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Lacticaseibacillus paracasei CCFM1224 postbiotics alleviate
sebum metabolism disorders by regulating lipid metabolism

LU Yongli', TANG Xin'", PAN Zhenghao', LIU Fei', MAO Bingyong', ZHANG Qiuxiang',
WANG Botao'?, ZHAO Jianxin', SHI Haining"*, CHEN Wei', CUI Shumao'

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

2 Bloomage Biotechnology Co., Ltd., Jinan, Shandong, China

Abstract: [Objective] Sebum metabolism disorders are a key contributing factor to various
dermatological conditions. As an emerging class of microbial agents, postbiotics show potential in
regulating metabolic processes. This study aimed to investigate the efficacy and mechanisms of
Lacticaseibacillus paracasei CCFM1224 postbiotics in alleviating sebum metabolism disorders
and explore the active components responsible for the effects. [Methods] Using a mouse model of
oleic acid-induced sebum metabolism disorders, we comprehensively evaluated the efficacy of
CCFM1224 postbiotics in ameliorating sebum imbalance. This evaluation encompassed phenotypic
measurements, hormonal parameters, and skin lipid content. Changes in the expression of genes
related to skin lipid metabolism were measured via real-time quantitative PCR. Subsequently, a free
fatty acid-induced lipid accumulation model in HepG2 cells was utilized to screen the active
components of postbiotics. [Results] CCFM1224 postbiotics significantly ameliorated sebum
metabolism disorders in mice. This was evidenced by mitigated abnormal weight gain, a reduced
testicle index, alleviated histopathological skin damage, and decreased levels of inflammatory
cytokines (IL-6, IL-1B, and TNF-a) as well as triglyceride (TG) and non-esterified fatty acid
(NEFA) in the skin tissue. CCFM1224 postbiotics modulated sebum metabolism by
downregulating the expression of lipogenesis-related genes (FASN, PPAR-y, and SREBP-Ic) and
upregulating the expression of lipolysis-related genes (PPAR-a, HSL, and ATGL). Further cellular
validation identified the inactivated bacterial cell component as the key functional fraction, which
effectively alleviated intracellular lipid accumulation and associated damage, thereby clarifying the
material basis for the effects of CCFM1224 postbiotics. [Conclusion] L. paracasei CCFM1224
ameliorate sebum metabolism disorders by modulating hormone secretion and lipid metabolic
pathways. The key bioactive components were identified as the inactivated bacterial cells, rather
than the fermentation supernatant. This finding provides a theoretical foundation for the application
of postbiotics in regulating lipid metabolism disorders and establishes a basis for developing
related functional microbial preparations.

Keywords: Lacticaseibacillus paracasei; postbiotic; sebum metabolism disorders; lipid
metabolism; inactivated bacterial cells

BN 2 B IR e B L B2 A 20, AR WG A e e dl, el S R 4n i 9 ik
PHER AR R R A T RE O, R BERRGK, BRI b R R AR 2 ALY,
R FE ML A NG5, mEmES R NIRIR SRR IIRE, S E08KRE | IR TR K

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



FRBFT S| BUEYSEAR, 2026, 66(4)

1943

9o . AR IEIRAE B R Y & AER A R BRARIEEER
GLATRE I E AL (INIEI ) . RIE . TUED B
A5 UL B PR35 5k R (AN R AR S ) 2 5 i
H s RIS bt T4t A iR A
B—EITRL, BB 2R RYE, LR 251 |
JFEEPE . BomybE R AN Ky, PRI R T 4
KW L4 KR T

VAR, 25 A BB E S ] 38 0 D R E S5
AAL DB AT BB A R R TR R B R AR S
e T o B Rk G A 22 Bl 4% 003 B R
R ALY ERTEENE, AR AKX
T 4 A TR (UL BR AT TR0 ) 7 28 ik B DR R AE Ty T %
P 505 B A LA O B e AR e e X
XoF 1 32 A B A 25 19 6 A= i AR i A sk R 4y
A, AR e A A B AR L AR AN
ol i 24 e ot SR AR m A b, 5 AT
HABREWS . ety . 5 THaasm
B B, ELBE G T B RR O R E A
AIBRHINT, TR B R R R R . RAEE
A WFIEIE S5 A= Je A PR AR AT 58 5 T Y
W B TR A e AT i iR ALY
HARZR By B S ml g oF 58475+ B BR . #il
WOFF C RS, @ T B 2L B AT I CCFM1224
J&i A T R % 38 2 R 7 R O A A R 2% AR R IR
RE RS B/ BUIE T ORE M IR 05 AT He i
ARG 5 AL A 3% A B A I X 4% 2% ) S Bk, i
WEAE R MUK AR BT & B . o3 5 B ds 0 2
B, HE AR AR S A A 0T A i A A
i 7 5k B4 Mg o A 5 0 b o B, T R R Mg o
ARG 25 AL S R 1 IR 45 T R R AR T A SG
PRI IRUSIS K, CCFMI224 J5 2B JCfiE S
i 2 R R A ok S B MR AR AL, B
LR D)0 40 15 e ity K o3 F- AL o AS B A

AT 7 388 3 4G 2 T AR 75 3 /DN BB R AR it
BRI TR ¢ 3 O (1 B 7 O
CCFM1224 J5 A= Joxf J SRR 2= AL ks R -,
FERA BT B2 JR 20 20 Hp i AR S B L PR g
ARk, B LR B IR A A HLE . R

PR CCFM 1224 J5 AT DI i L fili, AT
58— 25 F T B 1 105 R (free fatty acid, FFA)i
T 1Y HepG2 4fl Jifd fig B 4G i ZRALAL AL, 1F Al
CCFM1224 J5H: g0 & I 1 i I3 B A 43 %o
AR B A R AL SRR

1AL

1.1 ERANLHRE

F T B LB FF B CCEM1224 VTR K2F
i A ) T B AR K o0 (Culture Collection of
Food Microorganisms, CCFM)#2{It . A JT4&5 41 Jig
Bk HepG2, 4 H HrEBMzEBE k4B RT .
1.2 FERFFLES

B&AE H R, A2 v bR AR AL R By A PR
oyl WEEEAY, 2 B RE Ry A R A ]
MgSO4+7H,0. MnSO4-H,O. K,;HPO,4:3H,0,
Wk, E2GE B EG A R AR bk
Z R BEE Z W . BCA Ak I E 7 &
RIPA 24, EHEEE = RAEYHARB A PR
H); UNIQ-10 #: TRIzol . RNA 73 B iR 7 £ |
A TAY TR RO ARA R /N E 205
4 % -6 (interleukin-6, IL-6). 1 40 Jfl /% % -1P
(interleukin-1B, IL-1B). ¥ 983 S8 HE A -« (tumor
necrosis factor-o, TNF-a) ELISA 5] &, R&D
Systems /A A ; CCKS8 7] & . HiScript® IIT RT
SuperMix for qPCR (+gDNA wiper)., ChamQ
Universal SYBR qPCR Master Mix, Fg &% 17 MEHE
A YIRS B AT BR A Bl 5 RPMI-1640 15 97 4 |
B s . FFEER RGN, Gibeo AH]; Hil=
fig (triglyceride, TG) Ml i & . & 0 [& % (total
cholesterol, TC) Il ik & . 4 N #% & [ (alanine
aminotransferase, ALT) Il i & . & ¥ % & ¥
(aspartate aminotransferase, AST)Mi & . WF E AR
JIfi ik (non-esterified fatty acid, NEFA)I ik & . 52
m e . RS RS, MY T
WHFERT; TR . FEAHR, Sigma-Aldrich A,

HWS-150 fHIR KT 246, FHER{E LR
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HIRAT; SERE R PCR NS . S E 3L
P ye i, Bio-Rad /A H]; % R & O,
Eppendorf 7 # 5 MLS-3750 7% 75 K & & ,
SANYO 7~ dl; il i 41U BE Bl . V2 1 T
ML, TUHZ AR AR A YR HET
Y, %95 F] 3DHISTECH 23] ; Multiscan Go
ZIUIREBAL, LI R A A
1.3 FEETHlIE

¥ 8+ B FLBE AT B CCFMI1224 1k 76
MRS $; 72 FEM R BE 35% | WA A 5x107-
1x10° CFU/mL, 37 °CH53% 30 h, KR 2k
FH(65 °C, 30 min) FIl ¥ 75 40 B (I K 60%,
15 min) J5 %1, BV S S50 Fr /5 J5 420G
KIEEW 4 °C. 8 000xg B.L> 15 min, K L iE Wt
it UEBR T, WK T KIS AN S R T H
R ZRAS 20 i S 36 T 75 )5 A= ol oy ol AR T
BOLIGUE K IGROR , VR T 5 AT BER 1 MRS
PR 37 °CHEFE 48 h Ja HE T RAVE TR, YRS
10° CFU/mL, #ff5E R 4 Bl i i LT 58 4 k1617,
IR 5 WORE S 7E-80 °CHEAT
1.4 EhHISKIGRIT

AWFFE T A S S B4R BV R R 2F S5 B
YIMEERZE L2t E, 45~ IN. No20220530¢
0950720[174], 20 H 6 J&E#s AyHEM: C57BL/6N /)
W 1 b ot 4 38 AR S0 sh W) H R A TR A W]
WA 1 (H AR ERDE RV K) J5 21T BEAIL
Sy, RS L, ST AR A AT /N BRI iR R AR
HETRDRE . R AT R 175 3 8 57/ RO IR AR 25 L
R ARIUST 0 3 ok SR 5 R R TR R R, RENS
A RO R A ZE LRSS B BR ik B35

w1 HYSIRHR

IR I3 S B e 8 R A S 7 B8 A% o IR A
FL SR L R | RN TR, AR E
I, BENSA R A7 iR % Bz B AR ZE AL A Bl
AR U0 HAR AR T B AR R - X
A/NRIFHL 4 om? KIUEF T BACTE, 5264
FREAIZH /)N BB F ZE TS FBI B AL B RV £ 60 pL
65% TMALE , HELLALFE 21 d; 25 1140 45 4k
FL100% WA A7 i R AT A TR b 2 . MRS H
R AT R T, #EETH21d, MR
HARGAH R T HE LR 1. KRG, /D
R JR T S ik HIR 3k BB ot 2 LA 6 201 Ak BB, i 42
B 0 20 20 (0 B A R ) RN SR AL . 4 I i
2 h J5 LA 3 000 r/min 20> 10 min J5 3815 0L ,
BHF-80 °CIAF. EAREOTHEAXD)ITR,
C=WyWyx100 (1)

L CONEALRE(%), W, R WU 52 L
(8), Wy H/NRIAE (g)-
1.5 RRRKBERIBZ ST

W /N FRATZUTE 4% ZRHEE P [ E 48 h
5, AT . AR AL R, R OR
AAE LT (hematoxylin-eosin, H&E)Je a2 i
FABCT I R A0 B A T 14 504 o
1.6 RIEREFZENE

R 158 B 5 6 0 /) Bz Jbk 2 280 v ) 4% i 440
MO F(TNF-or, IL-6 F1 IL-1B)F) &+
1.7 R BRRE BN F R &= 7K a0 E

HRAE S B ARG 2 IR 243 TG AN s g i
fi? (non-esterified fatty acid, NEFA) % = A /)N Bl
L3 FP A SE R A ) 2

Table 1 Animal experimental design

Group Abbreviation Oral gavage

Control group Control 0.2 mL saline

Model group Model 0.2 mL saline

Medium group Medium 0.2 mL saline+800 mg/kg medium
CCFM1224 postbiotics group CCFM1224 0.2 mL saline+800 mg/kg postbiotics
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1.8 BTN EE W5 R PCR (real-
time RT-PCR, RT-qPCR)

fii S RNA 3 B 6 DA /)N Bk 2H 21
HepG2 i HE LS RNA, 22 J5 i i f% s
7 & B RNA ¥ §% 5% 5 cDNA, 2k ] ChamQ
Universal SYBR qPCR Master Mix FiljRAFEAS, fi
JH 384 fL# %< ) & i PCR X #E 4T RT-qPCR 2
N, DL GAPDH RN FEH, Kl ig oA Qe 5¢
SR # L. PCR W AR R (10 pl): Tag Pro
Universal SYBR qPCR Master Mix 5 pL, 1E. X
15 149110 pumol/L)# 0.25 uL, #%4z DNA (10 ng/uL)
1 pL, XWZEK 3.5 pL. RMFEIF: 95 °C 30 s;
95°C 10s, 60°C 10s, 7H¥ 30 ¥k, kb
Ay, M\ 65 °CIFG, 4 5 s34 0.5°C, mz|
95°C, fJa Rl 272 A BB, AL
AYAHRT R IR R . S SEE BT S 1 F 5 L3k 2,
YRS TS 1A L 3
1.9 ZHAEEESR

HepG2 40l & TN 10% Jif 248 ML A1 1%
TR R /AR R M RPMI-1640 £597 3, 7EfHRET
FH(3T °C. 5% COPHETR, FEANE 80% I

x2 ISC PR SIHFS

Table 2 Primer sequences used for animal experiments

®3 ARSI PR A SR

Table 3  Primer sequences used for cell experiments

Primer names Primer sequences (5'—3")

Primer names Primer sequences (5'—3")

GAPDH F: AGAAGGTGGTGAAGCAGGCATC
R: CGAAGGTGGAAGAGTGGGAGTTG
PPAR-y F: TCGCTGATGCACTGCCTATG
R: GAGAGGTCCACAGAGCTGATT
SREBP-1c F: TGACCCGGCTATTCCGTGA

R: CTGGGCTGAGCAATACAGTTC
FASN F: GGAGGTGGTGATAGCCGGTAT
R: TGGGTAATCCATAGAGCCCAG

PPAR-a F: AGAGCCCCATCTGTCCTCTC
R: ACTGGTAGTCTGCAAAACCAAA
ATGL F: GGATGGCGGCATTTCAGACA

R: CAAAGGGTTGGGTTGGTTCAG
HSL F: CCAGCCTGAGGGCTTACTG
R: CTCCATTGACTGTGACATCTCG

GAPDH F: CTGGGCTACACTGAGCACC

R: AAGTGGTCGTTGAGGGCAATG
PPAR-y F: GGGATCAGCTCCGTGGATCT

R: TGCACTTTGGTACTCTTGAAGTT
SREBP-Ic F: GCCCCTGTAACGACCACTG

R: CAGCGAGTCTGCCTTGATG
FASN F: AAGGACCTGTCTAGGTTTGATGC
R: TGGCTTCATAGGTGACTTCCA
F: ATGGTGGACACGGAAAGCC
R: CGATGGATTGCGAAATCTCTTGG
CPT1 F: ATCAATCGGACTCTGGAAACGG
R: TCAGGGAGTAGCGCATGGT
F: AATCGGGACCCATAAGCCTTT
R: GGGAATACGATGGTTGTCCATTT

J&, T T AL B
1.10 ZHRREESEIm

BN LA 1x10* AN /FL A% FE RN T 96 FLAR
KigR 24 h e, WORESE LIS, HIJCH PBS %
VRV 2-3 Uk, A8 FH & A A [l B A B T
TR S R gk S5 95 24 h, B 3 A AT, R
P CCKS A &t Bl B2k, A CCKS kil
AT T
1.11 MAEERETFMm

HepG2 AiiffLfg B QI ZEELERER ) 1 mmol/L
S N W5 B2 (free fatty acids, FFA) (IR Az M iR =
2:1) i 5 2P 4 o oh A O R A
(Control, }FFRILREFE). HiAIL] (Model, 7 FFA
35 3% B % 9%). CCEMI224 & B | 7 4
(CCFM1224-FS. ¥ FFA fil CCFM1224 % % |-
T 8 3R 5 55 CCEMI224 KT iR 4
(CCEM1224-1B. ¢ FFA Hil CCFM1224 K i i
IRIRE IR LR TR)
1.12  ZHEEEELIgFRMIE

W5 A LA 2x10° AL 5% B B AP T 6 FLAR
b, MRS R 70% B, 4% 111 R
AT T AL, 4kZeds5E 24 h s, A4S LA

PPAR-o

ACOXI
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M ETEW, W A LA G SR B W ALT
AST &it; 4iffli ] RIPA 24RRE, MIE
M TG #l TC &
1.13 G =ER*E

{d il GraphPad Prism 10.1.2 #4743 H43 91 Fil
oxlE, i Tukey #3047 (4 75 22 73 B T 1
AR 22 S o SEIR B A B {451 22 (SD)
FoR, GITREEFRRWT: *: P<0.05; **.
P<0.01; ***. P<0.001,

2 BRE5AM

2.1 CCFMI1224 FE TR EME
A EHEIFZ M

/N AR E R K SR AL R & 1T
N, SAS R IRAIAT EL, AR AL/ B 3G
1 T B AL 55.98% (P<0.001), =2ALZ BT
T 32.25% (P<0.001), FBAIMERFE S W2 E] /N
RAREMIEFEK, I REALRB R TR,
£ CCFM1224 Ja A e IR TR, /DA IR
B R R 4 (9] T 83.35% (P<0.001), S£IL%
BUR % 18.14% (P<0.01), 1M % 7% &+ i 28 1) &
DL s . A5, CCFMI224 J5 e+
T RE %A1 AL % M R 15 5 T B0 /N U EEAN I

HIGRK DA IR EOE R4,
2.2 CCFMI1224 [ Tt /MR B BRZE 4R
TRIEF R R TEEFRIE N

Ry itk — 20 B R 5 Rl X /N B R 2R
ZULIS IS B2 CCEM1224 J5 A 70 T AU |
K H&E ekt /N R R BT T 0EE, 45
RANE 2 iR . WIRESER S, BIAIZH /N
o3 X BR 2 AH e R R 25 R 2H 41 22 S Ak i 25
BRI R R fz ik b 2 0 2 IR
fhid i, B ZA MBI i, 40N HR
T, B IR AR AR I K ER AR AN, 4
CCFMI1224 J5Eoe T, /N B IR A 2L s
PSSR B, IR RN, KR
FAAbat BE NG 2 s, L 2 ARORE 20 i i i
B KR D o B35 T T2 /N B B Tk 2 21
TEA SRR AN TG B 3 24 5 .

WK 2 fiR, 525 x4, ARy
/INERBE R 4 2 R O B R AE AP - IL-6. IL-
1B Al TNF- o 0 & & & #F F+ & (P<0.001).
CCFMI1224 J5HEoe T M, /N B TR S RS
B R . SEBIEAM L, CCFMI1224 J5
Aot T AL /N BB R 4 4 TL-6, IL-1B Al
TNF-a {95 5453 ) B ZREAK T 27.44% (P<0.01).
29.35% (P<0.001) F1 36.11% (P<0.001), %37 %k

r 10 s kksk kk
S
o) <08 T
=T = E
S -2 86 -
£,0 T g
5 o
S 204
g, e
a | T 02
Q
0 : 0.0 -
N N <& D > > & >
S ¥ > 3 & ¥ > v
QOQ RS @@5 o @ QOQ X &b < $\\
S S
C S
E1 CCFMI1224/55% T3t/ NRAEE AL ZH B0

Figure 1  Effect of CCFM1224 postbiotics on body weight and testis coefficient in mice. A: Body weight gain;
B: Testicle coefficient. **P<0.01, ***P<0.001 vs. the Model group.
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Figure 2 Effects of CCFM1224 postbiotics on histopathological features and inflammation in mouse skin tissue.
A: H&E staining of mouse skin tissue; B: IL-6 content in mouse skin tissue; C: IL-1B content in mouse skin
tissue; D: TNF-a content in mouse skin tissue. IL-6: Interleukin-6; IL-1p: Interleukin-1f3; TNF-a: Tumor necrosis

factor-a. **P<0.01, ***P<0.001 vs. the Model group.

A U] X5F B R 1) 9 E PR T 7K - TG 83 RS2 R
FIRGE R FEH], CCFMI1224 J5 A T MU fig s i
F GRS Sl BT R /N B Bk 2 2 2
WA, AT AR /N RS R B8 AR SV o
2.3 CCFMI1224 fg4% st/ B BRBE &
SERFN

B N2t Z R Ig R AR &4, Hirb TG
FINEFA /& [z IR 2 & 1 i & BINR 28 s,
Hop TG 7K 3 & o7 5 350 R B 3 A e ok
NEFA 7K-F-5 8 F s M 2515k 48 b e, it
5403 Bz Jok 5 B T 120 Ay B T O s A A 5 ok
AL R B4 43 1 AR AR RRAE , ASBIF 5T X Bz ik 4
21rh TG J¢ NEFA &7 TR, anisl 3 o
N, MIRE R, /N RAZIT TG Fil NEFA
SEHEETE, S5O R4, B
2 F B BT A = 4 B 3G I 106.75% (P<0.001) Al
98.49% (P<0.001); 1 #H b B2 &Y 2 , 10 ik
CCFMI1224 JA oo THi)E, /NREZRRALH TG
A NEFA & & 4 5 T B 39.06% (P<0.01) Al

46.04% (P<0.001), T35FE5E T W4l 5B AYZH AH
to, 2FfPlRi S L E2ER. 450 EKN,
CCFM1224 J5 4 JURE A R PRI R 5 T 5 | i
) TG Fl NEFA F i 5 i, oot i iRIR it
HESIRINGS
2.4 CCFMI1224 g Txi/MRIMER R
v a0

FHESE CCFM1224 J5 H JExT R KF R 5
M, AR B SE AI T 0N BRI SR R 3R
)&tk 4 i, 525 f R IR L,
A ZH /0N I T 2 R R B 5 R K 43 )
TFEr 51.27% (P<0.01)F1 112.05% (P<0.001), £
CCFMI1224 J5HEoo T HiE ., BiRTEARIE R4
I B EAR T 27.78% (P<0.01) Fl 33.48% (P<
0.01), FFFIEARN B ELI., ZHRFEH,
CCFM1224 J& H: JCRE 5 A &80 il iR 5 5 19 1l
T8 52 I F1JBE 5 3K P 5 L, AT 2% if
BEACIH 2L .
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Figure 3  Effects of CCFM1224 postbiotics on skin lipid content in mice. A: TG level in mouse skin tissue; B:
NEFA level in mouse skin tissue. TG: Triglyceride; TC: Total cholesterol; NEFA: Non-esterified fatty acid. **P<

0.01; ***P<0.001 vs. the Model group.
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Figure 4 Effects of CCFM1224 postbiotics on serum hormone secretion in mice. A: Concentrations of serum

testosterone; B: Concentrations of serum insulin. **P<0.01, ***P<0.001 vs. the Model group.

2.5 CCFMI1224 5% T R RE RIS Y
]kl
FRBFSEIES: CCEMI1224 5 2k JeREE I Y
B RRACIH ZE AL, it — 2D o FL U B2 BB A
AL, X Bz R 20 2 rb g oA A DG 1AL 11 =%
AT T 500, WA S iR, MRESA
RS L v () i 5T & AR DG, A dE IR TR &
BT (fatty acid synthetase)F& [N FASN, i & ALY
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Figure 5

expression; B: Relative PPAR-y mRNA expression; C: Relative SREBP-1c mRNA expression; D: Relative PPAR-a
mRNA expression; E: Relative HSL mRNA expression; F: Relative ATGL mRNA expression. FASN: Fatty acid
synthase; PPAR-y: Peroxisome-proliferator-activated receptor y; SREBP-1c: Sterol regulatory element-binding

protein 1lc; PPAR- a: Peroxisome proliferator-activated receptor o; HSL: Hormone-sensitive lipase; ATGL:
Adipose triglyceride lipase. *P<0.05, ***P<0.001 vs. the Model group.
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Figure 6 Effect of different concentrations of postbiotics components on the activity in HepG2 cells. A: Effect
of CCFM1224-FS concentration on cell viability; B: Effect of CCFM1224-1B concentration on cell viability.
**P<0.01, ***P<0.001 vs. the Model group.
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Figure 8 Effects of different concentrations of postbiotics components on lipid metabolism in HepG2 cells. A:
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