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(57) ABSTRACT 

The present invention provides PararnyXovirus vectors 
encoding angiogenic genes and use of the same. The use of 
PararnyXovirus vectors enables effective transfer of angio 
genic genes into individual tissues. FGF2 gene transferred 
into ischernic tissues in vivo induces expression of angio 
genic genes Without causing edema, and prevents necrosis 
due to ischernia. The vectors of the present invention are 
suitable for gene therapy targeted to ischernic tissues. 
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PARAMYXOVIRUS VECTOR ENCODING 
ANGIOGENESIS GENE AND USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Inter 
national Application No. PCT/JP01/10323, ?led Nov. 27, 
2001, Which, in turn, claims the bene?t of Japanese Patent 
Application No. 2000-359374, ?led Nov. 27, 2000, the 
disclosures of Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to Paramyxovirus 
vectors encoding angiogenesis genes and use thereof. 

BACKGROUND OF THE INVENTION 

[0003] Recent research for treatment of ischemic diseases 
has been performed using groWth factors that induce angio 
genesis. For example, the therapeutic effect of ?broblast 
groWth factor 2 (FGF2) (Baffour, R. et al., J. Vasc. Surg. 16 
(2): 181-91, 1992) and endothelial cell groWth factor 
(ECGF) (Pu, L. Q. et al., J. Surg, Res. 54 (6): 575-83, 1993) 
on patients With cardiac infarction and acute limb ischemia 
has been examined. Arecent study has revealed that vascular 
endothelial groWth factor (VEGF)/vascular permeability 
factor (VPF) promotes vasculogenesis in animal models 
With myocardial ischemia and limb ischemia (Takeshita, S. 
et al., Circulation 90 (5 Pt 2): II228-34, 1994; Takeshita, S. 
et al., J. Clin, Invest. 93 (2): 662-70, 1994). 

[0004] Clinical trials of human gene therapy using angio 
genic groWth factors have been undertaken recently. Human 
gene therapy has been clinically applied to therapeutic 
angiogenesis in order to treat critical ischemic limb. Vascu 
lar endothelial groWth factor/vascular permeability factor 
(VEGF/VPF), an endothelial A cell-speci?c mitogen, is a 
potent therapeutic gene for this purpose, and it has demon 
strated relatively promising results by means of plasmid 
based gene transfer involving human subjects (Baumgartner, 
I., et al., Circulation 97, 1114-1123 (1998); Isner, J. M., et 
al., J. Vasc. Surg. 28, 964-973 (1998)). HoWever, the related 
adverse effects and toxicity levels of intramuscular gene 
transfer of VEGF have been less documented at present 
because ef?ciency of plasmid-mediated intramuscular gene 
transfer and expression are not very high. Since recent 
reports indicate that transgenic (Thurston, G., et al., Science 
286, 2511-2514 (1999)) or adenoviral (Thurston, G., et al., 
Nature Med. 6, 460-463 (2000)) overexpression of VEGF 
result in abnormal vasculogenesis in transgene-introduced 
animals, and that plasmid-based intramuscular VEGF gene 
transfer shoWed transient edema in human subjects With 
ischemic limb (Baumgartner, I., et al., Circulation 97, 1114 
1123 (1998); Isner, J. M., et al., J. Vasc. Surg. 28, 964-973 
(1998)), detailed mechanisms to cause these pathologies 
remain to be clari?ed. Other potential unfavorable effects of 
VEGF over expression are likely to be the formation of 
“angioma-like” fragile capillary vessels, possibly due to the 
imbalance of angiogenic signals (Carmeliet, P., Nature Med. 
6, 1102-1103 (2000)). VEGF gene transfer to vessel Wall in 
vivo may cause angiomatousid endothelial proliferation in 
the severe neointimal formation associatingextravasation of 
red blood cells (Yonemitsu, Y., et al., Lab. Invest. 75, 
313-323 (1996)). Similar pathological ?ndings Were dem 
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onstrated in retrovirus-mediated constitutive overexpression 
of VEGF in myocardium (Lee, R. J ., et al., Circulation 102, 
898-901 (2000)). Furthermore, another important issue to be 
addressed in clinical setting is the level of leakage of locally 
expressed these angiogenic factors to systemic circulation. 
Such leakage may cause unexpected angiogenic complica 
tions associated With diabetic retinopathy or groWth of 
neoplasm. 
[0005] Acute critical limb ischemia, Which results from 
acute obstruction of the major arteries, is caused mainly by 
thrombotic obstruction and is an important target of thera 
peutic angiogenesis. Acute critical limb ischemia is treated 
quite unsuccessfully in late interventions, often resulting in 
limb amputation. Moreover, the long-term prognosis of 
patients With limb amputation is poor and one-year survival 
rates of patients after surgery is only 50%. Plasmid-based 
gene expression levels are loW and the ef?cacy of plasmid 
based therapy for acute severe artery occlusion is still 
unknoWn. 

SUMMARY OF THE INVENTION 

[0006] An objective of the present invention is to provide 
Paramyxovirus vectors encoding angiogenic genes and use 
thereof. More speci?cally, the present invention provides 
Paramyxovirus vectors encoding angiogenic genes, angio 
genic compositions including the vectors, and methods for 
promoting angiogenesis in ischemic tissues using the vec 
tors. 

[0007] Preliminary studies by the present inventors indi 
cated unsuccessful results Wherein limb salvage Was 
achieved by means of plasmid-based human VEGF165 gene 
transfer in mouse model of acute critical limb ischemia (data 
not shoWn). To test Whether higher expression of transgene 
may shoW a better result, the present inventors used recom 
binant Sendai virus (SeV)-mediated gene transfer, a tech 
nique that shoWs highly ef?cient gene transfer into various 
organs. As shoWn in Examples of this application, the 
present inventors used tWo recombinant SeV vectors as 
therapeutic tools for limb ischemia: one expressing human 
VEGF165 and the other expressing murine ?broblast groWth 
factor 2 (FGF2). FGF2 (often referred to as bFGF) protein 
is a groWth factor that shoWs angiogenic effect When admin 
istrated (Baffour, R. et al., J. Vasc. Surg. 16: 181-191 
(1992)). 
[0008] Using these vectors, the present inventors analyZed 
1) the transgene expression level and kinetics of SeV 
mediated intramuscular gene transfer; 2) Whether higher 
expression of angiogenic factors may prevent limb necrosis 
caused by acute critical limb ischemia or any adverse effects; 
and 3) Whether the higher expression of angiogenic proteins 
in muscles leads to their leakage into the systemic circula 
tion. 

[0009] The inventors used ischemic mouse models includ 
ing BALB/c nu/nu loWer limb amputation models (auto 
amputation model), in Which the entire external iliac artery 
and vein and femoral artery and vein above the knee Were 
excised (critical ischemia model), and C57BL/6 limb sal 
vage models, Which do not lose their loWer limbs due to 
physiological angiogenesis after the same surgical proce 
dures as above. Vectors expressing human VEGF165, mouse 
FGF2, or luciferase (SeV-hVEGF165, SeV-mFGF2, or SeV 
luciferase, respectively) Were constructed and administered 
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to thigh and calf muscles tWo days before ischemia surgery. 
LoWer limbs Were observed up to 10 days after surgery. 

[0010] In the case of luciferase gene transfer into mouse 
loWer limb skeletal muscle, SeV shoWed 5- to 120-fold 
higher gene expression levels compared to control plasmid 
vectors that Were administered in an amount of 100 pg (200 
mg/60 kg human body Weight: corresponding to 25 to 50 
fold of the clinical dose). In various cell cultures, both 
SeV-hVEGF165 and SeV-mFGF2 shoWed high protein 
secretion level (50 to 500 ng/105 cells/24 hours). FGF2 level 
Was increased by 5 to 100 fold by intramuscular adminis 
tration of SeV-mFGF2 compared With non-administered 
control (base line). In contrast, the administration of SeV 
hVEGF165 caused only limited expression of VEGF in 
muscle (at most 2 fold above base line) and signi?cantly 
increased the expression of endogenous VEGF. Widespread 
necrosis Was observed in muscle tissues Where SeV 
hVEGF165 Was administered 2 days after administration 
and promoted the amputation of loWer limbs. On the other 
hand, SeV-mFGF2 administration shoWed signi?cant thera 
peutic effect of limb salvage With an increase in endogenous 
VEGF expression. In both cases, no signi?cant leakage of 
vector-derived proteins into the serum Was observed (<5 
pg/ml) All of the limbs Were saved in the non-administered, 
SeV-luciferase, and SeV-mFGF2 groups, hoWever, one third 
or more of the SeV-hVEGF group mice in the limb salvage 
model lost their loWer limbs. In the auto-amputation model, 
only the FGF2 group shoWed a high limb salvage effect, 
hoWever, the loWer limbs of most of the mice in other groups 
Was auto-amputated. 

[0011] The present invention revealed that intramuscular 
administration of recombinant Sendai virus vectors signi? 
cantly increased transgene expression. Recombinant Sendai 
virus vectors shoWed 10- to 100-fold higher expression than 
plasmid vectors. HoWever, it Was found that in vitro admin 
istration of recombinant Sendai virus vectors expressing 
VEGF165 promoted limb amputation in the acute severe 
ischemia mouse model. Administration of SeV-hVEGF165 
induced edema (Example 4, FIG. 8), prevented blood per 
fusion after ischemic surgery (Example 5, FIGS. 11 and 
12), and signi?cantly increased the ratio of limb amputation 
by ischemia (Example 5, FIGS. 9 and 10). These patholo 
gies Would bepartly due to strong vascular permeability 
increasing activity of VEGF. In contrast, administration of 
Sendai virus expressing FGF2 consistently shoWed high 
therapeutic effect. In both models, the fact that no recom 
binant proteins Were detected in the systemic circulatory 
system, suggests that SeV-mediated FGF2 therapy has little 
effects to other organs and broad safety regions. These 
results also indicate that attention must be paid to undesir 
able effects caused by VEGF in certain limb conditions in 
human clinical applications. Thus, FGF2 gene therapy, 
Which shoWs a broad range of safety and therapeutic effect, 
Would be a safe gene therapy system. Furthermore, the 
present invention demonstrated the effect of SeV vector, 
Which is a potent tool for introducing therapeutic genes in 
vivo, and enables its use in clinical therapy for acute severe 
ischemic limb. Moreover, the present inventors performed 
gene therapy on cardiac infarction model animals using a 
Sendai virus vector expressing FGF2. Animals Were alloWed 
to develop cardiac infraction due to ligature of coronary 
artery and FGF2-SeV Was injected to their myocardium, 
resulting in an increase in the survival rate compared to 
individuals to Which the control vector Was injected. Thus, 
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Paramyxovirus vectors encoding angiogenic genes Were 
con?rmed to be effective as gene transfer vectors for 
ischemic diseases including limb ischemia and myocardiac 
infarction. 

[0012] The present invention relates to Paramyxovirus 
vectors encoding angiogenic genes and use thereof. More 
speci?cally, the present invention relates to: 

[0013] (1) a Paramyxovirus vector encoding an 
angiogenic gene capable of being expressed; 

[0014] (2) the Paramyxovirus vector of (1), Wherein 
the angiogenic gene is ?broblast groWth factor 2 
(FGF2); 

[0015] (3) the Paramyxovirus vector of (1), Wherein 
the Paramyxovirus is Sendai virus; 

[0016] (4) the Paramyxovirus vector of (1), Wherein 
said vector lacks the F gene; 

[0017] (5) an angiogenic composition comprising the 
Paramyxovirus vector of (1) or a cell containing the 
vector, and a pharmaceutically acceptable carrier; 

[0018] (6) an angiogenic composition comprising the 
Paramyxovirus vector of (2) or a cell containing the 
vector, and a pharmaceutically acceptable carrier; 

[0019] (7) an angiogenic composition comprising the 
Paramyxovirus vector of (3) or a cell containing the 
vector, and a pharmaceutically acceptable carrier; 

[0020] (8) an angiogenic composition comprising the 
Paramyxovirus vector of (4) or a cell containing the 
vector, and a pharmaceutically acceptable carrier; 

[0021] (9) a method for inducing angiogenesis, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (5) to a sub 
ject in need of angiogenesis; 

[0022] (10) a method for inducing angiogenesis, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (6) to a sub 
ject in need of angiogenesis; 

[0023] (11) a method for inducing angiogenesis, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (7) to a sub 
ject in need of angiogenesis; 

[0024] (12) a method for inducing angiogenesis, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (8) to a sub 
ject in need of angiogenesis; 

[0025] (13) the method of (9), Wherein the angio 
genic composition is intramuscularly injected; 

[0026] (14) a method of treating ischemic tissues, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (5) to a sub 
ject in need of angiogenesis, thereby inducing angio 
genesis; 

[0027] (15) a method of treating ischemic tissues, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (6) to a sub 
ject in need of angiogenesis; 
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[0028] (16) a method of treating ischemic tissues, 
wherein said method comprises the step of admin 
istering the angiogenic composition of (7) to a sub 
ject in need of angiogenesis; 

[0029] (17) a method of treating ischemic tissues, 
Wherein said method comprises the step of admin 
istering the angiogenic composition of (8) to a sub 
ject in need of angiogenesis; and 

[0030] (18) the method of (14), Wherein the angio 
genic composition is intramuscularly injected. 

[0031] Using recombinant SeV as a powerful tool for 
boosting therapeutic genes in muscles, the present inventors 
characteriZed in vivo effect of angiogenic factors, VEGF165 
and FGF2, for acute severe limb ischemia. Key aspects 
obtained in this study Were; 1) limb ischemia-induced 
endogenous VEGF rather diffused to systemic circulation 
than concentrated in muscles and the expression of 
VEGF165 mediated by the vector of the present invention 
does not leak signi?cantly to systemic circulation; 2) exog 
enous FGF2 expression 5- to 100-fold higher than endog 
enous one did not result in signi?cant systemic diffusion; 3) 
this level of FGF2 expression also induces endogenous 
VEGF expression and shoWed signi?cant limb salvaging 
effect associating signi?cantly increased limb blood perfu 
sion; and 4) overexpression of VEGF165 apparently induced 
the limb damage in contrast to that of FGF2. These ?ndings 
suggest the clinical feasibility of FGF2 With broader safety 
range as a therapeutic angiogenic factor to treat acute critical 
limb ischemia. Furthermore, the present inventors are the 
?rst to reveal severe adverse effect of VEGF165 gene 
transfer for limb ischemia. 

[0032] Interestingly, the present inventors found that limb 
ischemia-induced endogenous VEGF rather diffused to sys 
temic circulation than concentrated in muscle itself. 
Although ischemic operation-induced endogenous VEGF 
expression in muscles and endothelial cells (ECs) Was 
already addressed (FlorkieWicZ, R. Z. et al., J. Cell. Physiol. 
162, 388-399 (1995)), the present inventors are the ?rst to 
demonstrate that endogenous VEGF seems responsible for 
the induction of systemic, but not for local, angiogenic 
response. Asahara et al. shoWed that systemic administration 
of VEGF mobiliZes endothelial progenitor cells (EPCs) 
(Asahara, T. et al., EMBO J. 18, 3964-3972 (1999)), sug 
gesting that physiological response to limb ischemia form 
ing collateral vessels is appeared to depend on, to some 
extent, EPC-mediated “vasculogenesis-like” neovascular 
iZation rather than on local angiogenesis by proliferating 
ECs sprouting from preexisting vessels (Isner J. M., J. Clin. 
Invest. 106, 615-619 (2000)). Since boosted VEGF in 
ischemic limb via gene transfer resulted in lack of signi?cant 
blood perfusion and in limb amputation as demonstrated 
here, in this case, VEGF may dominantly act as “vascular 
permeability factor” rather than “angiogenic factor”. This 
may be also supported by the histology of muscles, appar 
ently indicating more extensive intermuscular edema in 
VEGF165 group. 

[0033] Secondary, the present inventors shoWed that FGF2 
gene therapy solely is effective to treat ischemic limb, and 
involves endogenous VEGF function in vivo. Even if the 
total protein concentration of VEGF in muscle via FGF2 
gene transfer Was similar to that of VEGF gene transfer, 
FGF2 gene therapy itself, but not VEGF, Was suf?ciently 
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effective. These ?ndings suggest that not only VEGF but 
also FGF2 may be necessary to form mature blood vessels 
for therapeutically perfusing blood to ischemic limbs and to 
prevent vascular leakage. Furthermore, angiopoietin-1, an 
angiogenic factor that prevents vascular leakage of VEGF 
induced immature vessels, may contribute to this. 

[0034] The reason Why injection of SeV-VEGF165 could 
not shoW comparable expression to SeV-FGF2 or SeV 
luciferase in muscle in vivo is not still fully addressed 
becauseSeV-VEGF165 Works in vitro suf?ciently to secrete 
gene product similar to SeV-FGF2. Similar to histological 
study, laser Doppler perfusion imaging (LDPI) shoWed 
extensively damaged muscular tissue With lack of blood 
perfusion. Thus, it may be possible that cellular machineryof 
SeV-mediatedtranscription including tubulin (Moyer, S. A., 
et al., Proc. Natl. Acad. Sci. USA 83, 5405-5409 (1986)) and 
phosphoglycerate kinase (Ogino, T., et al., J. Biol. Chem. 
274, 35999-36008 (1999)), may be disturbed or altered due 
to edema caused by VEGF165-induced tissue damage. 
Inversely, relatively loW level of exogenous VEGF165 gene 
expression markedly enhanced endogenous VEGF (approxi 
mately 200 pg/g muscle) in severely ischemic muscles 
(1,400 pg/g muscle), resulting in accelerated limb amputa 
tion. These results strongly suggest that enhanced concen 
tration of VEGF in muscle, even if it is relatively loW and 
around 2-hold higher than the baseline, can lead limbs to 
critical limb ischemia. 

[0035] Angiogenesis is considered as a Well-harmonized 
process and a lot of factors may be involved. Among these 
factors, the biological function of VEGF is highly dose 
dependent, resulting in fatal defect even With single loss of 
allele (Carmeliet, P. et al., Nature 380, 435-439 (1996)). 
Constitutive VEGF expression is necessary during entire 
process of vascular integrity and maturation, because tran 
sient VEGF expression only induces short-lived angiogenic 
responses (Pettersson, A. et al., Lab. Invest. 80, 99-115 
(2000)), and further, VEGF-induced capillary-like structure 
rarely makes connections to preexisting blood vessels 
(Springer, M. L., et al., Mol. Cell 2, 549-558 (1998)). Thus, 
the present invention suggests that more than 2-fold higher 
concentration of VEGF in muscle Without suf?cient FGF2 is 
likely to be seriously toxic. Considering these, more careful 
attention than ever should be paid in use of VEGF for 
therapeutic angiogenesis, although VEGF still holds great 
clinical potential. Furthermore, intramuscular FGF2 gene 
transfer Was demonstrated to be safe and signi?cantly thera 
peutically effective for limb salvage in acute severe limb 
ischemia cases. 

[0036] Herein, a “Paramyxovirus vector” is de?ned as a 
vector (or carrier) that is derived from the Paramyxovirus 
and that is used for gene transfer to host cells. The Paramyx 
ovirus vector of the present invention may be ribonucle 
oprotein (RNP) or a virus particle having infectivity. Herein, 
the term “infectivity” is de?ned as an ability of the recom 
binant Paramyxovirusvector to transfer, through its cell 
adhesion and membrane fusion abilities, a gene contained in 
the vector to cells to Which the vector is adhered. The 
Paramyxovirus vector of the present invention may have 
replication ability, or may be a defective vector Without the 
replication ability. Herein, “replication ability” is de?ned as 
the ability of virus vectors to replicate and produce infective 
virus particles in host cells infected With the virus vectors. 
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The replication ability can be determined using, for 
example, monkey kidney-derived cell line, LLC-MK2 or 
CV-1. 

[0037] Herein, a “recombinant” Paramyxovirus vector is 
de?ned as a Paramyxovirus vector constructed by gene 
engineering or its ampli?ed products. For instance, recom 
binant Paramyxovirus vectors can be generated by recon 
stitution of a recombinant Paramyxovirus cDNA. 

[0038] Herein, a Paramyxovirus is de?ned as a virus of the 
Paramyxoviridae family or a derivative thereof. Paramyx 
oviruses used in the present invention include, for example, 
viruses belonging to the Paramyxoviridae such as Sendai 
virus, NeWcastle disease virus, Mumps virus, Measles virus, 
Respiratory syncytial virus, rinderpest virus, distemper 
virus, simian parain?uenZa virus (SV5), and type I, II, and 
III human parain?uenZa virus. The virus of the present 
invention may be preferably a virus of the genus Paramyx 
ovirus or a derivative thereof. Paramyxovirus that can be 
used in the present invention includes, for example, type I 
human parain?uenZa virus (HPI-V-1), type III human 
parain?uenZa virus (HPIV-3), type III bovine parain?uenZa 
virus (BPIV-3), Sendai virus (also referred to as “type I 
mouse parain?uenZa virus”), type X simian parain?uenZa 
virus (SPIV-10), etc. Most preferable Paramyxovirus of the 
invention is Sendai virus. These viruses may be naturally 
occurring, Wild-type, mutant, laboratory-passaged, arti? 
cially constructed strains, etc. Incomplete viruses such as the 
DI particle (Willenbrink W. and Neubert W. J., J. Virol., 
1994, 68, 8413-8417) and synthesiZed oligonucleotides may 
also be utiliZed as a material for generating the virus vector 
of the present invention. 

[0039] Genes encoding proteins of a Paramyxovirus 
include NP, P, M, F, HN, and L genes. Herein, the “NP, P, M, 
F, HN, and L genes” represent those encoding the nucleo 
capsid protein, phosphoprotein, matrix protein, fusion pro 
tein, hemagglutinin-neuraminidase, and large protein, 
respectively. Genes of each virus of the subfamily Paramyx 
ovirus are described generally as folloWs. In general, NP 
gene may also be indicated as “N gene”. 

Paramyxovirus NP P/C/V M F HN — L 
Rublavirus NP P/ V M F HN (SH) L 
Morbillivirus NP P/C/V M F H — L 

[0040] For instance, the accession numbers of each gene 
of the Sendai virus classi?ed as a Respirovirus of Paramyx 
oviridae in the nucleotide sequence database, are M29343, 
M30202, M30203, M30204, M51331, M55565, M69046, 
and X17218 for NP gene; M30202, M30203, M30204, 
M55565, M69046, X00583, X17007, and X17008 for P 
gene; D11446, K02742, M30202, M30203, M30204, 
M69046, U31956, X00584, and X53056 for M gene; 
D00152, D11446, D17334, D17335, M30202, M30203, 
M30204, M69046, X00152, and X02131 for F gene; 
D26475, M12397, M30202, M30203, M30204, M69046, 
X00586, X02808, and X56131 for HN gene; and D00053, 
M30202, M30203, M30204, M69040, X00587, and X58886 
for L gene. 

[0041] As used herein, the term “gene” refers to a genetic 
substance, including nucleic acids such as RNA and DNA, 
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Which may or may not encode a protein. A gene may encode 
a functional RNA such as riboZyme or antisense RNA. It can 
be a naturally occurring sequence or an arti?cially designed 
sequence. Furthermore, as used herein, the term “DNA” 
includes a single-stranded DNA and a double-stranded 
DNA. 

[0042] The present invention provides a Paramyxovirus 
vector encoding angiogenic gene and use of the same. The 
present inventors shoWed that transgene expression Was 
increased at the administered sites Where a Paramyxovirus 
vector encoding an angiogenic gene Was administrated intra 
muscularly in vivo. The present inventors revealed that 
necrosis in ischemic tissues could be prevented by the 
administration of a recombinant Paramyxovirus vector 
encoding an angiogic gene (FGF2) and loss of the hind limb 
could be prevented in a limb salvage experiment using mice 
With ischemic hind limbs. Moreover, the Paramyxovirus 
vector is effective in gene therapy for ischemic heart. 
Vectors of this invention are useful in effectively inducing 
angiogenesis in ischemic tissues and in preventing necrosis, 
and can thus be preferably used for gene therapy for 
ischemic diseases. 

[0043] Moreover, the present inventors revealed that 
genes administered intramusculary using recombinant 
Paramyxovirus vectors could be continuously expressed for 
1 to 2 Weeks. This result indicates that gene therapy With 
angiogenic factors using recombinant Paramyxovirus vec 
tors can achieve continuous therapeutic effects. Moreover, 
angiogenic factors expressed from recombinant Paramyx 
ovirus vectors administered intramuscularly could not be 
detected in the systemic circulatory system and, thus, Would 
not cause undesirable effects outside of the target tissues. 
Therefore, the ?ndings of the present invention that 
Paramyxovirus vectors have various bene?ts in angiogenic 
gene transfer suggest possible great improvement in gene 
therapy by speci?cally targeting ischemic tissues. 

[0044] Since Paramyxovirus vectors are not pathogenic in 
humans, they can be suggested to be preferably utiliZed in 
clinical trials of human gene therapy in vieW of safety. It is 
a major obstacle in high ef?cient gene transfer that, in most 
cases, introduced DNA must be transported into the nucleus 
or nuclear membrane must be eliminated for the expression 
of an exogenous gene via plasmid DNA or such. In the case 
of Sendai virus, hoWever, expression of an exogenous gene 
is driven by both cellular tubulin and its RNApolymerase (L 
protein) in the cytoplasm When viruses replicate. This sug 
gests that the Sendai virus does not interact With chromo 
somes of host cells, Which avoids risks such as canceriZation 
and immortaliZation of cells. Furthermore, the Sendai virus 
is knoWn to be pathogenic in rodents causing pneumonia, 
but not in humans, Which is supported by studies shoWing 
that the intranasal administration of the Wild type Sendai 
virus does not do harm in nonhuman primates (HurWitZ J. L. 
et al., Vaccine, 1997, 15, 533-540). These features suggest 
that Sendai virus vector can be utiliZed in human therapy, 
and further, support the notion that Sendai virus vectors can 
be one of the promising tools in gene therapy With angio 
genic genes. 

[0045] Angiogenic genes used herein indicate genes 
encoding factors, Which have activities to promote angio 
genesis and/or vasculogenesis directly or indirectly. The 
factors can be proteins or peptides, or can be nucleic acids 
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such as functional RNAs (riboZymes or antisense RNAs). 
Angiogenic proteins include, for example, acidic ?broblast 
growth factor (aFGF), ?broblast groWth factor 2 (FGF2) 
(also called basic ?broblast groWth factor (bFGF)), vascular 
endothelial groWth factor (VEGF), angiopoietins (Ang) 
(including Ang-1 and Ang-2), epidermal groWth factor 
(EGF), transforming groWth factor-0t (TGF-ot), TGF-B, 
platelet-derived endothelial cell groWth factor (PD-ECGF), 
platelet-derived groWth factor (PDGF), tumor necrosis fac 
tor-ot(TNF-ot), hepatocyte groWth factor (HGF), insulin-like 
groWth factor (IGF), erythropoietin (EPO), colony-stimulat 
ing factor (CSF), macrophage colony-stimulating factor 
(M-CSF), granulocyte-macrophage colony-stimulating fac 
tor (GM-CSF), interleukin (IL)-8, and nitric oxide syn 
thetase (NOS) (Klagsbrun, M. and D’Amore, P., A. Annu. 
Rev. Physiol. 53: 217-39, 1991; Folkman, J. and Shing, Y., 
J. Biol. Chem. 267 (16): 10931-4, 1992; Symes, J. F. and 
Sniderman, A. D., Curr. Opin. Lipidol. 5 (4): 305-12, 1994). 

[0046] The preferred angiogenic proteins in the present 
invention include, for example, aFGF, FGF2, Ang-1, Ang-2, 
EGF, TGF-ot, TGF-B, PD-ECGF, PDGF, TNF-ot, HGF, IGF, 
EPO, CSF, M-CSF, GM-CSF, IL-8, and NOS, and the 
vectors can be constructed using genes encoding the proteins 
selected from the list above. 

[0047] Proteins especially preferred among angiogenic 
proteins used in the present invention are not those Which 
induce premature angiogenesis by VEGF, but those Which 
achieve angiogenesis in Which blood vessel is surrounded by 
parietal cells that are differentiated from the neWly generated 
endothelial cells attached to mesenchymal cells. It is knoWn 
that vasculariZation consists of three steps, vasculogenesis, 
angiogenesis, and vascular maturation. Observations of vari 
ous transcription factor-knockout studies revealed that matu 
ration in vasculariZation involves multiple genes. Speci? 
cally, transcription factor SCL/tal-1 is mainly involved in 
vascular formation, and HIF-1, Id, ETS-1, HOXD3, COUP 
TFII, and MEF2C are involved in angiogenesis. Further 
more, it is knoWn that lung kruppel-like factor (LKLF) or 
dHAND gene knock out causes embryonic death due to 
undeveloped parietal cells. 

[0048] Therefore, angiogenic genes used in the present 
invention are, more preferably, those that induce transcrip 
tion factors, including LKLF and dHAND, involved in 
parietal cell maturation in premature mesenchymal cells. It 
is predicted that FGF2 stimulation is directly involved in the 
induction of these transcription factors or promotes prolif 
eration and differentiation of mesenchymal cells through 
other groWth factors such as angiopoietin and HGF. 

[0049] Angiogenic proteins preferably contain secretion 
signal sequences that alloW the secretion of the angiogenic 
proteins. HoWever, proteins, such as FGF2 can be secreted 
outside of cells Without a native and typical secretion signal 
sequence (see Example) These proteins do not necessarily 
require secretion signal sequences. The genes encoding 
these angiogenic proteins, for example, can be obtained by 
knoWn methods, such as PCR using primers, Which are 
designed, based on the nucleotide sequence information. An 
example of the most preferred angiogenic factor used in the 
present invention is FGF2, Which shoWs a stable therapeutic 
effect in a Wide range of expression levels. (Abraham, J. A. 
et al., 1986, EMBO J. 5: 2523-2528; Moscatelli, D. A. et al., 
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US. Pat. No. 4,994,559; Baird, A. et al., US. Pat. No. 
5,155,214; Isner, J. M. US. Pat. No. 6,121,246; WO 
97/14307). 
[0050] Angiogenic genes used for vector construction can 
be heterologous or homologous to, preferably homologous 
to, the target individuals for gene transfer in order to achieve 
a desired effect. Furthermore, angiogenic genes used for 
vector construction are preferably mammalian angiogenic 
genes, preferably human genes for application to human. 

[0051] Paramyxovirus vectors encoding angiogenic genes 
of the present invention is especially effective for the treat 
ment of ischemic tissues. Namely, gene transfer of angio 
genic genes using the vectors of the present invention can 
promote angiogenesis and prevent necrosis due to ischemia. 
The ischemic tissues used for the present invention are not 
limited so long as the tissues shoW ischemia or are devel 
oping ischemia. For example, such tissues include muscle, 
brain, kidney, and lung. The ischemic diseases treated by 
administering vectors of the present invention include cere 
brovascular ischemia, kidney ischemia, lung ischemia, limb 
ischemia, ischemic cardiomyopathy, and myocardial 
ischemia. Treatment of ischemic tissues in the present inven 
tion includes therapy of ischemic tissues or prevention of 
ischemic obstruction, speci?cally, for example, prevention 
of necrosis in ischemic tissues, sustaining ischemic tissues, 
promotion of angiogenesis in ischemic tissues, tissue regen 
eration, and preventing and decreasing obstruction caused 
by ischemia. 

[0052] The present invention provides methods for induc 
ing angiogenesis, Which comprises the step of administering 
Paramyxovirus vectors encoding angiogenic genes. More 
over, the present invention provides methods for treating 
ischemic tissues, Which comprises the step of administering 
Paramyxovirus vector encoding angiogenic gene. There is 
no limitation to the target individuals and, for example, a 
desirable mammal including a human can be used. In 
particular, non-human mammals, such as primates including 
monkeys such as prosimian, platyrrhine monkeys, and catar 
rhine monkeys, apes of anthropoid, rodents such as mice, 
rats, and guinea pigs, as Well as coWs, dogs, cats, horses, 
sheep, and rabbits can be targets for administration. It is 
possible to treat ischemia in the animals using vectors of the 
present invention and also possible to use the animals as 
ischemia therapy models for humans (Morinaga, K. et al., 
1987, J. Vasc. Surg. 5: 719-730; Itoh, H. et al., 1994, 
Atherosclerosis 110: 259-270). 

[0053] Speci?c methods for inducing angiogenesis 
according to the present invention include the folloWing 
methods: a) a method for inducing angiogenesis, Which 
comprises the step of administering a Paramyxovirus vector 
encoding an angiogenic gene or a cell containing the vector; 

[0054] [b] the method of [a], in Which the angiogenic 
gene is ?broblast groWth factor 2 (FGF2); 

[0055] [c] the method of [a] or [b], in Which the gene 
is administered intramuscularly ; and 

[0056] [d] the method of any one of [a] to [c], in 
Which the Paramyxovirus is Sendai virus. 










































