2026, 66(10): 4733-4748 G =i
CSTR: 32112.14.j.,AMS.20260196 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20260196 http://journals.im.ac.cn/actamicrocn

Review EE5S

A

B2 BRI 75842 B2 AR BR A AL I B 5 it R

dANAL L2, R, RRP, FE YT, RERY

1 BRPERHOR . BBl S TR e, BRib 5%

2 TTRAREEBE MO, RN E R RS, AR E WA e SR S, R
TRRZMAYRMEFR S LRI 6, EETSEE R RE MY L2 RBIERR), 7R
J7M

3 UARABBAED I T L, RRZR SR, TR M

4 JURBIMEYRHECA RN, AR M

H/INR, R, BRI, 250, R0, KRR SR BB R A M FIBLHIBT SE 2 (7], 27Tk, 2026, 66(10): 4733-4748.
XIE Xiaoli, WU Qingping, CHEN Ling, LI Ying, WU Yuwei. Research progress on the mechanisms of skin microecology regulating
skin health[J]. Acta Microbiologica Sinica, 2026, 66(10): 4733-4748.

M OE: ARMAEANAR G T TERROOEHHREDM RO I LAESZ%, LAt E £
A EAE R R R R, AFRAR, RIRAKAE A KBTI IS5 S R R it DNA R4 . 4Rt
KB F o 525 R ERLKBMEF M. HFKk, $RARIEE B4 H L RERRER
FEERETEER, AWSBEREA. LEATRIEEEKFREAGET. AL BELRT Kk
A A e AR B S B R IR R T Sh B AE ), A B S R BT KR R 19) R 4G o TR AL A
B, ALY, ZAEETHRESEALERAAEARERERLRSHIE. R KERAZL
FrmOERNE SRR, BEAZERRABRIKMEEAOIFE RS 5 AR RLE L
RIE .

RBEIR: RORAEER; AL, RaE; KiE; R RAR

TERhIUH . EH K E SR R (2023YFF1104100); )7 AR A s B K L 30 (2022B1111070006); T 4R A R A% B T H
(2022GDASZH-2022010101)

This work was supported by the National Key Research and Development Program of China (2023YFF1104100), the Guangdong
Provincial Key Research and Development Project (2022B1111070006), and the Project of Guangdong Academy of Sciences
(2022GDASZH-2022010101).

*Corresponding authors. E-mail: LI Ying, liying@gdim.cn; WU Yuwei, 13503036950@163.com

Received: 2026-03-10; Accepted: 2026-04-25; Published online: 2026-05-19



4734 XIE Xiaoli et al. | Acta Microbiologica Sinica, 2026, 66(10)

Research progress on the mechanisms of skin microecology
regulating skin health

XIE Xiaoli'%, WU Qingping"?, CHEN Ling>, LI Ying>"", WU Yuwei*’

1 School of Food Science and Engineering, Shaanxi University of Science and Technology, Xi’an, Shaanxi, China

2 State Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Laboratory of Microbial
Safety and Health, National Health Commission Science and Technology Innovation Platform for Nutrition and
Safety of Microbial Foods, Key Laboratory of Big Data Technologies for Food Microbiological Safety, State
Administration for Market Regulation, Institute of Microbiology, Guangdong Academy of Sciences, Guangzhou,
Guangdong, China

3 Food and Drug Laboratory, Guangdong Detection Center of Microbiology, Guangzhou, Guangdong, China

4 Guangdong Kehuan Biotechnology Co., Ltd., Guangzhou, Guangdong, China

Abstract: The skin microbiota refers to a complex ecosystem composed of diverse microorganisms
that colonize the skin, which contributes to the maintenance of skin health through interactions
with the host. Studies have demonstrated that an imbalanced skin microecology can cause various
skin health problems through multiple pathways, such as the induction of DNA damage in skin
cells and the promotion of pro-inflammatory factor secretion. In recent years, numerous studies
have confirmed that probiotics play a significant role in improving skin health, with mechanisms
including antioxidation, immunomodulation, and enhancement of skin barrier function. This review
comprehensively summarized the composition of the skin microecology, its role in maintaining
normal skin functions, and the research progress on the pathological mechanisms of skin problems
induced by microecological imbalance. Based on this, this review systematically summarized the
mechanisms and research progress of microecological therapy, particularly probiotics, in improving
various skin health problems, especially skin cancer, skin inflammation and photoaging, aiming to
provide a theoretical basis for the exploration of the mechanisms and application of probiotics in
improving skin health.

Keywords: skin health; microecology; cancer; inflammation; photoaging; probiotics
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Skin structure and the mechanistic interplay of the skin microbiome.
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*1 MEPRENEANERKBERIEANZER

Table 1 Probiotics reported in literature to have the function of improving skin health
Skin Strains Key mechanism Literature
problems
Skin cancer  Staphylococcus epidermidis Produces 6-N-hydroxyaminopurine A commensal strain of Staphylococcus
MO34 (6-HAP), selectively inhibiting the epidermidis protects against skin
proliferation of skin tumor cells neoplasia®
Lacticaseibacillus Enhances immune surveillance in skin Lipoteichoic acid from Lactobacillus
rhamnosus LGG LTA tissue and relieves immunosuppression rhamnosus GG as an oral photoprotective
caused by ultraviolet rays agent against UV-induced
carcinogenesis™*’!
Genetically engineered Activates CD8" T cells, reaches Engineered skin bacteria induce antitumor
Staphylococcus epidermidis melanoma, exerts cytotoxic effects and T cell responses against melanomal™”
directly kills tumors
Lactiplantibacillus Inhibits the survival and migration of Anti-cancer effects of Lactiplantibacillus
plantarum L-14 extract melanoma A375 cells, induces endogenous plantarum L-14 cell-free extract on human
apoptosis while reducing the expression of malignant melanoma A375 cells!®!!
tumor migration-related genes
Lactiplantibacillus Induces apoptosis of BI6F10 melanoma  Antitumor effect of exopolysaccharide
plantarum WLPLO09 cells, inhibit tumor angiogenesis and from Lactiplantibacillus plantarum
regulate the composition of intestinal flora WLPL09 on melanoma mice via
in vivo regulating immunity and gut microbiota™?
Skin A probiotic mixture of Up-regulates the anti-inflammatory factor Probiotic consumption alleviates atopic
inflammation Bifidobacterium longum IL-6, down-regulate the pro-inflammatory dermatitis-related immune responses in
RAPO and factor IL-9 in RAW 264.7 cells, and association with gut microbial changes: in
Lactiplantibacillus significantly reduce the dermatitis score,  vifro and mouse model studies!>*!
plantarum LRCC5264 (1:1) plasma IgE, TEWL, and the expression of
skin ceramidase mRNA
Bifidobacterium longum Up-regulates tryptophan metabolism and  Bifidobacterium longum mediated
CCFM1029 produce indole-3-formaldehyde, and tryptophan metabolism to improve atopic
activate the aromatic hydrocarbon receptor dermatitis via the gut-skin axis®*!
signaling pathway
Lactiplantibacillus It efficiently degrades histamine in the Lactiplantibacillus plantarum SM5-2 with
plantarum SM5-2 intestines, blood and skin tissues, high histamine-degrading ability for
alleviating inflammation in the skin of alleviating atopic dermatitis and its
mice application®!
Lactobacillus casei DN- Reduces the recruitment of CD8" T cells ~ Oral probiotic controls skin inflammation
114001 from the peripheral blood of patients with by acting on both effector and regulatory T
atopic dermatitis to the skin, and increase cellsP®!
the proportion of FoxP3" regulatory T cells
(Treg) in the skin and promote their
production of IL-10
Limosilactobacillus It significantly reduces skin inflammatory  Extracellular vesicles of
fermentum SLAM 216 responses and alleviates symptoms such as Limosilactobacillus fermentum SLAM216
skin erythema, desquamation, dryness, and ameliorate skin symptoms of atopic
scratching dermatitis by regulating gut microbiome
on serotonin metabolism™”?
(F548)
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Skin Strains Key mechanism Literature
problems
Skin Lactiplantibacillus Inhibits the INK/AP-1 signaling pathway  Oral administration of Lactiplantibacillus
photoaging  plantarum HY 7714 to down-regulate the expression of MMP-  plantarum HY 7714 protects hairless

1, the activities of MMP-2 and MMP-9
induced by ultraviolet rays, reduce the

mouse against ultraviolet B-induced
photoaging?®”?

decrease in procollagen expression caused

by UVB irradiation, and thereby relieve
oxidative stress caused by UVA

Bifidobacterium breve B-3 It inhibits the skin water loss and
epidermal thickening caused by chronic
UVB irradiation, reduces the damage of

Effect of Bifidobacterium breve B-3 on

skin photoaging induced by chronic UV

irradiation in mice®

chronic UVB irradiation to the tight
junction structure and basement

membrane of the skin, and simultaneously
inhibits the production of skin interleukin-
1 B (IL-1B) induced by ultraviolet rays

Lactiplantibacillus
plantarum CGMCC8198

Limosilactobacillus
fermentum XJC60

Significantly eliminate ABTS and DPPH
free radicals and significantly reduce the
production of melanin in B16F10 cells
Stabilizes the NAD"/NADH level of the
skin after ultraviolet damage, restore

Lactiplantibacillus plantarum CGMCC
8198 cell-free supernatant inhibits
melanogenesis™”

Limosilactobacillus fermentum XJC60
with high nicotinamide biosynthesis

mitochondrial membrane potential, reduce capacity for anti-photoaging and its

ROS and inhibit collagen degradation

Regulating the IGF-1/Akt/FOXO pathway Limosilactobacillus fermentum XJC48
prolongs the lifespan of dermal fibroblasts with dermal fibroblast lifespan extension
and assists in resisting ultraviolet

Limosilactobacillus
fermentum XJC48

oxidative damage

Lactobacillus rhamnosus

HK-9 and up-regulate the expression of
antioxidant-related genes such as
superoxide dismutase (SOD) and

glutathione (GSH)

Lactobacillus buchneri

of MMPs, and simultaneously promote

Effectively eliminate DPPH free radicals

Significantly increase the expression of
type I collagen induced by UVB, reduce
collagenase activity and the mRNA level

application®”’

and anti-skin aging properties and its

application!]

Enhancement of skin antioxidant and anti-
inflammatory potentials of Agastache
rugosa leaf extract by probiotic bacterial
fermentation in human epidermal
keratinocytes'®"

Anti-photoaging effect of plant extract
fermented with Lactobacillus buchneri on
CCD-986sk fibroblasts and HaCaT

keratinocytes'®”

the expression of moisturizing factors and

antioxidant enzymes

B L-14 SEPGR AT A RN A375 AUEAYAFS AT
%, BRI ARG Rk, [R5 S 4
BEPIVEPERIT . Wang 5258 A3, FEFUAEFT
P& WLPLO09 [ Jifd ) Z #i (exopolysaccharides-09,
EPS-09)1] if5 % BI16F10 M (4 Z008 40 M i T . 410
il e g IS A A, AR AR PR S i T TR AR
TEVT R A B BRI . Bk kB

UESE, A 2R T AR = ) B BB T
P, Al 2R R R AR sk

BT LAWK, A5 A R i 2 R 7
A B, FLAAR B A S sl A = 4
il B SR T e A s B, R SRR B | ARRBR
SN S R o X LERT ST BE R T 4R
AR REAE IR YT R I T o B R ST TR
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A, g B ARG A BT & ik e
RO ET B A IR, S K R SER VR T R T 2R
L OREMERHTERE . BeAbh, EH X B ET R R
PR R 2 BUR AL AR B B Bk, t54E
PR TR A SE g HE R L AR PR AT O S
il e ik B Ak BE B S AR TR A, TR PR
PRATU R TR 4 A TR R T R . AR N T 4
A PE-ER R B OCEE R IR R, A5G A i
J7 B i B AR 4, HES R BRI E R EUE AL
ST DA TR 0[]« 2 Bk 5 B AR
2.2 4 7 A B BR ASRE R HUE A

HETFSE CksE, o A oA AT 38 o 9859 B2 Ik
A . BER EZ BRBR B DR . AR S s S A5
AR TE Bk ARE 0 T 7 R T Hh s Hh i 2 AL
. Kang VR, KAUHTH (Bifidobacterium
longum) RAPO SHHY)FLAEAT# LRCC5264 1R
& 254 W (11, 1x10° CFU/mL) A] | i RAW
264.7 MAEHLAR A T 1L-6, F WAL R K T IL-9;
TE 2, 4- — fif £ & 7K (2, 4-dinitrochlorobenzene,
DNCB)i% F#Y AD /NRATY p, IR G 4 A 1
TR RIESy . 13K TgE . TEWL BB ki
e mRNA ik, SR HGE S ] 1IL-9 A3
5510 B ITAE I B R B e R 4R T EH .

XF T bk R 9E, Fang PR AL, K
KU AT CCEM1029 38 i3 b i (5 2 R AR ™ 4
N5 e -3- HH i (indole-3-carboxaldehyde, I3CA), 4k
1M} 4 36 5 & 448 32 1K (aryl hydrocarbon receptor,
ADR)(F5 38 %, DA el 4 1 M e 48 1 g ik R
REKE o MO, RERAEDTE I, YT
[ SM5-2 Rl i i AR Rl IR S B Bk
U I 2 B 2 /N BB R 989 o Hacini-Rachinel
AEBO L, T IR WS LS AT (Lacticaseibacillus
casei) DN-114001 A i 35 il /b 422 fioh 8 368 5 S 17
(contact hypersensitivity, CHS) 75 /& £ (RVAE IR 1)
BESME ML CD8* T 4ilfifg 1) f Bk Z£4E, [FIAT
B0 K Bk B FoxP3™ M 454 T 4 Bt (regulatory T
cell, Treg) i LA JF e ik H ™ A TL-105 B2 ik iy
IL-10 LA U A 5T 240 B 08 T B Jmy 3o Bl v A e
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PIVER, ] s B Bk o BORE IR o ik Ah, Choi
ST % W EE W FL AT T (Limosilactobacillus
fermentum) SLAM 216 W43 B 319852 T o4
(extracellular vesicles, EVs) LF216-EV, 7E4#0 P
F 96 /NSRRI LF216-EV BB 80% 1 ik 4
SERNL, Zeffe T RCIRLLEBE . B . T mne
IR

gr LRIk, g AR TR Bk ARRE B AE FH AL
Wil ZHe, HAE™ I & LN AR B R,
T IRRb FE I B AN A i, g 2R T R B R AR
SERRITHRAE TR RS . REE AT, S
T 25 A= TR I A0 FH R A B8 R IR T R Ik REE
PR AL G R SR e, 25 A2 TR AP R i o
1Ay B ok A R A L (A 7 o]
23 mEEAEMBEMESELZHSH
EM

IAESR, o AF T AE PR s R RO Ak
DT s R TR R BERE . F5TE Y, Ak
P AT ot Z LT R PR ACE R, B B Rk
HAHSG AL, BN, 54 T e B T 4
5 [ ¥ (matrix metalloproteinase, MMPs)f & ik 4iE
ZOCEAIERE . AP FULAEAT I HY 7714 3@ 70
INK/c-Jun {5 538 f 0k > MMP-1 %Kik, K&+
R AN (ultraviolet B, UVB) BE 51 495 14 7 it S5
Fik; IFAETCEB/N BRI I ETH UVB 5%
AIASOE W, 3 B 19 R K L MMP-2, MMP-
9. MMP-13 §if ¥EP7. b b, OB K T
(Bifidobacterium breve) B-3 BE W] 2 41| UVB 12
PR RS RS 1) B koK 3 0k SR B2 38 )R, TRl isf
W UVB 84 FR ST Rz JEk 55 12 1 245 4 R LTS
R0, A58 A2 5 00 B Ik 4l e A
#-1PB (interleukin-1p, IL-1B)= 4=, Fiphte Pk L4k
LRI B A E PN, BRIz Ah, AR
CIBCEUR 1 R E Nz B N 1 Fi LSS e 317 W L =)
TRAE T ok R s SEDO R I T A 0 LA T R
CGMCC 8198 it I W (lysis supernatant, LAS)
AT AT R o R AR TS, A8 LAS B
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VG ER 2,27 B - BU(3- 2 FE A I 8 e b - 6- T
fR) [(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid), ABTS] Fll 2, 2- — 7% %k -1- ¥ 5 i (2, 2-
diphenyl-1-picrylhydrazyl, DPPH), Jf i 2 F& Ik
B16F10 AU N MR (R BRI, SR RAFAIHT
SAfLRE ).

WFE R, g AR TR T AR 5 AP X
2R M50 o SR i T SO0 Ao A S A L S 6 A
SNPIRY e IR BRI FLAT 18 XIC60 BATHE
AW T, 0T R PR 2 A i A AR 2
B Uk e I BB 2 A A 7 ) T2 Ay AR T
Jiie, AHIZAWT I 1 AR 22 ARG R0 i, FLR
PRTE AR O3 RS e 1 B 2 AT i — 2D 3PA
BEAh, SRR BBk B ot b
P05 5 L B 20 0 A 0 I A TR LT T
XJC48, Al S KA AR N T 1
(insulin-like growth factor 1, IGF-1)/Akt 22 & I®
(Akt serine, Akt)/ X L HEZ 1 O (forkhead box O,
FOXO):ll 1% 4 K B 7 i £F 4 4 F5 tiw , B 4E
PUEAMR AL

bR B AE RIS, g Az TR A] i
R R SR ) o3 1 5 BT S AL R, SR THL
BRI, B, 2 RAEELEEFT I HK-9
R T A AR SRR 3T R K T 3 L)
HLAT TSR ) Bz R AL Ab AT e PEREC. AR
He FUFT I (Lentilactobacillus buchneri) % W FE )
LY T B E N UVB 5309 1 R 3%
iK, BRI S 5 4 AT MMPs ) mRNA 7K F-
[F) i A2 FE ORI Y 7 I AR 10 3R ik, BAT
PO BRER,

2 L ATA, g AR T ] s> MMPs 2655
FRTEE A543 55 22 R IL ) e 4 R A 0 B IR
JeEAAE . BEEBIFAWIRA , i B WA
SRRy — i L B JIRA AR AP R, B A
7 RO AL SR B AR G . RS A A R A B R
St I E L C AR s, HHE
AR A5 2 ARSI 33 T -5 I T 8O
a5, DLRCUNnf o P 4 A 1 A B2 K b R E

A5 1) BT 5 i — A A g ) ok T i o
AR 5 40 FH 45 A B B 6 BRGR G, 5B 2910 Eh
SRS 4G 2y i A MY 2 5% F
Ko ehrid f2 AE W 4 A R BRI T i iy RS
16S rRNA N Ef# PCR, B EAMH 4 HAEA
] Bz IR AR B v i e A Bl 12, A S
YJRETM 5 B IRAR I 2, W IF & HAA B
VEFABLE . FR e A 5 e 20 43 B nl 458 1 M RE 1 1Y
TR A R KA

3 RE5EZ

BRI 257 35 B JIR A B 7 T A 4% 45 B
AR, QAR T RAVETR . AT
JPk 2 Th TR BT A L B A R Y AR KSR
SR, 5 B IR A 25 5 A P m 3 B0 |
PERZ R« BERIEAE 55 22 M BRI Y A A o X
I, TRAT i B IR Ad A 25 A FH AL X T 48 7
PRI A AR HLBERT - 4108 (8R4 B 2
Ko [, WE5EE K B 1 B R s 2 n]
AR RO R . Foh, SRR AR I —RA
w A, A B IRAE U E iz D58 B
T2 F BRPIR G HAr, w@EREg
UESE AT 2 ML A AR i IR Rk
P A FERCEY R, b
B RRAEAE ARG R 5 81 < - il - B JOR A ] 42
A R AR B | ARG 2 R 5l A A
PERGE . AR SR AAE FLIVE, DA I o A s 25 9
TP AEHI(A 2).

B LR K B AL A I IR S B, SR AE
TR AR T ARG . T SGE BRBUE RS
25 2577 S0 FE o AIRASN TP R BS A,
HUMRMEAE E AR . DRSS 25 MR O A T
A R - B SR K R GEERAT R, ik
2T AL IS RES H 28 il TR R, PRI B
PESAE , I 18 1ot 6 i U R < ™ ) 42 il
8 P o R4 B2 JEK ) SR AR S R P T RE o Ak
& 25 Jr i BT 10, H g 2 TR R 1
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TERK, PR FEA 45 W BCE TR B, se
T U, I B R BRI E T SR
BPE SN . FUARZSTR , FIRIE Y R Gtk 3R
Be 5 A s AL R TR A S D AR A S, T SEEl
MR ENSE | BRASGR R BRI 2, R 4E i AE

SRR A S A R B T AT SRS o A, 7EBLA
WFFE SRl L b E— PR R BRI S L Rk
RS SRR = A Z I RZ R R, UE
Uy o B KRR I A AL, DO AR R
Jr o7 kAR T Z AR (K 3).
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