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Abstract

Trillions of bacteria are colonizing in the
mammalian intestine, and most of these bacteria
have co-evolved with the host in a symbiotic
relationship. A principal function of the intestinal
microbiota is to regulate the gut immune response
and protect the intestine against pathogen
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infection. In this review, we provide an overview
of the current understanding of the role of
intestinal microbiota both in the development of
intestinal lymphoid tissue and immune cells, and
in directly or indirectly preventing the occurrence
of infectious diseases.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Microbiota; Lymphoid development;
Immune cells; Resistance to pathogens

Yuan JY, Zhou YH. Regulation of mucosal immunity
and preventing infectious disease occurrence by
intestinal microbiota. Shijie Huaren Xiaohua Zazhi
2015; 23(30): 4852-4858 URL: http://www.wjgnet.
com/1009-3079/23/4852.asp DOI: http://dx.doi.
org/10.11569/ wcjd.v23.i30.4852

ik 2
RIS M miE R FERFRKR, EME S
AR AR O K3 £ KA AL
FRFEFIHBR—FEEX L ZLPiE
BEAAL S I 5L o R A K H AR AR
P REIE e SRR . KL BN piE
AR A A5 IR S 98 4 4R, S 9% 4l iR
09 2 AR AR VA R R 18 TA AR AL R A B AL A
I R R AT TR R A B R E @ AT

e
© 2015F NS ESBREDERATHE.

R B, RERE,; REMMN; TURRE

IR KX AW S T il i B 4k
o, S0 vl B B A R fe T AR 0 ATAT Bt R

2015-10-28 | Volume 23 | Issue 30 |



h B ARG A I K TR Fe il J7 324
T #eg B3k

REZ, B PEEHBIERNER LR R RIIAEHIH
R, HRENEIAYE 2015; 23(30): 4852-4858 URL:
http://www.wjgnet.com/1009-3079/23/4852.asp DOI:
http://dx.doi.org/10.11569/wcjd.v23.i30.4852

03I

[V T 2 S LR 5 Ah SRR 55 452 figh e D9 5 D) HY)
HAPZ —, WRIKR KK FZESE. it
HABE R BB R RE, F 2l BV
BRI+ SHETE DR SRURR A 7 S B AL, L B MR-
T 1799% LA b, £ IX LE A0 1 o 25 1 A0 XU B
5 A0 B EL190% LA b 3K 6 figy 1 TR B AN {6
18 F IR AN RIS IR s HEVER,
H 38 B T B R R G H R R
FAE E I s SR i E B RE Y
i fizg 3 AH Ik EL 4 24 (gut-associated lymphoid
tissues, GALTs)IIK &, =i iR 514
98¢ I N DAL 199 5 AT 180 N A5 0 B E A B R )
ke, AL TN E AR ER . RS
92 20 23 Bl G R AT M ) T RE 4%, DA K g 3 TR
L B A O R 4 A T AR R X B R U
GLEETTTHIBEAT £33, & AE i A TR 1) 77 0 66
R B PRI TR . FH AR A B R AR

| HEEENIMERERGKINERS

1.1 GALTs GALTst4: kAL, M5 s
Ay bk B g v 2 g T A S Uk R A 4L
PSR 33 S A P P SR s S A, A ) S RS
51 Y6k EL 4T A P T B LS 1 R A N T
Py 52 4. I IR B /IS BRRH I A 1 e it
(/N B, BIFFEN 3 B A A T ff 2 R0 52

P PR bk B2 2E 235 3 4 AR R = 1 R
BL T B e HE Wk L AR 5 1 T/ 1, EL R To B /)
B, FR) 7K B2 4 495 b T R 2 0 JEL AR 1D /DS SR ARk E2
GG EN BT TR IR i AVE R ) 2y
HICHR 242 45 78 TollFE 52 442 (Toll-like receptor 2,
TLR2). TLR4. NOD2. MyD88. TRIF(TIR
domain-containing adaptor protein inducing
TFNP)JE R b 4/ B AR A #R B Ae . 5
M D4 R IR SR 73T 32 AR N O DT ER 2K
RES M > HOM SR ES R H . SkEELA
[7), 73 B bk EL D K A 7 B T R R

Beishideng®  WCJD | www.wjgnet.com

RETR. 5 hea&BErEpioR 28 MNRRIDEEINRIERE

WS DR IE R B R A o AR 5 T2
HRIIEGALTSII R B .

1.2 #E 8 T4m 17 ILAE AR AR 2 1E
i T AR A R Y T A b 4 R A R B
HE/EH. FBIMETAR17(T helper 17, TH17)
5&CD4" TH4HMI 1 — AN EHE, flid s 7 WA e %
PER T A A& 17A(interleukin-17A, 1L-17A),
IL-17FFITL-225%F T #1144 (1) 7 i 2 25 =2 22 1A
H, ABERELLI Ol N AR 51k B & e vk
K. 5HALCD4” THYIME A AN THI A TH2
YHMAS TR, TH1740 80 3 EE o0 A 2 i, xR
TH174H L & 7T BEA W 18 A 7E I — Le AL )
B, AtarashiS" i 5 R BULE TC B /s SRR
FPUAEFACER /N R E Y, THL740 1%L
T PRI, X R A A E R T THL740
i % B BIAR B /R . IvanovaE i)t —
AU I, BRI ) — 2R B
AT RERS I ETHI 70077 4, W 78 3L B AL
) A I 4 7 B 22 IR T A % R B 2 i b Rz A
Hf1, 75 S IS GER AR BT ARIRIA, MRS
TE[E A JZCD11c W TR B 7 i 41 i X1 1L-6
MIIL-23, F 5 STHI740 M) 701", Atarashi
S PLIE H R A I B P AT PR RE
RFTHI7TH MK E, (H N5 57 B
WA FTHLT A LRI, oMo
I8 2 W izl A 5 AR IL- 18X T TH17
21 B ¥ s 380 AR (g 4 R U

1.3 IA¥ A T4 . FOXP3(forkhead box P3) i
T HETY M (regulatory T cell, Treg)&CD4" TH
M0 — N ERE, B A AR T SR 4 i
MAREs. BRI U A BRI Tre g 21 BRI, JpiE
W25 FCD4" THI L EEIGHE, M7 K M
I #RE". Geuking ! A 1E 5 T ME ) /1N
B 5 0 B /N BR P Tre g8l i B R AR & Sk 5 1)
TregfE L E /NI E B E G Z 2 E MK T IE
WM, R TreglI R B S KT
TE I IE B EE. DT R Bl TregRe s 4t IE
B A ) SRR T AN B S S A, e
To /N R G 1E N EHE46F R H R cluster VAL
XTVal P IE - 47 8 A= B e 55 400FF B8 A6 05 15
SE B WAIL-10/ Treg ) =41, {H & ix s
Y B 15 F Tregr™ £ BN H BTIEAS R ARTE 2E.
1.4 5 ikIg AWy Ban ieFe J tm e, 18 5 1
TE R R B MO L AAE R B R, 1gA
F2 B B R 4 1) 2 BB R R (1, A RERS

4853

W7 54 08

B A A M
AR ERE P
FEAR KR B s
RAH D RAER
KA R 18 B
S W i A RE e 9%
ARG ¥k, 3t
E e
TR AE R 84 B R R
kB AR AR
BERAR Y. Bk,
EIAENFHN
BERTHL—
sk B AT iE
AR EF
Lo,

2015-10-28 | Volume 23 | Issue 30 |



REZR 5 hEasBIERoER2E MNERRIDEENRERE

Wi £RE

F 8 o R L,
Jo iy 1E R S R
A% kA, ik
W OB 4L R 09 AR
R, 5 A&
S A= KR M
XZmbx. A
s, JFikBA
AT AER
0 E S A
FoERaE L.
Mazmanian3 A
W33 AT I P 3K
RIS HBA, 5
MR T Hd g iE
A8 £ T 4w A 44 98
FAEA.

J3aishideng®

WCJD | www.wjgnet.com

PA—Fh 2 AR SAE Bl 0 KB AFENY. 2
RARIg Al IS i b R A o i) G % 3R R A 2 Ak
BB IS, WA W EIg A" 4y sk
Lg ARENE 45 ) 1E 5 B BF A0 AILATT ) — 28 55
P 0T b AT 1 )X 2 4 1 2 B 38 B Rz 4
A, I BEL k3 S 41 42 N 38 i 28 B [ A 2
DR, 4 sk Ig A RS (Rt I TE 1 B R Th R, I
B A BT 35718 2 R g 0 T A ) R AR G
R TN g ATE e % R ¥ i 38 R T () 4 RRORN T
B8, Fagarasan 5! R0 WS 75 5 10 M e g A%
Jit 2 I ) S B SRR R A BT g A WA PR 5k
JEHE DR, M5 SO E R R L
A5 Peterson 5! IR 7 2% WA 71 I T g A% B £
TEH BB 0 2 TR AT R 5 2 5088 12 4 T 1)
FE DR R SR AT B S R R R L. 7 4b
Ji73E B BB BE S % Ig AR IE . SuzukiZE
SR WA g AT A PR A AE TO R /N B E
B 25 ST I N B E A R, it
— 3Dt 5532 B 0 VLA AR 5 4 1 0 4 R 1 A
R T 2R EEEMyDS8% 1, M FIgA
(7= Az 2 4 g T T T A 0% 3 0 (i a3k g 280 et
[E] 7 2% v R AR SR 4 i 2 1k R A BB IR 7,
SR —EUL R A, BA MR 148, kAT
RS AT ATRIBAR ML fr) 7= A1, B T 3 WA iR
HEIR ¥~ F0 5 5 B ) — S84 U T PR A SROIR 4
LA, JE ) — 5 A L TE 52 BT P
J&i, AR RS 73 WA B R IR B IR - A5 5 Y ) — 4R
R A, M E— 22 3t 18 P BAH a7
AP, DRIk, s B A il o A A 2 P 5
SRGH M FI IR RE R TOR A0 f k75 5 7 I g AT
BAHNAR AL, T 1E 3 i I Tg At RE RS 1 15 i 18
A B 1 2L BORD T B O 4 R 1 32 R0 IE B 1Y
HAFIFLAERXR.

1.5 %6 RoPEak &4 il 2% R Ik Uk B RE 41 iR
(innate lymphoid cells, ILCs)E.A T4HAU /) —L
THBERE ., AR —Fh e R M ) e e 4 ™"
T2 MR T [ bk R A4 i, H R
Do S22 BN N 7 N s 4 1 A
LAy M= K2 T-bet’ ILCs. GATA3" ILCsHll
RORyt" ILCs™. {HZ H #i % T I8 i BF/E 6 K
P bR ELRE AN i 1 R B R Th g L AR B AR AE—
641, Satoh-TakayamaZs ™ 72 18 % W 7
T TR T T 2 TR VK B 400 i ) 43 A R 40
Rl FIL-2201 7= A s B R B H —
SR 5T P B R B BE S5 HIROR Yyt ILCs

4854

S UAIL-22. [RIIL-22 1) —AN 2 D Re 2 i it
Jo b Bz 4 e = AE B IR IR EGIIIB MR E Gy,
G PRTL-22 55 5 B 4 73 WA T L-22 4 56 R A itk
E A 4 i o 2 3 S800 E FRD 5 D T 1 AR KR 9
B, AT 51 P 45 £ R R G .
R AR B TR R B A A 4 3 A G Rk 2 4
JIBR 7 4ERR I TE ) e RS A, REE4E T IE
W TR AR A R B AN AR (0 D TR 2 [
5, AT B3 1k HH T8 i T B AR K 1 R B i
4%

2 FEBEBEBEENRREERRRPER
NATAERF FH 5 3T A /0 GRS L T 5 2% 4]
W 4] /) BROREHs iR 71 B &y JR&. BRI AAR, A EK
/N RAE 2 AR 2 B A B 5 A BE 2R 5 B
JE B BT IR LY, R BU B G35 I B N B IE R
FEEOR Y T F U gLy i R ¥4 AR, H
T A 90 38 BH IE 5 B A 0] At T B 1 B
()2 1 77 2k 5 By 1 32 P ot v Jek e

21 AR BRBA T HFEH — ARG
TH 1 T R A AT DLE I PR ) 77 1 7 =R R
197 J5 B E T e FE. 4o, R E0R It K AT
B AE RS R H I KA e B PR, A3
BRI Ah S 9% B SRAT 5 i B 0 A KT, R
SR T IE 5 T TR 2 0] 5 09 R 3R AT 55 4
WLEIE ARG 4, (5 H 570t 782 B 1 18 40
HAEINE S w4d 5 B AR 7 i 2L
(1975 )5 B4 . Kamada 52 F 7026 W K AT 14 i %
B 75 5y 3 ik 5 AR U AL AR 9 i A - A A TR
FFEE. B T B SE R E IR, IEH R AR
T 2t B % 38 ik A Ty 2R B 1k iR TR AE
E R A, BN, 2 U B R 1
T8 B 2 A 2 R s B, XA EE AR S
T P HH I K P T BRI R 2 A, AT B
Wi fizg th L 14 K R A B B 1 R 1) 3k SR Bk
HE B i W, 5 A5 SR A — i
SR SR IE R A X R e 4, b — sk
W s i T R P T R Rl 32 AR ) — e
AUE 77 o R L8 IR 7R 2. i, i H i
P K AT B R 5 P 1 3 i SR A K AT T A
BRI A — L2 IR o (e FUpE . H R
A2 R 3 2 ) SR AR Sy AR 0 B A0 R SR
JECO DR R 5 v T DA R R Ok SR —
BER A 15 3 AR TR R B 3R oy SR AT
A 0 R B ) 5 A — A SRR R I R IR R

2015-10-28 | Volume 23 | Issue 30 |



R 7ok 5 5 A S M. B, SRAGFED T IR
T e 2> T UG PR 4 B P A T SR
PR PE B AR R 25 5 78 e DU B R £, x4
B AR R 36 2 Bl A FE V0 17 I B ) A T i
HEFLA KPS A g it K R AT 1 R i S0
PER M FF B8 BB 15 12 N BB i 1 1) — S35
LR A FH 3K S AT [ — 8 7% B4 R AT A=
e, AT B G B S A TR S S TR R Y
Murdoch 5P 2F 7 3 I — 1 2 22 [ P55 5t B
U R AT B e %38 1 T6S S 73 ih— b 75 2 B x0T
HHA T A BT R

2.2 & A Ak WS AR E SR 0GB I o At 9 iR B 3
Bt B fizp b e 2 T O R AR R O P IR, H
2l b R R S R IE SRR A B 4 ok
PO IR B RN B R T B R
K11 o >R BHL 199 J5 B R 3 A e o i b Bz
R, BRI A K T, SR b R
TR R A LAY, PeterssonZE P 5%
RITCH /DRI TR E BB BT B
TR /N B, 3% B I B R R (2 0 R 4
Wh. 2T B /IN B AR A 10 i 22 R R R R
ori, HRNRZ R S BEE /N R KR,
E— IR S TE W B R AE i B R o W TP
VERIDY. IE 8 W Bt RES (Lt K A/ g E
S0 WAL 43 . CashZEPS % B0k FC 4 i g
fi% /3 W R EGIIy AR E GILI K 8 =% 155 A0 40 i
Z A EAE . 3 — 20 S8 R IR EGIITy Al
REGIIIBTE b Jz 4 R 7 P i My D881 /N i
i 25 R BE, R TLRZ: T A it R 1 15
BRI HURE 7 IR IL. 5 AbXEREGII]
yRIREGIIIBZR Ik &A% 1 /)y BLUSE 25 5 % — L&)l
T B LS AR AR TR, RS A R R AR
FCRR AL T v 1] PR A BT, T T Bt R
% 38 o FLAR = A R 3 i i b Rz ) bR R T
il XS R RE RS @ P A B R B H T g
Rz, MTHEI K AR O157: HTP=AE 1)
ERERMBA

23 A RRBE RS IR RANAERESL
R LT o R LT A 2 P A% A Wk 240 i
53k 24 it A SRR 240 L B 6 412 48 T 1F 5 T 1
TP 2, A7 BT 4R E RS fRiE
T P 7 W 200 X T O T A R U A S
T A RDNR R, 7552 201U A
SR AR IR 28 M o U0 (ER, IE R
BB 32w A% 7 W 40 B P (9 TL- 1 B IR AT A4 7K

Beishideng®  WCJD | www.wjgnet.com

RETR. 5 HEa&BETRoR 28 MNRRIDEENRIERE

g b R bR e RN, IR F BB ANRE S FIL-
1 BRI AR BN A S PERITL-18, PRtk iz iE i
XA G IR N RS 4E . 24 [ B — S5 Jif
1491 a1 B A0 € 1] DR TR AR 45 ik R 4 ) o ek e
I, I S35 J5 B A 05 18 i NLRC4(NOD-, LRR-
and CARD-containing 4)#iFCaspasel M7
FIL-1BHIHTA A BCAIIL-18. 5 IEFE A
I [ 2, I 95 Ji A A 8 R TR 20 R G0k
NLR C45Z 4 N EI 41 5 P9 SR 7% P /IMA,
MTTRAEIL-1B 2. A, NLRC4E(FIL-152
PRER K IIBalb/e/N R T8 VDT ] IR TR ) Ik e
NGk, B0 FURIIL- 13X T i i) e
P2 LR AP 22 /08 o0 AR T L e i N R
I3 T W KA SEE b PRI, A T (2 2
JRAAR TR k. T8 1 1F 5 B R R BB 95 15 FILC3s
S WAL -22 3K 2 i B T 1 5 %8 [ M%) Satoh-
Takayama®5™ W52 & I TC 1 /s B 6 = A
IIL-22 B B A% T 1R 8 /N B, R B i 1k
R Bl AR M RE I R AR TL-22 1) Rk K
BB R I, 5B A RN AR L, TL-2240
SRR/ BRORT T AT AR R BT AR SRR e T Uk, 3R
B I B RS S ILC3sP= A IL-224F T i
1B S R I G A HE S AR A

2.4 EHARRE IO KRMAB LR i
F AR T AR R 08 1 4 Ji7 38 A 7] 4 T 40 e 0 ) 7
Az, TR AR X T 4R g S B L 9 i R i
FE b R AE IR, Tvanova T 7t 3
BH 4345 22 IR R 7E W i B e M R % 15 S THLT
S0 24k, AT S B A K PUR i TR AT 1 1)
JRYL. FLAE A AR 15 5 R R T4 R e
P T Ji R U G 15 ) ok R % e L 1T
PR, B0, BE 55 254 B8 RE DS 15 5 R
PETHH M 73 WAL L- 10K CR 37 1 3 S0 52 3 AT B
ISR AU Y, B ) L XS B R %
Ik HE U 5 T2 L P R AL 1) B T K
it . H AT RO 7T 2R B L AR i
SR X0 D R R S R SRS g R R
ASORE T PR i A T 1 4 B MR g i A R
BAEA, T LA 6% I8 o R HEAE F sl HoAh )
G R I S 1, AH L BARAE F LA
AR TGS L.

2.5 A H A SRR LGB ER RN
LA B AN BB 1R 2 i T 1 S 3 G SN,
REAE 5210 15 3 7= A2 BT 0T 4 B 14 8 G 1 G 928
% Fagundes I i Z BEALFE L H /IR, 55

4855

el # & 5

K I3 i T B
P RE I SR R
H R F T fed
7T BRI
#, s R KM
B XTIy, &
KR HAE
B 5B A B
BN

2015-10-28 | Volume 23 | Issue 30 |



REZR 5 hEasBIERoER2E MNERRIDEENRERE

WiREE

@A B I i P
XA HL
M FEIE S0 R R
Z E WA LAE R,
VAR T A A R —
wHEAW, NFH
I — & ALY
Wy Fm 0% 57 VR R
Fm ¥

J3aishideng®

WCJD | www.wjgnet.com

77 A B A D - A v R A i e 5 BT LE 4
B PR TR R g, 2R WA B R e R
Yooy BENE 5 3 30 B 3L 2R T I A 7 AR AR A
PE G BN 33— PRI FUAIE S AR R A R K
EWE T RS REANLR AR I, I HLAE 8
RENOD1 B2 A W e AR 2 I SR 52 A P 2%
BRI, SR AR 5 A B PR 0 7 S g
S T Tt R 4 A6 FEEAE . Ichinohe 5 ™
FORILTC T /D BT AL 3R AE R 1 BRI
B B 1) 56 R AR Ak e 8 S I 56k 3 1 %,
£ 52 BN B IR AL 5 A N A a5 B
BUIE AR /N R B v, 2 T R JE o s R
AN 3 e R A G B 23 1 ORI i HLAR IR 47T
TRRE B OB, i dn, LR T Rl 2t 4 i
oy T R PR R BIENK AR, AT 4 AL
PR T B L 200 9 2 Rk 28 200 i ik % M i e
RGBT TE 3L A B A
38 1k il T LRGSR A, AT 0 56]
A G PR A R, Naik S5 70 IR 5E
BB (36 A2 TR RE WS DR 37 1 23R GTJR) # 1K 9 S
PR, R WAL B M RE NS e SR AR SRy
S PRI B . 383 AN (7] £ 3h Al e
M, BRI TR WA B RSyt B4 B
PE AR A e B ORI, R L LA LA L
L B AN ) S AR X T 2 B AE AL
(A G 7 ZER RBATIRABEIT. 7 AN
AN A AT 25 A1 T IO i T i T R R
QPR R, FEICLE A thRENS (L1
JE R P R0,

3 &L

TR, Wi B R BRI ThRE.
M i = 10 it R mP R 10 FE LA IR H 2 52 3
BIE T8 B e R A, AR G (I 7t BORBR R
N T R 2 A T e 0 R 4 I R IR ) e
ARG, BT miE R, et e ix s i
VPSP 75925 (A 5 35 1 A 1 93¢ BB Y 22 o 24
P, it 2 AR ) Sk ST AR AL A
FIRTS R R s, B b, E A a2
i A5 2 W (T RO AL TR B, V2% A
W fp 2t — BRI TE. Biltn, — L iE o A W
X i 2 17 Lk DR TR RO AL ) 3 A 5 40 4 5
F 2 8 B A R R 9% T R T R S R
IR AW, VF2 i TEA o B T 7T 2 U5 B 5
DRI R o T B /) SRR R S B P s, R E A

4856

AR RLAT FEAR D PRk, R D Rg 2 DR 4 2
R 2 LK R B R AL 2SS AT B, 2
A E IR R S 1 AR REATIRA
MW TE, ARSI g . KA
AT 2R R B TE RS AR, R ARk
1 R JE T 1A

4  BEE

1 Hamada H, Hiroi T, Nishiyama Y, Takahashi
H, Masunaga Y, Hachimura S, Kaminogawa
S, Takahashi-Iwanaga H, Iwanaga T, Kiyono
H, Yamamoto H, Ishikawa H. Identification
of multiple isolated lymphoid follicles on the
antimesenteric wall of the mouse small intestine. |
Immunol 2002; 168: 57-64 [PMID: 11751946]

2 Gordon HA, Bruckner-Kardoss E, Wostmann BS.
Aging in germ-free mice: life tables and lesions
observed at natural death. | Gerontol 1966; 21:
380-387 [PMID: 5944800]

3 Moreau MC, Corthier G. Effect of the gastrointestinal
microflora on induction and maintenance of oral
tolerance to ovalbumin in C3H/He] mice. Infect
Immun 1988; 56: 2766-2768 [PMID: 3417356]

4 Bouskra D, Brézillon C, Bérard M, Werts C,
Varona R, Boneca IG, Eberl G. Lymphoid tissue
genesis induced by commensals through NOD1
regulates intestinal homeostasis. Nature 2008;
456: 507-510 [PMID: 18987631 DOI: 10.1038/
nature07450]

5 Pabst O, Herbrand H, Friedrichsen M, Velaga
S, Dorsch M, Berhardt G, Worbs T, Macpherson
AJ, Forster R. Adaptation of solitary intestinal
lymphoid tissue in response to microbiota and
chemokine receptor CCR?7 signaling. | Immunol
2006; 177: 6824-6832 [PMID: 17082596]

6 Littman DR, Rudensky AY. Th17 and regulatory
T cells in mediating and restraining inflammation.
Cell 2010; 140: 845-858 [PMID: 20303875 DOI:
10.1016/j.cell.2010.02.021]

7 Atarashi K, Nishimura J, Shima T, Umesaki
Y, Yamamoto M, Onoue M, Yagita H, Ishii N,
Evans R, Honda K, Takeda K. ATP drives lamina
propria T(H)17 cell differentiation. Nature 2008;
455: 808-812 [PMID: 18716618 DOI: 10.1038/
nature07240]

8 Ivanov 1II, Frutos Rde L, Manel N, Yoshinaga K,
Rifkin DB, Sartor RB, Finlay BB, Littman DR.
Specific microbiota direct the differentiation of
IL-17-producing T-helper cells in the mucosa
of the small intestine. Cell Host Microbe 2008;
4: 337-349 [PMID: 18854238 DOI: 10.1016/
j.chom.2008.09.009]

9 Ivanov II, Atarashi K, Manel N, Brodie EL, Shima
T, Karaoz U, Wei D, Goldfarb KC, Santee CA,
Lynch SV, Tanoue T, Imaoka A, Itoh K, Takeda
K, Umesaki Y, Honda K, Littman DR. Induction
of intestinal Th17 cells by segmented filamentous
bacteria. Cell 2009; 139: 485-498 [PMID: 19836068
DOI: 10.1016/j.cell.2009.09.033]

10 Shaw MH, Kamada N, Kim YG, Nuifiez G.
Microbiota-induced IL-1f, but not IL-6, is critical
for the development of steady-state TH17 cells in
the intestine. | Exp Med 2012; 209: 251-258 [PMID:

2015-10-28 | Volume 23 | Issue 30 |



11

12

13

14

15

16

17

18

19

20

21

22

J3aishideng®

22291094 DOI: 10.1084 /jem.20111703]

Powrie F, Leach MW, Mauze S, Caddle LB,
Coffman RL. Phenotypically distinct subsets
of CD4+ T cells induce or protect from chronic
intestinal inflammation in C. B-17 scid mice. Int
Immunol 1993; 5: 1461-1471 [PMID: 7903159]
Geuking MB, Cahenzli ], Lawson MA, Ng DC,
Slack E, Hapfelmeier S, McCoy KD, Macpherson
AJ. Intestinal bacterial colonization induces
mutualistic regulatory T cell responses. Immunity
2011; 34: 794-806 [PMID: 21596591 DOI: 10.1016/
j.immuni.2011.03.021]

Round JL, Lee SM, Li ], Tran G, Jabri B, Chatila TA,
Mazmanian SK. The Toll-like receptor 2 pathway
establishes colonization by a commensal of the
human microbiota. Science 2011; 332: 974-977
[PMID: 21512004 DOI: 10.1126/ science.1206095]
Fagarasan S, Kawamoto S, Kanagawa O, Suzuki
K. Adaptive immune regulation in the gut: T
cell-dependent and T cell-independent IgA
synthesis. Annu Rev Immunol 2010; 28: 243-273
[PMID: 20192805 DOI: 10.1146/annurev-
immunol-030409-101314]

Strugnell RA, Wijburg OL. The role of secretory
antibodies in infection immunity. Nat Rev
Microbiol 2010; 8: 656-667 [PMID: 20694027 DOI:
10.1038 /nrmicro2384]

Fagarasan S, Muramatsu M, Suzuki K, Nagaoka
H, Hiai H, Honjo T. Critical roles of activation-
induced cytidine deaminase in the homeostasis
of gut flora. Science 2002; 298: 1424-1427 [PMID:
12434060 DOI: 10.1126/ science.1077336]

Peterson DA, McNulty NP, Guruge JL, Gordon
JI. IgA response to symbiotic bacteria as a
mediator of gut homeostasis. Cell Host Microbe
2007; 2: 328-339 [PMID: 18005754 DOI: 10.1016/
j.chom.2007.09.013]

Suzuki K, Maruya M, Kawamoto S, Sitnik K,
Kitamura H, Agace WW, Fagarasan S. The sensing
of environmental stimuli by follicular dendritic
cells promotes immunoglobulin A generation in
the gut. Immunity 2010; 33: 71-83 [PMID: 20643338
DOI: 10.1016/j.immuni.2010.07.003]

Tezuka H, Abe Y, Asano J, Sato T, Liu J, Iwata
M, Ohteki T. Prominent role for plasmacytoid
dendritic cells in mucosal T cell-independent IgA
induction. Immunity 2011; 34: 247-257 [PMID:
21333555 DOI: 10.1016/j.immuni.2011.02.002]
Fritz JH, Rojas OL, Simard N, McCarthy DD,
Hapfelmeier S, Rubino S, Robertson SJ, Larijani
M, Gosselin J, Ivanov II, Martin A, Casellas R,
Philpott DJ, Girardin SE, McCoy KD, Macpherson
A], Paige CJ, Gommerman JL. Acquisition of
a multifunctional IgA+ plasma cell phenotype
in the gut. Nature 2012; 481: 199-203 [PMID:
22158124 DOI: 10.1038 / nature10698]

Sonnenberg GF, Artis D. Innate lymphoid cell
interactions with microbiota: implications for
intestinal health and disease. Immunity 2012;
37: 601-610 [PMID: 23084357 DOI: 10.1016/
j.immuni.2012.10.003]

Spits H, Di Santo JP. The expanding family of
innate lymphoid cells: regulators and effectors of
immunity and tissue remodeling. Nat Immunol
2011; 12: 21-27 [PMID: 21113163 DOI: 10.1038/
ni.1962]

WCJD | www.wjgnet.com

23

24

25

26

27

28

29

30

31

32

Satoh-Takayama N, Vosshenrich CA, Lesjean-
Pottier S, Sawa S, Lochner M, Rattis F, Mention
JJ, Thiam K, Cerf-Bensussan N, Mandelboim
O, Eberl G, Di Santo JP. Microbial flora drives
interleukin 22 production in intestinal NKp46+
cells that provide innate mucosal immune
defense. Immunity 2008; 29: 958-970 [PMID:
19084435 DOI: 10.1016/j.immuni.2008.11.001]
Sawa S, Lochner M, Satoh-Takayama N, Dulauroy
S, Bérard M, Kleinschek M, Cua D, Di Santo JP,
Eberl G. RORyt+ innate lymphoid cells regulate
intestinal homeostasis by integrating negative
signals from the symbiotic microbiota. Nat
Immunol 2011; 12: 320-326 [PMID: 21336274 DOI:
10.1038/ni.2002]

Sonnenberg GF, Monticelli LA, Alenghat T,
Fung TC, Hutnick NA, Kunisawa ], Shibata N,
Grunberg S, Sinha R, Zahm AM, Tardif MR,
Sathaliyawala T, Kubota M, Farber DL, Collman
RG, Shaked A, Fouser LA, Weiner DB, Tessier
PA, Friedman JR, Kiyono H, Bushman FD, Chang
KM, Artis D. Innate lymphoid cells promote
anatomical containment of lymphoid-resident
commensal bacteria. Science 2012; 336: 1321-1325
[PMID: 22674331 DOI: 10.1126/ science.1222551]
Hentges DJ, Freter R. In vivo and in vitro
antagonism of intestinal bacteria against Shigella
flexneri. I. Correlation between various tests. |
Infect Dis 1962; 110: 30-37 [PMID: 13906576]
Fabich A]J, Jones SA, Chowdhury FZ, Cernosek
A, Anderson A, Smalley D, McHargue JW,
Hightower GA, Smith JT, Autieri SM, Leatham
MP, Lins JJ, Allen RL, Laux DC, Cohen PS,
Conway T. Comparison of carbon nutrition for
pathogenic and commensal Escherichia coli
strains in the mouse intestine. Infect Immun 2008;
76: 1143-1152 [PMID: 18180286 DOI: 10.1128/
1A1.01386-07]

Kamada N, Kim YG, Sham HP, Vallance BA,
Puente JL, Martens EC, Nufiez G. Regulated
virulence controls the ability of a pathogen to
compete with the gut microbiota. Science 2012;
336: 1325-1329 [PMID: 22582016 DOI: 10.1126/
science.1222195]

Pacheco AR, Curtis MM, Ritchie JM, Munera D,
Waldor MK, Moreira CG, Sperandio V. Fucose
sensing regulates bacterial intestinal colonization.
Nature 2012; 492: 113-117 [PMID: 23160491 DOIL:
10.1038/nature11623]

Bertin Y, Girardeau JP, Chaucheyras-Durand
F, Lyan B, Pujos-Guillot E, Harel J, Martin C.
Enterohaemorrhagic Escherichia coli gains a
competitive advantage by using ethanolamine
as a nitrogen source in the bovine intestinal
content. Environ Microbiol 2011; 13: 365-377 [PMID:
20849446 DOI: 10.1111/j.1462-2920.2010.02334.x]
Winter SE, Thiennimitr P, Winter MG, Butler BP,
Huseby DL, Crawford RW, Russell JM, Bevins
CL, Adams LG, Tsolis RM, Roth JR, Baumler AJ.
Gut inflammation provides a respiratory electron
acceptor for Salmonella. Nature 2010; 467: 426-429
[PMID: 20864996 DOI: 10.1038 / nature(09415]
Murdoch SL, Trunk K, English G, Fritsch M]J,
Pourkarimi E, Coulthurst SJ. The opportunistic
pathogen Serratia marcescens utilizes type VI
secretion to target bacterial competitors. | Bacteriol

4857

RETR. 5 hea&BTpoR 28 MNRRIDEEBNFRIERE

LA

AL BEAR Sy S A fm
H, A5 Ak
kR ARG @A,
i B A AR AL,
B & B R W B AP
R R 4 4m 1 B e
AFEANIHE
Wy E AR .

2015-10-28 | Volume 23 | Issue 30 |



REZR 5 hEasBIERoER2E MNERRIDEENRERE

W@ 15 F
W8 W B AR 4
ey WUREEN
EETEEEE
2R, ZmR
W B # AR, o,
¢ B il AR A
Fo b B S 95 4L 4R
ER &) ALE]
B, AEHEH
B AR AT
PR R AR
x4 g R A S
FF@#ATT A
A 4RE .

J3aishideng®

33

34

35

36

37

38

39

40

41

WCJD | www.wjgnet.com

2011; 193: 6057-6069 [PMID: 21890705 DOI:
10.1128/]B.05671-11]

Johansson ME, Phillipson M, Petersson ], Velcich
A, Holm L, Hansson GC. The inner of the two
Muc2 mucin-dependent mucus layers in colon is
devoid of bacteria. Proc Natl Acad Sci USA 2008;
105: 15064-15069 [PMID: 18806221 DOI: 10.1073/
pnas.0803124105]

Bergstrom KS, Kissoon-Singh V, Gibson DL,
Ma C, Montero M, Sham HP, Ryz N, Huang T,
Velcich A, Finlay BB, Chadee K, Vallance BA.
Muc2 protects against lethal infectious colitis
by disassociating pathogenic and commensal
bacteria from the colonic mucosa. PLoS Pathog
2010; 6: €1000902 [PMID: 20485566 DOI: 10.1371/
journal.ppat.1000902]

Petersson ], Schreiber O, Hansson GC, Gendler
SJ, Velcich A, Lundberg JO, Roos S, Holm L,
Phillipson M. Importance and regulation of
the colonic mucus barrier in a mouse model of
colitis. Am | Physiol Gastrointest Liver Physiol 2011;
300: G327-G333 [PMID: 21109593 DOI: 10.1152/
ajpgi.00422.2010]

Cash HL, Whitham CV, Behrendt CL, Hooper
LV. Symbiotic bacteria direct expression of
an intestinal bactericidal lectin. Science 2006;
313: 1126-1130 [PMID: 16931762 DOI: 10.1126/
science.1127119]

Brandl K, Plitas G, Schnabl B, DeMatteo RP,
Pamer EG. MyD88-mediated signals induce the
bactericidal lectin ReglIl gamma and protect
mice against intestinal Listeria monocytogenes
infection. | Exp Med 2007; 204: 1891-1900 [PMID:
17635956 DOL: 10.1084 /jem.20070563]

Fukuda S, Toh H, Hase K, Oshima K, Nakanishi
Y, Yoshimura K, Tobe T, Clarke JM, Topping
DL, Suzuki T, Taylor TD, Itoh K, Kikuchi J,
Morita H, Hattori M, Ohno H. Bifidobacteria can
protect from enteropathogenic infection through
production of acetate. Nature 2011; 469: 543-547
[PMID: 21270894 DOI: 10.1038 /nature09646]
Denning TL, Wang YC, Patel SR, Williams IR,
Pulendran B. Lamina propria macrophages and
dendritic cells differentially induce regulatory
and interleukin 17-producing T cell responses.
Nat Immunol 2007; 8: 1086-1094 [PMID: 17873879
DOI: 10.1038/ni1511]

Franchi L, Kamada N, Nakamura Y, Burberry A,
Kuffa P, Suzuki S, Shaw MH, Kim YG, Nuiiez G.
NLRC4-driven production of IL-13 discriminates
between pathogenic and commensal bacteria and
promotes host intestinal defense. Nat Immunol
2012; 13: 449-456 [PMID: 22484733 DOI: 10.1038/
ni.2263]

Mazmanian SK, Round JL, Kasper DL. A
microbial symbiosis factor prevents intestinal
inflammatory disease. Nature 2008; 453: 620-625

4858

42

43

44

45

46

47

48

49

50

[PMID: 18509436 DOI: 10.1038 / nature07008]
O'Mahony C, Scully P, O'Mahony D, Murphy
S, O'Brien F, Lyons A, Sherlock G, MacSharry ],
Kiely B, Shanahan F, O'Mahony L. Commensal-
induced regulatory T cells mediate protection
against pathogen-stimulated NF-kappaB
activation. PLoS Pathog 2008; 4: €1000112 [PMID:
18670628 DOI: 10.1371/journal.ppat.1000112]
Fagundes CT, Amaral FA, Vieira AT, Soares
AC, Pinho V, Nicoli JR, Vieira LQ, Teixeira MM,
Souza DG. Transient TLR activation restores
inflammatory response and ability to control
pulmonary bacterial infection in germfree mice.
J Immunol 2012; 188: 1411-1420 [PMID: 22210917
DOI: 10.4049/jimmunol.1101682]

Clarke TB, Davis KM, Lysenko ES, Zhou AY, Yu
Y, Weiser JN. Recognition of peptidoglycan from
the microbiota by Nod1 enhances systemic innate
immunity. Nat Med 2010; 16: 228-231 [PMID:
20081863 DOI: 10.1038/nm.2087]

Ichinohe T, Pang IK, Kumamoto Y, Peaper
DR, Ho JH, Murray TS, Iwasaki A. Microbiota
regulates immune defense against respiratory
tract influenza A virus infection. Proc Natl Acad
Sci USA 2011; 108: 5354-5359 [PMID: 21402903
DOI: 10.1073/ pnas.1019378108]

Ganal SC, Sanos SL, Kallfass C, Oberle K, Johner C,
Kirschning C, Lienenklaus S, Weiss S, Staeheli P,
Aichele P, Diefenbach A. Priming of natural killer
cells by nonmucosal mononuclear phagocytes
requires instructive signals from commensal
microbiota. Immunity 2012; 37: 171-186 [PMID:
22749822 DOI: 10.1016/j.immuni.2012.05.020]
Benson A, Pifer R, Behrendt CL, Hooper LV,
Yarovinsky F. Gut commensal bacteria direct a
protective immune response against Toxoplasma
gondii. Cell Host Microbe 2009; 6: 187-196 [PMID:
19683684 DOLI: 10.1016/j.chom.2009.06.005]

Naik S, Bouladoux N, Wilhelm C, Molloy M]J,
Salcedo R, Kastenmuller W, Deming C, Quinones
M, Koo L, Conlan S, Spencer S, Hall JA, Dzutsev
A, Kong H, Campbell DJ, Trinchieri G, Segre JA,
Belkaid Y. Compartmentalized control of skin
immunity by resident commensals. Science 2012;
337: 1115-1119 [PMID: 22837383 DOI: 10.1126/
science.1225152]

Giel JL, Sorg JA, Sonenshein AL, Zhu J.
Metabolism of bile salts in mice influences spore
germination in Clostridium difficile. PLoS One
2010; 5: e8740 [PMID: 20090901 DOI: 10.1371/
journal.pone.0008740]

Kane M, Case LK, Kopaskie K, Kozlova A,
MacDearmid C, Chervonsky AV, Golovkina TV.
Successful transmission of a retrovirus depends
on the commensal microbiota. Science 2011;
334: 245-249 [PMID: 21998394 DOI: 10.1126/
science.1210718]

iR IO W4 125 A

2015-10-28 | Volume 23 | Issue 30 |



Jnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

97771009

© 2015 Baishideng Publishing Group Inc. All rights reserved.




