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Microbiomics and intestinal tumors
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Abstract: Both host and environmental factors contribute to the intestinal tumors development. The intestinal
microbiota (IM) plays a significant role in the maintenance of good health in the host. With the development of
high-throughput sequencing technology on IM research, the relationship between the intestinal microorganisms and
their metabolites, and the development, diagnosis and treatment of colorectal cancer (CRC) become much clearer.
Determining the tumor-associated microbial heterogeneity could be a powerful tool for CRC screening. Also,
microbial manipulation and microbially-driven cancer immunotherapy could be a potential way to influence host health,
prevent and treat CRC.
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A DAALG T, FERIRKIG K
)T, A 45 B W (colorectal cancer, CRC)
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WiEAE . WiE R A S SRR T
EWMAEMA. EANERER. RERAOMAES R
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Fol 0 2 AN B S N B B 48 Pl A0 8 B R P
WA Y B S IA 1 x 10", FE0T A AR R 40 i %k
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W& 7> T AV BRI RE, 15 F BUA R SEIS
7% I %€ & PCR (real-time polymerase chain reaction,

RT-PCR) . ZEREREE . A BR VA B2 2 A8 1 20 i

(T-RFLP). 7% 1 s & %E i F K (denatured gradient
gel electrophoresis, DGGE) %+ K J7 ¥ Sk Wt 5t 7 18
A Z FEE, BRI Z (Y 1 R BE B 97 I Sl
WIROR I, TTE A ) 22 A5 1 50 i B e M e &t

M7 F B e, 212 AR O #2007 4F i,
SEEE S DA B (NIH) R4 B58) 1 1.15 143570
AR “ NRFAEY A K] (Human Microbiome
Project). 2008 4 4 H, Kk J3 3 iy il 7o 3k K 415
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ANTE] N 22 18] Ji T T A 2 i DRV AR R Z2 AR R, 41
AR R R T TZ ORI A S, K
JREEKT BT IR S — 25 . 2005 4F, Bckburg 25 ¥
(1) A A& N AR T8 0 R 2 AR 90 1 — A LR A
AT 3 Bifd EAMAE W TH45 1 B I B S5
LIRS FI B 6 AL iz i 3 5 v S S5 (50 T
P 21 /> 16S rRNA A se S, L3RG 11 831
KA A, MR 99% 7 41 [R5 1t 2 B 395 N4
B MK (phylotype), it 244 ANERZB . AREN
P K. RGKE 0B ARy iE w2
7 KIT4LEE : JEEER 1] (Firmicutes). AT 1 7]
(Bacteroidetes). “Z 2 # ] (Proteobacteria). il 2k B4
I'] (Actinobacteria), #2 T 1% [] (Fusobacteria). #t /i
ERE ] (Verrucomicrobia) DA A 55 #5411 % (Cyanobacteria)
BRI AR RANE P B2 BT AT B4 % e
M2 i€ 44| (Spirochaeates) A1 VadinBE97 ], | H
i 9 1k MR 738 N O % E A 3L 9 AN, Hork
AR 7 T8 P S5 A0 35 (R P AN 1] o 58 B B 1) R0 AU B
UL 98% LAy A, T H A T B
A 1% it X m—2 i3 J5 5.7t (division) %1 H
X8, HFR LR (subspecies) 7K T 1) & £ £
(RE R, A4S 1708 B REAE R BRI Ry
PR RO KB S50 R B ge T
30% Ay, BUAGREEEREMR & A 1011 N, +
BN PN B (Baeteroiaes). L ER#R B (Clostridium
coccoides) MR i (Clostridium leptum)™ . 2010
&, R MetaHIT 5l H 40 7E Nature )k 32 N1 i 1E

WAEIR R H 5. e, ANKWiErh 2/ 0177
% 1.000~1 150 F i i, ~F¥i1E LR N L2547 160
PR B FR, Wi ok R EEILY) 330 A%
FE IR U, R T N T P 8 A A K BRT 40 S =l 2K,
R4 T8 &Y (Bacteroides) & IR Y (Prevotella) %
98 BR AL (Ruminococcus)'. 78 & DNA Il 5
BRI B WA 40 B A 40 B 16S rRNA
F 1P A0 0 FE SRR EL, B AE G i E 4 R 4H B
T 45 K 35 RVFFEAR LA 7%, EHEFEATI
FForde iIXREeHORBEBIRAL T 734k B AR A8
(R 52 2% B A W B s I 5 1T [R] (R HEAS 70 B B ik 46
AR T FE TV . AR AE YD B A A 2
P R B B R A W tE, O DhRe & AT €
LA E AR N AR BT
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7~ 3 W 18 AN B B BE VA (mycobiota) 2 [l R 4k £
R &R il B TE 32 J B R R 4 (mycobiome)
AL 66 N EL B JE A 184 A E R FR, H AR SR
(Candida) & #5 F B B 8 . it as T B
R i, B35 JOREME 79 (inflammatory bowel disease,
IBD) J #% tE Wb fiE 3200 5 B AEAE A A IR L B R
A, FW R FEOE R B NE, M=
it . 2016 4F, Wheeler %5 "B 50 1 i BB K
s S e e a A, RIRAE Cell Host & Microbe.
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FRIR YT RAE EAZ AN MO T 5, LA R e o] A0 B e 4
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PEIRSE, AT (2 3k 45 L e O 0
3.1 BEMEMSRASHEMENLELREX

T 2R 2 A5 PR SR AR OR R FE R 45 B e
MR AR . NAARZRTH 32 B RS R B A TS5 1
R G A IBRBRIER . MARRAEY T HE
BRI IR R . K2 HUE DL, BERIR IR
RGBSR, IEALRE. mABIER T,
AR LM AR S TCIRE R, BRI SEROR,
SEBERA, PRI FLEREY) SRR g
I CRC RS, H A B ) CRC AH % Y B RE45 14
Berfh. B RPUER W, BER. REEHE
DR 2 1] it A A 25 R BT 28 o e 136 2
AN TR 4H B v BT RE R Y AR, 5 e Rk

él‘:‘ [23-25]O

Flemer %5 P 2 £ 4F 2016 4 Gut bW VERT
FNT T 59 Mg H I A 21 AL B R
56 A7 i JE N\ B[ 2S00 R0 B IR AE o, RIS e
A A DO A B B 3 BE AN W] 43 O DY 4 CAGs
(mucosal-associated bacterial co-abundance groups),
FALZ BT FLHE LI “enterotypes” HIMEL:. Hor,
FUAF B #f 1 (Bacteroidetes Cluster 1) 1 J5 BE B #f 1
(Firmicutes Cluster 1) /£ CRC Zf 5= B /b, 17 481
FFEE#E 2 (Bacteroidetes Cluster 2). JEEET % 2 (Firmicutes
Cluster 2). J7 R R (Pathogen Cluster) IR [
(Prevotella Cluster) 7F i Je &6 i b 3 FE G 0.
Jeb FH OGP CAGs A [A) 2 BE 1 55 1 = S 28 98 i AH DG 2k
AR IEAH ¢ . CRC FE 35 A 20 5 A o 2R 0B 1) e
A HFABR T IR LA, 5 bR H 200 S A R Y
HAT LA A AR AH A . CRC AH I 41 4
72 S AN R R P 5 i 86 Bk DR Rk RS A G o [T
VA TS R 3 PR S S R A R, e R
ST B I T K M e £ R M T A

HKAHL, Nakatsu 25 P % K AF Nat Commun [
WEFTLL 16S rRNA /7 I 5 1E 5 R 4123 (61 4] ).
K T W e b JE (47 %k TR B T50 5o i 9 A 4T 1 66 62 )
DL K BTt B R 2E 23 (52 X e A 55 2 BELFC T RE AR )
R E A RS, lE A AT A P 1 Ok FR itk —
W, s tERmME KA RIARN B, A
A2 A 7 3 2R M 1) BT R 2L RS AN (), i 3 2R 5 A 350 7
55 A2 AR F A ) AL AN R 5 JFH, B iE R
W) RS AR D A RS 5 1 B e () R AR AR G . A
FUUE B 7R IRE - K 7 4 i& 1%, AR &b
JERAE R T UL H R AE S R R, iE
MAEAES KR TS RN KR, TFK,
Fusobacterium **" 1 B. fragilis °" D\ J2 45 5 W T
& LRI, 40 Gemella JE L FEEKE (Peptostreptococcus)
A1 Parvimonas (iR 5], 7K 1725 CRC K&K
PRI . R =2 DL R A 1 s RIS R AR 4 — ik
T RCE VI LA N 28 250 o 4 Ja W Fl it — 28 R A /s
BRAR Y SE i 98 CRC AH R AR B RETR, AN TTT BH A X 4
ik 176 T FEF 1 7 808 1 FH B2 rT REATL A

AT TR, R G i R A
5K W R AR IE R o< B2 FE/N AL, /b
B I P e S 7 3 0 A A 5 W i R A A B R Gk
JRAE L B R T AR AR AN (SR e 5 P9 1 XU »
38 5 0 9 M R AR I B 5 et Ak bRk .
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AR IR T N BRI IR A DR RONE 32
I LR =R SEHUH] « (1) H5 o 3 8 &t g &=
A, mirg BRI ENE, AR REEUERK
B, ISR TS 40 B AT ST 1P 5 (2)
P RERGNE, FHAESE ERERGZ KT
AT I 7 72 (14 9AE S N 7T e 3 BURAE K 5 7
TR RS 116 T2 G 58 28 G0 ) 4 A T RE B e R R
(3) R T 3 B B s 2 AR I A B
32 BENEY. BR. SEE/EETSHERE

i B A2 BB - 8 3 21 TR AR 51 T 4 %
M. HOFFRE, AN AR AR A i T8 R E
G AR/ T XU AL R 00 45 i (e 2R A
KB e ek A . RN, AR 2 A AR
TN B R T AR A R E N, XA R
IR e S e NN KA ASIE A 95
gre AWML 20 3 2 LA 4 SN A\ id,
W E M AU N R B W R Jm i — D e N &
M NIRRT . JePig il N 4lE 3 % LB
el B PR T (AR 6 M 12)
Lo T AR ALyl T 4. X —id i s
W 9 9 E AT B b B R R, AR R 3R
N 26 45 i 1) BB 8 25 v T AR R A 2 A R R
NS5 ISR S ESE PN NI 2RI
EEMARNT . AR YE, 2RI R LA
SIS i BERE TR AR 5. LD LRI T A
P E AN S REARERMAR, P
TR RV P 7 A R A P <5 X 4 M L e B
AR P, RESE 0 R . Kl
B R AT YER NG LI E AR KL, met
O Jite £ A 2R S 82 7 — B P R M O TR AR e
(Y i B A5 M IR AR A O B

FURT, R it 1 e A 2H B 7T 35 (T AR B
(RS2 LSRR 7 B2 A B A 2, X1l
REATAFAE S Wu 25 B 3 ok 55 [ /) — 7l X #1855
(¥ 15 73 & 3 CE A 6 A & H B EAT AL, BT
RN J A R AN i AR RS, A SR R AE
Gut k76 Lo PIHNBEEMBAC LR ZER S
KRRz R HS BT, AR
BN Pl T R AL B RS2 EAN AR K XA 4h

RULHY, R T AN RN i) B 38 3 2 R A A
WERAFEM™E T RENER, BaX - ERER
B2 VRN AR A B N, B2 5 2R
LR B AL AN AR REM R R R A RETE . R
AR, MSL TR, RIRRRE “HiET W
E R S A HEAE . Ty — LR TR
B, A N SR B3 T v 0 T /D R TE N JRAE
FLUESE A CURE ) N it PR e B 3 45 0 e st G 7 v
B R T Sl R I AR, X AR A
R, R AR R, RERATE 1 RN
AR i A

ALFINN, NI BRI, T
BRI R BORBE T TR, piE
BRI R 2 ARUPRA KI5, O'Keefe 45
BE—DHTRY, SCREYIHRE, AFELREAR
Jo 3l G S AR LA R A T B, BB E S
B 2 1) AE bR i W B B 2 R A 2 . Schulz 45
257 Keras RAVNR SRR, et Nt Kt
HEREML K. SRR RS Kras KA 22
WA, 5 S EPTR P AR, Bt
AT R, RN SRR I W E AR
R S A% AL AN SN vt IR BT 9 Koras SRAZ /1N B
KA, TS EE KA NMEE .

ZR LPTR, i R R s 3 — R AL
BRSSO, BN AN KU s IR
ik, wrPUEE SRR R, BRI A AR i
TCECE LTI e A AL AR T R R G
LATRBI; 90 Je 45 M B e (0 2B e RESR I eAT
T SRR S N AR SIS IR S T 2 2 A
wE e AL e EIRARRTA R O SRR, TR
NHIJSRIER D fEOH MIRIRSER T, A LSS
i L P P o YT Y e A T % 2 A T8 B D SR A
{FL 35 2E B K PR A R 9t Y (B H AT 20
AN B ) G B 2 R I R T FUME AR AL o RK
B i 22 4R I oG HE 408 B s A 2 2 R A RR
A M S I AR R — R AR S o il
WAL IR T, fx B BRI T RATE AW
BT T — MR — Bk 74 7254, WLk
T 4a 2% 18 K I B A O o 38 8 ¥ 9 B — A A B
Wi SR, SRTAMFE AR AETE / 23 AR T TR A EL
ol RIS IR B TR J7 RO A M R 2t — 22 K
FURERIE FCAESE o
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T8 bR AN B R s . T i TE R AN Atg7
SRAEAME] Ape” /NBRAR N R TR AE . Atg7 BR S
B BE A AU R RN, i S A i 5
Wil o3 S N, AT P T T i) A7, Bl e A
FAM R 2E K

{5 FH B 41 i A8 T 1 2R 1 0s BB AL A 5T R B,
Ji7p 3 TR B 5 R AR SRR ES . AL A
I B L DR B PR TR R R AR L TR, Fe s
I TEAMNIE U R AR R E . 5 B
17N SR A Y 7] L2 ICFLAT 1 (Lactobacillus johnsonii)
(AR R, T B T kR 78 24 R LA B 1/ BRI DL &R
Gk 1 40 A 3 DR B (B AR
34 BFEREIRIASFEMERET M EHEX

ORI 2 IS R, B T e 40 R DR A R
SRRV 18 E R N IR A 5 A R R LAAE,
T DA DR S T ek TR 1 TSR A TR SR R
ST IR EEAE . Wi e A R T B AN
A, AR RAE R R B N, 15 4 5 g%
FEsgm HOBAR RS 5 [FR, fERREvR T i fE T, A
7] BB 97 715 T RE O3 i B A ZE R, T i B
FE AT RERC IR & MR ROR . MU PIAE R WA
PRI B2 AE T U8 W T B R I LR T RE R AR v MR T
B RAAAF ISE T T

L B PR 25 ) LA I B I L 5-
R 1 W RIBP ST R, B R e A 4 R AR A A
3 S i TE AR AS AR P, 30k i I e e A e g
W25 B T B T 52 56 5 Wil JihBg VR I 7 IR S e e Bl
un, PR O i R A, RO IR
VERI R AL IR G 245 5, B0m Ik Th17 A Th 3242
AR BOE + PABERE LN To B /D BB P AR 3 R JE
2 R N R ER PR A R 24 Y i
AERFKEZRAMERE, BARERR, tdd o
A R A S BE AL A0 M, 2 CpG A% H IR I
T BE VR IT AN LI 7 R, BT IR v 97 1k 2 HA
(RT3, 75 2 5 R e A A R SR R 4 i e A A 45
(¥ 2 R IR B T AE B

2015 £F, Science 7 ERKWFLLW], CTLA-4
G2 AN B PUge VE AT B R - SUEF
)T FH 15 SR AL R 0 3R e S e, g
AR R M S PE 3G 5 PD-L1 A1 aCTLA-4 550 fE 4T
MR IT AR, SCE PR RS M CDST T 4 D RE -
MIXLEDAE R, 28R 555
FEAC, RS T o 5 R 1S s AT o e K FE S
J7 R B RN BRI SR, XU B

e 58 CD8" BH 14 £ i e 2 AR i 8 ol 2 458 3R SR 1 g
SR T Re, HaRET PD-L1 S s, ROk
BUBFFBR,  #tREHE = [F) 7 &Pt PD-L1 87 808, BX
BVRIT LTS8 Al R A K B gkAh, BiE
TEE 1 4 B P AR B b P30 00 [ A = 4 S AL 07
20 B ok LR R O P S A T R I B RS

TE DRG0, AT 7558 5 3 48 P MR I A 2
N B AT S 60 5 B o AR v Je i A= 38R (B8 ) et
B LOBURIT VR R 26, Zitvogel 25 PR T 4
FUARREI T30, T 45\ i 1 v B DA e e VR 7
ROR s (D) S B R B EAE T A R 4 2 F
PUER  (2) A A A B 5 (3) 18 FH & A2 o i fe e
J¥7 T BRI (1) € A 5 (4) 14 ) postbiotics (B4 4h TG
Y, G4 T fCE AR AR PR R ). BT
XX — RN F, 2016 4F Science bR R E T A
VR, BRI TR R i T T AR TR R E T R (AL
B, I i v T i R G 9% 2R G T R S T YA
ARG R, SZEN, SCEFRIMEE, MR
PRI o ) S 47 SRR Mk BRI T I AV T R B
3.5 WNBEMEYEMTIRSMEREN RIS
L

&t o L1 AT TR I vl B BRI e o I IR
TAEHR AT R I — o8, B 3% i v % ey CRC
(V8 26 A2 D FR A0 4. Baxter 25 B9 43 BT 490 4 8 3%
FAFREAS, R P 0 A AR X T R R 34 v i 41 2R
FIMR R, R BZASR R T 7 AL e 308 e % 1k
SR AR BEAS I H 45 B A v, RS 70% 1
SEE W e 37.7% MR, PR T4 E AR
R WU R0 o LA R T A1 R 50 A K T AT 6 4 ol
¥ Bt 26 25 AT REF T K g i i BT K g 2H 47
T HAZ AR B R T 2 B

A W T AR, A HR i — 25
B2, HIhRE R DL K 5 i e & A R R DA %
BiaZ Mk /e HBEW M. 551 CRC MM
AR 5 5 T R A T A S A R A A T K P ge
PR (A8 79 T o TR B A 6 THURN 25038 AT BB AN
CRC [T R TT SR () — AN BT

(& % X W]
[1] Torre LA, Bray F, Siegel RL, et al. Global cancer
statistics, 2012. CA Cancer J Clin, 2015, 65: 87-108
[2]  Eckburg PB, Bik EM, Bernstein CN, et al. Diversity of the
human intestinal microbial flora. Science, 2005, 308:
1635-8
[3] Donaldson GP, Lee SM, Mazmanian SK. Gut



642

G gEEd

29%:

[14]

[15]

[16]

biogeography of the bacterial microbiota. Nat Rev
Microbiol, 2016, 14: 20-32

Sender R, Fuchs S, Milo R. Are we really vastly
outnumbered? Revisiting the ratio of bacterial to host cells
in humans. Cell, 2016, 164: 337-40

Dumas ME. Metabolic profiling reveals a contribution of
gut microbiota to fatty liver phenotype in insulin-resistant
mice. Proc Natl Acad Sci USA, 2006, 103: 12511-6
Rooks MG, Garrett WS. Gut microbiota, metabolites and
host immunity. Nat Rev Immunol, 2016, 16: 341-52
Rakoff-Nahoum S, Paglino J, Eslami-Varzaneh F, et al.
Recognition of commensal microflora by toll-like
receptors is required for intestinal homeostasis. Cell, 2004,
118:229-41

Shah P, Fritz JV, Glaab E, et al. A microfluidics-based in
vitro model of the gastrointestinal human-microbe
interface. Nat Commun, 2016, 7: 11535

Zhang C, Zhao L. Strain-level dissection of the
contribution of the gut microbiome to human metabolic
disease. Genome Med, 2016, 8: 41

Béckhed F, Ley RE, Sonnenburg JL, et al. Host-bacterial
mutualism in the human intestine. Science, 2005, 307:
1915-20

Ley RE, Peterson DA, Gordon JI. Ecological and
evolutionary forces shaping microbial diversity in the
human intestine. Cell, 2006, 124: 837-48

Nicholson JK, Holmes E, Wilson ID. Gut microorganisms,
mammalian metabolism and personalized health care. Nat
Rev Microbiol, 2005, 3: 431-8

Qin J, Li R, Raes J, et al. A human gut microbial gene
catalogue established by metagenomic sequencing.
Nature, 2010, 464: 59-65

Arumugam M, Raes J, Pelletier E, et al. Enterotypes of the
human gut microbiome. Nature, 2011, 473: 174-80
Mukherjee PK, Sendid B, Hoarau G, et al. Mycobiota in
gastrointestinal diseases. Nat Rev Gastroenterol Hepatol,
2015, 12: 77-87

Wheeler ML, Limon JJ, Bar AS, et al. Immunological
consequences of intestinal fungal dysbiosis. Cell Host
Microbe, 2016, 19: 865-73

Stulberg E, Fravel D, Proctor LM, et al. An assessment of
US microbiome research. Nat Microbiol, 2016, 1: 15015
Anthony SJ, Epstein JH, Murray KA, et al. A strategy to
estimate unknown viral diversity in mammals. MBio,
2013, 4: e00598-13

Clokie MR, Millard AD, Letarov AV, et al. Phages in
nature. Bacteriophage, 2011, 1: 31-45

Edwards RA, McNair K, Faust K, et al. Computational
approaches to predict bacteriophage-host relationships.
FEMS Microbiol Rev, 2016, 40: 258-72

Norman JM, Handley SA, Baldridge MT, et al. Disease-
specific alterations in the enteric virome in inflammatory
bowel disease. Cell, 2015, 160: 447-60

Zitvogel L, Galluzzi L, Viaud S, et al. Cancer and the gut
microbiota: an unexpected link. Sci Transl Med, 2015, 7:
271psl

Dejea CM, Wick EC, Hechenbleikner EM, et al.

[32]

[39]

[40]

Microbiota organization is a distinct feature of proximal
colorectal cancers. Proc Natl Acad Sci USA, 2014, 111:
18321-6

Johnson CH, Dejea CM, Edler D, et al. Metabolism links
bacterial biofilms and colon carcinogenesis. Cell Metab,
2015, 21: 891-7

Liu J, Prindle A, Humphries J, et al. Metabolic co-
dependence gives rise to collective oscillations within
biofilms. Nature, 2015, 523: 550-4

Flemer B, Lynch DB, Brown JM, et al. Tumour-associated
and non-tumour-associated microbiota in colorectal
cancer. Gut, 2017, 66: 633-43

Nakatsu G, Li X, Zhou H, et al. Gut mucosal microbiome
across stages of colorectal carcinogenesis. Nat Commun,
2015, 6: 8727

Kostic AD, Gevers D, Pedamallu CS, et al. Genomic
analysis identifies association of Fusobacterium with
colorectal carcinoma. Genome Res, 2012, 22: 292-8
Castellarin M, Warren RL, Freeman JD, et al.
Fusobacterium nucleatum infection is prevalent in human
colorectal carcinoma. Genome Res, 2012, 22: 299-306
Tahara T, Yamamoto E, Suzuki H, et al. Fusobacterium in
colonic flora and molecular features of colorectal
carcinoma. Cancer Res, 2014, 74: 1311-8

Boleij A, Hechenbleikner EM, Goodwin AC, et al. The
Bacteroides fragilis toxin gene is prevalent in the colon
mucosa of colorectal cancer patients. Clin Infect Dis,
2015, 60: 208-15

Wang JL, Chang CH, Lin JW, et al. Infection, antibiotic
therapy and risk of colorectal cancer: a nationwide nested
case-control study in patients with type 2 diabetes
mellitus. Int J Cancer, 2014, 135: 956-67

Belkaid Y, Hand TW. Role of the microbiota in immunity
and inflammation. Cell, 2014, 157: 121-41

Garrett WS. Cancer and the microbiota. Science, 2015,
348: 80-6

Louis P, Hold GL, Flint HJ. The gut microbiota, bacterial
metabolites and colorectal cancer. Nat Rev Microbiol,
2014, 12: 661-72

O'Keefe SJ, Li JV, Lahti L, et al. Fat, fibre and cancer risk
in African Americans and rural Africans. Nat Commun,
2015, 6: 6342

Vipperla K, O'Keefe SJ. Diet, microbiota, and dysbiosis: a
'recipe’ for colorectal cancer. Food Funct, 2016, 7: 1731-
40

Chen HM, Yu YN, Wang JL, et al. Decreased dietary fiber
intake and structural alteration of gut microbiota in
patients with advanced colorectal adenoma. Am J Clin
Nutr, 2013, 97: 1044-52

Wu GD, Compher C, Chen EZ, et al. Comparative
metabolomics in vegans and omnivores reveal constraints
on diet-dependent gut microbiota metabolite production.
Gut, 2016, 65: 63-72

Turnbaugh PJ, Ridaura VK, Faith JJ, et al. The effect of
diet on the human gut microbiome: a metagenomic
analysis in humanized gnotobiotic mice. Sci Transl Med,
2009, 1: 6ral4



Eyd

MREEL 5 AR S i iE e

643

[41]

[50]

David LA, Maurice CF, Carmody RN, et al. Diet rapidly
and reproducibly alters the human gut microbiome.
Nature, 2014, 505: 559-63

Schulz MD, Atay C, Heringer J, et al. High-fat-diet-
mediated dysbiosis promotes intestinal carcinogenesis
independently of obesity. Nature, 2014, 514: 508-12

Hold GL. Gastrointestinal microbiota and colon cancer.
Dig Dis, 2016, 34: 244-50

Slavin J. Fiber and prebiotics: mechanisms and health
benefits. Nutrients, 2013, 5: 1417-35

Ambalam P, Raman M, Purama RK, et al. Probiotics,
prebiotics and colorectal cancer prevention. Best Pract
Res Clin Gastroenterol, 2016, 30:119-31

Zhu 'Y, Michelle Luo T, Jobin C, et al. Gut microbiota and
probiotics in colon tumorigenesis. Cancer Lett, 2011,
309:119-27

Warusavitarne J, Stebbing J. Probiotics and cancer: ready
for meal time? Lancet Oncol, 2015, 16: 371-2

Lévy J, Cacheux W, Bara MA, et al. Intestinal inhibition
of Atg7 prevents tumour initiation through a microbiome-
influenced immune response and suppresses tumour
growth. Nat Cell Biol, 2015,17: 1062-73

Yamamoto ML, Maier I, Dang AT, et al. Intestinal bacteria
modify lymphoma incidence and latency by affecting
systemic inflammatory state, oxidative stress, and
leukocyte genotoxicity. Cancer Res, 2013, 73: 4222-32
Viaud S, Saccheri F, Mignot G, et al. The intestinal

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

microbiota modulates the anticancer immune effects of
cyclophosphamide. Science, 2013, 342: 971-6

lida N, Dzutsev A, Stewart CA, et al. Commensal bacteria
control cancer response to therapy by modulating the
tumor microenvironment. Science, 2013, 342: 967-70
Vetizou M, Pitt JM, Daillere R, et al. Anticancer
immunotherapy by CTLA-4 blockade relies on the gut
microbiota. Science, 2015, 350: 1079-84

Sivan A, Corrales L, Hubert N, et al. Commensal
Bifidobacterium promotes antitumor immunity and
facilitates anti-PD-L1 efficacy. Science, 2015, 350: 1084-9
Snyder A, Pamer E, Wolchok J. Could microbial therapy
boost cancer immunotherapy? Science, 2015, 350: 1031-2
Erdman SE. Gut microbiota: microbes offer engineering
strategies to combat cancer. Nat Rev Gastroenterol
Hepatol, 2016, 13: 125-6

Baxter NT, Ruffin MT, Rogers MA, et al. Microbiota-
based model improves the sensitivity of fecal immunochemical
test for detecting colonic lesions. Genome Med, 2016, 8:
37

Leung A, Tsoi H, Yu J. Fusobacterium and Escherichia:
models of colorectal cancer driven by microbiota and the
utility of microbiota in colorectal cancer screening. Expert
Rev Gastroenterol Hepatol, 2015, 9: 651-7

Mima K, Nishihara R, Qian ZR, et al. Fusobacterium
nucleatum in colorectal carcinoma tissue and patient
prognosis. Gut, 2015, 65: 1973-80



