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Abstract

The enteric glia is an important component of the enteric
nervous system and forms a broad network in the
mucosa of the gastrointestinal tract. Enteric glial cells
(EGC) are located in all layers of the intestinal wall and
respond to neurotransmitters and neuromodulators
through signal transduction pathways. The enteric
nervous system interacts with resident glial cells in
the gut, and there is increasing evidence that EGC
are involved in the regulation of epithelial function.
Epithelial cells have important absorption and secretion
functions and are also involved in the formation of
intestinal epithelial barrier. Studies have found that
the enteric glia is not only involved in the regulation of
gastrointestinal motility and epithelial barrier function,
but also in the formation of cellular molecular bridges
between intestinal neurons, enteroendocrine cells,
immune cells, and epithelial cells. This article reviews the
recent progress in the understanding of the role of EGC
in the intestinal barrier and defense functions.

© The Author(s) 2019. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Enteric glial cells; Intestinal epithelial barrier;
Dysfunction; Gastrointestinal disease
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GSNO). #A4b4 KK Fp(transforming growth factor,
TGF-B)ZE40 i X1 507 AR A ST TEBAI Zh BERS*Y. GSNO
S R R A IR T S M TE BRI Th R, M
TGF 38 AT IECH H4 58 1M 52 M IEB Y D e (K12).

3.1 FAb 2 R iB AT A GSNOME 3k % 55 % 4540 2 &
B wy ik I A R ATA FIGSNOTEAR P 4h i 4T3
J B e T e 205 SN M . SavidgeZ™ MR IL, 7E
GFAP-HSV itk K/ bR /b i 22 i i n] DL 3.
ZURAE, VS T GCV(ganciclovir, GCV){JGFAP-HSVtk
EERL RN RIE ST GSNO, KRILAI U IREGCIf/ S5
{14 i X 0 P 1 1. X 1B G SN OFE A% P o] 6 8
BEIIRE G R IhEE. [FFEMICheadleZ Ml FHHT29-5
EGCHK; 728 5 GSNOILEE F7 5 T I s SR S8R ¥
-o, HAMIAF-1BAT IRy JE, KIMEGCAMEH IS
HALRE IR0 b R 4 s & MG i, 0 H S i R
F1ZO-1. occludinfEEIEMLC(P-MLC) Ik, (%
T BB, EAPGSNOWMATRUE . LL g
FILREGCSHTAMIGSNOR] B k45473 J5 - J7 bR 2k 34
HUGE B EREARIE, ZIEH SR USF-Actinff) %
AR, 2 B RS A R E MG EA S
Actin-ZH i 4B 0. G2, SavidgeZ A\
KIN, GSNOMIThAE HIR B 1K /NE KRR, TEIRIKRE
T, GSNOfR ik S &R G A S E L4 4,
TER IR FERNEE 25 BT & T, GSNO B A F-Actin
&R, FEUEBZIE LT . XMILE TRt ENOfES
AR AEAF VLM Z, ARFTTRM, NOfE 5xf ER 15
B Th A EL A O] A AR, Ik R OW AR A AT RE S
GSNOMIFIEA K. Kk, %45 RITRIGIRES TIEH
FEIR R bRl fd R IR G SNORAK B 7 % 4 IITEB
Thie.

3.2 MAb S B i AT A AP 2B R B T EKIECH) Se
K% T GSNO, HEGCs& b It 42 8 72 K 1 (glial
cell derived neurotrophic factor, GDNF){#HRFAE H #,
BRI, Fettucciaris™ A\ 55 ZB(toxin B, TedB)4bHH
KEBHIEGC, KL TedBRIZHAREEMEAE A R AEIG IEGC
B AEWE, JE BRI R AT Rac L H] HEEE1L,
S S B AR T, RIS S NG DNF =4, %
AGDNFA] il FEKTNF I S TECHE T R 4ERE I % 1]
] AR AR AS.
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3.3 MAt 2R Bt AT A TGF- R IECH 38 74 EGCs
FTA I LA A K K 7B (transforming growth factor, TGFp)
A LAMEITECHEE, TP RIEBIBE M. NEUE IS 5%
FEPMEEGCIR > I[N, TE CHEFE (IR 72 24 B B 5 41 g
ST GE B N, A i e v R MR T IR 8% (1] (1 K AR
BERRK. 5B IR Caco-2M LL, IR AEGCHIfASL
FLEE AR I Caco-24H M % FE 2. 2 A, SATIMEGCH] A
75 FCaco- 240U R AR F 3G 0. SMEMER IITGF-B1
oy R H T EGCA T 1T 4l i 25 B AR T AR R 52 .
L AITGF-4IPiiA 2 5, EGCHICaco-24M i 1658 250w
B 2 P X R BAEGC /M I TGF-I/E N HITECHE A
LR CERAE . EGCHIM I RE R R P R HAE 16T iE
FEREVATT HH IR A HE I EE LT R

BRTGF-l72 4F, HHEGCsB I IGSNO ] I TECIHE
B FARIEBIEE 1, GSNOA 4EHE B 5 5 Fa i Rg, F
TEAA P o 240 B 52 45 B LR A P 552 2 RE 454, [
i PR CD A . 36 BB K B (Shigella freund))
& — 5 BB C R VR R =5 22 1) B 98 RE S DL — Fol
RV ER. NG S5Shigella freunditts 7
RGeS R I, GSNOW] [$1KShigella freund 53 I¥IEB
B, XTI FCRIRTT - T S TEBI) g Bahs AH 5% 1)
B W TE B, R AR R AR 4 R .
3.4 BCEEGCH 5% M8 Fr I o 7 JE T EGCsHIHATAEY)
TEIEBHUAIS B2 R4 1E . A AR BABGEEGCHT
S5 g T e B Ty R, O A R 22 T I B R {E
Sk S IR i A2 K KT (epidermal growth factor, EGF)
M. MCaco-2 Bl B B S EGCHE 7%, SRIGTE(E A
BN A BB AR B B 7108 T S L R A Cytomix
FPHARNI24 b, i S BB VEAG IR AL N F-i FAT
#1571 (P-1-Tou) FI B FR AL N F-k F(P-N F-x-) ()28 4k, 38
GFAPFKIA MG hnuE], H e TR FHEGC G,
Cytomixfll¥E34 N T ¥ SEGCs—#e}; 7= ) Caco-2
ARREEME. Bl T ffiCaco-2/EGCHR; IR BRI
BB IR, JE it T ANBE B P 1 Caco- 241 B (1 J57 [ 77 11k
I ICaco-241 i 5 JE i T A MEGC Ry FL 537 LIk
T Cytomix i FIP-I-IafIP-NF-«-RIA K38 0. ik nr
24 B R i R 0 79 2E B 453 4 1 AR A 7Y 3
JINEGC I SEEIEBINRE. 1M FE A NF-« FIR 2
TRV BEREIRE. 25K, — L2542 % fth 4 R o
FEAE AR, AT 500 20 i T8 1 1E 5 HLRE, A5 ] Jr 2524
Yy 2s 2 5 FGDNFFIFLE], HRFTEBI IR, XA
WA R L IREGCsH TR B 54
J B B B T RE T R YT I A (E2).

Rtz Ab, NI I o 40 S TE CH iz N 73 WA 2 i 25
PP A i AE AR TE4ERE I IE R B AR S 2+
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BE, VA5 LR B .
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4 IEB. MARERRASER

TEIET AR, IEBEA m FEE £, v UARH - 2 401
MANERIRE A BE R EAMLBAEER. SR1, 24IEB3Z 457
PN R s SR AR i i B B B, A H LA AT B
R—FRHI RIS, 5358, BRIBD. IBSHIRAERES
i B B T RE RS AR DG O KR RIS, SR I ARk 4
i W& RRGE AR Z AR S S T e B T

4.1 25 WEFLR M, KM R JRE 2 5 BURRE R
) — AN E A IBD. UGS e i L8R G2 —,
PP IR AE S 1 R 2 B DA . EGCRRX
(TGF-Br] LIMHITE CIY 8 5E, PR M (K R 4 L
%, YEPPIEB™. 5 [l AT B 78 3R AU 3 FIEGC 2 7]
AR 5. &L GDNFSZ #5614 R it o
TR 2 1) [ i U Am IR T IR B S A, 241 B
st/ LRy S SINGIE C EZY N P2 s
B, 1028 Te AR/ 63%, FELIE T 45 i e i et
MEGCsAMY AT LA Bt & e AR X, 38 7] LASHIIEC
(5. 167 28 fE A, BB B AR (b, T4
FEX AL BRI, R0 e e i &k A LR,
DA_E 25 SRR i 22 i S5 5t 45 B i R A R TR B
SR EH U] LR EGC AT B8 A 45 B 18 BT SR .
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4.2 tae AR TR R T HE R, MR4 A% (parkinson's
disease, PD)IIZIE R IAFAEIR RIX — MR CAAL1G 1
SRR, RS Lel g, LR S # I
JWr B BIANIE, X R 8N KR 55 K RS Bl R
AIE. W R BB A B 2t FU R B T i ph 4 R G h it
Do B (B8 Ty /M 22 5 I A7 AE. PDIFI R ILAE 1
ANERE, H A UEE R4 RAE ] DL B A Ar
PEPOSL SR 1 28 S (K1 RIR G ANV 48 H fg i d it
PDEE HIRF 5L R, PD B I X 7L R bE/ H &8 i L
fE 3G, DARAB T B E 1 ZO- 1 foccludin PR,
2 W P 1038 5 1k B R B ARET. RIS EL TS ARG & B0
PDEFE B i h A AR S GFAPAIS ox- 101 3%
IEHEINEY. GFAPHIS 0x-10/7K T~ 1545 T {i 4 4t &)
TIEEFTIAEOE, X £ g 2 Mg K1 = 4ZEGCs
TSR IR L5 45 ISR PD A (8 2 15 i
KA R s[RI R B, 2 e SR 5 R 7K
15 9 95 (1) FRR A ) [R) 22 AARH G, I 3R B T s o 4 L I
LEBIF RAES 5, Bl B I (] B, a0 R A
I, VE A PR SO A B R, EGC s/ B AT Bl r. Bl
i 1V P2 T3 4 L IS S R AR i 1 (L i /0 ol 4
e il Eilings

7EPDHY, EGCsKIHMEH T REZ AW ? HE
far gl RARH, PDH il A 2 R A R A B R 2 o0
K E5HUE, IXPERIHE RGP E N B2 AN K AT BERR
JNPDAHE B W Th it i i) 250 D 2= BRI AT,
FEPDHEGCsHAAL AL S T AL RE M. X
ke FECRALDIRERERT, I BB a) o, X

2019-08-28 | Volume 27 | Issue 16 |



Wste, 5. BRI 7 S R ISanE oA LRR

.

S AN
<+ s

SN e a3l

® o FEMEEN(-Syn)
R TR o TR

[ 1R BRRARA

B 3 EERESTENRRBRAFNEIREE. (B MEMIEEF B TS U REN, WS Rz bl B s R s
IR A 2l 2 M (alpha synuclein, a—Syn)JE4E. a—Syn B HIBEF A RLE, 5 IAARDGE IR, THEREEEIE

P % L T2 ALY, R, PDFEGCsT) 2
RERRNG S HF | Braak [F1fii%. Braak$ HPD A BE HHHFH (1)
PEE TR AR, S E TR THIRNIEBLUSZE 3
JIBER i 22 AR i R A (1) o Sl A% B 1 (alpha synuclein,
o-Syn) T, [EIIS BT it BB @ A AE M) AR S R,
e RIS 2 51U BUNEPD A HLEI(1&3). EA®|
)2 i A S ho-Syn il BEMIMEF, B RE i R El ph 22 e
JoR A PR SR i f o 4 i 2 et Sk s R AT 4 4 i R
TR AR 9, M EPD I 3E— 25 i g, 5

5 &8

M, B RAA R — AT R RS
Ji o 40 Je ot AT A 3k G 43 i F0 40 B IR AR R R
FHCEE AT IEBRI IR, i & e i 7= A2 s-GSN O,
GDNF. TGF-Fi43EIEBIRE. i HEGCsitn] LAk
PR A BAR R, 4P E S RIARAS. R0 4 i i
WA R B A, DLAERFIEBIY 5e %, R IR PR
Je 22 Jse B0 T TE B ERA AR FH © BN 18 9T 45 i Jee A
MFY 4 AR 45 A E S5 073 P T HEL A

6 ZEXHE 5

1 Neunlist M, Van Landeghem L, Mahé MM, Derkinderen P, des
Varannes SB, Rolli-Derkinderen M. The digestive neuronal- 9
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]

Baishidenge  WCJD | https:/ /www.wjgnet.com 1018

Jessen KR, Mirsky R. Astrocyte-like glia in the peripheral
nervous system: an immunohistochemical study of enteric
glia. ] Neurosci 1983; 3: 2206-2218 [PMID: 6138397]

McClain ], 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]
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]

Van Landeghem L, Mahé MM, Teusan R, Léger ], 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]

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]

Van Landeghem L, Chevalier ], 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]

Turner JR. Intestinal mucosal barrier function in health and
disease. Nat Rev Immunol 2009; 9: 799-809 [PMID: 19855405
DOI: 10.1038/nri2653]

Capaldo CT, Macara IG. Depletion of E-cadherin disrupts
establishment but not maintenance of cell junctions in Madin-
Darby canine kidney epithelial cells. Mol Biol Cell 2007; 18:
189-200 [PMID: 17093058 DOI: 10.1091/ mbc.e06-05-0471]

2019-08-28 | Volume 27 | Issue 16 |



10

11

12

13

14

15

16

17

18

19

20

21

22

23

J3aishideng®

Wer, 5. I RRBIEN G CRE RIS D IRERELRR

Bazzoni G. Pathobiology of junctional adhesion molecules.
Antioxid Redox Signal 2011; 15: 1221-1234 [PMID: 21254840 DOI:
10.1089/ ars.2010.3867]

Gonzalez JE, DiGeronimo R], Arthur DE, King JM. Remodeling
of the tight junction during recovery from exposure to
hydrogen peroxide in kidney epithelial cells. Free Radic Biol
Med 2009; 47: 1561-1569 [PMID: 19733232 DOI: 10.1016/j.freera
dbiomed.2009.08.024]

Shen L, Black ED, Witkowski ED, Lencer WI, Guerriero
V, Schneeberger EE, Turner JR. Myosin light chain
phosphorylation regulates barrier function by remodeling
tight junction structure. ] Cell Sci 2006; 119: 2095-2106 [PMID:
16638813 DOI: 10.1242/jcs.02915]

Su L, Shen L, Clayburgh DR, Nalle SC, Sullivan EA, Meddings
JB, Abraham C, Turner JR. Targeted epithelial tight junction
dysfunction causes immune activation and contributes to
development of experimental colitis. Gastroenterology 2009; 136:
551-563 [PMID: 19027740 DOI: 10.1053/j.gastro.2008.10.081]
Bruewer M, Hopkins AM, Hobert ME, Nusrat A, Madara
JL. RhoA, Racl, and Cdc42 exert distinct effects on epithelial
barrier via selective structural and biochemical modulation
of junctional proteins and F-actin. Am | Physiol Cell Physiol
2004; 287: C327-C335 [PMID: 15044152 DOI: 10.1152/
ajpcell.00087.2004]

Rojas R, Ruiz WG, Leung SM, Jou TS, Apodaca G. Cdc42-
dependent modulation of tight junctions and membrane
protein traffic in polarized Madin-Darby canine kidney
cells. Mol Biol Cell 2001; 12: 2257-2274 [PMID: 11514615 DOI:
10.1091/mbc.12.8.2257]

Ivanov AIl, Samarin SN, Bachar M, Parkos CA, Nusrat
A. Protein kinase C activation disrupts epithelial apical
junctions via ROCK-II dependent stimulation of actomyosin
contractility. BMC Cell Biol 2009; 10: 36 [PMID: 19422706 DOI:
10.1186/1471-2121-10-36]

Blair SA, Kane SV, Clayburgh DR, Turner JR. Epithelial myosin
light chain kinase expression and activity are upregulated in
inflammatory bowel disease. Lab Invest 2006; 86: 191-201 [PMID:
16402035 DOI: 10.1038 /1abinvest.3700373]

Babbin BA, Jesaitis AJ, Ivanov Al, Kelly D, Laukoetter M,
Nava P, Parkos CA, Nusrat A. Formyl peptide receptor-1
activation enhances intestinal epithelial cell restitution through
phosphatidylinositol 3-kinase-dependent activation of Racl
and Cdc42. ] Immunol 2007; 179: 8112-8121 [PMID: 18056353]
Chen Yh, Lu Q, Schneeberger EE, Goodenough DA.
Restoration of tight junction structure and barrier function
by down-regulation of the mitogen-activated protein kinase
pathway in ras-transformed Madin-Darby canine kidney cells.
Mol Biol Cell 2000; 11: 849-862 [PMID: 10712504 DOI: 10.1091/
mbc.11.3.849]

Ciccocioppo R, Finamore A, Ara C, Di Sabatino A, Mengheri
E, Corazza GR. Altered expression, localization, and
phosphorylation of epithelial junctional proteins in celiac
disease. Am | Clin Pathol 2006; 125: 502-511 [PMID: 16627260
DOI: 10.1309/ DTYR-A91G-8ROK-TM8M]

Resta-Lenert S, Smitham J, Barrett KE. Epithelial dysfunction
associated with the development of colitis in conventionally
housed mdrla-/- mice. Am | Physiol Gastrointest Liver Physiol
2005; 289: G153-G162 [PMID: 15774938 DOI: 10.1152/
ajpgi.00395.2004]

Findley MK, Koval M. Regulation and roles for claudin-family
tight junction proteins. IUBMB Life 2009; 61: 431-437 [PMID:
19319969 DOI: 10.1002/iub.175]

Ivanov AI, Nusrat A, Parkos CA. Endocytosis of epithelial
apical junctional proteins by a clathrin-mediated pathway into
a unique storage compartment. Mol Biol Cell 2004; 15: 176-188
[PMID: 14528017 DOI: 10.1091/ mbc.e03-05-0319]

WCJD | https://www.wjgnet.com

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Al-Sadi R, Ye D, Dokladny K, Ma TY. Mechanism of IL-
Ibeta-induced increase in intestinal epithelial tight junction
permeability. ] Immunol 2008; 180: 5653-5661 [PMID: 18390750]
Ma TY, Iwamoto GK, Hoa NT, Akotia V, Pedram A, Boivin
MA, Said HM. TNF-alpha-induced increase in intestinal
epithelial tight junction permeability requires NF-kappa B
activation. Am | Physiol Gastrointest Liver Physiol 2004; 286:
G367-G376 [PMID: 14766535 DOI: 10.1152/ ajpgi.00173.2003]
Nusrat A, Turner JR, Madara JL. Molecular physiology
and pathophysiology of tight junctions. IV. Regulation of
tight junctions by extracellular stimuli: nutrients, cytokines,
and immune cells. Am | Physiol Gastrointest Liver Physiol
2000; 279: G851-G857 [PMID: 11052980 DOI: 10.1152/
ajpgi.2000.279.5.G851]

Ye D, Ma I, Ma TY. Molecular mechanism of tumor necrosis
factor-alpha modulation of intestinal epithelial tight junction
barrier. Am | Physiol Gastrointest Liver Physiol 2006; 290:
G496-G504 [PMID: 16474009 DOI: 10.1152/ ajpgi.00318.2005]
Mazzon E, Puzzolo D, Caputi AP, Cuzzocrea S. Role of
IL-10 in hepatocyte tight junction alteration in mouse model
of experimental colitis. Mol Med 2002; 8: 353-366 [PMID:
12393933]

Lei NY, Jabaji Z, Wang ], Joshi VS, Brinkley GJ, Khalil H, Wang
F, Jaroszewicz A, Pellegrini M, Li L, Lewis M, Stelzner M,
Dunn JC, Martin MG. Intestinal subepithelial myofibroblasts
support the growth of intestinal epithelial stem cells. PLoS
One 2014; 9: 84651 [PMID: 24400106 DOI: 10.1371/journal.
pone.0084651]

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]

Riihl A, Franzke S, Collins SM, Stremmel W. Interleukin-6
expression and regulation in rat enteric glial cells. Am | Physiol
Gastrointest Liver Physiol 2001; 280: G1163-G1171 [PMID:
11352809 DOL: 10.1152/ ajpgi.2001.280.6.G1163]

Neunlist M, Toumi F, Oreschkova T, Denis M, Leborgne J,
Laboisse CL, Galmiche JP, Jarry A. Human ENS regulates the
intestinal epithelial barrier permeability and a tight junction-
associated protein ZO-1 via VIPergic pathways. Am | Physiol
Gastrointest Liver Physiol 2003; 285: G1028-G1036 [PMID:
12881224 DOI: 10.1152/ ajpgi.00066.2003]

Al-Sadi R, Ye D, Boivin M, Guo S, Hashimi M, Ereifej L, Ma
TY. Interleukin-6 modulation of intestinal epithelial tight
junction permeability is mediated by JNK pathway activation
of claudin-2 gene. PLoS One 2014; 9: 85345 [PMID: 24662742
DQI: 10.1371/journal.pone.0085345]

von Boyen GB, Steinkamp M, Geerling I, Reinshagen M,
Schifer KH, Adler G, Kirsch J. Proinflammatory cytokines
induce neurotrophic factor expression in enteric glia: a key
to the regulation of epithelial apoptosis in Crohn’s disease.
Inflamm Bowel Dis 2006; 12: 346-354 [PMID: 16670534 DOI:
10.1097/01.MIB.0000219350.72483.44]

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]
Gookin JL, Duckett LL, Armstrong MU, Stauffer SH, Finnegan
CP, Murtaugh MP, Argenzio RA. Nitric oxide synthase
stimulates prostaglandin synthesis and barrier function in C.
parvum-infected porcine ileum. Am | Physiol Gastrointest Liver
Physiol 2004; 287: G571-G581 [PMID: 15155179 DOI: 10.1152/
ajpgi.00413.2003]

Han X, Fink MP, Yang R, Delude RL. Increased iNOS activity
is essential for intestinal epithelial tight junction dysfunction

2019-08-28 | Volume 27 | Issue 16 |



38

39

40

41

42

43

45

46

47

48

49

50

J3aishideng®

Wet, 5. LRI SR F R NE D oLDRERELRR

in endotoxemic mice. Shock 2004; 21: 261-270 [PMID: 14770040
DOI: 10.1097/01.shk.0000112346.38599.10]

Lee NP, Mruk DD, Wong CH, Cheng CY. Regulation of Sertoli-
germ cell adherens junction dynamics in the testis via the nitric
oxide synthase (NOS)/cGMP/ protein kinase G (PRKG)/beta-
catenin (CATNB) signaling pathway: an in vitro and in vivo
study. Biol Reprod 2005; 73: 458-471 [PMID: 15858215 DOI:
10.1095/ biolreprod.105.040766]

Fettucciari K, Ponsini P, Gioe D, Macchioni L, Palumbo C,
Antonelli E, Coaccioli S, Villanacci V, Corazzi L, Marconi P,
Bassotti G. Enteric glial cells are susceptible to Clostridium
difficile toxin B. Cell Mol Life Sci 2017; 74: 1527-1551 [PMID:
27891552 DOI: 10.1007/s00018-016-2426-4]

Flamant M, Aubert P, Rolli-Derkinderen M, Bourreille A,
Neunlist MR, Mahé MM, Meurette G, Marteyn B, Savidge T,
Galmiche JP, Sansonetti PJ, Neunlist M. Enteric glia protect
against Shigella flexneri invasion in intestinal epithelial cells:
a role for S-nitrosoglutathione. Gut 2011; 60: 473-484 [PMID:
21139062 DOI: 10.1136/ gut.2010.229237]

Cheadle GA, Costantini TW, Bansal V, Eliceiri BP, Coimbra R.
Cholinergic signaling in the gut: a novel mechanism of barrier
protection through activation of enteric glia cells. Surg Infect
(Larchmt) 2014; 15: 387-393 [PMID: 24828283 DOI: 10.1089/
sur.2013.103]

Bauman BD, Meng J, Zhang L, Louiselle A, Zheng E, Banerjee
S, Roy S, Segura BJ. Enteric glial-mediated enhancement of
intestinal barrier integrity is compromised by morphine. |
Surg Res 2017; 219: 214-221 [PMID: 29078884 DOI: 10.1016/
jjss.2017.05.099]

Meir M, Flemming S, Burkard N, Wagner ], Germer CT,
Schlegel N. The glial cell-line derived neurotrophic factor:
a novel regulator of intestinal barrier function in health and
disease. Am | Physiol Gastrointest Liver Physiol 2016; 310:
G1118-G1123 [PMID: 27151942 DOI: 10.1152/ ajpgi.00125.2016]
Bohoérquez DV, Samsa LA, Roholt A, Medicetty S, Chandra
R, Liddle RA. An enteroendocrine cell-enteric glia connection
revealed by 3D electron microscopy. PLoS One 2014; 9: e89881
[PMID: 24587096 DOI: 10.1371/journal.pone.0089881]
Waldner M]J, Wirtz S, Jefremow A, Warntjen M, Neufert
C, Atreya R, Becker C, Weigmann B, Vieth M, Rose-John S,
Neurath MF. VEGF receptor signaling links inflammation and
tumorigenesis in colitis-associated cancer. ] Exp Med 2010; 207:
2855-2868 [PMID: 21098094 DOI: 10.1084/jem.20100438]
Moradi-Marjaneh R, Khazaei M, Ferns GA, Aghaee-Bakhtiari
SH. The Role of TGF-f Signaling Regulatory MicroRNAs in
the Pathogenesis of Colorectal Cancer. Curr Pharm Des 2018;
24: 4611-4618 [PMID: 30636580 DOI: 10.2174/138161282566619
0110150705]

Steinkamp M, Schulte N, Spaniol U, Pfliiger C, Hartmann C,
Kirsch J, von Boyen GB. Brain derived neurotrophic factor
inhibits apoptosis in enteric glia during gut inflammation. Med
Sci Monit 2012; 18: BR117-BR122 [PMID: 22460084]

Garcia SB, Oliveira JS, Pinto LZ, Muccillo G, Zucoloto S. The
relationship between megacolon and carcinoma of the colon:
an experimental approach. Carcinogenesis 1996; 17: 1777-1779
[PMID: 8761443]

Margolis KG, Stevanovic K, Karamooz N, Li ZS, Ahuja A, D’
Autréaux F, Saurman V, Chalazonitis A, Gershon MD. Enteric
neuronal density contributes to the severity of intestinal
inflammation. Gastroenterology 2011; 141: 588-598, 598.e1-598.e2
[PMID: 21635893 DOI: 10.1053/j.gastro.2011.04.047]

Bartels AL, Leenders KL. Neuroinflammation in the
pathophysiology of Parkinson’s disease: evidence from animal
models to human in vivo studies with [11C]-PK11195 PET.
Mov Disord 2007; 22: 1852-1856 [PMID: 17592621 DOI: 10.1002/

WCJD | https://www.wjgnet.com

1020

51

52

53

54

55

56

57

58

59

60

61

62

63

64

mds.21552]

Block ML, Hong JS. Microglia and inflammation-mediated
neurodegeneration: multiple triggers with a common
mechanism. Prog Neurobiol 2005; 76: 77-98 [PMID: 16081203
DQI: 10.1016/j.pneurobio.2005.06.004]

Hirsch EC, Hunot S. Neuroinflammation in Parkinson’s
disease: a target for neuroprotection? Lancet Neurol 2009; 8:
382-397 [PMID: 19296921 DOI: 10.1016/51474-4422(09)70062-6]
McGeer PL, McGeer EG. Inflammation and neurodegeneration
in Parkinson’s disease. Parkinsonism Relat Disord 2004; 10 Suppl 1:
S3-57 [PMID: 15109580 DOI: 10.1016/j.parkreldis.2004.01.005]
Norden DM, Muccigrosso MM, Godbout JP. Microglial
priming and enhanced reactivity to secondary insult in aging,
and traumatic CNS injury, and neurodegenerative disease.
Neuropharmacology 2015; 96: 29-41 [PMID: 25445485 DOI:
10.1016/j.neuropharm.2014.10.028]

Sekiyama K, Sugama S, Fujita M, Sekigawa A, Takamatsu Y,
Waragai M, Takenouchi T, Hashimoto M. Neuroinflammation
in Parkinson’s Disease and Related Disorders: A Lesson
from Genetically Manipulated Mouse Models of
a-Synucleinopathies. Parkinsons Dis 2012; 2012: 271732 [PMID:
22550610 DOI: 10.1155/2012/271732]

Xanthos DN, Sandkiihler J. Neurogenic neuroinflammation:
inflammatory CNS reactions in response to neuronal activity.
Nat Rev Neurosci 2014; 15: 43-53 [PMID: 24281245 DOI:
10.1038/nrn3617]

Clairembault T, Leclair-Visonneau L, Coron E, Bourreille A, Le
Dily S, Vavasseur F, Heymann MF, Neunlist M, Derkinderen
P. Structural alterations of the intestinal epithelial barrier in
Parkinson’s disease. Acta Neuropathol Commun 2015; 3: 12
[PMID: 25775153 DOI: 10.1186/s40478-015-0196-0]

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]

Annerino DM, Arshad S, Taylor GM, Adler CH, Beach
TG, Greene JG. Parkinson’s disease is not associated with
gastrointestinal myenteric ganglion neuron loss. Acta
Neuropathol 2012; 124: 665-680 [PMID: 22941241 DOI: 10.1007/
s00401-012-1040-2]

Lebouvier T, Neunlist M, Bruley des Varannes S, Coron E,
Drouard A, N'Guyen JM, Chaumette T, Tasselli M, Paillusson
S, Flamand M, Galmiche JP, Damier P, Derkinderen P. Colonic
biopsies to assess the neuropathology of Parkinson’s disease
and its relationship with symptoms. PLoS One 2010; 5: 12728
[PMID: 20856865 DOI: 10.1371/journal.pone.0012728]

Bassotti G, Villanacci V, Maurer CA, Fisogni S, Di Fabio F,
Cadei M, Morelli A, Panagiotis T, Cathomas G, Salerni B.
The role of glial cells and apoptosis of enteric neurones in the
neuropathology of intractable slow transit constipation. Gut
2006; 55: 41-46 [PMID: 16041063 DOI: 10.1136/ gut.2005.073197]
Lema Tomé CM, Tyson T, Rey NL, Grathwohl S, Britschgi M,
Brundin P. Inflammation and a-synuclein’s prion-like behavior
in Parkinson’s disease--is there a link? Mol Neurobiol 2013; 47:
561-574 [PMID: 22544647 DOI: 10.1007 /s12035-012-8267-8]
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]

Grubisi¢ V, Verkhratsky A, Zorec R, Parpura V. Enteric glia
regulate gut motility in health and disease. Brain Res Bull
2018; 136: 109-117 [PMID: 28363846 DOI: 10.1016/j.brainresb
ull.2017.03.011]

2019-08-28 | Volume 27 | Issue 16 |



Wers, 5. I RRBIEN T SR E RS D IRERELRR

65 Chow AK, Gulbransen BD. Potential roles of enteric glia Physiol Gastrointest Liver Physiol 2017; 312: G145-G152 [PMID:
in bridging neuroimmune communication in the gut. Am | 28039160 DOI: 10.1152/ ajpgi.00384.2016]

it EWA w4 X gkir

ISSN 1009-3079 (print) ISSN 2219-2859 (online)  DOI: 10.11569 © 2019 Baishideng Publishing Group Inc.
All rights reserved.

L4 ‘?ﬁﬁ °

(ERFARWEZ L) GDHEA L

AHRR 7 RAESE & KR R k2, RGP EE S (AR AT 8D IEiBlat, A T [T R B R AR

1 BEREHE

KA WAE A (R 24 IR SO Bl WA EHE: (DIRMELE R ARS8 ()2 B L5 28 s fh 56 238 K F 2%
9 Q)T B X B wOOF RO R, BT (R R G R 2, BT 1R R 2SR LSS FURCR, PRIESC T
B (PR R4 bk Ail, AR O AL B B IR B ST S S R H R, BB A I A, (5)
G AR TTER S A5 (6) KRB R 1B TAE AL IHERAS, CRUETCHEZS, WSR2 LA B A PRI S0, IR EREFTR 2 5 5
A FRFRETEAR s (7) BEHs BRI RSORT R R HS RO L 25 A 1) 2 5

2 TEHER

KA FAT LR EEG, WNNEFTEBE TS, AT g R EARIER SR E L. MEE LRSS B
o, TR LATT IS KRR AL A5 (B AL B R R A5 FROBUR 1L A5 48 5 T A ) o RS0 [ g 8 268, ) I A A2 2
Ja W TR A AR BAELR A RS R R, 1 BT R AR AL L.

3 X
AR R E AT AN, SCTTdEE A G (EE AR A AL SR N SR L g AR LA T B RIS, (HRTE
WRRT (A NBAAE) XOXE, F0W): TS, e B Al A AN N B8 RS ks 3, SUIERS
CHEF AR NTE AR ED g A5 H e, KB BUR AT . gl s SCsAE (b E22ARIFDER D) S5k LK
A AR FRVFZSCREGRE (A 3Ci) #7228 (BRASCH /R 250D« P (Criiizeis) SEESMA U SR
RGUK.

Roishidenge  WCJD | https:/ /www.wjgnet.com 1021 2019-08-28 | Volume 27 | Issue 16 |



Jnishideng®

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
https://www.wjgnet.com

ISSN 1009-3079

JIMER i

771009°307056

9

© 2019 Baishideng Publishing Group Inc. All rights reserved.



