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H E BH AARETEZEPLP) M KL W K AL L A (CAC) ey dp k) 1E A Bhuhl . F7iE H0 SUEALS A st pR L, A
A28 PLPA& ¥ . & A& £1(100.,200.400 mg/kg) , etk B8 20 (AHp SARHLE , 455 mg/kg) , 408 R, FRaf AL, H A S AR A A
AR R T I+ H) BABAB AN T R CACHR , MR, R R F AR ik R Lk, &8 128, RRLHE Hul R
T g & F 62 (DA IR M KB NP3, MR A BRI A A fe i b K oE B[ @ a2 1B(IL-18) \IL-6 . F4£
# y(IFN-y) 78 3R 56 B F a(TNF-a ) [4-% , 4 45 17 2022 F TNF-o/4% B F kB(NF-kB) 1% 5 i %48 % & & [NF-«kB p65 NF-«B 47
% 8 a(IkBa) \NF-kB # 3 it B (NIK) I 78 3R 58 B -F %4k 1 (TNFR1) BF % 3050 B T 4k 48 % B -F 2(TRAF2) | Rk K F . 53
Sh, M gR N R B4R iR AL 16S rRNA S8 20 5 5 A il B AR M e ik, ER HALA 201k 3  PLP &5 & 40/ X DAL 5 P73
Ao o 5 P IL-1B  IL-6 (A& 7] F 20 9 ) \IFN-y . TNF-o 48 VA B 25 ) 21 22 7 NF-kB p65 ., IkBo & & % 82 AL 7K -F #= NIK . TNFR1 ,
TRAF2 (A& F] Z4LIR 50 ) B & KA K39 B F AR/ Y (P<0.05), 4 K E B 53 K (P<0.05); 2 422 °T JL B BRAR 4 4,
JE L LR AR R, B AR K IURETY R, ME AR T, 5AR LA PLP SN SAEER T BRI EXLRH
S ARt 3 R EHAK(P<0.05), BT B T 5 F K & 485+ 3 A & Shannon ,Chaol 35 4k34 2 &7+ (P<<0.05) ; PLP iA4% 1
i T BT A 09 AR 5K AB P £ % 61,35 TNF 12 5 18 54 | Toll A % 1R AZ 5 il B A K e M W 9% 13 5 18 965 . 518 PLP ¥ #kid i 4 H) TNF-o/
NF-«kB 12 5 i@ 9% & 1 B35 M id B A, R CACHEA .

KR AW E S48 4 AW TNF-o/NF-kB A2 5 i 3% ; 1718 4 F

Study on the inhibitory effects of polysaccharide from Plantago depressa on colitis-associated colorectal
cancer in mice by regulating TNF-a/NF-kB signaling pathway and intestinal flora

TANG Ran, LI Ming (Colorectal Diagnosis and Treatment Center, the First Affiliated Hospital of Anhui
University of Chinese Medicine, Hefei 230031, China)

ABSTRACT OBJECTIVE To study the inhibitory effects of polysaccharide from Plantago depressa (PLP) on colitis-associated
colorectal cancer (CAC) in mice and its mechanism. METHODS The mice were randomly divided into control group, model
group, PLP low-, medium- and high-dose groups (100, 200, 400 mg/kg) , positive control group (sulfasalazine, 455 mg/kg), with 8
mice in each group. Except for control group, the remaining groups utilized azomethane oxide + dextran sulfate sodium to induce
CAC model. At the same time, mice in each group were administered the corresponding medicinal solution via gavage once daily
for 12 consecutive weeks. After the last medication, disease activity index (DAI), colon length and tumor number were detected;
the histopathological morphology of the colon tissue was observed. The levels of inflammatory cytokines [interleukin-18 (IL-1B),
IL-6, interferon-y (IFN-y), and tumor necrosis factor-a (TNF-a)] in the serum were measured. Additionally, the expression levels
of proteins related to the TNF-a/nuclear factor-kB (NF-kB) signaling pathway [NF-kB p65, NF-«B inhibitor protein a (IkBa) ,
NF-kB-inducing kinase (NIK), tumor necrosis factor receptor I (TNFR1), and tumor necrosis factor receptor-associated factor 2
(TRAF2)] in the colon tissue were detected. In addition, the feces of mice were collected to analyze the changes in intestinal flora
composition by 16S rRNA high-throughput sequencing. RESULTS Compared with model group, DAI score, tumor number, serum
levels of IL-1B, IL-6 (except for PLP low-dose group), IFN-y and TNF-a, as well as phosphorylation levels of IkBa and NF-«kB
p65 and protein expressions of NIK, TNFR1 and TRAF2 (except for PLP low-dose group) in colon tissue, were all decreased
significantly (P<<0.05) ; the colon length was significantly
ABEETE 2808 AARFESES I H (No.2408085MH227) increased (P<<0.05). The colon tissue exhibited normal
* E—EE B BALPEIN, AL, BT P EENA LA .
E-mail: Ryantang0715@163.com
# BIBIEE TATH BN, WL AW, A1 ARS8 TT L R
6 T TR 25 LR R VEN . E-mail : aming009@sohu. observed. The results of gut microbiota analysis revealed that,
com compared with model group, the relative abundances of

glandular structures, with a reduced degree of inflammatory

cell infiltration, and no adenocarcinoma formation was
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Firmicutes, Fusobacteria, and Megamonas in the PLP high-dose group were significantly decreased (P<<0.05), while the relative

abundances of Bacteradetes and Akkermansia, as well as the Shannon and Chaol indices, were significantly increased (P<<0.05).

The relevant pathways through which PLP regulated intestinal flora function primarily included the TNF signaling pathway, Toll-

like receptor signaling pathway, and inflammatory bowel disease signaling pathway, among others. CONCLUSIONS PLP can

exert inhibitory effects on CAC by inhibiting TNF-a/NF-kB signaling pathway, and regulating intestinal flora.

KEYWORDS polysaccharide from Plantago depressa; colon cancer; TNF-a/NF-«kB signaling pathway; intestinal flora

45 B — P IE AL R UGN | s T4 R
Ko vi % R S SREVE I i ] SRR e ) S
B4 H W kAR A BIEE 7 56 RH G 45 1 95 (colitis-
associated colorectal cancer, CAC)", A I, il I 2%
B SORE B Kk R B IR CAC W Btz — . e kB,
A2 48 K i Jeg TR AL IR 7 o (tumor necrosis factor-o, TNF-
o) 175 5 11 4% [ F B (nuclear factor-«B, NF-«kB) {5 51
BEAE e 1 A SRtk R v B Ei B S, HonT i o A
i S e AL AR 2 g A A2 I B TR X A B AR S
B AEM A e R OCH S, R AT R | R 4 R
RS H e R, P45 TNF-o/NF-xB {5 538
BRI 1 A AT BB YAYT CAC R HZE SR .

FEUPPLGE I RURE M E S5 /K A R T R 2 H R IG R YR
7 S IEVE NI () 2590, SR T aX il 57 XF CAC /iR
SPRCRA R 7300 B TR BT 8RT7 I )
PN RO, B, FF AR T CAC 25 ) HA &
PR, BRI LT RV Y 42T Plantago asiatica L.
2 F- 41 Plantago depressa Willd. i 118 4 &, LA I
Mg R PRI Ml 1k A TR, AR R B, AR R
Z ¥ (plantain polysaccharide, PLP) H.A 47 Mg 1E H , BE
UEIGBR LA G T SR R PURRE ™ FE T I, AW ST
i 7 CAC /N EUBEAL, A 4% TNF-o/NF-kB 155 3
B I 7 3 TR AR AR B R R PR 5T PLP /N R CAC 1520,
DUBIA CAC BN UER IR SR BB IR YT IR

1 ##
1.1 FEES

Eclipse Ti-s %Y {3 & 2 5t 2 045 W F H 45 Nikon 2%
) ; VARIOSLAN FLASH 3001 %I 22 1) € it b5 43 1 A g
H B R /RBHE (h ED) A BR 2 7] 5 BG-gdsAUTO130
R PA [ b s —E YR A BRA A
12 EERH

PLP th A2 [ i (358 1.81%, 4l >97%) ;
WA R E I 15 (6509201119, #i4% 0.25 ) [ |
TR 1 R T 290 A7 BR S 7 5 1 41 LA 2% 18 (interleukin-
1B, IL-1P) fiff 3k 4 35 W B 00 5 (ELISA) 3 7 & (dit 5
CSB-E08054m) Iy H I AW TR AR A Al
QIAamp DNA Stool Mini Kit &7 & (#t5 51604) 1 [ #t
PR #F A= W) B AR AT BR 2N 7 5 TL-6 ELISA X 7 & (L &
abs520004) 1 [ Z M (L) AE MR A IRA sy T

T2 2025 4F5 36 45 21 1]

#t % (interferon-y, IFN-vy) ., TNF-a ELISA {51 & (4t 5
535 JLC-Y 6466 ,JLC-JK126) ¥ [ ¥ st A9 T
A FR 2 1) 5 S A U B (azomethane oxide , AOM ; it
5 25843-45-2) W F AL I YR A JRATBR A w5
BB 4M (dextran sulfate sodium, DSS; 45 60316ES)
W A 2852 2 A R (i) e A RS 7 5 S bt NF-kB
p65 HR Tt NF-kB p65 (p-NF-kB p65) NF-«B il & 1
o (NF-«B inhibitor protein o, IkBa) , NF-«B 175 5 {1 [iff
(NF-kB inducing kinase , NIK) HT A F1 551 #5 BR 1L IkBa
(p-IkBa) \B- L3 & F1 (B-actin) | 83 IR AL A 132 1K 1
(tumor necrosis factor receptor 1, TNFR1) . i IR 3E
F % 1K A & K F 2 (tumor necrosis factor receptor-
associated factor 2, TRAF2) F 44 (3t 5 43 51 & 51-0500 .
MAb-15160, MA5-53362, PA5-110932, MAS5-16154,
MA1-140, 33-0100, MA5-41186) ¥ 1y [ 3¢ [ Thermo
Fisher Scientific 22 A ; HUR i AL P (HRP) #Ric A9 1L
FPU R R 1 G(1gG) (HRP Frid i bt/ i 1gG
(#5539 47 ab6721 ,ab6728 ) ¥ [ FL[E Abcam 2 ) .
1.3 I

AW i SPF S BALB/c /) B H Wi I T.44E 38 A
S B R R AT BRI S Az 7= VR AT IR Oy
SCXK (#]7)2024-0004, /IN B 77 T 22 80 B 25 R 5l
Yrsgs ey, B HARE K, BRI T 20~25 °C,
MR A 45%~55% . ANF5E B 2038 i BT B2y K25
—[5f e B e S5 sl A R B I, SR RS
AZYFY-2025-2012,
2 AE
2.1 E® SES5%RY

SIS, Fr A s s AR RIFR T d, SRS BB AT A X
HEZH AU PLP AR  H Ly A B A, BE X BRZH (MR
ML RE ) , B2 8 Ho BRXTIRAL A, Hok & 41575 Sk [5)
1715 T CAC B/ N R, BRI AN o /N — Ik Pk
JiE e 1 55 A8 5 AOM(10 mg/kg) , IE# AR E VIROK 18
J& R 2.5%DSS HLE R 1A (B 2 K 1 YOH it
f92.5%DSS) , PR IEH oK 2 J&, L4 144> DSS Ji
195 4047 34> DSS JEI (3R 12 JEDIEFR . WK DSS £
5L RIFRIFAT Y T T, MR DR A2 AT A o L A M
AH D& SCHER™, PLP AR L A e 371 3t 41/ BR300 1 100,
200,400 mg/kg 1 PLP; FHAEXT FE 2 /)N f#E 5 455 mg/kg
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AR SRR ML I 5 o) A 2] R AR 2 /)N BRUE ) A R A TR
KGRI, R 59 R, BRxf A5, H
AL AT L2 /N R A T ) L 25 /s BRUS B vh eed 5
=101, HR 42 =1 mm, W55 CAC R E
I, B, WA BRI E R, £ A E 6 /N R
(e S5 o8
2.2 BHIRENIEE G KE PR R AR 5

RIRL 25, ol /N B PR 0 1 5545 2
27 Shichijo 5[ 2 HPF43 J7 ik , WA AR fb S E R
JE R E R B 3 A O i 5 /0N BRGSO I 3h 48 B
(disease activity index, DAI)¥T-43. DAIL43 R [k 34
05 T PEA 94, BARFR AN F—— (DR E S R
HIHE<1%,10 043 R E WS 1%~ <6%, 10 1 43 1K H
W% 5%~ <10%, 1C. 2 43 s AR I % 10%~<15%, i 3
O3 REIREE =15% , 10 4 47 o (2) 3R B PF 40 1B, i
047 {HH , ic 243 s BB E TS , i 4 43 o (3) 308 il B 1
g OB, 12 0 435 B BHA: , 12 2 435 B I, 12 4 49

KUK 2 2 b R/, HRERIBCIML , 1 B 5 TR i &
30 min, {7250 10 min, BT, T —80 °CA /4 T ##
FEREIN o SR L 58 U , 25 2H /0N BRUA SR G F i A BE , 43
B LA IR RS I KB, SRR Ge v IR g s I 4%
LA TR R 285 i 2 2 FH O R ZELBRCLE 5 i 25 i 41
BIRT) o S5 4h, TS sbmy AnAb A6/ BT oA H 28 08, B
F—80 °CUKFIIR-AT
2.3 HRFARAREFESHNRE

HU“2. 2" R 41/ N RIS i 4 UE i, UL 4% 2
R 15, A S V) R e, DA ORISR H 5
AKE T YR DYt 22 — OB AP R s S
J , SR BB /N RS I 4 2 i B2 T 2
2.4 iR RAEREFEERKN

HL“2.27 50T i 35 R b, # R ELISA G850 & vl B 43
T ERAE R 4% 2H /N UL T P TL-18 . TL-6 . TFN-y
TNF-a ¥
2.5 H5BAHALAH TNF-o/NF-kB 5 S@EHEXERARIE
IR AT

BU2.27 100 F A4 3 HUNRES A 408 B, A 24
TS, IR BUEE 1. RA BCAEM B H AW E )5,
F A UE T AR PEAL B, 28 1 e S R A - SR N A TR A
BERS LUK RIS, DL 5% R Iy A B AT L hs A
NF-kB p65 (Fi B4 1:3 000) , p-NF-kB p65 (i B Ky
1:2000) . IkBo (FiBEJE A 1:3 000) | p-TkBo (Fis B JEE Ny
1:3000) \B-actin (F B JE 4 1:10 000) \NIK (Fi & &y
1:1000)  TNFRI(FBEE 7 1:1 000) Fl TRAF2(Fis BERE Hy
1:1000)—HT T 4 °CHF R 14 5 LA TBST B/ I AAH LY
1gG —HT (Fis BEHE 4359124 1:3 000, 1:10 000) 25 i & 30
min; L TBST BRI , 4 ECL & J6IAF B35 , K H
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Image J 340 B 45 KA, L EAREE I S NS 8 A
(B-actin) (1) JK JEAH He (B 2~ HARER (A 13K KF, L p-
NF-kB p65 5 NF-kB p65.p-IkBa 15 IkBa 25 [ B F 357K
- HUAE 755 NF-kB p65  IkBo 25 [ B RR ALK S
2.6 MEERESW

HU“2.27 301 X BR 2 ASLRIZH | PLP 1 7] 8 4 R B
X BEZH /N B 2R 4% 6 403, >R F Q1Aamp DNA Stool
Mini Kit 57 & $2 HU DNA ; SR 16S rRNA 5[4 (338F:
5'-ACTCCTACGGGAGGCAGCAG-3' , 806R: 5'-GGA-
CTACHVGGGTWTCTAAT-3" ) #4741 i 1o I A ittt
2RI 7 Wy #E AT SCE A 38 2 1llumina HiSeq 2500
F-H W5, 456 SCERE AR B E AT 4 R # AR 4 2 ot
(operational taxonomic unit, OTU) 4347, 742 #ii OTU Xf
PR RESSF Z e (48 o B ZREME) 1750 HT SR 5 X L
AR P 5 N 41 B4 45 (Kyoto Encyclopedia of
Genes and Genomes , KEGG) £ , 5% F PICRUST2 %
FTIN PLP A28 i 18 R D RE T 4 B P A D 1
2.7 FItFEFHE

K FI SPSS 25.0 A4 F11 GraphPad Prism 7.0 4% Xif
BARIEATE AT 0T o R IR AT R R L x + s
FOR AN R IES A TR M (P, Prs) R s 2
2 T LU A ok B B TR 28 07 25 0 i, = )5 T G L AR
Tukey’ sk, Kl KifEa=0.05,

3 #R
3.1 /N DAL 2507 1€ BEFn BB SAR I 45 57
G0 R H R A2 /N SR DALRE ) | ok 42 1

FTF AN (P<<0.05) , 45 K B 18 3% 46 48 (P<<0.05) .
SRR LA, A 25 /N B DAL 43 | iR £ b 2
R A/ /D (P<<0.05) |, 45 i K 34 i 25 JiE K (P<<0.05)
GERIE 1,

R1 BAHNERDAI EBFKEMMBEHEEE (x+s,

n=06)

ik DALV} Sk Elem iy
ERAL 0 §73+092 0

A 480£045° 4112032 062£1.14
PLP{IERIEA 320+084 5.98+050° 1471107
PLP 4] 280+ 0.84° 6.11+055 5294088
PLP 24 260055 683094 3031058
I 200£0.71° 706068 27 H051°

a: X IRAL AR, P<0.05;b: SHERZL LA, P<0.05.

32 NREMARREZHEURER

Xk B /N B 5 o T A R A e e RS 5, B
BT 2 IO 5097 M A A AEIR I o BALZH /N 4G
[ 4L 4 i BE LA R ™ B, MR AN 25 2%, Al g kD3R
i, B JEAE I FR 1 , PR AAR 240 ] P A R T
F 2R/ RS A A GUR] DUIE H BRAR S5 A, S AE AN i
R PR AR T R A A BTl , B AR A E AN [R1 0 1 4
TR A BRI I AR 1,
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AXHEGL
TR F Sk TS M IR TE RGBT .

1 BHEHNREHELREZESEME(HER®E)

3.3 FHANBRMBERREERFESERNER

SR AL b AR ZH /NERUML I 7 TL-18 \IL-6 . JFN-y
TNF-o & 51 2 TH i (P<<0.05) ; SRR AH i, 5424
P /N UL LR 5 45 K7 (PLP AR £ 41 1L-6 7K 7
A ) 2 i AR (P<<0.05) . Z5RILFE 2,
x2 SANBMBFREBRFESEE (x+s,n=6,

ng/mL)
bl IL-1p L6 IFN-y TNFa
poyied) 45.1549.69 20141177 51784677 334611066
fRR 13487£ 2257 5400% 124 130924605 172241117
PLP{IGHIE4 9450+ 13.50° 48504138 93.10£4.21° 76581073
PLPAAIEAL 81.03£1087 35,084 168 79,64+ 1044 70.18+10.11°
PLPEIEA 6790+ 1741° 29,00+ 1.24° 718844201 61263459
MR 61871655 2458152 6178677 51062438
a: 5XT R4 A, P<<0.05;b: SHIRA LR, P<<0.05,

34 FBHINRLEFHELE F TNF-o/NF-«B 15 S8 B 1%
BEERIEKFERNER

55508 BRZH LUK, AU H /)N R 45 11 41 21 NF-kB p65 .
IxBo 2K (R 1k /K- FINIK , TNFR1, TRAF2 % [ % ik
IKOFH4 5 2 TR (P<0.05) 5 BRI A, #2594
IR IR A A ARk K (PLP AR ik 4 TRAF2
H 2R IR IKF BR A1) 3 8 25 I (P<<0.05) o 45 SR LA 2
I 3,
35 PEEHESTESR
3.5.1 IR RER A Bl

FENIKF B, 50 B2 Lo, A 2 IR BE T T (Fie-
micutes ) FIF AT 5 ] (Fusobacteria ) AH X} 3= 1) i & Tt 5
(P<<0.05) , FE 1 & '] (Verrucomicrobia) F1 48 #T B ]
(Bacteradetes ) FHX = B 34 I S F#AIR (P<<0.05) ; AR
BUA , PLP o 711 ek 2 A0 BH - o 2 PR BT | ) AR AT T
AEXF B 1 3 B BRI (P<<0.05) . 7EJB /K |, 5% R
21 oA R A1 5 A [C TR & (Escherichia) AT LI TR &
(Megamonas ) FEXF B 1 18 2 s (P<<0.05) , B 5 & [T
W & (Akkermansia) A%} = 1 35 PR AL (P<<0.05) ; 545
RULH LA, PLP g 0 o 4 R BH P X REZELSUUFT 127 (Bacte-
radetes ) T 7 S [ A & AH X =F BE 34 g 35 T, B U
R MR Ay LG BB AT 25 PR (P<<0.05) o 4528
LA 3,

T2 2025 4F5 36 45 21 1]

—
PNFB | — — — —1 65 kDa

NF-«B

h--ﬂ--‘ﬁ“m
p-IKBaF-- -— — ’r‘ 40 kDa
-u---ﬂ\sgkna

IkBa

B-actin | 42 kDa

NIK | —— — —— — 7 kDa

TNFRL [ . G S — —( 55 kDa
TRAF | = — — D,

Bactin | S S S S | ) (D)
11 om N v\
TR s 11 ASTHUL 5 I - PLP GG 5 4 5 IV . PLP Pfl s V
PLP =5l i 4L ; VI FEAE X HE AL
B2 &ANRLEHELR D TNF-o/NF-«B 15 518 18
KEBFRIZHBIKE

R®3 HBHEMNMRLEHHAL D TNF-o/NF-«B 5 S 1B E1H
XEARIEKFELRBE (x+s,n=3)

4 p-NE-kB poS/NE-kB p6S  p-IkBa/lkBa  NIKjB-actin ~ TNFRI/B-actin - TRAF2[B-actin
A 098 £ 0,01 092£005 1002005 100019 100007
fRA 371 £ 008 4034006 2631 010° 666+ 047 428 £ 033
PLPEAIEA 307 £ 009 3202007 200 £008 565036 3824027
PLP 4] 283 +001° 246 10060 1761003 4371016 329 %014
PLPAFIRA 177 £003° 13240000 174£00 3744018 292+015
ilegopel 1.53 £ 003 133 £003 125004 360 £008 201 005

a: XA LA, P<<0.05;b: HIAIZH L4, P<<0.05,

3.5.2 o B EHEMESHTSS
55 %7 B2 e, #5750 2H Shannon . Chaol 48 %3 & 2
KA (P<<0.05) , Wil DA R 2854 A= I b AR A s SR 2]
FL#5¢, PLP 5 551 i 2H A1 BH 4 % B8 4H Shannon , Chaol $5 %4
15 2 T (P<<0.05) , JI 18 B S5 A0 B B A2, 5 00 iR
2H 25 BN . S5 AR LI 4
3.5.3  PLP A 18 R AE D REAH SCIE I 4 T &%
2454 KEGG $i 22 , U PLP 4% i 3 R E D RE 1Y
AH G 38 s 32 240 45 TNF {5 538 #% (TNF signaling path-
way) . Toll ¥ 57 1A {5 5 i % (Toll-like receptor signaling
pathway ) F1 %8 5iE 14 14 9% 155 5 i [ (inflammatory bowel
disease) 55, S UL 5,
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WF9E K IN, CAC 5 JAE IV A 2 %5 Y1 AH e
AR/ N 3 P 22 A S RE R - (IL-18 \IL-6 . IFN-y |
TNF-o) PEAT AN IS & B, 13 SRRE PR 1 7E A R /N B it
W EET R, M4 PLP T HUS , LR 5 N7 & 1ty
Al . TNF-o /S0 NF-kB {55 18 % 245 1 0 & i
b A v R 2 MU S B 2 — | TNF-o 76 B U T 30
NF- B, #F 1fif 5 2 & K+ F 5", NIK, TNFR1 Fil
TRAF2 /& NF-«kB 15 5 38 [ 1 9 3 > g 43+, Hrp
TNFR1 2 F 205 SIS  FE45 6 BR TNF-o 5, L
F A TS NF-wB 3 7E UL B, TNFR1 i 2340
5 TRAF2 %85 B UZ G4 s TRAF2 /R Ry SCHERY E3 12
RN, AL K637 Ak, HE IS IkBa 2 A
Yy, e &3 3 NF-«B A% DL R 8l 40 AH 56 3 4 1 3%
IR ARG FE R, 28 PLP T HiUS , B/ R 45 i 2
21 NF-kB p65 . IkBo 8 R £k 7K F- AT NIK , TNFR1 |
TRAF2 5 1 R 35 /K P REAIL, #2718 PLP 7] fig 38 2o 110 il
TNF-o/NF-k B {55 538 15 M 2 55T CAC FIfEH .
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