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Autologous fecal microbiota transplantation attenuates colitis-associated
carcinogenesis in mice by suppressing NF-«B signaling and restoring CD8" T cell/

regulatory T cell balance

REN Hang', BAI Jing’, YE Xueshuai', LIU Guoqiang', ZHANG Jungi', YANG Yong', TAN Mengtian', LI Lei’, FU
Zexian' 'School of Clinical Medicine, “School of Basic Medical Sciences, Hebei University of Engineering,
Handan, Hebei; ‘Department of Geriatrics, Department of Gastrointestinal Surgery, Affiliated Hospital of Hebei
University of Engineering, Handan, Hebei, China

[Abstract] Objective  To investigate the effects of autologous fecal microbiota transplantation
(AFMT) on immune regulation and tumor suppression in a murine model of colitis-associated colorectal cancer
(CAC) induced by azoxymethane (AOM)/dextran sulfate sodium (DSS), with mechanistic emphasis on NF-«B
pathway inhibition and CD8* T cell/regulatory T cell (Treg) balance modulation. Methods Six-week-old
female BALB/c mice [SPF grade, body weight (20+2) g| were randomly divided into 3 groups (n=5 per group):
control group (Con), CAC model group (Mod), and AFMT intervention group (AFMT). The CAC model was
established by a single intraperitoneal injection of AOM (10 mg/kg) followed by three cycles of DSS treatment
(each cycle: 3. 5%DSS in drinking water for 7 d plus 14 d of recovery with sterile water). Starting from day 7
post-modeling, the AFMT group received 0. 1 mL of autologous fecal microbiota suspension via oral gavage
every other day until the end of the experiment; control groups received equal volumes of sterile saline. At
endpoint, colorectal tissues, spleen, serum, and fecal samples were collected. Colonic pathological injury and
inflammatory cell infiltration were assessed by hematoxylin-eosin (HE) staining. NF-«kB p65 and p-NF-kB p65
protein expression in colon tissue was detected by Western blot. Serum TNF-a levels were measured by
ELISA. Flow cytometry was used to analyze the proportions of CD8T cells and regulatory T cells (Treg,
defined as CD4"CD25 Foxp3") in the spleen. Gut microbiota composition and diversity (a- and B-diversity)
were analyzed by 16S rRNA sequencing. Results Compared with the Con group, the Mod group showed a
reduction in goblet cells and significant inflammatory cell infiltration in HE-stained colon sections, an
increased ratio of p-NF-kB p65 to NF-kB p65 in colon tissue (P<0. 05), elevated serum TNF-a levels (P<
0. 001), a decreased proportion of CD8" T cells in the spleen (P<0. 001), an increased proportion of Treg cells
(P<0. 05), an increased relative abundance of Bacteroidales (P<0. 05), and a decreased relative abundance of
Lactobacillales (P<0. 05). Compared with the Mod group, the AFMT group showed milder structural damage
and reduced inflammatory cell infiltration in the colon, a decreased ratio of p-NF-kB p65 to NF-kB p65 in colon
tissue (P<0. 01), reduced serum TNF-« levels (P<0. 01), an increased proportion of CD8* T cells in the spleen
(P<0. 05), a decreased proportion of Treg cells (P<0. 05), a decreased relative abundance of Bacteroidales (P<
0. 05), and an increased relative abundance of Lactobacillales (P<0.05). Conclusion AFMT intervention
may alleviate disease progression in CAC model mice through multiple mechanisms: restoring the abundance
of Lactobacillales, enhancing the intestinal barrier function and promoting short-chain fatty acid production,
inhibiting the NF-kB inflammatory pathway, reducing TNF-a levels, and regulating T-cell immune balance.
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25 H 149 (colorectal cancer, CRC) J2& 42K 55 =
W L SR RS R RE R OGE IR L SE E
(inflammatory bowel disease, IBD) , £ 45 15t J7 V£ 4% 17 &
(ulcerative colitis, UC) F1 3% & BUJE (Crohn’ s disease,
CD), BE KA T8 I E RIS, E N T &
28 1 W o v AU L 5 W 48 R G 485 W 9 colitis-
associated colorectal cancer, CAC)VE & IBD 148 I &
iE , H A A8 M S RE 9K B 1Y B 928 2 A K Mg 1 TR 2R
LA IAE S g T AR S I T R S S R
N, 305 4% ] T kB (nuclear factor kappa-B, NF- kB) &
1898 300 5, 00 ) SR WAL T il , SR 2 e g i
2% 5 13 A= W) B 7% HE (fecal microbiota transplantation,
FMT) 3 it o 98 i 3 AR 25 7% CAC e R 55
R B 0T R B TG T AR R B R |
IBD Je i 36 A0y 7 AR S PR IS 45 L BF 9 W FMT 7]
BT RE A < A, I AOBUBCT TR BESS I CT26 25
J /)N BRUIIRE P CD8™ T 40 LU 31 D B AECHE PD-1 363k
9% HE B ) B0 g 1 H 05 FMIT 3 AT B AR A 46 I
IL-1B \IFN-y 7KV, Fhimdit & K7 1L-10, I8/ 235 iz 4 21
H e PR 20 R 200 A SR S AR B TR D R
5005, T AT IR UG . AR 8 S0 PMIT B A s
Ji7n T GB35 5 T B 3, ARG A R AT T e 4
AR 0 356 2 % W T 0 AR A 478 DX B e 928 2 I 45 [7)
BTN R 2 R, R 26 A% 4 (autologous fecal
microbiota transplantation , AFMT ) 7£ T H: A8 MAR A I3kt
B e RS B, , O 58 B AR g 32 R 1k B0 TR R A
fiE, DT 52 0 LR MR 2 4 T, TE R etk b,
AFMT KR A AR A 1605 MLaE 1y S (AR 3 2
FIR) R SR A2 7 T 24 T J e R A G B M 9 i XL
oz A A TR, T RO T A
B ft FE 39, PRI T R 5 R 2 B8 4 45 2k 0 2 1) i A
fE AT RLW7 R HE e o PRI, ARMT S 2517 2 FH OGP
SRR S T IR T — SR B b AT
EAARE 3 A . SR, AFMT J2 5 58 i i 4%

B v AN B . ABIFSE I sh W) SE 56, R Gk R
AFMT % CAC #5154 v NF-k B i 35 PE 505 40 it 2 1%
TE PR AR REVE R, DA B AR A8 28 CAC i J i i
FEMLH]

1 #R57FE

L1 %3
A S5 R FH 6 JE % TC 2 9 S 4K (specific pathogen

free, SPF) 4% BALB/c METE /N R, (5T 12 (20+2) g, H1 37
DUAR (A6 50) A= Wy H R A BR 2 w] B2 43t V7 TR S 5 Ky
SCXK (51)2024-0001, %525 il iy Jb TR B
2E B A W B S LR B S E (BER-YXY-2024021) .
/N BV 3 T G TR R A B e B e sl 4 S5 e v [ 52
6 Vi i FHAZF AT 3IE : SYXK (3£)2023-001 ] 7Y SPF 2% 30
Ber, TR B A s 45 1 IR EE (20+2) °C A R 2
(55+£5)% 12 h GGG PR, [ H 3R BObR 17 R A TC i
Ko S AR B2 YA /N BRUORS sl L6 2
T B OK S A T =284k
1.2 E&i&XA

E A A BE (azoxymethane , AOM) W H [ Bl 37
T HALB A BR 2N 7] 5 4 S8 M A7 R £ (dextran sulfate
sodium salt, DSS) W A Jb SUE R RN A TR A 7 bt
NF-kB p65 .p-NF-kB p65 W4 H [R5 A Y HARH
BN A5 KA ™M R ECL A& IR | R isk L Tk 2% g ook s T
HEPRH I P R VS ORI F TR SR R AR R
AR BCA B H @ AR & AL st R E
RHE A7 PR 2N 7] ; Mouse TNF-ao ELISA Kit g [ I 7 iff 156
AR A BR A w5 B R Ak 28 1 A R 57 PMSE
TBST 2 i \RIPA 2 . — 20 1% PAGE F (.5 B i
il & L (5) B A LR v B H Marker 2F
135 1 7% [ (bovine serum albumin, BSA) . $T /& # Bt
W IR R AT T 1 YR & PBS 28 ih i HRP-
FRic 2o bl [ R R R A DR A BR A
Al 7 240 AR B4 APC anti-mouse CD3. FITC anti-
mouse CD4. PE anti-mouse CD8a. APC anti-mouse
CD25 . PE anti-mouse Foxp3 ., Foxp3/§#% 5% K - 4L {8 [&] i
ke 3700 G 0 1 DL S B R AR ) B AR A FR
N
1.3 AOM/DSS# -5 CACHEA & sh #4548

HRAE /N AR T £, # BEBE AL 7 R K /N o
340 (n=5) .55 AKX HEZ (Con 4H) .CAC I ZH (Mod 4H)
FIAFMT + 12 (AFMT 41) . Con 41« PRV G Ji 72 5 %
PR A FER K S AR 4 T S AR A B ER K T 1 s Mod
2H ;PR IR T AT 10 mg/kg B9 AOM, 7 d )5 A 3l 3 %8
DSS I # A B (3. 5%DSS H H AR 7 d Fzli i K ik 52
14 d) ; AFMT 41« F 3 B PR 7] 752 A 25 3 L AOM 4 5
I, WA B /N RO R 2, AR A 2 T R AR 2R
B, HTEE0%/NEH 5 09 AFMT T ; 78 CAC £
FEELRE I B9 H I H 0. 1 mL [ 438 B BRI T 1,
HESWETR . LI, CACHIAIZ (Mod £ )
437N BUFE DSS P JEL 309 H B 7 3 ) 44 5 o T R
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A1) PSR g AR R HE E AT 2L 0. 1 mL/ H A5 &
B X /N BREA TR 1 B . SE G S BN R
f AR
1.5 MR

KK AFMT 154/ BB T CO, MR8 iff 7R
JE RREEIEALAE , fii) s, ST B R4S H i 4, — 5B
S RVE T 4% Z R EE TR SeA A 5 )
R s 55— B oy % Je s B AR, B JE 5 55 280 C
AL VKA O A7 TR AR I, SE IO MR, &
TV 1 PBS 22 v i, T 1 4% BR A4t 2 v AR A T i
AN A S B o 3 2 AR BE SR il i B 4 i FEAS B
30 min Ji7 , 7E 4 “C R L2 000xg B5.0> 20 min, /MO
JR LI , 53265 T80 ‘CORAF . /INERALFERT K /I LA
METFICE T, FH G B B O A A L fef S R
57 BT =80 “CLRAFE , H T AT TR 16S rRNA T .
1.6 ZAMMBEMRFHE

V2T 4% Z R 24 W IS5 B S, &6
JE LK A, AR RE S R R,
AT HE et DLA AR 235 1 286 I s BRAE AL 1 O
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230 mg 25 H A1 40, B T W% RIPA 24/ W
Hh AR A SRS AR S o 2 B A GES Tt
Ak 25 1 ) 77 AT PMSF , 2 REE 4 °C 12 000xg 55
P B0 15 min 5 U 13E , R BCA 02 B EE A
WelE . BEJG AT PAGE SERC HL UK , IR PR X 55 I v
WHEAEAZE PVDF L., FHRE5E S T 5%BSA = i
HFA 2 h, B JE B3 50 5 S bt NF-kB p65(1:1 000)
K ARPT p-NF-kB p65(1:500)—PT T 4 CEF i . K
H, 2 TBST 743 Vbt , -5 HRPARic i P £ IR &
2 h, i TBST 7843 UEW . i , il F ECL Ak & otk

FR 2 bR R R R G RE KL, HH- LA Image J
BRAF 3BT 55 I A
1.8 ELISA #& M| £ 7& I 9% 37 52 B F - (tumor necrosis
factor-a, TNF-o ) 7K F

A A HIR SR o i A 4 i BE AR, 5 3 B 30 min
J& , A2 000xg 5.0 20 min, 53 155 2 IIE . TNF-a
TR T A R R R 2 I B oA A U
AT 2 50 B B LA ST bR v i 4 o K o I T R b
HE I AT B A IR T ARG T RS
R AR BT LS & 5 BOR i EAY B bR O i B
BOEMBLAELLE, 5 A TMB Y6 B 4
IR 1R o A FHBEAR{UAE 450 nm % T
5 25 ALY BE (A (450) 1A, M5 DU S 5062 48t 24
G bR M 2T AR AR T TNF-o ARV B
1.9 RR 4R AR A7 IR T 4m e, I BF

W T RS B TR RS O BT L 28 200 H 41 A i
BB , ] PBS 22 i AC B B 20 BV 22 15 mL 50
B LL400xg B0 10 min J5 , 3 L35 WCAE 40 DT TE .
42T EEL A0 6 4 B Y U FH B AR BBOM L AR 2 e B &
B0, FH PBS G2 Ml R U 2 IR, BRI LA 250%g B 0>
10 min. K20 H PBS 22 phif i 2 1x1071>/mL. i
20 g ARSI B, CD8™ T 41 A I 45 v 43 S AL APC-
CD3 . PE-CD8a HtiA , % it & 9 & 30 min; Treg 2 il
K4 i A FITC-CD4 . APC-CD25 . PE-Foxp3 Hii A 2H
A FR R A U B 1 E RS L 4 CHREEIR E 30 min,
0 E I 4555 H PBS PR, LA 300xg 5.0 5 min 7 L3,
5 J5 1200 L PBS 2 it A4, i =8 AL .
1.10 2 T 16S rtRNA M & 7 16 0 B % AF M R 40 %,

SHF

FHTCBARAE A WA /N RSO 26 46 7 1 7 U
JPAETEAE IR A R A BR A 7] Tllumina NovaSeq 6000
5 AT, LA 338F-806R i FH 5| 47 41 % 3 [K 41 DNA
HFAY 168 rRNA V3 fil V4 [X ek F 17 58 & il 5 2 52
(polymerase chain reaction, PCR)¥ 34 . 4§14 5 i) /=4
i 17 PCR 5] A barcode, 88 J5 B 25 FEAR TR A, 2R FH X it
M (paired-end , PE250) B HEAT I T o 0 4R A5 4
JELIE 5 50 R Vsearch B4 2E 4T D42 , 25K 3 17 5]
F/HAS bp Wi/NEE K, TR ] K
ERER. BEE A H QIIME2(2022. 2 fiAS ) , #E479"
41 ¥ %148 5% (amplicon sequence variants, ASVs ) f*)
T K AR BT . LT SILVA 138 504 4 % ASVs HEAT
YRR, FERLIERN I 3 a5 R S B LR 45 A TR
#Z 0> ASV BY2H B ; 5% JH Shannon $8 80T o Z2 44440
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Brs 2 F Bray-Curtis B0 B R AT AR BR o AT
(principal coordinate analysis, PCoA ) , J-3& F R JL H 15
5 B (euclidean distance ) 3F & & £ 4 ] 43 HF (non-
metric multi-dimensional scaling, NMDS) , PATFAS B B
Z R ; IFAE H (Order) 73 287K 308 11 B 2 £ 4T 20
BT, B P2 S R
L1l it

| ] GraphPad Prism 10 483184 364743 1. 58
BB T ees Ko, 22 20 (8] FUBCR FH B 3R 05 22 00
(ANOVA ) , 4118 W P HE 4R JH Tukey * s )5 4 46,
P<0. 05 K225 BA Gt X

2 R
2.1 AFMT-FIRLEMT CACEA DR ZEMULRH
3545

Con ZH/NR A I BEESS M IE IR ARHES 57  0E
ASHUI, PR A HES ) K5, A% RN 2] 0 AR
T Con 4, Mod ZH i R 45 #8250 , IRAR/NADE IR
— PR AR Do, A A% R HIE A AN, 28 14
N W . 5 Mod 41 LA, AFMT £ /N 45 1 41 41

1 AFMT 33 CACHEENR
Figure 1 Effects of AFMT on pathological damage to colon tissues in CAC model mice

SERP R, R IR E > (BT 1) o 478 AFMT
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2.2 AFMT F 474 T CAC AR ) R 4 P NF-«B
B BE
Mod £ /)N B &5 I 21 23 p-NF-kB p65 5 NF-kB p65
Y A 5238 8 T Con 4 (P<0. 05) ;i 28 AFMT T ,
P B E PR (P<0. 01, & 2) .
2.3 AFMT FFREAK CAC B A N R 942 £ 2m i B F
TNF-o 7K -F
T ER f P28 W B 2 56 25 5 87, 5 Con A AH L, Mod
ZH ) TNF-o 4 5E P 7K F- FF 151 (P<0. 001) 5 28 AFMT
TR TNF-o RAEPH F7KF- W 2 T E#(P<0. 01, 781 3)
2.4 AFMT F ¥ CAC AR /s S IE 49 T 20 e, %2
i T
Tt AT AR AR A I 45 5 {7, CAC B /N BRI Hp
CD8* T4 5 CD3* T 41 Y L IR AR (& 4A) o 3E—
A4 BT IR 52 Mod 21 15 IEZH 21 rf CD8™ T 441 Jfd b il fIK T
Con ZH (P<0. 001) ; 2 AFMT il J5 , /)N 5L 20 21
CDS" T L1 T (P<0. 05, K1 4B) o XHJE5 M T 4 i
ARSI 22 BH , Mod ZH i AE 7 Treg (CD4°CD25 Foxp3™) 4

SR A LRGN
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Figure 2 Effects of AFMT on NF-«B pathway protein expression in colonic tissue of CAC model mice (n=3,x+s)
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MR R 3 HAAAEAI S0 AT, Gt o s 340
255 W Geit 22 2 48R 34/ NRAED Pl F & B2
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AR PR M Bl B R 8, B R AR E
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X A A R B 2R T, S5 R R, Mod 41
F1 Con A1 ) T 43 85 , A A B2 X, 1fif AFMT 4 5
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55 Con 2H 22 8] (1 IX 45, PERMANOV A 46 36 31F 52 26 [7] 2%
SR & (P<0.01,K6B).
2.7 AFMT F & & CAC AL R /s R W 8 1 B9 40 %,
2 H
T X A8 A B 2R NMDS 4B K] S M4
IR, Con 415 Mod 4L IUREAS B 45 11 SR 4E AN IR S
B, 2 20/ AL Y P TR RE 22 S 35 /0 5 T AFMT 21 A
A A W R Ay a, AN R E R 22 R R
(1 7A) . NMDS =4k [ 53 B A 23 [ 40 A i3F— 20 R
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W, 3 4 1] i 38 R A 2 A AP AE i % 25 57 (P<0. 01) o
2.8 AFMT F i CAC AR ) R i 1A B b X 42
R SR RS 4
16 H (Order) 7K [ UL 5] 18 25 119 11 #F 24 i A2 1k
(I 8A) , B3 43H7 % - Mod 41/ U 8 TR B 4BLFT
H (Bacteroidales ) B A1 X 32 B %5 Con 2H 1 & T &
(P<0. 05);1fif AFMT TS , Bacteroidales AT H
TF(P<0.05,K8B) . Mod FLFF# H (Lactobacillales)
(AR = B B & KT Con 2H(P<0. 05) 5 i 28 AFMT -5
J&i Lactobacillales FARXFEFEMILE 2 5 F Mod 41(P<0. 05,
8C). $E/8 AFMT T T REAT RUCYK 2 M i DA R 2R A
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