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o] B2 @ o]So] ZAEE Yo gl o]ES Exow dtrl, tho] AL, o]yd Lue FHZS ofy
o] olAMe Fash: ARFS BN F Yk HE AU T &3 T4 M)A 4 A=A
wEAR RN AANE 5 AE Aoz AL

Hlolsj 2~ o2l o R Al ALESlY] 9l W FHoE AeE AW FES =EAA FRET 2 B oF
(Porter KE, Nydahl S, Dunlop P, Varty K, Thrush AJ, and London NJ. The development of an in vitro flow
model of human saphenous vein graft intimal hyperplasia. Cardiovasc Res. 1996;31(4): 607-14), = CABG
o] A vbsatE Al o]E9 FAo 7IQ1E F714Q Hes (w3, FEH ® A4 E3H)(Vorp DA, Severyn
DA, Steed DL, and Webster MW. A device for the application of cyclic twist and extension on perfused
vascular segments. Am J Physiol. 1996;270(2 Pt 2): H787-95)S Z7iA1zit}, Hwlo] Z=wwct AN ¢ $FS
How Eeixe] Qlar wHRg o gdHr] 47] wedl, ol olFo] AW Lyt FAH = AE Hu
W =N EXN ¥ Z §YE AP, AARE, fRLint B(Fung)S sHF A=Y A5 AVGelA 9
P A3k HEH(CWS, circumferential wall stress)o] AAF 2743} Awlolqe] Aol 140ud & AAt
= AS HAFAH(Fuchs JC, Mitchener JS, and Hagen PO. Postoperative changes in autologous vein
grafts. Ann Surg. 1978;188(1): 1-15). o]¢} & (WS FA T7hH= &9 ShestelA 19 Ho A4 o=
R AVGel 71918, 242 vjgisito e ol A H EF] FHeteH, ol AEHAE AW £E

] H ,
o2 Hua) A% AR Aem AZAn. Lo, oleld SHe 2ANA 2 AU-nasel HHs 4
W Bodol s} = w8l (arterialization) Al =S ofr1g = ).

AVGell o3k AdA SHS e BAH Aol g o] 5] YR m=Fo| AFEA WASE "AE
A Aol FARHZAJA Al Aoz AAFAY (Angelini GD, et al. Distention promotes platelet and
leukocyte adhesion and reduces short-term patency in pig arteriovenous bypass grafts. J Thorac
Cardiovasc Surg. 1990;99(3): 433-9; Campbell PA, et al. vein grafts for arterial repair: Their success
and reasons for failure. Ann R Coll Surg Engl. 1981;63(4): 257-60; Campeau L LJ, et al. Natural
history of saphenous vein aortocoronary bypass grafts. Mod Concepts Cardiovasc Dis. 1984;53: 59-63;
Fuchs JC, Mitchener JS, and Hagen PO. Postoperative changes in autologous vein grafts. Ann Surg.
1978;188(1): 1-15; Huynh TT, et al. Alterations in wall tension and shear stress modulate tyrosine
kinase signaling and wall remodeling in experimental vein grafts. J Vasc Surg. 1999;29(2): 334-44; Liu
SQ et al. Changes in the organization of the smooth muscle cells in rat vein grafts. Ann Biomed Eng.
1998;26(1): 86-95; Ramos JR, et al. Histologic fate and endothelial changes of distended and
nondistended vein grafts. Ann Surg. 1976;183(3): 205-28; Resnick N and Gimbrone MA. Hemodynamic forces
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are complex regulators of W3] gene expression. The Faseb J. 1995;9(10): 874-82; Sumpio B. Hemodynamic
forces and vascular cell biology. Austin: R.G. Landes Company. 1993; Szilagyi DE, et al. Biologic fate
of autogenous vein implants as arterial substitutes: Clinical, angiographic and histopathologic
observations in femoro-popliteal operations for atherosclerosis. Ann Surg. 1973;178(3): 232-46; and
Zwolak RM, et al. Kinetics of vein graft hyperplasia: Association with tangential stress. Journal of
Vascular Surgery: Official Publication, the Society For Vascular Surgery [and] International Society
For Cardiovascular Surgery, North American Chapter. 1987;5(1): 126-36). <& % A A A (= FXE
(sheath))®o] Z7bell olsk AVG w4 3o WA= g oz= Ao oj4He] /MEA (patency) & FEAIZTH
(Huynh TT, et al. J Vasc Surg. 1999;29(2): 334-44; Cabrera Fischer EI, et al. Reduced elastic mismatch
achieved by interposing vein cuff in expanded polytetrafluoroethylene femoral bypass decreases intimal
hyperplasia. Artif Organs. 2005;29(2): 122-30; Ducasse E, et al. Interposition vein cuff and intimal
hyperplasia: An experimental study. Eur J Vasc Endovasc Surg. 2004;27(6): 617-21; Huynh TT, et al.
External support modulates g protein expression and receptor coupling in experimental vein grafts.
Surgery. 1999; 126(2): 127-34; Jeremy JY, et al. A bioabsorbable (polyglactin), nonrestrictive,
external sheath inhibits porcine saphenous vein graft thickening. J Thorac Cardiovasc Surg.
2004;127(6): 1766-72; Karayannacos PE, et al. Late failure in vein grafts: Mediating factors in
subendothelial fibromuscular hyperplasia. Ann Surg. 1978;187(2): 183-8; Kohler TR, et al. The effect
of rigid external support on vein graft adaptation to the arterial circulation. J Vasc Surg.
1989;9(2): 277-85; Liu SQ, et al. Partial prevention of monocyte and granulocyte activation in
experimental vein grafts by using a biomechanical engineering approach. J Biomech. 1999;32(11): 1165-
75; Liu SQ, et al. A possible role of initial cell death due to mechanical stretch in the regulation
of subsequent cell proliferation in experimental vein grafts. Biomech Model Mechanobiol. 2002;1(1):
17-27; Mehta D, et al. External stenting reduces long-term medial and neointimal thickening and
platelet derived growth factor expression in a pig model of arteriovenous bypass grafting. Nat Med.
1998;4(2): 235-9; Parsonnet V, et al. New stent for support of veins in arterial grafts. Arch Surg.
1963;87: 696-702; Vijayan V, et al. Long-term reduction of medial and intimal thickening in porcine
saphenous vein grafts with a polyglactin biodegradable external sheath. J Vasc Surg. 2004;40(5): 1011-
9; and Vijayan V, et al. External supports and the prevention of neointima formation in vein grafts.
Eur J Vasc Endovasc Surg. 2002;24(1): 13-22). Z&|u}, 3}} ojitel ZEZQ Astdoz <¢lg), olE o]
AIHEL AVG MEARS A 7]7] Y3 Aoz Adgrtsst s AASAE 3. ols old AW

So W QAT /o) AL sl wAH e, ou] A W/¥ES g
e Gy ge] el ol YA P

49 F o5 Aol o8 vhkel EQS] Aze] AstzA
a2 32 A 3 M AL AT Syl e AZE 22 39 2 A 1 Hele,
Fu) o

AVG THE 59 EH %ﬁ 71 A4 %‘r%oﬂ EH?& Xé‘?L‘J QX—}Z\—HO L"Oﬂ o3 AAE F = Aoz Azd
tH(Dobrin PB, Littooy FN, and Endean ED. Mechanical factors predisposing to intimal hyperplasia and
medial thickening in autogenous vein grafts. Surgery. 1989; 105(3): 393-400). Z1&lu}, CWSe] 4 SV}
= IH d4% ERse= Aoz yelbd WA (Huynh TT, Davies MG, Trovato MJ, Svendsen E, and Hagen PO.
Alterations in wall tension shear stress modulate tyrosine kinase signaling and wall remodeling in
experimental vein grafts. J Vasc Surg. 1999;29(2): 334-44 and Gusic RJ, Myung R, Petko M, Gaynor JW,
and Gooch KJ. shear stress and pressure modulate saphenous vein remodeling ex vivo. J Biomech.
2005;38(9): 1760-9), A4 ¢Ho] $# ZF7l= 24 WA 7= A3kl 9lth(Huynh TT, Davies MG, Trovato
MJ, Svendsen E, and Hagen PO. Alterations in wall tension and shear stress modulate tyrosine kinase
signaling and wall remodeling in experimental vein grafts. J Vasc Surg. 1999;29(2): 334-44; Gusic RJ,
Myung R, Petko M, Gaynor JW, and Gooch KJ. shear stress and pressure modulate saphenous vein
remodeling ex vivo. J Biomech. 2005;38(9): 1760-9; Goldman J, Zhong L, and Liu SQ. Negative regulation
of vascular smooth muscle cell migration by blood shear stress. Am J Physiol Heart Circ Physiol. 2006;
Jiang Z, Berceli SA, Pfahnl CL, Wu L, Goldman D, Tao M, Kagayama M, Matsukawa A, and Ozaki CK. Wall
shear modulation of cytokines in early vein grafts. J Vasc Surg. 2004;40(2): 345-50; Jiang Z, Wu L,
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Miller BL, Goldman DR, Fernandez CM, Abouhamze ZS, Ozaki CK, and Berceli SA. A novel vein graft model:
Adaptation to differential flow environments. American Journal of Physiology. Heart and Circulatory
Physiology. 2004;286(1): H240-5; and Morinaga K, Okadome K, Kuroki M, Miyazaki T, Muto Y, and Inokuchi
K. Effect of wall shear stress on intimal thickening of arterially transplanted autogenous veins in
dogs. J Vasc Surg. 1985;2(3): 430-3). ¥ o= AVGel <3¢ g4 #d4 7S oplsle= ol& F 714
BAGsH A= =H-(Dobrin) ol oJs FozA AFHA=H, ol T/ AT Sl e vzt
= Wellete ARy S7bE A5 Aol uink HldistE FXst=d o 2 94s dve AE Bol 9
tH(Dobrin PB, Littooy FN, and Endean ED. Mechanical factors predisposing to intimal hyperplasia and
medial thickening in autogenous vein grafts. Surgery. 1989; 105(3): 393-400). ©]&13F ZS =3l &
g ATellAd, E(Zwolak) T2 AVGE] FHEstolA At HEHe xd A4S AAEATH(Zwolak
RM, Adams MC, and Clowes AW. Kinetics of vein graft hyperplasia: Association with tangential stress.

ﬂo

Journal of Vascular Surgery: Official Publication, the Society For Vascular Surgery [and]
International Society For Cardiovascular Surgery, North American Chapter. 1987;5(1): 126-36)). A%
(Jiang) &< ®A= Z7te] FAlstel Z7hd ¥ dd §=o] AVGAA S #3AE S9-S5 AXAHASTS T3
tH(Jiang Z, Wu L, Miller BL, Goldman DR, Fernandez CM, Abouhamze ZS, Ozaki CK, and Berceli SA. A novel
vein graft model: Adaptation to differential flow environments. American Journal of Physiology. Heart
and Circulatory Physiology. 2004:286(1): H240-5). #lfr(Liu) ol o3 AW 2d2 d5-4< ZHHED}
EFe gy wxe] HXE Fa AVG Wl OIS FF& &AW 34 95 #AaAZd F dves 38 B
o] F¢ItH(Cabrera Fischer EI, Bia Santana D, Cassanello GL, Zocalo Y, Crawford EV, Casas RF, and
Armentano RL. Reduced elastic mismatch achieved by interposing vein cuff in expanded
polytetrafluoroethylene femoral bypass decreases intimal hyperplasia. Artif Organs. 2005;29(2): 122-
305 Liu SQ, Moore MM, Glucksberg MR, Mockros LF, Grotberg JB, and Mok AP. Partial prevention of
monocyte and granulocyte activation in experimental vein grafts by using a biomechanical engineering
approach. J Biomech. 1999;32(11): 1165-75; and Liu SQ, Ruan YY, Tang D, Li YC, Goldman J, and Zhong L.
A possible role of initial cell death due to mechanical stretch in the regulation of subsequent cell
proliferation in experimental vein grafts. Biomech Model Mechanobiol. 2002;1(1): 17-27). AVGS] A<
A #Ao] IHe] W] Fa3 9 ks Aol ofE old AFEHYH WHusr. 53], WS+ He F4&
A= AAH HolH, o]& Alojst= Zo] & ATl Zled HIHe 2F o).

W Py BEE £ 2 AE 37

Atk Aol ofs] &4fo] AAEHW APA SHo] MAEEHE, HFAE SHS A JHH 9 AolsAnt AR A
ol A Ax HA od AiE 5 ok 1) T Fe] W FF 9 AA AHEYYH F2Fo] =2 §4
dejze] ojur @ Fuk QNCe] xEY W 2) SMCe &F i ECM 2 ohE Alxele] A Kol ®ig); 3) A
E2 3lolg EONE we “@E%(walk)‘%}% 7 Re] Auol YPTS D7 d=, JFOoRRE A
S AX Wetoze] SNCe °l%; 4) %@‘, 2 5) st 71d FEUMEEA0P) 9 B 7E B &4 B
gk obu et ?15 é SMC 4] =&} 1, degtxw, AFATE 5ol s o7lE B 249 W3lE Rkgdsts 229
grdy . AVG IHY A A S 9#1110}71 AsA =, ofvtm o]E vl 7HA] #AF ZA7hs aEsford otk
el ddg %@94 AE HEE NEEE & 1 EAESIT

zZ¥y =F

SMC 2d¥ x4de IHe ER7)de] dojA] F=exl E4olvk. Wyd SMC7F F45-8 Z2k(plaque) = ©]43
32 FFe} Fo] F7]e WubelA AT, &1 B3 A9 SMCE W2 54 2 o}XEAA &L o3
olz=y nlo}l o] yre AFS Ql=dr)h. eul, Sul &4} 48 AJZFE, SNCY) 15-40%% SAME Aol o] d
715449 e WskeE SO d P 2RE A £Fd o2 A WHeld A 4 e
AR o] vk A SMCe 2E e B AEFRIY sk, s AT B ofy et ECM% Xl

== 71 A

F71491 Aalo] AR h-ZEl=E BA L FA9] JA-0)EH WHE FEATE BB od 4Fd sl
Zol, Sicel @ AHE /1AM ol o8] Hojw BEHow zddh AAY AT/t £F SICY EAY
of g AAH £de FeAe melFAt, Fuel U B4 BF L4 SiCel oF BN FHS HAG ®
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smooth muscle cells in response to mechanical stretch. American Journal of Physiology. Heart and
Circulatory Physiology. 2003;284(5): H1839-47). ®w3], AW olx&y #AdHo| = 7|4 739 Wi
HUlAd SMCe] £8F S WAAZ 7 o], obnt= IH Ede] 7]oqE Fo|t}.

P4 BAY] ARRZE TA BPA D 29 2TA F 3 L AP A9 F gae B4 A
%4 RARE Tk Aa4 9F, D A¥DA(snoothelin), h-ZHAE, BRT VoA FAY 2L 53
g wde] wdel ofs) EAHE FEY 55 FA9 £ o8 dFH

AE 2R [ Age) Az $7 F shtolrh. o YL Eel tiF AE PR 2F R R ~Edx
>3 % oo~

A F2re] 4ol #ofshs B Fa% o] EAeted, & YHAES O WS AlE 71E AsEkg
o] A3A(adaptor) P ZAHARA 7|sshe MEZIE @G H(Bornstein P. Diversity of function is
inherent in matricellular protein: An appraisal of trombospondin 1. J Cell Biol. 1995;130(3): 503-6
and Sage EH and Bornstein P. Extracellular proteins that modulate cell-matrix interactions. Sparc,
tenascin, and trombospondin. The Journal of Biological Chemistry. 1991;266(23): 14831-4) % AXZ %=H
Fz F9o] FAfAEE Aoz Hol= AMxY Fz dwA(Nikolopoulos SN and Turner CE. Integrin-
linked kinase (ilk) binding to paxillin IdI motif regulates ilk localization to focal adhesions. The
Journal of Biological Chemistry. 2001;276(26): 23499-505 and Tu Y, Wu S, Shi X, Chen K, and Wu C.
Migfilin and mig-2 link focal adhesions to filamin and the actin cytoskeleton and function in cell
shape modulation. Cell. 2003;113: 37-47)° 3k, ElWYAl(tenascin C, TN-C), EEH2A¥EY
(thrombospondin) 1,2(TSP), H Al=H|lo] FF-3 4] #H] WA (secreted protein acidic and rich in
cysteine, SPARC)S wdt @ AX &4 ¢ 182 AR H¥S Yehe AxE7d wad o]tk (Murphy-
Ullrich JE. The de-adhesive activity of matricellular proteins: Is intermediate cell adhesion an
adaptive state? J Clin Invest. 2001; 107(7): 785-90). WEZA HX F4x 2(Mig-2) 2 A2y AF 7)1}
ALK = 22 AE 42l Z& (Nikolopoulos SN and Turner CE. Integrin-linked kinase (ILK) binding to
paxillin 1dl motif regulates ilk localization to focal adhesions. The Journal of Biological Chemistry.
2001;276(26): 23499-505 and Tu Y, Wu S, Shi X, Chen K, and Wu C. Migfilin and Mig-2 link focal
adhesions to filamin and the actin cytoskeleton and function in cell shape modulation. Cell. 2003;
113: 37-47) 2 ez wi7l A& AL (Wu C and Dedhar S. Integrin-linked kinase (ILK) and its
interactors: A new paradigm for the coupling of extracellular matrix to actin cytoskeleton and
signaling complexes. J Cell Biol. 2001;155(4): 505-10)o] I3t AXEW wilidoe|r), MEZ4 2 %4
-zboll tjgk IN-C, TSP ¥ SPARCO] 282 A o= H317] o] th(Greenwood JA, Theibert AB, Prestwich
GD, and Murphy_Ullrich JE. Restructuring of focal adhesion plaques by pi 3-kinase. Regulation by
ptdins (3,4,5)-p(3) binding to alpha-actinin. J Cell Biol. 2000;150(3): 627-42 and Murphy-Ullrich JE,
Lightner VA, Aukhil I, Yan YZ, Erickson HP, and Hook M. Focal adhesion integrity is downregulated by
the alternatively spliced domain of human tenascin. J Cell Biol. 1991; 115(4): 1127-36). &4, °|&
Al Gl d e 247y af% FEAE 7AW, AlE o]Fe] tigk ARl A -2 AHE st fFAlS
Ak PEAE AMsHYE AEZE ZFNMurphy-Ullrich JE. The de-adhesive activity of matricellular
proteins: Is intermediate cell adhesion an adaptive state? J Clin Invest. 2001;107(7): 785-90). Mig-2
2 JLKE FE3 AE B o]t tt(Nikolopoulos SN and Turner CE. Integrin-linked kinase (ILK)
binding to paxillin Idl motif regulates ilk localization to focal adhesions. The Journal of Biological
Chemistry. 2001;276(26): 23499-505 and Tu Y, Wu S, Shi X, Chen K, and Wu C. Migfilin and Mig-2 link
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focal adhesions to filamin and the actin cytoskeleton and function in cell shape modulation. Cell.
2003; 113: 37-47). 53], Mig-2© Al¥ e 24T B9 ofet a9 Ax=7 2 Ax7]d 3 Apole] A
Zol| Zoldt= Ao®E YEcH(Tu Y, Wu S, Shi X, Chen K, and Wu C. Migfilin and mig-2 link focal
adhesions to filamin and the actin cytoskeleton and function in cell shape modulation. Cell. 2003;
113: 37-47). < Aol a2y [LKE Ael 2@ vy A5 dgelr] wiAxzA st Aoz veldt(u
C. Integrin-linked kinase and pinch: Partners in regulation of cell-extracellular matrix interaction
and signal transduction. Journal of Cell Science. 1999;112 (Pt 24): 4485-9). X3 Mig-2 % ILK EF&
Z23 F&Ze FA5k=d 223t (Nikolopoulos SN and Turner CE. Integrin-linked kinase (ilk) binding to
paxillin IdI motif regulates ilk localization to focal adhesions. The Journal of Biological Chemistry.
2001;276(26): 23499-505 and Tu Y, Wu S, Shi X, Chen K, and Wu C. Migfilin and mig-2 link focal
adhesions to filamin and the actin cytoskeleton and function in cell shape modulation. Cell. 2003;113:
37-47). IN-C, TSP, SPARC, Mig-2 %! ILK®] & ®istE Ao =AM, A Ay SMCo F2F Adejol] oigh
A& UE 4 Jd& Aoz wadnh. IN-C, TSP, SPARC, Mig-2 2 ILKS] AlZW 4$x85 el 7l
LE7F &= 20 EAlH o] At

AR SMC ol el gk Aexne F9 714 dwde] fajolrt. VA FEHUMENEA(5S], MP-1, MMP-2
2OMP-9)= d¥ BN vgd AdEs AduAom #ed 4 dth(Galis 7S, Muszynski M, Sukhova GK,
Simon_Morrissey E, Unemori EN, Lark MW, Amento E, and Libby P. Cytokine-stimulated human vascular
smooth muscle cells synthesize a complement of enzymes required for extracellular matrix digestion.
Circulation Research (Online). 1994;75(1): 181-9; Newby AC, Southgate KM, and Davies MG. Extracellular
matrix degrading metalloproteinases in the pathogensis of arteriosclerosis. Basic Res Cardiol.
1994;89(Suppl 1): 59-70; Porter KE, Naik J, Turner NA, Dickison T, Thompson MM, and London JM.
Simvastatin inhibits human saphenous vein neointima formation via inhibition of smooth muscle cell
proliferation and migration. J. Vase. Surg. 2002;36: 150-7; and Southgate KM, Davies M, Booth RF, and
Newby AC. Involvement of extracellular-matrix—degrading metalloproteinases in rabbit aortic smooth-
muscle cell proliferation. Biochem J. 1992;288 (Pt 1): 93-9). MMPs&= SMC ©]%& Zdggo=x Fw W
o whde] F2d Aoz YERTE MPs, o529 ZAAHMT-1 MMP)(Lafleur MA, Hollenberg MD, Atkinson SJ,
Knauper V, Murphy G, and Edwards DR. Activation of pro-(matrix metalloproteinase-2)(pro-mmp-2) by
thrombin is membrane-type-mmp—dependent in human umbilical vein endothelial cells and generates a
distinct 63 kda active species. Biochem J. 2001;357(Pt 1): 107-15), % o]&¢ AA|AH(E3], TIMP-1,
TINP-2, TIMP-3 % TIMP-4) Ato]e] #32 ECM &3¢ %S A4 ch(Meng X, Mavromatis K, and Galis ZS.
Mechanical stretching of human saphenous vein grafts induces expression and activation of matrix-
degrading enzymes associated with vascular tissue injury and repair. Exp Mol Pathol. 1999;66(3): 227-
37). MMPs B TIMPs7F ®MA¥ dF9st 2 da &4 g SHez Mo 7] A Fad &S sk
Aoz g4 AFE Tl AAEUH George SJ, Baker AH, Angelini GD, and Newby AC. Gene transfer of
tissue inhibitor of metalloproteinase-2 inhibits metalloproteinase activity and neointima formation in
human saphenous veins. Gene Ther. 1998;5(11): 1552-60; George SJ, Johnson JL, Angelini GD, Newby AC,
and Baker AH. Adenovirus-mediated gene transfer of the human TIMP-I gene inhibits smooth muscle cell
migration and neointimal formation in human saphenous veins. Hum Gene Ther. 1998;9(6): 867-77; and
Lijnen HR, Soloway P, and Collen D. Tissue inhibitor of matrix metalloproteinases-1 impairs arterial
neointimal formation after vascular injury in mice. Circ Res. 1999;85(12): 1186-91). <& £°], &4
dFodsta} s AAQ] BF 6 AS, MP-2 2 MMP-99] &S 91zt A WS S A Y (Mavromatis K,
Fukai T, Tate M, Chesler N, Ku DN, and Galis ZS. Early effects of arterial hemodynamic conditions on
human saphenous veins perfused ex vivo. Arterioscler Thromb Vasc Biol. 2000;20(8): 1889-95). <17+ &z
Aol g F7] wig A T skl MP-9 A4 F7F B MMP-2 24 S7HE BoF Aok (Porter KE,
Thompson MM, Loftus IM, McDermott E, Jones L, Crowther M, Bell PR, and London NJ. Production and
inhibition of the gelatinolytic matrix metalloproteinases in a human model of vein graft stenosis. Eur
J Vasc Endovasc Surg. 1999;17(5): 404-12; Porter KE, Naik J, Turner NA, Dickison T, Thompson MM, and
London JM. Simvastatin inhibits human saphenous vein neointimal formation via inhibition of smooth
muscle cell proliferation and migration. J. Vase. Surg. 2002;36: 150-7; and George SJ, Zaltsman AB,
and Newby AC. Surgical preparative injury and neointimal formation increase MMP-9 expression and MMP-2
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activation in human saphenous veins. Cardiovasc Res. 1997;33(2): 447-59). Alvlxelelz} 7o 2 Q)3
MIP SjAIA = olef gt Rdlolq AAdd FA4S Ak Aoz yedth(Porter KE, Naik J, Turner NA,
Dickison T, Thompson MM, and London JM. Simvastatin inhibits human saphenous veins neointimal
formation via inhibition of smooth muscle cell proliferation and migration. J. Vase. Surg. 2002;36:
150-7 and Porter KE, Loftus IM, Peterson M, Bell PR, London NJ, and Thompson MM. Marimastat inhibits
neointimal thickening in a model of human vein graft stenosis. Br J Surg. 1998;85(10): 1373-7).

A T 7] JQAES] AFAR1 - o) SMC g3 R ool JEFS WA ¢ k. dE 5o, MP-
1 23 AA Aol uls] HAa o =FF AW SMColA =718+ i (Redmond EM, Cahill PA, Hirsch M,
Wang YN, Sitzmann JV, and Okada SS. Effect of pulse pressure on vascular smooth muscle cell migration:
The role of urokinase and matrix metalloproteinase. Thrombosis & Haemostasis. 1999;81(2): 293-300), HF
el MMP-2 mRNA 72 714 AAlel] w=Ff w92 SMCol Al F7bskSith(Grote K, Flach I, Luchtefeld M,
Akin E, Holland SM, Drexler H, and Schieffer B. Mechanical stretch enhances mRNA expression and
proenzyme release of matrix metalloproteinase-2 (MMP-2) via nad(p)h oxidase-derived reactive oxygen
species. Circulation Research. 2003;92(11): 80-6). IZF HA] A=Mo =R E ] wjksl SMCAlA, MP-2 3
MMP-9 AAF 2 Guld S GAdZHo] A AE#(uiaxial stationary strain)ol =F¥ A% S718A
ARk ddZo] F7]1% AEd <l (uniaxial cyclic strain)ol =F9 A$ 7423k ch(Asanuma K, Magid R,
Johnson C, Nerem RM, and Galis ZS. Uniaxial strain upregulates matrix-degrading enzymes produced by
human vascular smooth muscle cell. Am J Physiol Heart Circ Physiol. 2003;284(5): H1778-84). A-f-o}A|E
o] F714 2EFQS MI-1 MP & Z57HA7]13L(Tyagi SC, Lewis K, Pikes D, Marcello A, Mujumdar VS,
Smiley LM, and Moore CK. Stretch-induced membrane type matrix metalloproteinase and tissue plasminogen
activator in cardiac fibroblast cells. J Cell Physiol. 1998;176(2): 374-82)[166], TIMP-1 ++< 7+4AA|
715 Ao2 YEPYtH(Yamaocka A, Matsuo T, Shiraga F, and Ohtsuki H. Timp-1 production by human scleral
fibroblast decreases in response to cyclic mechanical stretching. Opthalmic Research. 2001;33(2): 98-
101). 3, SMC o]%& Hd $3 H% EC Adzdgd g8 xddE Ao & YEWtH(Bassiouny HS, Song
RH, Kocharyan H, Kins E, and Glagov S. Low flow enhances platelet activation after acute experimental
arterial injury. Journal of Vascular Surgery. 1998;27(5): 910-8; Nakazawa T, Yasuhara H, Shigematsu K,
and Shigematsu H. smooth muscle cell migration induced by shear-loaded platelets and endothelial
cells. Enhanced platelet-derived growth factor production by shear-loaded platelets. Int Angiol. 2000;
19(2): 142-6; Powell RJ, Carruth JA, Basson MD, Bloodgood R, and Sumpio BE. Matrix-specific effect of
endothelial control of smooth muscle cell migration. Journal of Vascular Surgery. 1996;24(1): 51-7;
and Shigematsu K, Yasuhara H, Shigematsu H, and Muto T. Direct and indirect effects of pulsatile shear
stress on the smooth muscle cell. Int Angiol. 2000; 19(1): 39-46). 7|AA L2 7] AAE9 AHAA
4ol o3 SIC B2 D olBol FFL E F AT, S olFL AW £ F= B ATAD| e 2AH
o2 YElstth(Garanich JS, Pahakis M, and Tarbell JM. shear stress inhibits smooth muscle cell
migration via nitric oxide-mediated downregulation of matrix metalloproteinase-2 activity. Am J
Physiol Heart Circ Physiol. 2005;283(5): H2244-52; Bassiouny HS, Song RH, Kocharyan H, Kins E, and
Glagov S. Low flow enhances platelet activation after acute experimental arterial injury. Journal of
Vascular Surgery. 1998;27(5): 910-8; Nakazawa T, Yasuhara H, Shigematsu K, and Shigematsu H. smooth
muscle cell migration induced by shear—loaded platelets and endothelial cells. Enhanced platelet-
derived growth factor production by shear-loaded platelets. Int Angiol. 2000; 19(2): 142-6; Powell RJ,
Carruth JA, Basson MD, Bloodgood R, and Sumpio BE. Matrix-specific effect of endothelial control of
smooth muscle cell migration. Journal of Vascular Surgery. 1996;24(1): 51-7; Shigematsu K, Yasuhara H,
Shigematsu H, and Muto T. Direct and indirect effects of pulsatile shear stress on the smooth muscle
cell. Int Angiol. 2000;19(1): 39-46; and Sho M, Sho E, Singh TM, Komatsu M, Sugita A, Xu C, Nanjo H,
Zarins CK, and Masuda H. Subnormal shear stress—induced intimal thickening requires medial smooth
muscle cell proliferation and migration. Exp Mol Pathol. 2002;72(2): 150-60).

A o)A A S oA T FAALAREA To] k. FHHE A
. dE o], &2 (Wolf) 52 TGF-Boll th3at A AAl Fo
.5 A=3PH(Wolf YG, Rasmussen LM, and Ruoslahti E.
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Antibodies against transforming growth factor-beta 1 suppress intimal hyperplasia in a rat model. J
Clin Invest. 1994;93(3): 1172-8). A4 feff A4 AAHPDGF) R #7174 Aot E A% AAHDFGF) 7} &=
3 IH B SMC T2l #olsti= T2 QA RAoE WAL, oAE B, TF-B+ F4& odAlsks WA lii
S, Ware JA, and Kent KC. transforming growth factor-beta inhibits human vascular smooth muscle cell
growth and migration. Surgery. 1993 ;114(2): 464-70), PDGFE= #j<k® SMCollA &3 o&EA Z424 L& of
718 (Uzui H, Lee JD, Shimizu H, Tsutani H, and Ueda T. The role of protein-tyrosine phosphorylation
and gelatinase production in the migration and proliferation of smooth muscle cell. Atherosclerosis.
20005149(1): 51-9). A7k A= ofAHe] AbE AE Bl B4 AEEREE WEE b= M S48 FAdH
(Qian H, Zhang B, and Zhao H. [gene expression of bfgf and intimal hyperplasia of autologous vein
grafts in rats]. Zhonghua Yi Xue Za ZhL 1996;76(11): 826-8). <2 A|3X2 4 % PDGF AALS] mRNA &
g o] Aw o] Ao AP A FHF & Ao R YeEltH(Francis SE, Hunter S, Holt CM, Gadsdon
PA, Rogers S, Duff GW, Newby AC, and Angelini GD. Release of platelet-derived growth factor activity
from pig venous arterial grafts. J Thorac Cardiovasc Surg. 1994; 108(3): 540-8). A7 JAA7} £w3] IH
of @a& W, MPPs7t Hg SNC S-S Aoy T Wwel wde] Fa3 Zow vEhd W
(Southgate KM, Davies M, Booth RF, and Newby AC. Involvement of extracellular-matrix-degrading
metalloproteinases in rabbit aortic smooth-muscle cell proliferation. Biochem J. 1992;288 (Pt 1): 93-
9; Cho A and Reidy MA. Matrix metalloproteinase-9 is necessary for the regulation of smooth muscle
cell replication and migration after arterial injury. Circ Res. 2002;91(9): 845-51), TIMPs+= SMCe] o}
XEAN2E EFZ3eE AoZ YElY Y (Annabi B, Shedid D, Ghosn P, Kenigsberg RL, Desrosiers RR,
Bojanowski MW, Beaulieu E, Nassif E, Moumdjian R, and Beliveau R. Differential regulation of matrix

metalloproteinase activities in abdominal aortic aneurysms. J Vasc Surg. 2002;35(3): 539-46)
[He SMC 5219 571 2 ol xEA 29 7 9 A BE59h dAdo] v o2 YeRTE, U9 o EA| 29
A (e}

o

1
F7Vh AESe) F7hsh gk AEQ) sk sAbe] g}
[e)

4,
)
[e]

44 Y B & ek, e, A
st & Folstelol @t F, fELEAZY A

Qe oA, AE FA9 B 2 Fhe AR #5242 zd@d. odd olfE Wi,
_‘f_

He B M 7Y FAH, F7 94 L oA A% BF)E HESE Aol Fas,

=
[<)

=
[<)

24 AE 3 FYA(PCNA, Proliferating cell nuclear antigen) @ et G| SA|FEFUQEE Aol L-m7)
dUTP-wvlo] o &l 991%] Y ¥t ¥ X3} (terminal deoxynucleotidyl transferase-mediated d-UTP-biotin in situ
nick end labeling, TUNEL): 2tz AJA|W(Nishibe T, Miyazaki K, Kudo F, Flores J, Nagato M, Kumada T,
and Yasuda K. Induction of angiotensin converting enzyme in neointima after intravascular stent
placement. Int Angiol. 2002;21(3): 250-5) ® Al &3 (Zuckerbraun BS, McCloskey CA, Mahidhara RS, Kim
PK, Taylor BS, and Tzeng E. Overexpression of mutated ikappabalpha inhibits vascular smooth muscle
cell proliferation and intimal hyperplasia formation. J Vasc Surg. 2003;38(4): 812-9) =5 F-<&4F AVG
el A SAA B ol FEA A AEE FA S ARREHAT. AE T4 B ol T EAAE ojYus A AF &
g el o)k gl Fuk ol A dojuh= FAIAQL BAolAIRE, o] % o]HF HF L ofEEAL £k oo
7V 54 &xo o FUYZtk(Nishibe T, Miyazaki K, Kudo F, Flores J, Nagato M, Kumada T, and
Yasuda K. Induction of angiotensin converting enzyme in neointima after intravascular stent placement.
Int Angiol. 2002;21(3): 250-5). A=Al AAs = F2d defddes volsfx oj4H e Tu 3 APd
et e T2 e HPgFE gz 2y ddd] w2 oZ Yelgth(Hilker M, Buerke M, Lehr HA,
Oelert H, and Hake U. Bypass graft disease: Analysis of proliferative activity in human aorto-coronary
bypass grafts. 2002;5 Suppl 4: S331-41).

b WS AVG THeF #Rdo] 9lom, ol ofXEAIA H SMC F2l9] 7AF FAEo AL Ay
o, dE 5o, 9 FFo F714 Al =&dH 4§, B SMCE s SMCol HlE} 18 FAE FTHA

Aoz eI (Predel HG, Yang Z, von_Segesser L, Turina M, Buhler FR, and Luscher TF.
Implications of pulsatile stretch on growth of saphenous vein and mammary artery smooth muscle.
Lancet. 1992;340(8824): 878-9 and Dethlefsen SM, Shepro D, and D'Amore PA. Comparison of the effects
of mechanical stimulation on venous and arterial smooth muscle cells in vitro. J Vasc Res. 1996;33(5):
405-13). #F(Liv) 52 HERASAS-ZHY d4 9 TINEL 4 53, 59 dFstoz g 7144 A2l
of AZEALE fretal, ofvii E AVG RHlelA 550 Ax S5 vizfe Folgkar YebAtH(Liu B, Itoh
H, Louie O, Kubota K, and Kent KC. The signaling protein rho is necessary for vascular smooth muscle
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2 (Predel) &
and Luscher TF.

3L

s=so

317-25).

S Ye Rtk (Predel HG, Yang Z, von_Segesser L, Turina M, Buhler FR,
878-9).

Implications of pulsatile stretch on growth of saphenous vein and mammary artery smooth muscle.

migration and survival but not for proliferation. Surgery. 2002;132(2):
1992;340(8824) :

Lancet .
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vpe} e Fotel AmAlE x4 A
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A4 A=), duEr)D), =& H :Lﬂ%‘:'(Bl) 9 A9 (B2) ¥ WEY], ZPEAEHE(E) F
Z2nF), 798 44716 2 g9 u}ow*m)z o] FolZlth, mAEA G TALARE o9 fx P
(adventitial bath loop), He-Ne #@o]A wmlo]a 2wy 2 do]g &5 A~®lo] F3tEct, 3 (Labadie
(1996) et al. for more detail (Labadie, R.F., J.F. Antaki, J.L. Williams, S. Katyal, J. Ligush, S. C.

Watkins, S. M. Pham, and H.S. Borovetz, "Pulsatile perfusion system for ex vivo investigation of
biochemical pathways in intact vascular tissue", American Journal of Physiology, 1996. 270(2 Pt 2): p
H760-8)& =3 4= Qlt}.

% 4 sA WAg gw wael 4 o 47 $d.

B
il
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"EEN 48 AIZE BRE (W) #X AA gw FAdeo] #ulel digk izl A28 ] 7

vebdith, xokE Bk B U9 AxS. T oA g9 dde ZF 7o iRE A8 TS gl vAlT
Z 9 AE g UeEhAt(200x< gd)). Al fA deo] dde b 2A Tule] gixAl AE(EY =
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ALE Holx] Fokeg FEdlE. s Al Hde TS 48 Az BF AE
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A TN 4] Ul LA R 400 o). BASESF Mg S i

=
T SFEEAAE HolX FdeS szt BE oA, shaxe g9 WS vk
L= 6: VEN of ART AAe] 7 23S vl ==,
I 70 ART of oART AAS] o7 AFS Yehlle Hg=
%= 81 ART of wART AAS] #7 AFS Yehlls M=,
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A~ olge] THENS W SA] SNP7F Fol® AE fdshy] wiEtk. &, (EPIA] og A=%) 279
AA ] olgto] BAE Ao wet, 4 L AL PLIVel dis] AFoldk A7te] SNPE Tttt Ag 717k
of AX PIJV w4 Z7te] dig &% 37 HAx &% EPIE Fosr] do SAHT BT A= Aqrst
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2 2dlEe] iAo ofs) x| g o]y AN FAdo] HAHASS A tH(Mehta D, George
SJ, Jeremy JY, Izzat MB, Southgate KM, Bryan AJ, Newby AC, and Angelini GD. External stenting reduces
long-term medial and neointimal thickening and platelet derived growth factor expression in a pig
model of arteriovenous bypass grafting. Nat Med. 1998;4(2): 235-9). Hu} FHtol, ZZHEZEZFoZd
A A z7F s hElel S REE AVGE ITA SR ATsty] fle AREHAAL, o] AL x| mElolA TH ¥
s A FHHLiu SQ, Moore MM, Glucksberg MR, Mockros LF, Grotberg JB, and Mok AP. Partial
prevention of monocyte and granulocyte activation in experimental vein grafts by using a biomechanical
enginnering approach. J Biomech. 1999;32(11): 1165-75).

AVGell tigh GAQl Z1AIE A X Ae] A e o2 Had wl gledl, ol % S&dolA AAWTA
A B gist B A5 SHoE A% JteAduEd Aol 7 =t (Bunt TJ. Synthetic vascular

graft infections. I. Graft infections. Surgery. 1983;93(6): 733-46 and Edwards WH, Jr., Martin RS,
3rd, Jenkins JM, Edwards WH, Sr., and Mulherin JL, Jr. Primary graft infections. J Vasc Surg.
1987;6(3): 235-9). o]#dt Aol HIARFK(Vijayan) & Ald7| (Jeremy) 52 3l AVGAlA THE Fa
A7l EEEE V2 AR EE ARESES A=tk (Jeremy JY, Bulbulia R, Johnson JL,
Gadsdon P, Vijayan V, Shukla N, Smith FC, and Angelini GD. A bioabsorbable (polyglactin),
nonrestrictive, external sheath inhibits porcine saphenous vein graft thickening. J Thorac Cardiovasc
Surg. 2004; 127(6): 1766-72; Vijayan V, Shukla N, Johnson JL, Gadsdon P, Angelini GD, Smith FC, Baird
R, and Jeremy JY. Long-term reduction of medial and intimal thickening in porcine saphenous vein
grafts with a polyglactin biodegradable external sheath. J Vasc Surg. 2004;40(5): 1011-9; and Vijayan
V, Smith FC, Angelini GD, Bulbulia RA, and Jeremy JY. External supports and the prevention of
neointima formation in vein grafts. Eur J Vasc Endovasc Surg. 2002;24(1): 13-22). FE¥H+= 93 a3

WA Fe 2T AAA-HAE A ddo] o] x3ETH(Vijayan V, Shukla N, Johnson JL,
Gadsdon P, Angelini GD, Smith FC, Baird R, and Jeremy JY. Long-term reduction of medial and intimal
thickening in porcine saphenous vein grafts with a polyglactin biodegradable external sheath. J Vasc
Surg. 2004;40(5): 1011-9). 22y, o5 ALY vE= e F2E o] lof, & st AVGE
e HAd AP om &AM, IS 5 7kl vkl 7AH AAAE AsshA &gk, BIARF((Vijayan)
S (Vijayan V, Shukla N, Johnson JL, Gadsdon P, Angelini GD, Smith FC, Baird R, and Jeremy JY. Long-
term reduction of medial and intimal thickening in porcine saphenous vein grafts with a polyglactin
biodegradable external sheath. J Vasc Surg. 2004;40(5): 1011-9 and Vijayan V, Smith FC, Angelini GD,
Bulbulia RA, and Jeremy JY. External supports and the prevention of neointima formation in vein
grafts. Eur J Vasc Endovasc Surg. 2002;24(1): 13-22) 2 Aldv](Jeremy) S (Jeremy JY, Bulbulia R,
Johnson JL, Gadsdon P, Vijayan V, Shukla N, Smith FC, and Angelini GD. A bioabsorbable (polyglactin),
nonrestrictive, external sheath inhibits porcine saphenous vein graft thickening. J Thorac Cardiovasc
Surg. 2004; 127(6): 1766-72)°l °J3] AR&H HW oldel, Fl(Huynh) 52 E7] A= o2\ A IH FA
S A7 SE AAIAQD o5 Fepl 3 AXAE ARSIt o5 Fehal @ Eg vlAlgA o], 23
FEsto] st ot AxE HuyE vl §lok(Huynh TT, Iaccarino G, Davies MG, Safi HJ, Koch WJ, and
Hagen PO. External support modulates g protein expression and receptor coupling in experimental vein
grafts. Surgery. 1999;126(2): 127-34). A7]AbE 7Fa g Fepae &6 A vl w2 A &3] = (Rho
KS, Jeong L, Lee G, Seo BM, Park YJ, Hong SD, Roh S, Cho JJ, Park WH, and Min BM. Electrospinning of
collagen nanofibers: Effects on the behavior of normal human keratinocytes and early-stage wound
healing. Biomaterials. 2006;27(8): 1452-61), wtebr ZepAlomwt whsojxl v o o) AVGel| Aled +=
A AAA = YT drA el ZA7|3rel AA adHd F e Aer HuHrt. #oll(Liao) sl o3|
Nag Q5 AVG T E= AIZE A el mek CISE AVGel AA18] dgsty] 3] 54t $52 23 Es A7
HArk, 7 gY-3 S AEE HEE & FUE HBFoEA do ARHARE o] glar, weba] 747t
AVGell gbAl 2+F 4= §lth(Liao SW, Lu X, Putnam AJ, and Kassab GS. A novel time-varying poly lactic-co
glycolic acid external sheath for vein grafts designed under physiological loading. Tissue Eng.
2007;13(12): 2855-62). %, ol@e] M3} npa A2, 2ok (Liao) 59 HWe g9 7A% AAAS
A7) dofl T gHFIN A AVGE FHSI =S St Bl Al ule} Zo] FEHAVG-Ho] opd ] Fof A
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}(Kanjickal D, Lopina S, Evancho-Chapman MM, Schmidt S, Donovan D, and Springhetti S. Polymeric
sustained local drug delivery system for the prevention of vascular intimal hyperplasia. J Biomed
Mater Res A. 2004;68(3): 489-95). T t}& AFo|A ZMX|o}=2~(Cagiannos) - AVGOll hafulo] Al (Al &
2)& FAhHoRE HAIdy] fd FYHEHEFORIAEA IEE AMESIGR, HA EdoA E3He IHE
gyHor ZFAAFHH(Cagiannos C, Abul-Khoudoud OR, DeRijk W, Shell DHt, Jennings LK, Tolley EA,
Handorf CR, and Fabian TC. Rapamycin-coated expanded polytetrafluoroethylene bypass grafts exhibit
decreased anastomotic neointimal hyperplasia in a porcine model. J Vasc Surg. 2005;42(5): 980-8). H.T}
F<toll, Zel(Kohler) &2 I2e|8dS Hdsty] fl& AALNE vAES A&k, T4 dAx(dialysis
access)9] & EdoA o]xH-Aul F3Ro|A [HE adH oz oA FAt(Kohler TR, Toleikis PM, Gravett
DM, and Avelar RL. Inhibition of neointimal hyperplasia in a sheep model of dialysis access failure
with the bioabsorbable vascular wrap paclictaxel-eluting mesh. J Vasc Surg. 2007;45(5): 1029-1037;
discussion 1037-8). o]2fg & H7AL T4A o] & £2E 4FomA o= HLuhA] da £
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Guan J, and Wagner WR. Fabrication of biodegradable elastomeric scaffolds with sub-micron
morphologies. J Biomed Mater Res A. 2004;70(4): 603-14), A<= SMCH A& o2 wAg3% A2 (Stankus
JJ, Guan J, Fujimoto K, and Wagner WR. Microintegrating smooth muscle into a biodegradable,
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Sehe 2 3% WA oF 05 42 EFShE olo] BYHA B Ao {8 WA FEA 2B =
g % 9 AgHozE o)F A FAe EFIE oF 25 T U4 oF 75 S
o



[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

S50l 10-1719081

& xdel oo FAHA Fe Ao &3 HAR THAH 2AHEC EAF # dx, oF 40 TF L oF
42.3 SRS e, o]E Alolo] RE AL W HE Aey 9 T30 F5ES ¥I3IT. dhtel nigig Al
TA A, 2 @ dagAve gigf sdFgoR FFA 2 E EAET. £ & FAdCdA, FFA =
AE T Zoh 2 dgtad Fol F2 oF 2 %% WA oF 95 T3%E EFs ole FAHA e o9
&3 Heolw, U HIPHomeE o5 Ao]d BE WY B AFHE XT3 oF 25 3% WA 75 %
%] Ao, ok 75 FHh R OF 42.3 FTBYE XFS= oF 40 % WA o 75 e et

o] Adgd ZE W e =X, g AdFEA ge 3 fo] "ror MFEE gAY T8 fdyets,
SAA A=Y Ha 9 UlsHeR T HAE ARyl Y &o] "ror AT "dd Zo=
aHHET, & B, FHAL 10 TR A 2= EAlStE Ao2ZA AFE F AR, SA4X A
A2 A8 10 FH%+0.05%, 0.10 FF% & 1.0 TH92A TAHZ ST 4= a1, o33 T FHAEA
T4 WA ow A85h7] Hrt

2ol AMEHE 8o "X, "EEST e "X 9 19 WYL WAVLse AES gty FA#

ool AFEE 8o S B "t AbE e olo AFE A ¢ FEAY dUS TR

THA= 2 SFAVE FEAC EdE e dEd dFAE "EIIH e dEd 9FA"RYYH f=d
= A= Holx 54 TAI7E SFA T EdEv= HolA A

o wekA . FATE E3eke
] ]

Aagrol SgAll EA 8t

wilo] ANE AARNY FEAT ARGl Sk RO, FIAL AAe) A 2 213} 4
AR o4 R AHY, AYHOoR R FF AT Y /109 A, I, F EE G 24 A
of Ao Y/me xATe) 8 We Fi BEAow wi s RaH: AL oudt.. od@ 3 w
ol HSPH oz /A7) W, JREEel g W RAH Ave] TgHh 54 FAA, FFAE
welgA st BEg spud, 19 oz diHE, F4E, tEGE Ex ou=sh g
g, FEAE A9 WANE e wgo] Uolhy] % WY BRORA WEHE wi YANEAE
TG F Atk A2 Bol, FRAL FPAel EaH RIS AT W= AQ dehd-dehd-ela
FHT F Ak E OE FANA, FEAE WY BRoRA A9 A UM, oF HY FeAL F
@ % 9tk

FPA wE FFATS AYHoR el AAXAA 2AY AN z2AskE JAYnste A el A
PASE AEE Aotk fE% AN Ba) Hwe) MFYH A& o|F Aol 1, 2, 3, 6, 12, 24 B/
48 Ae] B 12 A WA 2 F7h £gEn

| 5
71 Qo) detreEw FEAVE A, dE 5o, A Ao, WL Alxd=d AHEEHE
THAE L2 WATEsseE. A FEA v ARl A& 100% WA 1700%, Y% wFEASAIE 2009 W]
2 800%, W= wtEAsHAIE 325% WA 600%2] ek ~E# 2 (breaking strain)S 717 AEo] ZIHTH E
Aol ulFAs FA A, FA Stk 2EHAL 5% WA 50%, TS vlEASAE 10% WA 40%, H5H
vtk s A= 20% WA 30%0]tk. F7FE, 10 kPa - 30 MPa, ©l% ®}gASAIE 5 - 25 MPa, ©lST] ulgA s/
= 8 WA 20 MPae] U AEE JH FFAE Aus= Aol TF FEslith. A FAdAA, 7] AFE

10 kPa WA 100 MPa, ©l% w}Zz3lAIE= 10 WA 90 MPa, W= ul&rzslA|= 20 WA 70 MPao]t}.

54 FANNA, BAo] AEH FFAL T olFe] Bl AN BT A9 AmAZT WEFU}, o
g Bol, A ANe Y BRE 1 UY B A Bl B4S F3 9NN BEE 4 A= o
g otk shtel el wFHG TANNA, FHA WY BB F s FEAA

ES
K
>
Zi
z
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b
Sug
b fo

£ oplete S EA T

shure] FAldAA, A AR Ee(daHE ol AAER(PEIDE £, o
PEUUS] e Zi= A& AZAIZA teprl, olg €W FEZHF 4 ZesZ &M 2000) 2 1,4-t]0]
Srjobdlo] R Ero Y Axd AAEM FAelth. A PEWU TAl: 2 vAlel F3st w4l os)
Az 4 gder, o7 FYZtZESELSON 2000), 1,4-tje]2Alotdlo]Efet B FEHUS 2:1:1 &Y

1
2 e A wA S8 DA, DNSO T 1,4-tolAlodlo] ER-|HE] 15 wt%h -1 DMSO 5 U2 25
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FAANA, Holw shtel Az ARAY Afol AHET. F8E ABAZE BRAA AR o|°)
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o] Bdo] EgHt. FFA A B, AnAE FFAS £AY 5 vk oF B, A8
(o, DS Eh5le] ALt o FuA EAE B A 5 g T, AR
A(AE ol Zelolddl 2T solmea mi Eg-2Y2A nAdATE £ ol @45
)% EgHLY, oRe AerEd FEA Jegeh, ARAE BA S Er Aeams] 5
A AAsh ERgomM, Al WE HE FEA Ba &wd o =@+ Avh shie
DA, B e AZE TRAE ARAY JolmzAe By 249 wEdl 438 T AY
o] AgwT},
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2ol A" "AAE3d (biodradable)", "AAAZFTd (bioresorbable)" F "AJE3d (bioerodible)"S &
ofojolt}, IR ﬂEQ'@MF%-Ea dT A4 2 d9e dds TR TlstebHos e e Woks
7o) ofutt, f st Aem, 7k HAEs 7HH WS
=eAE AA % ), A, A EE= ZAE 3 F )
THEFEH GE & TER ojestes WAl 2 Ao AR 7 o ok E8del AHE nike} o], ]
a3, 7%, V1A 3 dd =
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, HlEte B & Eﬂ/«}uﬂE}
oA=& O}AﬂEwE;
Zetel, WEEHAC|E, Alo]FR
, FFtE B, RAE 2~ EYESS-tRNA a4, #ElQl, CA4P, AdPEDF, VEGF-TRAP-
EYE, AG—103958 o}u}w_, JOM6427, TG100801, ATG3, 0T-551, AN%=~Elel ggen=  w|7pA|FalE | Y Qnt
ZELE; (3) 544, ol HW AEEFs, sEded, H4dd 43S, gadld dojas AR, FPIIII,
L744, 332 1A}, Van 10/4, ENE%HW 5-FU, th9-imfpolial, wEnfolal, GAMHERE ofAEH XY, ZF
A, AlolERx g, WEEHNCE, Hild, @I A FEPEI= F PACAP; (4) FA; olFx=d
doll Zraste= ofE, olF HW *}Oliiﬁzﬂ ZEFEY Y2, oM EY L, BaEE TS B AEY T2
ghujo]2l), JAEHE, INF 2F @ d; (5) BAE, ol & HW et ¢ EH]E““ 2EHE, °o]& HW olE
Zup2etel, Zup2Etel) AlnbaEre ) ZehbaEd | SRubsEl 9 20k EE (6) AbskE A oA EE
AT-A, o]Z ®W HEA A obAlE] A (Angeli's Salt), L-ol27|d, =& wo]2~(Free Base), Tlo€oldl =
ool tlo|dolwl o o] E/AM, Glyco-SNAP-1, Glyco-SNAP-2, (£)-S-UEZA-N-opddsydatyl, S-
YERAFFEES, NOC-5, NOC-7, NOC-9, NOC-12, NOC-18, NOR-1, NOR-3, SIN-1, ¢4H¢l, YEH YE=Z S
A=, o]FgkE, ~dad kkoolE, ~EfEZEA; 9 (7) A, o|F HW H|FAHA oA ZF=En 2
oFEEAR, A °HElr‘ﬂ* , OFEMIF | oA ERulo]Al, AZBEFAI, ﬁ?/}fﬂ‘fiﬂ}o]@
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oA, MEE, vertoldl, wEEEA, SESA, strrrield, AUdY, AW, Eelyal B, s
Auee, sjeden, GuiE, dun, AdeERA, sEQEded, Astold, HEdjelEe, En
Gujoldl, EuERoRsYd, EaWELy dsolE, mo Ee, 2 & 9 o Hu dshE, wEsE,
0= 9 BaoEide] T oo @4uA e

0074] MmO PuS Abgstel AW AR /1Al v A§FE (microintegrated) + Utk AE Hol,
AAe BAe Tgel e Ame AT AF el AANN v A AH wB2AL S Ao AxE
GECEIE RN ERES o, A1Ae A AR A} Bag A Aeta o)A

=N
=N o 1
ok a2y, AHAR A ARl =
(thermally induced phase separation)®t &2 tf
WA A7) g, 2AE=] FH oA ME g TAHe=R %E}"Eﬂi ’\?ﬂi o] W 77k Al
o] wAEFe] upgA gk Aol vk ALgH T

[0075] T gE FAAA, B tiide] HE AEE HAE &v(dE B, 4 A e S &8
th, 718l A7Alel o8 FAEE et AeA AR 71F flel EF-Srh. o] Wy 223 9
3 Alx¥ awo Axst AAlEo] vk 49 53] AFsivr. shuke] FAlCA, AEE FH e 7H
(5, 7Hstell =Z225H Axg E5skes 207 AR B o2 Ao, AEE AR -
AE wAe] A7]EFEHG. EL MAE upep o], AVEF+ HH AR 2 wEE UM AEZ-FH &9
S AES i35t N9 Ze A NA (charged droplet)?] 55 AAs7]o] FE3 Ar|gdoz AEste
GAE xget). el A (H=A]), Aoldt st EFE HET AEMOC tiEte] ME AET
(cell viability)S AN @eItt. o5 Aold PorE BE oi -15kVE thd® T4 o] EF, -15kVE
WAE F32 $ol PEUU A7|Hatel] ofs) B 2 -15kVE tid® 2 9o 10 kVoll A A7 &5, 2 -15kVE o
HAe A 9ol PEUU A71Akel 93] 10 kvellA A7)1&5%7F £&drh. SMC AEFY] FodAd Tae =58
Fe Mz EFEEE HASIGY. o]eg o] &9 AoH A 71312} Bh= omglo], B whE 9 Ao A
71%AL PEUU (e-PEUU) A2t &5 &= thell o3 AEsol &4 wjiddl, A &ujdo] Ax w=Z3 37
7kt el EelA gle] olye AnE FuUE F }A% Ao oA, AE oolaE BT EFEH AET
e & A 98 nuFgden, =& #74, 2% g % £9 Ao ug IA 2EA= Hew ye

o
Ath(Veazey W.S., Anusavice K. J., Moore K., "Mammalian cell delivery via aerosol deposition", J.
Biomed. Mater. Res. 2005 (72B)334-8.). webr, AL HEE F7MA7|a 7144 2 384 o2 RE <
AE BSE 57] 98] Aepdos HEd wA25EH E5Edn A2 I 5HJAAR AF7 W Agd
stujizell PEUU 712 €] 7IA14 &34 el = At

of\

[0076] bl BRol= gz ow, HA/EE AT X QRS = Z2A%o] x| S uxx] 92gth. o] A
E7F S A7l mE3Al AEE & dvs e Al 9 Bald] dAFT(AE 50, £ [Nedovic

A

V.A., Obradovic B., Poncelet D., Goosen M.F.A., Leskosek-Cukalovic 0., Bugarski B., "Cell
immobiliation by electrostatic droplet generation", Landbauforsch Volk 2002, (241) 11-17; Temple M.D.,
Bashari E., Lu J., Zong W.X., Thompson CB. , Pinto N.J., Monohar S.K., King R.C.Y., MacDiarmid A.G.,
"Electrostatic transportation of living cells through air", Abstracts of Papers, 223 ACS National
Meeting, Orlando, FL, April 7-11, 2002]& =% 4 dt}). PEUU A7|ALe] EAlstel A x4k, SNC AES
& LI YR, ol ol Fo HdA I R AIRR Sgel A wadcl A Solo
o Aol wEFs wy] W Aol Eh, 23 cnghiz MlaE 2 A7IUAR ARE Qle), PEUU AR obvhE

|

olgo] HAd w7tx] GulE FHtA &S Aotk Azide] BEHE WX ERE HV|EFe Ado] e
WA 2 5E o] d7]wel Hla] o B AL AEE DAY, a2y, AgRe] ARRS ZAlEY] VAA &
Ae FaAZIg. kA, g4 ASed, ujx gEozFE AEFE uhEAe Ax &3 PHd
ATt

[0077] AR 712 Yol Em=E 1 otol] £QE = e AERE 7] AXE, AR (A7) AX, 2dF AF, 23
oMl EZ, A ME, I AXE, U9 AR AE, 5 FH8 T AE 2 fAx 8y Az 23dEg. 5
Ao FAdAA, FHA WY AxE XEA EF, olF HY AR AAE HET 5 k. A 4 AR
o 2= FHFY e AAFFY JAAF 2FEHH, o= R AFRF VES AMEstY 52 5 Y. A
Aol HEAF ARl 2= A7 AfoldE A QJIAH(DBEGE), AHd AfolME A A (aFGF), 3 U
3 A ARHVEGF), TAIE A3 AAHHGF), ﬂ*%—%/w 47 AAHIGF), BEAE A7 AA-wEl Edol2
Exy oid, n=g1Ql vhildo] 3tE T, shube] mighA g FrA| el A, At 1A= IGF-10]t).
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[0080]

[0081]

[0082]

S50 10-1719081

A Al A

A7F BA A o ds] B (id 500,0008]) 2 TE(vd 80,0008]) 9 omloldlads: E tho] AElE= o
2l o)t} M&JﬂE%Q%OHﬁ1%ﬁéé%wiﬂﬂﬁoﬁ”h%1ﬂ4%§7%1%#%%%$m+ﬂ$%ﬂ
8% Folth, Hye e AVG A9 200 WA 4095 A ert. Hye 59 A 2=83 ##Hol 91

S7HAA A A6 vl 140 ¥ S7H) 2 B9 £ A% AH?LI A 8+

& =F g FAEHE o gAY, B Al He H SR B 3o cwsoﬂ o g AVG4
= o8 HaHAY AAE F Avkes Aolv. =, AGE 19 =& i& o] $&of s}

nrh A
Ag 9 enaYstse RS 7157 AFHR, AL ol Faun, wed He) 27 4L AR F
St e, I A4S 2] A% el S8 BAE WEe A B velaagel 4ud AN
AT A lelE Aeleh. webdl, B Agle] 4] BAe suk Feo] wAE AARANY FEA B
ez Aze 203 ATe e QAN AGE A Ao "EaEs A Rl F
FA W, BASHE Azre] JIztel AA Laldol neh, ol ols) ATH AAH AAA gaHD 497l
A Cise] #7& AAE FARES guo] wEH S 2gHt

o] AME B4 N5 F PP U ¥ AT FPomA o5 Ausy] AF TEA of7t 10 8

1
B ool A Aug £HS 915 2Rl o9 Qo
Ao AAE 24 | IHAe g3 |Bde ojs RuAns Srael og
[ b e RS PR
ol g
PCNA =4 AR wEE AVl A e AT 2% 27}
TUNEL OREIEA] 2 WAAGA w2E AN o FEA A WA
FQ3 AVG B o
TEE ECach FSEE BA2HA =FY BFAA ANGAH Faso]
a0 o8 29w BAN} Zrja
FQ3 AVG B "
AATE 228 &1 9g3) AVl A F7)shH
B v ¥ 4 Aol gl sag & it ’

* Morisaki N, et al. Cell cycle-dependent inhibition of DNA synthesis by prostaglandin i2 in
cultured rabbit aortic smooth muscle cells. Atherosclerosis. 1988;71(2-3): 165-71; Campbell GR,
et al. Arterial smooth muscle. A multifunctional mesenchymal cell. Arch Pathol Lab Med.
1988;112(10): 977-86; and Nagai R, et al. Identification of two types of smooth myosin heavy
chain isoforms by cdna cloning and immunoblot analysis. The Journal of Biological Chemistry.
1989,264(17): 9734-7.

l)Nishibe T, et al. Induction of angiotensin converting enzyme in neointima after intravascular
stent placement. Int Angiol. 2002;21(3): 250-5 and Zuckerbraun BS, et al. Overexpression of
mutated ikappabalpha inhibits vascular smooth muscle cell proliferation and intimal hyperplasia
formation. J Vasc Surg. 2003;38(4): 812-9.

¢ Wang GJ, et al. Regulation of vein graft hyperplasia by survivin, an inhibitor of apoptosis
protein. Arterioscler Thromb Vasc Biol. 2005;25(10): 2081-7 and Wang AY, et al. Expression of
apoptosis-related proteins and structural features of cell death in explanted aortocoronary
saphenous vein bypass grafts. Cardiovasc Surg. 2001 ;9(4): 319-28.

‘ Davies AH, et al. Prevention of malalignment during non-reversed femorodistal bypass. Ann R
Coll Surg Engl. 1992;74(6): 434-5.

“ Jacot JG, et al. Early adaptation of human lower extremity vein grafts: Wall stiffness changes
accompany geometric remodeling. J Vasc Surg. 2004;39(3): 547-55.

' Tai NR, et al. Compliance properties of conduits used in vascular reconstruction. Br J Surg.
2000;87(1 1): 1516-24 and Jacot JG, J Vasc Surg. 2004;39(3): 547-55.
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[0090]
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S550ol 10-1719081

AlRA] FBxzo) o3& 27 4.5"] LFrjH W=H ] o2 13-cmoll vigdd 2EHAF = BATNR A}
ZFQZo|AZZHS(IFIP) ¥ 5-5%% PEUU €95 1.0 mL/AIZEe] S22 FFsdt. 19t ¥ 7] (Gamma

High Voltage Research)Z A}g3dle] &dFwjyE FAE= -7kVE thAA|7)a1, PEUUE +12kVE tHAA| AT HEY
0.0 WA 13.8 m/s9] &&= sHeh= xH 9ol ArgAtel o3 AEw PEWU AFE s, 2ME=E
Ao A BRI AZEAIZ] oFF 30TolA 48 AlbEst RFeted FArh. ZF Alme Fis A wide] X-4 w7}
HagstA HEF 248 xF X-A 3 Sy AAEQIYE. 78 WAMES ARE-3F= PANalytical X'Pert Pro
S|AANA ABE ZFEAIZ T, RS 2,615 AASHE PEIUS] FHT BAE 2 @R T 24T 747
228,700 % 87,600°]Atk. DSColl 2l&) PEUU €13+ Hdo] &§ 257} 41.0Tolal #2 Holx7t -54.6C Yol
AZ=H At

B oAAdEs 283 detagEy VA AXAAS £ AT £ dE AELET 52 dd FAES ATshe
shte] who] Z)EETh B owhEe AE uix] FA(cellular placement process)S 7FAIAY 74X A ki B
naE deprEw Afo] 2EAF(neshwork)S o] 5w vAEE AHS 2@ AAY =&
Algad g s B AESAEES BPA k. o5 W Edo] A wheh o] i Ao
T Eel| 8755t

B AAes Zdo) AAE Hhke o] A 2AS IR AMEE F odle 249 AL EEedd =
TS WY 29 FEske PHES AFdr. A7AlEe 24 BEs oS 28T F ARES ANEEE

ZE (=2 S S-dols FEUA AL AFAY A Z2(e-JIZEFE)YUS E 1,4-Yo]AA[old]o]
EXEo 2RE AT, PEIIE SAZ RO ZolATade = 65802 LA 7| AV|WASII Y. A7) e
A} =27 galol A F3F 1.0 mL/AIZ, == FH7HY] A 135 em 2 =F AY 412, ®4 AL

[e] A

-3kVo]l EFEATE. oA & A7 A& ﬂ]&é}—tﬂtﬂ AFEE BAHE 250 rpmle® 3 AE = A4 1.3 mmel 3168

wm=gold),

2 em/s®) €527 Yol ~H o)A (linear stage)

8 cm HYPolFalAtt. A|REE 15 5 HAVAISIY oF 150 WA 200 me] HFAES
) =

sttt WoAlZESA] A5 A8, 49T T4 =05 7HAA 4.7 om 2=H|Q)

o
o

H
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X
it
o
o

(<0

ol
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(o]

S
fiu)
i)

o 0o

HFIP % 6 % PEUUE o= o= A E\IH_EE]EOH 250 rpm®.® 7|WAbste] P AAES ST A7
e 2 o] 1.3 mm, Ao)7F 8 cm ol3f, WFAZE 150-200 molArk. A Z71= tE 1000 me] R
ATk E3H, o5 AAlES BRIl 19 ‘—Hﬂoﬂ A5 T

AT, =g etz iy o GA AR s Al MEES 70% olghEel HAST. oo, =g Pol2s
oA ol W AlAsta, BEXEI e A0l 24 A 48 ARkt Zgstel] A, o]of, Lytel] that
of iR AE AREste]l 1o FAH FxE, FARAANAE AREste] 1o AR dHE 2AMEIY. dE
Al A s A 98, AlRE A Nol 1EEt A v, saista SENS flE) 2= E-2" st

PEUU =#(4.7 mm)<S 2% AAlE Id 1T HE X9 Wi A8t 2x10 N +&-Fod &7] AE
(MDSCs) 2 HFstict. v 53], A7Ald 23S 345 2 H(stub) Holl wixI8tar Zahe] 9| Fof ofdk 3
TS ALtk olof, AguldE MSDCsE =] WS T BRAIZIA FFel o8 e AR uE S

Hoz "ot IAES HEY U 24 AzbEet FA sk sttt AH w24 A,

AEE AEASHD UGl FAHo] dEe FHsA.

thede] 1.3 mm WAS 7 @] A7PEA AAEES SEOEd A oo mA oAt AAE
& FR7bsste] AAW 2o WAl A BREAG. AT 250-300 go] FA Folx YEE 1% o|aEFest
3 2.5 2.5mg/100g A2 wiHET. TE5-5 Aisty HuHEs 2R, A7 FE ok &8
dewe drfsta, 9FE SHEsL 1 ond] e FES A9RE A6, oo AViAtd =de
10.0 ZE=(prolene) FFHAHE ARate] Wek(end-to-end) WA o= o]ativt. Ay a|atyle Fofshal
200 F/kgo 2 SFHFSIAT. HREE 2.0 vl A (Vyeril) BFARE 7HXa ¥ So2 LR, gES
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[0095] 228 g3 gg2 AE(MO)E 10%
Wl & (DMEM) 3}l 2] wll%F = 2] 2~E] U (TCPS,

L8 A MR/ AVEAL =g s

2Hol @4 2 1% AYAA-~EFEnto|rle] B
tissue culture polystyrene) W% Z&o]
a#ste] dF WHYP 2 A oln] siAlE A} f

7.5x10°7) SMC/mL<&

= ey us 24

[0096] o)z~ 28 mAT

iAo A AulFsla 8.5kVE i 3168 Wit 2EQ o 0.1 mL/5-0.
oZRE 4.5 cmol WXt HFIP 5 6 % PEUU/E&H71(75/25) =& 6 F%% PEUUE
12 kV2 gide 2Age] 1.5 nl/Eo2 FF3ta xHo=ZHE 23 cmdll #X3HItE. 42 1.6 mn/s=E 19
=S whe} 8-cm HAo)EHA 250 rpmeE I st -3kVE HE W QA ~g W= ("A 4.7
m) 2 FAAEACT. A7) mAlgEE =as Sk 30 2o AF Ajgte] AMEEHAY. E@E AFe §
ZHA L Heds el FEgA wx st 16 Albset Aoz mgatgitt. 16 AI7H,
FE=gA AAAT. o]o], £ 156 mm Aol® Aed thy 55 2FHA

CEEECERES
3o A EAIE Hhel 2L AAGIA WAE 3 QB WHER (pulsatile Tlow)Z HFAR.
Agstel AE

TAFGTE. o],
) *gxﬂsw £ EHOP’%
3 AEE 48] 9
]@ﬂ(ATS)«] A }1\:11-0101—033} 10
ol t(strained).

Zto
Al
Al &

o) =
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AR 4 dA A, SAgtstgitt. MIT 5744
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[0098] BEE 94, =

(flow loop)ol Wixl8ka 37°CelA PBS| HA|8t3ith.
7] 2 PC #5%(acquisition board)S AH&3ke] 30 Hzoﬂ/q 7=
1.2 H2)E 7R3z #FFA 7|2, T4 He-Ne o]
A
3

12}l 71101 =]
b AAES 9EF(110/70 mmHg,
B (He-Ne laser micrometer)(Beta
o] A~(D = A Ev HA A,

2~E el
=E e
7%

3
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&3} %

J?l
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PEU 5 el Z1AA S9e A= Askels AR E gl teld Astele @9 ue GAsIT. £8we pia

woge AEUEsL Be ddsE 2ESE AYSG. AXE AL gEsidn 5 st 34
stolth, @9 9% (prototype) S2A 279 A ARl AEE AGHE oldF &S el 9
S, Ws] 48 AR B WIAZE Aol ARG, AF Fol, 7o Wed o) ALE EHssHA
boAZRRE] e, ART wEs ed Al ADE gadsle Rol FEsAc. £, wed
9 4 o whelolaE ssh ol FeHh. AMsE WeY wA e g0 WskE e, =
B g% W AT ARSS ¥INYE B S (spike)” FE T EE ATS AN @A, W=
Y AsE aAA AEUEL #9skn AR Y 2B AYsHs do] f8adrh. olo), oed Al
o 3 upeld AEele] FAl, B L ko] WS HY FAAES R AANSTIS wFA.
HEE % WIT A A R B NF AR EAsi AE7bs AXE e

AAle 2 - A9 o|4H FALSIE QA% VA 549 W3

ook WHolA, AVGE 19 W WA A= uFo] EAHoz e Fo]th(Stooker W, Gok M,
Sipkema P, Niessen HW, Baidoshvili A, Westerhof N, Jansen EK, Wilde vuur CR, and Eijsman L. Pressure-
diameter relationship in the human greater saphenous vein. Ann Thorac Surg. 2003;76(5): 1533-8). °]=
gelatr] 9, & IS ¥ W (ramping) TS FHSIAT. o] AP AT} & 4o EA|E] 9T},
gule] Aol e e 30 mmHgell dslE o B o Qv AdHor, Fwl £FE] SeeA, e
g A E =Y, B DRSS JAIAY o 2 AR A AT o He Algdte s olHg dA
= T3 g

AVG Ao A AWl A, o]& HW £3=dd AAeR #yo] i, o= dlolH|Z=(Davies) ol w
2 NEE Bdo] dE=d(Davies AH, Magee TR, Baird RN, and Horrocks M. Prevention of malalignment
during non-reversed femorodistal bypass. Ann R Coll Surg Engl. 1992;74(6): 434-5 and Davies AH, Magee
TR, Baird RN, Sheffield E, and Horrocks M. Pre-bypass morphological changes in vein grafts. Eur J Vasc
Surg. 1993:7(6): 642-7), o5 WXk nlold 2 FEoA £E&E7F W2 AVGE NEE AstE Basiiltt. o
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and Deaton DH. Reversed vein graft stenosis: Early diagnosis and management. J Vasc Surg. 1992;15(1):
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A, Hamilton G, and Seifalian AM. Compliance properties of conduits used in vascular reconstruction. Br
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adaptation of human lower extremity vein grafts: Wall stiffness changes accompany geometric

_32_



10-1719081

k)
w

1A T¥A 71AZR &5 AG

hod

remodeling. J Vasc Surg. 2004;39(3): 547-55). AVG «<%9] W37} AVG 7]5AA e =8
kel

ebe

AA 3 - A

[0108]

R
=
=3
viel

X
~,

4]
s

ol

o

2]

el
Br
‘Muﬂo

)

[0109]

s A

3]

at7] 4l

[<)

:rL

i

k)
w

171 <]

o

ii) oot Yoz ALE

=i
=

3l 712 (pH, p0.,, pCO)el =HA] Wi

3]

[0110]

o

(1% Z2efol 24,

i

k)
w

k)
o

1.

| =&<= 318

SHA|

N o
)

[e)
24

‘IEF
DMEM) & <3

L

L

3

A T
P 9

3z
S

=

0.5 g/g15 Al

=i
=

J

78

Aglog ®HEE XA ujok v 199).

3

ou &%(1% AHol &

ARET(E 390 )
0.5 g/&¥ A

Ho

1, 20 ml/¥&2] W

3]

A3

N9j8ke mel

0 %

ol
=

o5

=

, AW (g 25 KPa) %

1, 120/80 mmHg2]

|

S AAgozH JfAE Aol

=]

PN
=T

|

A

=
T

=

100 ml/

=i}
=

54

24 T 192 A7t 7)

2ahd S

oA Zw(heF 140 KPa H ) FF O 29

2]

N

W
olo
B
e

NE

kN
Ee
A

o

]
)

2]

opvlE RE AVGE) 7

=

=

Ha, AVGe] AW Z1AH =43}

[<)

el

[0112]

Al B 48 A, FAPAAEN A, HEE <

o) A& &3 Hasn.

[e)

, 1 AdE 24 AES

al

T
o

H&E

=i
=

AP A& 1) A
YeERHTE. Live/dead 2 TUNEL £21& 48 A|7tell A 715

=
T

TUNEL

=1]
=

™
o3 xH
A=2ha |

Live/Dead

Pl
T

, R.F.

J.
of Surgical
A 2] H A

st tH(Ligush,

Evaluation of endotheliumderived nitric oxide

[e)
The Journal

Al

intact vessel.

FdEE

o

o)
and H.S. Borovetz,

14

L

Fu

2

(¢}
J.B. Ochoa,

AHE
p. 416-21).

=

=

Al

S.A. Berceli,

v

mediated vasodilation utilizing ex vivo perfusion of an

Research, 1992. 52(5):

EE
Labadie,

A

i
jo

i

)

7
%O
7

0

X
;_AO

d, o] g4l o
ex vivo vascular

0] =
AN -

A]2~E (EVPS,

do=z vehfar

gk o
=

E

Al

AL 7N

J

A

s
S

3

I
=

A

]

=

bA, AN
PS

s,

A|71 P1IVE]

[€)

perfusion system) % 9]

o) QAT %

[0113]

p

"

g, o] ] of) A

L

o]
AA -

= Hehfa

N

o)
Bo
olo
jzel
o]

s

0

=

e AE=-dA

Eu

Foll A A3 ) <)

e
o

skl PLIVE]

[e)

& WET Bl

i
T
"

R
=l

. FZe PIIVE T

24 A3k

).

=

bleh(elel %

o]

1 EVPSsoll 114

)
_33_

o =9



[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

SS90 10-1719081

WA Zgyon Aokl 3

)

A4 (PN 22 Addgsd, 1 ot 2 A Au g L At fare]
o3, o] o] Fu YRS xael wmFH Auel Yo $YL mAbshizul oln ALgE w917
. vlolH AE 9et HA A WA H S (saphenectomy)d] WAl o® QA £33 HAAE st soksd
&S ool9(supine position)E ®ix|star, o w 7K
o] T o® wkelekltt. ZF PIIVE Elstar 478w 5 3
ar foramen)o| CHFE “Lwﬂo}"ﬂﬂr RE AME gelsta &S vehr] #al i*”\éﬂl A%
Zol(6-8 cm)E =EAIZ 5 A W AEetE Edvk. Al
A, wrE-AAE g3 %UE(ngush J, Labadie RF, Berceli SA, Ochoa JB, and Borovetz HS.
Evaluation of endothelium-derived nitric oxide mediated vasodilation utilizing ex vivo perfusion of an
intact vessel. J Surg Res. 1992;52(5): 416-21)2 Eete] w3 R&atal AAZE Lo A do|=
FABHA etk eolo], Wys B E AMmebel AR Atolo] dFoA Adeltt. AAF A, HHES
Tt 2nk AARE 9 (500 Y /ElEi) S —1(60 mg/2E) R AIFAR(L.0 ¢/2H) & B3 FEA 7}
B71 & el BTk, 27 FEel AR ot A= wF Al=F] viA S ARR BE 1 AR wnk

ot

A2V YARE YAy SeA He] dETE A

e =T 1)
=

o

oo U

d

(3

o
-

M (cervical 1nc151on)§ AAgE O
( O =]

O & 1o 4 O Mo
i)
=
24 ol oy o

o 32 o I
~{Ol
T ¥
ki)
o -
Ji
e}
4z
-
fo o
ik
e
rlo
N
"o
o
NS
™

(]

14

vt HE FAgstr] A3 AHeEE BAEAAL TFA FFA= 7 (Guan) soll o3 ANEE A3 (Guan T, Sacks
MS, Beckman EJ, and Wagner WR. Synthesis, characterization, and cytocompatibility of elastomeric,
biodegradable poly(ester-urethane)ureas based on poly(caprolactone) and putrescine. J Biomed Mater
Res. 2002;61(3): 493-503), ~®lF(Stankus) ol <& A71WAlR ezl 712 5489 (Stankus JJ,
Guan J, and Wagner WR. Fabrication of biodegradable elastomeric scaffolds with sub-micron
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Aol A vl A2 A7gAbE AR S3A el A fdol wdsta(E 16) HHEA(RE 13
14) A71gAR S ks A R OiS7E B8k SRR AVGe] AEHER o] e ReHEs 249
AthE A(E 12)& vEbdTh. ot mixE A7IEAR FEA o] AAEE SErh 2HEUE, AVGIA HE

2Ly Ay wE

!

2417171 918k Al A9 Aoz FEd AXAE AT 5 Ak, Edol veRd upep o], AR HsHH

A Edste S22 Add ¢ vk Aoz AsehA(okE) 9 AESHAE) XXA EF o A

g o2 o g FU3 HIW(Stankus JJ, Guan J, Fujimoto K, and Wagner WR. Microintegrating smooth
1

muscle cells into a biodegradable, elastomeric fiber matrix. Biomaterials. 2006;27(5): 735-44 and

i

Stankus JJ, Soletti L, Kazuro F, Hong Y, and Vorp DA. Fabrication of cell microintegrated blood vessel
constructs through electrohydrodynamic atomization. 2007;Accepted)S AF&3sle] @A=E 4 o). AVG 9] A
Tz W3 FeA A AAgAoT (3t g3 FJIAEAGSA-HE 2 2E fHEgE daogRE #E
HATHZZE = 17 9 18). FA He AVGell F2H AAAE AlFstd Fepdl AR dAdHew o FEX
HACE 17) W ook AT 4 AR 18 e slow nad NG W Ty T

Aol 34 1= da ECs E SMColl o8] &<0®E R VA 2l EAE éliﬁ}z%} | 98 =
Aolw | wald | AVGOlA THE ZAA7]Ed S = Ay, B ougxEee w3 [47)dabg PIJV°1]"1

Live/Dead A 3 mate] 2o
T dE AR AL FIHE BolA & = =R
HeE 24 AEFo] A7HAtel o8] e A4 s yehdr] 93 B8 SA ot

»E =

C =22 3= 240 74z yEbdl wpep o], ofX B9} ST Abo]e] ¥ VEN tixatel] HlE

ART 575_01] gk PLIVE] 7Hhae]f wE 2 Qe s 21o® yEbstth. ART 318 #F-¥ PIIVOlA 3

2~ 27 2 E2A% AE Aue) WAg AgjﬂOﬂ‘wﬁ' gAow os AT 750 =2z}7

A AAGTE olgd AN AE 75 W3k cATR B wART A9 #fF 23S &3
CWsel Hup ARl Fajel] ofa] oAl¥= Aoz yepwth. =3, oddd vz, ART =310

dor ST 26), o= Huh dAd 4

2y WEE cART HE& wART 23S 53 (WS

A AAEJAT. 2k, ol g Wste] Aol thste] #EE A

o= FolaAE, Frhe] Aol .

ART Z7eo tigk PIJVY w=E25H Add SMC 2839 #dd W32 ofd BEiud volHe UXgth(Simosa
HF, Wang G, Sui X, Peterson T, Narra V, Altieri DC, and Conte MS. Survivin expression is up-regulated
in vascular injury and identifies a distinct cellular phenotype. J Vasc Surg. 2005;41(4): 682-90;
Zhang WD, Bai HZ, Sawa Y, Yamakawa T, Kadoba K, Taniguchi K, Masuda J, Ogata J, Shirakura R, and
Matsuda H. Association of smooth muscle cell phenotype modulation with extracellular matrix
alterations during neointima formation in rabbit vein grafts. J Vasc Surg. 1999;30(1): 169-83; and
Wolff RA, Malinowski RL, Heaton NS, Hullett DA, and Hoch JR. Transforming growth factor-beta antisense
treatment of rat vein grafts reduces the accumulation of collagen and increases the accumulation of h-
caldesmon. J Vasc Surg. 2006;43(5): 1028-36). AVGell ™ =9 (WSE ¢ HAXH o= Fysltl= Nde
oMo Hay w7} gAY, AyHoz I} SHS AAAD & JdE M Y 2EE AA e IAE
7] 919k S AT, VEN x3del RIS ARTOl =F PVl e] ol EA|~ A gk 3/ie Aast
dx]etth(Liu B, Itoh H, Louie O, Kubota K, and Kent KC. The signaling protein rho is necessary for
vascular smooth muscle migration and survival but not for proliferation. Surgery. 2002;132(2): 317-25;
Pintucci G, Saunders PC, Gulkarov I, Sharony R, Kadian-Dodov DL, Bohmann K, Baumann FG, Galloway AC,
and Mignatti P. Anti-proliferative and inflammatory effects of topical mapk inhibition in arterialized
vein grafts. Faseb J. 2006;20(2): 398-400; Alcocer F, Whitley D, Salazar J, Jordan W, and Bland KI.
Mutual exclusion of apoptosis and hsp70 in human vein intimal hyperplasia in vitro. J Surg Res.
2001;96(1): 75-80; Igase M, Okura T, Kitami Y, and Hiwada K. Apoptosis and bcl-xs in the intimal
thickening of balloon-injured carotid arteries. 1999;96(6): 605-12; Kamenz J, Seibold W, Wohlfrom M,
Hanke S, Heise N, Lenz C, and Hanke H. Incidence of intimal proliferation and apoptosis following
balloon angioplasty in an atherosclerotic rabbit model. Cardiovasc Res. 2000;45(3): 766-76; and Wang
GJ, Sui XX, Simosa HF, Jain MK, Altieri DC, and Conte MS. Regulation of vein graft hyperplasia by
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survivin, an inhibitor of apoptosis protein. Arterioscler Thromb Vasc Biol. 2005;25(10): 2081-7). ¥
L, VEN, cART 2 ART <ol Wls| ART @7 PIIVOlA o] S4% s dF 74 deolHet EdAs3it
(Nishibe T, Miyazaki K, Kudo F, Flores J, Nagato M, Kumada T, and Yasuda K. Induction of angiotensin
converting enzyme in neointima after intravascular stent placement. Int Angiol. 2002;21(3): 250-5;
Predel HG, Yang Z, von_Segesser L, Turina M, Buhler FR, and Luscher TF. Implications of pulsatile
stretch on growth of saphenous vein and mammary artery smooth muscle. Lancet. 1992;340(8824): 878-9
and Dethlefsen SM, Shepro D, and D'Amore PA. Comparison of the effects of mechanical stimulation on
venous and arterial smooth muscle ells in vitro. J Vasc Res. 1996:;33(5): 405-13). Z2&Jv}, #F(Liv) &
e Bv PResoR A% JAY Aol AEAE FEsL, olRe ovhE Fheh AE FAL wl ks
A& AASFATTHLiu B, Itoh H, Louie O, Kubota K, and Kent KC. The signaling protein rho is necessary
for vascular smooth muscle migration and survival but not for proliferation. Surgery. 2002; 132(2):
317-25). o] & E=iolA ATH w©r] AlFS ART #FE PIIVOIA Q] olXEA 29 27] T7} o]F T2459
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Bryan AJ, Williams HM, Morgan R, and Newby AC. Distention promotes platelet and leukocyte adhesion and
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433-9; Vijayan V, Shukla N, Johnson JL, Gadsdon P, Angelini GD, Smith FC, Baird R, and Jeremy JY.
Long-term reduction of media and intimal thickening in porcine saphenous vein grafts with a
polyglactin biodegradable external sheath. J Vasc Surg. 2004;40(5): 1011-9 and Jeremy JY, Dashwood MR,
Timm M, Izzat MB, Mehta D, Bryan AJ, and Angelini GD. Nitric oxide synthase and adenylyl and guanylyl
cyclase activity in porcine interposition vein grafts. Ann Thorac Surg. 1997;63(2): 470-6). d#x A=
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