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EEEICRET 572 ELISA #1F L., BIREEEELEZED TV D,

A HFEBER R EAE o TSR, B L ORI S
MEREROESLE LR LR D00F, DANCE % F\ 7z BEMERRHEFF A= OBFIE I b |
HEERH Y MRS (a7 54T R) DR DANCE S MEMRHE R O A — ) A P — &
EVNEWHIHRTHDH, ZOHEDD, Ui HIERLEE 2T H0WMEZ N7 THY, M
HNZRERJENR DD & TR IS Y o2 R DANCE & i3/ 4k 0 M HE F 4
BRE MO, IBREMNCEN TR &R BERKML TNEEZX LT ENTEDS, K
Do FORR. NRE NMELHEEYLERED  #FIE ik, I Bk oML & i
) VNSNS, E AN, #E{hekE  DANCE BEOMBZHLZLE2E—DRR
HIZEROMREEFIE T L, 2o T 15,

728, IREERE L 225, BIRIIZIREOHE %72, DANCE [Z#ifiRiRE(LRIC I N T
KIFFEFICRE REET, sEBREFICBY “ﬁ@%Mﬁﬁbghéﬁg B IR AL A 2L
THARE WHEHECIEZL) OREWVWAIE  BICLEZBRERIZBW T IME DANCE &
EHRHENRELR DOV AT BENT & LARED WL E LG REEN H D, BIRER &
FHNENZ L7 Y0 Framingham study % % DANCE EOHBEZM 2 LRHE _D
DO K[ 720K Thhro T\ b, IRIED HTH D,

TIXEM RS Vv T AR E TS T

Tl e < FEBEER O LR E G LT & B. AR Ak
EZ NS, TEREROMKEE KT ET IV t b DANCE # > /37 Jl5E ELISA O{ERK &
IZI1X DANCE #5TXRBE~UV AR H D, 20  RE
v U AOBIR2 T T AT U AFEL, WRIE DANCE ~7F F# 6 f@¥E/ER L, KLH =
IEEV, ZIVE TO DANCE BRI~ ¥ YVal—hLEBUPFELREL, B
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DANCE RV 7 a—F ik EER LT, Bt
FIFHERTF AT 2B HAWTHER L,

1 DANCE &/ 7 u—JF L HifkiX, 293T #H
Jo TR IEZEe Uz b DANCE
LR BRI L, Balble R#Eic Ny 7o
A L7 DANCE BETXKE~ 7R ZHRE LT
YERR L7z, TETRIZHE» CHMIR L 0 a7 )
F—=%{E L. DANCE #%#RaICiRkd
LZEIMME ) 7 a— TR E G, ~NA T
U R—<fildzdX— <o X ZHEREL, BK
w7aT A AR CEREOHEEE-,
L DANCE X7F FR Y 7 o —F VHiRoO#M
HEbYE, £7213H DANCE &/ 7 u—7} )
PR % A6 ¥ T DANCE IiEY > FA >
F ELISA ZAERk L7z, 1 DOHLKRE Z Xy
&7 L— b (Maxisorp) (ZHEFE{LL, Bl
iRz et F oL TRBERUKEL, AL
T hTEYU-HRP # W THRHEIT- 72,

< v AlMEY DANCE O H

AR~ 7 A DANCE Bz FXRE~T A
I mEEERL, 254G E—XTY
VI YT — Ltk TurA G E— X[
FI{L L7281 DANCE & ) 7 . —F L HK TH
BiLEZ B 2l o7, ILEMIZ SDS ARV 7 7
UNT I R NVESKUKEICRER L., PVDF A
Y77 ay b LTH <7 A DANCE R
Jyrm—FrrHilkcyz Ay T ay NELT

27,

(frE i ~ D B RE)

t hinH DANCE BEORE L, "EKKFE
EREOMHEER TOAREE LT, A
V74 —h Rarwy N ERELGCETERE
DI RIRITAT o 72, [RIBFSE Tid, #EBRE D
HEFIRIMAY 1 O ml ZEEEUT 2 LAAM IS gk
WREEEE 2 v, £, UL DFT—4
N— 2 BERHITBRE L TREI T, T—
XN — T oM - EERER K
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A EOMBBZLOLOIETHRAR S, BEAR
DT —HFDORNFFIIThR Wi L, #HERE O E
ANEROFFIII+HEE L,

< U A% A5 ERIL, ERARILE £,
T - BERTRETICHEIT LT, B EBRE)
H T N TR RFEERHMEREZEES O
KBEHTITo T2,

C. hRHER
t b DANCE % > 37 fli¢ ELISA ®O{ERk &
R IE

RY 7 a—JF L DANCE #Hifkz W<
DANCE #|7E ELISA SR OVERR & 7k A 7= 03, J%
ER+SERSholz, 20D, H
DANCE &/ 7 o—F Ak e Bl LTz, &
B2 > T Balble B~ v 22k b
DANCE # /X7 B85 5 HiE#T o Te M
S E7H Uighotz, Ziud, DANCE X
7 X/ BRECLFI S HEE CIE RIS RAT S T A
BRI ThDHOTH A~ AR DANCE
Z NI U THRIBER I > TWDH T2
EEZONE, £ZTCTBalble iz Ny 7 713 A
L7- DANCE #E{&+X#H~ 7 212 DANCE #
YRT ERE LI EZA, FEFICE DM
BERR LN, ZO~ T AN NA T
U R—~%&BL L, ko a—ro@mhiit ./
sma—F VR ERT, e iEnlic,
DANCE i ~7"9 R % Balb/c Rt~ A
125 L C DANCE YW (L & 58i% 3 5 € /
Ja—F N ER S a— B,

ERioE /) 72— ik E A G bR T
Yo RA v F BELISA #1ER LT & Z A, &%
B (RS 50pg/ml) 12 DANCE Z#H 4
LIZENTE, IHIZ, FUEOHAG DY
IZL- T, £F LS DANCE il & te
KO E Ry TEEEICHRET 20, 2
DANCE 720372 & FEHITARRRE 2 72 5 BLBR IR
VW BELISA W C&7-, Z® ELISA [ZUIk5
DANCE #¥rEMICmToZ N TE DL




EZ 2D (RS 80pg/ml),

< 7 AMiEH DANCE O

MiEFIZ DANCE # > %7 e idhnid L3
® BLISA H &R oN 7= boici>TL
¥ 9, MEFIZ DANCE # X7 B3d o0 E
I ETERT D729, DANCE (o545 2 &
BHOFERERHWTHRERE- YA Z T o
v N&IToTz, B METIFIELWR T T o
Tarhbuo—LRNEELRVWZD, DANCE
BIETRE~VAOMEERHTT 472 b
n—)Ld L, AR~ 20 MmiEH DANCE
BT, FOfEE. E LV DANCE ©O4 1
&7 (5 5kD) OB IICEAR <~ T 2N
YRR S, mEHFIZ DANCE % /37
DHEAET D ERHLNE T2,

D. &

MiEFIZ DANCE # %37 NFEAETDH &
DR INZ OEFRITREL, BELE
% B 7= DANCE # %27 BilllE & v 9 EB
FYAL UNRITARETHDZ L2 BEW®RT D,
[FF i DANCE # %7 BHIE ELISA &5
LT, Atk AN OFER % DANCE IE
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WA RE L, FERREICR T D MmE
DANCE BEOHIEZIT I FPETH D, Fricll
Wit DANCE & b HIE R 2 » 72D ¢, Bl
IRIRWVIER GO D L HfF LT 5D,

E. &%

fEH I DANCE % o /827 13— EBIFEET
Do

fmy%H DANCE # 7 Bk X O
DANCE ¥ %7 &% PETE % ELISA 8
T&ET,

St fEE N KOV R BB o g
DANCE # > X7 &, Yl DANCE 4 > /3
7 BERE L, I E 2 X EIR B & o
ERALNITDHTETH D,

F. @EERIER
Rrlz7e L,

G R HFE
Rz L,

H $SIB EEOHRE- ERRKE(FEZED)
Rrlz7e L,



RAETG WP R M e (RERARETIIEFHE)
SyRmt oL

184 PR ZE P fili 56 JR B2 O DANCE B {5 T2 BRI B8 A 19t
ofabrgEE = OB K PEE RSN T

MREE

1B MEPAZEME R B (COPD) 13RIES - B & bFEAIMBEEICH D | FIET D L RARIRF T
72\, COPD OIFEMT & LT, MR Ui ;D%ﬁkéﬂt7u77 B AN RRAME & Tk R
THEVWIRBEITH D, BHEBRMEDOELIZILZ DANCE & W) W E w37 BWETHY |
DAN&E@;#%if%@ﬁE %&EWYKTB@#%Z%%XN\O B2 73 COPD D FEIEDH
Tahn| < T EICEHITRVWA, COPD Z2RETH2DIRFMERED 1 5-2 0% TH Y, BEME
%wffﬂé‘ﬁbﬂﬁénfb\ Do TRVERRMER/EREIL COPD RiEZ MG T2 HRETHLEE XD
LB 728 A5 Tl DANCE O #=i£8E L IR & COPD ORIE & OB E 784 5,

A HEEK DNEMEAL S 2u. ME oo B St 2 Al i 4= 5 &
BYERAEMER B (COPD) (& BEELE WHOBRBANTH D, EE, Zhboras
AEXREOAFET LS THY | EF T T BRETEXRET O~ U A IEEREIC

Fi O MERIENEEERTH O . RAEMER 71218 Lo THIRMEIZZ2 DIt W ERgEENR T

@%ﬁéhé*&’;@%ﬁéhém%%' BY, T r 7 —BHEL 7 THD

JEANRIEOARETH D EEZDND LI a 1T UF Y 7L RIBSE DB E T 2
D\EWEE%% iﬁm@mm%%%%& FVHKIEIC 2D RT NI ERMmL TN

ETD, AREORCIFEKD 4 (i THY, FE it\%rﬁﬁ%ﬁ_ﬁaﬁ@5DMMEL

THRITFELEM L2255, £/, AHICE  BTXRE~ 7R EIMEOMEEIER T2 5 Mk

WTh, BERBEEITI 540 FATHY, BT BEOWET2LLMSEL K4, TEMEE

BHEMOH72 63, Blzx0, NEOCHE»DL 5 OWFFE X v DANCE (I BHEDO TR - 7

FERiC - TERRE A TEET 5 EREE FICVEDHRTFTHDHI EBPREINTND T

Thbd, MRANIEEIZR . COPD OEIER &Mt DANCE #5F DS H0% BNt

T U CONBRILE L, @0k BUHEEARELZK®RL, WREICRYT &%

L EED, THROBETRON W, & HMELTCWDHEFEMENH D & 2 1o, AU

FECBE & OB E X R ICRE ST b TiE, Mi%MEHRE O DANCE @748 - &

LOD, FEBEFICGIAE L, JRIFIEICHEY.  REMETLIZELAHNET S,
L7cbDiEzvy, BEZEDOTTH 15-20% D

ﬁﬁCOPD%%Wfé*&#% COPD B. BAZL 5%

DIIEEAZ T BEORTBBES LT 5 BE LY o MR

_kﬂﬁ<%@éﬂfwéoﬂPD®%f% TUER K57 = S R A B s e R R s N B L 38 Bt

P& LT, BB PIC K0 iFHh ke 2 4 H o COPD BED 5 &, FHili CRIEDHE L L

—+¥, MMP-9, MMP-12 2 &7 a5 7—+¥  m8ELVEL LT, Z OB, TIMP
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R MMP 72 R OBInF% & COPD O
WAL O—H & LTITo T,

FIA<—F YA PCREA VI b —7
TR

DANCE #5728 DX b ondh
LNTMONTELT, FTBBFEREY R
DIFBHZELERNE LTS, & Y
VEYV—JZUATLHHEERMAL I,
DANCE BEFiZ 11 oy Y oB3hH b0,
INbEENENHEIBTCESL L 5% PCR 7
FAw—ty " ETVA L LT, BEIMKE
n /) A DNA Z R L (QIAamp, QIAGEN) |
K> V% PCR #IE L T/ /VESRIKE L,
TN LRER LT PCR EMEX AL by
— 7T ALT,

(fER i ~D B E)

v i DANCE BEORIE L, RE K
EEHOMEBERS CORAREEEET, 4
VI — A Rarts hREECEEERE
DI R BT o e, RIMFTETIL, BEBRFE 2
SEIRMA 1T Oml ZEECT D LASMC B
WREEAEHE XV, T, YT DOT—4F
N A BRI ITBE L IR B SN, T —
ZNET N— T COFELE - EERZE R EH
HEOMBHZED LD BNAEZ L, EAL
DT —H DNFIIIThRWR Y, #EOME
MNEROBEFIITH1EE L,

C. IR
BAEE TSR 70 40 COPD BE L v A&
EHETHRLEZITo7T, 9B 304D —F
AEWZTe L ZATHY, ETEHMITFTHD
MWEALED & = A DANCE #E{xFERIZR >
STV,

D. £
B, MEREEPEZEMESE 400 AR 7 A2 T 3
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JBER 5 DANCE #5172 RN Ao
5 TW5 (Stone EM et al, N Eng J Med
351:346-53,2004) , MO IT TNV T K
EV ) HERRAEE S H V. DANCE ZRIZLY
TV T AT B DR N AE U D oM Nk
BEEMEAE DRI R > TV B D TR e &
25N TW5, DANCE #+EROKEER
FEREIEEIVREDOHH L HRIENH -
T WIMEDH DN, ~T 2 ER TR &
ST LD TAEL 5 E(LBEE B D ERIK+ &
7o TWD AR 3 B, PRI R 1L PR AR
HEDRIEDFIR &35 & BRPEBHE P A RE 18 E
WCRERELHEZ2H %206, DANCE &
BT ERORBIITEELRERL D H, kA
FEAEECL, BTEkiT 5 TFETH A,

E. #&5&%

BEPERRKE SR S CAE L B IR IED FSE
\Z DANCE #{5 728 - ZH )33 5 wREM:
2% 0, COPD #3# » DANCE #&{z it %
A DAY

F. @EREAIRER
RRZ7 L,

G HIRHER
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Elastic fibers provide tissues with elasticity which is critical to the function of arteries, lungs, skin, and other
dynamic organs. Loss of elasticity is a major contributing factor in aging and diseases. However, the mechanism of
elastic fiber development and assembly is poorly understood. Here, we show that lack of fibulin-4, an extracellular
matrix molecule, abolishes elastogenesis. fibulin-4~'~ mice generated by gene targeting exhibited severe lung and
vascular defects including emphysema, artery tortuosity, irregularity, aneurysm, rupture, and resulting hemor-
rhages. All the homozygous mice died perinatally. The earliest abnormality noted was a uniformly narrowing of the
descending aorta in fibulin-4~'~ embryos at embryonic day 12.5 (E12.5). Aorta tortuosity and irregularity became
noticeable at E15.5. Histological analysis demonstrated that fibulin-4~'~ mice do not develop intact elastic fibers but
contain irregular elastin aggregates. Electron microscopy revealed that the elastin aggregates are highly unusual in
that they contain evenly distributed rod-like filaments, in contrast to the amorphous appearance of normal elastic
fibers. Desmosine analysis indicated that elastin cross-links in fibulin-4~/~ tissues were largely diminished. How-
ever, expression of tropoelastin or lysyl oxidase mRNA was unaffected in fibulin-4~'~ mice. In addition, fibulin-4
strongly interacts with tropoelastin and colocalizes with elastic fibers in culture. These results demonstrate that

fibulin-4 plays an irreplaceable role in elastogenesis.

Elastic fibers with morphologically distinct architectures are
present in the extracellular matrix (ECM) to accommodate
elastic requirements and mechanical stresses imposed on dif-
ferent tissues. They are particularly abundant in elastic tissues
such as large blood vessels, lung, and skin. Loss of elasticity is
a major contributing factor in aging and a myriad of patholog-
ical conditions including emphysema, artery diseases, and cutis
laxa (39, 41, 44). Elastic fibers undergo irreversible structural
and compositional changes with age and in some pathological
conditions (41). Regardless of morphology, all elastic fibers
consist of cross-linked elastin, fibrillin-rich microfibrils, and
several associated molecules (23, 37, 38, 46). Elastin endows
the fiber with the characteristic property of elastic recoil. It is
chemically inert, extremely hydrophobic, and insoluble under
most conditions. Monomeric elastin, called tropoelastin, is se-
creted from the cell as a soluble protein. Isolated and purified
tropoelastin has been shown to exhibit a great tendency to
aggregate (coacervation) in physiological solution and at tem-
peratures in the physiological range, giving rise to supramo-
lecular structures very similar to those found in natural elastic
fibers (4, 5, 11). This self-aggregation property of tropoelastin
is thought to contribute to elastic fiber assembly in vivo. How-
ever, self-aggregation alone is insufficient to explain the effi-
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ciency of the assembly process and the variable form of elastic
fibers in different tissues.

The formation of elastic fibers has been proposed to require
the deposition of tropoelastin on a preexisting scaffold, cross-
linking of tropoelastin monomers by lysyl oxidase (LOX) fam-
ily enzymes, and organization of the resulting insoluble elastin
matrix into mature fibers (37). Fibrillin-rich microfibrils are
thought to provide the scaffold for the deposition of elastin. Un-
expectedly, normal elastic fiber assembly was found to occur in
fibrillin-1 or fibrillin-2 mutant mice (2, 9, 42, 43). Therefore, the
molecular mechanism of elastic fiber assembly remains elusive.

A significant insight into elastogenesis comes from two re-
cent studies of fibulin-5~'~ mice. These mice exhibit disrupted
and disorganized elastic fibers throughout the body, indicating
that fibulin-5 (also known as DANCE or EVEC) plays an
important role in elastic fiber formation (40, 56). fibulin-5~'~
mice grow to adulthood without lethality but have loose skin,
vascular abnormalities, and emphysematous lungs. Fibulin-5
has an RGD motif and interacts with cell surface integrins and
elastin. Thus, it has been proposed to promote elastic fiber
formation by linking elastic fibers to cells (40, 56).

Fibulin-5 belongs to the fibulin family of six known ECM
proteins that share tandem arrays of calcium-binding epider-
mal growth factor domains and a characteristic carboxyl-ter-
minal fibulin domain (I, 10, 15, 52). Although little is known
about the functions of fibulins, mutations of individual mem-
bers have been associated with several diseases. A single mu-
tation of an arginine to trypotophan in fibulin-3 (also known as
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