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Conclusions: This study suggests that mean plaque size stabilizes at 4 weeks after 

carotid injury with no further increase at later time points. Furthermore, there appears to 

be a time dependent decrease in activated macrophages in the neointima. Potential 
mechanisms for this observatron are currently being investigated. 
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1200-143 Altered AP-IIRef-1 Redox Pathway in iNOS Deficient 
Vascular Smooth Muscle Cells: A Novel Involvement of 
iNOS in Cellular Signaling 

Kuang-Yuh Chyu, Xiaoning Zhao. Paul C. Dimavuaa, Bojan Cercek, Predimsn K. Shah, 
Cedars-Sinai Medical Center, Los Angeles, CA 

Background: We previously showed injury-induced medial proliferation and neointimal 

formation in carotid arteries of inducible nitric oxide synthase knockout (iNOS KO) mice 
were significantly less compared to wild type (WT). iNOS is a source of reactive oxygen 

species, which could modulate cellular growth and redox signaling molecules such es the 

AP-IlRef-llthioredoxln pathway. 
Hypothesis: SMC deficient in iNOS have altered redox sensitive AP-l/Ref-1 signaling 

pathway and reduced proliferative response to serum stimulation. 

Methods: Confluent aortic SMC isolated from iNOS KO and WT mice were stimulated to 
proliferate with 20% serum media after 48 hours of quiescence. Cell cycling by FACS 

analysis and nuclear PCNA and thioredoxin by Western blot was characterized 24 hours 

after stimulation. The following assays were performed 30 minutes after stimulation: AP- 
I DNA binding activity by gel-shin assay; cJun mRNA by semi-quantitative RT-PCR and 

cJun and Ref.1 expression by Western blotllng. 

Results: Cell cycle analysis showed significantly more iNOS KO cells remamed in the 
GO/G1 phase and less in S phase aHer 24 hours of serum stimulation. cJun and Ref.1 

expression and AP-1 activity were also less in iNOS KO SMC (Table). Thioredoxin 

expression was also less in iNOS KO cells. 
Conclusion: Our data demonstrated reduced proliferative response and altered AP-I/ 

Ref-1 signaling pathway in iNOS KO SMC, implying a novel signaling mechanism for 

iNOS involvement in modulating SMC proliferation. 
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1201-117 A Combination of Transcriptional Regulatory Elements 
Increases Transgene Expression 40-Fold in Porcine 
Coronary Arteries 

Glare E. Appleby, Paul A. Kingston, Anne David, Anthony M. Heagerty, University of 
Medicine, Manchester, United Kingdom 

SMC are relatively refractory to adenovirus mediated gene transfer, due in part to poor 

transgene expression, even from powerful viral promoters. The murine cytomegalovirus 

promoter (MIEmCMV) significantly improves transgene expression in SMC compared to 
the widely used human CMV promoter (MIEhCMV). Inclusion of the Woodchuck Hepati- 

tis Virus Post Transcriptional Regulatory Element (WPRE) and a fragment of the rabbit 

smooth muscle myosm heavy chain promoter (RE) further increases expression of /acZ 
=5 foldin vitro. We hypothesised that this combination would significantly increase trans- 

gene expression in viva. Methods: Porcine coronary arteries randomly received Pxl@iu 

of the followlng vectors in 3OOpl of vehicle (n=4/group) via an Infiltrator? 
1. Ad5-/acZ: MlEhCMV 

2. RAd36: MlEmCMV 

3. Ad5PP-/acZ: MIEmCMV, WPRi 
4. Add-PREP-/acZ RE, MIEmCMV, WPRE. 

After 72 hours bgalactosidase expression and activity was quantified. Results: Ad5- 
PREP-/acZ induced 40 times greater P-gal activity than Ad5-/acZ (~~0.05) and greater 
activity than the other MlEmCMV based vectors (both pcO.01). X-gal staining was 7-35 
fold greater in Ad5-PREP-/acZinfected vessels (all pcO.001). Conclusion: Inclusion of 

WPRE and RE within the cassette of a recombinant adenovirus vector regulated by 
MlEmCMV substantially improves transgene expression in porcine coronary arteries. By 

maximizing expression or allowing use of lower virus doses this has important Implica- 
tions for successful gene therapy in the vasculature. 

1201-118 Blockade of TGF-Beta by Catheter-Based Gene Transfer 
of a Soluble TGF-Beta Type II Receptor Inhibits 
Neointima in a Porcine Coronary Artery After Stenting 

Ick-Mo Chunq Hikaru Ueno, Donghoon Choi, Yangsoo Jang, Gil-Ja Shin, Youngmi K. 

Pak, Junwoo Kim, Chan Park, Ewha Women’s University, Seoul, South Korea, University 
of OccupatIonal and Environmental Health, Kitakyusyu, Japan 

Background: Enhanced extracellular matrix (ECM) accumulation is an important finding 

in porcine as well as in human coronary stent restenotic tissue, and TGFQ, implicated in 

ECM formation, is expressed abundantly in these tissue. We assessed the hypothesis 
that blockade of TGFQ by local delivery of an adenovirus expressing a soluble form of 

TGF-P type II receptor (AdTP_ExR) inhibits stent-induced neointima in porcine coronary 

arteries. 
Methods: Two remote coronary arterial segments (n=20) per each pig were randomized 

to receive 1x10’ pfu of either AdTeExR or adenovirus expressing !3-galactosidase 

(AdLacZ) using an infiltrator. A stent (n=20) was deployed aHer gene transfer in each 
segment in IO pigs. Localized expression of transgene was confirmed by both reverse 

transcription-PCR and immunohistochemistry. Computer-based morphometric assess- 

ment was performed in stented arteries at 4 weeks after gene transfer. 
Results: There were significantly less ratio of intima ares (IA)/media area (MA) and 

higher neointima cell density in stented arteries treated with AdTP_ExR comparing with 

those with AdLacZ. Neither cell replication rate assessed by PCNA immunohistochemis- 
try nor injury score was significantly different between two groups. 

Conclusion: Blockade of TGF-P by local in viva gene transfer of a soluble TGFj3 recep- 

tor inhibits stent-induced neointima by inhibiting ECM accumulation in porcine coronary 
arteries, and may provide a therapeutic potential to inhibit restenosis after stenting. 

Morphometric assessment of stented arteries after gene transfer 

IA/MA MA stem area neointlma cell density 

AdTbExR 0.64*0.44^ 2.2r0.6 mm2 5.4kO.6 mm2 3663i597/mr+ 

AdLacZ 1.21*0.45 1.9+0.6 mm2 5.6+0.7 mm2 2600+190/m& 

‘pcO.05 vs AdLacZ 

1201-119 Adenovirus Mediated Prostacyclin Synthase Gene 

Transfer Inhibits Neointimal Formation by Modulating 

Peroxisome Proliferator-Activated Receptors 

Expression 

Haiime lmai Yasushi Numaguchl, Yasuhiro Nishimoto, Hldeo Matsui, Toyoaki Murohara, 
Kenji Okumura, Nagoya University, Nagoya, Japan, Children’s Hospital, Boston, MA 

Peroxisome proliferator-activated receptors (PPARs) are nuclear hormone receptors 

which regulate cell growth and differentiation by modulating gene transcnption. Many 

data demonstrate that PPARa and y are expressed in human atherosclerotic lesion and 
their ligands like fibrates and troglidazone reduce neointimal formation after angioplasty 

However, little is known about the role of PPARu in regulatory mechanism of arterial 

remodekng. Prostacyclin (PGh) is a potent ligand of PPARa and we have shown that 
PGI, synthase (PCS) gene transfer accelerates reendothelialization through induction of 

cyclooxygenase-2 and vascular endothelial growth factor (VEGF) and prevents neointi- 

mal formation in balloon-injured arteries. To further explore pathophysiological relation- 
ship between PGI, overproduction and PPARa expression in balloon-injured arteries, we 

carried out chronospatial analysis of PPARs &, y and s ) and evaluated arterial mor- 

phometry aHer adenovirus-mediated PCS gene transfer(AdPCS). lmunohistochemical 
analysis revealed that 1)PPARa was positive in endothelium in balloon-injured groups, 
2)all PPAR subtypes were expressed in neointimal area at day 7 and 14, while little was 

found in uninjured vessels, 3)ln AdPCS group, PPAFG and ydistribution was limited to 
the neointima adjacent to endothelium, while, III control, diffuse expression was seen in 

whole neointima. The concentration of tissue 6.keto-ProstaglandinF,,, a metabolite of 

PGh, was significantly increased in AdPCS group (AdPCS vs control; 5.35+/-0.95 vs 
2.29+/-0.54 ngimg tissue, p=O.O2). Morphometric analysis at day 14 revealed that 

AdPCS reduced cntimalmedia ratio up to 40% (AdPCS vs control; 0.63+/-0.05 vs 1.32+/- 

0.13, p=O.Ol). In conclusion, PCS gene transfer could inhibit neointimal formation by 
suppressing smooth muscle cell proliferation and migration partly via PPARs pathway as 
well es acceleration of reendothelialization via cycloorygenase-2.VEGF pathway. 

1201-120 Inhibition of Angiogenesis and Wound Healing by 

Adenovirus-Mediated Gene Transfer of a Soluble Form 

of Vascular Endothelial Growth Factor Receptor in Mice 

Johannes Jacobi Betty Y. Tam, Uma Sundram. Calvin J. Kuo, John P. Cooke, Stanford 

University, Stanford, CA 

Background: Vascular endothelial growth factor (VEGF) is an important angiogenlc 
growth factor. Since anglogenesis plays a major role in wound repair, we hypothesized 

that adenovirus-mediated gene transfer of a soluble form of VEGF receptor 2 (Flk-1) 

might attenuate wound healing in mice. 
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Methods: In a blinded experiment, genetically diabetic and wildtype control mice (each 

n=20) were transfected with recombinant adenoviruses encoding the ligand-bindlng 

@&domain of VEGF type 2 receptor Flk-1 @IO) or cDNA encoding the murine IgGPa 
Fc fragment (control). Five days after gene transfer two full thickness skin wounds 

(0.8cm) were created on the dorsum of each mice. Wound closure was measured over 9. 

14 days after which wounds were resected for histological analysis. Prior to sacrifice flu- 
orescent microspheres were systemically injected for quantitation of wound vascularity. 

Results: In diabetic mice wound healing was markedly impaired compared to control 

mice (pcO.001). Although differences were small, single I.“. injections of viruses encod- 
ing soluble Flk-1 significantly attenuated wound closure compared to Fc treated animals 

in both diabetic and non-diabetic mice (p<O.O5). Fluorescence microscopy revealed a 2.9 

fold (diabetic) and 2.0 fold (non-diabetic) reduction in wound vascularity in Flk-1 treated 
animals (p<O.O5). Impairment of angiogenesis was confirmed by CD31 immunohis- 

tochemistry. Conclusion: Adenoviral gene transfer with the soluble VEGF receptor Flk-1 

inhibits wound angiogenesis and delays wound closure in a murine excisional wound 
model. 

Conclusion: Heterotopic transplantation of endothelial cell within a fibrin matrix enhances 

neovascularization, increases myocardial blood flow, and improves left ventricular func- 

tion. 

1201-121 Hypoxia Upregulates Expression of Periostin, a Novel 
Extracellular Matrix Protein, in Rat Lung via PI3 Kinase- 
MAP Kinase Signaling Pathway 

&&i, Suzanne Oparil. Yiu-Fai Chen, University of Alabama at Birmingham, 
Birmingham. AL 

Peroistin, a novel extracellular matrix protein, is expressed in osteoblasts or osteoblast- 

like cell lines. This study tested the hypothesis that periostin is increased in rat lung and 
in isolated pulmonary arterial smooth muscle cells (PASMCs) in response to the stress of 

hypoxia and explored the signaling pathway involved. Sprague Dawley rats were 

exposed to hypoxia (10% Q) or normoxia (21% Q) for 2 wks; growth-arrested rat 
PASMCs were incubated under hypoxia (1% Q) for 24hrs. Hypoxia increased periostin 

expression P-fold in lung and 1.8-fold in PASMCs, by Northern analysis. The expression 

of periostin in PASMCs was stimulated by the treatment (24hrs) with hypoxia-responsive 
growth factors, FGF-1, PDGF-BB, endothelin-l(ET-I). anglotensin II(All), and the 

increases were blocked by the receptor tyrosine kin&e inhibitors (PD166866 for FGF-I, 

AG1295 for PDGF-BB) or receptor antagonists (bosentan for ET-l, losartan for All), or by 
PI3 kinase inhibitors (LY294002 or Wortmannin) or MAP kinase inhibitor (UO126) or DNA 

transcription inhibitor (actinomycin D). but not by PKC inhibitor (Calphostin C) or PKA 

inhibitor (H-89) or adenylate cyclase inhibitor (SQ22536). These data provided the first 
evidence that hypoxia, alone or through hypoxia-responsive growth factors, upregulates 

periostin expression in rat lung by a transcriptional mechanism, via PI3 kinase_MAP 

kinase signaling pathway. Current findings suggest vascular periostin may play a role in 
hypoxia induced pulmonary vascular remodeling. 
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1201-122 Transplantation of Autologous Endothelial Cells 
Induces Angiogenesis in a Sheep Model of Chronic 
lschemia 

Nicholas N. Kipshidze, Guennady Tchekanov. George Dangas, Roxana Mehran, Fermin 
Tio. Garv S. Roubin. Milena G. Adamian. Martin B. Leon. Antonio Colombo. Elazer 
Edelman, Jeffrey W: Moses, Masood Akhtar, Valeri Chekanov, Lenox Hill tieart and 
Vascular Institute, Cardiovascular Research Foundation, New York, NY, Heart Care 

Associates and Milwaukee Heart Institute, Milwaukee, WI 

Objective: The objective of the study was to investigate the feasibility and efficacy of 
autologous endothellal cell transplantation “sing a fibrin matrix in the ischemic myocar- 

dium of sheep. 
Methods: Four weeks after placing an ameroid constrictor in the second branch of the cir- 
cumflex artery of 24 adult sheep, six animals (EC-group) were subjected to endothelial 

cell transplantation. In 6 (saline group) saline with added inactivated cells were injected, 
in other 6 (fibrin group) fibrin sealant was injected, and 6 animals served as control. Eight 
weeks after treatment the animals were sacrificed to assess myocardial blood flow, left 

ventricular function, and neovascularization were evaluated. 

Results: Eight weeks after injection. ventricular function was markedly improved in the 
EC transplant and fibrin groups, but had deteriorated in the saline and control groups. 

Myocardial blood flow was also increased in the EC-group. Histology and electron 

microscopy revealed extensive neovascularization after endothelial cell transplantation 
and improved myocardial appearance. 

1201-152 Angiogenic Potential of Subcutaneous Adipose Stromal 

Cells for Autologous Cell Therapy 

Jalees Rehman, Jingling Li. Catharine A. Williams, Jason E. Bovenkerk, Robert V. 
Considine, Keith L. March, Indiana University, School of Medicine, Indianapolls, IN 

Background: The delivery of autologous pluripotent cells to increase angiogenesis is 

emerging as a novel treatment option for patients with coronary artery disease. Autolo- 

gous delivery of such cells is limited by the fact that the required cell numbers often 
exceed the number of available pluripotent cells. It has recently been shown that the sub- 

cutaneous adipose tissue contains large numbers of pluripotent stem cells in the non-adi- 

pocyte stromal fraction and may thus be a source for autologous delivery. We therefore 
examined the angiogenic potential of adipose stromal cells. 

Methods: Subcutaneous adipose tissue biopsies were obtained from obese volunteers. 

The stromal fraction was separated from the adipocyte fraction by centrifugation and cul- 
tured. Conditioned media was assayed after 72 hours for Vascular Endothelial Growth 

Factor (VEGF), Hepatocyte Growth Factor (HGF) and Granulocyte Colony Stimulating 

Factor (G-CSF) by ELISA ; data are reported as mean pg per 10s cells f standard error 
of mean. The ability of adipose stromal cells to form tubes in vitro was evaluated using a 

MatrigelTM assay. Transfectability of the adipose stromal cells was assessed using Green 

Fluorescent Protein (GFP) plasmid to determine whether the cells could be used as 
autologo”s cell vectors. 

Results: Subcutaneous adipose stromal cells secreted 10297 f 4724 pg / 10s cells of 

VEGF, 6698 f 3459 pg / 106cells of HGF and 976 * 439 pg / IO” cells of G-CSF over a 
period of 72 hours. These cells manifest greater than 50% transfection with pGFP follow- 

ing electroporation. Adipose stromal cells were able to form cord-like structures in the 

MatrigelTM assay similar to those formed by endothelial cells. 
Conclusions: Our experiments delineate the angiogenic potential of the easily accessi- 

ble subcutaneous adipose stromal cells by demonstrating the secretion of multiple syner- 

gistically acting pro-angiogenic growth factors, in vitro tube or cord formation and 
successful transfection with a plasmid. These findings suggest that autologous delivery 

of either native or transduced subcutaneous adipose stromal cells may be a novel thera- 

peutic option to enhance angiogenesis. 

1201-153 Tumor Necrosis Factor Signaling Not Important for 
Arteriogenesis but for Angiogenesis 

Armin Helisch, Shawn Wagner. Antje Willuweit. Wulf Ito. Matthias Clauss, Wolfgang 
Schaoer. Max-Planck-Institute for Phvsiol. &Clinical Research, Bad Nauheim. German”. 
University Hospital Hamburg-Eppendorf, Hamburg, Germany 

_. 

Background: The restoration of flow after femoral artery (FA) occlusion in mice is pre- 

dominantly due to the growth of proximal collateral arteries (arieriogenesis). Tumor 
Necrosis Factor (TNF) a is a cylokine that has been found to be expressed by macroph- 

ages around growing collateral arteries and capillaries. There are conflicting reports 

about the role of TNF in angiogenesis in viva and one study suggested that TNF signal- 
ing is important for arteriogenesis in mice. 

Methods: We performed right FA ligations in rats, C57BU6 mice (Wl)(n=lO), TNF 

Receptor 1 (TNFRl)-/- (n=lO), TNFR2-I- (n=lO), and TNFa -/- mice (n=6)(backcrossed 
to C57BLl6 background). Furthermore, we studied WT mice (n=6) and littermates with 

endothelial-specific overexpression of a membrane-spanning precursor of TNF 

(tmTNF)(n=lO). In rats immunofluorescent staining on growing collaterals with an anti- 
body specific for tmTNF was performed. Mice were serially examined up to 21 days after 

surgery, perfusion was measured by laser Doppler imaging, hemoglobin oxygenation by 

transcutaneous spectrometty, and calf blood flow by MRI (MFtflow). As angiogenesis 
assay, subcutaneous matrigel plugs (containing FGF-2 and VEGF) were implanted in 
mice endothelial tmTNF overexpressing mice(n=6) and controls (n=7); capillaries stain- 

ing positive for CD31 were counted in the matrigel plugs 14 days after implantation 
(blinded). 

Results: Already 12 hours after arterial occlusion tmTNF was expressed by endothelial 

cells in growing rat collateral arteries, but not on the non-ligated side. However, there 
were no significant differences in relative (right-to-left ratio) hindlimb perfusion, oxygen- 

ation, or calf blood flow between the transgeniclknock-out mice and their controls at rest. 

Capillary counts per HPF in matrigel plugs of tmTNF overexpressing mice were higher 
than in controls, 1.183*0.412 vs. 0.092*0.025 (mean&EM. p<O.Ol). 

Conclusion: TNF is expressed in the endothelium of growing collaterals and by sur- 

rounding macrophages. However our data do not suggest any significant involvement of 
TNF on arteriogenesis in a mouse hindlimb ischemia model. On the other hand, endothe- 

lial overexpression of TNF promotes angiogenesis in viva. 




