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te s AN EE DRSERAGRSSIE piuesys  Abstract e
B The 1n.test1ne.3 cor.1ta1ns mul’flple Fomponents 5 4B b
BRUEE: 1L, 5. B, 400037, SRS including epithelial cells, microbiome as well %122 245
FIEE1832, = EEASIWEHITERZ @I, as various neuroendocrine pathways, all of
weidong.xiao@126.com which are essential for maintaining dynamic
E815: 023-68774405 .

mucosal homeostasis through complex
IFSEIER: 2016-04-27 interactions among different components in
{[E@BH: 2016-05-19 the gastrointestinal tract. Beyond the basic
S0 2016-05-23 neurosupportive and neurotrophic effects
ELEHREER: 2016-09-08 : ! ,

growing evidence reveals the key role of

enteric glial cells (EGCs) in the modulation
Enteric glial cells: An of bowel movement, nutrient absorption
emeraina ke laver in and secretion, intestinal immunity as well as
int f_ 9' h yp yt . barrier function. As well, abnormally activated
intes I“a_ omeostasis EGCs are believed to be a vital player in the
modulation under pathogenesis of a variety of diseases including
phySIologlcal and inflammatory bowel disease, intestinal barrier
pathological conditions dysfunction and infections. Here we provide
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Wei-Dong Xiao, Ke Peng, Hua Yang about the precise role and the molecule

mechanisms of EGCs in modulating intestinal
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emerging key player in intestinal homeostasis
modulation under physiological and pathological
conditions. Shijie Huaren Xiaohua Zazhi 2016; 24(25):
3657-3665 URL: http:/ /www.wjgnet.com/1009-3079/
full/v24/i25/3657.htm DOI: http://dx.doi.
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A& W (L6 LR e WG % A R
HAR A M NI R KR ZAYZ A 5k
B 4% 38 PA AR T AF R P MR 09 B A AR
WF SRR BT, A A i A 22 & Yi(enteric
nervous system, ENS)# 4, IRk 28 it
(enteric glial cell, EGC) T ki@ i A~ 5 A4
Bz, FHRBKES ok, MiERIE. B
i b M5 % R B 1A T AR AR B AR SR T AL
RAR XA, R, FEELHEGCL
THRAREEMIR. MERE. MBSk
FEF W E R RABRARM R IR e K
JRF MR IR TR R A & AL F
REGCAT £ AT 7 it & 45 A KSR AR89 FF 5
IAEBAT R Z473E, ARSI B A X —4R
WA R —F R,
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ZDIRE: 17 15 R 28 i (enteric glial cell, EGC)/E
GiEERBKE 5k, B LR ARF S
W 8 A BB AUH] KA A K BEAE A EGCH w4
& KRN AR W % Y I 8 R IR e B 9 R R
HEZRFRA L. RAMAEGCH I 44 AM
2 LA AR E

HR& E8, Bt IR ARE SRR ERNE
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Fa s A2 FE ML 88 8 X AN [7] 36 55 AR A i
TRFF B AR Th e AR e MR RE ), TR AR Ok
T “Tafads” MaN 3282 M ipiE
W b AN . A w4
M1%5) . B iE NI B (I W R E R AR
PR LA R K R 4 P 40 A R T B 2%,
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5% A HAE F Al s Zh A& PATIRES, 2
TEE I i AR R 2 Ko 48 S LA 3L (R
VEFH R ILI —Fh 4 FF B & ThaEr RE . ix—
ME& 4 A 1 7 BEAE A6 i 38 T e 1Y) I
D: BP i ) E D ae st E AL S U, AT
BT B ENUATRASYER h i SR, B
EWVARXWNERZEAL. IR B (intestinal
epithelial barrier, IEB)lS . WiEEE. #IE
P 17953 (inflammatory bowel disease, IBD)H] &
AE WL D o A TR B AR R R A I 9 1)
B, AMICLINRE, e KA
e KB S8V T8 508 A R TR SR BEEATL 1
2 2 Pl Ao i AL R B LR AL, (R 38 2
PoE e E R R ORI e 1 f ™ B R
B3 £ 4 E IRk (multiple organ failure,
MOF) 2 A MEH I T 1) K B R 2,

TERNAER) “BB K7, WmiEE S HA
NAKEE — KA 4 R G-t 4 R Si(enteric nerve
system, ENS)™.. ENSHMNITNL. ML L
p NG YIS E 2 ) N =l 11§ A
BN AR, LA ST 2 A T
BAHATE, PLA BT ENSTH RIS FIEE
B EFRWIRE 5 BpiE R HiE B
TE DA 11 B e Th e Bl i 4 o0 R i s
Al (enteric glial cell, EGC)/& ¥ BRENS I A
Bt 0% MR RER TG LIS WNATESE 3 o8 S
J 1B A 22 TN i TE D RE I R2 R, 8% T EGCAE
M Ra s Uz v i B LA L T AR () R & F
FOART R, EGCEMRRA R K IEE )
HEZEPIEN. EGCHIREIAE R 2 B4 hh
PHE IR L5 M SCHE RIS FR DR, IB/EIEB4S
M5 IRE. WMiEissl. WiE EHF S A SR
VA TRy S (0, 5 il RORE S TR
e JIE IR DL R 2 Fhopi 22 38 AR M 50 45 )
RARBERZED), RCHIT A REGCH
A 5 e 25 AR TR AL (R BIF 98 A gk AT ]
BLERIR, UAHER) [ P 721X — St ot (1 i —
R RE.

1 EGCH. DEESERE

YENENSHI 4 5y 2 —, EGCHE KA
AP TCINARE, {2 H AT TEGCEH B A4
PR 55 AR BRI A BRI T AT A 2D F X i
ZIU TR BEE LRI S IZ B IR,
HATINANEGCZENSH CHEAH 7, HEGHA
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W 2 B g /N, Lot AR R 2
il fizp 38 Th e 1 W 38 N A b e IS B
5 T30 8 15 LA i 928 / 9 R JRNE HR IR AR T
HEPUEAY. 5040 F P4 R (central
nerve system, CNS)FJ A TEJR B 40251, EGCIA
BUNT 84 e, Mkt K= i 41 4
PAB AN R AR AN R/ S fie, T 5 P 22715
FAPGHE F A 2 o4l i B 47 B
EGCE BT, M P eF 4 LA &
o 22 2 4 55 i T PR 2 G 45 A o0 A L W T 1) BT
RN, BREUA. W8 & EEZEARN. R
REGCHIEE L HAEBEN M h, H Ak
EGC/y 4RI T RURMPZ AT Y BEGC,
From RS, 5 I 2 A R T s Al A ARAL; T
REAHEREGC, EESMIELHR T, Shn
L5 B 2T 4R R B T I s A B 2R 00 T 2 %
MEAIEGC, EENARLE LR J7; VAL LE
HEGC, XMEGCEE i T WA E & 41
HEREIT. 45 HRIXANEGCI LR BARTh fE X 2
AEE2E, 5 H Ay AR & A 1 BT 7E 546,
RECHHIhEME T LT IX 5y 1 REGCHET S
Je B # 22 TCAH ELAE F SR w22 8 5% SRR LA
Kz 51 RAm A e, A F b
B IX IR EGCXF T 4ERFIEB ) g £ K 5
2, VAEEGCH R 5 T iz sh A e, 1l
REGCHIZhBEAIANEL 1 figle ),

5 RV, 55 A i ot 4E R i
£ [(glial fibrillary acidic protein, GFAP). 545
AR 1S 100B %5 A2 35 FH I B IAE G Chs &4
Kbz 4h, i p7SNTFE. Sox8/9/10t4% Fi T
FRICEGC, Fl2EGCK B F- 3] M EGCHI 1421
Har % et Bl & Aibr £ SEGCIhRE & T
BRI 7> 2 (M B 58 R AN, BT Sox 1011k
B RIS, ZHTEGCE®&ME". H
HIWF7C4EH T-GFAP S S100pHE FidR &4, CUIE
SERAEGCHGFAPRIZ /K- 54k
TERRE S A0 R L L EG C U REAR S %
PIFAEP, 4558 B B (Crohn's disease, CD)
KI5z 5 i 4% (ulcerative colitis, UC)TE N )
IBD i W1 4 X 4535 ] L5 BIGFA P &
KR B, AR R SORE XU R R F] 1
CDEHGFAPRIA 5™ A1 5PN ix
A e A2 5 CNS H A TR I o 240 1 288 A0 7D Je Jo 44
HRE LIS 3 RIS E W P R, A AR
B G SRR AR P GFAPRIE L HSer1341
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BRI BT, $RoR X R ] fe
P FEGCI RN ot 4 36 A=, X A R m)
RE A& 1A 4 AR B H ENSThRE 2 DL A Fib &
Az (1 B BB D IR AR DR A 0 0 5 1)) i ik I
FEE RINEGCI RIS MRENEGC
T bR EGFAPRIE W B 4 5, GFAPFHPEEGC
HEPEHLP 5GFAPAFE, S100p5&—Ff
EGCHy e MR8 IF nT B 3 I 26 I EG Chr
L AL IR K S100BEEGC T R #e
FIXEAE FH (Janes-faced) - 52 iF: BFFLFE M,
IR S100B AT PR BIEG CZ 51 15 7 18 3 55
FAs, MAE IR 2 2EGCS 5 18 #O0E &
% T iz 10 5 993 (1) EEZE A 7 ST100BT] LA e A
FEFAL K P24 52 4 (the receptor for advanced
glycation end products, RAGEM/EH], iHid i
T FIFMAPKBE 1L LA K #% Bl F-x B(nuclear
factor-kB, NF-xB)f b >k 11 2 Fiie 4 5E K+
NS —E AR A B (inducible nitric oxide
synthase, iNOS)FIA i, itk FEINOTE
Jr it FERR IR W] e & BUBD & W18 ROIE K
TEB s 1 S ZA LA T ER i, R
Fr A EHFEGCHIRIE T M th 2 ISt 40, fid
F IR MBI ] S B R EGCIERF ik
S AR EWAEAEA FIREFER AR, Blanc K
Bl #IEGFAP. S100pFI/ELS0x8/9/10MIEGC
TP, 15 B AT BRI RE X 75 A 257,

2 EGCEIEBINALIBIR
IEBI&E % /& 45 HH I i 41 i (intestinal epithelial
cell, IEC) R 45 H L AtiAe) i AT Ak R R B, 1E R
BUR S K IR 5 40 SRR B 38 AT 1 1 % e &2 2 4t
(5T, IEBHA P EZ )68 (D)7
B IR ()T BB BEHUAE Y 1 A S
o3 0 4 TR R 2R 2 I i R N N AR P At
P, ARG, TEB B I fE 3 2
E S & B (tight junction, TT). ZERER:.
R PRI 2 A S T BRI B CIE 2 5 & Rk
PRIFIECHESE M, T PR 0 R Ak . B = A 4b
PEVEAG 2= O i AR AR

HER, KEWFREOSERD, {FNENS
t oA i R E 45y, EGCARIU R 1E%E X
A TUE IR AT AT IhEE, &
I 2 B oy WA B Y E B b R R
BY, 25880 R IR RS 5 T)
Rl A R R AL AR Y I £ TR A 2

3659

W 2HE
AR (EGCH
LR RE A I
72 TEGCE W AP
Z 2GR AW
E ) P e Ak
A, #EHF REGC
AR
oy AE A AL BF
78 AR ik R A
BRE L, LA
% MEGCE &
Bt 5% A£ Neuron
Gastroenterology

EHC TR K.
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FEARY, LRRALEFEHREMET, B2EE
R E A B MR R RE
DA ¥ 5 2 PO BLHSCT, EGCHymlid i b il
IEC occludin. ZO-1%6ZFTIRERIL, L
IEC | J 2 i bR A REAE, B I A R e i
Ve, 724k RFIE B fig 5o B 112252550 bk
M PEGFAPBHEEGC, AT B & 34 iz % JE (K] /)N
B 80 F e 0 1, s G R e B, 2 AEIEB
T e B i S AR 98 0 IR Rk, IR 5 R 2 R
Joi SR, AT PR, EGC&AFRE IR
#(EGC conditioned medium, ECM)#L BA 5
EGCAHARIEH, X BLBHEGCH] i 43 i 4
J5# %1715 [Rl F (barrier-inducing factor, BIF)>K 1
bR BERR T AR, X 43 B 5 SRR AT IE S
EGCH[ i@ it 43 W GSNO(S-nitrosoglutathione)-.

GDNFZ%[N T2 54 FFIEBIIRE. GSNO
O E 52 ] DG 18 7E 44 N 38 A2 4 A1 Bt 72 R
B EBIEBRY aE: GSNOR@E N
| B R ZE A T--a(tumor necrosis factor-o,
TNF-a). FH#t&E-y(interferon-y, IFN-y)LL K [
frZ-1B(interleukin-1p, 1L-1B)55 % M R E
HFHRIE. FRZATIE AL KF-actinff)
FIARIGSRIEBI)RY, I G iy B 58 38 7 1 4
I, EGCk nl i ik B G SN O R i il B i £
PR AR ECRE B B X TE B A5 Al R4, AR
SR SRAT SRR BA, A JE 2 JOR H OO I il
(GSNO reductase, GSNOR)Z&GSNOAX it f2
o) — AN OB SR, AE il I G SNOR
NEM T GSH(oxidized GSH, GSSG)¥ 41
il N OKF, T 4 S0 B FEGCIWIEB
R T BERZ T A S EGCYIUGSNOR R IL 7
WA R A, BATH P R, GDNF
TEE G CITE BRI AL ot 4y 75 3 55 22 A
i 100 PR T R s SR P RIS AT R EGC
MAGDNFRIE Fif, 4MEMEGDNF R K%
S5EGCHBIMIEBLR T ThRE, @it FiHIECYH
MITIEE B R A T SRIEBY) A8, MRNATHL
FHIBTEG CYN fE GDNF & i] & & I HEGCI)
AR E . BGCib ]l i 4 W Ak A K
[ F-B1(transforming growth factor beta 1,
TGF-B1)¥= HITECAH M3 58 [ & B, H4ITECHH
H T AR, EGCth 2 5 T BB
& ST 75 {7 FH 81 50 AR 7 T T AN US55
B S W SR AT T, R YERBREGCHT N R
i B, 2R iE 4R iR i iE 257, EGC
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AL I 7 WA B AR KK F T A& (pro-epidermal
growth factor, pro-EGF) LK 1% 1k 26 i B i i
(focal adhesion kinase, FAK){i5 ‘5 il B KA
E R s E R

3 EGCSIEIAE

A ik &, EGCHRBR/N R A H & e LIt EGC
Al & E B IR AEE G 4%, R0
KU TEGCH WHTE RE K A K e 2 IR 1E
BRI B2l AR R TEGC
Ll RAEMEE LR CDEHENIGEEEA
EGC/ i % BERUE W N T, CDEE R
JE R REHEMET RIOREGEVIRR,
¥ 5 W8 5 B A % 85 W B8 3 35 e o B0 g UL )
PR MR JE Fotk R IR 3 bAh, A L
INBEME I 9 1) — A B RURRAE 5 2 3 ) v 42
f[}&EGC%E@%%[”JQJ&M].

HArH 2 MR @FCDRIUCTEE
WIIBD A L K JE SEGCIHE AL 2 [MAFEE %)
PR, HH AR K RS 2 A e
PE. 5IEHESTIRAM L, UCEHHEEGCHEL
PR EYIGFAP. S100p X GDNFH I Hi ik
B8 R, FIRHEREE INOSIFEL ENO K&
PR, BORUCH B R T SEGCHE L, 1
BEf 8 JOREBEREN S 5 2 xR, R AEAR
WG 5| R 45 1 2O ] R B B IGFAP
JGDNF##i4 Eif, 3t FHEGCTE AL AT g & UC
TG i 9RE 1) — N SE R AR (B4
HEENEZ, 5UCKHH, CDEEMEIEGFAPE
AR T IEH KR4, [FA HGFAP & GDNF&IA
PR TUCHE#, CDEE 73 P I 5 40 f s
AR AAR U C R B R BT AT A
NEECDHUCHI R HMEGCH Be K #4554
AN A AR . CDERE il A R 42 JORE
T §E FEEGCIIREZ B, GFAPRIA %,
EGCH IS KT WG DNFk />, M #]
TEGCH A Hhaet"

AR 72 8 B 7R, EGCH] EIE T 7 e
BEERAKS ShiE RAEFERE. EGCHAHR
UL s B A R VR . S 1B DR AL 2%
DIAH O B PERE R 22 KA 1 (adherent-
invasive escherichia coli, AIEC)A] #iEEGC
cFostE R EEHLMHAMEE EY I (major
histocompatibility complex I, MHCII), #&/R
IBDHEGCHfEAIECH; F Nl FRIAMHCII
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BN T WiE ki, EG TR REGCH]
58 A4S O BV S 1 T 40 B ) 40 i B i C D8
YNt X sl 45 RARREGC S B B R
P25 A HATAE LRI VE FHEC R, 1 0 280 A e 2 4
Pt 3 3 3 41 L R 45 I A FH FEG CH
Ak, EGCIE I H & 730 W IGDNF., #4
£ K K F(nerve growth factor, NGF). #i£:
JIK B 2 o 4 e IR 1 BB A T T o 0 e % 2
Jfl: GDNFA[#IHITNF-a« 1L-1BZE 2 RE N AL
K7 (73, S 8p38 MAPKAE 5l 4 23
DI TE C 5235 5 1 24 LAY 55 /) B 285 W 9% 9 I
%, NGF ] G504 2253 25 75 3 (1) PR A% 2 o 3
Az 175 5 A JE LR 20 PR 200 P Ak TR 7 R
TL-252 A F25 55 22 ol G e A Ak R 23444,
ZEDAWI, BATNNEGCH RefE A2
JeHh T BLARNECT B B AR S e e b R iR
HRMEI R, — T HEGCHEE “MiE
& A AEMANTANTR.
TNF-a 55 R AEFE . 2 P B FEGCH]
7L FEGDNF. GSNO. TGF-B. EGFEK
BORPIER T, 25RO, 2
Bl b e S5 545 5 12254 g 55— D T,
A KEW IR NEGCHB 2 7 2 15 98 RE 37 45 AL
HIRAN S 5% FERERETEGCA & 7]
KESPWIL-1B. TNF-an iINOSZEAE 4 IE K T
2 5 i KA, FHEGCEIiNOSEKIE
B ME AT I I SREGC I BB AR 4 T e, EGC
G BT EG CHRR 5 1S 100B-T L R43E H 7
KRN, EELE T CCL205RIE, 2Rk
RN NE T 0 S N /N iy 6 A RIS
fiff g8+ 234 B ORE G C AT Rg @ i AR 4T L- 1R -
MyD88IL-1i# i 2 5 AR 5 I A BH ) & A=

4 EGCE5inEaEE:
Jip 108 T B BIF 5T 8 A AT 4 R i R AS T 90 1 3

FRACmT W E R AL ThRE R 5T B2
R A) A5 T-, Fdl Rl T R 2k ) i &
MAESRG, KRS H5EFRWHERPBA. RN
Wt i B B 5 B 4 DL il S B S5 LT P
AR DR R T E R R L
PAESEAML SIBD JHIL R I 2 ss e
fIES5 VAL R G (K A L B DA R, I AE RS
JEFHERE < PR SEAC PR R L S 22 Ao i
I B 5 RBEBI B R R
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JEH B,

AR K 8 W B S ENSER AR EGC 2[R
FIETER: R &2 XVE. B2 SR, Wi
W AT BEEEN SR B #EF2 Ay g 4 bt
HEEAEH: MR K& R GR R 2
A (pattern-recognition receptor, PRR)>K4) 511
S| AN [ %) i 30 R 2L 2, X A T e R e
¥ 875 1680 5 e T2 BSORT ) B R 4% b S B AR H; TR
B, 751X SE TR BT, TEC L R ot K e % 4
JH AT 53 WAAN 6] Rl SR SE M E N S K B AT g
RAEE iy T T T T ) S 5 e i s 3 T
e JCEE /N BRI IEM RN B K e B B R
AN FE B R R A, B A e M A R
B&, TMe5 T 1E 8 T 15 I B, e b,
T I B R P T R SR T B AL R, AR
TE UG, ot o A A A = P ] R 5 e i
JIfi /2 (short-chain fatty acids, SCFA) ] i@ L {i
E G CREINS-#2 0 i ok 3 il #4871 X A M,
(7] IS 340 W] A2 3 i 28 76 B T AEL B SR o 52 g
Eigzh".

IEA R T MERFEEGCKE
AITh e & 3% b S B I B BE s .
7SI ROREFH R (inducible lineage
tracing) K I, A FIIE WEGC /2 MR IR N J7 (1
FHZE I PN B AN IS R T 3T RR AR TR, I8
IR EETE B /N B B E AR DN B DA R B R
Ab PR /IR, W T R I T TR A A TR T i I
EGCK B MIAA M REE R, LHE/DRIEGC
Kot 5% R R ECT XA, s T I/
INEF RS HEGCHEHEME, Wit
BRI Z S T HFEEGCH M 54ERF, Hit
B 2 ) 2 IR EGCIR i ph 2 A 1n) i 8 53 J
P9k E X IR s BE N R I, Ik
A W 5 307 i T T R 8 PT(R BECN S /I
JOR 20 LI R BT T R TG R /S BRI HE A5 )
JI2 5 24 L o i AR A B A5 B S B, ZH R TR
RAERZERN, o REEDIREW B2 0, FEm
o TR A ZEL Rt R 5 S S P /N R S5 4 i T e
SR, T 4T BRI E M T A 4 T SCFA U AT
SV /0N e S5 40 B ) I R AR HE R T E 2. BA
ERW, MiE R T AEXT FENSHICNSI R &
MITyRe R s EEER.

5 EGCE5IABINREREL
& T g Z fL(functional gastrointestinal

3661

mi2REE

AXLELERAT
EGCA ML &5
B 5 ik, W
R, Mm%
T BAK A KA
FhiEATH
S AU P g %
HAER, 2T E R F
HHRIIFENT M
A8 R v A
R PTH B,
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disorders, FGID) & 15 [} 18 #1422 4t Uy g 2K i
M 5RH B A, EEEINGIE S
N5 WAL S8, e IR b i LT 18 A% i ik
i Fh(slow transit constipation, STC). E.45 /7.
W% 5 8474 Ak (irritable bowel syndrome, IBS)%§
Z R . TR 2 W R, EGCIIfRE =i
A RE 5 FGIDI K AEAFIEBYI R K. STCHEE S
Fa OB br A n] LR B 2 T MEGCHE &
R A (R B AR Ak, [ 7 5l R 45 i A
N R AT EG C S # B S A
B B4 i s R B, @R Ly sk S R 5K
s AR K I, GFAPRHHEEG CHIAELE AT
SERA YKk . I 2 TR A iz 2R
IBSHT 72> B, IBSHLA Fp A DL &K BLGFAP
FHPEEGCEE ARk, EGCH% iH 1L T RE/ZIBS
AP R R T A T e WA )
BRI, 17 v 711 B () R 85 75 2 (gliotox in) A LAl
EGCIEL M ZE s ds. B4 7t 2 REGC
AT BE 2 5 IR J5 78 P W 15 BH ) K A,
JIE B F AR T BERIEG CIE AL, J@ILIL-1R-
MyD8871 3 [ IL- i % i B IL-6 I Fi A% 4t
B I 1ER0E B, X AT R8I A S5 i 2h
TS I EEYLH). LAk, B W5 RREGC &
995 B UL I BT M, 3K A 2 R T AR M S A
BEL 2 2 s DAL I PR K IR 7 0% (14 7™ 6. 3
JIFE RS 5 ARSI L T VIR TR S THL R Rk,
IV 5 1T 6 A2 3 Rl 18 A1 i A8 BEL 1) 22 3
RN, IV RS A VP-117] SEGCH: =
g, FEORIVIK ] BRE IR G [RIEGCRA
il fi iz sh"Y,

WHEFT RN, EGCH At 5 5w
DA R WA 4 %005« e 503 55 1o 0 05 5 1 RS 1)
7B Thie L Z VI, SE IR BRI
R R R R AR TR 3R 3 R s fig i WE G C
AR, RN IR R R 5 EGC R Vg TE Rk
R ERREE SRR R
FHRE S B B T ANEGC %5 B B I T B, 1 e L]
MEGCTEH] E5gm. thabh, H R /REGC
ATREH 25 T W& AR M BLERE . iR &A%
I R AR R I TE ThRE O S AT AR R A=, 4
AR B G TR R A K ILGFAP. S1008.
Sox10LA K 2 Fifig 4 i K 13k /K P B B
J GFAPZL R 1347 i IR Ak /KT B S5 T %, 32
TRIH 4 ARG BB EAEEGCIR LIS [FII, 1A
SRR G ICNS S ENS A #1280 b Ji o 2 i

3662

BRI T A B AR U A O B o R i %
HARERERE, REGCHREIEIL IR M
AR5 B Ty B 2 1 2 L),

6 4518

K2 it 7T 7 2 R, A NENSHIE T
Y, EGCHIME Cimizigit 1 s s
SR ams, T A e A iEEs). g
B IR W YT g DL R B B4R
W AR 5y, R A2 B A 1 AR T i TE AR A
FHIZE RN, EGCTE Mhads iz (0 & 2% i
FEEMME A H 28 . AT, KRR
XHFEG CAEA: B I Ah 50 BT W 2 i A
BHEFPRELAZ RN EI R HiE Ry
5 R S REB WL AR S 5% B4
EGCRUMTE “miEfRyr#" 5 “ RAEHH
S 537 2T e oy TEES
S REALHEAT A2 X EBRATE S R+
HERT A, TP, s ve
PRSEG . FERER . TSR BAR PR BERR,
P IR AN MERE G CTEAE e AN R 28 1
FRFECT o A A LR AL R EGC
W S N 25, AR, SETEFEIL I 22,
] 5 T B XFE G CORBEAE FH (0 W % S 4 550§
ik, NIRKTGE W EE . RIEERR . W
T8 ) RE 3 L Y 200 4 AR08 55 W A0 5 0 B e
MG yT BB B IT 4 R EGCHEFLY
HEZ A

7 SEXE

1 Neunlist M, Rolli-Derkinderen M, Latorre R,
Van Landeghem L, Coron E, Derkinderen P, De
Giorgio R. Enteric glial cells: recent developments
and future directions. Gastroenterology 2014;
147: 1230-1237 [PMID: 25305504 DOI: 10.1053/
j-gastro.2014.09.040]

2 Neunlist M, Van Landeghem L, Mahé MM,
Derkinderen P, des Varannes SB, Rolli-Derkinderen
M. The digestive neuronal-glial-epithelial unit:
a new actor in gut health and disease. Nat Rev
Gastroenterol Hepatol 2013; 10: 90-100 [PMID:
23165236 DOI: 10.1038 /nrgastro.2012.221]

3 Goll R, van Beelen Granlund A. Intestinal barrier
homeostasis in inflammatory bowel disease. Scand
J Gastroenterol 2015; 50: 3-12 [PMID: 25523551
DOI: 10.3109/00365521.2014.971425]

4 Tojo R, Suérez A, Clemente MG, de los Reyes-
Gavilan CG, Margolles A, Gueimonde M, Ruas-
Madiedo P. Intestinal microbiota in health and
disease: role of bifidobacteria in gut homeostasis.
World | Gastroenterol 2014; 20: 15163-15176 [PMID:
25386066 DOI: 10.3748 / wjg.v20.i41.15163]

2016-09-08 | Volume 24 | Issue 25 |



10

11

12

13

14

15

16

17

J3aishideng®

Ochoa-Cortes F, Turco F, Linan-Rico A,
Soghomonyan S, Whitaker E, Wehner S, Cuomo
R, Christofi FL. Enteric Glial Cells: A New Frontier
in Neurogastroenterology and Clinical Target for
Inflammatory Bowel Diseases. Inflamm Bowel Dis
2016; 22: 433-449 [PMID: 26689598 DOI: 10.1097/
MIB.0000000000000667]

Gulbransen BD, Sharkey KA. Novel functional
roles for enteric glia in the gastrointestinal tract.
Nat Rev Gastroenterol Hepatol 2012; 9: 625-632
[PMID: 22890111 DOI: 10.1038/nrgastro.2012.138]
Kabouridis PS, Lasrado R, McCallum S, Chng SH,
Snippert HJ, Clevers H, Pettersson S, Pachnis V.
The gut microbiota keeps enteric glial cells on the
move; prospective roles of the gut epithelium and
immune system. Gut Microbes 2015; 6: 398-403
[PMID: 26558327 DOI: 10.1080/19490976.2015.110
9767]

Boesmans W, Lasrado R, Vanden Berghe P,
Pachnis V. Heterogeneity and phenotypic plasticity
of glial cells in the mammalian enteric nervous
system. Glia 2015; 63: 229-241 [PMID: 25161129
DOI: 10.1002/ glia.22746]

Riihl A. Glial cells in the gut. Neurogastroenterol
Motil 2005; 17: 777-790 [PMID: 16336493 DOI:
10.1111/j.1365-2982.2005.00687 .x]

Coelho-Aguiar Jde M, Bon-Frauches AC, Gomes
AL, Verissimo CP, Aguiar DP, Matias D, Thomasi
BB, Gomes AS, Brito GA, Moura-Neto V. The
enteric glia: identity and functions. Glia 2015;
63: 921-935 [PMID: 25703790 DOI: 10.1002/
glia.22795]

Gulbransen BD, Sharkey KA. Purinergic neuron-
to-glia signaling in the enteric nervous system.
Gastroenterology 2009; 136: 1349-1358 [PMID:
19250649 DOI: 10.1053/j.gastro.2008.12.058]
Hanani M, Reichenbach A. Morphology of
horseradish peroxidase (HRP)-injected glial cells
in the myenteric plexus of the guinea-pig. Cell
Tissue Res 1994; 278: 153-160 [PMID: 7954696 DOL:
10.1007/BF00305787]

Van Landeghem L, Mahé MM, Teusan R, Léger J,
Guisle I, Houlgatte R, Neunlist M. Regulation of
intestinal epithelial cells transcriptome by enteric
glial cells: impact on intestinal epithelial barrier
functions. BMC Genomics 2009; 10: 507 [PMID:
19883504 DOI: 10.1186/1471-2164-10-507]
Boesmans W, Martens MA, Weltens N, Hao MM,
Tack J, Cirillo C, Vanden Berghe P. Imaging
neuron-glia interactions in the enteric nervous
system. Front Cell Neurosci 2013; 7: 183 [PMID:
24155689 DOI: 10.3389/ fncel.2013.00183]
Laranjeira C, Sandgren K, Kessaris N, Richardson
W, Potocnik A, Vanden Berghe P, Pachnis V. Glial
cells in the mouse enteric nervous system can
undergo neurogenesis in response to injury. | Clin
Invest 2011; 121: 3412-3424 [PMID: 21865647 DOI:
10.1172/]JCI58200]

Hoff S, Zeller F, von Weyhern CW, Wegner M,
Schemann M, Michel K, Riihl A. Quantitative
assessment of glial cells in the human and guinea
pig enteric nervous system with an anti-Sox8/9/10
antibody. ] Comp Neurol 2008; 509: 356-371 [PMID:
18512230 DOI: 10.1002/ cne.21769]

von Boyen GB, Schulte N, Pfliiger C, Spaniol
U, Hartmann C, Steinkamp M. Distribution of

WCJD | www.wjgnet.com

18

19

20

21

22

23

24

25

26

27

28

B IR, 5. BRSBTSt EE

enteric glia and GDNF during gut inflammation.
BMC Gastroenterol 2011; 11: 3 [PMID: 21235736
DOI: 10.1186/1471-230X-11-3]

Cirillo C, Sarnelli G, Esposito G, Turco F,
Steardo L, Cuomo R. S100B protein in the gut:
the evidence for enteroglial-sustained intestinal
inflammation. World | Gastroenterol 2011; 17:
1261-1266 [PMID: 21455324 DOI: 10.3748/wjg.
v17.110.1261]

Cornet A, Savidge TC, Cabarrocas J, Deng WL,
Colombel JF, Lassmann H, Desreumaux P, Liblau
RS. Enterocolitis induced by autoimmune targeting
of enteric glial cells: a possible mechanism in
Crohn'’s disease? Proc Natl Acad Sci USA 2001;
98: 13306-13311 [PMID: 11687633 DOI: 10.1073/
Ppnas.231474098]

Clairembault T, Kamphuis W, Leclair-Visonneau
L, Rolli-Derkinderen M, Coron E, Neunlist M,
Hol EM, Derkinderen P. Enteric GFAP expression
and phosphorylation in Parkinson’s disease. |
Neurochem 2014; 130: 805-815 [PMID: 24749759
DOI: 10.1111/jnc.12742]

Blandini F, Balestra B, Levandis G, Cervio M,
Greco R, Tassorelli C, Colucci M, Faniglione
M, Bazzini E, Nappi G, Clavenzani P, Vigneri
S, De Giorgio R, Tonini M. Functional and
neurochemical changes of the gastrointestinal tract
in a rodent model of Parkinson’s disease. Neurosci
Lett 2009; 467: 203-207 [PMID: 19835930 DOI:
10.1016/j.neulet.2009.10.035]

Cersosimo MG, Benarroch EE. Pathological
correlates of gastrointestinal dysfunction in
Parkinson’s disease. Neurobiol Dis 2012; 46: 559-564
[PMID: 22048068 DOI: 10.1016/j.nbd.2011.10.014]
Xiao W, Wang W, Chen W, Sun L, Li X, Zhang
C, Yang H. GDNF is involved in the barrier-
inducing effect of enteric glial cells on intestinal
epithelial cells under acute ischemia reperfusion
stimulation. Mol Neurobiol 2014; 50: 274-289
[PMID: 24878766 DOI: 10.1007 /s12035-014-8730-9]
Cirillo C, Sarnelli G, Turco F, Mango A, Grosso M,
Aprea G, Masone S, Cuomo R. Proinflammatory
stimuli activates human-derived enteroglial cells
and induces autocrine nitric oxide production.
Neurogastroenterol Motil 2011; 23: €372-e382 [PMID:
21762414 DOI: 10.1111/j.1365-2982.2011.01748.x]
Xiao WD, Chen W, Sun LH, Wang WS, Zhou
SW, Yang H. The protective effect of enteric glial
cells on intestinal epithelial barrier function is
enhanced by inhibiting inducible nitric oxide
synthase activity under lipopolysaccharide
stimulation. Mol Cell Neurosci 2011; 46: 527-534
[PMID: 21182950 DOI: 10.1016/j.mcn.2010.12.007]
Esposito G, Cirillo C, Sarnelli G, De Filippis D, D’
Armiento FP, Rocco A, Nardone G, Petruzzelli
R, Grosso M, Izzo P, luvone T, Cuomo R. Enteric
glial-derived S100B protein stimulates nitric oxide
production in celiac disease. Gastroenterology
2007; 133: 918-925 [PMID: 17678654 DOI: 10.1053/
j-gastro.2007.06.009]

Sharkey KA. Emerging roles for enteric glia in
gastrointestinal disorders. | Clin Invest 2015; 125:
918-925 [PMID: 25689252 DOI: 10.1172/JC176303]
Yu YB, Li YQ. Enteric glial cells and their role in
the intestinal epithelial barrier. World | Gastroenterol
2014; 20: 11273-11280 [PMID: 25170211 DOI:

3663

2016-09-08 | Volume 24 | Issue 25 |



B IR, 5. BRADRERRSEEPE RISt EE

J3aishideng®

29

30

31

32

33

34

35

36

37

38

39

WCJD | www.wjgnet.com

10.3748 /wjg.v20.i32.11273]

Peterson LW, Artis D. Intestinal epithelial cells:
regulators of barrier function and immune
homeostasis. Nat Rev Immunol 2014; 14: 141-153
[PMID: 24566914 DOI: 10.1038/nri3608]

Cheadle GA, Costantini TW, Lopez N, Bansal V,
Eliceiri BP, Coimbra R. Enteric glia cells attenuate
cytomix-induced intestinal epithelial barrier
breakdown. PLoS One 2013; 8: e69042 [PMID:
23840906 DOI: 10.1371/journal.pone.0069042]
Bush TG, Savidge TC, Freeman TC, Cox HJ,
Campbell EA, Mucke L, Johnson MH, Sofroniew
MV. Fulminant jejuno-ileitis following ablation
of enteric glia in adult transgenic mice. Cell
1998; 93: 189-201 [PMID: 9568712 DOI: 10.1016/
50092-8674(00)81571-8]

Van Landeghem L, Chevalier J, Mahé MM, Wedel
T, Urvil P, Derkinderen P, Savidge T, Neunlist M.
Enteric glia promote intestinal mucosal healing
via activation of focal adhesion kinase and release
of proEGF. Am | Physiol Gastrointest Liver Physiol
2011; 300: G976-G987 [PMID: 21350188 DOI:
10.1152/ ajpgi.00427.2010]

Meir M, Flemming S, Burkard N, Bergauer L,
Metzger M, Germer CT, Schlegel N. Glial cell
line-derived neurotrophic factor promotes barrier
maturation and wound healing in intestinal
epithelial cells in vitro. Am | Physiol Gastrointest
Liver Physiol 2015; 309: G613-G624 [PMID:
26294673 DOI: 10.1152/ ajpgi.00357.2014]
Savidge TC, Newman P, Pothoulakis C,
Ruhl A, Neunlist M, Bourreille A, Hurst R,
Sofroniew MV. Enteric glia regulate intestinal
barrier function and inflammation via release
of S-nitrosoglutathione. Gastroenterology 2007;
132: 1344-1358 [PMID: 17408650 DOI: 10.1053/
j.gastro.2007.01.051]

YRR T MM, BIAR, k. SAZARAR AL
HRA NI S SR LR U B SRR RERY
M. EPRERY: 2015; 6: 724-726

Neunlist M, Aubert P, Bonnaud S, Van Landeghem
L, Coron E, Wedel T, Naveilhan P, Ruhl A,
Lardeux B, Savidge T, Paris F, Galmiche JP. Enteric
glia inhibit intestinal epithelial cell proliferation
partly through a TGF-betal-dependent pathway.
Am | Physiol Gastrointest Liver Physiol 2007; 292:
G231-G241 [PMID: 16423922 DOI: 10.1152/
ajpgi.00276.2005]

Aubé AC, Cabarrocas J, Bauer J, Philippe
D, Aubert P, Doulay F, Liblau R, Galmiche
JP, Neunlist M. Changes in enteric neurone
phenotype and intestinal functions in a transgenic
mouse model of enteric glia disruption. Gut
2006; 55: 630-637 [PMID: 16236773 DOI: 10.1136/
gut.2005.067595]

Sigge W, Wedel T, Kithnel W, Krammer H]J.
Morphologic alterations of the enteric nervous
system and deficiency of non-adrenergic non-
cholinergic inhibitory innervation in neonatal
necrotizing enterocolitis. Eur | Pediatr Surg
1998; 8: 87-94 [PMID: 9617607 DOI: 10.1055/
s-2008-1071128]

Wedel T, Krammer HJ, Kithnel W, Sigge W.
Alterations of the enteric nervous system in
neonatal necrotizing enterocolitis revealed by
whole-mount immunohistochemistry. Pediatr

3664

40

41

42

43

44

45

46

47

48

49

50

Pathol Lab Med 1998; 18: 57-70 [PMID: 9566283]
Sokol H, Polin V, Lavergne-Slove A, Panis
Y, Treton X, Dray X, Bouhnik Y, Valleur P,
Marteau P. Plexitis as a predictive factor of early
postoperative clinical recurrence in Crohn’s
disease. Gut 2009; 58: 1218-1225 [PMID: 19625280
DOI: 10.1136/ gut.2009.177782]

De Giorgio R, Giancola F, Boschetti E, Abdo
H, Lardeux B, Neunlist M. Enteric glia and
neuroprotection: basic and clinical aspects. Am
J Physiol Gastrointest Liver Physiol 2012; 303:
G887-G893 [PMID: 22878122 DOI: 10.1152/
ajpgi.00096.2012]

Rolhion N, Darfeuille-Michaud A. Adherent-
invasive Escherichia coli in inflammatory bowel
disease. Inflamm Bowel Dis 2007; 13: 1277-1283
[PMID: 17476674 DOI: 10.1002/ibd.20176]

Turco F, Sarnelli G, Cirillo C, Palumbo I, De
Giorgi F, D’Alessandro A, Cammarota M,
Giuliano M, Cuomo R. Enteroglial-derived
S100B protein integrates bacteria-induced Toll-
like receptor signalling in human enteric glial
cells. Gut 2014; 63: 105-115 [PMID: 23292665 DOIL:
10.1136/ gutjnl-2012-302090]

Zhang DK, He FQ, Li TK, Pang XH, Cui de J, Xie Q,
Huang XL, Gan HT. Glial-derived neurotrophic
factor regulates intestinal epithelial barrier
function and inflammation and is therapeutic for
murine colitis. | Pathol 2010; 222: 213-222 [PMID:
20632386 DOI: 10.1002/ path.2749]

von Boyen GB, Steinkamp M, Reinshagen M,
Schifer KH, Adler G, Kirsch J. Nerve growth
factor secretion in cultured enteric glia cells
is modulated by proinflammatory cytokines.
J Neuroendocrinol 2006; 18: 820-825 [PMID:
17026531]

Stoffels B, Hupa KJ, Snoek SA, van Bree S, Stein
K, Schwandt T, Vilz TO, Lysson M, Veer CV,
Kummer MP, Hornung V, Kalff JC, de Jonge
W], Wehner S. Postoperative ileus involves
interleukin-1 receptor signaling in enteric glia.
Gastroenterology 2014; 146: 176-187.e1 [PMID:
24067878 DOI: 10.1053/j.gastro.2013.09.030]
Gagliani N, Palm NW, de Zoete MR, Flavell
RA. Inflammasomes and intestinal homeostasis:
regulating and connecting infection, inflammation
and the microbiota. Int Immunol 2014; 26: 495-499
[PMID: 24948595 DOI: 10.1093 / intimm/ dxu066]
Koboziev I, Reinoso Webb C, Furr KL, Grisham
MB. Role of the enteric microbiota in intestinal
homeostasis and inflammation. Free Radic Biol
Med 2014; 68: 122-133 [PMID: 24275541 DOI:
10.1016/j.freeradbiomed.2013.11.008]

Kabouridis PS, Pachnis V. Emerging roles of
gut microbiota and the immune system in the
development of the enteric nervous system. J Clin
Invest 2015; 125: 956-964 [PMID: 25729852 DOI:
10.1172/]JCI76308]

Muller PA, Kosesé B, Rajani GM, Stevanovic K,
Berres ML, Hashimoto D, Mortha A, Leboeuf
M, Li XM, Mucida D, Stanley ER, Dahan S,
Margolis KG, Gershon MD, Merad M, Bogunovic
M. Crosstalk between muscularis macrophages
and enteric neurons regulates gastrointestinal
motility. Cell 2014; 158: 300-313 [PMID: 25036630
DOI: 10.1016/j.cell.2014.04.050]

2016-09-08 | Volume 24 | Issue 25 |



51

52

53

54

55

56

57

58

J3aishideng®

Kabouridis PS, Lasrado R, McCallum S, Chng
SH, Snippert HJ, Clevers H, Pettersson S, Pachnis
V. Microbiota controls the homeostasis of glial
cells in the gut lamina propria. Neuron 2015;
85: 289-295 [PMID: 25578362 DOI: 10.1016/
j.neuron.2014.12.037]

Cryan JF, Dinan TG. Gut microbiota: Microbiota
and neuroimmune signalling-Metchnikoff to
microglia. Nat Rev Gastroenterol Hepatol 2015;
12: 494-496 [PMID: 26215386 DOI: 10.1038/
nrgastro.2015.127]

Erny D, Hrabé de Angelis AL, Jaitin D, Wieghofer P,
Staszewski O, David E, Keren-Shaul H, Mahlakoiv
T, Jakobshagen K, Buch T, Schwierzeck V,
Utermohlen O, Chun E, Garrett WS, McCoy KD,
Diefenbach A, Staeheli P, Stecher B, Amit I, Prinz
M. Host microbiota constantly control maturation
and function of microglia in the CNS. Nat Neurosci
2015; 18: 965-977 [PMID: 26030851 DOI: 10.1038/
nn.4030]

Bassotti G, Villanacci V, Cathomas G, Maurer
CA, Fisogni S, Cadei M, Baron L, Morelli A,
Valloncini E, Salerni B. Enteric neuropathology
of the terminal ileum in patients with intractable
slow-transit constipation. Hum Pathol 2006;
37:1252-1258 [PMID: 16949932 DOI: 10.1016/
j-humpath.2006.04.027]

Iantorno G, Bassotti G, Kogan Z, Lumi CM,
Cabanne AM, Fisogni S, Varrica LM, Bilder
CR, Munoz JP, Liserre B, Morelli A, Villanacci
V. The enteric nervous system in chagasic and
idiopathic megacolon. Am | Surg Pathol 2007;
31: 460-468 [PMID: 17325489 DOI: 10.1097/01.
pas.0000213371.79300.a8]

da Silveira AB, Freitas MA, de Oliveira EC, Neto
SG, Luquetti AO, Furness JB, Correa-Oliveira R,
Reis Dd. Glial fibrillary acidic protein and S-100
colocalization in the enteroglial cells in dilated
and nondilated portions of colon from chagasic
patients. Hum Pathol 2009; 40: 244-251 [PMID:
18835625 DOI: 10.1016/j.humpath.2008.04.025]
Fujikawa Y, Tominaga K, Tanaka F, Tanigawa T,
Watanabe T, Fujiwara Y, Arakawa T. Enteric glial
cells are associated with stress-induced colonic
hyper-contraction in maternally separated rats.
Neurogastroenterol Motil 2015; 27: 1010-1023 [PMID:
25960044 DOI: 10.1111/nmo.12577]

Selgrad M, De Giorgio R, Fini L, Cogliandro RF,
Williams S, Stanghellini V, Barbara G, Tonini M,
Corinaldesi R, Genta RM, Domiati-Saad R, Meyer
R, Goel A, Boland CR, Ricciardiello L. JC virus

WCJD | www.wjgnet.com

59

60

61

62

63

64

65

B IR, 5. BRSBTSt EE

infects the enteric glia of patients with chronic
idiopathic intestinal pseudo-obstruction. Gut
2009; 58: 25-32 [PMID: 18593810 DOI: 10.1136/
gut.2008.152512]

Baudry C, Reichardt F, Marchix J, Bado A,
Schemann M, des Varannes SB, Neunlist
M, Moriez R. Diet-induced obesity has
neuroprotective effects in murine gastric enteric
nervous system: involvement of leptin and glial
cell line-derived neurotrophic factor. | Physiol
2012; 590: 533-544 [PMID: 22124147 DOI: 10.1113/
jphysiol.2011.219717]

McClain JL, Grubisi¢ V, Fried D, Gomez-Suarez
RA, Leinninger GM, Sévigny ], Parpura V,
Gulbransen BD. Ca2+ responses in enteric glia
are mediated by connexin-43 hemichannels and
modulate colonic transit in mice. Gastroenterology
2014; 146: 497-507.e1 [PMID: 24211490 DOI:
10.1053/j.gastro.2013.10.061]
Stenkamp-Strahm C, Patterson S, Boren J,
Gericke M, Balemba O. High-fat diet and age-
dependent effects on enteric glial cell populations
of mouse small intestine. Auton Neurosci 2013;
177: 199-210 [PMID: 23726157 DOI: 10.1016/
j-autneu.2013.04.014]

Kujala P, Raymond CR, Romeijn M, Godsave
SF, van Kasteren SI, Wille H, Prusiner SB,
Mabbott NA, Peters PJ. Prion uptake in the gut:
identification of the first uptake and replication
sites. PLoS Pathog 2011; 7: 1002449 [PMID:
22216002 DOI: 10.1371/journal.ppat.1002449]
Devos D, Lebouvier T, Lardeux B, Biraud M,
Rouaud T, Pouclet H, Coron E, Bruley des
Varannes S, Naveilhan P, Nguyen JM, Neunlist
M, Derkinderen P. Colonic inflammation in
Parkinson’s disease. Neurobiol Dis 2013; 50: 42-48
[PMID: 23017648 DOI: 10.1016/j.nbd.2012.09.007]
Braga CA, Follmer C, Palhano FL, Khattar E,
Freitas MS, Romao L, Di Giovanni S, Lashuel
HA, Silva JL, Foguel D. The anti-Parkinsonian
drug selegiline delays the nucleation phase
of a-synuclein aggregation leading to the
formation of nontoxic species. | Mol Biol 2011;
405: 254-273 [PMID: 21050861 DOI: 10.1016/
jjmb.2010.10.027]

Shannon KM, Keshavarzian A, Dodiya HB,
Jakate S, Kordower JH. Is alpha-synuclein in
the colon a biomarker for premotor Parkinson’
s disease? Evidence from 3 cases. Mov Disord
2012; 27: 716-719 [PMID: 22550057 DOI: 10.1002/
mds.25020]

it TRH® Wik Fh

3665

2016-09-08 | Volume 24 | Issue 25 |



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

9 7771009307056 mw

© 2016 Baishideng Publishing Group Inc. All rights reserved.




