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SPECIFICATION 

 

THERAPEUTIC AGENT FOR ISCHEMIC DISEASE 

[Technical Field] 

[0001] 

 The present invention relates to a novel secretory signal, 

a transformation plasmid containing the secretory signal, a 

gene transport carrier formed from an anaerobic bacterium 

transformed by the plasmid, a pharmaceutical composition 

containing the gene transport carrier, and a method for 

diagnosing or treating an ischemic disease using same. 

[Background Art] 

[0002] 

 In recent years, with regard to methods for treating 

malignant tumors, a method in which a transformed anaerobic 

bacterium is used as a gene transport carrier has been 

attracting attention, and for example a method in which a gene 

expressing a nitroreductase, which is an enzyme that converts 

a prodrug for an anti-tumor substance into the anti-tumor 

substance, is transported to a tumor site using a transformed 

clostridium has been proposed (ref. Patent Documents 1 to 3). 

[0003] 

 However, all of the microorganisms that have 

conventionally been used for this purpose are ones formed by 

mutating a pathogenic microbe so that it has low toxicity, and 

the possibility that it will return to the original pathogenic 

microbe by reverse mutation and exhibit toxicity cannot be 

ruled out; furthermore, there is a possibility that the effect 

will be exhibited not only in diseased tissue but also in 

normal tissue due to mobility and invasiveness to thus cause 

systemic side effect symptoms, and there is thus a problem in 

terms of safety. 

[0004] 

 Under such circumstances, Bifidobacterium, which is a 

nonpathogenic enterobacterium that is present within and makes 
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up the flora of the human intestines and is known to be a very 

safe obligate anaerobic bacterium, has been attracting 

attention, and a transformed Bifidobacterium that expresses 

cytosine deaminase, which is an enzyme that converts the 

prodrug 5-fluorocytosine for the anti-tumor substance 5-

fluorouracil into 5-FU, and a transformed Bifidobacterium that 

expresses TNFα, which is an anti-tumor protein, have been 

developed (Ref. Patent Documents 4 to 6). 

[0005] 

 This transformed Bifidobacterium has the characteristics 

that, when intravenously administered to an animal model with 

a solid tumor, which is an anaerobic disease, it specifically 

colonizes and grows in anaerobic diseased tissue in a low 

oxygen state and quickly disappears in normal tissue that is 

not in an anaerobic environment (Ref. Non-Patent Documents 1 

and 2). 

[0006] 

 On the other hand, in the treatment of an ischemic 

disease, in particular in the treatment of serious ischemia, 

an angiogenic therapy in which blood flow is restored by 

regeneration of blood vessels or development of collateral 

circulation has been attempted.  Angiogenic therapy can be 

broadly divided into three types of therapies, that is, cell 

transplantation, protein administration, and gene therapy, but 

from the viewpoint of low invasiveness gene therapy has 

particularly been attracting attention in recent years.  In 

angiogenesis by gene therapy, for example, a gene encoding 

hepatocyte growth factor (hepatocyte growth factor: HGF), 

vascular endothelial growth factor (vascular endothelial 

growth factor: VEGF), etc. is introduced into the vicinity of 

an affected area by intramuscular injection or intraarterial 

infusion, thus promoting angiogenesis in the vicinity of the 

affected area to thereby restore blood flow (e.g. Ref. Non-

Patent Documents 3 and 4). 

[0007] 
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 These angiogenic therapies have been attracting attention 

as one option for a patient for whom revascularization is not 

possible due to a disorder at the arteriolar level or for whom 

the effect is insufficient, a patient for whom surgical 

treatment cannot be carried out due to a problem with 

invasiveness, etc., and in recent years many clinical trials 

involving angiogenic therapy by gene therapy in particular 

have been carried out. 

[0008] 

 However, since angiogenic therapy employing conventional 

gene therapy does not have specificity for a lesion site, 

systemic administration is impossible, and there is concern 

for the steal effect, in which angiogenesis is promoted in a 

non-ischemic site rather than in an ischemic site; control of 

the efficiency of gene transfer and the period of expression 

of the transgene is difficult, there is a large risk when a 

patient has complications giving symptoms that can be 

exacerbated by angiogenesis, and there are still a large 

number of problems to be solved before the therapy can be 

applied. 

[0009] 

 Therefore, the present inventors have focused attention 

on anaerobic bacteria that colonize and grow specifically in 

anaerobic diseased tissue, and have successfully prepared, by 

the use of a transformed Bifidobacterium, a gene transport 

carrier that specifically accumulates only in an ischemic site, 

produces a desired protein only in the ischemic site, and 

disappears from the lesion site when it is cured, thus 

stopping production of the protein (Patent Document 7). 

 

[Prior Art Documents] 

[Patent Documents] 

[0010] 

[Patent Document 1] US Patent No. 6416754 

[Patent Document 2] US Patent No. 6652849 



 4 

[Patent Document 3] US Patent Application No. 2003/0103952 

[Patent Document 4] JP, A, 2002-97144 

[Patent Document 5] International Patent Application 

WO2007/136107 

[Patent Document 6] International Patent Application 

WO2011/093465 

[Patent Document 7] International Patent Application 

WO2013/008881 

[Non-Patent Documents] 

[0011] 

[Non-Patent Document 1] Yazawa et al., Cancer Gene Therapy, 7 

(2): 269-274, 2000. 

[Non-Patent Document 2] Yazawa et al., Breast Cancer Research 

and Treatment, 66: 165-170, 2001. 

[Non-Patent Document 3] Gupta et al., Circ. Res., 105: 724-736, 

2009. 

[Non-Patent Document 4] Morishita et al., Arterioscler Thromb 

Vasc Biol., 31: 713-720, 2011. 

 

[Summary of the Invention] 

[Problems to be Solved by the Invention] 

[0012] 

 The object of the present invention is to provide a 

transformation plasmid for transforming an anaerobic bacterium 

in order to enable a target protein to be stably expressed and 

secreted at high efficiency, a gene transport carrier formed 

from an anaerobic bacterium transformed with the plasmid, a 

pharmaceutical composition containing the gene transport 

carrier, and a method for diagnosing or treating an ischemic 

disease utilizing same. 

 

[Means for Solving the Problems] 

[0013] 

 The present inventors have reported in Patent Document 7 

above the preparation of transformation plasmid pFGF12a having 
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incorporated thereinto a gene encoding human FGF2, that an 

obligate anaerobic bacterium transformed using same, such as 

for example Bifidobacterium longum 105A/pFGF12a or 

Bifidobacterium breve JCM1192/pFGF12a, accumulates and grows 

specifically only at a site of ischemic disease by systemic 

administration, and that human FGF2 protein can be expressed 

and secreted at the site of ischemic disease (Patent Document 

7). 

 However, while continuing further research, a new problem 

has been encountered in that the amount of expressed protein 

secreted by the Bifidobacterium transformed with 

transformation plasmid pFGF12a, which is mainly used in Patent 

Document 7 above, is not sufficient, and the amount secreted 

decreases over time, there thus being a lack of stability. 

[0014] 

 As a result of an intensive investigation by the present 

inventors in order to solve the above problems, novel 

secretory signal peptides SP56 and SP67 derived from 

Bifidobacterium longum have been found; when a plasmid having 

incorporated thereinto a gene encoding these signal peptides 

is prepared, an anaerobic bacterium transformed with the 

plasmid surprisingly has exceptionally high protein 

expression/secretion compared with existing strains, expressed 

protein can be stably secreted during long-term culturing, the 

plasmid is one for which a high percentage of bacteria 

retaining the plasmid is shown even after repeated passage 

culture, and as a result of further research the present 

invention has been accomplished. 

[0015] 

 That is, the present invention relates to the following. 

(1) A transformation plasmid for an anaerobic bacterium, the 

plasmid comprising a promoter unit, a secretory signal unit 

comprising DNA encoding a secretory signal peptide represented 

by SEQ ID No: 1 or SEQ ID No: 2, and a target gene unit 
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comprising DNA encoding a protein useful for the diagnosis or 

treatment of an ischemic disease. 

(2) The transformation plasmid according to (1), wherein the 

protein useful for the diagnosis or treatment of an ischemic 

disease is one type selected from the group consisting of a 

protein having angiogenesis promoting activity such as 

fibroblast growth factor (FGF), endothelial cell growth factor 

(ECGF), vascular endothelial growth factor (VEGF), hepatocyte 

growth factor (HGF), vascular growth factor (AGF), platelet-

derived growth factor (PDGF), transforming growth factor β 

(TGFβ), angiopoietin or ephrin; a factor involved in 

vasodilation such as a prostaglandin; a colony stimulating 

factor such as granulocyte colony stimulating factor (G-CSF) 

or granulocyte-macrophage colony stimulating factor (GM-CSF); 

nerve growth factor (NGF); brain-derived neurotrophic factor 

(BDNF); a neurotrophin such as neurotrophin 3; insulin-like 

growth factor (IGF); and platelet-derived vascular endothelial 

cell growth factor (PD-ECGF). 

(3) The transformation plasmid according to (1) or (2), 

wherein the protein useful for the diagnosis or treatment of 

an ischemic disease is fibroblast growth factor 2 (FGF2). 

(4) The transformation plasmid according to (1) to (3), 

wherein the secretory signal unit further comprises DNA 

encoding a spacer peptide continuing from the 3’ terminal of 

the DNA encoding a secretory signal peptide represented by SEQ 

ID No: 1 or SEQ ID No: 2. 

(5) The transformation plasmid according to (4), wherein the 

spacer peptide has a length of 1 to 25 amino acids, and is 

represented by a sequence starting from the N terminal amino 

acid of an amino acid sequence represented by SEQ ID No: 5 or 

SEQ ID No: 6. 

(6) The transformation plasmid according to (1) to (5), 

wherein the secretory signal unit is DNA encoding an amino 

acid sequence represented by SEQ ID No: 9 or SEQ ID No: 10. 
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(7) The transformation plasmid according to (1) to (6), 

wherein the transformation plasmid is a non-shuttle plasmid. 

(8) The transformation plasmid according to (1) to (7), 

wherein a promoter contained in the promoter unit is a base 

sequence represented by SEQ ID No: 13 or a sequence formed by 

deletion, substitution, or addition of one or a plurality of 

bases of the base sequence. 

(9) The transformation plasmid according to (1) to (8), 

wherein the transformation plasmid is represented by the base 

sequence of pFGF110 (SEQ ID No: 14) or pFGF111 (SEQ ID No: 15). 

(10) A gene transport carrier comprising an anaerobic 

bacterium transformed with the transformation plasmid 

according to (1) to (9). 

(11) The gene transport carrier according to (10), wherein the 

anaerobic bacterium is a Bifidobacterium. 

(12) The gene transport carrier according to (11), wherein the 

Bifidobacterium is Bifidobacterium longum. 

(13) A pharmaceutical composition comprising the gene 

transport carrier according to (10) to (12). 

(14) The pharmaceutical composition according to (13), wherein 

the pharmaceutical composition further comprises an agent for 

promoting colonization and growth of the gene transport 

carrier at the site of an ischemic disease. 

(15) The pharmaceutical composition according to (14), wherein 

the agent for promoting colonization and growth is at least 

one type selected from the group consisting of maltose, 

lactulose, arabinose, xylose, galactose, glucose, lactose, 

melibiose, melezitose, and raffinose. 

(16) A method for diagnosing or treating an ischemic disease, 

the method comprising administering the gene transport carrier 

according to (10) to (12). 

(17) The method according to (16), wherein said administration 

is systemic administration. 

 

[Effects of the Invention] 
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[0016] 

 The transformation plasmid of the present invention is a 

novel plasmid that has a novel secretory signal and is useful 

for preparing a transformed anaerobic bacterium for diagnosing 

and/or treating an ischemic disease, and an anaerobic 

bacterium transformed with the transformation plasmid of the 

present invention can stably secrete a large amount of target 

protein. 

[0017] 

 Since the gene transport carrier of the present invention 

is formed by an anaerobic bacterium transformed with the 

transformation plasmid of the present invention, even when it 

is administered systemically, it colonizes and grows 

specifically at the site of an ischemic disease, which is in 

an anaerobic environment, and sufficient protein having 

therapeutic activity for the ischemic disease can be produced 

and secreted at the disease site.  It is therefore extremely 

useful as a gene transport carrier, and consequently as an 

ischemic disease treatment agent.  Furthermore, since it 

specifically colonizes at the site of an ischemic disease, it 

accumulates specifically at the site of an ischemic disease 

and exhibits the effect even in the case of systemic 

administration such as intravenous injection.  Therefore, 

administration of a large amount or administration a plurality 

of times is not needed, and the burden on the subject of 

administration can be alleviated.  Moreover, since the 

anaerobic environment of the site of an ischemic disease is 

maintained while the ischemia persists, there is growth for a 

long period of time, but once the ischemia is cured the 

anaerobic environment is lost, growth is not possible and 

there is rapid disappearance. 

[0018] 

 Furthermore, with regard to the gene transport carrier of 

the present invention, since the gene transport carrier itself 

can express a protein useful for treatment, unlike 
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conventional methods it is unnecessary to take into 

consideration the efficiency of gene transfer to cells at the 

ischemic site or the vicinity thereof, and a high protein 

expression efficiency can always be exhibited.  Furthermore, 

since it is a carrier delivered specifically to the ischemic 

site, there is little possibility of complications.  Therefore, 

an angiogenesis treatment having lower invasiveness, fewer 

side effects, and higher safety can be provided compared with 

conventional methods.  Moreover, by making a marker be 

expressed at the same time the gene transport carrier of the 

present invention can be used as a monitor for the diagnosis 

or treatment of an ischemic site.  Furthermore, the gene 

transport carrier of the present invention can deliver a 

plurality of genes at the same time, and by incorporating and 

administering a plurality of effective growth factors it can 

be expected that a more efficient and noninvasive treatment 

will become possible. 

 

[Brief Description of Drawings] 

[0019] 

[FIG. 1]  FIG. 1 shows a schematic diagram relating to 

preparation of a human FGF2 secreting shuttle plasmid.  pFGF-

Hu is prepared from a pCD shuttle plasmid by replacing CD with 

hFGF2 (with His tag), pHuSP26L20-FGF2 is further prepared by 

inserting SP26L20 between the promoter and the hFGF2 gene, and 

pHuSP26L20-FGF2-dHis is prepared by removing the His tag 

therefrom. 

[FIG. 2]  FIG. 2 shows a schematic diagram relating to 

preparation of a human FGF2 (with tag) secreting shuttle 

plasmid.  pHuSP56L20-FGF2 and pHuSP67L20-FGF2 are prepared by 

inserting SP56L20 and SP67L20 respectively into a straight 

chain pHu-FGF2 fragment. 

[FIG. 3]  FIG. 3 shows a schematic diagram relating to 

preparation of a human FGF2 (no tag) secreting shuttle plasmid.  

pHuSP56L20-FGF2-dHis and pHuSP67L20-FGF2-dHis are prepared by 



 10 

inserting SP56L20 and SP67L20 respectively into a straight 

chain pHuSP26L20-FGF2-dHis fragment. 

[FIG. 4]  FIG. 4 shows a schematic diagram relating to 

preparation of a human FGF2 (no tag) secreting non-shuttle 

plasmid.  pFGF110 and pFGF111 are prepared by removing pUCori 

from pHuSP56L20-FGF2-dHis and pHuSP67L20-FGF2-dHis 

respectively. 

[FIG. 5]  FIG. 5 shows the result of western blotting of 

FGF110 strain and FGF111 strain culture supernatants.  M: 

molecular weight marker, FGF110: FGF110 strain culture 

supernatant concentrate, FGF111: FGF111 strain culture 

supernatant concentrate, 12a: FGF12a strain culture 

supernatant concentrate, R: recombinant human FGF2.  It is 

confirmed that FGF110 strain, FGF111 strain, and FGF12a strain 

have a band at the same position as that of the recombinant 

(molecular weight about 17 kDa), which is a positive control. 

[FIG. 6]  FIG. 6 shows NIH/3T3 cell proliferation promoting 

activity of human FGF2 protein secreted by SP56 strain and 

SP67 strain.  Ordinate: absorbance at 450-630 nm, abscissa: 

human FGF2 concentration (ng/mL).  Human FGF2 secreted by the 

SP56 and SP67 strains has concentration-dependent cell 

proliferation promoting activity in the same way as rhFGF2. 

[FIG. 7]  FIG. 7 shows change in amount of human FGF2 secreted 

when carrying out long-term culturing.  Ordinate: amount of 

FGF2 secreted (ng/mL), abscissa: culturing time.  At any point 

of time at 2 days, 4 days, or 7 days, the amount of FGF2 

secreted is, in order from the highest, the FGF110 strain, the 

FGF111 strain, and the FGF12a strain.  The amount of FGF2 

secreted by the FGF12a strain decreases greatly from the 4th 

day of culturing onward, but for the FGF110 strain and the 

FGF111 strain stable expression/secretion is observed up to 

the end. 

[FIG. 8]  FIG. 8 shows the effect of FGF110 in improving blood 

flow.  Ordinate: ischemic side/non ischemic side blood flow 

ratio, abscissa: number of days after 2nd operation.  The 
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FGF110 treated group shows a significant effect in improving 

blood flow compared with PBS and BEshuttle groups from day 14 

onward.  This effect continues up to day 36. 

 

[Modes for Carrying Out the Invention] 

[0020] 

 The present invention relates to a novel secretory signal 

peptide derived from a Bifidobacterium, a secretory signal 

encoding the peptide, and a transformation plasmid, etc. 

containing the secretory signal. 

 The present invention is explained in detail below. 

[0021] 

<Transformation plasmid> 

 The transformation plasmid of the present invention 

enables to more stably secrete more expressed protein due to 

the action of a novel secretory signal unit and therefore can 

be characterized in that by using the same, a highly useful 

transformed anaerobic bacterium expressing and secreting any 

target protein with high efficiency can be prepared. 

[0022] 

 In one aspect, the present invention relates to a 

transformation plasmid for transforming an anaerobic bacterium, 

the plasmid comprising a promoter unit, a secretory signal 

unit comprising DNA encoding a secretory signal peptide 

represented by SEQ ID No: 1 or SEQ ID No: 2, and a target gene 

unit comprising DNA encoding a protein useful for the 

diagnosis or treatment of an ischemic disease (target protein). 

[0023] 

 In the present specification, ‘anaerobic bacterium’ means 

a bacterium having anaerobic properties, and ‘anaerobic 

properties’ means properties of being able to grow under 

conditions where there is little or no oxygen.  In general, 

anaerobic bacteria can be classified into facultative 

anaerobic bacteria, which can also grow in the presence of 

oxygen, and obligate anaerobic bacteria, which cannot grow in 
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the presence of oxygen, but in one embodiment of the present 

invention, an obligate anaerobic bacterium such as for example 

a Bifidobacterium is preferable.  The anaerobic properties 

possessed by the anaerobic bacterium of the present invention 

may be properties intrinsically possessed by the bacterium or 

those obtained by mutations such as spontaneous mutation or 

transformation.  Therefore, in one embodiment of the present 

invention, the anaerobic bacterium is one mutated so as to be 

an obligate anaerobic bacterium.  For example, it can be a 

facultative anaerobic bacterium such as Lactobacillus as long 

as it is one that has been mutated so as to be obligately 

anaerobic. 

[0024] 

 In a preferred embodiment, the transformation plasmid of 

the present invention is for transforming a Bifidobacterium 

and, furthermore, in a preferred embodiment for transforming 

Bifidobacterium longum. 

[0025] 

 In the present specification, ‘expression cassette’ means 

a set of genes, contained in the plasmid, for expressing a 

specific protein or peptide fragment, and this set contains a 

promoter unit and a target gene unit and may further contain 

any other useful unit.  Examples of said other useful unit 

include a gene encoding a signal peptide such as a secretory 

signal and a gene encoding a molecular chaperone for a protein 

encoded by the target gene. 

[0026] 

 In the present specification, the ‘target gene unit’, 

including a gene encoding the target protein (expressed 

protein), means a set of genes related to the expressed 

protein.  The target gene unit may contain other DNA than the 

gene encoding the target protein.  Examples of said other DNA 

that can be contained in the target gene unit include, but are 

not limited to, DNA encoding a peptide that labels an 

expressed protein, such as His-Tag. 



 13 

 The plasmid of the present invention contains a secretory 

signal unit so that a protein encoded by the transformation 

plasmid of the present invention is produced within an 

anaerobic bacterial cell and released outside the bacterial 

cell to thus exhibit a therapeutic effect. 

[0027] 

 In the present specification, ‘secretory signal unit’ 

means a set of genes encoding an amino acid sequence, 

including a secretory signal sequence, for secreting an 

expressed protein outside a bacterial cell.  In the present 

specification, when simply a ‘secretory signal’ is referred to 

or when a ‘secretory signal sequence’ is referred to, it means 

a gene encoding a secretory signal peptide or a DNA sequence 

thereof.  The secretory signal unit may contain, as well as a 

secretory signal sequence, for example, other DNA such as DNA 

encoding a spacer peptide inserted between the target gene and 

the secretory signal sequence. 

[0028] 

 The secretory signal sequence contained in the secretory 

signal unit of the present invention is a sequence encoding a 

novel secretory signal peptide represented by SP56 (SEQ ID No: 

1) or SP67 (SEQ ID No: 2).  In addition, the secretory signal 

sequences corresponding to secretory signal peptide sequences 

represented by SEQ ID No: 1 and SEQ ID No: 2 include, in 

addition to those represented by SEQ ID No: 3 and SEQ ID No: 4 

respectively, a degenerate sequence thereof.  Hereinafter in 

the present specification, when ‘DNA encoding’ an amino acid 

sequence or a ‘base sequence corresponding’ to an amino acid 

sequence is referred to, unless otherwise specified it is 

intended to contain, in addition to the specific sequence 

shown as an example, a degenerate sequence thereof. 

[0029] 

 The novel secretory signal peptide represented by SP56 

(SEQ ID No: 1) or SP67 (SEQ ID No: 2) is a secretory signal 

peptide further selected from candidates abstracted using a 
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secretory signal peptide prediction program from the entire 

amino acid sequence registered in the genome database of 

Bifidobacterium longum, and is confirmed for the first time by 

the present inventors that it is a useful secretory signal 

peptide. 

[0030] 

 The secretory signal peptides SP56 and SP67 of the 

present invention have particularly excellent secretory 

activity, and since they function in a Bifidobacterium, which 

is a nonpathogenic obligate anaerobic bacterium, DNA encoding 

SP56 and SP67 is particularly suitable for use in a 

transformation plasmid for an anaerobic bacterium for the 

diagnosis or treatment of an anaerobic disease, in particular 

an ischemic disease.  Therefore, any transformation plasmid 

containing DNA encoding SP56 and SP67 is also included in the 

present invention. 

[0031] 

 In one embodiment, the target gene unit of the present 

invention contains DNA encoding a protein useful for the 

diagnosis or treatment of an ischemic disease as an expressed 

protein. 

 In the present specification, ‘ischemia’ means a state in 

which the tissue is short of oxygen and nutrients due to the 

flow of blood in arteries supplying the tissue being reduced 

by the constriction or occlusion of blood vessels, and 

persistent ischemia causes atrophy, degeneration, or necrosis 

of the tissue. 

[0032] 

 The transformation plasmid of the present invention is 

suitably used in a treatment method for improving an 

undesirable state caused by ischemia, mainly in an 

angiogenesis treatment, protection of an organ, and so on.  

Therefore, ‘ischemic disease’ in the present specification 

means a state in which ischemia of the tissue persists due to 

arterial constriction or occlusion irrespective of the 
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presence or absence of subjective symptoms, or an undesirable 

state caused by such ischemia.  Examples of the ischemic 

disease include, but are not limited to, an ischemic heart 

disease such as angina pectoris or myocardial infarction, a 

cerebral ischemic disease such as cerebral infarction, a 

chronic cerebral ischemic disease such as moyamoya disease, a 

spinal ischemic disease, an ischemic colitis, an ischemic 

bowel disease such as mesenteric arterial occlusion, a lower 

limb ischemic disease such as arteriosclerosis obliterans or 

Buerger’s disease, and a retinal ischemic disease such as 

diabetic retinopathy. 

[0033] 

 An ‘ischemic site’ in the present specification means the 

site of a state in which the arterial blood flow, nutrients, 

and oxygen are reduced due to ischemia, and it can be used 

interchangeably with ‘site of ischemic disease’ or ‘ischemic 

diseased tissue’. 

[0034] 

 Examples of the protein useful for the diagnosis or 

treatment of an ischemic disease include, but are not limited 

to, a protein having angiogenesis promoting activity and a 

protein involved in vasodilation.  Examples of the protein 

having angiogenesis promoting activity include, but are not 

limited to, fibroblast growth factor (FGF), endothelial cell 

growth factor (ECGF), vascular endothelial growth factor 

(VEGF), hepatocyte growth factor (HGF), vascular growth factor 

(AGF), platelet-derived growth factor (PDGF), transforming 

growth factor β (TGFβ), angiopoietin, and ephrin, and examples 

of the factor involved in vasodilation include a prostaglandin.  

Further examples of the protein useful for treatment include a 

colony stimulating factor (e.g. granulocyte colony stimulating 

factor (G-CSF), a granulocyte-macrophage colony stimulating 

factor (GM-CSF), etc.), nerve growth factor (NGF), brain-

derived neurotrophic factor (BDNF), a neurotrophin (e.g. 

neurotrophin 3, etc.), insulin-like growth factor (IGF), and 
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platelet-derived vascular endothelial cell growth factor (PD-

ECGF).  The protein useful for the diagnosis or treatment of 

an ischemic disease is particularly preferably fibroblast 

growth factor 2 (FGF2). 

[0035] 

 In the present invention, the ‘promoter unit’ means a 

unit containing a promoter and any other region involved in 

transcription control, and examples of said other region 

involved in transcription control include an operator and a 

terminator. 

 The promoter contained in the promoter unit of the 

present invention may be any promotor as long as it functions 

in an anaerobic bacterium, and examples thereof include a 

promoter positioned upstream of the Bifidobacterium-derived 

secretory signal and a promoter (Hu promoter) for a gene 

encoding a histone-like DNA-binding protein that functions in 

a Bifidobacterium.  In one embodiment, the promoter contained 

in the promoter unit of the present invention may be for 

example Hu promoter (SEQ ID No: 13) or P37 promoter (SEQ ID 

No: 16), and it is preferably Hu promoter.  The promoter 

contained in the promoter unit of the present invention may be 

represented by one formed by deletion, substitution, or 

addition of one or a plurality of bases of the base sequence 

thereof (functional equivalent) as long as the function as a 

promoter is maintained. 

[0036] 

 In one embodiment of the present invention, the promoter 

unit contains a terminator.  Any terminator may be contained 

as long as it functions in a Bifidobacterium, but it is 

preferably a terminator (Hu terminator) for a gene encoding a 

histone-like DNA-binding protein that functions in a 

Bifidobacterium, and is most preferably DNA represented by the 

base sequence of SEQ ID No: 38 in particular or one formed by 

deletion, substitution, or addition of one or a plurality of 

bases thereof. 
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[0037] 

 In one embodiment of the present invention, the secretory 

signal unit further contains DNA encoding a spacer peptide 

continuing from the 3’ terminal of the DNA encoding the 

secretory signal peptide. 

[0038] 

 In the present specification, the ‘spacer peptide’ is a 

peptide inserted between the secretory signal peptide and the 

N terminal of the target protein.  Therefore, the DNA encoding 

the spacer peptide is DNA that is present downstream of the 

secretory signal and upstream of the gene encoding the target 

protein in the expression cassette. 

[0039] 

 The presence of the spacer peptide increases the 

secretion efficiency of the target protein.  Therefore, in a 

preferred embodiment, the spacer peptide has a length of 1 to 

25 amino acids, preferably a length of 1 to 20 amino acids, 

and more preferably a length of 5 to 20 amino acids.  The 

sequence of the spacer peptide is not particularly limited, 

but in the case of SP56 it is preferably a peptide represented 

by SEQ ID No: 5 or a partial peptide that contains the N 

terminal thereof, and in the case of SP67 it is a peptide 

represented by SEQ ID No: 6 or a partial peptide that contains 

the N terminal thereof. 

[0040] 

 SEQ ID Nos: 5 and 6 are peptides comprising a sequence 

from the N terminal to the 25th amino acid of a protein 

secreted by SP56 and SP67 respectively in Bifidobacterium 

longum.  In the above preferred embodiment, for example, in 

the case of SP56 the spacer peptide of the present invention 

may be a peptide represented by a partial sequence formed from 

only the 1st amino acid of the peptide represented by SEQ ID 

No: 5 and having a length of one amino acid, a partial 

sequence from the 1st to 15th amino acids of SEQ ID No: 5 and 

having a length of 15 amino acids, a partial sequence from the 
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1st amino acid to the 20th amino acid of SEQ ID No: 5 and having 

a length of 20 amino acids, or the complete sequence of SEQ ID 

No: 5, which has a length of 25 amino acids, and in the case 

of SP67 it may be a peptide represented by a partial sequence 

formed only from the 1st amino acid of the peptide represented 

by SEQ ID No: 6 and having a length of one amino acid, a 

partial sequence from the 1st amino acid to the 15th amino acid 

of SEQ ID No: 6 and having a length of 15 amino acids, a 

partial sequence from the 1st amino acid to 20th amino acid of 

SEQ ID No: 6 and having a length of 20 amino acids, or the 

complete sequence of SEQ ID No: 6, which has a length of 25 

amino acids. 

 In addition, the base sequences corresponding to the 

amino acid sequences represented by SEQ ID No: 5 and SEQ ID 

No: 6 are preferably those represented by SEQ ID No: 7 and SEQ 

ID No: 8 respectively. 

[0041] 

 In a more preferred embodiment of the present invention, 

the secretory signal unit is DNA encoding the amino acid 

sequence represented by SEQ ID No: 9 and formed from SP56 and 

a spacer peptide having 20 amino acids, or the amino acid 

sequence represented by SEQ ID No: 10 and formed from SP67 and 

a spacer peptide having 20 amino acids.  In addition, the base 

sequences corresponding to the amino acid sequences 

represented by SEQ ID No: 9 and SEQ ID No: 10 are preferably 

those represented by SEQ ID No: 11 and SEQ ID No: 12 

respectively. 

[0042] 

 In one embodiment of the present invention, any plasmid 

can be used as the transformation plasmid as long as it 

contains a promoter unit, a secretory signal unit containing 

DNA encoding the secretory signal peptide represented by SEQ 

ID No: 1 or SEQ ID No: 2, and a target gene unit containing 

DNA encoding a protein useful for the diagnosis or treatment 

of an ischemic disease, functions to transform an anaerobic 
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bacterium, and does not impair the anaerobic properties of the 

bacterium.  However, when the gene transport carrier formed 

from the transformed anaerobic bacterium is used as a 

pharmaceutical, the risk of the transformation plasmid being 

horizontally transferred to another bacterium in the body such 

as for example Escherichia coli, the plasmid replicating in 

said other bacterium to which it has been horizontally 

transferred, and as a result the protein encoded by the 

plasmid being expressed in an unintended site cannot be ruled 

out.  Therefore, in a preferred embodiment, the transformation 

plasmid is a non-shuttle plasmid. 

[0043] 

 In the present specification, a ‘shuttle plasmid’ means a 

plasmid that can replicate in two or more different types of 

hosts, and can be used interchangeably with a ‘shuttle vector 

plasmid’.  Therefore, the ‘non-shuttle plasmid’ means a 

plasmid that can replicate only in one type of host.  That is, 

in the above embodiment, the transformation plasmid has a 

replication origin that functions only in an anaerobic 

bacterium as a transformation subject and does not have a 

replication origin that functions in a bacterium other than 

the above, and it is a plasmid that does not replicate in a 

bacterium other than a transformed anaerobic bacterium, such 

as Escherichia coli. 

[0044] 

 The transformation plasmid of the present invention may 

further contain another useful gene.  Examples of said other 

useful gene include a selectable marker gene such as 

spectinomycin resistant gene (SPCM), a replication origin such 

as Bifidobacterium plasmid replication origin (pTB6), and a 

gene encoding a labeling protein such as GFP. 

[0045] 

 In a preferred embodiment, the transformation plasmid of 

the present invention is pFGF110 (SEQ ID No: 14) or pFGF111 

(SEQ ID No: 15). 
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[0046] 

 The transformation plasmid of the present invention may 

for example be prepared as follows. 

 For example, in accordance with a standard method, a 

shuttle plasmid may be prepared by inserting at least one type 

of promoter unit, secretory signal unit, and DNA encoding a 

protein useful for the diagnosis or treatment of a desired 

ischemic disease (target gene unit) into a shuttle plasmid 

having replication origins that function in a transformation 

bacterium and a bacterium other than the transformation 

bacterium, for example a Bifidobacterium and Escherichia coli. 

[0047] 

 If desired, a non-shuttle plasmid can be prepared by 

removing the replication origin for bacteria other than the 

transformed bacterium from this shuttle plasmid. 

 The procedure of each of the above steps may be carried 

out in accordance with methods known in the field of genetic 

engineering. 

[0048] 

<Gene transport carrier> 

 In one aspect, the present invention relates to a gene 

transport carrier formed from an anaerobic bacterium 

transformed with the transformation plasmid of the present 

invention. 

[0049] 

 The gene transport carrier of the present invention is a 

gene transport carrier formed from the anaerobic bacterium 

transformed with the transformation plasmid of the present 

invention, can grow within tissue in an anaerobic environment, 

and can express and secrete a protein having targeted activity. 

[0050] 

 Since the gene transport carrier of the present invention 

specifically colonizes the site of an ischemic disease, the 

target protein is inevitably expressed and secreted 

specifically at the site of an ischemic disease.  Therefore, 
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the gene transport carrier of the present invention that can 

express a protein used for the diagnosis or treatment of an 

ischemic disease can diagnose or treat an ischemic disease 

effectively. 

[0051] 

 Since the gene transport carrier of the present invention 

specifically colonizes the site of an ischemic disease, it 

becomes possible by detecting the presence of the gene 

transport carrier to diagnose the site of an ischemic disease.  

Detection of the gene transport carrier may be carried out 

simply by for example labelling the gene transport carrier.  

From the viewpoint of use for the diagnosis of a disease, it 

is preferable that detection has low invasiveness and that 

there is little adverse effect on a living body due to 

labeling.  Therefore, in a preferred embodiment of the present 

invention, the gene transport carrier expresses a fluorescence 

protein as a protein useful for diagnosis.  Examples of the 

fluorescent protein include various types of green fluorescent 

protein (GFP) and red fluorescent protein (RFP). 

[0052] 

 Since it is assumed that the gene transport carrier of 

the present invention is administered into the body, it is 

necessary for the anaerobic bacterium used to have no toxicity 

or low toxicity.  For example, even for a pathogenic bacterium 

such as Clostridium or Salmonella, one that has been made 

nonpathogenic may be used in the present invention.  Therefore, 

in one embodiment of the present invention, the anaerobic 

bacterium of the present invention can be one formed by 

mutating a pathogenic bacterium so that it has low toxicity.  

However, since there is a possibility that a bacterium that 

has been mutated to have low toxicity can return to the 

original pathogenic bacterium by reverse mutation and exhibit 

toxicity, an inherently nonpathogenic bacterium is preferable.  

Therefore, in a preferred embodiment of the present invention, 
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the anaerobic bacterium employs a nonpathogenic 

enterobacterium. 

[0053] 

 As the nonpathogenic enterobacterium that can be used in 

the present invention, a Bifidobacterium genus bacteria 

(Bifidobacterium) can preferably be cited.  Examples of the 

Bifidobacterium include Bifidobacterium adolescentis, 

Bifidobacterium angulatum, Bifidobacterium animalis, 

Bifidobacterium asteroides, Bifidobacterium bifidum, 

Bifidobacterium boum, Bifidobacterium breve, Bifidobacterium 

catenulatum, Bifidobacterium choerinum, Bifidobacterium 

coryneforme, Bifidobacterium cuniculi, Bifidobacterium 

denticolens, Bifidobacterium dentium, Bifidobacterium gallicum, 

Bifidobacterium gallinarum, Bifidobacterium globosum, 

Bifidobacterium indicum, Bifidobacterium infantis, 

Bifidobacterium inopinatum, Bifidobacterium lactis, 

Bifidobacterium lactentis, Bifidobacterium liberorum, 

Bifidobacterium longum, Bifidobacterium magnum, 

Bifidobacterium merycicum, Bifidobacterium minimum, 

Bifidobacterium mongoliens, Bifidobacterium parvulorum, 

Bifidobacterium pseudocatenulatum, Bifidobacterium 

pseudolongum, Bifidobacterium psychraerophilum, 

Bifidobacterium pullorum, Bifidobacterium ruminale, 

Bifidobacterium ruminantium, Bifidobacterium saeculare, 

Bifidobacterium scardovi, Bifidobacterium subtile, 

Bifidobacterium suis, Bifidobacterium thermacidophillum, and 

Bifidobacterium thermophilum, and Bifidobacterium longum is 

most preferable. 

[0054] 

 All of these bacteria are either commercially available 

or easily available from a depository.  For example, 

Bifidobacterium longum ATCC-15707, Bifidobacterium bifidum 

ATCC-11863, Bifidobacterium infantis ATCC-15697, etc. can 

easily be obtained from ATCC (The American Type Culture 

Collection). 
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[0055] 

 Furthermore, the strain of each bacterium is not 

particularly limited; examples of strains of Bifidobacterium 

longum include Bifidobacterium longum 105-A strain, 

Bifidobacterium longum aE-194b strain, Bifidobacterium longum 

bs-601 strain, and Bifidobacterium longum M101-2 strain, and 

among them Bifidobacterium longum 105-A strain is preferable. 

[0056] 

 Examples of strains of Bifidobacterium breve include 

Bifidobacterium breve standard strain (JCM1192), 

Bifidobacterium breve aS-1 strain, and Bifidobacterium breve 

I-53-8W strain, and among them Bifidobacterium breve standard 

strain and Bifidobacterium breve aS-1 strain are preferable. 

[0057] 

 Examples of strains of Bifidobacterium infantis include 

Bifidobacterium infantis standard strain (JCM1222) and 

Bifidobacterium infantis I-10-5 strain, and among them 

Bifidobacterium infantis standard strain and Bifidobacterium 

infantis I-10-5 strain are preferable. 

 Furthermore, examples of strains of Bifidobacterium 

lactentis include Bifidobacterium lactentis standard strain 

(JCM1220). 

[0058] 

 The gene transport carrier of the present invention can 

be prepared by transforming any anaerobic bacterium that is to 

be transformed in accordance with a known method in the field 

of genetic engineering using the transformation plasmid of the 

present invention. 

[0059] 

 Preparation of the gene transport carrier of the present 

invention may be carried out in accordance with a method 

described in a commercial experimental book such as, for 

example, The Gene manual (Kodansha), Genetic Engineering 

Experimental Methods ed. By Y. Takagi (Kodansha), Molecular 

Cloning, Cold Spring Harbor Laboratory (1982), Molecular 
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Cloning 2nd Edition, Cold Spring Harbor Laboratory (1989), or 

Methods in Enzymology, 194 (1991). 

[0060] 

<Pharmaceutical composition> 

 In one aspect, the present invention relates to a 

pharmaceutical composition containing the gene transport 

carrier of the present invention. 

 The pharmaceutical composition of the present invention 

is not particularly limited as long as it contains the gene 

transport carrier of the present invention.  With regard to 

the gene transport carrier of the present invention, at least 

one type thereof is contained, and two or more types may be 

contained.  Furthermore, the pharmaceutical composition of the 

present invention may be used in a combination with an 

ischemic disease treatment agent or a pharmaceutical 

composition containing a compound, other than the gene 

transport carrier of the present invention, that exhibits an 

effect in treating an ischemic disease. 

[0061] 

 Moreover, the pharmaceutical composition of the present 

invention may contain an optional component in addition to the 

gene transport carrier of the present invention as long as it 

does not impair the effects of the present invention.  

Examples of such optional components include pharmacologically 

acceptable carriers, excipients, diluents, and agents for 

promoting the colonization and growth of the gene transport 

carrier.  Examples of the agents for promoting colonization 

and growth include, but are not limited to, maltose, lactulose, 

arabinose, xylose, galactose, glucose, lactose, melibiose, 

melezitose, and raffinose, which are sugars that can be 

assimilated by the transformed bacterium used in the gene 

transport carrier of the present invention. 

[0062] 

 The dosage form of the pharmaceutical composition of the 

present invention is not particularly limited, and examples 
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thereof include a liquid agent or a solid preparation 

containing the gene transport carrier of the present invention.  

The liquid agent may be produced by purifying a liquid culture 

of the anaerobic bacterium of the gene transport carrier of 

the present invention, adding thereto as necessary an 

appropriate physiological saline, supplementary fluid, or 

pharmaceutical additive, and charging an ampoule or a vial 

therewith.  The solid preparation may be produced by adding an 

appropriate protecting agent to the liquid, charging an 

ampoule or a vial therewith, and then lyophilizing or L-drying 

it, or by adding an appropriate protecting agent to the liquid, 

lyophilizing or L-drying it, and then charging an ampoule or a 

vial therewith. 

[0063] 

 With regard to a method for administering the 

pharmaceutical composition of the present invention, both oral 

administration and parenteral administration are possible, but 

parenteral administration is preferable; for example, 

intravenous injection, subcutaneous injection, local infusion, 

intracerebroventricular administration, etc. may be carried 

out, and intravenous injection, that is, systemic 

administration, is most preferable. 

 The dose of the gene transport carrier of the 

pharmaceutical composition of the present invention is not 

particularly limited as long as it is an amount sufficient for 

it to grow at a disease site and for an effective therapeutic 

dose of active protein to be expressed, but from the viewpoint 

of economy and side effects being avoided wherever possible, 

it is preferable to use as small an amount as possible in a 

range that can give a necessary therapeutic effect. 

[0064] 

 The dose of the gene transport carrier in the 

pharmaceutical composition of the present invention may be 

selected as appropriate according to the extent of a disease 

and the body weight, age, and sex of the patient, and may be 
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increased or decreased as appropriate according to the degree 

of improvement. 

 For example, when the pharmaceutical composition of the 

present invention is used, the dose is set appropriately 

according to the therapeutic activity for the disease 

exhibited by the anaerobic bacterium itself that is used, the 

type of protein, etc. having therapeutic activity for the 

disease produced by the anaerobic bacterium used, and the 

amount of the active protein produced by the anaerobic 

bacterium used. 

[0065] 

 Specifically, in the case of for example intravenous 

administration, since it is particularly necessary to suppress 

a risk such as embolization by a clump of bacteria, etc., it 

is preferable to inject an injectable preparation having as 

low a concentration as possible a plurality of times or to 

dilute it with an appropriate supplementary fluid and 

continuously infuse it.  For example, in the case of an adult, 

106 to 1012 cfu of cells of the anaerobic bacterium of the 

present invention per kg of body weight is administered once 

or a plurality of times per day for one to a plurality of days 

continuously or at appropriate intervals.  More specifically, 

1 to 1000 mL per adult of a preparation containing 104 to 1010 

cfu/mL of cells of the Bifidobacterium of the present 

invention is administered directly or by diluting with an 

appropriate supplementary fluid once to multiple times per day 

continuously for one to several days. 

[0066] 

 Furthermore, in the case of local administration 

involving administration directly to the diseased tissue, 

since it is desirable that the bacterium colonizes and grows 

over the entire diseased tissue as much as possible, it is 

desirable that a high concentration injection is administered 

at a plurality of positions of the diseased tissue.  For 

example, in the case of an adult, 106 to 1012 cfu per kg of 
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body weight of cells of the Bifidobacterium of the present 

invention are administered once to a plurality of times per 

day as necessary for one to a plurality of days continuously 

or at appropriate intervals.  More specifically, 1 to 1000 mL 

per adult of a preparation containing 104 to 1010 cfu/mL of 

cells of the Bifidobacterium of the present invention is 

administered directly a few times per day as necessary for one 

to several days continuously. 

[0067] 

 When it is confirmed that the bacterium in the diseased 

tissue has disappeared during the treatment period, the 

treatment is temporarily suspended, and the cells are 

administered in the same way as above. 

 The expression ‘a combination of X and Y’ in the present 

invention includes both a case in which X and Y are separate 

configurations and a case in which X and Y are of the same 

configuration (e.g. a mode containing X and Y).  Furthermore, 

when X and Y are separate configurations, a case in which both 

X and Y further contain another component is also included. 

[0068] 

 The gene transport carrier of the present invention 

colonizes and grows specifically at the site of an ischemic 

disease, and does not grow in normal tissue that is not in an 

anaerobic environment.  Therefore, the gene is delivered 

specifically to a disease site without there being local 

administration targeted at the site of an ischemic disease.  

Therefore, from the viewpoint of ease of administration, low 

invasiveness, etc., it is preferable for the pharmaceutical 

composition of the present invention to be administered 

systemically. 

[0069] 

<Diagnostic method or therapeutic method> 

 In one aspect, the present invention relates to a method 

for diagnosing or treating an ischemic disease, the method 
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including administering any of the gene transport carriers 

described above. 

 Due to use of the gene transport carrier of the present 

invention, highly efficient and highly safe diagnosis or 

treatment becomes possible. 

 In the method of the present invention, the gene 

transport carrier of the present invention is administered to 

a subject having an ischemic disease.  As an administration 

method, both oral administration and parenteral administration 

are possible, but parenteral administration is preferable; for 

example intravenous injection, subcutaneous injection, local 

infusion, intracerebroventricular administration, etc. can be 

carried out, and intravenous injection, that is, systemic 

administration, is most preferable. 

[0070] 

 Therefore, in a preferred embodiment of the method of the 

present invention, the gene transport carrier of the present 

invention is administered systemically.  Since the gene 

transport carrier of the present invention can deliver the 

gene specifically to the site of an ischemic disease, even in 

a case of systemic administration such as intravenous 

injection it can exhibit the effects by colonizing and growing 

specifically at the site of the ischemic disease without being 

directly administered to an affected area using a catheter, 

intramuscular injection, etc.  Therefore, a treatment with 

very low invasiveness is possible compared with conventional 

therapies. 

 

[Examples] 

[0071] 

 The present invention is more specifically explained 

below by reference to Reference Examples and Examples, but the 

technical scope of the present invention is not limited to 

these Examples. 

[0072] 
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Example 1: Identification of secretory signal peptide 

 Secretory signal peptides SP56 and SP67 were identified 

by the procedure below. 

 The complete amino acid sequence of a Bifidobacterium 

longum NCC2705 strain-derived protein registered in the NCBI 

genome database (http://www.ncbi.nlm.nih.gov/genome/) was 

analyzed using the signal sequence prediction program SignalP 

4.1 server (http://www.cbs.dtu.dk/services/SignalP/), which 

predicts the presence or absence of a secretory signal.  The 

amino acid sequence of part of the protein for which the above 

analysis predicted that the N terminal of the protein had a 

secretory signal peptide sequence was subjected to topological 

analysis using the TMHMM Server v. 2.0 program 

(http://www.cbs.dtu.dk/services/TMHMM-2.0/), which estimates a 

transmembrane region (TM).  Proteins for which this 

topological analysis result estimated that the N terminal of 

the protein had a TM were selected.  These proteins were 

selected as Bifidobacterium longum NCC2705 strain-derived 

secretory signal peptides that were predicted to have a TM.  

In the amino acid sequence of the Bifidobacterium longum 105A 

strain corresponding to the amino acid sequences of the 

selected secretory signal peptides, part from the N terminal 

of the amino acid sequence of each protein to the amino acid 

sequence that had been estimated to be a protease cleavage 

site by the SignalP analysis was defined as the secretory 

signal peptide sequence (SP56 and SP67).  Furthermore, the 

spacer peptide sequence was defined as the 20 amino acid 

residues continuing from the C terminal of each signal 

sequence, these being defined as a secretory signal unit.  The 

sequences of the secretory signal units used are listed below.  

SP56 and a spacer peptide therefor (SEQ ID No: 9) and SP67 and 

a spacer peptide therefor (SEQ ID No: 10). 

[0073] 

Example 2: Preparation of various types of hFGF2 secretion 

plasmids 

http://www.ncbi.nlm.nih.gov/genome/
http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/TMHMM-2.0/
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 PCR primers used for preparation of the plasmids are 

listed in Table 1. 
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[0074] 

1. Preparation of plasmid pFGF-Hu 

(1) Preparation of human FGF2-HisTag insert fragment (insert 

fragment 1) 

 Plasmid ‘hFGF2 in pUC57’ containing DNA encoding human 

FGF2 having a histidine tag fused to the C terminal thereof 

was acquired from GenScript.  The DNA sequence of hFGF2 is an 

artificial DNA sequence (SEQ ID No: 31), for which the codon 

was optimized for Bifidobacterium based on the amino acid 

sequence of hFGF2 (an approximately 18 kDa protein with 

translation initiation from AUG of GenBank Accession No. 

#NM_002006).  PCR amplification was carried out with 1 ng of 

plasmid hFGF2 in pUC57 as a template using a primer set of 

FGF4 primer (forward) and FGF3 primer (reverse).  The primer 

sequences were designed so that 15 bp of the terminals of the 

insert fragment and the vector fragment overlapped one another.  

PCR amplification was carried out using a PrimeSTAR HS 

(Premix) kit (Takara Bio Inc.) with a concentration  of 0.2 µM 

of each primer in a reaction volume of 50 µL.  The 

amplification program employed one cycle of 10 sec at 98°C 

(denaturation reaction), 5 sec at 55°C (annealing reaction), 

and 30 sec at 72°C (extension reaction); after 30 cycles were 

carried out extension was carried out at 72°C for 30 sec, and 

an approximately 0.5 kbp hFGF2-HisTag insert fragment (insert 

fragment 1) was prepared. 

[0075] 

(2) Preparation of vector fragment 1 

 PCR amplification was carried out in the same way as 

above using a primer set of FGF1 primer (forward) and FGF2 

primer (reverse) with 1 ng of plasmid pCDshuttle 

(International Patent Application WO2009/128272) (SEQ ID No: 

32) as a template.  The PCR extension reaction was at 72°C for 

4 minutes.  The length of vector fragment 1 was about 3.9 kbp. 

[0076] 

(3) In-Fusion reaction 



 32 

 Insert fragment 1 and vector fragment 1 prepared above 

were ligated using an In-Fusion (registered trademark) HD 

Cloning kit (Takara Bio Inc.).  That is, 50 ng of the vector 

fragment and 13 ng of the insert fragment were added to a 

microtube, 2 µL of 5× In-Fusion HD Enzyme premix and 1 µL of 

Cloning Enhancer from the kit were further added thereto, and 

the reaction solution volume was adjusted to 10 µL using 0.1× 

TE buffer (1 mM Tris-HCl, 0.1 mM EDTA, pH 7.5).  This was 

incubated at 37°C for 15 minutes and further incubated at 50°C 

for 15 minutes.  The procedure was otherwise in accordance 

with the product instructions of the kit, and In-Fusion 

reaction solution 1 was thus prepared. 

[0077] 

(4) Transformation of Escherichia coli and confirmation of DNA 

sequence of plasmid pFGF-Hu 

 Transformation of Escherichia coli TOP10 competent cells 

(Invitrogen) was carried out in accordance with the product 

instructions using the In-Fusion reaction solution 1 above.  

The cell suspension after transformation was spreadon a 75 

µg/mL spectinomycin-containing LB agar medium and cultured at 

37°C overnight.  Escherichia coli colonies formed on the agar 

medium were subjected to shaking culture in 75 µg/mL 

spectinomycin-containing LB liquid medium at 37°C overnight, 

and a plasmid was extracted therefrom using a QIAprep Spin 

Miniprep kit (Qiagen).  In order to determine the sequence for 

a region containing the human FGF2 expression cassette (5’-Hu 

promoter-human FGF2 protein-His tag-Hu terminator-3’) of the 

extracted plasmid, sequencing was carried out using a Big Dye 

(registered trademark) Terminator v3.1 Cycle Sequencing kit 

(Applied Biosystems, Inc.).  The extracted plasmid was named 

pFGF-Hu. 

[0078] 

2. Preparation of plasmids pHuSP56L20-FGF2 and pHuSP67L20-FGF2 

(1) Preparation of SP56L20 and SP67L20 insert fragments 

(insert fragments 2 and 3) 
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 PCR amplification was carried out using the primer set of 

SP56-ins_F1 primer (forward) and SP56-ins_R1_FGF primer 

(reverse) described in Table 1 with the genome DNA of the 

Bifidobacterium longum 105-A strain as a template.  The primer 

sequence was designed so that 15 bp terminals of the insert 

fragment and the vector fragment overlapped one another.  PCR 

amplification was carried out using a PrimeSTAR HS (Premix) 

kit (Takara Bio Inc.) with 0.2 µM concentration of each primer 

in a reaction volume of 20 µL.  The amplification program 

employed one cycle of 10 sec at 98°C, 5 sec at 65°C, and 20 

sec at 72°C, after 30 cycles were carried out extension was 

carried out at 72°C for 30 sec, and an approximately 0.2 kbp 

SP56L20 insert fragment amplification product (insert fragment 

2) was prepared. 

 An SP67L20 insert fragment (insert fragment 3) was 

prepared in the same way as above except that SP67-ins_F1 

primer (forward) and SP67-ins_R1_FGF primer were used as PCR 

amplification primers. 

[0079] 

(2) Preparation of vector fragment 2 containing DNA encoding 

human FGF2 protein 

 PCR amplification was carried out by the same method as 

in the preparation of the above insert fragment using the 

primer set of FGF35 primer (forward) and HuProm_R primer 

(reverse) described in Table 1 with plasmid pFGF-Hu as a 

template.  The reaction volume in PCR was 50 µL.  The 

amplification program employed one cycle of 10 sec at 98°C, 5 

sec at 65°C, and 4 min 30 sec at 72°C; after 30 cycles were 

carried out, extension was carried out at 72°C for 30 sec, and 

an approximately 4.3 kbp vector fragment amplification product 

was prepared.  This PCR product was subjected to 

electrophoresis using 0.8% agarose gel (containing ethidium 

bromide), and a gel containing an approximately 4.3 kbp DNA 

band was cut out while irradiating with UV.  DNA was extracted 

from this gel using a QIAquick Gel Extraction Kit (Qiagen) and 
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defined as vector fragment 2 (straight chain pHu-FGF2 fragment, 

SEQ ID No: 33). 

[0080] 

(3) In-Fusion reaction 

 Insert fragment 2 or insert fragment 3 and vector 

fragment 2 prepared above were ligated using an In-Fusion 

(registered trademark) HD Cloning kit (Takara Bio Inc.).  That 

is, 68 ng of the vector fragment amplification product and 

6.15 ng (in the case of insert fragment 2) or 6.55 ng (in the 

case of insert fragment 3) of the insert fragment 

amplification product were added to a microtube, 2 µL of 5× 

In-Fusion HD Enzyme premix and 1 µL of Cloning Enhancer of the 

kit were further added thereto, and the reaction solution 

volume was adjusted to 10 µL using 0.1× TE buffer (1 mM Tris-

HCl, 0.1 mM EDTA, pH 7.5).  This was incubated at 37°C for 15 

minutes and then further incubated at 50°C for 15 minutes.  

The procedure was otherwise in accordance with the product 

instructions of the kit, and In-Fusion reaction solution 2 was 

thus prepared. 

[0081] 

(4) Confirmation of DNA sequences of Escherichia coli 

transformant 1 and plasmids pHuSP56L20-FGF2 and pHuSP67L20-

FGF2 

 Transformation of Escherichia coli HST16CR competent 

cells (Takara Bio Inc.) was carried out in accordance with the 

product instructions using In-Fusion reaction solution 2 above.  

The cell suspension after transformation was spread on 75 

µg/mL spectinomycin-containing LB agar medium, and cultured at 

37°C overnight.  Escherichia coli colonies formed on the agar 

medium were subjected to shaking culture in 75 µg/mL 

spectinomycin-containing LB liquid medium at 37°C overnight, 

and a plasmid was extracted therefrom using a QIAprep Spin 

Miniprep kit (Qiagen).  Sequencing of a region containing the 

human FGF2 secretion expression cassette (5’-Hu promoter-

SP56L20-human FGF2 protein-His tag-Hu terminator-3’) or (5’-Hu 
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promoter-SP67L20-human FGF2 protein-His tag-Hu terminator-3’) 

in the extracted plasmid was carried out in the same way as in 

1. (4) above.  The extracted plasmids were named pHuSP56L20-

FGF2 and pHuSP67L20-FGF2 respectively.  The sequences of 

regions containing the human FGF2 secretion expression 

cassette of each plasmid are shown in SEQ ID Nos: 34 and 35 

respectively. 

[0082] 

3. Preparation of plasmid pHuSP26L20-FGF2-dHis 

(1) Preparation of SP26L20 insert fragment (insert fragment 4) 

 PCR amplification was carried out in the same way as in 2. 

(1) above using a primer set of Hu_SP26_F primer (forward) and 

FGF_SP26L20_R primer (reverse) with 80 ng of the genome DNA of 

Bifidobacterium longum 105A as a template.  PCR extension was 

carried out at 72°C for 14 sec, and the PCR solution volume 

was 20 µL.  The length of the insert fragment was about 0.1 

kbp. 

[0083] 

(2) In-Fusion reaction 

 In-Fusion reaction solution 3 was prepared by carrying 

out an In-Fusion reaction in the same way as in 2. (3) above 

using insert fragment 4 and vector fragment 2 prepared above.  

The amount of vector used in the In-fusion reaction was 50 ng, 

and the amount of insert was 4.2 ng. 

[0084] 

(3) Transformation 2 of Escherichia coli and confirmation of 

DNA sequence of plasmid pHuSP26L20-FGF2 

 Transformation of Escherichia coli TOP10 competent cells, 

extraction of DNA from recombinant Escherichia coli, and 

determination of the sequence of the human FGF2 expression 

cassette-containing region (5’-Hu promoter-SP26L20-human FGF2 

protein-His tag-Hu terminator-3’) were carried out by the same 

method as in 1. (4) above using In-Fusion reaction solution 3.  

The extracted plasmid was named pHuSP26L20-FGF2. 

[0085] 
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(4) Preparation of human FGF2 insert fragment (insert fragment 

5)  

 PCR amplification was carried out in the same way as 2. 

(1) above using a primer set of FGF35 primer (forward) and 

FGF-His_R primer (reverse) with 1 ng of plasmid pHuSP26L20-

FGF2 as a template.  The PCR annealing temperature was 60°C, 

and extension was at 72°C for 35 sec.  The length of the 

insert fragment was about 0.5 kbp. 

(5) Preparation of vector fragment 3 

 PCR amplification was carried out in the same way as in 2. 

(2) above using a primer set of FGF-His_F primer (forward) and 

FGF_SP26L20_R primer (reverse) with 1 ng of plasmid 

pHuSP26L20-FGF2 as a template.  The PCR annealing temperature 

was 60°C, and extension was at 72°C for 4 min 10 sec.  The 

vector fragment length was about 4 kbp. 

[0086] 

(6) In-Fusion reaction 

 In-Fusion reaction solution 4 was prepared by carrying 

out an In-Fusion reaction in the same way as in 2. (3) above 

using insert fragment 5 and vector fragment 3 prepared above.  

The amount of vector used in the In-fusion reaction was 20 ng, 

and the amount of insert was 4 ng. 

(7) Transformation 3 of Escherichia coli and confirmation of 

sequence of plasmid pHuSP26L20-FGF2-dHis 

 Transformation of Escherichia coli and DNA extraction of 

the recombinant Escherichia coli were carried out by the same 

method as in 2. (4) above using In-Fusion reaction solution 4.  

Determination of the sequence of the human FGF2 expression 

cassette-containing region (5’-Hu promoter-SP26L20-human FGF2 

protein-Hu terminator-3’) was carried out using the extracted 

DNA.  The extracted plasmid was named pHuSP26L20-FGF2-dHis. 

[0087] 

4. Preparation of plasmids pHuSP56L20-FGF2-dHis and 

pHuSP67L20-FGF2-dHis 
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(1) Preparation of vector fragment 4 containing DNA encoding 

human FGF2 protein 

 Vector fragment 4 (straight chain pHuSP26L20-FGF2-dHis 

fragment, SEQ ID No: 36) was prepared by carrying out PCR by 

the same method as in 2. (2) above except that plasmid 

pHuSP26L20-FGF2-dHis was used as a template. 

[0088] 

(2) In-Fusion reaction 

 In-Fusion reaction solution 5 was prepared by carrying 

out the same method as in 2. (3) above using insert fragment 2 

or 3 (SP56 or SP67) and vector fragment 4 prepared above.  The 

amount of vector was 75 ng. 

[0089] 

(3) Transformation 4 of Escherichia coli and confirmation of 

DNA sequences of plasmids pHuSP56L20-FGF2-dHis and pHuSP67L20-

FGF2-dHis 

 Transformation of Escherichia coli HST16CR competent 

cells and plasmid extraction from recombinant Escherichia coli 

were carried out by the same procedure as in 2. (4) above 

using In-Fusion reaction solution 5.  Determination of the 

complete sequence of the extracted plasmid was carried out by 

the same procedure.  The extracted plasmids were named 

pHuSP56L20-FGF2-dHis and pHuSP67L20-FGF2-dHis. 

[0090] 

5. Preparation of plasmids pFGF110 and pFGF111 

(1) Removal of pUCori from plasmid pHuSP56L20-FGF2-dHis and 

pHuSP67L20-FGF2-dHis 

 3 µg of plasmid pHuSP56L20-FGF2-dHis or pHuSP67L20-FGF2-

dHis was digested with restriction enzyme BamHI (Thermo 

Scientific) and Bgl II (Thermo Scientific) and cleaved into 

two fragments, that is, an approximately 0.7 kbp pUC ori-

containing DNA fragment and the other portion (about 3.8 kbp).  

This reaction solution was subjected to electrophoresis using 

0.8% agarose gel (containing ethidium bromide), and a gel 

containing an approximately 3.8 kbp DNA band was cut out while 
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irradiating with UV.  DNA was extracted from this gel using a 

QIAquick Gel Extraction Kit (Qiagen) to give straight chain 

non-shuttle plasmids pFGF110 and pFGF111. 

[0091] 

(2) Preparation of non-shuttle plasmids pFGF110 and pFGF111 

 Self ligation of the straight chain non-shuttle plasmids 

was carried out as follows using a Rapid DNA Ligation Kit 

(Thermo Scientific).  That is, 80 µL of 5× Rapid Ligation 

Buffer and 8 µL of T4 DNA Ligase included in the kit were 

added to 400 ng of the straight chain non-shuttle plasmid, and 

it was made up to 400 µL with 0.1× TE.  80 µL thereof was 

dispensed into each of five microtubes, and a self ligation 

reaction was carried out at 22°C for 5 min.  These reaction 

solutions were combined, subjected to a Proteinase K treatment, 

then removal of protein with phenol/chloroform, chloroform 

extraction, and alcohol precipitation by standard methods.  

DNA that had been precipitated with alcohol was dissolved in 

0.1× TE, thus giving non-shuttle plasmids pFGF110 (SEQ ID No: 

14) and pFGF111 (SEQ ID No: 15). 

[0092] 

Example 3: preparation of recombinant Bifidobacterium 

(1) Preparation of FGF110 strain and FGF111 strain 

 Transformation of the Bifidobacterium longum 105-A strain 

was carried out by an electroporation system (Genepulser II, 

Bio-Rad) using the non-shuttle plasmid pFGF110 and pFGF111 DNA 

solutions prepared above.  After electric shock (2 kV, 25 µF, 

200 Ω), a mixed liquid of 800 µL of IMR liquid medium and 50 

µL of vitamin C-containing liquid (a solution containing 35 g 

of ascorbic acid, 2 g of L-cysteine hydrochloride monohydrate, 

and 11 g of sodium carbonate per 100 mL) was immediately added 

to the cuvette (2 mm gap), and this was collected in a 2 mL 

sterile microtube.  The cap of this 2 mL tube was loosened and 

the tube was placed in a sealed container together with an 

oxygen-absorbing and carbon dioxide-generating agent 

(AnaeroPack (registered trademark) Kenki, Mitsubishi Gas 
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Chemical Company, Inc.) and incubated in an incubator at 37°C 

for 3 hours. 

[0093] 

 Each cell suspension after incubation was spreadon 75 

µg/mL spectinomycin-containing IMR agar medium.  These plates 

were placed in a sealed container together with the oxygen-

absorbing and carbon dioxide-generating agent and cultured in 

an incubator at 37°C for 2 days. 

[0094] 

 Among colonies formed on the spectinomycin-containing IMR 

agar medium, the transformant with plasmid pFGF110 was defined 

as Bifidobacterium longum 105-A/pFGF110 strain (hereinafter 

called FGF110 strain) and the transformant with plasmid 

pFGF111 was defined as Bifidobacterium longum 105-A/pFGF111 

strain (hereinafter called FGF111 strain). 

[0095] 

(2) Preparation of SP56 strain and SP67 strain 

 Transformation of the Bifidobacterium longum 105-A strain 

was carried out by the same method as in (1) above using 

shuttle plasmids pHuSP56L20-FGF2 and pHuSP67L20-FGF2, thus 

giving Bifidobacterium longum 105-A/pHuSP56L20-FGF2 strain 

(hereinafter called SP56 strain) and Bifidobacterium longum 

105-A/pHuSP67L20-FGF2 strain (hereinafter called SP67 strain). 

[0096] 

(3) Preparation of negative control strain 

 Transformation of Bifidobacterium longum 105-A strain was 

carried out by the same method as above (preparation of FGF110 

strain and FGF111 strain) using pBEshuttle (SEQ ID No: 37), 

which is a vector backbone, described in WO2011/093467 thus 

giving Bifidobacterium longum 105-A/pBEshuttle strain 

(hereinafter called BEshuttle strain). 

[0097] 

Example 4: analysis of expressed protein 

(1) Culturing of recombinant Bifidobacterium  
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 10 mL of MRS (Beckton Dickinson) liquid medium having 

added thereto 100 µL of a vitamin C-containing liquid and 

spectinomycin (final concentration 75 µg/mL) was inoculated 

with the FGF110 strain, the FGF111 strain, and Bifidobacterium 

longum 105A/pFGF12a strain (hereinafter called FGF12a strain) 

described in Patent Document 7 (WO2013/008881), and anaerobic 

culturing was carried out at 37°C for 24 hours, thus giving 

activated culture broth.  Subsequently, 100 µL of a vitamin C-

containing liquid and spectinomycin at 75 µg/mL were added to 

20 mL of a medium containing DMEM (Cat No.11885-084: Life 

Technologies Corporation):MRS at a ratio of 9:1, thus carrying 

out inoculation with 100 µL of the activated culture broth.  

This was anaerobically cultured at 37°C for 15 hours. 

[0098] 

(2) Preparation of sample 

 The supernatant of the recombinant Bifidobacterium 

culture was subjected to precipitation with trichloroacetic 

acid (TCA) by a standard method, and redissolved in 1× SDS 

sample buffer.  This was thermally treated at 95°C for 3 min 

and subjected to western analysis. 

(3) Western blotting 

 Each culture supernatant concentrate (corresponding to 

0.2 mL of culture supernatant) and recombinant human FGF2 

(Peprotech, molecular weight 17.2 kDa) as a positive control 

were subjected to electrophoresis using Mini-protean 

(registered trademark) TGXTM gel (4 to 20%) (Bio-rad), and the 

gel was transferred to a PVDF membrane (iBlot Transfer Stacks, 

Life Technologies Corporation) using an iBlot transfer device 

(Life Technologies Corporation).  The PVDF membrane after 

completion of blotting was blocked (2% ECL Prime Blocking 

agent (GE Healthcare Japan) in TTBS).  Anti FGF-2 human rabbit 

poly (H-131, Santa Cruz Biotechnology Inc.) was added as a 

primary antibody, and shaking was carried out at 4°C overnight.  

After the primary antibody reaction, the membrane was washed 

with TTBS for about 5 min, this was repeated six times, Goat 
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anti-rabbit IgG HRP (Santa Cruz Biotechnology Inc.) was added 

as a secondary antibody, and shaking was carried out at room 

temperature for 1 hour.  The membrane after completion of the 

antibody reaction was illuminated using Western Lightning 

Ultra (Perkin Elmer).  Analysis was carried out using an 

imaging device (Fluor-S MAX, Bio-rad). 

[0099] 

(4) Results 

 The results are shown in FIG. 5.  For the FGF110 strain 

and the FGF111 strain, a band was confirmed at a predicted 

molecular weight of about 20 kDa. 

[0100] 

Example 5: Measurement of biological activity of His-tag 

purified FGF2 from Bifidobacterium 

(1) Purification of human FGF2 from culture supernatant of 

SP56 strain and SP67 strain  

 Culturing of the SP56 strain and the SP67 strain was 

carried out by the same method as in Example 4 above.  The 

culture broth was centrifuged, the supernatant was collected, 

and ammonium sulfate precipitation was carried out by a 

standard method.  Furthermore, affinity purification was 

carried out using a purification kit for a protein having a 

histidine tag (TALON (registered trademark) Metal Affinity 

Resin, Takara Bio Inc.).  After affinity purification, the 

buffer was replaced with PBS using an ultrafiltration cassette 

(Amicon Ultra-4, 10K, Millipore), thus giving a purified human 

FGF2 solution.  The amount of human FGF2 in the purified 

solution was measured using a Quantikine ELISA FGF2 basic 

Immunoassay (R&D Systems; DFB50). 

[0101] 

(2) Growth promoting activity of FGF2 protein in SP56 strain 

and SP67 strain secretion 

 The biological activity of FGF2 was evaluated in activity 

in promoting cell proliferation of human FGF2 purified from 

the culture supernatant of the SP56 strain and the SP67 strain 
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as described above by adding to NIH/3T3 cells (cell line for 

mouse fibroblast).  That is, NIH/3T3 cells were cultured in 

DMEM medium (10% (v/v)FBS) at 37°C under conditions of 5% CO2, 

1 × 103 cells were plated on each well of a 96-well plate with 

DMEM medium (5% (v/v)FBS), and cultured at 37°C under 

conditions of 5% CO2 for 24 hours.  Subsequently, replacement 

was carried out with a medium formed by mixing purified human 

FGF2 derived from the SP56 strain and the SP67 strain or 

recombinant hFGF2 (R&D systems) with DMEM medium (5% (v/v)FBS) 

so that the FGF2 concentration was 0.25 ng/mL to 10 ng/mL.  As 

a negative control, replacement with a medium that was mixed 

with PBS(-) instead of the FGF2 solution was also carried out 

in the same manner.  These plates were cultured at 37°C under 

conditions of 5% CO2 for 4 days. 

 100 µL of Cell Counting kit-8 (Dojindo) was added to the 

plate, incubation was then carried out at 37°C under 

conditions of 5% CO2 for a further 2 hours, and the activity in 

promoting cell proliferation for the NIH/3T3 cells was 

measured by measuring the absorbance at wavelengths of 450 nm 

and 630 nm (reference wavelength). 

[0102] 

(3) Results 

 The results are shown in FIG. 6. 

 Human FGF2 secreted by the SP56 and SP67 strains had 

concentration-dependent activity in promoting cell 

proliferation. 

[0103] 

Example 6: comparison of stability of amount of FGF2 secreted 

(1) Method 

 10 mL of MRS (containing 75 µg/mL spectinomycin and 1% 

vitamin C-containing liquid) medium was inoculated at 1% with 

a glycerol stock of Bifidobacterium longum 105A/pFGF12a strain 

described in WO2013/008881, the FGF110 strain, and the FGF111 

strain, and anaerobically cultured at 37°C for 24 hours, thus 

giving an activated culture broth.  Subsequently, the same 
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medium was inoculated with the activated culture at 1%, and 

cultured in the same manner for 24 hours, thus giving a 

passage culture broth.  Following this, the same passage was 

repeated every 24 hours. 

 The day before measuring the amount of human FGF2 

secreted, DMEM:MRS (9:1) (containing 75 µg/mL spectinomycin 

and 1% vitamin C-containing liqid) medium, which is a medium 

for human FGF2 measurement, was inoculated with the passage 

culture broth at 0.5% and cultured at 37°C for 13 hours.  

Measurement of the amount of human FGF2 secreted was carried 

out on the 2nd day, the 4th day, and the 7th day after culturing 

from the glycerol stock. 

 A culture supernatant was obtained by centrifuging the 

culture broth in the medium for human FGF2 measurement.  The 

amount of FGF2 protein in this culture supernatant was 

measured using a Quantikine ELISA FGF2 basic Immunoassay (R&D 

Systems; DFB50). 

[0104] 

(2) Results 

 The results are shown in FIG. 7. 

 The amount of FGF2 secreted was, in order from the 

highest, shown by the FGF110 strain, the FGF111 strain, and 

the FGF12a strain. 

 The amount of FGF2 secreted by the FGF12a strain 

decreased greatly from 4th day of culturing onward. 

[0105] 

Example 7: Change of blood flow in affected limb of chronic 

ischemia model mouse treated with FGF110 strain 

 In order to check the therapeutic effect of the gene 

transport carrier of the present invention at the site of an 

ischemic disease, a mouse model with lower limb ischemia was 

prepared and examined by administering the human FGF2 

secreting Bifidobacterium. 

(1) Preparation of mouse lower limb ischemia model (necrotic 

model) 
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 As a test animal, a 19 week old female BALB/c mouse 

(Japan SLC, Inc.) was used.  As anesthesia, Somnopentyl 

(Kyoritsu Seiyaku) was diluted to 2.5 mg/mL and 

intraperitoneally injected at 0.4 mL per 20 g of body weight.  

At the same time as anesthesia 0.2 mL of heparin sodium 

(Nipro) (diluted to 50 u/mL with physiological saline) was 

intraperitoneally injected.  After hair was removed from the 

abdomen to the lower limb, the femoral artery was ligated with 

9-0 polypropylene thread, and the femoral artery center was 

excised.  The interior of the wound was cleaned with 

physiological saline, and the wound was sutured with 6-0 nylon 

thread.  Postoperative rewarming was carried out, and 0.2 mL 

of heparin was subcutaneously injected.  Also on the 1st and 2nd 

day after the operation, 0.4 mL of heparin was subcutaneously 

injected. 

 On the 6th day after the first operation, anesthesia was 

carried out in the same manner as for the first time, and 

after administration of heparin the femoral artery periphery 

was ligated and excised.  Administration of heparin was 

carried out in the same manner as for the first time up to the 

2nd day after the operation.  Furthermore, 1 mL of 10% maltose 

was intraperitoneally administered every day after 

administration of the recombinant Bifidobacterium. 

[0106] 

(2) Measurement of blood flow by laser Doppler blood flow 

meter  

 After the mouse was anesthetized, measurement of blood 

flow was carried out using a laser Doppler blood flow meter 

(Moor Instruments).  Blood flow was measured quantitatively 

for both sides from below the tarsocrural joint to the toe, 

and was expressed as a ischemic side/non-ischemic side ratio.  

Measurement of blood flow was carried out on days 2, 7, 14, 21, 

and 36, with the second operation as day 0. 

[0107] 

(3) Administration of recombinant Bifidobacterium 
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 Frozen preparation of the FGF110 strain, which is a human 

FGF2 secreting Bifidobacterium was used after adjusting the 

bacterial concentration by adding PBS.  0.6 × 109 cfu was 

administered twice a day from the tail vain on days 3, 4, 11, 

18, 25, and 32 with the second operation on the lower limb 

ischemia model as day 0.  As control groups, a group for which 

the frozen preparation of the BEshuttle strain was 

administered in the same amount and a group for which PBS was 

administered in the same volume (0.2 mL) were set. 

[0108] 

(4) Results 

 The FGF110 treated group showed a significant blood flow 

improvement effect from day 14 onward compared with the PBS 

and BEshuttle groups.  The effect was sustained up to day 36 

(Table 2, FIG. 8). 

 

[0109] 

Example 8: Plasmid retention stability after passage culturing 

in nonselective medium 

(1) Method 

 In addition to the FGF110 strain and the FGF111 strain 

prepared above, a glycerol stock of the BEshuttle strain as a 

negative control strain was inoculated at 1% into 5 mL of MRS 

(containing 75 µg/mL spectinomycin and 1% vitamin C-containing 

liquid) medium, and anaerobically cultured at 37°C for 24 

hours, thus giving an activated culture broth.  The same 

medium was inoculated with the activated culture broth at 1%, 

and cultured in the same manner for 24 hours, thus giving a 
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pre-culture broth.  Subsequently, each strain was inoculated 

into 5 mL of MRS (containing 1% vitamin C-containing liquid) 

medium, which is a nonselective medium not containing 

spectinomycin, and passaged to the same culture broth every 24 

hours, passage culturing being thus repeated with the 

nonselective medium.  The culture broth that had been passaged 

seven times was diluted as appropriate with an anaerobic 

diluent, this was spread on BL agar medium, and anaerobic 

culturing was carried out at 37°C for 2 days. 

 100 colonies were randomly selected from the colonies 

formed on the BL agar medium, and BL-bS and BL agar media were 

punctured with these colonies and anaerobically cultured at 

37°C for 1 day.  Growth of the Bifidobacterium on the puncture 

mark on each medium was confirmed, and (number of growth 

positions on BL-bS agar medium)/(number of growth positions on 

BL agar medium) × 100 was calculated, thus giving a plasmid-

retaining bacteria percentage. 

[0110] 

(2) Results 

 The results are shown in Table 3.  From the result of 

measuring plasmid retention stability, both the FGF110 strain 

and the FGF111 strain showed a very high percentage of 

plasmid-retaining bacteria. 

 

[Industrial Applicability] 

[0111] 

 In accordance with the transformation plasmid of the 

present invention, a transformation plasmid for transforming 
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an anaerobic bacterium can be provided, the transformation 

plasmid enabling a target protein to be expressed and secreted 

highly and stably.  Therefore, compared with conventional 

methods an angiogenic therapy can be carried out simply with 

low invasiveness and high efficiency.  Furthermore, since an 

anaerobic bacterium itself transformed with such a plasmid 

becomes a gene transport carrier, the efficiency with which a 

gene is introduced into a target site is not an issue, and a 

very highly efficient treatment can be carried out compared 

with conventional methods.  This enables a subject such as an 

elderly person for whom angiogenic therapy should be effective 

but could not be applied due to problems with high 

invasiveness and systemic side effects to be treated 

effectively. 
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CLAIMS 

 

[Claim 1] 

 A transformation plasmid for an anaerobic bacterium, 

wherein the transformation plasmid is represented by the base 

sequence of pFGF110 (SEQ ID No: 14). 

 

[Claim 2] 

 A transformation plasmid for an anaerobic bacterium, 

wherein the transformation plasmid is represented by the base 

sequence of pFGF111 (SEQ ID No: 15). 

 

[Claim 3] 

 A gene transport carrier comprising an anaerobic 

bacterium transformed with the transformation plasmid 

according to Claim 1 or 2. 

 

[Claim 4] 

 The gene transport carrier according to Claim 3, wherein 

the anaerobic bacterium is a Bifidobacterium. 

 

[Claim 5] 

 The gene transport carrier according to Claim 4, wherein 

the Bifidobacterium is a Bifidobacterium longum. 

 

[Claim 6] 

 A pharmaceutical composition comprising the gene 

transport carrier according to any one of Claims 3 to 5. 

 

[Claim 7] 

 The pharmaceutical composition according to Claim 6, 

wherein the pharmaceutical composition further comprises an 

agent for promoting colonization and growth of the gene 

transport carrier at the site of an ischemic disease. 
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[Claim 8] 

 The pharmaceutical composition according to Claim 7, 

wherein the agent for promoting colonization and growth is at 

least one type selected from the group consisting of maltose, 

lactulose, arabinose, xylose, galactose, glucose, lactose, 

melibiose, melezitose, and raffinose. 

 

  


