CPEFF IR S CEFRRD ) 2012 4E 55 44 58 1

A WA A5 AT 2T 4 9Tt e

EEFE, HE (HEERIREME I BB W e, JE5T 100015)

AR (lysyl oxidases, LOXs) XFK
B UM R-6- RN, —Fh/E Al AR T (i
J2 JERH SR B D (B o o R bt R 1
J5, 0] LA I S 2T 4 N 2T 4 (R A8 TR
KR P 1 e TNl 1 S P 1 R 1 2 O B 8
T S RIME 53 I W v R 4 SRR FH ™ o e T 5
R, LOXSTE MR S H 7 . 4 M3 5 F0 40 fg
IR R 2 R BN . IR 4Efb S BT
I F 44 P 40 G S A PR S N, DA 4 P b 2
R P DURR A B A ek o SRR AE, HATVF 2
WL R, LOXsH HFEF4efbin ok R Y], ASCHt
LOXsI S5 o3 A« DhRe Rt 5 P LT 4iqb i oC &
VE—&5ik
1 LOXsHI &M R 270

LOXs & — Pl 25 1 M ¥ 1l S A g 2
H 2T 2k T B AN 0 T B 2T 448 0 R~ 7 L4 P 5 4
PR R o B AN R LM L O X s A2 it 2 Tt 4 AL il
(lysyl oxidase, LOX) , JaRKAH4K &I T 451
LOXEL 843 25 1) [R50 1 (109 N 2H 3 2 It A A Il e 2
. B BB FE R T (lysyl oxidase-like
1, LOXL1) . LOXL2. LOXL3FILOXL4, Mifi
TE R T BASHh e 03 1 i 2 Ik 8 A Bl K I . i i
IX STt S IR AR A B 1) S TR 23 A T NS, 1S
G085, 2505 Rtk b, HKAAAREH
F BRI AN B R &P LLOXI A ik il
1 21 4 T2 40 L 5 146 kDILOX IS, Zilfs

5 R BY DIFIN- 2 5 L4617 15050 kD ILOXEY i,
LOXM J5i 73 s 2 4 M 4b, 2885 1 /KR B ZEGly-Asp
i) B BY DI M JE 32 kDS ELOX . AR C-H2 A
WO AT LLSE SOX AN B D) TEAS BE, 1I XA E E
R4S (bone morphogenetic protein-1, BMP-
1 Y, LOXLIM 34k T ZE 0 E, MLOXL2,
LOXL3MILOXLA4 H § (M BIF A tl /s 175 2 L 1) 3
WP B, FAAERRET . o MRATAE A K
Rl M SRR PR er 4 4n i A4 &
A7 25 25 ] AT LOX ) K35 o

JIT A LOXs 1) C- 2R 3 4 5 A —A e FEE AR 57 (1 fh
fegiflad, b e e G T2 RS 2L
RIS ESL (lysine tyrosylquinone, LTQ) F14 Jfy A
TR R

FINorthern EJ 7875 XA [F] LOX s (1) & 1A #EAT
PE ORI, LOXAEL L. JAfE. S, Mk, &
JIE R~ B v e R, T R AR > Rk
LOXLI7EfG A BE WUPR S Lo e JU 0 ol i
WAy IR, AR M A AR > 20K s LOXL27E
TE IR DL AR 2R B b m KRR AL, 1A i
FUFFIE LB K ARG LOXL37ESE ML AR AN
BB IR h RIE KPR S, FEfRa h RasE T
FESFERE rp U A AR M — 7 1E 5 I b i 3R
KA LOXLA o WA (3 IIE A AN SRk sl AN 3R
EAHRHR D> [ LOXs o
2 LOXsHYT&E

I FLOXMIIN R, B ILAE 40 g 0 38 i 1%
Mk R AR, R LOXER EE M At —,

HEIUH . DA WAERU RO ORI TERTR R A S IR T 5T)  (2008-01001) 15 P 22 R MR
SSCRRIUH - CREDRE W P A TR DO R AT A I 7E) - (2007-2044)

WIAEE : 5 Email: xiewen6218@163. com



48 e ZRiR o

Z 5 AT 4 5w 2T e L S BRI B il 2
LOXOH 3 2 I AU E TSR ABL, S il stk 2
F1 R R R 2 R i S I T i B, JR 3N
A T i 55 1A R R Bk Ak R AE 4 5 T8 DY Iy g 52
EW-BEER, NI AN AT (b 21 4

ANTT VI D5 2T A Ly 5 2T A A IR IR T
ANOGS HE F5 40 A0 T K TE S S8 U RIE A
W EEMER, X IFR RS 5 RS0
BB RGP NARITLARAS 28 B R Ge b 1 45 45 21 21
I YEFRF A AR R DTk, AT AT EARUEBLAR 56 11 5
A2l Bruel %5 K B-2 L JiE (BAPN, —
FRLOXAWHI D VE NS K B A4 A LA I st 21
YEFNFRVE LT Yl ) AT, O6) i 3= 2 bk 1R A= 0 1k
TR I, X RAIAHLE, BAPNYE S 2 1 3) ik
FARW S IG I, R RE ] R R, R A
AR R WL, BB LOX A 1R e Ji A2 T
X AR T B ik BE S5 R I AR e M R G B . Mk
SO PR LOX L IR 1) /1y BRBEAT M5, el B
M2 Wl AR RIZE 25, PR AT UK IR K
M) FE BRI, 65 WU s 3 B ks BE 5L B
JEARHE, T R U T A R R AT 4 R TR L
P UL IR AN LL, BEILOXR O ML R
ik 5 IIRe I 4R R ¥E EZAE M . Hornstra®5 ! &
I PR LOXHE BRI 1R /)y B H 2B I AN ORI R ok 3 3 ik
JeE AR IR Al 2 AR T, WA s K B kB g P 21
YegEr WL, BLEHLOXON IR G T2 st #2 vh 3 ik 5
MR s A M A E A EEEM . Maki%™k
BRLOXHE PRI Rt B /Iy U AT AN W (T L 328 o
P, XA, il e 2 e e a i (R
AR HLEE N 3 6, BB R R A A e it 21 4 B ik
LRYE) i, RS TR I R PR LOX I BT /N Bl () 52 JEK: ok
LT YR i 5 KB I L4 i TP LOXTE P T R 1
80% /e A1, it WL OXONS IR 28 48 A1 B Jik B A 5
HAEREEEM.

LOXPER T B2 Hi i J5 i AT v 2 1 o0 iS4
Ab, HETE AR TR — R A R 1 K
SR ™ AR RGN, I AL R 4 A T H . H2 A
PE AT 2 4l iy 4 KPR F- (basic fibroblast growth

Ch EH R 22 RO ) 2012 4F 28 448 55 13

factor, bFGF) %57, B T/E4NMIAN oA, (E40
% AT I 2 T LOXIAAAE, A AT g2 i 4%
WY R4S . Lite R BLLOX B AT LAbFGF N
JEA), T AL S R T g 2R 5 | L bF GF L 44
AL AT, T8 B AR Bl S SR A T B Yk 50
TOFGFRIAEYI AR, bFGFRIEAT 2253 Z845 ML AN
BN A ARAS B B2 20306, LOXCH A H I 40 i
SEFEIGVE R, A DRSO IN I LOXJE 5 S R Ras
(MBI S5 A OB LOXOA R A Ak I /N AR
BvEAE K N 724K (PDGF-B) , B Fiifs 5
e IO N T 5 S — RN RN

BEAh, LOXIE F I H X A% 40 i R I 55 1
JULAN i A AR TS, SR T i S B IR AR T 1 i
RN, LEARSNLOXN A1 JE ifi r R 41 i R R
EL 40 B T 250 A I el i A, LOXAE A B 3 11 7
YTH, Ot P 1 JE R 3R IR 55 4l AT

TR, LOXLIHZ 5 &M 2 I8 I SR i 4
A IEE R, (HA] i S5 LOX MR FH i &% A7 5 5
Peo LinZ"RHL, 62 LOXL1F/N B G 78
B A e iR, B mT LS B0 s 4 v
e MG BT B IR A st R i A S ok A
PEAF 2 S MR, ELAEA B v £ 4 1 DR
RIS LOXAIE, LOXLUKRES o A T3 4
Yer=Ainr, Hol S EO-SAHEAERH, nh
PEEE TR B i S e, A DR IR 58 41 4 1)
fad.

LOXL2H A 23 55 4 A 50 it o 1) 46t 2 IR ke 2
XN S LOXZL, 38 AT 4 A G, 31 T RE 41 i 98 41
8 1 2 T 1 T A0 a4 5. Peinado %N
LOXsZFK S i ki A, K diiE T LOXL2
MILOXL37E MR N 5 ¥ 5% - Snail 1 P R4 A, 3L
[F] N R E-45 26 Rk, MR ARk b R - )
A (EMT) i, JCH W HLOXL2THiRNA
i BRLOXL2 31k Ji vl W] Sl A f2 28 P Jibopg AR K
HERE, RWILOXL2BE R 5Zmi i (A 4C, XAl 5%
W) Ji 8 (10 42 28 M 5 I JE e dpeilr Bignon &5 R
18, LOXL2n] DA I {2 1 N J i JEE vp IV 2R e J 1)
SRR LT AR M5 2E (T



CHEAIER Z%E RO ) 2012 4F 55 4 4 5 1Y)

3 LOXs5RT&F 4k

JFF T 4 A0 A2 25 ol 48 4 JEF 995 238 Ji S JHF 08 4 1) 2
T B, 2 A S5 R A B 5 1 A e R X
N, B RO R R AT . RS PERT G . IR
Pk g 00 FEF 95 R0 REE BHL 45, DL A% R 4 i Ak 3
I Tk B U RN B o /D D R AE B 25 B i
SYRAREED. BEREEASSMEEAD.
R4 S5 (R 40 M 0 5 5 2 i R0 a-SMA UL
LT YEAN M AR, WURSCET 2 20 o SR YT B A
i Rrr i WD R 1 o R = e 2] 1 Y
KA (HSC) AT Ik X 2T 44t ™
3.1 LOXSEMFLFLEi T a9tE A (Rt R A Bk
HRRNEZL. GiampuzziZ™' K COS-74 L h
LOX 1) iek 234 w] LU HE TR iy J2 i 35 PH) R 31 1)
WA, AEILVETER N2 2 2, i FOX R Rt
R, St HAh R SR 2 AR ) e B 1 U I
HEEH .

LOX ] LA 3 L £F 44 40 B (0 T jl o L%
HRIEHS C R £F 2 40 1 1 UL £ 4 40 i 1 4 A
VR AEJE TR 1IN R 45 . Georges P DU &AL
W TR R AR AL B R, 5 S I3 ~T0R
AN TR IS ] i B HE B 5 JH A 20 2893 0l i3F AT 20 2 Al
JEEFNET AR B (R RIS 45 SR R B0 WL 30 el 52 )
IR, —HmEF28K, HGHREEALE,
7T T S A4 R P55 I BT ) 398, 2 A S5 e T JHF A
S PRy, it L R A o AR FE TR) G BH 5 A
5, X HLOXHIHIFIBAPNGS —41 K BT IHIT
IR W Sk B AT VLI T A 40 M v Ak, 50 40 BEL I
SRR BE R G0, WO I AT AL R HLOX s
| 0 2 S5 A B A I 5 1, S CR R 2T 4 4
JRLIT A PR3 AL 7 1 20 R R S 1 P R 4
Tia) JUL S £F 4 40 B 14 oA, LOX S i B4 A8 T &1 4
PRI I, FL A6 Tt mT B8 T VLS ET 4 41
5 A o

LOX ] LA JE A b B2 4 R EMT 1) R A=«
EMTH#OA K &85 F CIILRZE M £ 440 b Lk
TR IR —, T Diaz %3 i e H 1 P 8
PR YA TR R THE A 5 3 3

oK e 49

a5 I I A ZUEA bR A TEAT AL O ik W]
EMTYE N KA defl b A2 7e, JUH & AE e i
B T L R A TR A S5 R 9 B
JEE, FF HAS DU 2 JHE N LOX A LOXL 1 /K- B i
VAR
3.2 M4BT LOXs#) AixZ I HIROBERT
C.SIEGEL% FH DY G A B 155 1 K B &1 4 Al AR Y
Sk MW FHF 7 4 A e dok R e AL ZURN L Y LO X
PEIAR (G, g5 BRI SV LOXIS PR 3
JRiGE ETE, 6JEis e, JEICREE, P LOX
I M AR Ak 5 AL 2R R LO X 1 (1) A8 4k A P AT
(Fr, 1 L5 4 40 A SO I L 2% 4 AR
FHICH, Tl S g % /R LOX 240 A T4 i 4b
B, 5 A R e AR .

Desmouliere%F & H, 78 K B IH 5 &5 LAY
g5 U247 S BRI T K DA I B B LOX A5
T, REHET2ANET BT, JEH T
JULISE 47 4 41 B J . Diaz % 76 4l B4 1T I 24 28
PR L R A i AU A LOX IR 2, 17 1 I i
VB 2 2 o A S5 L 3 P o BB T 4L 2
Kyl 3 T LOXFILOXLI [ ik

VadaszZ5"™ F B 2428 F1 G 28 21 A VAP 9 . 31
(AT ST Fr 6 TE 5 U IR 2 P BRLOX L4
PAAMEI4FILOX s R IA AT TR, 25 &I IE
W IR ZAh DUPLOX s & S8 52D, A /R #x
J% (Wilson’ s disease, WD) HE 4 2IHLOX
MILOXL2 & i R RS HAR A LR et 5t &
0I5, mRNAsEN TP M N, 5 4l i)
R I SR URR — 3, AR LB 28 RN B 4% 4%
P SUN 25 el b, AR 0 21 2 4 £ DX 385 P UL 41
Y 25 4 R TALOXs, X E5WD—8, HAK
DU 40 i HH LOX s 1 308 0 & BB R B iy i A - 7
WD AT £F 4E46 B i, LOXFILOXL2 Al 4 Jy Fil
Je VA R S W b A
3.3 LOXsHAF4F 4ebedi697  LOXsHMHIFI> A3
K, bidk. WEEGRIMEENE/NST . K TLOXsH
AT LT YA OB R D, Georges 25 Ml
LOXAM 7 BAPNYA T VU A 5k 175 3 10 JH £ 4L



50 eZRiK e

B2, I Re g D U £T 4E 40 J il s 4k, I
PR LS PR RE TR R 0, RS R A T AR AL
HVERIICWI B o3 . BarryZ5 P — Rk ik
LOXL2 ¥ 50 B JL A AB0023 76 7 MU &AL 6 55 5 1)
JHEF4EACBALB/e/N B, RILESMe4iR T A LL,
ABO023 0] 4 s AEAr 2, W T-T1 R0 -
MR 21 YAk I HRe 08 40 3 AR 21 A0 KA K 2 4L
0L 5 HI{EMETAVIR F14], ABOO23¥497 4 /)N
BLIRI T 1= 1 T £ 2 Ak DX 35 P - SMLA B 28 JUL Rl 2T 4 4 o
(%50 I 2k, B TGF-B & % ) {Hp-Smad3
5 % I A, RTAB0023 7] 95K TGF-BII{S
S, SR T HALTBAPNRIAEITHUR .. Wik
Pestova PRI T — BRI HILOXIE P 1K) 7 i,
AT R BILOXS A6, 6-d (2) -HiE IR LR E L
JoARR A AR ICIR 2, T2 R 2 — Fh b 7
IR, MO EBNET6, 6-d (2) -FiRNIE
YN A% AR A I LOX S PR 7 i
4 £5iE

A 25 B Pk JF 95 IR 28K B B, IR 4T 44k 2
Wi 5 va T R Eide m WAL E R, AFAZUE
o — T DASK A WA I A7 4R 4012 Wi 1 S brdE, (A
FUAT 6 DA B MR 5 4% o B o 1 4y W DR A 5 ol
PR, DRI IGO0 I 7 4 A A= b G it 5 i
JUFEI AR, AEH ATATS AR £ 31— b A ot DU 5. 40
A e T H, W TG Ref 13 2 RSN AT [ 4t
YA IRIT JiE. WHATIIF U KRG, BAR
TAAEE 2 4L, (HLOXs SN AL I £ 4k Ab R J v 1)
VEFI AR ZH0, WajahatZ5™ g 2 HLOXL2 7] g
SE YA R I R T — 4 OC B B, A A4k
BER AN LOXs G N EF b R Az v i i)
B E

SE Ik

[1] Payne SL, Hendrix MJ, Kirschmann DA. Paradoxical
roles for lysyl oxidases in cancer-a prospect[J]. J Cell
Biochem,2007,101:1338-1354.

2] Li WD, Zhou J, Chen LJ, et al. Lysyl oxidase, a critical
intra- and extra-cellular target in the lung for cigarette
smoke pathogenesis[J]. Int J Environ Res Public
Health,2011,8:161-184.

[3] Asuncion L, Fogelgren B, Fong KS, et al. A novel human
lysyl oxidase-like gene (LOXL4) on chromosome 10q24 has

Ch EH R 22 RO ) 2012 4F 28 448 55 13

[4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

an altered scavenger receptor cysteine rich domain[J]. Matrix
Biol,2001,20:487-491.

TRAEH, FeROow, W, A AU i S NS T]. R
W A B JEE 2011,38:389-399.

Maki JM, Kivirikko KI. Cloning and characterization
of a fourth human lysyl oxidase isoenzyme[J]. Biochem
J,2001,355:381-387.

Maki JM, Tikkanen H, Kivirikko KI. Cloning and
characterization of a fifth human lysyl oxidase isoenzyme:
the third member of the lysyl oxidase-related subfamily with
four scavenger receptor cysteine-rich domains[J]. Matrix
Biol,2001,20:493-496.

Jourdan-Le Saux C, Tomsche A, Ujfalusi A, et al. Central
nervous system, uterus, heart, and leukocyte expression of
the loxI3 gene, encoding a novel lysyl oxidase-like protein[J].
Genomics,2001,74:211-218.

Kagan HM. Intra- and extracellular enzymes of collagen
biosynthesis as biological and chemical targets in the control
of fibrosis[J]. Acta Tropica,2000,77:147-152.

Briiel A, Ortoft G, Oxlund H. Inhibition of cross-links in
collagen is associated with reduced stiffness of the aorta in
young rats[J]. Atherosclerosis,1998,140:135-145.

Miki JM, Résdnen J, Tikkanen H, et al. Inactivation of
the lysyl oxidase gene lox leads to aortic aneurysms,
cardiovascular dysfunction, and perinatal death in mice[J].
Circulation,2002,106:2503-2509.

Hornstra IK, Birge S, Starcher B, et al. Lysyl oxidase is
required for vascular and diaphragmatic development in
mice[J]. J Biol Chem,2003,278:14387-14393.

Maki JM, Sormunen R, Lippo S, et al. Lysyl oxidase is
essential for normal development and function of the
respiratory system and for the integrity of elastic and collagen
fibers in various tissues[J]. Am Pathol,2005,167:927-936.

Li W, Nugent MA, Zhao Y, et al. Lysyl oxidase oxidizes
basic fibroblast growth factor and inactivates its mitogenic
potential[J]. J Cell Biochem,2003,88:152-164.

KenyonK, Contente S, Trackman PC, et al. Lysyl oxidase and
rrg messenger RNA[J]. Science,1991,253:802.

Eliades A, Papadantonakis N, Bhupatiraju A, et al. Control of
megakaryocyte expansion and bone marrow fibrosis by lysyl
oxidase[J]. J Biol Chem,2011,286:27630-27638.

Lucero HA, Ravid K, Grimsby JL, et al. Lysyl oxidase
oxidizes cell membrane proteins and enhances the chemotactic
response of vascular smooth muscle cells[J]. J Biol
Chem,2008,283:24103-24117.

Erler JT, Bennewith KL, Nicolau M, et al. Lysyl
oxidase is essential for hypoxia-induced metastasis[J].
Nature,2006,440:1222-1226.

Liu XQ, Zhao Y, Gao JG, et al. Elastic fiber homeostasis requires
lysyl oxidase-like 1 protein[J]. Nature Genetics,2004,36:178-182.
Vadasz Z, Kessler O, Akiri G, et al. Abnormal deposition of
collagen around hepatocytes in Wilson’ s disease is associated
with hepatocyte specific expression of lysyl oxidase and lysyl
oxidase like protein-2[J]. J Hepatol,2005,43:499-507.

Peinado H, Del Carmen Iglesias-de la Cruz M, Olmeda D, et



CHEAIER Z%E RO ) 2012 4F 55 4 4 5 1Y) e Zri e 5]

al. A molecular role for lysyl oxidase-like 2 enzyme in Snail liver precedes matrix deposition:implications for fibrosis[J]. Am

regulation and tumor progression[J]. EMBO J,2005,24:3446- J Physiol Gastrointest Liver Physiol,2007,293:G1147-G1154.

3458. [26]  Diaz R, Kim JW, Hui JJ, et al. Evidence for the epithelial to
[21] Bignon M, Pichol-Thievend C, Hardouin J, et al. Lysyl mesenchymal transition in biliary atresia fibrosis[J]. Hum

oxidase-like protein-2 regulates sprouting angiogenesis Pathol,2008,39:102-115.

and type IV collagen assembly in the endothelial basement [27]  Barry-Hamilton V, Spangler R, Marshall D, et al.

membrane[J]. Blood,2011,118:3979-3989. Allosteric inhibition of lysyl oxidase-like-2 impedes the
[22] Guyot C, Lepreux S, Combe C, et al. Hepatic fibrosis development of a pathologic microenvironment[J]. Nature

and cirrhosis: the (myo) fibroblastic cell subpopulations Medicine,2010,16:1009-1017.

involved[J]. Int J Biochem Cell Biol,2006,38:135-151. [28] Pestov NB, Okkelman IA, Shmanai VYV, et al. Control of lysyl
[23] Giampuzzi M, Botti G, Di Duca M, et al. Lysyl oxidase oxidase activity through site-specific deuteration of lysine[J].

activates the transcription activity of human collagene III Bioorg Med Chem Lett,2011,21:255-258.

promoter[J]. J Biol Chem,2000,275:36341-36349. [29] Mehal WZ, Iredale J, Friedman SL. Expressway to the core of
[24] Li Z, Dranoff JA, Chan EP, et al. Transforming growth factor- fibrosis[J]. Nat Med,2011,17:552-553.

beta and substrate stiffness regulate portal fibroblast activation ks H i 2012-01-06

in culture[J]. Hepatology,2007,46:1246-1256.
[25] Georges PC, Hui JJ, Gombos Z, et al. Increase stiffness of rat

ENEitin E PR m = BB A

B E BRI 20, A E R R M R AL s MR B B AR Tr, A ERAE NG IR T A4 B B g 22 4
(GCACMID) FHER MG IR D) S &R 245 (ESCMID) Hhdp, AR E S Ak SE U . e
B2 o G 2 Oy o . ARSI 2oy 5 PARE iR 5 A sy os . PR SRR
Iran ARBE O BORMERT 0y o5« AR s B 0 ox « T ARIR 2 s WO 22 Ay o o SR IR B
o (IDSA) « [P a (ISID) SCRFRIZE N Mt iR E PRI g &30 52 1201247 H 12~ 15HAE
e E K SV 02T .

ARSI T “IIK . BHITSATBUSHE S o ImIR . BHIERIAT BUZ A R0 R 2 il gk 4
P =AKHITE . — N EEY TAER R, 55— J7 N Z R AR A B IG RN H e [R I
IR 6 PRI AT B Tt o) #E 2 S e 2 IRy B B A (. I RIS, AR R I AT RS
E—#d, MM INSREHIF = . By N QAT BN G RVAE . AR 2 5144 L 5OR s B IX IR, 703
AT 2B AT TSR« RN, SRR AT LASRAS B (R B 7 B8R B R R R AR B H 1 257931077

WIBEBRBR NS . Pr AR B ST SIS S “ Bl H E M 8 30 ” PRIk ek
Pk, IR N TILE E PR 22 (ISID) BI'E 7 ¥1T—— (International Journal of Infectious
Diseases) 1F3 K. S UAHICHIE B M 8RS, 1500 M5 www.bjditan.org.

I

» 8 &

4



