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Abstract

Hypoxia influences the normal metabolism of
cells and normal functions of organs, eventually
causing diseases. Various degrees of hypoxia
can be seen in the intestinal mucosa of both ex-
perimental mouse models and patients with in-
flammatory bowel disease (IBD), whose oxygen
supply and oxygen consumption are damaged.
A number of hypoxia inducible factors, such as
HIF-1, HIF-2 and HIF-3, can regulate different
physiological responses via different mechanisms.
Proline hydroxylasedomain (PHD) is a two-diox-
ygenase oxygen sensor that can mediate degra-
dation of proline residues of HIFs. IBD is closely
related to hypoxia. In recent years, researchers
have paid more attention to improving the body’s
reaction to hypoxia in IBD, which is considered a
novel treatment concept. This review will analyze
the role of hypoxic injury in the pathophysiology
of intestinal mucosal inflammation in IBD.

(49

TR

Baishideng® WCJD | www.wjgnet.com

© 2013 Baishideng. All rights reserved.

Key Words: Hypoxia; Inflammatory bowel disease;
Hypoxia-inducible factor-1; Proline hydroxylasedo-
main

Qiu HJ, Wu W, Liu Z]. Role of hypoxic injury in
pathophysiology of intestinal mucosal inflammation.
Shijie Huaren Xiaohua Zazhi 2013; 21(7): 591-596 http://
www.wjgnet.com/1009-3079/21/591.asp DOI: http://
dx.doi.org/10.11569/wcjd.v21.i7.591

DA

20 ML B B 0 m B0y B R, B AR
BEEFR, FREBRLAE. EFBIR
BEA Fu ALK K JE M JA(inflammatory bowel
disease, IBD)®& F a9 #6012 L3 T LA R 42
B R, BAEL Ao BOH AL Z A 09 T 2 3
B, MUK R EGRT, —BIKASEFE T, ik
2. ¥ B T (hypoxia-inducible factor, HIF)-1.
HIF-24=HIF-3, fit% @i R = #9985 ALl iR
FERE AR, HABEAZAE(proline
hydroxylasedomain, PHD),% — X n £ H 44
FoRk % B, B EACHIF M R 5% AR A B
B3 G . IBD L £ A £ B &,
FEIBD ¥ e 4% 35 MUK 3T B B0 R R 38 3 4%
BFRA R EAL, FHAA A —FF #0967 2
Ay, RIh R R AIBDM 8 1% K 45 A2
P A I 22 A I T ACHEAT 458 AT

© 2013FRIY)FBaishidengFia.

KR B SAERR, REESEF-L HE
Bt (LB

ORYEYE, R4t XS2E. BREAEARDBEISERINT 2P ERIE
HIBNEI. R ACEILAYE  2013; 21(7): 591-596 http://
www.wjgnet.com/1009-3079/21/591.asp DOI: http://
dx.doi.org/10.11569/wcjd.v21.i7.591

0 31

FAEM: 99 (inflammatory bowel disease, IBD){ENK
LGV 7 B FAA H BRI R R 2, AHL LR
ATV T 20 HE TG Ak, 7R3 ) o A0

L L

K i M I % (infla-
mmatory bowel di-
sease, IBD) L4
T B R B
YLE R K, EILHF
[ & AN A EF
EROR: PR Fiay:
B EREL
& B AR
ES XSRS
¥BRE. #ER
Z B i TA BRI
4+ &A% AIBD
T B Fe 2t
LN i
AL P —A
R B R
EACE S

W@ 7% A
AR, ik, b
MR K F
F-ARERE
feAt

2013-03-08 | Volume 21 | Issue 7 |



592

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

R ) OBIAYE  2013F3H8H %215 78

WAL A 0%

KEMH AL
EW R 7GR
AR Fo A LTIBD
B E
T LRRARE
R, AL
Fo B H AL Z 1A 4
F # % B B
HLAK B B af — 2
REH TR T4
G TR NCRORT
AL R E R R
WARR B, f&
IBD ¥ 4o T4 %
HUAR 3T e 89 B
AR A — A
HE BT EA.

(49

TEE
Jaishideng®

#r LTt IBDEEH 7 8 B (Crohn's disease, CD)
FI5CE7 1 45 W 4 (ulcerative colitis, UC), A& H &
CARL T RNINEZ A PN I Ui (VS N8 7B R R e
NS IB DY & LR FBE R 4K E B IR &R, B
S —TUA ] R g R DU
LA SR IS DA B4R TB DI g 2
A BRFE M ARG T 08— e FT 4.

| REME TRATEF

UK ER AT, — 28R4 2 I F[Whypoxia-
inducible factor, (HIF)-1. HIF-2FTHIF-3 A1 %
T 72 AR i, BB T O AN (W] 1 3 5 WL o 2 AN TR
(2R B N, R HERT WA R LR B SRR H.

1.1 AREH 5 B F-1 HIF-1{E(R4AF S I 7L 5h
WAz 2k, RN IR 4 SR T T A A
F. HIF-1885 A\ 2040 A il 32 FE R R 3 0 i 1)
P GEA, AR D) HIF- 170 R 4 I S o 0 4
FER S RIK, ATEAE AR R EF— 1
SRS, HERRNIAARSUN B3RP S5 58 E . HIF-1
FEPETR AT E AT (1)HIF-1 mRNAR LK
5 (2)HIF-18 A RE /K-, (3)HIF-1 284
FIDNAZE AT, (4)HIF-1afk 6 iy,
HIF-1/2 —Fp )i 2Rk, 12 %5H120 kDalf/HIF-
10f191-94 kDalJHIF-1B /NI HLA7 41 B HIF-1B
MV HE SRR T I S AR A% 732 1 (aryl hydrocarbon
receptor nuclear translocator, ARNT), 3 &7 T
NIV et fkq2LIX, 7E40 N e ik, g
FITEAE R HIF-lodE € A7 T A 1145 B ik
q21-24X, B 5 HAES, AHIF-15E T
SE HIF-1BF B AE 4N M 2% A% e i, IffHIF-1a
P IEAERHIE 5 BB 251 I /K A 52 5 AR P A
DRI, 7 IF S PR 110 40 B Hh SEARAS AN 2]
WEHEIR ek, TR SRAECIRAR TS, P 1) A 4
il, HIF-1afTHIF-1B 3V 35 T8 iliAf7 i 1t T HIF-1, #%
o 240 A% N IR T 2 BRI IR A% . HIF-1oE
IEH M A 2 AN RIS B ARGS9 IR IA, /e
IB D) Jis FOBRAAR IR b 5 4 e i b e 41 28
{14 K £ 40 LR 5 4 i v ik B S 1 s, 3 T A
LA PR P R A 5 5T 1) 45 46 21 23 40 i o 3R s,
RFAE A i ol A% S Bt i e

1.2 148355 B/ F-2 HIF-2/&bHLH-PASH 15
W S, HIF-2 5 HIF- 146 45 KB R H AL,
5 5 R I HIF-200 M FEFI RS8R IA T HIF-18
VR P2 I e SR AR S5 K. HIF-20 L Rk
TR, B O LN, THTE-
Lo T VZ M IA T #2840 Jf; HIF-200RER8 TR 41

WCJD | www.wjgnet.com

J R SIHERE, TTHIE-1ogfe B4 ™, HHIF-2a
ANERIEMDR, CD73% (R4 ML K. HIF-1ady
IR0 i S R 5 () CR P B I AE TB DI A 05 -
WA ORI VR, T2 W0 280 o 5 52 38 i R
HIF-20ufif 84 5512 14 90 S Y, Ak e g g A,
1.3 &85 B F-3 HIF-3"" 38R0k T .
Jiti s e B URD G B rb, 76 A R U v i R0k
FK, HIF-305HIF-10. HIF-2045 8 A
BRI ZE S, DiRe B B 0AH. HIF-3a
it SHIF-lo.. HIF-2a38 445 ST HIF-1p I3,
FEHIF-1. HIF-2 385 K1 FEAK, A 4]
HIF-1. HIF-25% B bsEE R R IE M e, ar
B A DI ST VA s L R 22k 1) B ek U1 IR

1.4 W& BLFRACE T2 B2 A6 (proline hydrox-
ylasedomain, PHD)/ 2 i W HIF-1 /) <8 71, il
TE A H TR i 20 i ik A 32 A0 S N A S LB
fift, AihREE H B2 I e & — RN 42 g
Az 22 HETHFS &I T PHD1. PHD2.
PHD3FIPHD4IX 470 2 ith il 22 6 2 44 i 114 B A1,
Hrh4if4PHD1. PHD2. PHD3MFEP 54k
(MEgl-9KE A [, fEA %4 MF T, BEfEIL AHIF
i IR IR SE R AL R s N, I BRI R I
HIF-1a.5PHD1. PHD3, ML PHD2IM S, A
W EHEMIK R, PHDIS I A KN A%
)RR, 20024 EpsteinZE & B T PHD4,
{BAEHIF-1aid &L N PHDAA fig 4% JL i 5 1
H. SHANF e ou- Bl 32— R R 1) U AL i
KGR —FF, PHDsTH EOMENIEY, — M
JR T INZEIHIF-1a. ODDIX Pro40284Pro5647F
B A 5 — AR T S ol R R
A LRI FE SN, 2B R B R TR SR A [
I, PHD¥ESEALHIF- 1o s b 75 B8k A 4 A=
FCIENHBIA 1. H4CIRA& I, HIF-1a#ZPHD
R AN I M W2 25 A WK AR, TR 4 e
JCHIF- VRS (REVIRAS I, iz B (B g 152
FMik], PHDFRIEALHIF-100% W 32 BH, HIF-10F.
SRR R, HIF- LRI XIS T 2 Bt 5L
ik, JH AR RN, LAERRAN A A4 )
S ARCT T S RE AR T . AR AP SIS B F K
PHDX SRR RAK, BRI, 4l
MU HIF-1a& A EI4 1. DNALS A 8 1t

2 TREXYIBDEVFRIR IR SNl

2.1 B85 Wi R AR G LR
SR ZAAC N R A ZE R f-(recombinant
human tumor necrosis factor-o, TNF-ot) & HAthfi¢

2013-03-08 | Volume 21 | Issue 7 |



IRYLs, 5. REEBNERIIERIDNIEPOVRIEEIRY G

593

RFTHIBI T, BEME BT AL AR 1 [ A G
IO R N A T P AR S RE AN Pl B 1) A
BEA A PR R B E R N R e
M. L. RGKT L R N g N
DA 2 2R 2% B D) RE DR A 4, i RN 5
SR FRTA M A K o1 KL Th e R 4 1 &
FEATEY. DR Z AR R A T R
15 5 IR ARAE 105 R4 25 1) W Bl S 8 4 o
PR, T HHIFFIGAEE 5 v TR 244615
5 AR R R R 1 2 A R, B 2
T 4K F 22 /A-ADORAI. ADORA2A.
ADORA2B. ADORA3RFEIEH, 4 Husk s
FERYE T =R I 1 8l —BE IR 17, HIF-1A
5 R 1) 35 DR 5 A 2 R 8 0 A 2 4 A IR T,
FUARE WA IR EF S5 ik 0 e W AR 1 45 4 21
LU A a0 BAR B ATBDY AW, Hol-
landerZEP e 4630 i X C D M Ho 5 & i 4%
SR R A T IR Rl Y502 PR SR AR SR I,
IR IE U RIS 6 SV Rl 2R v] g 2
CDII % IR 2, XA 5 w13 28 T F
82, RIS AR 2 Db 2R 1 I SR AR B K K 155
FEKI(CARD15)RAZ AT fig 5CDA X, Buhnerds
P T 1286 Sh PECD &, 12961k
JE(CD-R), 66451-{F il 2 1 5 5 ik 3 (CD-NR)F196
ol 4 et N BE. A3 B WLCARDIS %
AU (RT02W. G908R. 3020insC), FH FLH
/s e L A8 1 o i ST 0 1, 45 SRR ILC D
FICD-RE i 5 5 1 30 325 1 0] S48 . 44%C D
26%CD-RA16%CD-NRABE ) FL A b/ H 75 1 Lk
7 T 5 0 PR DA b, i ) JE A D 4 3 A T R
Fl 2 . /EIBDHI WA L [R) K 5E 8 1IE 52 1
R FE LG N, % -10(interleukin-10,
TL-10) i 55 71> B8P Ji7 b A A AL 2R 2 S i 2
T I T 92 T R 0. E T R B R
BUIE TG B s 40147, B 1 6 o I o 450 3 1 R
TR W ik A D BEAS TE 1 S s R BT RS f
B SE AR (WA AR R T O AR B I i e
JELRRITA N, RS A 2 ) e A e, SR R
REFRSE I ] B, A8 2 B0 8 P 2. i
ST, JORE AR RN I A8 S I A AR EL 3k ™,

2.2 B R 5 W AR A K g IBDIEE 45T
I I AFAE ML S0, LA 98 B A2 50 1 R AL
i, ORI A e v Sl bk ) — T e AR
B e 8 AL 98 90 A Y0 T SR T M R B 8
TR, RIS, itk 2. VEGFS
AR L P9 B A B b oA AR, R I

(49

TR

Baishideng® WCJD | www.wjgnet.com

FZ 4153 3459, VEGFIE R & HIF-1 ol FZE 3
B, TS ACHIHIF- 168 HE N S VEGF I #e sk, L
VEGFAZ {FIt1 ) %", 3 1 #55% VEGF mRNA
(s e MR R VEGFIRIERY, JF iR I
BLEMED114-Notch-Hey215 5 2 5 N 2 i 44
2 M ¥ 0162 Wo o d %0 I B4 R % 148 Jon 4k
T ERRAS T /N U 1 4 T RS R VB 0
FOATHs S I 9% Y6 i (fluorescein isothiocya-
nate, FITC)Aric I 1 8 F1 70 Bl 56 204 T 4
AREFNT0% A TIRE NI/ R, 4
i RIRAEBRACIRZS N 1/ BRI I FIT C R
0 R A 95 5 B, 875 T
M BFEER N, I BRI RS T/
Bt W 2R IS 0L P9 AR 2D A7 A 1 BT A 1 1 4
Jd, 15Kk T 10% 28 SRS T 1/ B 2R B A i 4
P 40 PRI A DA B S R n, A R A T
BRI IS A] B IE Bl Steiner® B HLAE 28 ZR i 420k
AF, BERYN Al it 75 PE 4 (reactive oxygen spe-
cies, ROSY A& MM (nitrogen oxides, NO) Y-
FRGE SRR T IO JRE R R HEAE AR .
JE AR B4 R 5 SR 4 T 1B DR I i it 45 Y
B, T A 0 LA B 5 e 1 U A e
AP B RENS 5 A B4 2, CDIFSEIR
LSRRI I 4, LR IR IR b rl ¥ &6
B 98 R 15 o 0 F AR AT I 2R

2.3 HIF-1 & 4o B T £ 1BD W £ X2 & A&
B e AE R W b AR AR SRE I 2 HH I ™ G
A, BAROATORI, AT RAEE, 4T
RAEWGZ) W IB D & (ML HIF-1 3808 & =
THO, B H AT BT SCRFHIF- 118 1 3615 980
RAEAEH UESS SOCR IR T 31585, (E8h1IBD
RS e i I B sl R HIF- 175/ B4 P R
ik, HIF-1/80% 5055 (2,4,6- — IHIE R 5 310
KGRI Z WG IR IE R, Wk R N 45
K. RIS IETE. HIF-14E4E 5 1 3 i o2
HENE RS AT R E L, DRSS DT HIF- 118
Tk, PR RO AT B HIF-1
RE 0% R 15 VF 2 A i 1 e B DR A FH IR A
HAE =1 F(ITF). CD73. £l 255K
I(MDR1D)P, HARITFAICDT73 CAE SIS 7R
Bl B A LA e I LA 0 7 B R
7, FBRMDRIEER /N R4 A R R A iE 4
RECT, TTF il 2 55 i 20 L 15z 40 it 1 5 4
WAL IE 5 TR I B2 03 R AR RME S I il i,
B/ figg = DR 1 0 BURE 30 98 0 119 B g K
KA INCY, e 54% A1~k B(nuclear factor-kB, NF-

Wi £#E

Hollander¥ 4 %
K ik
MR, MR
T B 6 IR T
2L F B med
HERE, e ik
108 K09
FERL AR R
L iF P 04 38 I
i b 8,5 B i 4k
BHEHAG . B
AR A K
HEEMEE A,

2013-03-08 | Volume 21 | Issue 7 |



594

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HFRENBHE

201303388 F2185 F7H

[ B30

IBD % i £kt £
S AR A5 AL A2 T eY
g 3 A IR AL
T, A4
HTFHERAT A
F . & *IBD
0 95 B2 4 TR % v
BoR R HF
WEINF @ik —
B iR migA-4a.

(49

TEE
Jaishideng®

wB)TE AT f g NI N RN i A K R 4
HHAARFER, R 9808 KM ) 5
FrE R, Al % 7E BRI . HIF-17E B X
MR 3 SRR, W bSO, EBECIRAE R,
HIF- 100055 BRI, HIF-1oFTHIF-1BY.
S A TEPEHTE-1, F8 2040 ik i =5 %
FhSEIR [ 5. BLARAE B4R I NF - B S5 1V i
FIEE /N FHIF-1, (HZENF-x BEEBA RAE T fig
P AR U B AN I A A2 5 5. Figueroa
SN LT N 0 A 1 3R 3k I i L H HITF-1
FINF-x BIEEZR, A P38 ) AE 70 B2
AHEAE ML &4 R IE R I, IL-1BRE %I I U
A NF-« BRI A 215 5 55 %, $&mHIF-1a
B RA R AU, TP R A B R Tz 2
i, HeHIF-1odK B INF-kBIIS 5815 K 155
AR Y. HIFBR 808 B S0 2 4, LPS.

TNF-a. FFA AR 1~ 3644 iU FIIL-18
LV 2 AR A PE N 2 R BB S HIFFINF-x B, {2
HFHIF-1oo mRNARIE™), BT A i 5 S Al
YLt A G 5 FTTE S 7R, NF-k Bl AN
pSORIp65HENS SHIF-10)d 20 711197, 188 A
BT 456, B R T s B U 1R DR B 1Y
WA, W R HIF-1o8 3 THI197. 1884
BN RAET R, o HEAIR lINF-«BAF1
HIF-1a /77 4™, ZEIBDR AN, Bdliig o

HIF-15R31A T, 25 W R B R 5018 5 1)

P S
He.

3 &P

T S A5 S50 RIS I A E I s A AL o,
T ITHIF- T UE B B R E R, REE ek
e ACHE IR, 038 05 &5 SR, (HUARR: T & TR b 52
BRI SE I 2h W, IBDERE A 2 A
AITUE, WSS R RS, G TF
HIF- DO BRI R 3 75 20— BT, B
HIF-2FIHIF-3 1) Sk 1 VE e s i h 43 281 7
W UESE, (5 H 17 E N A HIF-2 FIHIF-31F 5T
DA, R TABATIAE - BLEIA #5180 —
RN T ARECIR A I PR T 1 2 B 2 A i
PEZ B30, S EHIF-1 KBRS, H7EH4E0R
AF, TCRIF 5 F—2fE % A F(WIL-6)th 2 |
WCD4" T HIF-13835™ #F5T A G
HIF- 16 B /N URTIE 5/ UG EE R I, HIF-18%
Al SRR O Ryt 5% [ 55 RORy tFp300 /& ik
AR EITh1 7704k, XAl 254 Foxp3 Fl{id
B AREXS Tre g B AE /b TregRik,

WCJD | www.wjgnet.com

HHIF- 1ok BT /N B Th1 7438 1) 15 £
G VE I 26 HAT P, Rk, HIF-15 T4
o3k, BTN 52 M, HIF-1. SkA(. T4
Jif =3 22 ) ) AH AR A5 S — 2D i e B K
AR HIF2 gm0 4: BV EGF, At e Jif 8 ifi
A R EE R 1, N B Al L AE VE G IS
T, S HATH Y OB I B AN I R, R A A
AR P R, i PHDAE N HIF ) 2
Wor, WIS BHIF, Sma iR R AR . mk
ORI (HBOT)H F 67 W 7K el Hs 3 A1 — 26435
CHR @A %, 1 H 19894F HBrady 5 i T 48
— i FH s SRR T ICD 2 i, il ik S A 4R
HBOT 513G 7 IBDIIF ], Rossignol™ % itk
177 R4, RIMHBOTIRIT R B, 51RINA
(BN SNAIE 0 NS T: E =g = W
HIMIBD, AR —MAG 6T F B, NAT 2
WATGEM. B2, EIBDHHE EHLAR R B4
SN, W] iR HIF ek &, A 4f PHDXTHIF
I sEma A, o —FRr s va T B

4  SEXER

1 Taylor CT, Colgan SP. Hypoxia and gastrointestinal
disease. ] Mol Med (Berl) 2007; 85: 1295-1300 [PMID:
18026919 DOI: 10.1007/500109-007-0277-z]

2 Fong GH, Takeda K. Role and regulation of prolyl
hydroxylase domain proteins. Cell Death Differ
2008; 15: 635-641 [PMID: 18259202 DOI: 10.1038/
cdd.2008.10]

3 Baumgart DC, Carding SR. Inflammatory bowel
disease: cause and immunobiology. Lancet 2007;
369: 1627-1640 [PMID: 17499605 DOI: 10.1016/
50140-6736(07)60750-8]

4 Hindryckx P, Laukens D, De Vos M. Boosting the
hypoxia-induced adaptive response in inflamma-
tory bowel disease: a novel concept of treatment.
Inflamm Bowel Dis 2011; 17: 2019-2022 [PMID:
21830277 DOI: 10.1002/ibd.21589]

5 Semenza GL, Wang GL. A nuclear factor induced
by hypoxia via de novo protein synthesis binds to
the human erythropoietin gene enhancer at a site
required for transcriptional activation. Mol Cell Biol
1992; 12: 5447-5454 [PMID: 1448077]

6 Semenza GL. Hypoxia-inducible factor 1 and cancer
pathogenesis. Iubmb Life 2008; 60: 591-597 [PMID:
18506846 DOI: 10.1002/iub.93]

7 Giatromanolaki A, Sivridis E, Maltezos E, Papazo-
glou D, Simopoulos C, Gatter KC, Harris AL, Kouk-
ourakis MI. Hypoxia inducible factor lalpha and
2alpha overexpression in inflammatory bowel dis-
ease. | Clin Pathol 2003; 56: 209-213 [PMID: 12610101
DOI: 10.1136/jcp.56.3.209]

8 Tian H, McKnight SL, Russell DW. Endothelial
PAS domain protein 1 (EPAS1), a transcription fac-
tor selectively expressed in endothelial cells. Genes
Dev 1997; 11: 72-82 [PMID: 9000051 DOI: 10.1101/
gad.11.1.72]

9 Gordan JD, Bertout JA, Hu CJ, Diehl JA, Simon MC.
HIF-2alpha promotes hypoxic cell proliferation by

2013-03-08 | Volume 21 | Issue 7 |



]

I, 5. REERNRISERIIIEPOVRIBEIEY ]

595

10

11

12

13

14

15

16

17

18

19

20

21

enhancing c-myc transcriptional activity. Cancer Cell
2007; 11: 335-347 [PMID: 17418410 DOI: 10.1016/
j.ccr.2007.02.006]

Shah YM, Ito S, Morimura K, Chen C, Yim SH,
Haase VH, Gonzalez FJ. Hypoxia-inducible factor
augments experimental colitis through an MIF-
dependent inflammatory signaling cascade. Gastro-
enterology 2008; 134: 2036-2048, 2036-2048 [PMID:
18439915 DOI: 10.1053/j.gastro.2008.03.009]

Gu YZ, Moran SM, Hogenesch JB, Wartman L,
Bradfield CA. Molecular characterization and chro-
mosomal localization of a third alpha-class hypoxia
inducible factor subunit, HIF3alpha. Gene Expr
1998; 7: 205-213 [PMID: 9840812]

Hara S, Hamada J, Kobayashi C, Kondo Y, Imura N.
Expression and characterization of hypoxia-induc-
ible factor (HIF)-3alpha in human kidney: suppres-
sion of HIF-mediated gene expression by HIF-3al-
pha. Biochem Biophys Res Commun 2001; 287: 808-813
[PMID: 11573933 DOI: 10.1006/ bbrc.2001.5659]
Taylor MS. Characterization and comparative analysis
of the EGLN gene family. Gene 2001; 275: 125-132 [PMID:
11574160 DOI: 10.1016,/S0378-1119(01)00633-3]

Fox SB, Generali D, Berruti A, Brizzi MP, Campo L,
Bonardi S, Bersiga A, Allevi G, Milani M, Aguggini
S, Mele T, Dogliotti L, Bottini A, Harris AL. The
prolyl hydroxylase enzymes are positively associ-
ated with hypoxia-inducible factor-1a and vascular
endothelial growth factor in human breast cancer
and alter in response to primary systemic treat-
ment with epirubicin and tamoxifen. Breast Cancer
Res 2011; 13: R16 [PMID: 21291529 DOI: 10.1186/
bcr2825]

Epstein AC, Gleadle JM, McNeill LA, Hewitson KS,
O'Rourke J, Mole DR, Mukherji M, Metzen E, Wil-
son MI, Dhanda A, Tian YM, Masson N, Hamilton
DL, Jaakkola P, Barstead R, Hodgkin J, Maxwell
PH, Pugh CW, Schofield CJ, Ratcliffe PJ. C. elegans
EGL-9 and mammalian homologs define a family of
dioxygenases that regulate HIF by prolyl hydrox-
ylation. Cell 2001; 107: 43-54 [PMID: 11595184 DOI:
10.1016/50092-8674(01)00507-4]

Brines M, Cerami A. The receptor that tames the
innate immune response. Mol Med 2012; 18: 486-496
[PMID: 22183892 DOI: 10.2119/ molmed.2011.00414]
SaiRam M, Sharma SK, Dipti P, Pauline T, Kain
AK, Mongia SS, Bansal A, Patra BD, llavazhagan G,
Devendra K, Selvamurthy W. Effect of hypobaric
hypoxia on immune function in albino rats. Int |
Biometeorol 1998; 42: 55-59 [PMID: 9780847]
McNamee EN, Korns Johnson D, Homann D, Clam-
bey ET. Hypoxia and hypoxia-inducible factors as
regulators of T cell development, differentiation,
and function. Immunol Res 2013; 55: 58-70 [PMID:
22961658 DOI: 10.1007/512026-012-8349-8]

Colgan SP, Eltzschig HK. Adenosine and hypoxia-
inducible factor signaling in intestinal injury
and recovery. Annu Rev Physiol 2012; 74: 153-175
[PMID: 21942704 DOI: 10.1146/annurev-physi-
01-020911-153230]

Poth JM, Brodsky K, Ehrentraut H, Grenz A, Elt-
zschig HK. Transcriptional control of adenosine
signaling by hypoxia-inducible transcription fac-
tors during ischemic or inflammatory disease. ] Mol
Med (Berl) 2013; 91: 183-193 [PMID: 23263788 DOI:
10.1007/s00109-012-0988-7]

Hollander D, Vadheim CM, Brettholz E, Petersen

(49

TEE
Jaishideng®

WCJD | www.wjgnet.com

22

23

24

25

26

27

28

29

30

31

32

33

GM, Delahunty T, Rotter JI. Increased intestinal
permeability in patients with Crohn's disease and
their relatives. A possible etiologic factor. Ann In-
tern Med 1986; 105: 883-885 [PMID: 3777713]

Buhner S, Buning C, Genschel ], Kling K, Herrmann
D, Dignass A, Kuechler I, Krueger S, Schmidt HH,
Lochs H. Genetic basis for increased intestinal per-
meability in families with Crohn's disease: role of
CARD15 3020insC mutation? Gut 2006; 55: 342-347
[PMID: 16000642 DOI: 10.1136/ gut.2005.065557]
Madsen KL, Malfair D, Gray D, Doyle ]S, Jewell
LD, Fedorak RN. Interleukin-10 gene-deficient mice
develop a primary intestinal permeability defect in
response to enteric microflora. Inflamm Bowel Dis
1999; 5: 262-270 [PMID: 10579119 DOI: 10.1097/000
54725-199911000-00004]

Gonzalez EA, Bello CS, Dibner LW, Sanchez AC,
Mayoral PV. Vascular abnormalities in inflamma-
tory bowel disease in a group of children. Patologia
2010; 48: 93-99 Available from: URL: http://www.
nietoeditores.com.mx/download/patologia/
ABRIL-JUNIO2010/Patologia %202.5%20VASCUL
AR.pdf

Kruschewski M, Buhr HJ. The vasculitis in IBD is
associated with the degree of inflammation. Dig
Dis Sci 2010; 55: 733-738 [PMID: 19267197 DOI:
10.1007/510620-009-0763-y]

Ferrara N, Henzel W]J. Pituitary follicular cells se-
crete a novel heparin-binding growth factor specific
for vascular endothelial cells. Biochem Biophys Res
Commun 1989; 161: 851-858 [PMID: 2735925 DOI:
10.1016/0006-291X(89)92678-8]

Liang WC, Wu X, Peale FV, Lee CV, Meng YG,
Gutierrez J, Fu L, Malik AK, Gerber HP, Ferrara N,
Fuh G. Cross-species vascular endothelial growth
factor (VEGF)-blocking antibodies completely in-
hibit the growth of human tumor xenografts and
measure the contribution of stromal VEGEF. | Biol
Chem 2006; 281: 951-961 [PMID: 16278208 DOI:
10.1074/jbc.M508199200]

Berra E, Pages G, Pouysségur . MAP kinases and
hypoxia in the control of VEGF expression. Cancer
Metastasis Rev 2000; 19: 139-145 [PMID: 11191053
DOI: 10.1023/ A:1026506011458]

Diez H, Fischer A, Winkler A, Hu CJ, Hatzopoulos
AK, Breier G, Gessler M. Hypoxia-mediated activa-
tion of DIl4-Notch-Hey?2 signaling in endothelial
progenitor cells and adoption of arterial cell fate.
Exp Cell Res 2007; 313: 1-9 [PMID: 17045587 DOI:
10.1016/j.yexcr.2006.09.009]

Wood JG, Johnson JS, Mattioli LF, Gonzalez NC.
Systemic hypoxia increases leukocyte emigration
and vascular permeability in conscious rats. | Appl
Physiol 2000; 89: 1561-1568 [PMID: 11007596]
Steiner DR, Gonzalez NC, Wood JG. Mast cells me-
diate the microvascular inflammatory response to
systemic hypoxia. | Appl Physiol 2003; 94: 325-334
[PMID: 12391033]

Salmi M, Granfors K, MacDermott R, Jalkanen S. Ab-
errant binding of lamina propria lymphocytes to vas-
cular endothelium in inflammatory bowel diseases.
Gastroenterology 1994; 106: 596-605 [PMID: 8119529]
Karhausen J, Furuta GT, Tomaszewski JE, Johnson
RS, Colgan SP, Haase VH. Epithelial hypoxia-in-
ducible factor-1 is protective in murine experimen-
tal colitis. | Clin Invest 2004; 114: 1098-1106 [PMID:
15489957 DOI: 10.1172/]CI21086]

mi:A2E
ZIBD ¥ 4% & L
ARt B B B,
e 32 ZHIF 8 &
k%, # A4FPHD
s+ HIF #) % v 4
A, & —Fr#
BT EA.

2013-03-08 | Volume 21 | Issue 7 |



596 ISSN 1009-3079 (print) ISSN 2219-2859 (online) MHFRENBHZE 20135E3E8H  H216  FH7H
W@ 530 34  Comerford KM, Wallace T], Karhausen J, Louis NA, 42 Walmsley SR, Print C, Farahi N, Peyssonnaux C,
AR A ER Montalto MC, Colgan SP. Hypoxia-inducible factor- Johnson RS, Cramer T, Sobolewski A, Condliffe
KR, LA —E 1-dependent regulation of the multidrug resistance AM, Cowburn AS, Johnson N, Chilvers ER. Hypox-
HEEL (MDR1) gene. Cancer Res 2002; 62: 3387-3394 [PMID: ia-induced neutrophil survival is mediated by HIF-

12067980] lalpha-dependent NF-kappaB activity. | Exp Med

35  Furuta GT, Turner JR, Taylor CT, Hershberg RM, 2005; 201: 105-115 [PMID: 15630139 DOI: 10.1084/
Comerford K, Narravula S, Podolsky DK, Colgan jem.20040624]

SP. Hypoxia-inducible factor 1-dependent induc- 43 Belaiba RS, Bonello S, Zahringer C, Schmidt S, Hess
tion of intestinal trefoil factor protects barrier func- J, Kietzmann T, Gorlach A. Hypoxia up-regulates
tion during hypoxia. ] Exp Med 2001; 193: 1027-1034 hypoxia-inducible factor-lalpha transcription
[PMID: 11342587 DOI: 10.1084/jem.193.9.1027] by involving phosphatidylinositol 3-kinase and

36  Synnestvedt K, Furuta GT, Comerford KM, Louis N, nuclear factor kappaB in pulmonary artery smooth
Karhausen J, Eltzschig HK, Hansen KR, Thompson muscle cells. Mol Biol Cell 2007; 18: 4691-4697 [PMID:
LF, Colgan SP. Ecto-5'-nucleotidase (CD73) regula- 17898080 DOI: 10.1091/ mbc.E07-04-0391]
tion by hypoxia-inducible factor-1 mediates perme- 44  Bonello S, Zihringer C, BelAiba RS, Djordjevic T,
ability changes in intestinal epithelia. | Clin Invest Hess J, Michiels C, Kietzmann T, Gorlach A. Reac-
2002; 110: 993-1002 [PMID: 12370277 DOI: 10.1172/ tive oxygen species activate the HIF-lalpha pro-
JCI15337] moter via a functional NFkappaB site. Arterioscler

37  Panwala CM, Jones JC, Viney JL. A novel model of Thromb Vasc Biol 2007; 27: 755-761 [PMID: 17272744
inflammatory bowel disease: mice deficient for the DOI: 10.1161/01.ATV.0000258979.92828.bc]
multiple drug resistance gene, mdrla, spontane- 45 Pan F, Barbi ], Pardoll DM. Hypoxia-inducible fac-
ously develop colitis. | Immunol 1998; 161: 5733-5744 tor 1: A link between metabolism and T cell differ-
[PMID: 9820555] entiation and a potential therapeutic target. Oncoim-

38  Xu LF, Teng X, Guo ], Sun M. Protective effect of munology 2012; 1: 510-515 [PMID: 22754770]
intestinal trefoil factor on injury of intestinal epithe- 46  Dang EV, Barbi J, Yang HY, Jinasena D, Yu H,
lial tight junction induced by platelet activating fac- Zheng Y, Bordman Z, Fu ], Kim Y, Yen HR, Luo
tor. Inflammation 2012; 35: 308-315 [PMID: 21452036 W, Zeller K, Shimoda L, Topalian SL, Semenza GL,
DOI: 10.1007 /510753-011-9320-x] Dang CV, Pardoll DM, Pan F. Control of T(H)17/

39  Chen LF, Greene WC. Shaping the nuclear action of T(reg) balance by hypoxia-inducible factor 1. Cell
NF-kappaB. Nat Rev Mol Cell Biol 2004; 5: 392-401 2011; 146: 772-784 [PMID: 21871655 DOI: 10.1016/
[PMID: 15122352 DOI: 10.1038/nrm1368] j.cell.2011.07.033]

40  Chen LW, Egan L, Li ZW, Greten FR, Kagnoff MF, 47  Benest AV, Augustin HG. Cancer: Blood vessels
Karin M. The two faces of IKK and NF-kappaB in- kept quiet. Nature 2009; 458: 41-42 [PMID: 19262662
hibition: prevention of systemic inflammation but DOI: 10.1038/458041a]
increased local injury following intestinal ischemia-re- 48  Brady CE, Cooley BJ, Davis JC. Healing of severe
perfusion. Nat Med 2003; 9: 575-581 [PMID: 12692538] perineal and cutaneous Crohn's disease with hy-

41  Figueroa YG, Chan AK, Ibrahim R, Tang Y, Burow perbaric oxygen. Gastroenterology 1989; 97: 756-760
ME, Alam ], Scandurro AB, Beckman BS. NF-kap- [PMID: 2753335]
paB plays a key role in hypoxia-inducible factor- 49  Rossignol DA. Hyperbaric oxygen treatment for in-

(49

TEE
Jaishideng®

1-regulated erythropoietin gene expression. Exp
Hematol 2002; 30: 1419-1427 [PMID: 12482504 DOI:
10.1038/nm849]

WCJD | www.wjgnet.com

flammatory bowel disease: a systematic review and
analysis. Med Gas Res 2012; 2: 6 [PMID: 22417628
DOI: 10.1186/2045-9912-2-6]

i WiE wh ST

=

=

2013-03-08 | Volume 21 | Issue 7 |



RN
JRnishideng®

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, Wan Chai,
Hong Kong, China
Fax: +852-3177-9906
Telephone: +852-6555-7188
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

Baishideng Publishing Group Co., Limited © 2013 Baishideng. All rights reserved.




