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Effects and mechanistic insights of Lactiplantibacillus plantarum
CCFM1352 fermentation metabolites on hair follicle cycling

WANG Zhe, TANG Xin, MAO Bingyong, ZHANG Qiuxiang, ZHAO Jianxin, CHEN Wei,
CUI Shumao”

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

Abstract: [Objective] To address the limitations of current hair-loss treatments, we employed an in
vitro human dermal papilla cell (HDPC) model and a telogen C57BL/6 mouse model to study the
effects of Lactiplantibacillus plantarum CCFM1352 fermentation metabolites and bacterial
preparations on the hair follicle cycle and decipher the associated molecular mechanisms.
[Methods] HDPCs were treated with different concentrations of CCFM1352 fermentation
metabolites or bacterial lysates in vitro, and cell viability as well as the expression of molecules
related to Wnt/B-catenin signaling, anagen/catagen regulation, and apoptosis was assessed. Telogen
C57BL/6 mice were administrated with the fermentation metabolites or heat-killed bacterial cells
by gavage for 21 days, and changes in hair coverage, follicular structure, and associated signaling
molecules were analyzed. [Results] CCFM1352 fermentation metabolites at a volume fraction of
10% increased the viability of HDPCs to 135.30%, up-regulated Wnt1Ob and FGF-7, down-
regulated DKK1 and TGF-B1, and increased Bcl-2 and decreased Bax, inducing a favorable change
pattern associated with the anagen phase. Continuous gavage of the fermentation metabolites
promoted the transition of hair follicles from telogen to anagen, increased the hair coverage to
61.62%, and enhanced hair follicle density, dermal thickness, and B-catenin accumulation and
nuclear translocation. However, the regulatory effects of bacterial lysate and heat-killed bacteria
were weaker in both models and showed only limited improvements in some indices. [Conclusion]
CCFM1352 fermentation metabolites could modulate Wnt/B-catenin-related molecules and the
expression of key factors such as FGF-7, TGF-B1, Bcl-2, and Bax, which favors the transition of
hair follicles from telogen to anagen and suggests an important role in promoting hair growth. This
study provides experimental evidence for the application of bioactive metabolites from probiotics
in the field of hair health.

Keywords: Lactiplantibacillus plantarum CCFM1352; fermentation metabolites; hair follicle
cycle; Wnt/B-catenin signaling pathway
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1.1 #R
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Nl CCK-8 ik . RNA #EURF & . [
SR & M RT-qPCR M G50 &, B o 5 i
e YR A AT PR 22 F] ;5 Wntl0b, DKKI .
B-catenin, FGF-7 Fl TGF-p1 ELISA 7|4, L
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KIEHUR, R REERABRAR; AR
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3DHISTECH A ).
113 EZHE

MRS W48 35 B (g/L):  To/K # 25 8E 20.0,
A NE 100, A 10.0, BERER 5.0, =KE
BEFR S —8 2.6, LK LR 2.0, FrEMRE —
B 2.0, LKA 0.5, — /KBTI 0.25,
6 -80 1.0 mL, sMRS 3% 7 5L (g/L): 7 %5 k¥
8.0, BERERELHY) 5.0, LTRHN 2.0, HifRE —
Bl 2.6,
1.2 CCFM1352 RER 5 #&

1.2.1 MFiRHl&

PIAE Y F AT CCFM1352 420 H M MRS
M b, 37 °CHEFE 48 h i PRBCA R IS A TR
A& MRS 15 3% 3 (pH 7.0, 121 °C K 20 min),
37 °CHIEIEFF 24 ho if CCFM1352 A=K 2 X4
W(ODgoo 34 3.5), LA 2% FE it 1 2 0 b i
& MRS 5323 rpififh, EELeiGfh 2 4%, FRAGF
T
1.2.2 % BB R EEERT &

AL 5T SR OB 4 i AR ) MRS 85 57 5
(sMRS), LU A BB AR5 5 5L i 40 X J5 22 43 B
BT K Bl LA 2% 2 Ao 1 A & A
sSMRS i35 5L, 37 CHE ;3 24h; MG T
4 °C . 8 000xg B .0> 15 min, W4 W&
0.22 um JEMEBRTA, W97 pH 2 7.2-74, HI15
CCFM1352 k& % I35 W (CCFM1352-F), 4r3%é)a
T-80 °Clrfr, HIT AL,

W o K e I W R T, fil45 CCFMI1352
REEEYIETRY, —20 °)CIRTE, Sh¥scmmiLide
B AR FRER K AR
1.2.3 ERHBIRGHIE

KBEW 2 4 °C . 8 000xg & .L» 15 min,
WAE T U, DATJC TR K 5B S 2 e e 3 Jo 24 i
(100 MPa)., ZY#WE T 4 °C. 8 000xg B.[> 10 min
EBRARBREEIEY), A pH J5 AT B IR AL
FH(65 °C, 30 min), ZVARIGFRIMINTCIE R A .
WO AE b3 R Ok A AR A% P (CCFMI1352-L), T

-80 °CIR_AF, HITFARIMIMISEE
1.2.4 RGEEEEIHIE

P4 1.2.1 TkiEAb)E . DA 2% 26
HAEME SMRS, 37 °CCHFEREFE 24 h, M E T
WS, T 4°C. 8000xg &5.0> 20 min £
&, DI AR PR K G A, Bl G T
FCAR B (65 °C, 30 min) K%, 2k 350 E o
T TR H o KO T R TR U T A5 K T ARy
(CCFM1352-HK), T--20 °C{#-1¢, zh¥ s
DA A= BRER K B
1.2.5 SfEREFESIE

M55, sMRS LATRAATE S He AR U041
IMARE IR S scgf, sMRS X IR
CCFM1352-F VR TR AR AR il 4, i AT ATC
FAEFRER K 1. sMRS X R THEAS 8 35 3L Ak
SR GnRE A RE I
1.3 HHRESCIG A
1.3.1 HDPCs ZFH 54018

HDPCs % H DMEM 5S¢ @5 37 5 (% 10% i
A MVE T 1% 55 R -5E% % 19 DMEM K557 5%,
F37°C., 5% CO, 25 MF PR IR, K EY
80% FlA R, LA 0.25% JREEHHAL, % 1:2 Hof)
AR
1.3.2  4HREIE S35

¥ HDPCs DL 1x10* A~/FL R T 96 fL#R,
W BERS IR 24 h, FEETEREFRIE, 0 HIINARIA
AEBR . RBLURECH 5%, 10%. 15% Fi1 20% F)
CCFM1352-F & CCFM1352-L; BHPER I 2544
FUREN TR sMRS; FHEEXT BECR 0.1 pmol/L K
Wb /R (Minoxidil); 7345 FHALRIAZFL . A
W3NE, LB 24h )5, FHAMA 10 uL
CCK-8 /AT, 4k%eMFE 2 h, T 450 nm AL &
WO, T AT 1.
1.3.3 #ApE B &R ARETFRENE

B x5 K3 HDPCs DA 3x10° A~/FLEEFT T
6 fLAk, KiF% 24 h F5 400G BE 5 37 LR FR 2L
SN 10% RF43 %01 CCEMI1352-F, 5% &
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FUr B9 CCEM1352-L, 15% R A0 B G
sMRS F1 0.1 pmol/L K /R, H4E 3 NE
fLo A3 24 h R AEANME VW, SR ELISA
IR &K Wnt10b, DKK1, FGF-7 #1 TGF-BI1
i, LM EE 3 IR
1.3.4 Z0ff RNA 2B S EATR K E=Z PCR

A2 SRR 1.3.3 75, BiR 24 h 53
i, DA PBS PR 3 ¥, JIA RNA $#2HK
TR G 2R R AT R 4R . $EELEL RNA IS
WiHESE R ¢cDNA, R RT-qPCR il -catenin |
Bcl-2 il Bax f) mRNA %i5/KF-, i GAPDH
WSEEH, R 27 R R 51
FEHIILE 1. 518 NCBI B rh A i iy H
FrIE R mRNA P50, HAETAY TR
V) Bey A B F 6 Ao
14 KW HE
1.4.1 C57BL/6 NRIKIEEAR A ERIZENT S
4R

e B 6 J& % SPF 2 It C57BL/6 /N KR
(n=30), ENPERFE 1RSI GRS RSl
BT B RET MY 2 cmx3 cm F R EE X
B, BHBER 12 min J5, DAIER KAk
WERBR B L. ST RS IO
B 3 Y R IS S B A L W) AR OE ST, B
BN EEST AR 11 C57BL/6 /)N Rl 04

=1 YHBESEISRT-qPCR3 4I5S
Table 1

experiments

RT-gPCR primer sequences for cell

Primer names  Primer sequences (5'—3")

B-catenin F: GCTCTTGTGCGTACTGTCCTTC
R: TGGTGTCGGCTGGTCAGATG
Bcl-2 F: CGAGTGGGATGCGGGAGATG
R: CGGGATGCGGCTGGATGG
Bax F: CGGGAGCGGCTGTTGGG
R: ATGGTGAGTGAGGCGGTGAG
GAPDH F: ACACCCACTCCTCCACCTTTG

R: TCCACCACCCTGTTGCTGTAG
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R RS E 24 h Jm, B /NERBENLS A 5 4L,
Tl o H, MHESEB N 02mL/H. HTkH
BV WA B K BB B e WS . %
AU IR ZH (Model): ¥ B SR O A LK
FH 4 XJ B8 21 (Finasteride): AR AR MR #% 10 mg/kg
R EUY; sMRS X I ZH (sMRS): HEH 5
CCFM1352-F ZH55 U AR R sMRS 5575678
TR W, UAHEBR B IR Lo B R
CCFM1352 J& AR 7 ) 41 (CCFM1352-F):
HUNRAE H S R TS50 1x10'° CFU
CCFM1352 7EAH R 451 & e 7= A 1 38 AR
W ; CCFM1352 K #4241 (CCFM1352-HK):
B FUNRURE HE B BT SEACT 1x10° CFU
CCFM 1352 FARZE K iE A5 Frs i TR A
142 ERSEKEABESEBERITM

TS 0. 7. 14, 21 KA/ BT 06 K
JRIE R . SR Image] BXPFXTEE 14 REURHEITE
KX aE, TR EBAEGR, RUEKM
FR A0 6 B B R 4 LR o
1.43 RRRRELRIBZ DR

5521 RAMFE/NEL, BRSO Rz R4, LA
4% ZRPEEE R, AMAEEY R (R 4 um),
IIANG - (H&E) et . RRAIREALEER 3 H/h
F(n=3), & HHL3 ASOUEFI R 2 R B 150
T R B RESCE, £ Image] 0ATfE, B4
W LAAS/mm® Fon, 3 A AR Az sh Y B
FHF4HI A
1.4.4 P-catenin BIERKALRE

K FH 4 98 98 ' Yo £ WL 5 /N LRz ik 41 21
B-catenin R Ik 5N . AWV LBty . &
K, VAFFIE R 2% vl (pH 6.0)E T HT R 1B =
3% BSA ZE R Ef 4] 30 min; B-catenin —P1(1:200)
T 4°CEH I, CY3 FRic —Hi(1:300)% I ikt
JEWFE 50 min, DAPI Z Y5 EtA; S B MEXT
TR I —0). ZOCBMBEE SR — BRI TR
G, HAAS A RIAR XS 2 iR B
1.45 NREKBLERSMHBETFNE

o R B W 2H 41 30 mg, AT PBS
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AP0, F4°C, 3000xg B> 15 min, B EIEHR
TF-80 °CH A7 . F& M8 BLISA 57 & vid B 45
#E B-catenin, Wntl0b, DKKI ., Bcl-2 il Bax &
i, JF LA BCA R & B F VR B AT 1A
—1k
1.4.6 NEREZBK RNA f2BNS EREFRIESH
PR k20 40 5 RNA J 300 %4 55y cDNA,
K H RT-gPCR £ FGF-7 fil TGF-B1 mRNA &
k7K, LA GAPDH JNS IR, R 2744k
THEAXRE R, SIWPFI0LER 2, Bt Al
D7 1 (R 2 B S5
1.5 HESItHH
K H GraphPad Prism 10.1.0 431740112~
GIAT o AT 22 55 LR FH B IK 28 7 22 43 1T (one-
way ANOVA), ZH HHCK A Dunnett’s K5 .

K2 EHISEIERT-qPCR3 4957
Table 2

experiments

RT-gPCR primer sequences for animal

Primer names Primer sequences (5'—3")

2 HERS0HT

2.1 HEMIETFE CCFMI1352 &4H 5
%t HDPCs Ih&ERI SR
2.1.1 %} HDPCs ;& JRVIEE

K CCK-8 LA AN [F]Hk B2 CCFM 1352 &
1% b 3% W (CCFM1352-F). & & 2L i Wy
(CCFM1352-L) M Hii5 3 KL (sMRS) AL FH 24 h J5 )
YLTE F7. WA 1 Frn, CCEMI352-F 7E 10%
P B o3 Bt S35 B A0 MY O & 135.30%
(P<0.001), HALFHIRE T sMRS 7E 15% (&1
a7 R B AR i AR H (126.10%, P<0.001).
CCFMI1352-L 1 5%—15% MR/ B3 BBl PN 41 i
6 S 4 TE 80.00%-85.00% .

B FL Sk A AT ) 2 4 R OE B AR K
WAL R E LAY . CCFMI352-F 1EIE HWE T
i} 2% 1458 HDPCs % J7, H H A 08 B & T
sMRS ZbHRZH , 4z A IR 58 4ok U5 T 45
FREEW Gy AT AR AT, &I

FGF-7 F: GGCTCGGCGTGCTCTCC o ¥ s AR A 7 9] 5 SCHERGE ) HDPCs 1% 194
R: CCAGGGCGTAGAGGGTGAC WU P EREE I PR B
TGF-B1 F: CTGCCCTCGGACGCTTCG o 10 Ak <o
R: CATGGAAGTGTCGCCTGACAG KR 10% 9 CCFMI3S52-F. IR BT B 5% 1Y
GAPDH F: ACACCCACTCCTCCACCTTTG CCFM1352-L MBI ECH 15% Ky sMRS il T
R: TCCACCACCCTGTTGCTGTAG JE SN SE o Fride S0 1 45 A B2 20 Bt 7% )
A B C
150 r 150 M . kksk ok 150 r
ks skksk - % skksk %
2 BN 8
E‘ 100 2100 2 100 dokk ek dokok
< < =
5 I = L = 50 L
5 % 3 50 3
0 0 0
0O 5 10 15 20 D 0 5 10 15 20 \&\ 0 5 10 15 20 .\&\
@ $ $
SMRS/% ®<~° CCFM1352-F/% &9 CCFM1352-L/% &9
E1 A[E41E24 haTHDPCsiE RIS

Figure 1

Effects of different treatments on HDPCs viability for 24 h. A: sMRS; B: CCFM1352-F; C:

CCFM1352-L. *P<0.05, **P<0.01, ***P<0.001 vs. the 0 concentration control.
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BT 80.00%, A LI W 40 M 7k
2.1.2 X} HDPCs f Wnt/p-catenin {5 5 %
B FRIENIFE

Wnt/B-catenin {75 538 i 7F B 2 Ji] 1 42 o
RN OVERT, b Wnt10b (93405 & DKK1 fY
WS BRA KR SEUIM D, T, A
WK T HDPCs H' B-catenin mRNA ik &
Wntl0b, DKKI & 1 7 & LA PEAL Wnt/B-catenin
R Ak, WwE 2 i, 5 Control ZH #H
It , CCFMI1352-F #1 CCFM1352-L ¥ i 2 T 74
B-catenin F ik (77 Jll F¥ &2 046 1 044,
P<0.001), sMRS #bB 5 5 fE P & F#IL DKK1 &
7K F(39.40%, P<0.01), A% Wntl0b & 17K F
I B-catenin mRNA FiL T E M ; FHILZ T,
CCFMI1352-F & 3% 2 = Wntl0b 7 & (31.78%,
P<0.05) Jf % % DKK1 £ & (53.08%, P<0.001),
CCFM1352-L %} Wntl0b #1 DKK1 ¥] J¢ & ¥
A

kg R R, CCEMI352-F i it 41 5
Wnt10b Jf- Ak DKK1 % 7E il )2 i 52 90
A F] T Wnt/B-catenin 3 15 1k 1) 28 1k & 3
ZARA T 015 B A K R A SC 5 5 R AE

A B
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S
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= =
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Wnt10b [ JE A1 DKK1 T I8 77 1 52 80 oK pY AR
fhia#,

2.1.3 % HDPCs F1 FGF-7 5 TGF-B1 5388
S

R PEAL B R AR K SR AT A AR A5 n AR
k., % HDPCs L h FGF-7 5 TGF-B1
HEHASE. WK 3 Uix, CCFMI352-F 45
FGF-7 &, ¢ Control 413N 14.00% (P<0.01),
M sMRS F1 CCEM1352-L #J[& kX FGF-7 & & .
XFF TGF-B1, {¥ Minoxidil 11 CCFM1352-F 4
RS &, 0l TR 37.78% F124.81% (3
P<0.001).,

FGF-7 il 5 BREA KW 4 4E S b R 20 il
WEFEAA S, T TGF-B1 M9 A5 B 2R 111
SR IEITER T, & SRR
92 JE 010 M B R, CCFMI1352-F Ab 7
FEAR SR b ] B 55 FGF-7 JF R Ik TGF-BI,
FTHE BRI M AR R, JL
VE R R AR 3R 12 A5 A 1 5 I £ Bl 41 o 2
fE 5055, sSMRS AR AL FGF-7 0, H
X TGF-B1 MIREARAVE A .
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Figure 2

Effects of different treatments on key molecules of the Wnt/B-catenin signaling pathway in

HDPCs. A: Relative mRNA expression of B-catenin; B: Protein level of Wntl10b; C: Protein level of DKKI.

*P<0.05, **P<0.01, ***P<0.001 vs. the Control group.
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2.1.4 X} HDPCs AT X EEREHIFIE Minoxidil 1 5 CCFM1352-F 4H % 3 I ¥4 Bcl-2
S ¥4t HDPCs W T-AH36A5 4k, #: Bel-2 ik, 437l 8 Control 4111 1.66 1iF (P<0.05) Al
5 Bax ) mRNA #iAKF. WK 4 frn, X 1.84f%(P<0.01), 1 CCFM1352-L A4 3%
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Figure 3  Effects of different treatments on FGF-7 and TGF-B1 secretion in HDPCs. A: Protein level of FGF-7;
B: Protein level of TGF-B1. *P<0.05, **P<0.01, ***P<0.001 vs. the Control group.
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Figure 5 Effects of different treatments on hair regrowth in telogen C57BL/6 mice. A: Dorsal hair coverage in

mice (n=6 per group); B: Hair coverage rate on day 14. **P<0.01, ***P<0.001 vs. the Model group.
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Figure 6 Histological effects of different treatments on hair follicle development in dorsal skin of C57BL/6
mice. A: Longitudinal and cross-sectional H&E staining of skin tissue (scale bar=100 um); B: Quantification of
follicle density in cross-sections (n=3); C: Quantification of dermal thickness in longitudinal sections (n=3).

*P<0.05, **P<0.01 vs. the Model group.
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Figure 7 Effects of different treatments on the Wnt/p -catenin signaling pathway in dorsal skin of mice. A:
Protein levels of f-catenin, Wnt10b, and DKK1 in mouse skin tissue (normalized by BCA) (*P<0.05, **P<0.01,
*#%P<(0.001 vs. the Model group); B: Representative immunofluorescence images of B-catenin in skin tissue (Red

indicates B-catenin, and blue indicates DAPI-stained nuclei); C: Subcellular localization of B-catenin in follicle

regions (The white box marks the enlarged area showing nuclear translocation).

http://journals.im.ac.cn/actamicrocn



3378 WANG Zhe et al. | Acta Microbiologica Sinica, 2026, 66(7)

20 L5F

% k%% *

_.
(o3
T
=)
T

3k

o
W
T

k3kk

e
(9]
T
Relative TGF-f1 mRNA

Relative FGF-7 mRNA
expression (fold change)
=
T
expression (fold change)

0.0 0.0
> © S & > F & 5 &
¥ & & %&g\\ﬁ)@ %‘9;2‘ i & & ‘5<§~ \“"9’ ®
8 NS
Q ;\ Q\ <‘¢
X QQQ o

B8 RIS /NGB AkA LR FFGF-75TGF-B1 mRNARIARIEN
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Figure 9 Effects of different treatments on apoptosis-related protein expression in dorsal mouse skin. A: Protein
level of Bcl-2 in mouse skin tissue; B: Protein level of Bax in mouse skin tissue. *P<0.05, **P<0.01,
*#%P<(0.001 vs. the Model group.
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