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Abstract

To systematically evaluate the effects of fucoidan (FU) on the diversity, composition, and func-
tional potential of the gut microbiota in an azoxymethane/dextran sodium sulfate (AOM/DSS)-
induced colitis-associated colorectal cancer (CAC) mouse model based on 16S rRNA sequencing,
and to provide evidence for its role in improving intestinal microbial dysbiosis, a CAC model was
established in C57BL/6] mice using AOM/DSS, and the animals were divided into four groups:
normal control (NC), AOM/DSS model group, fucoidan low-dose group (FL, 600 mg/kg), and fu-
coidan high-dose group (FH, 1200 mg/kg). Colonic contents were collected for microbial DNA ex-
traction followed by 16S rRNA high-throughput sequencing. Alpha diversity indices (Chao1, Ob-
served_species, Faith_pd, Shannon, Simpson, and Pielou_e) and beta diversity metrics (Bray-Curtis,
Jaccard, weighted /unweighted UniFrac, PCoA/NMDS) were analyzed. Genus-level microbial composi-
tion and differential taxa were identified using LEfSe analysis, while functional profiles were pre-
dicted using PICRUSt2 and differential pathway analysis was performed with metagenomeSeq. The
results showed that richness-related alpha diversity indices did not differ significantly among groups,
whereas diversity and evenness indices in the AOM/DSS group were markedly altered, indicating
an abnormal restructuring of the microbial ecological community induced by the model; these in-
dices showed a tendency toward restoration after FU intervention. Beta diversity analysis revealed
a clear separation in microbial community structure between the AOM/DSS and NC groups, while
samples in the FL and FH groups shifted in the ordination space and exhibited a more concentrated
clustering pattern after FU treatment, suggesting that FU could reshape the gut microbial commu-
nity structure under CAC conditions. Genus-level composition analysis and heatmap results demon-
strated that FU intervention reconstructed dominant bacterial genera and produced dose-depend-
ent microbial characteristics, and LEfSe analysis further identified specific microbial biomarkers
among different groups. Functional prediction indicated that metabolic-related modules predomi-
nated across groups, and FU intervention influenced the overall functional profile, while differential
pathway analysis revealed that multiple metabolism- and transport-related pathways were signifi-
cantly altered in the AOM/DSS group compared with the NC group. Overall, fucoidan can modulate
gut microbiota diversity and community structure in the CAC model, reshape characteristic micro-
bial taxa, and influence predicted microbial functions and metabolism-related pathways, suggest-
ing that the improvement of intestinal microbial dysbiosis may represent an important mechanism
underlying the protective effects of fucoidan against CAC.
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1. 318

45 H Wi (colorectal cancer, CRC) & 43Kt [ PN & 2 I AE T2 2635 & 1y 1 (R IR [ 1], RIEFEH K
AR SRR R AE S RBEVE I [2]. 45 M 6 A e M 45 EL %9 (colitis-associated colorectal cancer, CAC) /245 &
A T I 45 i % B e 2 UG A 8 Ik ORE 1 7 (1BD) Al b s kS8 A 45 B i, HL AR ML S5 KA
PERIEZ VMG, HEURME CRC 7EIMIR I A o F AL F 347 535 2 57 2]

R, MIE AR B . A Rl b R A 4% b IO R 2 2 067 . W18 v B Ok R
(dysbiosis) B i\ A2 fieidt 1IBD i f k. CAC KAEM BT F, FHAHEH RICABE M2 LS Smfae 2
1 A 2SI DA AIR 28 125 350095 T S s 5 25 [3] [4] W8 AT, 560 1 4n B 5% I 1 (Desulfovibrio)
il e 2 T (AKkermansia) <5 AT a7 b B 2 E e 2t iR & A= [51- (7], 1 Bl 5 2 1 J& (Akkermansia) ££ AN [A] i
FH S S BRI BT fE BRI RN, 75 3B SORE IR A8 v 5 5% A o 28 sl e g 47 4R G I AH 5, AH T
=, FLERATH JE (Lactobacillus). XU I & (Bifidobacterium)% 25 A B4 vl i 158 B Th RS . 35 Fs
IS RAECRAPVERI[8] [9]o BRI, 1715 il B A A A A 70 CAC ) EE % 7E S

L H (fucoidan, FU)E —FioRIE TR KA ZHE, BA RIFMPL . JUME. ety
TR P S 2 R AE W) 2E TIRE[10]-[12] . BRAERFFE R, FU nI7E 2 Rosm i Al v B g 45 i 48 RE . 3iE
Gem it i, PTRES HOCGEIIE MRS . dERIE RS C[13] [14]. SR, FHAE CAC HEAY Xt i
BRI RE AL R TR 0 EL A TR /R F AN B

AHFEET AOMIDSS 7531/, CAC #5271, “KH] 16S rRNA mid EIMFHAR, MRHE alf ZFENE.
BER AL 25 S W REIRIE K ThEE TN 2 1H R GeiEG FU X CAC MISEmiE e fr it (E /. B ek B
HOE I AR AR AR RAED LR PUMIRE FH VB TER L, S FU TESE i 2 AH DS E IR 6 (0 R FH B AR A .

2. ARFG=E
2.1. LWE554A

1% FH 6~8 A% SPF i lfEME C57BLIGI /N, 1AE (20 + 2) g, HHIEMSRIE 04t NIRRT
SPF JF[E3RE, JREE(22+2)C. XTI (50% +10%), 12h BIREZ#, BAHiEErok. &R EmEzE 1)
Ja, RABENECTRE v 4 (A n=8): IEHXTIZL(NC 4H). BiBIZH(AOM/DSS 4). FU (K7 &=4
(FL 2, 600 mg/kg)Fl FU w7l 2H(FH 41, 1200 mg/kg).

2.2. CAC /NERARBVEE S BT

Z & AOM/DSS J7ik# . CAC #iRL. B NC 4i4h, HAJMAFLRH 1 FEEENSE TR
(azoxymethane, AOM) 10 mg/kg; AOM ¥4 J5 58 2 A HF4a4h T 2.5% % S iR 4 (dextran sulfate sodium,
DSS)1/K 7d, BJEIREEIEIRK 14d, DSS K5 E@BUOKZEIL 3 AMEIH. FU T 2 4~ DSS JH
WG FLAHS FH Al H#EE FU IS, 71&N 600 mg/kg 5 1200 mg/kg, & sKIGsim; NC
45 AOM/DSS 4145 HE B SRR AE B R K . SEIG 45 S B8/ R F T 5 8290 #t -

2.3. HE #f& (Hematoxylin-Eosin)

IS /N B, PBS ik LR AYG BT 4%2 R HEEE 2 48 h, 445 A SRRt T i
FEOEEROK. ZHAEW . A, U R (BEY 4 um). YIRS ZHRBE . BEOEEKE, 75
AREYLEE 3 min~5 min, FKMGEEHHT 4RI BEE A4 1 min~3 min. Y58 5 U RIK
SR ORI IRE I DU R e e SR BB SRR E RIS, HTHSUEME S
TRERVE S
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2.4. BIENBYIRER DNA 2B

SERG AR IALETC A 26 T R IE UM, 7 B 25 Ja iR B vh B N S (B i A ), BT R W R A
R G AF T-80C & M . RA RN IEE/7IE A Y DNA $2EURA SR B A2 F 241 DNA,
Yo Ut B4 AF o f8FH NanoDrop il DNA ¥ JE J& 41 i (A260/A280), Ffid it 1%35 IE B 5t F ik PPk DNA
SEREN

2.5.16S rRNA B RENF S 94

AL B 16S rRNA 2K V3~V4 [X (341F/806R), #4174 FEFHAE INlumina “F & BEAT X 7 X R 46
FPAAT IS . M5 LR AR, A ASV R T IE 85047

2.6. MMERSEREM S

KH SILVA 04 P2 (1 vi38)%f ASV BHT 73 RV RE s Geit A [F 0 282 (FE AN B A AT IR 4
HIHESHCRE; EECZE SRR B 2 H R R R A a3 .

2.7. a ZHEM S Hr(Alpha Diversity)

#F ASV #it4i Chaol. Observed_species. Faith_pd. Shannon. Simpson 5 Pielou_e % a £ #1145
¥r, FFi145 Good’s coverage AR T 78 5 FiE .

2.8. p ZHEME ST #7(Beta Diversity)
F£F Bray-Curtis. Jaccard }%2 unweighted/weighted UniFrac FE 254 23 FE B4 0%, KH PCoA 5 NMDS
AT BEAE S5 T4 .
2.9. ZREHITIE(LESe)
K F LEfSe J7 i e 41 1) 2 2 22 57 2K 8 (Kruskal-Wallis K% P < 0.05, LDA HI{E > 2.0).
2.10. ER$THEETM (PICRUST2)

K PICRUSE2 %:T 16S #4 Tiill KO/KEGG/MetaCyc Thfgit, I TIhAERE PCoA Sl KA+
FEJEoR, 2 Sl ko Ml Bl metagenomeSeq fiiid 2 2 A8 AL IE %

211 GitFES

Guit AT R 15 5 GraphPad Prism:  1EZS 701 445 K Fl one-way ANOVA (Tukey %5 £ 40),
JEIEASHHE K H Kruskal-Wallis £ 4% ; P <0.05 AZRA SR L.

3. ARGR
3.1. HEZWEMEIX AOM/DSS 55 CAC /NEIE ST H s & 174 DRI G

5 NC 4L, AOM/DSS /N &5 W R 4650, IR AT 25 AR AN 5 N EE s 7625 95 2 B T
J&, FL A5 FH A 45 AR RE 356 Pk, 45K FE L AOMIDSS 42 % I 1(A)). i#t—
PEAk 45 1 iR 7 tar A B, AOMIDSS 4H 45 I BB 3R HI ] WL 22 R 45 1T RERE D, SRR TR I 2., T %
BT HUG S5, R B (] 1(B)), RN A L RS XaMH CAC R R4 PR
JiR g . HE Geta st Fdt—DUEs, NC A& R se e, Brasse iR, i AOM/DS 4 H B4k 5
SERZREL BRARIR B R S S B AR R B B R MR RIR ;. A2 BE T, FL 415 FH AA
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Figure 1. Fucoidan reduces tumor burden and alleviates colonic histopathological injury in AOM/DSS-induced CAC mice.
(A) Representative gross images of colons from each group and quantification of colon length. (B) Representative images of
the colonic mucosal surface after longitudinal opening and quantification of tumor number. (C) Representative H&E-stained
colon sections and histological score quantification. Scale bar =200 um. **p < 0.01, ****p < 0.0001

1. EEZHEREK AOM/DSS 55 CAC /NRME A H S ESLHARRERG. (A) SHNMREHKRERES
NERLEHKESZIT. (B) NARHEAREBHRERTEEGEMERBS%I. (C) SHHER HE RERRMYIRE
RARLAZIFS ST, FRR =200 um. p<0.01 (**), p<0.0001 (****)
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2. BREZHETMRM CAC MEMEEE « T

1% Chaol.Observed_species. Faith_pd. Shannon. Simpson 5 Pielou_e % a £ #EPEHEAR 314 Good’s
coverage (/4 2). 45 % 57K, Chaol 5 Observed species 5 & JEHabrdl A 2 57 R % ; AOM/DSS 4% Ff
VES ST FEFRAR R AR B3 U8, $Rn R B REAAS R E AR FU TS A G bR 22— RS . &
“H Good’s coverage 5% =y, Wi BH I 778 56 B R 4T

A

- Groups

& & & . _ - _ & &
& 3 & & & & « <@ &
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[ Pious Shaanen Smpaon
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Figure 2. Effects of FU on the a-diversity of the gut microbiota in CAC mice. Based on 16S rRNA sequencing data, Chaol
and Observed_species (richness indices), Faith_pd (phylogenetic diversity index), Shannon and Simpson (diversity indices),
and Pielou_e (evenness index) were calculated, and Good’s coverage was used to evaluate sequencing depth/coverage

8 2. FU % CAC /R BIB BB o 2 FEVERISEIA . HE T 165 rRNA il FF50 i1 57 Chaol 15 Observed_species (- 14
¥5)~ Faith_pd (RG K B ZFEPEFE 7). Shannon 5 Simpson (£ ##14:4540) Pielou_e (B15]E$5%%), JFLL Good’s coverage

VPO 7 3 1
3. EESETMEFREY CAC MRIAERR s SR IESHESN

%:F Bray-Curtis. Jaccard 2 weighted/unweighted UniFrac 5 2 ] § 2 BE0E 23 #r B  NC 41 5 AOM/DSS
17 NMDS 5 PCoA HHI&E4r 8 FU THiJG FL 55 FH 4I7EHEF 25 10 R AE LR I 2 0 4 b S 2Kt 3 (18
3), #&/~ FU AITE CAC 5 N E AW BF VA 4544
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Figure 3. FU modulates g-diversity and community structure of the gut microbiota in CAC mice. (A) Boxplots of between-
group distance distributions calculated based on Bray-Curtis, Jaccard, unweighted UniFrac, and weighted UniFrac metrics. (B)
NMDS ordination plots (95% confidence ellipses) based on the four distance metrics above; stress values are shown in the
plots. (C) PCoA based on weighted UniFrac distances: the left panel shows the PCoA biplot (highlighting major genera asso-
ciated with the ordination axes), and the right panel shows the PCoA scatter plot (95% confidence ellipses)

3.FU A% CAC /NRBAEEEE p S S E#). (A) &TF Bray-Curtis, Jaccard. unweighted UniFrac 5 weighted
UniFrac BEESTTERVABREE S MELE; (B) £T LAMMIERE SR NMDS HEFE(95%E E#4E]), Stress &N
Fi7R; (C) £F weighted UniFrac B5ES PCoOA 4347 : ZE% PCoA RUREI(ERSHFMHEXNEEER), 4
79 PCoA B El(95% & 1S4 E])

34. ERESERTEFHANAEEHTERER

JRAKCT B BRI 5 AR5 S 5, AOMIDSS 5 SHAE%% R i R AE (v s FU T U B REAL A !
LA (0 ERREAE, JE FL 5 FH % 11 IR RR BN (12 4).
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AOM_DSS

Figure 4. Effects of FU on the gut microbiota composition in CAC mice. (A) Stacked bar plots of genus-level relative abun-
dances showing the dominant genera in the NC, AOM/DSS, FL, and FH groups. (B) Hierarchical clustering heatmap of rep-
resentative differential genera; colors range from blue to red indicating low to high normalized relative abundance. The top
annotation bar indicates group information, and the row/column dendrograms represent the results of hierarchical clustering
4.FU 3t CAC /MNRAFEBEBFARRBIFM. (A) BKTEHENFEEHESIIRE, KRR NC. AOM/DSS. FL 5 FH4EE
EMBREBMRK; (B) KERMERERBHEAME (heatmap), BB RERILTRFRENFNENEEBIKES, TN
BEATEARR, ITHRMREARRBLER

35. EEZETHREREEFIERN LEfSe £

LEfSe Z3 7 S m VU2 A7 76 12 3 22 7 O RFAE PR AR S (] 5). NC A EZE 4 Akkermansia %5 )& :
AOM/DSS 41 & 4 Bifidobacterium. Alistipes_A Z; FU 1ik71) & 41 (FL) & 4 Prevotella. Paramuribaculum %5;
FU =74 (FH) & 4 Lactobacillus. Ruminococcus_C 5. ##/r FU RI7EA A7 T E¥ CAC MK ER
[

3.6. BERZERD I EREIIEEBEH A HHEXEE
PICRUSt2 Fiiillift) KO ThEERE PCoA {Z7x, NC 415 AOM/DSS HAEThfe /2 HAFA/EST 5 FU T-HE
FL/FH AR R A R T B4R (K 6(A)). KEGG Level 2 5 MetaCyc 43 2557~ TN Zh &g LA EHAH

SR, FU T2 H AR XS 32 52 20 A1 (18] 6(B)~1&4 6(C)). metagenomeSeq #5773 H (AOM/DSS vs NC) it
7N PTS R SbEH S piA R A5 B o 0, [RIRT e H IERAR . AR SEa@ B 771 22 5714 6(D))
4. ¥W1ig

CAC & Hi3 1t #RE K MR IR R R B 25 B e, FOR AR R R I A5 45 il v B A 35 DDA OG [ 15]
KEW TR, Wil R E4E R e BERR DI Re . A1 S SR A A g R A R ¥R B EH, 2
PERIRS AE 1 2 M g BRI B bR K [16] [17]. AHH T AOM/DSS 55 1) CAC /NRAEAY, REEVHAlL T
FU X 718 B BF 4504 5 DRI RE R 82 o AR ZE SRR R, FU FITE CAC 1 5t I ol B HF A & 45 14 5 P AIE 14
BERER, JEIEThRE TN Z M 2 DA A SCREER T 3s, ShETReE “MERRE” S 5% M %
it 5 WU R ARt T R R

1E o ZFEPETTTH, AHETC F S VAL T 35 B Y51 R R G R B 2 RS 2 M B R 45 R 7R, Chaol
5 Observed species %5 & A CIRPR AL 22 57 KRR BN R 2528 L, SRS 24 nT W) Ap 2 a AR AR I
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Figure 5. LEfSe analysis identifies differentially abundant taxa after FU intervention. (A) Cladogram showing the significantly
differential taxa across taxonomic levels among the NC, AOM/DSS, FL, and FH groups. (B) LEfSe LDA score bar plot (across
multiple taxonomic levels) illustrating taxa significantly enriched in each group and their effect sizes. (C) LDA scores (log10)

of differential genera at the genus level

& 5. LEfSe ##fiik

FU Tl SEB 4. (A) A% % B (cladogram)®7= NC. AOM/DSS. FL 5 FH AR

ENHXBRNEEERLESM; (B) LEfSe B LDA YR EXHE(ZHXBER)ERSHEEEENESF LB RY
RifE; (C) BKFEEREEH LDA 43 (logl0)
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Figure 6. PICRUSt2 functional prediction indicates that FU intervention alters the functional potential of the gut microbiota in
CAC mice. (A) PCoA based on Bray-Curtis distances of PICRUSt2-predicted KO functional profiles. Different colors represent
groups (NC, AOM/DSS, FL, FH); each point denotes one sample, and the dashed ellipses indicate 95% confidence intervals. (B)
Relative abundance distribution of predicted functions at KEGG level 2 pathways. (C) Relative abundance distribution of predicted
functions at the MetaCyc functional category level. (D) Differential analysis of KEGG pathways using metagenomeSeq (fitFea-
tureModel) (AOM/DSS vs NC); the x-axis represents logFC, and colors indicate significance levels

6. PICRUSt2 ThEEFUNE /R FU FFIAI$200 CAC /NRIFER B IREHERE. (A) £T PICRUSE FUREY KO ThAEIE,
KA Bray-Curtis BEES#4T PCoA 747; TRIBIBRRARESLA(NC, AOM/DSS, FL, FH), BN ERE 1 MER, Bk
1HaIE 9 95% E SR ; (B) FUMIHRETE KEGG Z4RiMER(KEGG Level 2) REEIHERTE R 537 ;(C) FUMTHEELE MetaCyc
WEERLXEZEMNEMNEE D% ; (D) £T metagenomeSeq (fitFeatureModel) ¥ KEGG BIRHFITER HTIGER
(AOM/DSS vs NC), #4445 Hy logFC, B RRmEZEMKFE
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