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Abstract

Objective: Metabolic dysfunction-associated steatotic liver disease (MASLD) is a prevalent chronicliver
disorder worldwide, yet effective clinical treatments remain limited. Xylo-oligosaccharides (X0S), a
common prebiotic, have been reported to alleviate hepatic lipid accumulation by modulating the
gut microbiota. This study aimed to further investigate the effects of XOS on gut microbiota compo-
sition and metabolomic profiles in a high-fat diet (HFD)-induced MASLD mouse model, and to ex-
plore its potential mechanisms. Methods: Mice were randomly divided into an HFD group and an
XO0S intervention group. The MASLD model was established via HFD feeding. Serum Alanine Ami-
notransferase (ALT), Aspartate Aminotransferase (AST), and triglyceride (TG) levels were meas-
ured. Histopathological changes in liver tissue were evaluated by hematoxylin-eosin (H&E) and 0Oil
Red O staining, and inflammation and fibrosis were assessed using the SAF scoring system. Gut mi-
crobiota composition was analyzed by 16S rRNA sequencing, while metabolomic profiles were ob-
tained via untargeted metabolomics to identify differential metabolites and predict related meta-
bolic pathways. Results: Compared with the HFD group, the XOS group showed significantly reduced
serum ALT, AST, and TG levels (p < 0.05), accompanied by markedly decreased hepatic lipid droplet
accumulation. Principal coordinates analysis (PCoA) and Adonis testing (p < 0.001) indicated sig-
nificant differences in overall gut microbiota structure between the two groups. Wilcoxon analy-
sis revealed higher abundances of Lactobacillus and Coriobacteriaceae_UCG_002 in the XOS group,
whereas Prevotellaceae was more abundant in the HFD group. Metabolomic profiling identified 156
metabolites with increased levels in the X0S group. Multi-omics correlation analysis suggested that
XO0S intervention may regulate glycerophosphocholine and sphingolipid-related metabolites by mod-
ulating gut microbiota composition. Conclusion: Xylo-oligosaccharides ameliorated gut microbiota
dysbiosis and altered metabolite profiles in HFD-induced MASLD mice. The potential mechanism
may involve modulation of sphingolipid metabolism, glycerophosphocholine metabolism, and re-
lated pathways, although further research is warranted to elucidate the underlying biological pro-
cesses.
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1. 5I&

AU I RE B ASAH OC G 107 14 5 (MASLD) A& 4> BR f i W P 2 —, ik e 7 A4l i
i JFE 2 AR T e R RS AH DG HE 7 14 8 (MASH) . AR didb . FREAL, B 2 R Dy I 4 i Jes 56 22 Floge s [ 1]
[2]. #E4tit, MASLD B4k iEmZ E N 39.7%, LtEh 25.6%, HREFRANMERS: BT, XXk
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T U E 2R AR [3]

MASLD &3 FIFET A 3 T m, Hh 8T Fm I Lu B 13%, FET0 LA 9995 (1 Ee il oy 25%,
SET IR R LRy 28% [4]. HTT, AEVE T T TS RIR S5 EZ 3h) (752 MASLD 677 12
A, AR FH KRR AT OB B RAE[S] . RS2 E FDA T HARHE T HUARIRIER 244 B (THR-B)I
37 Resmetirom (Rezdiffra) H T-¥ 77 & /0t H 2 L EEF AR 440 (F2 5 F3 #)Y MASH i35 [6], (HX)
THRUBFHBAFFE M HZ NS, VIR RERRT T, XN E Tl —PIRRERIELMFAES
V)T TSR % (1) B B

EAFEE R, SR RS 3 HRB(FMT)WT 7T CAESZ, I8 R R4 0T /E 9 MASLD #E & (1)
IR IKBNR R [7]o X 51 T AT 0 ) i s A 1 5 DA T i FR ) V2 O . TEIR L SRmE v, fIRER
AHE(XOS)IE Ay AT IE R AE HE 2 B 3G 58 R A TE AR S 10 I et 5 A5 20RE S N8 % 1) 26 2F
JG, B REFIIN TR, Bk, $#RF0 XOS #h7e e 75 nl i i 5 9 iy 16 B i 45 40 5 TR kR il = iR ik &
(HFD)i%- 31 MASLD, HA HZ PR EE 51697 & L.

TRERAKE A —JEAE T e & i AU SZ DGV I 2 A2 76, T8 55 LA KOS (Zea mays subsp. mays) Nk, 22

EREMG K MR RE, ReWS T 2 NARTH AR, JFAES Mt iiE s R IR [8]. % F, XOS *
BEHAKE ICIET B-1A- W R N, RAE RN 2~7: fES AT BE A BT R AR R, X
PG M 2 BEVE P T A F AR5 Thae 9] ERAMA T, MNEMmZ e REFSARER M. BHRE
RHUR L RAMEIR, XOS TLHEFFEMERE, IUE I AREEE IR A R I 2 4P v [ 10] .

B i A2 e PEAN, KRR 25 1K) XOS iR I tH & BR H LI RE YT, X DPPH. ¥24E H 2 («OH) A &
ABTS« [ 1L (135 2 (1.0 g/L) 73 7li5 3 65.76%. 62.10%H1 97.70%, ‘5443 C A2, ixJ XOS ikhE
TEFEFLR T 4K, 345 Lactobacillus plantarum. Lactobacillus brucelli. Lactobacillus acidophilus 1 Lac-
tobacillus rhamnosus [11]. [FIFEHE, HHAG 7 ARG R 25 /1) XOS w] DL (2 3k 7= 7L B2 B4 0 Lactobacillus sakei
Al Lactobacillus brevis FI38 48[ 12] . fESN4) 5256 1, XOS W AT 38 /N R iz (Ot 2 91 %) I Bifidobacteria
L, IEF e R EE R TR (SCFAS) K, TLHOR NG . XL T3 NG RS, 5 BRI 0
T2 0 BR - (40 1L-18 A IFN-p) [ ZRIAAH OG[13] . HIXEefE ] —3, XOS HAMERTE, “4xE R4F[10] [14]
[15]; #RAIMSEEG IR, XOS H%5 5 # Bifidobacterium K EEFIF[16], HELEHEFR I, HALIUSAT B 1EH
T HAh fi 470, BRI RHE(FOS) [17]-[19]. ZIiahsei c Box, XOS Fh At mE R ail s
MK BRI A2 [20] . AT, JCT XOS /2 75 AT Ji ok 8 ) 15 [l i b BF A AR =Pk & /i MASLD, DA
F TR E I, VI EE RS E .

DNIEANX BTG 1, AW B ERIH 2 ARG T, RGP XOS Xt HFD 7 5160/ BRUFFIE
[ Jizg R LS AR R B AR - RV G R, H 8 Sy JO0S 718 T A 2EL 1l B o B SR U AR = ) R VB

2. FESHH
21 MRIAFELE

4 JEES B kEME C5TBLI6 /NI A B il E R s M B B AR A A . BRI, N R 3R,
BT A BYOKPER S, fREE 12 /NS ERE - BRI, JRE 22°C £ 2°C, WE 50% + 5%. £ 1
FER S, NRAEBENL > N 2 DR AL FEZH (n = 10/4H): 945 MASLD f %140 (High-fat Diet, HFD £H) LA
SAREEANE 43 2H (Xylose oligosaccharides, 172 /1A R A ], XOS 4) (0.35 g/kg*d™), /N IAFR{E
18°C~24° CH =R, JalEx & 12 /NI, BER HHOK &, XOS A#A/N I RES 1 Ik,
#E N 0.35 g/kg, HFD 41/ SUHE B AR A #EEE K, 16 BRI MR, MAE/ . i RN RE &,
A I B D N AR
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2.2, ¢RLNIGTE

TEAH 16 ARG & TG )5, REZE /DR E T@E s =, DU 80 2 8 = 14651 30%~70%
1 B A R, B R e TS IR A I A BRI o, IR AR A (O I B R P 22 3 W) 42 PR B4R 7 (2020) )
MIRLE o il I BR e SO 2 I B RSN BRI B AL T IR BERIOIRES J5, SR\ —E iR E 2
WEIR A 1k, DASE R SR EAL B . B i S B I O U 28 I BEAT R CR L. HLARRE AR BL 2000 rpm &40 15 )
By, USEEIMYE, JE{HFH KONELAB 20XTi 434711 (Diagnostic Products Corporation, 3% [ JiFI 48 J& I JH i 4%
BLBEAT AT, DA E H Il =B (TG) M A 2 MR 2 S B B (ALT) /Ko BRI 72 it B oA i [ i [ 5 T
A%LZ M IR T AT, HARALNRE NIRRT -80°C . IR 45 3L T
T 2 mL B0 T, T R AR .

2.3. DNA 2% 16S rRNA EE N F

WA/ R B REA, RGE VR J5 3L B AR 47 T —80°C UK A4f 7 F T DNA $2EL. KA DNA ik
PG FEA I B K 2 DNA HEATHREL, 2 J5 ) H 35018 B 5 i HL Pk ORI NanoDrop2000 £l DNA (R JiE .
FIFH A 2 TEAE B4R S VE S 09 1 16S rRNA &R (145 i X 4 (16S V3~V4) . R 1X EAESGErh
W (# SYBR Green)5 PCR F=#i &, HH7E 2% G WE e FEAT sykAS I . H 94 1K PCR P4 18
Qiagen & [l 71 £ (Qiagen, 18 [E)4lifk . W7 S K TruSeq® DNA PCR-Free SCJ il £ i 71 &
(Mumina, £E)HEE, FFTE Ilumina NovaSeq ~F & EHEATIIF . R FLASH (V1.2.7) 5 A4 5% X 7 51
(paired-end reads) BT &, FHARIEGLAE WA 2 =T (QIUME, FRA 1.9.1) (1 Jif & 44 il Y F2 %t IR 46 b
BT R B g . B4R F Uparse #04 (Uparse v7.0.1001) 8547, AHALE > 97% () 7 41 9 %1l 43
N E —HEAE 5 K50 (0TUs) . BEAMRERME T 51 19 4 8RBT Mothur 3%, FIA Silva #4 R 34T 7

K5 BER.
2.4, HERBEZDHT

FEBFA SR SRR AR I Z) 100 mg &2 2 mL &0 1, I 400 pL FISEE —20°CERA7 1 FE (MeOH,
W 4 ppm 2-ZFE-3-(2- 5 - 5)- N IR IE N A brR), TREIRS] 30 s. Bl N 100 mg BEHSER, HFEME T
H LU EE A LA 60 Hz A% 3557 90 s. 3515 VR 7E = 15 T 5 A0 22 10 min, #R/5F 4°C. 12,000 rpm 50> 10
min. S BG4 0.22 um JEIEEIE, 2 8 3R A T (3 - B (LC-MS) 7.

VA0 43 1K F Vanquish UHPLC % %i(Thermo Fisher Scientific, 3% [#)J{# ] ACQUITY UPLC®
HSS T3 &34 (150 x 2.1 mm, 1.8 um; Waters, 32 [E 5= 15 ZEMOK/RAEHE) . S HE iR R FF/E 40°C, Wit
# 0.25 mL/min, BEFEAAFR 2 pl. AR R4S A O & HmE %5 FE S (ES R P Q Exactive Jiii{X (Thermo
Fisher Scientific, £E)#4T, ¥ RELE Full MS-ddMS2 #i2(EdE R #ibE MS/IMS) T #E4T, T [ 1 B
MS1 F1 MS/MS ¥ .

25. GIHFESH

2.5.1. BRHEEFMRHYBIEMOG T S

4 P 8 T RRE A BT TS A I G 1o B 0 7E SPSS %4 (Statistical Package for the Social Sciences, Ver-
sion 26.0)FF kAT . 2H A 25 A FH B DK 2K 5 2 43 M (one-way ANOVA)BEAT ELE . %7 Shapiro-Wilk 1E P4
B 45 AR R BIR AT B IEA 0, WIR A Kruskal-Wallis 46536 5% o 47 £k 56 (median test). Ziit & PEK
FREN p<0.05. AT 4R B LIEIME + b2 (mean + standard deviation)# 7~ . AR5 2 8] ) < BE A
fi Spearman’s 2% £ % (partial Spearman’s correlation coefficient) 31T 14 »
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2.5.2. 16S rRNA M FFBIE 534

16S rRNA il 5 %4 - 4 ] QUIME #XfF(Version 1.7.0, 3£ E R i1 2 KA M08 I R iE S 2P
fil(Version 2.15.3) 3 TAbHE . B % FE 1 (Beta diversity) 73 #1 >R FH R J L B 45 B 25 (Euclidean) il Bray-Curtis 225
BT, S5 ANE R 3 s 4T (PCA) AT IRAL o Bl B 45 A4 70 A (7] 4 531 18] (1) 5% 3 1 22 57l ik PERMANOVA
(ADONIS) 7 #T7E R 1 vegan ELHSEHL. AN [E] 7 28K 1 40 K8 = FEAE B ALIR M Si it EL SR H Student’s t
R, IR BOS ETRA

2.5.3. FEERHDBRES

FEAEARUEAE 1 F Ropls #4730 Hr o AR £ R FH 1522 M e /s — 36 #4531l 43 H7 (OPLS-DA) o i G 155
RS HLA, R 7 H148 XIGIERN 200 V0 S B A6 56 (RPT) VF Al A5 8 A v o A AR 0L 45000 B 4 v (R2X (cum)
=0.717; R2Y (cum) = 0.995), FillfE %38 (Q? = 0.849). Gil & & MhbrrEiX N p<0.05, HABHRHE
EEVIPYE > 1. 274 MetaboAnalyst 1 & #E 478 2% 734, JFBU 2 KEGG (Kyoto Encyclopedia
of Genes and Genomes) (4 il i, {41 F KEGG Mapper T H 47 aT it

2.5.4. ZEFHEXMES
Z LA ARG MR I Spearman’s AHIC /BT ITAL, B EMERIE BN p < 0.05, 15 3 AIAH HE FF i@ It
K (clustered heatmap) kAT Al #04L S 7.

3. R
3.1. FFRERYRIRREE K I A L iE4R

23t 16 FT-Hi)5, 76 16 A& 5, HLIURFEAPPE EoR, m e (HFD) WM /N 5 300 BH 2 0 B A
AR AS I, HAFAE A B35 A AR B HEAL AV S ERFEAS Y, RBUNITAI MK . B Fi#G 5. Oil Red O Jethjtt—
RS, HFD 4IFF4np i g 5 &M 2 (K 1(A). B 1(B)). MiEASHT4E R (G 1)FW, HFD BE 7+
T LS N AR I R (ALT) AT H I =B8(TG)/KF, XOS aJ ff P & 7K B & K F%(p < 0.005).

A HBARE B HER&

200f% 400f% 200f% 40015

Figure 1. Xylo-oligosaccharides alleviate hepatic steatosis. (A) Oil Red O staining: nuclei are stained blue, and lipid droplets
are stained red. (B) Hematoxylin-eosin (H&E) staining of liver tissue: cytoplasm appears red, and nuclei appear blue. Magni-
fications of 200x and 400x indicate the optical microscope enlargement levels of the tissue sections

E 1 EBRAEAILSERBEREY. (A) HARE, BRRREMZ, LRKKRER. (B) Al H&E &, K
4T3, BEAXEESE. 200x, 400xJ9iALR7E BME THIRMASE
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Table 1. Comparison of serum biochemical parameters between the two groups (n = 10 per group, mean + SD)
Fz 1. FAMRE N DR (=10 R/4R, x+s)

ZH ) ALT (U/L) AST (U/L) TG (mmol/L)
X0S 4 29.50 + 3.44 128.20 + 13.44 0.65+0.11
HFD 41 37.20+2.94 150.60 + 18.22 0.92+0.17

p 1H <0.005 <0.005 <0.005

3.2. RBAFEX R IAEERFAIR M

PCoA Jr i 4t (18 2(A)) o, T2 8] B8 3 43 A FF B W 422 255 Adonis 238 (p < 0.001) i —2BHiEsKk,
Jr B R O SR 2 S B Gi it B M. Wilcoxon K636 6 S 1] 79 2K ST IR 8 B 25 S b AT e . &%
RFEW], LEITKF, XOS ZH B AR B A £ B2 & T HFD Z1(18 2(B). 141 2(C))s fEJE/KF, M4
LRI E] 46 A7 R B R, b XOS 4 16 AN B 8 F= BT+ 7 30 ANFEAIC, BT 10 /S22 5 B 2 s B s
Ho 7 AN JELE XOS AR 2(D) Bl 2(E))s fEF/KT, L 19 M Il z =, Hrd 10 FifE XOS
HEEFE, HEAH 10 EFFHA 6 Fide XOS A& 2(F). K 2(G)).

W LEfSe 08, FRATTHE—20%E T MASDL B/ BRICRHIE B I SO TEAE bR B . 45 RALAT Y
15 A EA SR U2 5I0(p < 0.05, LDA > 4). 181K, XOS 4Lk i =F B &8s fE4K T,
Coriobacteriia 1 Bacilli /£ XOS Z1+ 2 EFH#%; fEH/KF, Coriobacteriales 1 Lactobacillales 7£ XOS
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Figure 2. Analysis of gut microbiota differences between the two groups at different taxonomic levels. (A) Principal coordinates
analysis (PCoA) based on the Bray Curtis distance matrix algorithm, where the horizontal axis (PC1) and vertical axis (PC2) represent
the two principal coordinates explaining the greatest variation among samples; ellipses indicate the 95% confidence intervals. (B), (C)
Gut microbiota composition at the phylum level. (D), (E) Gut microbiota composition at the genus level. (F), (G) Gut microbiota
composition at the species level

E 2. SAEREKENEFESR. (A) T Bray Curtis IEEEMFEER PCoA 7747, #EFR(PCL)FIYLFR(PC2) AHEAR
BZERERERANENEZLER, HEK B5%NEEE. (B), (C) ITKEHNBERESH. (D), (E) BKEHBEEES
o (F), (G) MukFErIAFEEREIH

Hrh R, fERIKF, Atopobiaceae F Lactobacillaceae 7£ XOS 4H.Z 211, 1fj Prevotellaceae A%
Rs_E47_termite_group 7 HFD H% NF-'H . 7EJ8/KF, HFD 41 Faecalibaculum, Alloprevotella A A 3575 i
(uncultured_bacterium)=F-FF 4=, 1 XOS 41 A2. Lactobacillus 2 Coriobacteriaceae UCG_002 #H %} 3=
Bhn(E 3(A). K 3(B)).

BEF 16S rRNA Hidls, FIHT PICRUST X /I Bl 38 T 1 D RELHL RRBEAT 1T T 20 H7 o 25 RL 5 ! 179
%75 KEGG il %, H B iR 1 7% 7 f i 2 I HT 50 Tl £ 2518 #% 5 MASDL {1 A ML AT BEAH K,
EFEEENRAU . IRPUAED & BAECE A RS RE @, B RE 15 58K, PPAR 5 518 LA
A ER AR 45 (] 3(C)). BbAh, JETF LC-MS [T 4L 25 45 BRI T 55 /0 Al S IB K .

3.3. EFEEBFSHHEE RN IHTY

K IEA D fie /N 3 11123 7 (PLS-DA, R2X = 0.66, R2Y = 0.992, Q2 = 0.867)X % £H B A4 AR 4 3t
ITHEL, SRR XOS 45 HFD AR IS A7 78 035 22 (8] 4(A)) o 1E— 20 B 22 fwi e /s — 3fe )
Al 53 H7 (OPLS-DA) X 4y AL IR AR R, JF 48 22 AR = 4. &5 RN, PRALEARNE b 21X 7
(OPLS-DA #i%!: R2Y =0.992, Q?(cum) = 0.64, 4 4(B)). S-plot OPLS-DA /3w, &3 %Y
BLFERI R 2B 25 (] 4(C))s
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Figure 3. Results of LEfSe and PICRUSt analyses. (A) Cladogram of differential taxa: red nodes indicate taxa with higher abundance
in the HFD group, while green nodes indicate taxa with higher abundance in the XOS group. (B) Phylogenetic tree based on LEfSe
analysis (LDA score > 3) and Wilcoxon test, illustrating significantly different taxa between the two groups at the phylum, class, order,
family, and genus levels; red denotes HFD group, green denotes XOS group. (C) Functional pathways of gut microbiota predicted by
PICRUSt, showing major functional differences between the two groups

[ 3. LEfSe 5 PICRUSt MR . (A) ZFWFHZE: AT SNRE HFD AEERSHMM, FET SKRE XOS
AEFEEHFM. (B) &T LEfSe 4747 (LDA BI{E > 3)F1 Wilcoxon #IEM RIS, BRAAE]. N, B, MK
BKTPLHWEZEREE, 4B RFHFDE, 75 X0S . (C)PICRUSt FNRMEREE AR, ERMmENTEED

a2 B
BeZ= 77+

IRV ZE SR AR, A4 EG 245045500, X XOS 415 HFD 4TIk, L%
€ 371 Bl E E AR AR I (VIP > 1, p<0.05) . X EARIFYIFE S 43 A BRI AR R 4> T 180 Fiy A:
Vs S AT 4 Fh . RBRED) 8 Py KR RLHIARM 2 KA L Fh A% B LRI 2 Fhy A LR
FATAN) 34 Fh e HHLEAL G 1 R, AHLEALSY 11 B HHLAIME S 15 Fh. KRB S BE2E 13
i, PARAR Y A 102 R, 5 HFD 4L, XOS 413L4 156 St FE T m, T BRI M
HALHY) . AR SRR 4(D). Bl 4(E))-

X} 72 AT KEGG LIRS &0 M(p <0.05) 27w, £ 4MRiliE1E5 MASDL FIKAERTREADG, A4
BRI 12 BRI ARSI A . cCAMP {5 58 BRI AR Z 2 (K 5(A) . E 5(B)).

34. HEEHSERNBTYZENEKR

5T Spearman AHICMES T, FRATVIRIT 1 Fh/KT 2 R EHE S HT 50 A= 8 R, HAUOGERHA
FE AN I B RR AR . 45 SR B, HiBsAEmE XOS 4H/KFF+5, 5 Coriobacteriaceae UCG-002 1l
Lactobacillus 2 1EAHE, 55 Prevotella_7 2 4AH ¢ . 852l AE HFD 413 &%, 5 Lachnospiraceae_NK4A136_
group. Coriobacteriaceae_ UCG-002. Tyzzerella. A2. GCA-900066225. Ruminococcus_1. Simplicispira /&
Family_XI1l_UCG-001 £ #i#H><, 15 Hymenobacter F1 Corynebacterium_1 £ [IE4H<(/ 6).
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Figure 4. Effects of xylo-oligosaccharides on gut metabolites in mice. (A) PLS-DA score plot of the XOS group and the HFD group. (B)
OPLS-DA score plot comparing metabolic differences between the two groups. (C) S-plot analysis based on the PLS-DA model. (D, (E)
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E 6. HEEMSKHYMNEXMEST. BKENMEESAET 50 RS ~IRMEXEREE, ThRRERX, f4%
FRER, LEHEMRMEXREKN

4. ¥ig

AW REEEHLURE S M ELIERR . 16S rRNA JIF 2047 UL R ARRE AR 4 2%, AESE TR R ARE
(XOS)#h 78 1] 7E i g T £ (HFD) 75 5 A 6 AH G i 17 M 973 (MASLD) B 28 mv e 42 5510 8 A0 ki 1 (1) A 2 VE
XOS WEWE T HFNEIR G, (R BT T g S AR, AR A . PR RIT PPIRES
FEARWEFR R, XOS i H MR AR (GPC) K F 1. GPC & —Fh Rl T B AR BEAEAR A AR AT 18, COFF
W FLR A FF A AR E . 15, GPC LR AP JFF T S 52 5 0L P HEVE 4R 195 7 TR I B WUk . A
FLRIN, GPC Beff il i 4 Rp 42 Rk T RE AN /D EUb BB IB R I IE B4 [20] . iX— W15 GPC TEAR Wi T
HPE AR, R i B I 0 Rk AR 5 R bk Th R e A S AL S 3 DA DG . Uk Ah, GPC I RS I ik 14 3
LRI IR B I M, PRAR SR RS 6, M ZE SR I PR 4 40 v R ORI PE I [21] - bk, Hr il
i FOELTG 1) A Q7= 42 1 IR Tk FELBIU(P.C) 7 i i A (00 83 Ay 97 H i B R HH98E 0 W88, PC REME @t i 5
FIET TR A RS R i 108 A A 0 O 50 v P R B0 15 3 /N BRUTE R R R AN 3473 [22] (A3 — #2102, PC iLRE
5 30 A k2 P I =5 ol PR SR NG o B R S A AR T RE[23]. S 5T K I GPC i Re % il
TR i AR A SR D (R IK, 9800 I i SRR SR R0 SO0 S B [24] o X UERF A4 SRR I, GPC A AR
=L g AT 0 TR AR 9T R B R A .

AIME S HT R BL, GPC 5 Coriobacteriaceae_UCG-002 i1 Lactobacillus £ 1EAHZ%, 5 Prevotella_7 £
R 5% . MEAER S, XOS 41+ Coriobacteriaceae 1 Lactobacillus 5 & 21 hi. 45 #F 7tk ] Coriobac-
teriaceae 5 fthy T 2824 WA Al FH AT LA BE i b R 5 A A S i I (MARL D) RS Y K BRI Ji 1 ol A= P e
O AR B AN I RE[25]. I64L, Coriobacteriaceae R fEiE IS Hi AL M PLABF IR MR EH . BEWR
B, Coriobacteriaceae i Akt/Nrf2/HO-1 4% 7 F A 2 B A AR Bk = X £ 175 5 IR s I b R HE P A Ak
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YERI[26]. S6ALith, Coriobacteriaceae i i fil i 4 A0 ME ISR 503 i o 35 72 /) B Hh o6t 5t MASLD [27] . T Lac-
tobacillus 7E A& WL 0 a8 A, 760G 107 i R 1R 2 51 #2) 2 5&3F » Lactobacillus rhamnosus GG (LGG)
FE /N SRASE A R R W AT DS G NG s B RE K OR W1 J5F  T) E LA R 00428 JHF I 288 SRE A0 g 177 38 1 SR R4 /)
B 90 52 SR AR S A AR I RS YL IS W FF(NAFLD) [28]. 254ui#h, Lactobacillus fermentum CQPCO6 i it
R W - Bl 72/ SR A TIBT NAFLD , AL 6045 30 558 Ji 1 5 % 45 B 1 () SR AN 1 i TE A AR 25 [29]
Lactobacillus gasseri £ i JH [ B 1 & 175 5 O R 07 A2 o SRR s ORAP PR T, FERILIRS B 5 18 32 B R 36
KRR A& 42[30]. 571, Prevotella 7£ XOS 1 #1 £KFF . Prevotella 77 iE i E LR 1)
FHES MASLD (R EFIR EVIM . — IO Fea s o A A [ s s DAL %) 5838 i s e i, o
Prevotella copri 75 £F4EAb i35 vh B35 & 45, FF FL PN A4 4 A0 1 i il A Wb 784« 1X 3R BH Prevotella
AT REAE AT 4EAG ) E R R P B AR FH[31]. bAh, 53 —TAFST4R . Prevotella fF=J% 54T 4EGAH K
AR B AR B DA DG, AT RE AR i A0 RSO 98 SE PR SR IR T i [32] o FE — TR X AR T > A A S
NAFLD % (1) Prevotella F= % 35 [, X5l AEY) 2 FE1 F A0 Firmicutes/Bacteroidetes EE 5131
I 9%[33]. B4k, Prevotella IR SR RS AIEMSGER <. —T R ER, mlREAER
BN LA AN Prevotella ()%, %K Firmicutes/Bacteroidetes L4, M ] BE ZE 22 5 5 JIT HO A7) SRR
[34]. 53—T5UREFC U FE H, Bil 5 UL S Dl it is/b Prevotella FIFEFE, o3 1 a8 5| & it i 18 7 e
Dy ARG A S S E[35] . 1X 47~ XOS W] gl il i 545 & T FF 4L se g GPC AR AE, 251
2 MASDL IR ES K .

BHE N — R, RN 1-BERR(SIP) I RTME, T /RSN B EG-1 (SphKL)/E A TR A
S1P. #FZ I S AU P8 i 107 P R A R e b AT AR F o e AT B AT LA e 5 A R SORE S
SRR TIE, P REAE S 2 A B . A FUER I, B ) - - R (S1P) T 5
FREM G B BB AA ELAE, AT 2R AL B 0y, AR A . S R M A% RN JORE I v
[36]. FEARPRE AR 0 (NAFLD)H,  S1P (17K T 45 i Jo g 20 A B 2 B I AR G, B3 JF I 197 73 PR A 21 4
1L[36]. TERAR IR B FRIALHE/N R A b, S1P @it S1IPR3 15 5 4l R4 HLAAR T 52 AR 5| &S AR 2 e
Bt . WEFCRIL, S1P-SIPR3 &5 7R A ZVRHIE 85 PPARy HIZRIL, MTIIE NG 7 A2 BORE 7 vk 45
ER . X—15 BB T I R A E 2 3, ReRe AU I B2 A A e I A8 PE[37]. tb4h, S1P
FEF AR A BV FAS 2 1 T2 8 98 CEJRIRSYERE D7 (NAFL) . S1P B A= st T O3 I 4 32 S5k
/PR O B, WFFCR I, Sphkl ARii) S1P BENEIE T 22 i S Ab B ORI /b i 1 S (ROS) A 72
AR AN [38] . X FEIR SIP W RERAATT NAFL AHICH A% M R 55 . 4R1T, S1P [fE Ik
ERE . EHLEEILT, SIP nlRE(EHE SO RE AR Ak Bt . 9dn, S1P 3@ ¥UE NLRP3 4 1 /MATE
FEPRE VG D PE I 28 (NASH) R R . BEFE KB, S1PR4 7E NASH B35 [ IE Hh s ik, JRilid 1P3
SEARMA S5 5 8 B EOE NLRP3 %1/, AR 33E NASH FlFF4F4E 101 % 2 [39]

AT R I, XOS 2H 8% BE /K7 %, H. 55 Coriobacteriaceae_ UCG-002.Ruminococcus_1.Tyzzerella.
A2 ZER AR, Ho, Ruminococcus_1 AN T ERAE BB, T R #h7E g D7 v 4 Y C 4 2 Tt 98 iE
S, AR S IR NR 7 A8 P R0 280 J7 T R I 235 98 77 1%k, T BR SRR el i R 1 IR o A RN LAk
PEBCRORA IR . filhn, — DU s e, T R #h A % 18 i 1 52 T 17 18 48 Ao R D5 8 2 Ak 1 B e ek 8 EH 7T
IR BN S| RS BF 473 (401 AL, TR 3R REWE I Iy /b S Ak S SEORH JRE S SR AR B TRIEAR A, AT 2L
B (AR W) R A2 [40] 0 2RISR, T ERERTE MASLD it g vt B B2 p4m /e o it
FURANTE T ER 2L, 7T LAAG R Hhif 2% MASLD [ MASH [J3EfE . IX R 3715 F 5 T R 26 % i 1 5 5% T i 116
0 DA R 980 DR (R4 A DR [41] o BhAh, TR AR Ik I AT A b ) B SRR A G TR R R IE 8D AR T
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G RIFR R ITER A, AT FEA ARG D AR R XUz [42] o T BR #h AR FH AN IR T~ B4R RO B,
IR I E e R R T AR BEAUR I, TR Hh AR 0% 3 B N A BE AR T R (SCRAS) I A
SO A AR DR (R ZEL R, DT [ 0 B S B 1R A2 [43] [44] 0 BEAh, T IR Ehid Rk e ik 1Y 5 Ji7 1 o
FEThRE, W0 NEERINEE, RIS RGN R AE R, X0 T NAFLD [R5 va BA B2 X [45]. QT
iR, Coriobacteriaceae_UCG-002 7R ik B AT 238 I AR i A8 M . iX 427 Coriobacteriaceae_UCG-002
5 Ruminococcus_1 7] fg it a8l Qi 42, 3 FRAIC SphKL iR E it SphK2 RiE, Jeli/b i i
Y5 S1P /KT, AT a6 FF 440 P g 7 7 12

UEAh, =T 16S rRNA Il #dE 1Y) PICRUSE Dife Pl 45 R 7R, £ 5% KEGG TR i e (an e A1 .
Hm AR R 4H M 75 5@ B UL K& PPAR {5 5@ B TEA R B A B 2 5 . [HIFERT
A, XU AR Y2 TN AT B D R R, AL 2 b 5 R R SRR 2 1 H v B A A AT AR AR
I % = 8 SR IE R T R R S BRI RHEAZ R E V) Rk, 45 G AT OISR HE, (R 5K
ARKBE(CXOS) A Bed it 1 5 i 8 B A 2 Rl A AU e, adE T sz L3R 5 T B AU 2 DIAE S 45 5 i@ %, A
MAE— & B BT 19T 258 MASLD (FRUHAH T 107 P R ) i A A R o g, H- sl s AR A s R A
W T AN 5 IR AR TR . A T B R % R AR BT A5 B AR T DIAH O, 17 i 07 4 e R 45 - e e
515 1 SO0 I B K BE AR R IR B RT3 PPAR A5 538 I T2 18 15 iR 7 e Ak 5 IR T R A ) S
o B, XOS %X Seil g M e 1T EH, nTREM RO % MASLD ) 3 22551 2k o

BATHIHI T2 R - ZEHE T AR 04, FRUIR R A frdt— B I0iiE, AT SRR H XOS A2 fit 4
(/N RS R AE(FMT) . SC8 B RF BB BE G & 1 25 Bk - EEESEES, DLJLERXT ARR/PXR BG5S 5-LOX #fl
PR Tl e SR AF/BR 2 SIS R HEAT BAIE o HLHIAIE 78 A] 255 S My 2 B D 20N 5+ [ 7 3 7~ B 0 28 1) 368 A
22 DL R A - At B A A5 T VT R

AHIFFE A B AL FEAN A F PR /N R S B — XOS SR 55 5 — i 1] g7« SR FH 3848 1T = E B i A= P 4 53 A
DL iR 2 AHSGAH = W B e A o ROk AR RLAERERERUE . AN F R & ST TR 3 A AN R B
IFER 25 N IMEARAE . 2T XOS 224t , AN 7045 5 SCHE HAR g — Bl DL 5 izl A 40 HE 1] 1Y)
MASLD i TF B o i KAGIT BT AN 72 7, T A BB 78, A S AN e AR R
XA AR TORISIR R . [FIR, T MRS AE YA AR B M AN TTI0, AT Rt — DI AR .

5. B4

IRBOARBEIE N — Rk T, OO BT 2500 MASDL (R A5hE, 36 AT V03 R M, AT
ST, I PTREIL 2 5 W R DI E (R MASDL HIHER, JE AL ) it
AR

SE
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