Korean Circulation J 2000;30(6):772-779

NRABA SRR

oboboo oboo bobo, oooooo
DI E N

Gene Therapy for Cardiovascular Disease

Yangsoo Jang and Hyun-Young Park

Yonsei Cardiovascular Research Institute & Department of Intemal Medicine,
Yonsei University College of Medicine, Seoul, Korea

N B

000000 00 0 00 0000 oooo goo
000 000 ooooooo ooo ooooo o
0 000 U0 0000O0o0o oooooo oo
0 00 000 O000o oopooo ooog o
00 00000 00 000 oDoooo oo.ogo
00000 000 oooooooo@EHoo ogo
00 0000 oo 00000 © oooo oooo
00000 000 000000 ooo O 0o oo
0O 000 OO0 0000 ooo ooo oooo o
00,00 1000 OO0 OoOoO Od, vectord OO,
0000 000 ooOoooo 0o oo ooo oo
000.00 0D00ooo0o0o ooogo, oo oo
0000 (angiogenesis 0 neorevascularization)
0 000 00O0000 000 0o ooog 2000
00 000 000 000 U000 O 0o ooo o
ooo.

000 00000 O0oooOo oooo o oo
0000 00000 0od. 0o, 000oooo oo

00000000,120-752 00 0000 000134
00000 0000 oooo, 000000
000 (02) 361-7266,7350- 000 (02) 365—1878
E—maill jangys1212@yumc.yonsei.ac.kr

772

0000 000 O 0000 ooooo oo. oo,
000000 0oooo oooo oo ooo ooo
0000 00000 00. 00, 000000 ooo
000 0000 00 000 carrierd OO0 OOO
0 00000 0g. o0, 0o oooo ooooo
000000 0000 OO OO0 delivery systemO
000 0000 Oooobo oo, ooooo ooo
00000 OoO0ood, ogobod, gene delivery
0000000000000 oo opooo o
oo.

HE UM FHRXES
Flet AzFHA}

00000000 000000 FH 0000 ex vivo
000000 000 0 000,00 000,000
0,0000,0000 000 000 0000 000,
0000 00 0000 00 0 000 00000 0
000000 0000 00 000 00000 00
(Table ).

23 Tl AH

000000000 00000 00000 0000
000 00 000 0O 00 00000 0000 00
0000 0000 00000 0000 0000 00



Table 1. Cardiovascular targets for gene therapy

Disease Examples of target gene

Familial
hypercholesterolemia

Critical myocardial/
hindlimb ischemia

Restenosis after
Angioplasty

LDL receptor

Vascular endothelial growth
factorsd VEGF, FGF, etc
Suicide gene

Cell cycle inhibitors

Nitric oxide synthase

Angiotensin Il type 2 receptor

Hirudin

Tissue inhibitors of metallopro-

teinase

Myocardial Infarction  Antioxidant genes
Heat shock proteins
Transplant rejection Transforming growth factor-8
Hypertension Kallikrein
Thrombosis Tissue plasminogen activator
Cyclooxygenase
Thrombomodulin

LDLO low denisity lipoprotein (Adapted from Lafont et
al.2)

Table 2. Gene therapy to limit the restenosis after an-
gioplasty
Strategy

Target genes
HSV-tk, Rb, p53, p21,
H-ras, Cytosine deaminase
Inhibition of SMC migration TIMP-1, eNOS
Inhibition of thrombosis

Antiproliferative strategies

Cyclooxygenase, hirudin

Acceleration of VEGF

Endothelialization

Pleiotropic effector molec- eNOS, C-type natriuretic
ules peptide

HSV-tkO herpes simplex virus-thymidine kinase, RbO

retinoblastoma gene (Adapted from Kullo et al.8)
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Fig. 1. Gene therapy with oligodeoxynucleotides (ODNs).
AO Antisense oligondeoxyucleotide strategy. The an-
tisense ODNs bind to mRNA, resulfing in the inhibition
of translation. BO Decoy strategy. In statis state, the
transcription factor (TF) is bound to cis element, resul-
fing in continuous activation of target gene expression.
The TF decoy ODNs bind to TF and inhibit tfransactiva-
fion of TF-promoting target gene expression.
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Table 3. Factors regulating endothelial cell behavior

Proliferation Migration  Inflammation Inhibitors
FGF family  bFGF IL-1 Angiostatin
VEGF VEGF PAF-4 Endothelin
PIGF PGE2 TNF-a IFN-a
PDGF Scatter factor IL-1
EGF TNF-a PAF-4
GM-CSF TGF-B PrRP
Heparin TGFB

cofactor

IGF-1 TIMP
Monobutyrin TNF-a
PD-ECGF TNF-B
Pleiotrophin TSP
Proliferin
Scatter factor
TGF-a

Vasculotropin

FGFO fibroblast growth factor, bFGFO basic fibroblast
growth factor, VEGFO vascular endothelial growth factor,
PIGFO placental growth factor, PDGFO platelet derived
growth factor, EGFO epidermal growth factor, GM-CSGO
granulocyte-macrophage colony stimulating factor,
IGF-10insulin-ike growth factor, PD-ECGFL platelet-de-
rived endothelial cell growth factor, IFN-a O interferon-
o, IL-10interleukin-1, PAF-40 platelet activating factor-
4, PGE20 prostaglandin Ez, PrRPO proliferation related
proteind TGF-a O transforming growth factor-a , TNF-a O
tumor necrosis factor-a , TGF-B O transforming growth
factor-B , TIMPO fissue inhibitor of metalloproteinase,
TSPO thrombospondin (Adapted from Capogrossi &
Passaniti.’¢).
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Table 4. Gene fransfer vectors

Vector Advantage Disadvantage
Nonviral
Plasmid-DNA Non immunogenic Low efficacy

DNA-Liposome Non immunogenic

Protein-DNA No live virus
Cell specific
No DNA size limit
Viral
Adenovirus Works in differentiated cell
High in vivo efficacy
High viral titer (=101%/ml)
Retrovirus Well known

Long duration of expression

Integration into host genome

Adeno-associated virus High in vivo efficacy

Herpes virus High in vivo efficacy

Mixed
HVJ-liposome
oligodeoxynucleotide

Efficient transfer of plasmid DNA

No integration into host genome
Low efficacy

No integration into host genome
Inefficienct gene transfer in vivo
Immunogenic

Duration of expression unknown

No integration into host cell genome
Complicated viral structure
Potentially pathogenic

Strong immune reaction

Short duration of expression

Might recombine with wild adenovirus
Works only in dividing cell

Foreign gene must be <8 kb

Low viral titer (107/ml)

Not used yet in cardiovascular system
Potential contamination with adenovirus
Integration into host genome

Not used yet in cardiovascular system
Potentially pathogenic

Safety issues need to be addressed

Relatively efficient in vivo gene transfer

and expression
Low toxicity
Low immunogenecity

Adenovirus-liposome Increases efficiency of

liposome-mediated gene transfer

Requires an adenoviral complex to
construct efficiency lower than that
of adenovirus
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Intracoronary injection

Adventitial delivery, cell
grafting, or in-vitro treatment
of bypass graft

Angioplasty

Epicardial injection

Intraventricular
injection

Pericardial injection

Fig. 2. Gene therapy route for freatment of myocardium
and coronary artery disease.
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Table 5. Clinical gene therapy trials in cardiovascular disease and hyperlipidemia

Disease Target gene Delivery route Vector Investigator/company
FH LDL receptor Ex vivo to hepatocyte Retrovirus Wilson JM et al
PAOD VEGF-A Inframuscular injection  Naked DNA Baumgartner |, Isner JM
et al
Burger's disease VEGF-A Inframuscular injection  Naked DNA Isner JM et al
CAOD VEGF-A IM thoracotomy Naked DNA Isner JM et al
PAOD Lacz Infusion-perfusion Adenovirus Yla-Herttuala S et al

PAOD/post PTA restenosis VEGF-A

Infusion-perfusion cathe-

Liposome-adenovirus Yla-Herttuala S et al

ter after angioplasty

CAOD LacZ/VEGF Infusion-perfusion Liposome-adenovirus Yla-Herttuala S et al
End-stage ischemic VEGF Via thoracotomy cathe- Naked DNA Sylven et al
heart disease, restenosis ter after angioplasty
CAOD VEGF121 TMR Adenovirus Rosengart T et al/Gen-
Vec Inc
CAOD FGF-4 Intracoronary injection  Adenovirus Engler R et al/Collateral
therapeutics Inc.
PAOD VEGF-A Adventitial delivery with  Plasmid-liposome  Eurogene Itd
biodegradable reservoir
PAOD FGF-1 Intframuscular injection Plasmid (pCOR) RPR gencell
PAOD VEGF-C Inframuscular injection Naked DNA Isner JM et al/Vascular
genetics Inc
CAOD VEGF-C Catheter-based Naked DNA Isner JM et al/Vascular
myocardial injection geneticsinc
PAOD FGF-4 Inframuscular injection  Adenovirus Collateral therapeutics
inc/Schering AG
Vein graft stenosis E2F decoy Pressure ex vivo delivery Oligonucleotide Mann M, Dzau V et al

FHO familial hypercholesterolemia, CAODO coronary artery obstructive disease, PAODO peripheral artery obst-
ructive disease (Adapted from Yla-Herttuala & Martin.50)
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