nef2 38 B bt 2 DR ny e gt
KA

1 AR5

1.1 ##§
1.1.1 EFk

W AT E CCFM1155, T KA
HEWEARG L
1.1.2 FERFIFLF

D-2EF M, Sigma-Aldrich A A5 IR Nrf2
WA, DR YRHE AR AR ; RNA #2
Qi N VLR 3 S 7. Wi N ) 9 el = 1|
SYBR Green Mix, i35 MEREAE DR Iy A
FRAF]; PCRAHCH W, A TAY TR
A BRA T o A S (catalase, CAT) A il 12
M B A ALY A (superoxide dismutase,
SOD)I i & . i YA Bt H K (glutathione,
GSH) M 2 L 1 & . N — % (malondialdehyde,
MDA E B &, m o # A Y TR T
B BCA AR ERNNAN &, LR
RAWEARB AP A F]

B TAESR, BMNERESFEARGIRAF;
bk RS IR, IR (A LRI A R A
F; Multiscan GO ZUIHERFFRY, FEER KRB
F(PENERAF; il WL, TR
ZHMBE R AF AU R AL,
3DHISTECH A ). SEAf 28t & PCR AL, H
7KAY, Bio-Rad A7,

1.1.3 EFRE

fii fb MRS 15 5% 3 (g/L): BE L2 HU 5.0,
EEME 5.0, %k 150, BERE M 3.0, f7
BEER A 5k 3.0, WEFRE A 3.0, —/KAHR
5 0.05, LAKEHREEE 0.1, L-2EMeak 1.0, ot
75-80 1 mL.

1.2 EETTHSIE

T 3 WU AT B CCFM1155 164k 3 125,
B HAZRN Tk MRS 35375 37 °C 9755 24 h,
ME TG FEUS . 8 000xg .0 20 min, WCEENRH
e, IAEFRER KV 2-3 Wk, EINAE R
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BRI TR, 20 RN B G I TR0 TR 4K
WARJCTE e /0T 10° CFU/g, Bl Jn #ef71% T IF
FREE; WCAE LW, BEZEW 4 20 %5 )5 T-20 °C
TRAF

S AL T4 2 VR BE IR A - A5 Bl ) LB AT
p CCFMI1155 G WAk 2x10" CFU, 6 & %
TARFR 1000 mL. 4% T 18 5 AR A5 18 M A
THEN 1.43 g HUMIHE, BZrR TR
T 1.40x10° CFU Y& (M5 ik 2x10" CFU/
1.43x10° mg); % 2 Fh ¥ 4 & B2 0 AH 24 T 4.0
10" CFU MGk 2x10" CFU/50 mL).
1.3 h4)sLie
1.3.1 zh4PsELeigit

AHI5E BT A S S B AR VL R K 2E s e
PR AL E, 454 IN.N020240430b1200717
[197]. 8 Jii#& BALB/c HERR, Jbatdeim fl4E 505
W ARARA T, 36 HfEYE BALB/c /MR (8
JE%, SPF %%, 18-21 g)idiwtin3E 7d )5, Kb
LAk 6 4 (n=6): %5 %) B (control) 4l | A5 7Y
(model)4H . ¥ FRFEXT BE (med)4H . BHEZ B8 (pe)
H . ShYRUEFTHE CCFM1155 Kk H4&(1155B)
2 FN B W) XU AT B CCFMILSS & B I 3
(1155T)4H . B control 2141, HA#41/NEEH
5 8B K T A H R K B A D- 2 2L
(500 mg/kg), HELEERL 8 JE. Hifal, 1155B 41/h
A H T 5x10° CFU S5 m A KIG A 1155T
H/NR B HPEE 5%10° CFU 25850 1Y R B2 35
med 415 HVE B SRR LR MRS #5555
pe 145 2 Jili%ELE 5 d B IR E(S mg/ke) Rt
B 2 (50 mg/kg) ) 10% PEG400 % "; control
ZH 1 model ZH /N FUEF H #E B SRR A BRER K
IS5 — T 10 S s B4 oI X /N BROEY BB 2E 17 )
E, 24 h J5abst/ R, ST RIEH
1.3.2 MREBKALREFE D

AR /NS R R R ALZY, DL 4% 2R
W A2 24 h, BRI K G A A . KA i B
YIRS pm JERYI R, ARIEFRIE T 26 7 93 AR -
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1. (hematoxylin-eosin, HE) %% { 1 Masson 4%
o el LA R IS e, R o8 4 B S AR
FHAY R FRACT . A A 802 BRI
S B4R Imaged BT 58 . B /N BUEZ
FRFEACKAE 3 N EATES SRS, 29
TE 10 f5F0 20 f5 i RAS 3N #4700, B3 A4S
LTS EAE R e R . A RENLE
B3 FUNR(n=3)i1 T 35 HT o
1.3.3 SREELST

R FH A 2 21 A TR R I /)N BRURZ Bk 4L 21 rh p21
FNef2 B EE 1 KF o 4% 5 pm R 8 R kA
WD) BT 60 °C REAR 5 i 120 min, IR
JBEEE 3 W (BFIK 5 min), BHFECREERML, YIRR
APURBEE R, Ll 3% H0, Fl =M E 10-
20 min, PBS Fu/ME0E 3 K. 3% BSA =ik 4]
2h, WINPT 4°C LREH ., PBS FEIUERK
3 W (BIK 5 min), MIREERRE G —Pi.
TN HAR 1 4 1L W) i (horseradish peroxidase, HRP)
bric —9t, =EHE 1 h, PBS Uk 3 1K
(?ﬁ( 5 min),
1.3.4  EREX S % IR MM E

BN BRTS F R RRAH 2L, A T3 A IO fe
P& UL W€ M 5E (radio immunoprecipitation assay,
RIPA) 2% #P , T vy 3l i 2H 2 0F s A3 v e 1
(65 Hz, 5s/AK, fE¥H 10 ¥X), 4°C. 2 000 r/min
250 10 min J5 HCE VW, B0 S B A
MAHA T Nef2 &t WE 25 R A V5 O R
EHWE AT (LB, BEAWERH
BCA £ FHll & 0] & e
1.3.5 EMKEESNE

WO B AR B BRZH 2L, I A 14 1Y PBS,
F e e 2 AU SO B (65 Hz, 5 s/, 1
10 %), 4°C. 3 000 r/min &[> 10 min, HX [
TH W, i BRI 5 A I 2H 2 b SOD Al
CAT %41, LK MDA 1 GSH . bréafbis
PRI E 25 SR LA 250 K i R B AT 00—
fRALTE, SR SR BCA & H I i &
ME .
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1.3.6 SEATRNEE PCR (qPCR)

W /N BT B8 Bz IR A1 4UE T8 A7 K A AL B
PR TCEE B0 T, 1R RNA 4 HGR7] S48 L
BLRNA, Jf DL % S5 &6 1 pg B RNA i
B 55 ¢cDNA. LI SYBR Green Mix i £ PCR
RWARFR , TEDENE B AN F A ) - 55
R SRR, SR 2724 3 A H I SR R AR X 26
ikt ., PCR WK (10 uL): Tag Pro Universal
SYBR qPCR Master Mix 5 uL, iE. [ Ia 5%
(10 pmol/L) 4% 0.25 uL, #% 4 DNA (10 ng/uL)
1 ul, MFEK 3.5 plo A Z&AMF: 95 cCHAL P
5min; 95°C7AEM: 30s, 60 °CiEk 30s, 72 °CHE
fif 2 min, 3t 40 NMEH; 72 °CL LA 5 min,
SIYIFAINE 1 PR
1.4 BRSS9 H

Geit ot 2z {8 A GraphPad Prism 9.0 %X

=1 BHRERERSIFS

o SLEESRER 3K, VAP SEbR R ER
TN o PHALE FE R WU Student’s ¢ K46 ; £
A bR H R 2 4 A (one-way
ANOVA).

2 ER599

2.1 ORRsMIMXFTE CCFMI1155 f54%
TN BR AR R R IR F R R0

2 AH/INER TS B0 K R 20 HE e ol S aniE 1
Frs, FRJEEM 25 R K 2 Fis . control
/N IR R B 5 L JR AR B M, 3% B 4t il
Hp 5w . JIBBIEH , BEFLCLZ AR ZETE
BT BE, RZIRMR A B IS], LT YR An i
FE BN, MILZ T, model 41581 H Y
R AT RN A, A0 R R R B i 2 b (P<
0.000 1), HZLFAEH LS EAS . K5 E

Reverse primer sequences (5—3)

Table 1 Target gene primer sequences
Primer names Forward primer sequences (5'—3")
Nrf2 TCTTGGAGTAAGTCGAGAAGTGT
Keapl TGCCCCTGTGGTCAAAGTG
HO-1 AAGCCGAGAATGCTGAGTTCA
PRDX1 AATGCAAAAATTGGGTATCCTGC
TXNI1 CATGCCGACCTTCCAGTTTTA
GCLC GGGGTGACGAGGTGGAGTA
GAPDH AGGTCGGTGTGAACGGATTTG

GTTGAAACTGAGCGAAAAAGGC
GGTTCGGTTACCGTCCTGC
GCCGTGTAGATATGGTACAAGGA
CGTGGGACACACAAAAGTAAAGT
TTTCCTTGTTAGCACCGGAGA
GTTGGGGTTTGTCCTCTCCC
TGTAGACCATGTAGTTGAGGTCA

control model med

pc 1155B

1155T

Bl NREIEBHERE

Figure 1 HE staining of mouse dorsal skin.
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Figure 2 Epidermal thickness of mouse dorsal skin.

*P<0.05, **P<0.01, ****P<0.000 1 vs. the model
group.

EiEEZM, X5 Lin EPER -8, 5
model ZHAHLYL , B BUEAT I CCEM1155 K i
FART Wik s 1T FaRIBIT M AR, RIEE B
FHN(P<0.05), FLEZAFAEALSHIIE T R A
J¥. Masson Je (25 K 3 prs, IR FHAH
X g B A5 R UKl 4 Fr7s o control 2H HL 7 )2 H AT
Wit BEMNKRIFEEAR, #5582
i, 5 control 41A4H L, model 411 5 E H
LYERN R HHESIAR I AY, BB DX S BT 4 ey
ik . 5 model 4IAHEL, 1155B 415

control model med

LR YR AN (P<0.01), HEFUWRE A, I
RERE], HRSIYBUEAT# CCFMI1155 K
TG TR AR P A 00 e R o 2 P B AR AT M
AR AR 1155T 4 R RS S model 4LHH HLTC
i 22 5 (P>0.05), FREASEFREE K LW LIS TG
i EHEETER
22 OREMINXAFE CCFM1155 5%
TLITNREZ BR p21 TR A FRIZHIF N

p21 (X 44 CDKNI1A)E—Ff 4 fig J& # 8 FAK
P TR T A ), A R A S A TR R R
FAA Prdr e, nlaE I i S R k4 i R 3
155 i S e 1F 52 28 M ¢ 4 W 3% A (senescence-
associated secretory phenotype, SASP) =4, [#
RS IR IT 5| R SE, B2 IK 3l B K IR A 4
P AR TE L F D) ARS8 i s 4H Ak 1 AG
TN KRR p21 A FRIBAKT-, iR aE 5 By
7N o control ZH 7 ikrh p21 FHPEGe A/, KL
2 R ERELEMGE TS, p21 R,
5 control HAHL, D-EILHE RGN EE
W2 BRESLJRFIE p21 HE G 5 2
Sk B s DXBRRT UL B AR Lt R p21 R
KEE B, 5 model 4L, 1155B 44 p21 FH
PEYL I >, 3R B2 e B XA A5 5 I
55, %3 control /K-, FHIH RSP SUE AT
7 CCFMI1155 K i B (A m] i 35 4 il B Jik p21 25
FIak, M E 2% J7 ik %2 % . Gerber %17,

pc 1155B

E3 /NREIBEEEMassonFE
Figure 3 Masson staining of mouse dorsal skin.
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Figure 4  Relative quantification of collagen in

mouse dorsal skin. **P<0.01, ***P<0.001, ****pP<

0.000 1 vs. the model group.

Samdavid ZEMEFF R, LA pl6. p21 Al

p53 SFEE A AN RN, TR B

RATFHE 5 J R e

2.3 OREMITUIRATE CCFMI155 5%

XN BB B-F FLAEEESE IS
B- ¥ FL B¥ 1F M (senescence-associated PB-

galactosidase, SA-B-gal)Jif P T =& H i) 2 Al
M a2 B pn i 2 —120, HAe ek
B 5 A P S R, R A R
R EELS b, WE 6 Fias, 5 control ZHAH L,
model 41 SA-B-gal {if /1 .2 [1#(P<0.000 1), &
A 7 P AR R . 5 model 41AHEL, 1155B
2 SA-B-gal 1§ 1 P T 14.82% (P<0.001), 4T
control ZH 7K, med £l 1155T 41 SA-B-gal i
715 model ZHAH L TG Bk 22 5 (P>0.05), L iR%h
R, DRSS R CCFM1155 K& 1A
PR T I 2 B /N B i SA-B-gal 6 1. 2% LRT
i, E AR R Sl SUEFE B CCFMILSS J5 A=
JC ) F2BEE M LA T S R R A RER A, s
D-PZUHHF T 00 B2 R A TR AR
24 ORIV FFE CCFM1155 f54%
TLIF MR R BRI E AL BE ST R

Bk B e B E AR B R g, A4S
SOD. CAT Fn4% Bt H kit % 1k 9 1 (glutathione
peroxidase, GSH-Px) 4§ i 25yt A fL %), DA M
GSH. 44 % C M4t % E FAEM R I Ak
FPU 4K 7 Fias, 5 control 4AHI, D-2FFL

100 pin

control

med

‘‘‘‘‘‘

100 m

Es NEREBp21RZANEE
Figure 5

pe ' 11558

Immunohistochemical staining of p21 in mouse skin.
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Figure 6 [-galactosidase activity in mouse skin.

*#%P<(0.001, ****P<0.000 1 vs. the model group.

A S0 5 % J2 ik SOD (P<0.000 1)F1 CAT (P<
0.001) 3% ¥ & GSH 7K F- (P<0.001) ) i 2% F F#,
TR 2 T ARSI . 5 model Z1AH L,
1155B 41 SOD iif PE & /= T 25.21% (P<0.05),
CAT T PEHRE T 45.78% (P<0.01), GSH /K F-42
5 1 38.42% (P<0.01). It4h, MDA 2RI
ADES a7/ IR T/ NIN K =R (iR (Ta B /R TS
P2, RS U AT B CCFMIT155 K3 B 14
A A R0 5 D-2F LA 5 10 MDA Ft & (P<

>

o

0.01), 5 model 44t MDA K F-FHIK T 29.42%
(P<0.01),
2.5 ORIIMEAFE CCFM1155 f54%
TR EZ Bk Nrf2/Keapl FRiEHISZ0T
Kelch ¥ ECH XX & [ 1 (Kelch like ECH
associated protein 1, Keapl)/&—f WG Bc & H ,
AES 40 M I Y Nef2 854, fEAERI AT
Nrf2 £ Keapl /18 85 B RE M, kK
BAR; M2 FERBCIR . ROS 45 MBI Keapl
RGO, BET Nrf2 FEA%, Nrf2 2 F 2
IR AP, qPCR 25 R /R (K 8), 5
control ZHAH ., Nrf2 mRNA #H X%} 15 o Ib Z %
IX (P<0.001); model 41 /) fi 75 #F 52 ik Keapl
mRNA X3R5 W 33N (P<0.001), X5 Li
4241 Xia SIS A5 3. 5 model 41AH
v, 1155B ZH Nrf2 mRNA #ik % 4 28.67%
(P<0.05), {H Keapl mRNA /KF-JcH i 2% 5(P>
0.05), < HH HBOE Nrf2 38 8% 19 HL A 1T
Keapl i, Gpedl bz R o Bios, X
HAEEANE 10 fi7n . control 2H 3 Jz Kz B Hz m] T,
B AR B (O PR G (0, Nrf2 85 K8 s
model 41 A7 ¥ €8 BH 1 2% 8 1 2 08 /> (P<0.000 1),
Fe D-2PFUBHE RS Nrf2 85 1 38 2 2306
5 model AL, 1155B 4 A7 (4 P Y f0, %
W%, Nrf2 %1%k EJF(P<0.001), 5 qPCR

40 * 101 *% 4r . 25- L
- g
.E 30l ko ol ,E)g_ ek kk -§3_ ok % 54_ Kk *%
S S = o
o o L -
e 50 5 5 6 &0 - o £ 3 E@ — =
E i E \E iil_ gz = '62 j E D
> | B8 Tgeqvg =& =g~ sE&2 -
8 10t > = =R 3
: g2 ; 2l
) 20
> QD g .S > > Dd g L SRy RS > > D Q> S
L ¥ FF S ¥ FF S5 ¥ FF S SRS QI R )
SEE I SFEE I S IE® IO R R
E7 DRI EEEIERR

Figure 7 Antioxidant capacity indices in mouse skin. A: SOD activity; B: CAT activity; C: GSH level; D: MDA
level. *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1 vs. the model group.
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gEOR g, g BT, TR Bh B AT
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