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Abstract

Etiology and pathogenesis of inflammatory
bowel disease (IBD) are not clear, but colonic
mucosal damage is known to be a critical
factor. In recent decades, many studies suggest
that interfering with the energy metabolism of
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epithelial tissue could result in the widening of
intestinal epithelial cell gap, increased bacterial
translocation across the epithelium, decreased
mucus secretion, and intestinal mucosal barrier
dysfunction. Bacteria and antigens adhere to
the intestinal mucosa, enter into the lamina
propria, activate inflammation, and initiate the
pathogenesis of IBD. The lack of energy fuel
butyrate and mitochondrial dysfunction are
the causes of abnormal energy metabolism of
the intestinal epithelium. Improving energy
metabolism and protection of mitochondrial
function can alleviate the seriousness of IBD,
reduce recurrence, and provides a new strategy
for the treatment of IBD.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Inflammatory bowel disease;
Colonic mucosal barrier; Energy metabolism;
Mitochondria

Jiang XG, Jiang MX, Wang F. Abnormal epithelial
cell energy metabolism influences pathogenesis of
inflammatory bowel disease. Shijie Huaren Xiaohua
Zazhi 2015; 23(27): 4393-4398 URL: http://www.
wjgnet.com/1009-3079/23/4393.asp DOI: http:/ / dx.doi.
org/10.11569/ wcjd.v23.i27.4393

T

X JE MM J&(inflammatory bowel disease,
IBD)# a B Fo B IR A4 8 7R BA A, 25 W 26 it
BRI 4  X 4R F . BILT AN A,
T b AR R B AR A 3] LM B e
MR IR 3G, mEA SR H A 5, Fhik ok
WY FMRERREA T mA . LRF
YR T LIRS, N B R R E K

4393

LLE L

W £ & 2m AR i
BT @
A, ATPRFTF
M, bk i g
T, AR o ik
Y, LR mp
R N%, e sk
HEGERRT,
LR AT %
¥, PEHNBT
45 W 45 L BT o
e, WA R
FHANFET E,
BT K Em
J%(inflammatory
bowel disease,
IBD)#) & .

MR T RE
B, BRR, T
MP B KF®
BRI

2015-09-28 | Volume 23 | Issue 27 |



Z18¢, F. T ERABIBAES AN PR AR

s 54 i

W bR &R
A, A, TR
B R AL R R
&5 IR B
1K 3.8y 3 B AL 7
MitoTEMPO 2t
IBDA &7 1.

Wi 288
BANEH, ML,
HhaRHHgE
BRFRY, TH
W s 3 A AL
ATERE, KES
B LR ARE, AR
kR mpaggh, e
BT B B
FEREAG R AR

J3aishideng®

WCJD | www.wjgnet.com

VD

B R, Jash Rt s, e MR T BR 34k
Z, BERRERE AN ERREEFFOR
B, RERERH, Ry RBERIRF T iE,
Ae2% MEIBD®) = E b4, B A K, HIBD# %
JTARAE T 7 6G Rk

© 2015FHRNDEEEEREDERATAE.

SEE: REWER, SRR, R,
S ik

BOUIRIR: 40 b an i Ak B AR A 45 ) Bb A%
BEEey s St feh T2 Fwm, T ERAR
o 5E F A A 5| Z 0 A5 B e o fk AL, ARt
R i M B 9% (inflammatory bowel disease, IBD) A
A BEREARM, R REBERE Tk, R
IBD#Y = E %, AHIBDH) 4 7 424 T 3764 Fwk.

ZBx%¢, Z0HE, TN T ERBIRaE SN St 75R
BRIRBIFE. BFEN BTG  2015; 23(27): 4393-4398
URL: http://www.wjgnet.com/1009-3079/23/4393.asp
DOI: http://dx.doi.org/10.11569/wcjd.v23.i27.4393

0 51
JEAE P BA99 (inflammatory bowel disease, IBD)
ALF5 70 % BUp (Crohn's disease CD)FIi5 7 14 45
% 45 (ulcerative colitis, UC), Jp5 KA1 A& 9 L]
IV A 0 4 WY . i 2ot B 402 47 o A9 A )
RAER R CAF AR, TR0 b b i 26 4
Ji0 . 0 T AH EL R S L I R RUE M R, T
BT AN TE R AR BE, A RBE L i Y A
B 0 S o N R ) O
J2 G A . TB D o b e 1
W, Wl AR 5 T e A A
TG R A, SBOCE RAEMBE T &
I A, i A ) RORE 4y Tt — i
B0 e T R,

I LRI R I, e AR iz b
Ji B (1 58 B A B L MR, i b R 4 A
PRGN, (OB = e B 4ERF AR B RO AR P, 0B
B 223 fe EE AR ) B 3R 2 51 R R
S, NI JE SIBD R, Kk, W 7t b
HERREEACH, NZMIB DR A > 5K
BHEEEPE N, NmAIEITIBDIRHEH K
B, EHNRTRXITHARAZ, A IBD#
4 R R e B AR S AT S B R AT

[ S

ZRIR.

4394

1 IBDHVAR SREEXRARELD
1.1 UCEF a3 MAT TR0 82, ATPAR-FAK

B BRI, DA TR A 3 1) A
(short fatty acid, SFA)2& &k iz I fz 41 i) R &= 3
BEREUR, AT =R K b PR B 0 A
PYER I EEARAE R, SRULES I b R A >70%
PR R B, T 370 iy PR 45 i 2t B 2650 - 30 v S A
T T ERERAE AR IREL. 19805 Roedigers: !
A2 6451 B 11 U CAAM] St U C LA K2 744
{5 2 10 P2 235 i 286 FSE o) 2% 1) 45 M L i 4 T o
TR, RILER (I BIA SR BAU C R A 1 4 i 4n
M T RRACH N CO, /b f AN TR 2R
A, 2 i R B G o e i 45 i R L
LRGN BT B Th e J30R, s WAE . PR S5
L E N W b BT A J2 0 e A R, 5 K 2 0E
LR AE.

X I it 445 B F AR 783 (g e

F T TR Eh S8 A MBI E KBRS d, 4] T R
RV AAARET, KB A B4 o B ek AR . i e RE
75 AR SRR, SUCH AR,
19844EK ameyama5! " K U Co kb A [l 45
R, PG % 50 VIR SEUCHS 7 2 I ATP I g
faf ZKF B RAR T X RR A, SO &6 g 2% 2 R T
ARAESAFESOE 5, 51k P S I B AR R e 1 %
IiE, RFEREFPEBUC, AR T IE 5 S8 fr
B B AL B 5 5% I I I AR SR 8 N ST
P B, 45 B nr s JRE IR Y. DA A 7T R0 5%
UiIH, SFARISKIEA 2 8OR] R AG, S84 b
B RE R KPR T IER, 5UCKIRMZZ iR &
=Y.
1.2 X %80 B £ /W LR e RHM, FA
CDA % CDIIRIR S5IFIRREISFARR = 1) 5%
RANEY), BNCDRE A AL 2 WT Kb [F
P FARIT 45 "7, e 3 EORIE 2B &
Jii A A T AES FAYY. SR, T4k A=A
XTCDHY A A B0, G, il bl &
2950 N R B e T b R A ) e
R Nazli%E" W8I H T CD M &5 s V) b
I, I T b B P T R AS KD %) R A
DR e A AT T 0 4 6L b R i Re AR, e
B b Thae il 95, AR RN B 2 0. JE st S
B, RS R A A AR TR i 5 R
KA RE 7 4 h, LR LBURE KA E
R WL b N, RN,

2015-09-28 | Volume 23 | Issue 27 |



T G L

2 BEESEHNERRE

2.1 £ EATP R R B %ol el HL ik 4, i85 M3 5
V2 b 5 20 i 509 70 U B AT PAE 36 2 241 i 55 2%
o 3 T T 2 EE T AT SRR 4
0 3 422 72 45 i 6 M I o L 2 A B, AT PAE IR 15
Je 5l kactinZH B S8 1 2R, FEAN I S 4 i
P2 X B F-actin B 2 HL g > AR IR 22 actin
M2z 5 EREARE, actinf 7% 7] LLE] 4
P 2 4 A7 N Th R I 2508, 4 i D) i 34 5 ),
&8 Tl 0 IS o e il 35 PR 3G . i e T &4 1 R 7 R
BENFIE N2, 5 K JE M.

22 LM ATPRE, EBmtmi 5% b
H AR AR E ATPI B 2 (e i3k 41 i % 4 g
iz, il L ani, B E . NazliZs"™H
0.1 mmol/L I ZRLAA fif (5 17702, 4- 1 3 81
(2,4-dinitrophenol, DNP)J¥: & A [51 i A i 1 i
Ji 9, b R 4T ATPZK P B 2 R B, 286 5 o i i
M. RS R 4 (T84, HT-29)
FIDNP5AEEURME KT AL 35, 55 aiH
A F0 1K W A B AR B LR, 1065 DA [ 4 1
08 3 240 e 5 B e A B A4 M A (400 PR P A A
GAL)BENFEE N R, T2 S0 Uk SRR
YT IEIE A E IR, WA I e
B B HE N i A R,

2.3 ATPR-FRE, % b X tmpaif % ek o5
Jor b e 40 i VF 22 B BT e 1) 52 A A2 e AR
R R, LA i b R ) R A4, B
JEHIREER (1A B, iR s i & R, 454
B G RRFEEThRE S, 1 pe BB Z n]
DA S5 B A Ik e 2, 0 BRI T R 4 i 25 4,
KT B2 i RN BE BB A, & FE NIBD.

3 LAHARYRIENE B REERENRENRE

3 &N F L RORZERLTHOLAR
WY RLR AN RN BN T, SR A BE L
B SEAERZ. Hsieh P H2-DEM R
WY SEUCTHEN . Fr L AR = v
KUK IEF AR RILERD. UCTHIINZ
B 13N E AT M6 LAl
ETFAKEAS, SINATPA HEESB. i &
PHBZ) LR R (1, = AN (BEBRUKHE = #4 1§
Yz HuegE A, =AM BA PR &
S H T SR WU C B g b e 20 B 28 R A

Beishideng®  WCJD | www.wjgnet.com

ZM8¢, F. T ERAEAES NP R R0

J R, 2R AR IR 2R L, P A IS R R R R O S AH
R TR B RS S, PHBR
— AN E B RAR B B, U CIER R I
B R T 21912 T R T e G o 5 3 T |
FEUCK JEH, LeRirk g il 2 gt
SanthanamZ5:™HUC & 3 45 is ke 41 48, Fi o
TGRSR, 2RI RAR N LB
(RS YN T L SR T | R S ) N O
T A2 7 M PR ¥ 9 o I, 3 2 A ) TR 2HL 44,
T Al 2 T R AL 1 G E, FHILHEIRUCK
5 B RLAR N T 2 Tt 4 i AT AR ISR 9 1 O
1BAHK.

3.2 B AW E AR R R T E TLR R
45 1 B I 434 B3 R 3 5 AN f R 3 2 0 A
KREIF G 45 W g v ade, ek Ak A% 06
(electron transport chain, ETC)f)AYiE k4T
Aot XA, WNUCHEE M4 miE
HER I LR E 50 11, 35 1 2 325 R
T HAL SRR S S VISR . Rk E &)
T 37 M A0 TR 72 U C R AR I 5 0 286 P iR
BORFEE SRR WBE. HAFENRIR. 4
¥ b R 240 FfL DA T] 565005 i B P 6 3R 0% TR Y
(dextran sulphate sodium, DSS)i% 5 i) 45 i 7 Fifi
T ENR B, WHATETCR SIS L.
BN MEEMIVEETERGR, HALE 59
T AN 52 5B,

33 FEEAmAFRFRAEEARTT T2
T R 2= 8 175 IR BB A4 1 B AR, T I
YL, BRI R SR A Y (non-steroidal
anti-inflammatory drug, NSAID)%%, [fjiX &k
o R 2R A I I AR S IBDRE K
ZYIM L. Soderholm&ED A K Bk 7K B3
RIS dfF, @RI L BoR g bR 2k
A4 I DR R (AN KU HH i, b R od i
Somasundaram%: i i #L B 0 %2 KRR 1R
NSAIDZ4, He WIS 30 i b Bz 2 A i) i
I AL BERR L DI RE, S 80U E R ATPK
PR BE, B L R EE VR, 9 R AR R
B M AT B A5 Rt R ] Aok A4 b
M. BEEAKE R, actinfif 2. 'BHIEREHT
G AT 55 i b 7 3 38 4 e R O R g AR S,
TE R R R MRS I, B b Bz 5 2okt 2
PLLA b 2l sz P74,

3.4 AT F Ho LR Ry B A Ae R T 2
AR I PR AR ATP [ 7 A 52 1 45 117 28 o o

4395

Wel % & 5

L kR E
. B R
P B 5 R
FHFe i R
KR R F L,
ATP/K-F T I, #
557 4 0h AL B
R4, ZIBDA
0 - BHUH.

2015-09-28 | Volume 23 | Issue 27 |



Z18¢ F. T ERAIBAESENY PR AREI0

Wi2REE
it AR
W, BRI E R
o) B F Tk,
B L% fFIBD# &
T, R AK,
AHIBD# & 57
HET #7608 ek

J3aishideng®

WCJD | www.wjgnet.com

B [ K T, ZORE PR o BRI R v, ALt
ENO L) ONIE MR EINDN= 237 ey 2 b
T2, BRI R 5 b AR 1 AR
REfE LSS i 2 83 (0 o1 2 ML O 34 B AN 70 Ak, B
bR IE R R, g b R A T
A A ThEE R oA th 5e 52 i 25 1 i
[ H .

4 NERESHGIREERRIBDAYAR

4.1 A LK A F AT AL A UC HarigZ5"H
TEH A P & (AR ALK B2 S CF AV 17 4451 i i
PR i 95 B8 2-3 wk, B OGBS i IR A4
UL, 15 IR IR E K. SteinhartZ T H T
g EhHE e R YRS I R FR 3 3-6 wk, PRI N
BRA A 4y B R G

4.2 R HATPK-T, B &34 5 Bk 45 1 K Biér
WA S0l B, FOAS AR ] 1) 2R A
HER A conplastic/ AR 70T 5, 1@ LI
25 1 R B AT P7K P 26 R A S A B R 1L
(oxidative phosphorylation, OXPHOS)&E & &
WEPEL bR A R B A T A HE R, OXPHOS
HERIEERMATP A I & /N R, EEE
L 25 I R AT PRI /N, I IRD S SEGE
Jif =it & ZK B 2 (trinitrobenzenesulfonic acid,
TNBS) 55 145 1 9 7™ 5 B 4%, 1k B 36
R A0 R kAR Y AT P& AT S —ANVR T
UCH) A2,

43 Lk mn B AT AR E IR, LM
DSS4: i £ MitoTEMPO & 28 i /A #E [ P 4A Ak
A, HENZRLAR, AT 2R AR P T
A, BRI R TRE, M s b ATPKP,
1) 45 o 8 P I e T e 36 6L, WA R D S S5
SHAN R 7 S

5 &8

gt b R re AR T IB DR o A3 H1 B 2
Sil LR RERMARL T RREEI R =, BN 24
/NS SN (A e a7 )7 M 42 AN
THREZ AL, ATP/KT R BE, M5 2 b B RIS
1498, JEIEVEREIN, 400 S A i s B AN
[ RG22, R WA, B 240 i ST Uk
18, JHEE K B A D, B R TIE 2 4%,
FEE IS T SRR G EIh e, AR PR SR
BEANRGE T 2, JA3) VIBDRIAH, i B
RE AU, DRITERLIR I ThRESEJT 1%, RESRMR

4396

IBD)™ H A%, /b Rk, NIBDIIETT Hefit 1
.

6 ZEXE

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

2 | RAEEMZHIZRRBEIR AR HEFEA
HfE 7k 2008; 16: 3187-3191

3 BASELR, ZERR, HNTHA, BEY. MEOSRIEED
TR AT . AR A EIEAGE 2014: 22:
4100-4106

4 Huang LY, He Q, Liang SJ, Su YX, Xiong LX,
Wu QQ, Wu QY, Tao J, Wang JP, Tang YB, Lv
XF, Liu J, Guan YY, Pang RP, Zhou JG. CIC-3
chloride channel/antiporter defect contributes to
inflammatory bowel disease in humans and mice.
Gut 2014; 63: 1587-1595 [PMID: 24440986 DOI:
10.1136/ gutjnl-2013-305168]

5 Ivanov Al Actin motors that drive formation and
disassembly of epithelial apical junctions. Front
Biosci 2008; 13: 6662-6681 [PMID: 18508686 DOI:
10.2741/3180]

6 Cheng AM, Morrison SW, Yang DX, Hagen SJ.
Energy dependence of restitution in the gastric
mucosa. Am | Physiol Cell Physiol 2001; 281:
C430-C438 [PMID: 11443042]

7 Dickman KG, Hempson S], Anderson J, Lippe S,
Zhao L, Burakoff R, Shaw RD. Rotavirus alters
paracellular permeability and energy metabolism
in Caco-2 cells. Am | Physiol Gastrointest Liver
Physiol 2000; 279: G757-G766 [PMID: 11005763]

8 Nazli A, Wang A, Steen O, Prescott D, Lu J,
Perdue MH, Soderholm JD, Sherman PM, McKay
DM. Enterocyte cytoskeleton changes are crucial
for enhanced translocation of nonpathogenic
Escherichia coli across metabolically stressed gut
epithelia. Infect Immun 2006; 74: 192-201 [PMID:
16368973 DOI: 10.1128/1A1.74.1.192-201.2006]

9 Roediger WE. Role of anaerobic bacteria in
the metabolic welfare of the colonic mucosa in
man. Gut 1980; 21: 793-798 [PMID: 7429343 DOI:
10.1136/ gut.21.9.793]

10  Roediger WE. The colonic epithelium in ulcerative
colitis: an energy-deficiency disease? Lancet
1980; 2: 712-715 [PMID: 6106826 DOI: 10.1016/
50140-6736(80)91934-0]

11  Chapman MA, Grahn MF, Boyle MA, Hutton
M, Rogers ], Williams NS. Butyrate oxidation is
impaired in the colonic mucosa of sufferers of
quiescent ulcerative colitis. Gut 1994; 35: 73-76
[PMID: 8307454 DOI: 10.1136/ gut.35.1.73]

12  Ramakrishna BS, Roberts-Thomson IC, Pannall
PR, Roediger WE. Impaired sulphation of phenol
by the colonic mucosa in quiescent and active
ulcerative colitis. Gut 1991; 32: 46-49 [PMID:
1991638 DOI: 10.1136/ gut.32.1.46]

13 Roediger WE, Nance S. Metabolic induction of
experimental ulcerative colitis by inhibition of
fatty acid oxidation. Br | Exp Pathol 1986; 67:
773-782 [PMID: 3099821]

14 Ahmad MS, Krishnan S, Ramakrishna BS,
Mathan M, Pulimood AB, Murthy SN. Butyrate
and glucose metabolism by colonocytes in

2015-09-28 | Volume 23 | Issue 27 |



15

16

17

18

19

20

21

22

23

24

25

26

J3aishideng®

experimental colitis in mice. Gut 2000; 46: 493-499
[PMID: 10716678 DOI: 10.1136/ gut.46.4.493]
Kameyama J, Narui H, Inui M, Sato T. Energy
level in large intestinal mucosa in patients
with ulcerative colitis. Tohoku | Exp Med 1984;
143: 253-254 [PMID: 6474455 DOI: 10.1620/
tjem.143.253]

Harig JM, Soergel KH, Komorowski RA, Wood
CM. Treatment of diversion colitis with short-
chain-fatty acid irrigation. N Engl ] Med 1989; 320:
23-28 [PMID: 2909876 DOI: 10.1056/ NEJM19890
1053200105]

Sandborn W], Feagan BG, Hanauer SB, Lochs H,
Lofberg R, Modigliani R, Present DH, Rutgeerts
P, Scholmerich J, Stange EF, Sutherland LR. A
review of activity indices and efficacy endpoints
for clinical trials of medical therapy in adults
with Crohn's disease. Gastroenterology 2002;
122: 512-530 [PMID: 11832465 DOI: 10.1053/
gast.2002.31072]

Nazli A, Yang PC, Jury J, Howe K, Watson JL,
Soderholm JD, Sherman PM, Perdue MH, McKay
DM. Epithelia under metabolic stress perceive
commensal bacteria as a threat. Am | Pathol 2004;
164: 947-957 [PMID: 14982848 DOI: 10.1016/
50002-9440(10)63182-3]

Mandel L], Doctor RB, Bacallao R. ATP depletion:
a novel method to study junctional properties in
epithelial tissues. II. Internalization of Na+,K(+)-
ATPase and E-cadherin. | Cell Sci 1994; 107 (Pt
12): 3315-3324 [PMID: 7706388]

Kennedy M, Denenberg AG, Szabé C, Salzman
AL. Poly(ADP-ribose) synthetase activation
mediates increased permeability induced by
peroxynitrite in Caco-2BBe cells. Gastroenterology
1998; 114: 510-518 [PMID: 9496941 DOI: 10.1016/
50016-5085(98)70534-7]

Madsen KL, Yanchar NL, Sigalet DL, Reigel T,
Fedorak RN. FK506 increases permeability in rat
intestine by inhibiting mitochondrial function.
Gastroenterology 1995; 109: 107-114 [PMID: 7540994
DOI: 10.1016/0016-5085(95)90274-0]

Unno N, Menconi M]J, Salzman AL, Smith
M, Hagen S, Ge Y, Ezzell RM, Fink MP.
Hyperpermeability and ATP depletion induced
by chronic hypoxia or glycolytic inhibition in
Caco-2BBe monolayers. Am | Physiol 1996; 270:
G1010-G1021 [PMID: 8764209]

Rodgers LS, Fanning AS. Regulation of
epithelial permeability by the actin cytoskeleton.
Cytoskeleton (Hoboken) 2011; 68: 653-660 [PMID:
22083950 DOI: 10.1002/ cm.20547]

Soderholm JD, Olaison G, Peterson KH, Franzén
LE, Lindmark T, Wirén M, Tagesson C, Sjodahl R.
Augmented increase in tight junction permeability
by luminal stimuli in the non-inflamed ileum of
Crohn's disease. Gut 2002; 50: 307-313 [PMID:
11839706 DOI: 10.1136/ gut.50.3.307]

Philpott DJ, McKay DM, Sherman PM, Perdue
MH. Infection of T84 cells with enteropathogenic
Escherichia coli alters barrier and transport
functions. Am | Physiol 1996; 270: G634-G645
[PMID: 8928793]

Schmitz H, Barmeyer C, Fromm M, Runkel N,
Foss HD, Bentzel CJ, Riecken EO, Schulzke JD.

WCJD | www.wjgnet.com

27

28

29

30

31

32

33

34

35

36

37

38

39

ZM8¢, F. T ERAEAES NP R R0

Altered tight junction structure contributes
to the impaired epithelial barrier function in
ulcerative colitis. Gastroenterology 1999; 116:
301-309 [PMID: 9922310 DOI: 10.1016/50016-
5085(99)70126-5]

Binder HJ, Mehta P. Short-chain fatty acids
stimulate active sodium and chloride absorption
in vitro in the rat distal colon. Gastroenterology
1989; 96: 989-996 [PMID: 2925072]

Finnie IA, Dwarakanath AD, Taylor BA, Rhodes
JM. Colonic mucin synthesis is increased by
sodium butyrate. Gut 1995; 36: 93-99 [PMID:
7890244 DOI: 10.1136/ gut.36.1.93]

Gibson PR, Muir JG. Reinforcing the mucus: a
new therapeutic approach for ulcerative colitis?
Gut 2005; 54: 900-903 [PMID: 15951531 DOI:
10.1136/ gut.2004.058453]

Zambell KL, Fitch MD, Fleming SE. Acetate and
butyrate are the major substrates for de novo
lipogenesis in rat colonic epithelial cells. | Nutr
2003; 133: 3509-3515 [PMID: 14608066]

Hsieh SY, Shih TC, Yeh CY, Lin CJ, Chou YY,
Lee YS. Comparative proteomic studies on
the pathogenesis of human ulcerative colitis.
Proteomics 2006; 6: 5322-5331 [PMID: 16947118]
Han J, Yu C, Souza RF, Theiss AL. Prohibitin 1
modulates mitochondrial function of Stat3. Cell
Signal 2014; 26: 2086-2095 [PMID: 24975845 DOI:
10.1016/j.cellsig.2014.06.006]

Santhanam S, Venkatraman A, Ramakrishna BS.
Impairment of mitochondrial acetoacetyl CoA
thiolase activity in the colonic mucosa of patients
with ulcerative colitis. Gut 2007; 56: 1543-1549
[PMID: 17483192 DOI: 10.1136/ gut.2006.108449]
Santhanam S, Rajamanickam S, Motamarry A,
Ramakrishna BS, Amirtharaj JG, Ramachandran
A, Pulimood A, Venkatraman A. Mitochondrial
electron transport chain complex dysfunction in
the colonic mucosa in ulcerative colitis. Inflamm
Bowel Dis 2012; 18: 2158-2168 [PMID: 22374887
DOI: 10.1002/ibd.22926]

Soderholm JD, Yang PC, Ceponis P, Vohra A,
Riddell R, Sherman PM, Perdue MH. Chronic
stress induces mast cell-dependent bacterial
adherence and initiates mucosal inflammation in
rat intestine. Gastroenterology 2002; 123: 1099-1108
[PMID: 12360472 DOI: 10.1053/ gast.2002.36019]
Somasundaram S, Rafi S, Hayllar J, Sigthorsson
G, Jacob M, Price AB, Macpherson A, Mahmod
T, Scott D, Wrigglesworth JM, Bjarnason I.
Mitochondrial damage: a possible mechanism
of the "topical" phase of NSAID induced injury
to the rat intestine. Gut 1997; 41: 344-353 [PMID:
9378390 DOI: 10.1136/ gut.41.3.344]

Szewczyk A, Wojtczak L. Mitochondria as a
pharmacological target. Pharmacol Rev 2002; 54:
101-127 [PMID: 11870261 DOI: 10.1124/pr.54.1.
101]

He D, Hagen SJ, Pothoulakis C, Chen M, Medina
ND, Warny M, LaMont JT. Clostridium difficile
toxin A causes early damage to mitochondria in
cultured cells. Gastroenterology 2000; 119: 139-150
[PMID: 10889163 DOI: 10.1053/ gast.2000.8526]
Humphrey CD, Montag DM, Pittman FE.
Morphologic observations of experimental

4397

mzaw#E

Ji L k64 e ek
H AT H F| AL
BEAR K A Y E &
i, B E R, B
¥, WETREAE, AL
£ A 4 i 16 1R
WA R, Brak
BEAMRE WS
i fm e 1R, F
i bk e &,
3338 ¥ iE B
04 38 5 K R
FEEA.

2015-09-28 | Volume 23 | Issue 27 |



Z18¢ F. T ERAIBAE S AN PR KREI0

W& 153

b e a2 A
#5IBD A £ —
MK G, AL
x¢ H i AT 4R R T
A B W A8 X B
R LA T AL
H., BREI.
AXHEFAEW,
420 45

J3aishideng®

40

41

42

43

44

45

46

WCJD | www.wjgnet.com

Campylobacter jejuni infection in the hamster
intestinal tract. Am | Pathol 1986; 122: 152-159
[PMID: 3942198]

Taylor DE, Kantrow SP, Piantadosi CA.
Mitochondrial respiration after sepsis and prolonged
hypoxia. Am | Physiol 1998; 275: L139-L144 [PMID:
9688945]

Lemasters JJ, Qian T, Trost LC, Herman B, Cascio
WE, Bradham CA, Brenner DA, Nieminen
AL. Confocal microscopy of the mitochondrial
permeability transition in necrotic and apoptotic
cell death. Biochem Soc Symp 1999; 66: 205-222
[PMID: 10989668 DOI: 10.1042/bss0660205]
Green DR, Reed JC. Mitochondria and apoptosis.
Science 1998; 281: 1309-1312 [PMID: 9721092 DOI:
10.1126/ science.281.5381.1309]

Rehman J. Empowering self-renewal and
differentiation: the role of mitochondria in stem
cells. ] Mol Med (Berl) 2010; 88: 981-986 [PMID:
20809088 DOI: 10.1007 /s00109-010-0678-2]
McBride HM, Neuspiel M, Wasiak S.
Mitochondria: more than just a powerhouse. Curr
Biol 2006; 16: R551-R560 [PMID: 16860735 DOI:
10.1016/j.cub.2006.06.054]

Detmer SA, Chan DC. Functions and dysfunctions
of mitochondrial dynamics. Nat Rev Mol Cell Biol
2007; 8: 870-879 [PMID: 17928812 DOI: 10.1038/
nrm2275]

Steinhart AH, Brzezinski A, Baker JP. Treatment
of refractory ulcerative proctosigmoiditis with
butyrate enemas. Am ] Gastroenterol 1994; 89:
179-183 [PMID: 8304299]

4398

47

48

49

50

Bar F, Bochmann W, Widok A, von Medem K,
Pagel R, Hirose M, Yu X, Kalies K, Kénig P,
Bohm R, Herdegen T, Reinicke AT, Biining ],
Lehnert H, Fellermann K, Ibrahim S, Sina C.
Mitochondrial gene polymorphisms that protect
mice from colitis. Gastroenterology 2013; 145:
1055-1063.e3 [PMID: 23872498 DOI: 10.1053/
j-gastro.2013.07.015]

Dashdorj A, Jyothi KR, Lim S, Jo A, Nguyen
MN, Ha J, Yoon KS, Kim HJ, Park JH, Murphy
MP, Kim SS. Mitochondria-targeted antioxidant
MitoQ ameliorates experimental mouse
colitis by suppressing NLRP3 inflammasome-
mediated inflammatory cytokines. BMC Med
2013; 11: 178 [PMID: 23915129 DOI: 10.1186/17
41-7015-11-178]

Wang A, Keita AV, Phan V, McKay CM,
Schoultz I, Lee J, Murphy MP, Fernando M,
Ronaghan N, Balce D, Yates R, Dicay M, Beck PL,
MacNaughton WK, Séderholm JD, McKay DM.
Targeting mitochondria-derived reactive oxygen
species to reduce epithelial barrier dysfunction
and colitis. Am | Pathol 2014; 184: 2516-2527 [PMID:
25034594 DOI: 10.1016/j.ajpath.2014.05.019]

Guo W, Liu W, Jin B, Geng J, Li J, Ding
H, Wu X, Xu Q, Sun Y, Gao J. Asiatic acid
ameliorates dextran sulfate sodium-induced
murine experimental colitis via suppressing
mitochondria-mediated NLRP3 inflammasome
activation. Int Immunopharmacol 2015; 24: 232-238
[PMID: 25523461 DOI: 10.1016/j.intimp.2014.
12.009]

iR NG 4R AR B

2015-09-28 | Volume 23 | Issue 27 |



