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Research Progress on the Improvement Effect and Mechanism of
Probiotics on Colorectal Cancer
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Abstract: Colorectal cancer (CRC) is one of the most common types of cancer worldwide and the second leading cause of
cancer-related death in the world. In recent years, the incidence of CRC has risen to the second place in China and more and
more attention has been paid to its research. It has been found that the structure of intestinal flora is closely related to the
occurrence and development of CRC. Probiotics, as a group of intestinal beneficial microorganisms, have the functions of
regulating intestinal immunity, enhancing intestinal barrier and balancing of natural gut microflora. They play a significant
role in the prevention and adjuvant therapy of CRC. This paper reviews the research progress on the effect of intestinal flora
on CRC as well as the mechanism of probiotics on colorectal cancer, in order to lay a foundation for probiotics to prevent
and alleviate CRC.
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Go TEFAPFHSCHERIBILA IR FE e A B, AR T (a5
NFBE, —BBe 2 YN B, 35 Bacteroides fragilis(B.
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calis F Streptococcus gallolyticus 5% & 35 1 fint2-13);
AR WIS KRB CRC i 5 HoAh FE e 41 T 11
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leatum W] LIAE#E CRC M RAEFIRIE ., Li 580 iF5¢
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e b e R, Bim R SR EREA D F.onuclea-
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58 T CRC M MG AT RS
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P A BERS IS A 2278, SN A Fa e . B
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Az XU B v Y . S e A A e S P E AR
713 NF-xB. STAT3. AP-1 854% 5E A 115 1k,
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S, PR ENR [ G BRI ARG G ARG NI g S FE
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1 TLR4 F1 MyD88 o R A (s 51l i, 4 s MRS
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Fig.1 Microbiota-associated mechanisms involved in the pathogenesis of colorectal cancer™”
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A, RIEJBETMIE A; IFN, Interferon, T3 % ; LPS, Lipopolysaccharide, JJ§ Z #li; MAMP, Microbe-associated molecular pattern, 41
A 5% 4 F 85X ; NF-«B, Nuclear factor-xB, 1 ¥% 5 A 7 -xB; PRR, Pattern recognition receptor, £ 201 Jl] 32 {4 ; STAT3, Signal

transducer and activator of transcription 3, {5 5% s FI%E LG 7 3; TLR4, Toll-like receptor 4, Toll FEZAA 4,

FI I 38 % 19 101 RNA, DT 52 0 45 g 9 AR )7 I
Mo TRl A FEESS B AR S S AL
WA 1.
2 @WEESHEEGE

Tt A2 PR — S A 2R, X AR A
A A E B B ETY . VR 4RSS T 48
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Table 1 Mechanism of intestinal flora regulating colorectal cancer related signal transduction
{55 % Bl E =B UN
A I LPSREASHIE p6S/pSO/B=BAKE 5 1), L A0z RALRE#, p65/p505 L B MM, 5 F
NF-«Bi# % TEHEE R 1) s 456, DN ShAE IR (3G SN 3K o 4R AAE SV, Jia s 221 Wil Sk DR 1 s 53 [30]
IR, St g i A R A A1k
Wit Wnti [ 55 T Ak 55 20 M N B IR RIS A G . BT NER (I3, E A%, R 8l 3
T 200 B398 B A G R DR R i B PR e 3, A i AN Ak 2k e, S0 1 A [31]
MAPKGEE MAPK (22 24505 (L3R () G B ) I AA1E T4 RS i A AL 20 . INK S35 1L 3
S JANELE TN o P38 MAPKTEMA 46 M2 ELA I R S b A e S5 Mg (0 B A1 [32]
SERGIERNF T AL R b B AR RAE SN . S AT AR AR AL -6 3 4l DX 7,
IL-6/STAT3 1% IL-615 5% AW, FEWRIR LS TATI/K -1 5, 1105 & U I8 T DR 0 4t it S0 309 5 B R v [33]
FERR, LT B KA
Nodf:3Z AR [ 45 38 A G 25 113 (Nod-like receptor, pyrin domain containing 3, NLRP3), i
NLRP3-Caspaselilif#t ~ NLRP3., ASCK Caspase- 12, T A 4 4l 1] PN 2 2 B0, HHIS 5 TR aEIL- 18, TL-18%5 bk H 1 [34]
I BRI A3, 5 R ANRRAR T, = 2F JRRE IR S S A 805
2 AFZEAE* CRC MEH
Table 2 The role of different probiotics on CRC
£ A T TN 5 biili=9 e N WFIE4s R 230k
i . X TNF-a., IL-67KF- |;
VSL#3 AOM/DSS #55:C57BL/6 /)M, 1.5x10° CFU/d, 12J& SRR FLERE AU [38]
#54E B4 Lactobacillus
Lactobacill idophil Bifidobacterium ., Allobaculum
actobaciiius acidophilus, . 7. . g,
Lactobacillus rhamnosus and AOM/DSSi5:C57BL/6 /MR, 1.8x10° CFU/d, 60 d Clomdmrg@i\ﬁaﬁtf fglru-m xVin [39]
Bifidobacterium bifidum [ﬂl‘?%ﬁ:%{t?RANTES%‘H’EOtaXin\ 2
Wip-IKK . TNF-a
SR AR EUR- S5 g AN 5
Lactobacillus bulgaricus AOM/DSSiFFC57BL/6 /Nl 1x10° CFU, 3%/J#, 36 d IL-6, TNF-a, IL-17, IL-23, [40]
IL- 14K
224 3 AR | -
Lactobacillus casei BL23 AOM/DSSi%EFC57BL/6 /ML 5x10° CFU, 52.d IL zzc’fffaj‘ gig;i%ggﬁ M [41]
L. fﬁ'x’o’;‘b’:’s (GA(?F(lL(gJ)”L' DMH % 5:Sprague-Dawley k B 2x10" CFU/d, 16J& SEARI L s AR T [42]
L. acidophilus, L. lactis, B. bifidum, -
B. longum, B. infantis CRCHEH 6x10" CFU/d, 28 d IL-6. ﬂ:f?mﬂf’ﬁfﬁi [43]
Bifidobacterium longum, RS A > 2.0%107
Lagtobacillus acidophi-lus, CRCHEH CFU/&, *%5%7;'(%7 d TGS | TR ILRE S5 e 3 e e &0 | [44]
nterococcus faecalis
6T LactobacillusFl PR R ANMIA FTNF-a, IL-17A
Bifidobaor ",“C’n@‘fEA CRCH# 3x10" CFU (B HF), 648 IL-17C, IL-22, IL-10, IL-12% [45]
ifidobacterium{ iR YT RAIER A
it IS LT | IR R #31E,
cterium FI Peptostreptococcus W4 B W A5 T B A, 2.1.2 FHAEWIHSMEMEEET: 9EfET Ay

B P A AR ITHG N T RS A M 0 5 BE N 22 A
M, BB T FhEAE U E R . I iE B R AR ERTL
A, et A 7 A Y TGN 3-8 200 A TR T Tt R i i
R, el imiE Th A EEUEYBIANZ 05 IE . 4430
TR KN 1R S5 53 U - AW T2
BIIE BH TT L ysl /b 350 BB 4 432, M AT BEREAIL CRC
PR ARET, ZLRR A ] S5 A S E b i Ho At i )
PRHEEEIVEH, SR & P LTS A ok A &0 R 1
ST R AN R 25 45 85 Iig I R (Short chain fatty acids,
SCFAs), MITHBEEIZE A Y e IR, 14
SN A A K18 Ohara 281 % IR A & A K XU
AR PR WS, 2 2SS E T SCFAs ByHEHEn, DL S
SSHATHE G EER MU . ST, JEaERiR an T
fig . = T PRAN L BRTEARS N T 48 i dn s 2 B A K
E A

PELHAEIET S, 32 AR AL RIJEAE, 40 Bel-2 SR%: .
caspase 5%, C-Jun., ML P53 45, 4T
W 2 PP IR B AR AL, W R AR AR
AR EEN R B ZRY TR A WS R R, —SE R TR
AL AR A 0 IR, BESd b Ra 58 DA
R ARSI AR T, 4N, Lactobacillus paracasei K5
0] DIE A PE R Bel-2 SRGEE [ IR, LIRsHE]
GRS Y 7 255 AN SR8 e Caco-2 4RI RY
AT SUBAT B E A AI IE Th O e 2 1A 7510
W), HA VSR AR T e . s scge sk
B, R BRI XU AT B8 S5, 435 1 i 1% i T o 28 BRI
25%~30%". SIATHFFERI], BUSHT T n] LAGE 2148
SRZ 5 A IR PR P T AR 1 (an Bax) I9VERT, TR
YU T (A0 Bel-2), 5 MR anpgd v, Bk
ZE I I R AR S . Guo 80P SR A HT-29 4H i
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BREUY PR AR RIS E TR FLAF B CICC 6074 1Y
PO MV ERIPL, 45 W 0 i LA
B CICC 6074 At i 35 (e uE 45 i AL T, W TR
ZLAF 1 CICC 6074 i@t 8 Bax. F¥8 Bel-2 DL &
LRI R AN (0 38 © 251 175545 M 9 4 g U
o Baldwin 4605 L B AW I FLIT TR T W FLAT
ATy 5-GBURIAIE (5-Fu) Ak A7, 75 S48 1

£ T e N B e SXE SR 4 2 N S BN L 7 ]
AR DL 3.
2.1.3 #adEWUGE IR IRE

WCE SR . P TP . B 1L A TSR
SR IE AR L5 STIRE A . AR
AR FRGE R . GRE R . AR ) B R AN AL AA B
[, ILFIERF A RIS A IRE. B B R R 22 R
FETAVRET . PUBA K . W L 5 AR ) 1) B 8 25 122 (Tight
junctions, TJs)&EZH B, TJ REAS VNI i I ) PR B 3%
PEMSEIBEER, B 11 s B TR E AR A
ZE5 I EIE . T8 S RE G E R N . TT SRR
4%, 35 occludin &8 H . claudin &8 H |
EFEFE 43 LA M 4R 542k 25 1 (Zonula occluden,
ZO(f14% ZO-1, ZO-2. ZO-3)), XL FE (LRI Ak,
2 A 2 (] (A RO T I LA B b S . i 5L
SEREMB I RN i ) R e i S50 A g P
i, 5 AR e N SO N FNRAE, S AE W IR F—4>
R 1R AN S LR T ) GRS, an SRRSO T HE A I
Sz, i as g b R BRBEIREIR, B in CRC XU,
AN AR R AR R i L Y R R RE, 254
PRI AR RE L I PRI A, T S51E 20
AL TEC)AHE A, 5w im R ohfe . i FiAl
HAEM, 40 SRR e/ VRS AR, il 5
AT B IR IR BT 1R I R A TP A K
FIXGGE, il il R B L4k A= SCFAs DARFAIR
faiE pH? ., K lEr= A T BRRES S il L 2 gl it
PEAERERE SO, AN il DASIORG 4 7 A DA 3%
TN ISR, BILAN MM SR, PR E BERR L RE)

Eugene %5 178 SC3G T 9T 2 BH, E 45 e IR
PR e, BT LA . IS U AT B A 2 ) LU AT B
BA T LAVET kA s L, ilad TLR2 15 548
BEE S EEEE T ZO-1. occludin BYFE3k, YRI5 R
bRz BEpEse e, AAIMTREAR CRC MR 2E . APRasEe
SRR 1T AR RS AT B — B0 BRI 2 % A S i B AR 19
CRC B il Fi i aetabr AT SGE1EH -

2.1.4 AT GRER N kAR PR AT LAAE )
o 8 R S REDE T KA G REVETVE I . SORETENNIRE
K AR TP R AR R S AOVE, i A e v ] LAVEY
W B FENRE S AE , LR MU TSR B S g, B A LA b
R HAEA, SEm R FEP IR E . B s AniRss
RRE RGP I E P RE AR > —, 5 AT LA
PG AT A A TG T, S WE A S B R A
Jo A BT IR e DR LH LR e R ffan, Hsb pig
PREAT AR 5 24 B RIS 58 240 B S3- WA Ts A LA SR
I3 1Y) SR 24 i PRI 1L-12, 31 & R
FH 7, Chung &5 P4 & B0 #4350 BE 2 g BR 1A 0T BEAIG
caspase-1 1 PEFT TL-148 %3803, DA T 410 i1l L 10 4
1 NLRP3 #& M/ IMA I 3% s 6/ Bliage b, 22l vl
DA g3 SR )™ E AR, DA AR 9 A= 28/ N ER A
ZAERHET R RSN (DSS) B S RIS I 4 F1 CRC HIIE
Ji%, (BB FEANBEFR NLRP3 K [ R 155 /0N B 4%
o BUSATRRRMARBEIREE 53> F & Toll FEZARAYE
TR, FTIER WU ISR G RBE N, KA/
o fEgiis b, R R i s+ IL-18. IL-6. IL-8.
IL-17. IL-12 FIIEEIRIE A F-a( TNF-a) Pl GBS i8R
B R A AT G AR, LR AR F TL-10 Al i K
K g MRELHAMHIE . 2525 B RERG IndT 22 4u i
K00 r= A,y 58 AR PN 14 7= A, AT HE S8 485
T AN & % . Raja 2518 giF7 T —I0REH LIS %)
RO, g5 R WORAE 2 T ARFILIT Y CRC B35
dh, S 6 FRLAT B RTSUEL AT BE 16 PR Y 25 A PR
JEEA, SRR L, IRHZEAETE 6 1~ H Bk
FHIMIEH IL-6. IL-17A . IL-17C Fl TNF-a 2L 2 41

3 A 25 A TR AERSMIT T % 25 B i AR %) 5 )
Table 3  Effects of different probiotics on CRC cells in vitro
fa A AR R iEperEs EZ BN
B. animali 1]5 ad]oles.ce;;tis, malis sub MMEIAT , caspase-3. caspase-8. caspase-9. Fas-R, BAD
- animalis su SZP. t]zgct;]s?d. ammda is subsp. Caco-2FIHT-29 mMRNAT [55]
animalis, B. bifdum an Bel-2 mRNA |
B. angulatum
i AMIPAT=, cyelin D mRNAT;

Lactobacillus pentosus B281 Caco-2HTHT-29 cyclin A BI. B2FIE mRNAJ; [56]

Lactobacillus plantarum B282 RGBS
Lactobacillus brevis T2102 Caco-2F1DLD-1 G SIRT1S 851 p-catenin/TcfmRNA |, S-catenin, hTERT) [57]

YRGS, Bel-2);
Lactobacillus plantarum 06CC2 Caco-2A1HT-29 cleaved-caspase 9 13, Bim, p-elF2a. ATF4MICHOP# H /K [58]

-, p-INKFllp-p38. p-ATF2, p-c-Junt
Lactococcus lactis SW480 AMPAETE 2, R FIE HDI (cyclin D1) | [59]
YA A cyclin D1, JH T4 K FBIRCSal;

Lactobacillus casei ATCC 393 CT-26FIHT-29 JHE IRBE R - DG A U T T A [60]

(TRAIL) #ik1




- 410 -

B Tl R

2022 4 11 A

PR 7 S S BRI . S i R 5 51 CRC /N RS Y
i, HOBUBFT BA AT B N4 95 3 RNA(MIRS) . MIR-
145 F1 MIR-15a 193R3k, K&K MIR-146a (93215 (4
7 IL-18 i IL-6 3R1K), Bk NF-«B 1% 1k, J-5:34
S s R kU Liu 2500 B I AEARS b Szt
FLEZFLERE ML2018 BH.IE RAW264.7 4Hifigh—% 4k
Z(NO) FYRERCHT LPS 5 T 19 5 RE R F =4z ; 72 3)
YA A LR FLER B ML2018 A8 i 7 B 48 A+
PR ek A, 30 I A A 3, 3 Sk P NF-
xB 1 MAPK {5 53 B G SR T J0E .  BR AR 2%
AP CRC B BA AN s S ER, (B
38 35 T 22 I RAEAS f e RS

2.1.5 zRAERBTIEEACTEER  EALRN T CRC
M & AR B OCHEZEME- .. WETEA(ROS) & H

Jigp 8 v TE R A R, ROS B H A A ™)
PR R 45 AR, T 3R 10T, DNA Filfig
JREIREIR, EEANAET, BRI I IEH ShRE . 25

A B AT IVE R e 10 AR A AR, s b E A
IO R YEAG AR A, FEE N B IE T R I AR

PUEALIEPETY . SUAT B AU AT B A] DA SR 41k
Pt e, PR E BT AL T P B SR (A LA 2 1 EPS
AWEH BK GSH £58) Bor=4=, FHIEA BB EBH B 1Y
e . HAMEANTIRH AT LG ROS MRS K 48
AN, SCLERE M S B AR SR L, S T REATCE
fEil 4 k. DNA FIEE 45 LA A i DNA &5
(E 2)7, HHF5E AR, SUSHT B RENS_E Mt S AL
i S LY AL SOD ., i3 A AL & CAT FIgs b
H K S AT GPX 17K, 5 Bl 51 EmiE b
i ROS, Ml 2264514557 Chang 5574 PFAN T
PR BERS ISR ARBTIRIE A7 2590 B\l T s 5L

FFH NTU 101 ZEESNEFL(NTU 101FM) X} CT26
&5 g/ RSB B A E . &5 53— H, NTU
101FM TEALYT TR SOD ##F M Fll MDA 7K 45

PEPE

M ZEP450, o SE LA,
JITLIMS, NADPHE AL

l

TUAALRE

1E%, Sepifb P AR L, NTU 101EM B g 452550 1 i
& . B IE IS P A E S A i IR P A AL N 3, Rtk
NTU 101FM A5 1] BEAE Jhy flf B 7711k A8 7 35O R AIK
eI EIVE R
2.2 FEER CRC B9

JUEA RS Y 2R IH 25 4L B AT B Bh T8
CRC, BCEAI TS L) B b FhES0E . IET5 LU )
BEPEAERLAEREIR, FUs AR S5 FH L AEY, (H 254 B}
CRC TR I A—2K, Janelle 50 Xf /NS5 1%
RAAKLE HIAIRIIIoE 2R, 45 T 2526 T VSL#3 Xt
SRE FI & H g e 0 A2 %8 BT VE FH, Jacqueline
SEUT BIRSY e PR AR AR B IR VSL#3 I ANBEEE CRC
BERNGHIBIIEE. BN R HGGE A RS
LRI Z [V w22 708, — sy s i a4
BRAT AN B8 20 57 14 2 A= 23, M TN A S5 - 2 0
A RUREY, PRI G AS Te BE 5E 22 )it AR S A 5 Ik
AT CRC AR
3 458

Fiti 5 XoH i T BRI ARE- 1 5 =22 TR0 AH A FH A FkoRke
HETRA, AT LB ImE MY S CRC #VIASE, $1
BET LU il B R R ASIEYT CRC FFTiste . 3624
TR DRI R A AR (A 2 AV P 1 2 A ) AR ke b o
M R 2278 X, FEARIMALS | sh i s sl R AT IE
A AE S CRC J7 H#ERFR I R A7) T FTRsCR,
(B D EWToE £ a5 2B X CRC A B8 3UR
HEESINERG . YA SRAEAE— AR, 252k
BZEfR CRC MLHIE AR Se e, EOER s AW AT
I PR ERATY Il —LE kAR, 5 A e e R s
Xof HA2e 37 B AN AT Z A0 (A1 4, Ib A4 i 2Is | v
Iy AN, 245 7 SRR A R R 25 A PR P BT IARCR, I
HLPARE RS A BN JE LASEAVA Al B, KA E
BIEIT I — R I AT ORI S . BRARoR IR
B S AR (B SR 5 A B A B PR AR T RIS

BT §

DNAES ¢

SOD. CAT. GPx ' e L] "
s e e A 5] ARG A
S = o PR °, . _’—b DNAZZE Y §
HFTEE § ° o ‘em
& i ROSZERY; wp @ ROS o @ st §
- o eo o
D PR N o" e
i A AL PEREPS (== R
SRR T L . °=m —p 155 AL |
q
M

AT SO
SR R IR
B2 FUAFIA S 5 BUBAT XS PR A s i
Fig.2 Effects of Lactobacillus and Bifidobacterium on ROS'
TE: SOD, # A YIEALRE; CAT, il E AL EE; GPX, A H Ik AL .



%435 % 21

XU, 2 23R TN 25 R i eV E R SRR ARt 411 -

FLAilh, (EA B = 15 A= AE TR FIVRYT CRC 91l PRI
BrubdE . PR, A5 ARSI RS S A4 BRI
ti AT, AT 22 s | IAEAS B AR T TG e R
Hilm R A

SE K
[1] BICK B L, VEMULAPALLI K C, REX D K. Regional center
for complex colonoscopy: Yield of neoplasia in patients with
prior incomplete colonoscopy[J]. Gastrointestinal Endoscopy, 2016,
83(6): 1239-1244.
[2] FREDDIE B, JACQUES F, ISABELLE S, et al. Global can-
cer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA:A Cancer Jour-
nal for Clinicians, 2018, 68(6): 394—424.
[3] Z4p, 2%, ek, §. FE 1990~2019 45 & & % 5 fi
oA [1]. ¥ BEIEE & &, 2021,21(5): 520-524. [ WANG
Na, LIU Jie, LI Xiaodong, et al. An analysis of disease burden of
colorectal cancer in China from 1990 to 2019 [J]. Chinese Journal of
Evidence-Based Medicine, 2021, 21(5): 520—524. |
[4] AICHA Z, JOSHUA R H, YANNICK D B. Intestinal micro-
biota influences DNA methylome and susceptibility to colorectal
cancer[J]. Genes, 2020, 11(7): 808.
[5] SIEOWBFL, WUNK S, YONG W P, et al. Tweak to treat:
Reprograming bacteria for cancer treatment[J]. Trends in Cancer,
2020, 7(5): 447-464.
[6] FONG Winnie, LI Qing, YU Jun. Gut microbiota modulation:
A novel strategy for prevention and treatment of colorectal cancer
[J]. Oncogene, 2020, 39(2S Suppl): 4925-4943.
[7] FLETCHER R, WANG Y J, SCHOEN R E, et al. Colorectal
cancer prevention: Immune modulation taking the stage[J]. Biochi-
mica et Biophysica Acta-Reviews on Cancer, 2018, 1869(2): 138—
148.
[8] QINIJI LIR Q, RAES J, et al. A human gut microbial gene
catalogue established by metagenomicsequencing [J]. Nature: Inter-
national Weekly Journal of Science, 2010, 464(7285): 59—-65.
[9] SHIVAJIS. We are not alone: A case for the human micro-
biome in extra intestinal diseases[J]. Gut Pathogens, 2017, 9(1): 13.
[10] KIM M, GALAN C, HILL A A, et al. Critical role for the mi-
crobiota in CX3CRI1(+) intestinal mononuclear phagocyte regula-
tion of intestinal T cell responses[J]. Immunity, 2018, 49(1): 151—
163.
[11] KARINA W, MALGORZATA S, RAFAL S. The role of the
gut microbiome in colorectal cancer: Where are we? Where are we
going?[J]. Clinical Colorectal Cancer, 2020, 19(1): 5-12.
[ 12] EATON K, PIRANI A, SNITKIN E S. Replication study: In-
testinal inflammation targets cancer-inducing activity of the micro-
biota[J]. eLife, 2018, 7: e34364.
[ 13] ANNEMARIE B, HAROLD T. The itinerary of Streptococ-
cus gallolyticus infection in patients with colonic malignant disease
[J]. The Lancet Infectious Diseases, 2013, 13(8): 719-724.
[ 14 ] SHEN Xiaonan, LI Jialu, LI Jiaqi, et al. Fecal enterotoxi-
genic Bacteroides fragilis-Peptostreptococcus stomatis-Parvimonas
micra biomarker for noninvasive diagnosis and prognosis of colorec-

tal laterally spreading tumor[J]. Frontiers in oncology, 2021, 11:

661048.

[15] KOMIYA'Y, SHIMOMURA Y, HIGURASHI T, et al. Pa-
tients with colorectal cancer have identical strains of Fusobacterium
nucleatum in their colorectal cancer and oral cavity[J]. Gut, 2019,
68(7): 1335-1337.

[ 16 ] LI Xiang, HUANG Jiepeng, YU Tingting, et al. Fusobacteri-
um nucleatum promotes the progression of colorectal cancer through
CdkS-activated Wnt/beta-catenin signaling [J]. Frontiers in Microbi-
ology, 2021, 11: 545251.

[17] KIM S H, LIM Y J. The role of microbiome in colorectal car-
cinogenesis and its clinical potential as a target for cancer treatment
[J]. Intestinal Research, 2021, 20(1): 31-42.

[ 18] LIANG QY, JONATHAN C, CHEN Y X, et al. Fecal bacte-
ria act as novel biomarkers for noninvasive diagnosis of colorectal
cancer[J]. Clinical Cancer Research, 2017, 23(8): 2061-2070.

[ 19] SI Huifang, YANG Qing, HU Hong, et al. Colorectal cancer
occurrence and treatment based on changes in intestinal flora[J].
Seminars in Cancer Biology, 2021, 70: 13—10.

[20] WONG S H, YU J. Gut microbiota in colorectal cancer:
Mechanisms of action and clinical applications[J]. Nature Reviews
Gastroenterology & Hepatology, 2019, 16(11): 690-704.

[21] PARK C H, EUN C S, HAN D S. Intestinal microbiota,
chronic inflammation, and colorectal cancer[J]. Intestinal Research,
2018, 16(3): 338-345.

[22] BASHIR A, MISKEEN A Y, BHAT A, et al. Fusobacterium
nucleatum: An emerging bug in colorectal tumorigenesis[J]. Euro-
pean Journal of Cancer Prevention: The Official Journal of the Euro-
pean Cancer Prevention Organisation (ECP), 2015, 24(5): 373-85.
[23] HUA X, PHIPPS A I, BURNETT-HARTMAN A N, et al.
Timing of aspirin and other nonsteroidal anti-inflammatory drug use
among patients with colorectal cancer in relation to tumor markers
and survival[J]. Journal of Clinical Oncology: Official Journal of
the American Society of Clinical Oncology, 2017, 35(24): 2806—
2813.

[24 ] HERBERTT, TIMON E A, ROMANA R G, et al. The in-
testinal microbiota in colorectal cancer [J]. Cancer Cell, 2018, 33(6):
954-964.

[25] LAVOIE S, GARRETT W S. The unfolding story of ATF6,
microbial dysbiosis, and colorectal cancer[J]. Gastroenterology,
2018, 155(5): 1309-1311.

[26] CHRISTINE M D, PAYAM F, JOHN M C, et al. Patients
with familial adenomatous polyposis harbor colonic biofilms con-
taining tumorigenic bacteria[J]. Science, 2018, 359(6375): 592—
597.

[27] HO T, EAGLE SH, ZHANG X, et al. Peptostreptococcus
anaerobius induces intracellular cholesterol biosynthesis in colon
cells to induce proliferation and causes dysplasia in mice[J]. Gas-
troenterology, 2017, 152(5): $1010-S1010.

[28] LONG Xiaohang, WONG Chichun, LI Tong, et al. Pep-
tostreptococcus anaerobius promotes colorectal carcinogenesis and
modulates tumourimmunity [J]. Nature Microbiology, 2019, 4(12):
2319-2330.

[29 ] YU Tachung, GUO Fangfang, YU Yanan, et al. Fusobacteri-


https://doi.org/10.1016/j.gie.2015.10.053
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3390/genes11070808
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1186/s13099-017-0163-3
https://doi.org/10.1016/j.immuni.2018.05.009
https://doi.org/10.1016/j.clcc.2019.07.006
https://doi.org/10.7554/eLife.34364
https://doi.org/10.1016/S1473-3099(13)70107-5
https://doi.org/10.3389/fonc.2021.661048
https://doi.org/10.1136/gutjnl-2018-316661
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.1158/1078-0432.CCR-16-1599
https://doi.org/10.5217/ir.2018.16.3.338
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1200/JCO.2017.72.3569
https://doi.org/10.1200/JCO.2017.72.3569
https://doi.org/10.1016/j.ccell.2018.03.004
https://doi.org/10.1053/j.gastro.2018.10.011
https://doi.org/10.1126/science.aah3648
https://doi.org/10.1038/s41564-019-0541-3
https://doi.org/10.1016/j.gie.2015.10.053
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3390/genes11070808
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1016/j.bbcan.2017.12.002
https://doi.org/10.1186/s13099-017-0163-3
https://doi.org/10.1016/j.immuni.2018.05.009
https://doi.org/10.1016/j.clcc.2019.07.006
https://doi.org/10.7554/eLife.34364
https://doi.org/10.1016/S1473-3099(13)70107-5
https://doi.org/10.3389/fonc.2021.661048
https://doi.org/10.1136/gutjnl-2018-316661
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.3389/fmicb.2020.545251
https://doi.org/10.1158/1078-0432.CCR-16-1599
https://doi.org/10.5217/ir.2018.16.3.338
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1097/CEJ.0000000000000116
https://doi.org/10.1200/JCO.2017.72.3569
https://doi.org/10.1200/JCO.2017.72.3569
https://doi.org/10.1016/j.ccell.2018.03.004
https://doi.org/10.1053/j.gastro.2018.10.011
https://doi.org/10.1126/science.aah3648
https://doi.org/10.1038/s41564-019-0541-3

- 412 - £ Tl B4

2022 4 11 A

um nucleatum promotes chemoresistance to colorectal cancer by
modulating autophagy [J]. Cell, 2017, 170(3): 548-563.

[30] KYLE W. D, VINEETA K, MICHAELA L, et al. Tul674
PAKI1 mediates NF-xB signaling in colitis and colitis-associated
cancer[J]. Gastroenterology, 2013, 144(5): S819-S819.

[31] JESUS C R, DOLORES O M, SARA C, et al. M2 macro-
phages activate WNT signaling pathway in epithelial cells: Rele-
vance in ulcerative colitis[J]. PLoS ONE, 2017, 8(10): ¢78128.

[ 32 ] TENG Jiaan, WU Sangang, CHEN Jiaxin, et al. The activa-
tion of ERK1/2 and JNK MAPK signaling by insulin/IGF-1 is re-
sponsible for the development of colon cancer with type 2 diabetes
mellitus[J]. PloS ONE, 2016, 11(2): €0149822.

[33] YE Xiaohong, WU Hua, SHENG Luoyan, et al. Oncogenic
potential of truncated RXRa during colitis-associated colorectal tu-
morigenesis by promoting IL-6-STAT3 signaling [J]. Nature Com-
munications, 2019, 10(1): 793—810.

[34] CHUNGI C, OUYANG C N, YUAN S N, et al. Pretreat-
ment with a heat-killed probiotic modulates the NLRP3 inflamma-
some and attenuates colitis-associated colorectal cancer in mice[J].
Nutrients, 2019, 11(3): 516-516.

[35] VIDHYASAGAR V, JEEVARATNAM K. Evaluation of Pe-
diococcus pentosaceus strains isolated from Idly batter for probiotic
properties in vitro[J]. Journal of Functional Foods, 2013, 5(1): 235—
243.

[36] GAREAUM G, SHERMAN P M, WALKER W A. Probi-
otics and the gut microbiota in intestinal health and disease.[J]. Na-
ture Reviews. Gastroenterology & Hepatology, 2010, 7(9): 503—-514.
[37 ] ZHONG Li, ZHANG Xufei, COVASA M. Emerging roles of
lactic acid bacteria in protection against colorectal cancer[J]. World
Journal of Gastroenterology, 2014, 20(24): 7878—7886.

[ 38 ] WANG Chunsaier, LI Wenbin, WANG Hongying, etal. VSL#3
can prevent ulcerative colitis-associated carcinogenesis in mice[J].
World Journal of Gastroenterology, 2018, 24(37): 4254—4262.

[39] MARIA M, DAIANE P, SANDRA R B, et al. Microbiota
modification by probiotic supplementation reduces colitis associated
colon cancer in mice[J]. World Journal of Gastroenterology, 2018,
24(18): 1995-2008.

[40] DENISE S, LUCIANA V, LUIS L, et al. Lactobacillus bul-
garicus inhibits colitis-associated cancer via a negative regulation of
intestinal inflammation in azoxymethane/dextran sodium sulfate
model[J]. World Journal of Gastroenterology, 2020, 26(43): 6782—
6794.

[41 ] JACOUTON E, CHAIN F, SOKOL H, et al. Probiotic strain
Lactobacillus casei BL23 prevents colitis-associated colorectal can-
cer[J]. Frontiers in Immunology, 2017, 8: 1553.

[42] WALIA S, KAMAL R, DHAWAN D K, et al. Chemopre-
vention by probiotics during 1, 2-dimethylhydrazine-induced colon
carcinogenesis in rats [J]. Digestive Diseases and Sciences, 2018, 63
(4): 900-909.

[43 ] GOLKHALKHALI B, RAJANDRAM R, PALIANY A S, et
al. Strain-specific probiotic (microbial cell preparation) and omega-3
fatty acid in modulating quality of life and inflammatory markers in

colorectal cancer patients: A randomized controlled trial[J]. Asia-

Pacific Journal of Clinical Oncology, 2018, 14(3): 179-191.

[ 44 ] YANG Yongzhi, XIA Yang, CHEN Honggqi, et al. The effect
of perioperative probiotics treatment for colorectal cancer: Short-
term outcomes of a randomized controlled trial [J]. Oncotarget, 2016,
7(7): 8432-40.

[45] LIYANA Z, NORFILZA M, KHAIRUL N, et al. A random-
ized double-blind placebo-controlled trial of probiotics in post-surgi-
cal colorectal cancer[J]. BMC Gastroenterology, 2019, 19(1): 1-8.
[46 ] GAO Zhiguang, GUO Bomin, GAO Renyuan, et al. Probi-
otics modify human intestinal mucosa-associated microbiota in pa-
tientswith colorectal cancer[J]. Molecular Medicine Reports, 2015,
12(4): 6119-6127.

[47] KIM Y, LEE D, KIM D, et al. Inhibition of proliferation in
colon cancer cell lines and harmful enzyme activity of colon bacte-
ria by Bifidobacterium addlescentis SPM0212[J]. Archives of Phar-
macal Research, 2008, 31(4): 468—473.

[48 ] PETRA L, HARRY J F. Formation of propionate and bu-
tyrate by the human colonic microbiota[J]. Environmental Microbi-
ology, 2017, 19(1): 29-41.

[49] OHARA T, SUZUTANI T. Intake of Bifidobacterium
longum and fructo-oligosaccharides prevents colorectal carcinogene-
sis[J]. Euroasian Journal of Hepato-gastroenterology, 2018, 8(1):
11-17.

[ 50 ] STEPHEN W F. Promoting apoptosis as a strategy for can-
cer drug discovery [J]. Nature Reviews Cancer, 2005, 5(Suppl): 876—
885.

[51] CHONDROU P, KARAPETSAS A, KIOUSIDE, et al. Lac-
tobacillus paracasei K5 displays adhesion, anti-proliferative activi-
ty and apoptotic effects in human colon cancer cells[J]. Beneficial
Microbes, 2018, 9(6): 975-983.

[52] FOONP,OU Y H, CHIU H H, et al. Probiotics prevent the
development of 1, 2-dimethylhydrazine (DMH)-induced colonic tu-
morigenesis through suppressed colonic mucosa cellular prolifera-
tion and increased stimulation of macrophages[J]. Journal of Agri-
cultural and Food Chemistry, 2011, 59(24): 13337-13345.

[ 53] GUO Yuxing, ZHANG Tao, GAO Jinjin, et al. Lactobacillus
acidophilus CICC 6074 inhibits growth and induces apoptosis in
colorectal cancer cells in vitro and in HT-29 cells induced-mouse
model[J]. Journal of Functional Foods, 2020, 75: 104290.

[ 54] BALDWIN C, MILLETTE M, OTH D, et al. Probiotic Lac-
tobacillus acidophilus and L. casei mix sensitize colorectal tumoral
cells to 5-fluorouracil-induced apoptosis[J]. Nutrition and Cancer,
2010, 62(3):371-8.

[ 55] FAGHFOORI Z, FAGHFOORI M H, SABER A, et al. Anti-
cancer effects of Bifidobacteria on colon cancer cell lines[J]. Can-
cer Cell International, 2021, 21(1): 258—258.

[56] GEORGIA S, ATHANASIOS K, ELEFTHERIA L, et al.
Two potential probiotic Lactobacillus strains isolated from olive mi-
crobiota exhibit adhesion and anti-proliferative effects in cancer cell
lines[J]. Journal of Functional Foods, 2016, 24: 461—471.

[57] GAKURO H, PAWAT P, KENJI I, et al. Lactobacillus bre-
vis T2102 suppresses the growth of colorectal cancer cells by acti-
vating SIRT1[J]. Journal of Functional Foods, 2016, 23: 444-452.


https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1371/journal.pone.0149822
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.3390/nu11030516
https://doi.org/10.1016/j.jff.2012.10.012
https://doi.org/10.3748/wjg.v20.i24.7878
https://doi.org/10.3748/wjg.v20.i24.7878
https://doi.org/10.3748/wjg.v24.i37.4254
https://doi.org/10.3748/wjg.v24.i18.1995
https://doi.org/10.3748/wjg.v26.i43.6782
https://doi.org/10.3389/fimmu.2017.01553
https://doi.org/10.1007/s10620-018-4949-z
https://doi.org/10.1111/ajco.12758
https://doi.org/10.1111/ajco.12758
https://doi.org/10.18632/oncotarget.7045
https://doi.org/10.1186/s12876-018-0926-4
https://doi.org/10.3892/mmr.2015.4124
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.5005/jp-journals-10018-1251
https://doi.org/10.3920/BM2017.0183
https://doi.org/10.3920/BM2017.0183
https://doi.org/10.1021/jf203444d
https://doi.org/10.1021/jf203444d
https://doi.org/10.1021/jf203444d
https://doi.org/10.1016/j.jff.2020.104290
https://doi.org/10.1080/01635580903407197
https://doi.org/10.1186/s12935-021-01971-3
https://doi.org/10.1186/s12935-021-01971-3
https://doi.org/10.1016/j.jff.2016.04.036
https://doi.org/10.1016/j.jff.2016.01.016
https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1371/journal.pone.0149822
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.1038/s41467-019-08689-x
https://doi.org/10.3390/nu11030516
https://doi.org/10.1016/j.jff.2012.10.012
https://doi.org/10.3748/wjg.v20.i24.7878
https://doi.org/10.3748/wjg.v20.i24.7878
https://doi.org/10.3748/wjg.v24.i37.4254
https://doi.org/10.3748/wjg.v24.i18.1995
https://doi.org/10.3748/wjg.v26.i43.6782
https://doi.org/10.3389/fimmu.2017.01553
https://doi.org/10.1007/s10620-018-4949-z
https://doi.org/10.1111/ajco.12758
https://doi.org/10.1111/ajco.12758
https://doi.org/10.18632/oncotarget.7045
https://doi.org/10.1186/s12876-018-0926-4
https://doi.org/10.3892/mmr.2015.4124
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.1111/1462-2920.13589
https://doi.org/10.5005/jp-journals-10018-1251
https://doi.org/10.3920/BM2017.0183
https://doi.org/10.3920/BM2017.0183
https://doi.org/10.1021/jf203444d
https://doi.org/10.1021/jf203444d
https://doi.org/10.1021/jf203444d
https://doi.org/10.1016/j.jff.2020.104290
https://doi.org/10.1080/01635580903407197
https://doi.org/10.1186/s12935-021-01971-3
https://doi.org/10.1186/s12935-021-01971-3
https://doi.org/10.1016/j.jff.2016.04.036
https://doi.org/10.1016/j.jff.2016.01.016

%435 % 21

XU, 2 23R TN 25 R i eV E R SRR ARt 413 -

[ 58 ] NOBUHIRO H, SHUJI K, KOUHEI O, et al. Extract of Lac-
tobacillus plantarum strain 06CC2 induces JNK/p38 MAPK path-
way-mediated apoptosis through endoplasmic reticulum stress in Ca-
co2 colorectal cancer cells[J]. Biochemistry and Biophysics Re-
ports, 2019, 20: 100691.

[ 59 ] HOSSEINI S, GOUDARZI H, GHALAVAND Z, et al. Anti-
proliferative effects of cell wall, cytoplasmic extract of Lactococcus-
lactis and nisin through down-regulation of cyclin D1 on SW480
colorectal cancer cell line[J]. Iranian Journal of Microbiology, 2020,
12(5): 424-430.

[60] ANGELIKI T K, KATERINA S, VALENTINA S, et al. Lac-
tobacillus casei exerts anti-proliferative effects accompanied by
apoptotic cell death and up-regulation of TRAIL in colon carcinoma
cells[J]. PLoS ONE, 2017, 11(2): €0147960.

[ 61 ] JONATHAN L, EMMA R, NICK E, et al. Tight junctions in
inflammatory bowel diseases and inflammatory bowel disease asso-
ciated colorectal cancer[J]. World Journal of Gastroenterology,
2016,22(11):3117-3126.

[62] BORIJA S, SUSANA D, AITOR B M, et al. Probiotics, gut
microbiota, and their influence on host health and disease[J].
Molecular Nutrition & Food Research, 2017, 61(1): 1—15.

[63] HAJJARR, RICHARD C S, SANTOS M. The role of bu-
tyrate in surgical and oncological outcomes in colorectal cancer[J].
American Journal of Physiology. Gastrointestinal and Liver Physiol-
ogy, 2021, 320(4): G601-G608.

[ 64 ] EUGENE D K, XUEQI S, YASER G, et al. Structural change
in microbiota by a probiotic cocktail enhances the gut barrier and re-
duces cancer via TLR2 signaling in a rat model of colon cancer[J].
Digestive Diseases and Sciences, 2016, 61(10): 2908-2920.

[65] #if, R . REABLL BN A SCHAF H Z 35 W I A 46
H R KRG s sh ALy bt i B ek e A U] P EIAKE
% &, 2020, 30(15): 79-84. [ YANG Yang, ZHAO Yong. Ef-
fect of alanyl glutamine and Bifidobacterium triple viable capsule on
intestinal barrier function in postoperative adjuvant chemotherapy
for colorectal cancer[J]. China Journal of Modern Medicine, 2020,
30(15): 79-84. ]

[66] EHUD Z, CHEN V, JULIA F, et al. Ly6C hi monocytes in
the inflamed colon give rise to proinflammatory effector cells and
migratory antigen-presenting cells [J]. Immunity, 2012, 37(6): 1076—
1090.

[ 67] MAIJID E, BAHMAN Y, PARVIZ K 1, et al. Importance of
probiotics in the prevention and treatment of colorectal cancer[J].
Journal of Cellular Physiology, 2019, 234(10): 17127-17143.

[68] RAJA A, LIYANA Z, SEOW-NENG C, et al. Sal838-The

clinical and circulating inflammatory cytokines effects of probiotic

containing Lactobacillus and Bifidobacterium strains in patients with
colorectal cancer: A randomized double blind controlled trial[J].
Gastroenterology, 2018, 154(6): S414-S414.

[69] CINDERELLA A F, AMIRA M G, ENAS A E, et al. Bifi-
dobacterium longum suppresses murine colorectal cancer through
the modulation of oncomiRs and tumor suppressor miRNAs[J]. Nu-
trition and Cancer, 2019, 71(4): 688—700.

[ 70 ] LIU Meiling, ZHANG Xiuxia, HAO Yunpeng, et al. Protec-
tive effects of a novel probiotic strain, Lactococcuslactis ML2018, in
colitis: In vivo and in vitro evidence[J]. Food & Function, 2019, 10
(2):1132-1145.

[ 71 ] FENG Tao, WANG Jing. Oxidative stress tolerance and an-
tioxidant capacity of lactic acid bacteria as probiotic: A systematic
review [J]. Gut Microbes, 2020, 12(1): 1801944,

[ 72 ] ADRIANA N, ANNA P, JANUSZ B. Anti-proliferative, pro-
apoptotic and anti-oxidative activity of Lactobacillus and Bifidobac-
terium strains: A review of mechanisms and therapeutic perspec-
tives[J]. Critical Reviews in Food Science and Nutrition, 2019, 59
(21): 3456-3467.

[ 73] AHMAD U D, ADIL H, YUAN Z, et al. Inhibitory effect of
Bifidobacterium bifidum ATCC 29521 on colitis and its mechanism
[J]. The Journal of Nutritional Biochemistry, 2020, 79: 108353.
[74] CHANG C Y, HO B Y, PAN T M. Lactobacillus paracasei
subsp. paracasei NTU 101-fermented skim milk as an adjuvant to
uracil-tegafur reduces tumor growth and improves chemotherapy
side effects in an orthotopic mouse model of colorectal cancer[J].
Journal of Functional Foods, 2019, 55: 36—47.

[ 75] TANG Gang, ZHANG Linyu. Update on strategies of probi-
otics for the prevention and treatment of colorectal cancer[J]. Nutri-
tion and Cancer, 2020, 74(1): 27-38.

[ 76 ] JANELLE C, RAAD Z G, JOSHUA M U, et al. VSL#3 pro-
biotic modifies mucosal microbial composition but does not reduce
colitis-associated colorectal cancer[J]. Scientific Reports, 2013,
3(1): 728-734.

[77] JACQUELINE H S, PETER J H. Clinical trial assessing
VSL#3 for the treatment of anterior resection syndrome[J]. ANZ
Journal of Surgery, 2012, 82(6): 420—427.

[ 78] JANF, SHANKAR R, NIVEDITA K, et al. Randomized tri-
al of perioperative probiotics among patients undergoing major ab-
dominal operation[J]. Journal of the American College of Sur-
geons, 2019, 229(6): 533—540.

[79] PITSILLIDES L, PELLINO G, TEKKIS P, et al. The effect
of perioperative administration of probiotics on colorectal cancer

surgery outcomes[J]. Nutrients, 2021, 13(5): 1451-1451.


https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.3748/wjg.v22.i11.3117
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1007/s10620-016-4238-7
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.1016/j.immuni.2012.08.026
https://doi.org/10.1002/jcp.28473
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/19490976.2020.1801944
https://doi.org/10.1080/10408398.2018.1494539
https://doi.org/10.1016/j.jnutbio.2020.108353
https://doi.org/10.1016/j.jff.2019.02.025
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.3390/nu13051451
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.3748/wjg.v22.i11.3117
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1007/s10620-016-4238-7
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.1016/j.immuni.2012.08.026
https://doi.org/10.1002/jcp.28473
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/19490976.2020.1801944
https://doi.org/10.1080/10408398.2018.1494539
https://doi.org/10.1016/j.jnutbio.2020.108353
https://doi.org/10.1016/j.jff.2019.02.025
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.3390/nu13051451
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.3748/wjg.v22.i11.3117
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1007/s10620-016-4238-7
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.1016/j.immuni.2012.08.026
https://doi.org/10.1002/jcp.28473
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.1016/j.bbrep.2019.100691
https://doi.org/10.3748/wjg.v22.i11.3117
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1152/ajpgi.00316.2020
https://doi.org/10.1007/s10620-016-4238-7
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.3969/j.issn.1005-8982.2020.15.015
https://doi.org/10.1016/j.immuni.2012.08.026
https://doi.org/10.1002/jcp.28473
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/19490976.2020.1801944
https://doi.org/10.1080/10408398.2018.1494539
https://doi.org/10.1016/j.jnutbio.2020.108353
https://doi.org/10.1016/j.jff.2019.02.025
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.3390/nu13051451
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/01635581.2019.1577984
https://doi.org/10.1080/19490976.2020.1801944
https://doi.org/10.1080/10408398.2018.1494539
https://doi.org/10.1016/j.jnutbio.2020.108353
https://doi.org/10.1016/j.jff.2019.02.025
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1080/01635581.2020.1865420
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1111/j.1445-2197.2012.06082.x
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.1016/j.jamcollsurg.2019.09.002
https://doi.org/10.3390/nu13051451

	1 肠道菌群与结直肠癌
	1.1 结直肠癌患者的肠道菌群变化
	1.2 肠道菌群在CRC发病中的机制

	2 益生菌与结直肠癌
	2.1 益生菌对结直肠癌的作用机制
	2.1.1 益生菌调节肠道菌群组成
	2.1.2 益生菌诱导肿瘤细胞凋亡
	2.1.3 益生菌改善肠道黏膜屏障功能
	2.1.4 益生菌调节免疫反应
	2.1.5 益生菌防止氧化应激作用

	2.2 益生菌对CRC的影响

	3 结语
	参考文献

