SPECIFICATION ISCHEMIC DISEASE THERAPEUTIC AGENT [Technical Field] [0001] The
present invention relates to a gene transfer carrier and a pharmaceutical composition that can
specifically treat the site of an ischemic disease, and a treatment method for an ischemic disease
using same. [Background Art] [0002] RereQly IaAre oatment of malignant tumors, a method in
which a transformed anaerobic bacterium is used as a gene transfer carrier has been attracting
attention; for example, a method in which a gene expressing a nztroreductase, which is an enzyme
that converts a prodrug for aiSCHEMAC DISRASE: MHEERAPEWRTEMORGENTtance, is transported to a
tumor site using a transformed clostridium has been proposed (ref. Patent Documents 1 to 3). [0003]
However,allofthemicroorganismsthathave conventionally been used for the above-mentioned purpose
are low tdTeichmtadtsBE ehdlogenic microbes, and the possibility of reverse mutation, with them
returning[tg(l%% Priginal pathogenic microbes and exhibiting toxicity, cannot be ruled out; furthermore,
due to mobility and invasiveness there is a possibility that the effect will be exhibited not only in
diseased tissue Bitalsoridstorhal tissuettothus edase systemic side efféctasypfstomsaand there is a

problem in terms ofisajety [0004]. ., Undersuch circumstances, Bifidobacterium, which,is 2
nonpathogenic enterobacterium that is present within and makes
the site of an ischemic disease, and a treatment method for an

ischemic disease using same.

[Background Art]
[0002]

Recently, in the treatment of malignant tumors, a method
in which a transformed anaerobic bacterium is used as a gene
transfer carrier has been attracting attention; for example, a
method in which a gene expressing a nitroreductase, which is
an enzyme that converts a prodrug for an antitumor substance
into the antitumor substance, 1is 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 the above-mentioned purpose are
low toxicity mutants of pathogenic microbes, and the
possibility of reverse mutation, with them returning to the
original pathogenic microbes and exhibiting toxicity, cannot
be ruled out; furthermore, due to mobility and invasiveness
there is a possibility that the effect will be exhibited not
only in diseased tissue but also in normal tissue to thus
cause systemic side effect symptoms, and there is a problem in
terms of safety.

[0004]

Under such circumstances, Bifidobacterium, which 1is a

nonpathogenic enterobacterium that is present within and makes
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1 up the flora in the human intestine and is known to be a very safe obligately anaerobic bacterium,
has been attracting attention, and a transformed Eifidobacterium that expresses cytosine deaminase,
which is an enzyme that converts 5- fluorocytosine, which is a prodrug for the antitumor substance
5-fluorouracil: indo bkt has been develnped (ret RatentDacuments Yranch5)t {00058] a vEhig
transforr%%q Blfldogfti)gjiteé{ygi has the adv%nit%ge %héat %/vhen it is m%avenokl)ng%/nadrralllgﬁergg into an

. . anaero . eriu S . 1nd.
animal modef of $ mor which isan anaerobic tisease’ f[tl’spemﬁcally colonizes andagrow in

anaerobie disgasedrtissuend a fowtoxygen state AndBguickly mhsappearsin tbanhal issuesthat i not in
an anaerob'coesnlvrilronmdeen%rgrleg.aggn-Pavg%rit Rocuments 1 an(%I1 2gn[goo§]ha ‘ Incthgvm%%gtim%,_in the
treatment Of an Ischemic disease, in particular the treatment of & serious Case Of ischemmia, an
angiogenid therapy trowhich,blobd. flow is restared byuegéneratibe obblood wessels @p siewelopment of

collaterakcireylation has heen aﬁtﬁ@cpte%--%‘ﬂ)g_‘oﬁ%@? therapy %”vg% S’é%%d'y fivided "PQ%Q&E@ types
of therapies, that is, cell transplantation, protein administration, and gene therapy, but from the
viewpoinbofleweinvasiveness, gene therapy has particularly been attracting attention in recent years.
In angiogpd@@gs] by gene therapy, for example, a gene coding for hepatocyte growth factor: HGF,
vascular endothelial growth factor: VEGF, etc. is introduced into an area around an affected part by
intramuscular injéétion driptraarearizd ifudion {tHas prembiNg ahgivgEhesis ivihe tres afd\iid the

affected padand thereby, restoring, blood flow{ref, & 9 NansPatept Dacuments 3 angh &l {000¢]

These angiogenesis therapies have been attracting attentionasoneoptionforapatientforwhom 2
revascul&®Zatidn isWitt possibiedr whontthe effeetissuffieiehtase to a disor@scatithe akteYiolar

level, or 2 pafigatwho cannothedieated surgically dueto g prebleaywith invagiveness and; iy,
particular, with regard to angiogenic therapy by gene therapy, many clinical tests have been carried
ouﬂnre&ﬁﬁ?@&m?ﬁﬁﬁ?Aﬂ d@ﬁéﬁﬂy dlisappears 1n normal tissue that 1is

not in an anaerobic environment (ref. Non-Patent Documents 1
and 2).
[0006]

In the meantime, in the treatment of an ischemic disease,
in particular the treatment of a serious case of ischemia, an
angiogenic therapy 1in which blood flow 1s 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 vyears. In
angiogenesis by gene therapy, for example, a gene coding for
hepatocyte growth factor: HGF, wvascular endothelial growth
factor: VEGF, etc. 1s introduced 1into an area around an
affected part by intramuscular injection or intraarterial
infusion, thus promoting angiogenesis 1in the area around the
affected part and thereby restoring blood flow (ref. e.g. Non-
Patent Documents 3 and 4).

[0007]
These angiogenesis therapies have  been attracting

attention as one option for a patient for whom



[Patent Documents] [0008] [Patent Document 1] US. Pat. No. 6416754 [Patent Document 2] US. Pat.
No. 6652849 [Patent Document 3] US. Pat. Application No. 2003/0103952 [Patent Document 4] JP, A,
2002-97144 [Patent Document 5] WO No. 2007-136107 [Non-Patent Document] [0009] [Non-Patent
Documenict]a¥azawaretzalt, {cancet &enecthenapy sYoll &, Nor 2, 2000 ppr269-274 £ENan-Patent
Document 2] Yazawa et al., Breast Cancer Research and Treatment, Vol, 66, 2001: pp 165-170
Non-P ot BACAER 3] Cifta £ o CHE HOE2005; 1088 794 755 INGEPAEHE bbcithert 4]
Morzshztaeetiadn Artenzoscleriidiromd aseBiol 201 13121377 20 {Summanpetithédnventian]

[Problems to be.Solved b
ilnvasliveness

ygggdvveQ%QnLarticular, with regard to angiogenic
therapy by gene therapy, many clinical tests have been carried

out in recent years.

[Prior Art Documents]

[Patent Documents]

[0008]

[Patent Document 1] US. Pat. No. 6416754

[Patent Document 2] US. Pat. No. 6652849

[Patent Document 3] US. Pat. Application No. 2003/0103952
[Patent Document 4] JP, A, 2002-97144

[Patent Document 5] WO No. 2007-136107

[Non-Patent Document]

[0009]

[Non-Patent Document 1] Yazawa et al., Cancer Gene Therapy,
vVol. 7, No. 2, 2000: pp 269-274

[Non-Patent Document 2] Yazawa et al., Breast Cancer Research
and Treatment, Vol. 66, 2001: pp 165-170

[Non-Patent Document 3] Gupta et al., Circ. Res. 2009; 105:
724-736

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

Vasc Biol. 2011; 31: 713-720

[Summary of the Invention]
[Problems to be Solved by the Invention]
[0010]

It is an object of the present invention to provide a
gene transfer carrier, formed from an anaerobic bacterium,
that can grow specifically at the site of an ischemic disease
and can express at least one type of protein that is useful
for the diagnosis or treatment of an ischemic disease, a
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[0010] It is an object of the present invention to provide a gene transfer carrier, formed from an
anaerobic bacterium, that can grow specifically at the site of an ischemic disease and can express at
least one type of protein that is useful for the diagnosis or treatment of an ischemic disease, a 3
pharmacgutical compositioh contaiting the gene transtericarrigr, ancha treajarent methodsSoean
ischemic disease utilizing same. [E/Iear]és,rgor_ts_olv&lrégc}lhe Pro]pl%ms]a[QOllL ﬁH As her(al?above

describe&,aglﬁw%%rgh anag ggenalc t E(reéapy uetﬂlzmg geneo%eraﬁy is USeful for the treatment of an

1schemlctdideasie;, gusrentanglogenlc therapy utilizing gene therapy still has some problems. firstly,
currently used gene transfer carriers do not have lesion site specificity and when systemically
administered they are systemically disseminated, therefore, Intramuscular injection or 1ntraarterlal
infusion i§Meany fsud Bcddmimistdhe tBnepdemsiut in these administration methods it cannot be
said that 'Htoigfgpinistered specifically and uniformly to the 1schemif disease site and, furthermore,
when an 1schemlc site and a non-Ischemlc site are present together, a large amount of transgene is
delivered to the Moh-ISchemilcaditey therébg anglogenesif it ltiabn-Ischehvbesiteis plopacted, and as

a result 3,phenomenon called %@%P%goﬂ%”o%g‘_e‘ﬂﬁ‘fh_ higed cirgulatiopfurher deteripralgs at the

1schemlc site might ocCur. [0012] econdly, since it is a treatment method predicated on a target
protein beF@eXpressed ata tiseast!site by geredtrastection LmgadVector Lit iszdifficulti®icontrol

the efficigncy.of genedtiansiectlonoihe perigd &BQ?”S%%%&RF?S%Q’&M%?% theretore the

problems that even if administered the transfectlon is not sufficient thereby an effect is not exhibited,

transgen&EXpressiortstops Hefore Femissidirolthe Aisede SorRarfsfene fexptéssici Cortifeies after

remission. [00L3]; - 411 T hixdhy; it issthought thatanglogenls fherapy ds greatly syperariowther
therapies for the elderly, diabetic patients, etc. because of low invasiveness, but these patients might
have compliitatibRs Svhose SHRAPIOMSIARAY bé dgFavated KyranglobeRests stieh as foreExafiple

diabetic retlngpathy ip a diabeticpatieatiar a malignanttumardn dbe gliderlypand the, application of

e A Ty Vo RS gY sheciicly for a disgase s § Imitedy  i¢  is
administered specifically and wuniformly to the ischemic
disease site and, furthermore, when an ischemic site and a
non-ischemic site are present together, a large amount of
transgene 1is delivered to the non-ischemic site, thereby
angiogenesis 1in the non-ischemic site 1is promoted, and as a
result a phenomenon called steal phenomenon in which blood
circulation further deteriorates at the ischemic site might
occur.
[0012]

Secondly, since it is a treatment method predicated on a
target protein being expressed at a disease site Dby gene
transfection using a vector, it is difficult to control the
efficiency of gene transfection or the period of transgene
expression. There are therefore the problems that even 1if
administered the transfection is not sufficient thereby an
effect 1s not exhibited, transgene expression stops before
remission of the disease, or transgene expression continues
after remission.

[0013]



[0014] The present Inventors have found that all of these problems can be solved by a vector that
specifically accumulates only at a disease site even with systemic administration, has a high protein
expression rate, and disappears from the disease site accompanying a cure, and as a result of an
intensive investigationdhe present invemtiogthasteen accomplished. Thatrisadhe jpresentdmvsntion
relates to the following., (1) A gene transfer carrier consisted of an anaerpbic bacterium that.can grow
specificaﬁ;l/1 Bt the site o?ém Is%%%ﬁﬁ: dirs%%%gaa%ﬁecsan e%f)}:ess %??eastegndget%ﬁp%’of p%gtea’lkrjﬁ%allﬁs useful
for the dinghadsis os treatmentiof @ndseherlic diseasent8@1i5e (@ skhe gene trarsfer cartiéraccording to
(1), wherein ihe apasrobic hacferlum i3 transfgrmed using,a ransforming,plasmid, said plasiimi
comprising a sequence%odlng for the protein that s useful for the |agng§s or freatment of an
Ischerlic diseasge(3)The,genetiansfer canier agcordirg tol {Blart(2); whetein tive iStherlic.disease is

e S S S e o B Dy, ana v
application of current angiogenic therapy, which has low
specificity for a disease site, is limited.

[0014]

The present inventors have found that all of these
problems can be solved by a vector that specifically
accumulates only at a disease site even with systemic
administration, has a high ©protein expression rate, and
disappears from the disease site accompanying a cure, and as a
result of an intensive investigation the present invention has
been accomplished.

That is, the present invention relates to the following.
(1) A gene transfer carrier consisted of an anaerobic
bacterium that can grow specifically at the site of an
ischemic disease and can express at least one type of protein
that is useful for the diagnosis or treatment of an ischemic
disease.

[0015]

(2) The gene transfer carrier according to (1), wherein the
anaerobic bacterium is transformed using a transforming
plasmid, said plasmid comprising a DNA sequence coding for the
protein that 1s useful for the diagnosis or treatment of an
ischemic disease.

(3) The gene transfer carrier according to (1) or (2),

wherein the ischemic disease is a chronic ischemic disease.

(4) The gene transfer carrier according to (1) to (3),
wherein the anaerobic bacterium is a nonpathogenic
enterobacterium.

(5) The gene transfer carrier according to (1) to (4),

wherein the anaerobic bacterium is a Bifidobacterium.
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(5 )The gene transfer carrier according to (1) to (4), wherein the anaerobic bacterium is a
Bifidobacterium. [0016] (6)The gene transfer carrier according to (5), wherein the Bifidobacterium is
one type selected from the group consisting of Bifidobacterium adolescentis, Bifidobacterium
angulatum Bifidobacterium animalis, Bifidobacterium asteroides, Bifidobacterium bifidum,
Bifidobacé1 rium hourn, Bifidobacteriutm breve, Bifidobacterium, catenulatym, Bifi obacterqiuryhe

choerinu ,)Bifido acterium Btiffc?orbséc?&iu?naéﬁr}j%ﬁagtgﬁﬁr% iﬁgobtaocte iund Bifidobacterium
Bifidobacteriurd Bifidalzacteriun Biftdebattgrsiins Bifidobadtefiunm cotymeformesBifidalsacterinmcuniculi,
den ticolens Bifidobagieriumdentiym. gallicum.BifidobactetupOglinatiD, ;. anguzatum,
globosum,Bifidobacteriumindicum, infantis,Bifldobacteriuminopinatum,
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.
[0017]
(7) The gene transfer carrier according to (6), wherein the
Bifidobacterium is Bifidobacterium longum.
(8) The gene transfer carrier according to (1) to (7), wherein
the protein that 1is useful for the diagnosis of an 1ischemic
disease is a fluorescent protein.
(9) The gene transfer carrier according to (1) to (7),
wherein the protein that 1is useful for the treatment of an
ischemic disease is at least one type selected from the group
consisting of fibroblast growth factor (FGF), endothelial cell
growth factor (ECGF) , vascular endothelium growth factor
(VEGF), hepatocyte growth factor (HGF), angiogenic growth
6



lactis,Bifidobacteriumlactentis, liberorum,Bifidobacteriumlongum, magnum,Bifidobacteriummerycicum,
minimum,Bifidobacteriummongoliens, Bifidobacterium parvulorum, Bifidobacterium
pseudocatenulatum, Bifidobacterium pseudolongum, Bifidobacterium psychraerophilum,
BifidobacterittmpullorumsrBifidobactertisn surmirate yBiidobagateritm rumizantiom, Bifidab@aeierium
saecular%, Bifid%bacterium scardo%/h Bifi?obgcteriurg subte'u)% %ifidobacterium %uis Bifidobacterium
thermaci 5ﬁlﬁllﬁur%1,:ianﬁ8%ifid858c":vterlum ﬁ‘(acrrﬁd:philum. [(5 ﬂ (7) Thé geﬁé:?ra%éiﬂer car?i\é%régcording
to (6), whereiinctherBiidebacterivno tsiBiidolzacterum yongsinth(8) Ihe gene trapsfes tcarrier according
to (1) to %)3 wherein the prgtecigcgf%at isi%%eggl for,the diagnosis oé an ischemic dise'ﬁlse is a fluorescent
o | ] e :

protein. lengfjeneatransfaér carrier accor |\r71% (o] (fjr%o (Y\f,aw erein leof)lrotelsnut%at is Usefulfor the

treatmenp oban éschentd disease islatigasttomeutype sefected-from the growscansistingaaffibeoblast
growth faﬁé% fF)st?PHS haf@% Il growth factpr (ECGF), yascylar gndothelium arowth. factor
(VEGF), hepatocyte growth tactor (HGF), angiogenic growth 6
colony stimulating factor (GM-CSF), nerve growth factor (NGF),
brain-derived neurotrophic factor (BDNF), a neurotrophin such
as neurotrophin 3, and insulin-like growth factor (IGF).
[0018]
(10) The gene transfer carrier according to (2) to (9),
wherein the transforming plasmid is a non-shuttle plasmid.
(11) The gene transfer carrier according to (2) to (10),
wherein the transforming plasmid further comprises a gene
sequence coding for a secretory signal peptide.
(12) The gene transfer carrier according to any one of (2) to
(11), wherein the transforming plasmid comprises pTB6 rep
unit.
(13) The gene transfer carrier according to any one of (2) to
(12), wherein the transforming plasmid has an expression
cassette comprising p37 promoter, HU terminator and a gene
coding for FGF2.
(14) The gene transfer carrier according to any one of (2) to
(13), wherein the transforming plasmid comprises a DNA
sequence coding for a polypeptide having the sequence
described in SEQ ID No: 40.
(15) The gene transfer carrier according to any one of (2) to
(14), wherein the transforming plasmid is pFGFl2a (SEQ ID No:
38).
(16) A pharmaceutical composition for an ischemic disease
comprising the gene transfer carrier according to (1) to (15).
(17) The pharmaceutical composition according to (16), wherein
it is administered by systemic administration.
(18) A method for diagnosing or treating an ischemic disease,
the method comprising administering an anaerobic bacterium

7



factor(AGF),platelet-derivedgrowthfactor(PDGF), transforming growth factor H(TGFH),a protein having
anglogenesls promo-L.11-1g activity such as anglopoletln or ephrun,a factor Involved in vasodllation
such as a prostaglandin, a colony stimulating factor such as granulocyte colony stimulating factor
(G-CSF) o grantdocyte>awacrapheadge /calanyvstinulating factor (GM-GEF), aieheengrowdh factee(NGF),
brain-derived neurotrophlc factor BDlNF) a neurotrophin sugh as neurotro Eln 3, and insul'n-{ike

o & SAver & # ok

growth factor (ICC?IJ—Q). [% §fif0) e genéeﬁraﬁrs}feer carmier accoi%r?é: ?ol&) 593 witerein t
transfornfing ptasmidis amontshuttte plasmien (1 1) fThengerectransfer darsies aecording to (2) to (10),

wherein the transforming plasmid further.comprise ene seqguence coding far a secretory signal
peptide, (13) The Gane EAAC Carnar SAeRramg 1§ S on S (o1, () A e HatdBrming
plasmld éemprisespiB6 féy uailml3) Themgere.transfer carrier according to any one of (2) to (12),

wherein the transforming plasmld has an expression cassette comprising p37 promoter, HU terminator

and a gene coding for FGF2.
[Effects of the Invention]

[0019]

Since the gene transfer carrier of the present invention
is an anaerobic bacterium, it colonizes and grows specifically
at the site of an ischemic disease, which is under an
anaerobic environment, can produce and secrete a protein
having therapeutic activity for an ischemic disease in the
diseased tissue, is very useful as a drug for the treatment of
an ischemic disease, and can be expected to be a high quality
gene transfer carrier. Furthermore, since it colonizes
specifically at the site of an ischemic disease, it
specifically accumulates at the site of an ischemic disease
and exhibits an effect even with systemic administration such
as intravenous injection. Therefore, there 1is no necessity
for the administration of a large amount or administration
multiple times, and the burden on the administration subject
can be alleviated. Moreover, since the anaerobic environment
at the site of the ischemic disease is maintained while the
ischemia continues, it grows for a long period of time, but
once the ischemia enters remission, the anaerobic environment
is no longer maintained, it cannot grow and quickly
disappears.

[0020]

Furthermore, since the gene transfer carrier of the
present invention can itself express a protein that is useful
for treatment, it is not necessary to take into consideration
the efficiency of gene transfer to the ischemic site or the
cells in 1its wvicinity as 1in the conventional art, and high
protein expression efficiency can always Dbe exhibited.

8



(14) The gene transfer carrier according to any one of (2) to (13), wherein the transforming plasmid
comprises a DNA sequence coding for a polypeptlde having the sequence described in SEQ ID No:
40. (15) The gene transfer carrier according to any one of (2) to (14), wherein the transforming
plasmld isqf€svE2g (SEQAD Na: 38}, £l6)A-pharmadeuticalcosppositionfor an Isthemie cisease
comprlsm%the gﬁne transf?[lr carrier agc%rglng totgll to (15). (17) The pharmaceutical coglgogltlon

according to (1 Wherginit s adminiSteréd by sys emic administration. (i@f Thethod for Pagnosing

or treatingaplsthemicdisease, the method cempfising agminsteting aranaenobic bacteriuam that
can specifically grow at the site of an.Ischemlc disease and can express at least qne type of protein
that is us%?l.ﬂJfér%%réld:lagn%srig%trI?r%%ifmeneE% gn Iséhsemlcwg"lggase. r(\ifff)s'llﬁfee metr}& %cco%é%g to
(18), whereimvsaid adndinisteririy is systemicalljadministerrg. [Effeets of, theaimdentien] [0019h

safety. Furthermore, making the gene transfer carrier of the
present invention simultaneously express a marker enables it
to be used for the diagnosis of an ischemic site or as a
monitor for a treatment. Moreover, the gene carrier of the
present invention can deliver a plurality of genes at the same
time, and it 1is thought that a more efficient and noninvasive
treatment will become possible by incorporating a plurality of

effective growth factors and administering.

[Brief Description of Drawings]

[0021]

[FIG. 1] Figure 1 shows: a) images of measurement by a laser
Doppler blood flow meter of a lower limb ischemia model mouse
(ischemic model), and b) a graph showing change in blood flow
ratio (ischemic limb/non-ischemic limb) .

[FIG. 2] Figure 2 is a graph comparing the change in Dblood
flow ratio between the group that was treated with B. Iongum
of the present invention and the group that was not treated in
the ischemic model. There was no significant difference 1in
the change in blood flow ratio between the treated group and
the non-treated group.

[FIG. 3] Figure 3 shows photographs of detected B. Iongum of
the present invention existing in samples collected from an
ischemic limb and a non-ischemic limb of the ischemic model
local administration group. In the ischemic 1limb, a large
number of bacteria were observed even at 168 hours after
administration, but in the non-ischemic limb almost none were
observed.

[FIG. 4] Figure 4 1is a graph of Dbacterial count in the
ischemic 1limb and the non-ischemic 1limb at 168 hours after

9



Since the gene transfer carrier of the present invention is an anaerobic bacterium, it colonizes and
grows specifically at the site of an Ischemlic disease, winch is under an anaerobic environment, can
produce and secrete a protein having therapeutic activity for an Ischemic disease in the diseased
tissue, isaty nsefutas aodrugtfer theteeatinernt ehan Ischemit disease ] and ¢an bhesexpectechto be a
high quality gene transfer carrier.Furthermore, since it colonizes specifically at the site of an Ischemilc
disease,i?speéjlﬁcally accumulates at the site of an Ischemlc disease and exhibits an effect even with
systemic @dministration such as Intravenous injection. Therefore, there is no necessity for the
administration of a.large amount or.administration multiple times, and the burden gn the administration
subject cgﬁ%ee'al el/iatedJ.@&/I(%)Llaé‘ﬁgve;):’j1 since the grrlgg)k)big %en\r}rl'lrk(l)%mgﬁfa atthe site o ’theﬁg(%urﬁlc
disease isanaintairied4dhiledhe $schémbacontinuesd it glowsofor a leng pérfodroftime; Butmonce the

Ischemba gpjers remigsgian, @gﬁqu{%bi%@agw &Seméon%fe&rm%iﬂgaé@%%ﬂg%an gigw and
quickly disappears. [0020] Furthermore, since the gene transter carrier of the present invention
can itselftexgressra proteinsthat gisefud foritraatinent livis not assessarnycs takedintoacvhsideration the

efficiency,of gens, transfex to theyischemic.site.or the cells n.its viginity, 3.9 the cppventignal art, and
high protein expression efficiency can always be exhibited. 8 Moreover, since it is a carrier that is
specifically deliveréd totheTgenemiesites theredFeRbconEeraBabiat compliéaishsitigihérefdre

possible 1o, garry:put an anglogenTcdreaimentdnat s lessinvasivetban the conventiongl art,causes
fewer side effects, and has high safety. Furthermore, making the gene transfer carrier of the present
invention'SififAAEouSATEXpreSs & Pfarke? ehaBies itte Be usew for e diagidsis 6F &k T'sEREmIC site

or as a maniter, for artreatment Mareover; the gene cauier of the presgntinyertion,canydeliver a
plurality of genes at the same time, and it is thought that a more efficient and noninvasive treatment

will becomeSos8ibleby iREBrpdt NG & pRItalitofeflethveGonar tactors ahb adAiitisefing dBrief

Descriptigs of Rawingsi flow to the ischemic site recovered.
[FIG. 7] Figure 7 shows Gram stain images of muscle tissue
at 4 days after administration in the ischemic model systemic
administration group. Whereas no Gram-stained bacteria were
observed in the non-ischemic limb, many Gram-stained bacteria
were observed in the ischemic limb.
[FIG. 8] Figure 8 is a graph of change over time of ischemic
limb/non-ischemic 1limb blood flow ratio of the lower 1limb
ischemia model mouse (ischemic model) and the lower limb
necrosis model mouse (necrotic model). It can be seen that in
the necrotic model the ischemic state was of longer duration
and the degree of recovery was low.
[0023]
[FIG. 9] Figure 9 is a graph of change in blood flow ratio
and change 1in bacterial count with respect to time in the
ischemic 1limb of the necrotic model systemic administration
group. It can be seen that the bacterial count increased with
time after administration, B. Iongum colonized and grew while
the ischemic state continued, and the Dbacterial count
decreased as the blood flow to the ischemic site recovered.
[FIG. 10] Figure 10 is a dot diagram of B. longum bacterial
count plotted with respect to ischemic limb/non-ischemic 1limb
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[0021] [FIG. 1]figure 1 shows: a) Images of measurement by a laser Doppler blood flow meter of a
lower limb Tschemla model mouse (Tschemlc model), and b) a graph showing change in blood flow
ratio (Tschemlc limb/non-Tschemlc limb). [FIG. 2]figure 2 is a graph comparing the change in blood
flow ratiadhetwgert thewgreudp that was treated svtheBiilongumief the presentiaventiorcanabthegroup
that was not Icreated in tge .Tsch%mlqcmodel. There was nczgignificantkgifference in tt:r?le %han%e in blood
flow ratio between the teated Sroru% and the’non-treated groupC.TEIG. f]figﬁ?eeg shows phottogeraphs of
detectediB darguira of the: preséat investion existing i $ampleSleotlectedifsomrarr Escleainlc limb and a
non-Tsc Ic li f the_Tschemlc model local administration group. In the Tschemic.limb, a large
number o ba(%terlllg eree%bggr{/eedﬁev{nenlgt 1868%%%50 after t&drﬁ%rﬁis%%ﬁon%%ﬁ ?rl%t%e %%n-afscﬁ'emlc
limb almdstmopne weed ebserved. fRIS: 4]figure las algrapbrof bacterdl courtten thedgeheniie limb

e AT 200 1 LA el pgelensc
model systemic administration group. Upper left is ischemic
limb, upper middle is lung, upper right is kidney, lower left
is liver, lower middle is spleen, and lower left is heart.
Even with systemic administration, the administered B. longum
was not observed in organs other than the ischemic 1limb, which
was the ischemic disease site.

[FIG. 12] Figure 12 is a graph of B. longum bacterial count
with time elapsed in the non-ischemic 1limb, the Dblood, the
kidney, the liver, the spleen, and the heart of the necrotic

model systemic administration group. It can be seen that some

bacteria were observed immediately after administration, but

they quickly disappeared thereafter. Bacteria were not
detected in the blood.

[0024]

[FIG. 13] Figure 13 is a schematic diagram showing the

ligation site and the location of bacterial administration of

the myocardial infarction model.

[FIG. 14] Figure 14 shows stain images of the heart of the
miniature swine myocardial infarction model. a) 1s a TTC
stain 1image, in which the infarction site (indicated by

arrows) was not stained, showing that it is an infarction
site. b) and c¢) are an MT stain image and an HE stain image
at the normal myocardial site and the infarction site,
respectively. In both of the stain images, depletion of
myocardial cells and progression of fibrosis were observed at
the infarction site.

[FIG. 15] Figure 15 is a graph showing B. Iongum Dbacterial
count at the infarction site and the healthy site at 4 days
and 7 days after administration of B. longum in the myocardial
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count at 24 hours, 48 hours and 72 hours in the non-Ischemlc limb of the Ischemlc model systemic
administration group. Even in the systemic administration group almost no bacteria were observed at
48 hours, and none were observed at 72 hours. [FIG. 6] figure 6 is a graph of change in blood flow
ratio andichesgetin dacteriadieaunt with resgectda fime mrthedschemlcdinl of theolschemlcmadel
systemic_administration group, It can be seendthgyhe bac%eri count In%rgas%% ¥vith timaeaafte{

.. CcCterla,, were Q _opserve the ea S a
admlnlstra%on, and the bactérial Colnt decreased as tlﬁe bicod flow td the 1schemlc Site Fécovered.

[FIG. 7]figarecé shews Granvbtadnrimagesidofymascleltissile &t Adaysraftetr aelministration in the
Ischemlc 89%' systemic administration group. Whereas no Gram-stained bacteria were observed in
the non-| cheml]c limb, many Gram-stained bacteria were observed in the Ischemlc limb. [FIG. 8]figure
8 is a graphiof.chege overdime dfdschiesnic Hmbmoadselremlie limbiblood How saticeokthe fower limb

Ischemmgor};ggﬁlﬁgg (Isc ggﬂﬁgﬁé)del) %ﬁlgcﬁple lower Iianqgecroe%%gggr%ﬁpuseo ecr%ﬂ% model).

It can be seen that in thé necrotic model the emlc state was of longer duration and the degree of
recovery wasohe J0028] [FIG Dlfiguré19:is atgraph bf chandgeérin lsleog flowaatid and change in
bacterial ggu%gitgfggéqp& tq fime,in the Ischemlc limb of the necrotic model systemic administration
group. It can be seen that the bacterial count Increased with time after administration, B. longum
colonized Bad grévl whild'the-IseheralestatetcontinBed Larmd the Biegésalrcouhdédeased a83he blood

flow to theJsechemlc site rscoyered: [BI6. AQ1AgyEs, 10 is-a dok diagrag,ef B; dengumhacteriglcount

plotted with respect to I[schemlc llmb/non-Ischemlc limb 10 blood flow ratio in the Ischemic limb of the
necrotic RiOERI syseentié atmfRistiatioh gfdliptit éan be seehitRabmeterium  longum 105A

transformed with pBEshuttle is used as a negative control, and
hFGF2 is used as a positive control. A band of approximately
20kDa was confirmed, being considered to be hFGF2.
[Fig. 18] Fig. 18 shows the results of Western blotting using
culture supernatant of Bifidobacterium breve JCM1192 that has
been transformed with pFGFl2a. Bifidobacterium breve JCM1192
transformed with pBEshuttle is used as a negative control, and
hFGF2 1is wused as a positive control. Again, a band of
approximately 20kDa was confirmed, being considered to be
hFGF2.
[0026]
[Fig. 19] Fig. 19 is a graph showing changes in blood flow in
lower limb ischemic site of ischemic model mice which had been
given an intravenous injection of the pharmaceutical
composition comprising Bifidobacterium longum 105A/pFGF1l2a,
i.e., the gene transfer carrier of the invention. Though
there was already a small difference in the recovery of blood
flow on Day 3, a significant recovery of blood flow was
observed after Day 6 in the group which had been treated with
the gene transfer carrier of the invention.
[Fig. 20] Fig. 20 is a graph showing changes in blood flow in
lower limb ischemic site of ischemic model mice which had been
given an intravenous injection of the pharmaceutical
composition comprising Bifidobacterium breve JCM1192/pFGFl2a,
12



bacterial count decreased as the blood flow ratio Increased. [FIG. 11]figure 11 is a photograph of the
results of a B. longum detection test in the Ischemlc limb, the lung, the kidney, the liver, the spleen,
and the heart of the Ischemlc model systemic administration group.Upper left is Ischemlc limb, upper
middle isiluag,, upperrightiskidney Hewer left isdivee,dowef middie is spleen;i and lowerteftigtheart.

Even witrtl sgstgmvivca gdm&n}sétga ionéthsemadﬂinggeg%g rBe.rllongup w Qot o%%(a\;g%d in Qgans 8t er than
the Ischemlc fimb, Winch was IScHemic disease site. ﬁﬁG. TZ] |gurer192 IS a gr\épﬁ of B. %ngum

bacterial toont with time elagsed m theinon-fschemic limdy thesblpod; the kidney, thelliwer, thesspleen,
and the h%asftem tQS ne %otic r&odel ysltgmjC administrati%HQﬁgu%élltdc%]e%%s en that some tijacteria
y

were observed immedia eelyfa eradministra |§n,%ﬂ?ﬁ$ey quic Isappeared reer%glﬁer. %%1% eria were

not detectée irythechlood n[©024] [FHGr 18]figarfe tBds aschematio diagram showing the ligation site
and the location of bacterial administration of the myocardial infarction model. [FIG. 14]figure 14 shows
stain Images of the heart of the miniature swine myocardial infarction model,a) is a TTC stain Image,
in winch fitodes cor skatnitaePBEatb@ s nesHot @idined, showing that It is an infarction site. b)
and c) ar?mlyl]'l' stain Image and an HE stain Image at the normal myocardial site and the infarction
site, respectively. In both of the stain Images, depletion of myocardial cells and progression of fibrosis
were observed attie iBfeectiogitsifenvention relates to a gene transfer carrier

formed from an anaerobic bacterium that can grow specifically
at the site of an ischemic disease and can express at least
one type of protein that 1is wuseful for the diagnosis or
treatment of an ischemic disease.

[0028]

In the present invention, 'ischemia' means a state in
which there is a shortage of oxygen and nutrients in tissue
due to a decrease in the amount of arterial blood supplied to
the tissue caused by constriction or blockage of Dblood
vessels, and persistent ischemia causes tissue atrophy,
degeneration, necrosis, etc.

The gene transfer carrier of the present invention 1is
mainly used in a treatment method for improving an undesirable
state caused by ischemia, such as an angiogenic treatment or
protection of an organ. Therefore, in the present
specification, an 'ischemic disease' 1is a state 1in which,
regardless of the presence or absence of subjective symptoms,
ischemia of the tissue 1is sustained by the constriction or
blockage of arteries 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 ischemia such as
cerebral infarction, a chronic cerebral ischemia such as
moyamoya disease, spinal ischemia, an ischemic bowel disease

such as ischemic colitis or mesenteric arterial occlusion, a
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[FIG. 15]figure 15 is a graph showing B. longum bacterial count at the infarction site and the healthy
site at 4 days and 7 days after administration of B. longum in the myocardial 11 infarction model.At 4
days after administration a few bacteria were also observed at the healthy site, but at day 7 bacteria
were obskeswed-onlynab thesinfanatian site:H0025] 4fig.cL6]tig lGeis@sdiagram shewingsa seheme for
constructingcgggflga l%/inch is one_ embo im?Dnt of the transformi lasm1d that transforms the

[

gene transter carrief EQ’)F %mﬁr%séq’hltﬁlﬁvgr?tionl. ge.tfﬁfigr.el srhoéjﬁst ‘results of Western blot-L.11-1g

using culfwexwupernatant of Blfidobacterlum longum 105A that has been transformed with pFGF12a.
Blfidobacterlum I%guphl%A transfgrmed V(\élg._hf?Bg huttle |s,uis§dhas ane atl%/g ,contreol and hFGF2 is

used as a positive control. Aband o ap%?oemma eﬁy 0kD4 was ¢on |rmrﬁecd, éing cor?lsl(?’enr%d {0 be

hFGF2. [figt#8]fig. 18 shews theresultsbf Western idotal . $h-dgtusing odlture supematantaafd
Bifidobagierlyn bigye JGN1102 that has beep ranslormed with pEGELZs. Bifjigbagieriug, breve
w e ,

JCM1192 transformed with pBEshuttle is u as a negative control, and hFGF2 is used as a positive
control. Agdirraband oflapproximadtely 20rD&svas ¢onfireted, beingeohsiderédto dechFGRX

'ischemic diseased tissue’'.

In the present specification, 'anaerobic bacterium' means
a bacterium having anaerobic ©properties, and 'anaerobic
properties' means the property of being capable of growing
under conditions where there is 1little or no oxygen.
Anaerobic bacteria can generally be classified into
facultative anaerobic bacteria, which can grow in the presence
of oxygen, and obligately anaerobic bacteria, which cannot
grow in the presence of oxygen, and in the present invention
obligately anaerobic bacteria are preferable. The anaerobic
properties of the anaerobic bacterium of the present invention
may be properties that the bacterium has intrinsically or
those obtained by transformation.

[0030]

Since the gene transfer carrier of the present invention
is formed from an anaerobic bacterium, it can colonize and
grow specifically at the site of an ischemic disease, which is
under anaerobic conditions. Since the gene transfer carrier
itself has gene transcription and translation functions, it
can express a protein that 1s useful for diagnosis or
treatment when it colonizes the ischemic diseased tissue, and
can supply 1t to the diseased tissue. Therefore, the gene
transfer carrier of the present invention comprises a DNA
sequence coding for a protein that is useful for the diagnosis
or treatment of an ischemic disease.

[0031]

In one embodiment of the present invention, the gene

transfer carrier 1is transformed by a transforming plasmid.
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[0026] [fig. 19]fig. 19 is a graph showing changes in blood flow in lower limb Ischemif site of Ischemif
model mice winch had been given an Intravenous injection of the pharmaceutical composition
comprising Blfidobacterlum longum 105A/pFGF12a, 1.e., the gene transfer carrier of the invention.
Though there was akeadynarsiatl differeacentnthe cecovery of bloodrflpwsen Day 3a sighificant
recoveryiorg b]ﬁg)éj flow was obsgrlé_/eed after Dj%[6 ]!)natge roup V\éhrll%{”l g%% Sbeen treated with %It%eegene

en -an > r . Lterl not . 1 1r. .
transfer carrier of tHe fvention. ig. ﬁﬁg. is'a graph showing changes in %Ioo%pf?ow inTower limb

1schemifsitesofokschemibmedelimiceofhichdhddslesn-given an Intravenous injection of the
pharmaceutical mp%seité%nrcl:%mﬁris@hg BIfidob%%[grlugl breve JCM1192r/¥QFGF.12a, ibef, thceh ene

. Ve aerob oroperties
transfer carrier of the invention. T oug there was aIreacrlly & 'small differerice in the recovery of blood

flow on l}ayaé,r_@signifibamtrecdwry bh_btbod ﬂowlu\ms @@served@ﬁtef Bay ea_imth@ groop V\Ith@h had
been ”e%t?gggwh%%ﬁtti%%s“%{a] tr!%%r chﬁ@%é”vgﬁg‘%@n@@% f%&%g%@gm%%@ﬁ,'”‘é?{H'O”]

[0027] The present invention relates to a gene transter carrier formed from an anaerobic
bacteriumthatocen geovpspeasificdlly atfthetsite ofcareisehémic disease and cameexpress apleast one

type of prateindhat,is usefulipy the-diagngsis gr teatmgntof ag ischgmic disease. (0281, Jn the

present invention, 'ischemia’ means a state in which there is a shortage of oxygen and nutrients in
tissue dueseedéci@ase in the amount of arterial blood supplied to the tissue caused by constriction or
blockage @fdleqd vessels, and persistent ischemia causes tissue atrophy, degeneration, necrosis, etc.

In a preferred embodiment of the present invention, the
gene transfer carrier is transformed by a plasmid having a DNA
sequence coding for a protein that is useful for the diagnosis
or treatment of an ischemic disease. Imparting Dby
transformation an ability to express a protein that is useful
for the diagnosis or treatment of an ischemic disease enables
any protein to be expressed in accordance with the design of a
plasmid.

[0033]

In the present invention, the ischemic disease includes
an acute ischemic disease in which tissue is damaged as a
result of a rapid decrease of the oxygen concentration caused
by ischemia, and a chronic ischemic disease in which
denaturing or necrosis of tissue 1s caused by a low oxygen
concentration sustained for a long period of time. Since the
gene transfer carrier of the present invention is selectively
delivered to a disease site after Dbeing administered,
colonizes and remains at the delivery site, and exhibits an
effect, it 1s preferably used for improvement of a chronic
ischemic state. In the present specification, the term
'chronic ischemic state' is used interchangeably with the term
'chronic ischemic disease', and examples include, but are not
limited to, an ischemic heart disease such as angina pectoris
or myocardial infarction, a chronic cerebral ischemia such as
moyamoya disease, and a lower limb ischemia such as

15



The gene transfer carrier of the present invention is mainly used in a treatment method for improving
an undesirable state caused by ischemia, such as an angiogenic treatment or protection of an organ.
Therefore, in the present specification, an 'ischemic disease' is a state in which, regardless of the
presencesatabsencelef subjectivelsympiemss ischentia afthetissuefis sustainedthyethe constriction or
blockage.of arteries or an undesirable statehcau.sed %y such ischemiir.1 Iéxamplloestof the ischertnic
disease include, butare not limited o, an ischemic heart disease Such as ’anglrllla pe%f%eris or°
myocardial infakstionpa cerebrakischemiacsudheasegrebral infarction, a chronic cerebral ischemia
such as rlll‘u ya disease, spinal ischemia, an ischemic bowel disease such as ischemic colitis or
mesenteric artefial occlusion, a lower limb ischemia such as arteriosclerosis obliterans, and a retinal
ischemia such asdiabetid retinopattaufe@Rdjhat |nttke peesent specificatiors tisclemd sitéleneans a
site in a sfpie.nindh ere 5.4 shartags.af rterial bleod, flow, nuirients. And pxygen dug g [renemia
and is used Interchangeably with 'site of an Ischem1c disease’ or Ischemlc diseased tissue'. In
the presdmspédificationcaphermbirasdctarim’ méarts a bactesuim having emacrebicpropertigs, and
‘anaerobig, propeyties: means the propertyqf being, capable, of growing yader; canditionswheye there is
little or no oxygen. Anaerobic bacteria can generally be classified Into facultative anaerobic bacteria,
winch caRgfeR1If thenpieBEAce of Bxygersiitl dbllgahpanaerebitbacteria, Winckcahnbtgrow in the
presence.gLexygen, and.indhe,presentipvention ?pg%ﬁsye@na&r%bo{e@@gf&@ aze preferable, The
anaerobic properties of the anaerobic bacterium of the present invention may be properties that the
bacteriufihas ihdihsieamy: 6ithose obtRHEY BY traristSrifatién. [FD3G1°S S 18ihtélthe et trafisfer
carrier ofthe presentdnventionrs fermedhfroman,anaerebici hacterum it cancelanize gnd grew
specifically at the site of an Ischeml1c disease, winch is under anaerobic conditions. Since the gene
transfer Crfigr-fgelf hAR 'gerfeararnscriptioh At trahsI&foreiimetioRs fit tafext8ss £totéin that is

useful for-dirgpesis or tregtmentiwhen jtcolopizesdhe lschepie diseased tisspg, andscan sypply it to
the diseased tissue. Therefore, the gene transfer carrier of the present invention comprises a DNA

sequence EblySrbF & prdtein RBPREURIATOFthe HiddriosidBr treatméndiHPEEhem 1 disfase.
[0031] prhreneembediment eéihe psesenhmvetion: the genetransier, carniey isstiarsfopmed by a
transforming plasmid. 14 Any transforming plasmid may be used as long as it functions in the gene
transfer GATHEF EAAHRH T eAhd dods RBRHA e HHacrOUiE FPSFeTHES bF e bacterium.  As
described @b®gve, the anaerobic properties of the anaerobic bacterium that is the gene transfer carrier
of the present in\ﬁentiggema be thC se obtained bQ’ transformation, agﬂ in one e bodimergit oLtlhe

. . g bact € .
present invention the anaerobiE Bacterium is transformed so as 1o be an obﬁ%gte yeaﬁlaseeroblc
bacteriumhe  present  invention, a bacterium belonging to  the

Bifidobacterium genus (Bifidobacterium) can be cited.
Examples of Dbacteria belonging to the Bifidobacterium genus
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,
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[0032] In a preferred embodiment of the present invention, the gene transfer carrier is transformed
by a plasmld having a DNA sequence coding for a protein that is useful for the diagnosis or treatment
of an Ischerlic disease. Imparting by transformation an ability to express a protein that is useful for the
diagnosisorttdatmaertt«af amnlscheric diselaseranables mhy proteirtaclhe expressearimaceotdance with

the desi .og a plglsmld. 0033] In the present inveng’on, the Ischerlic dés.e S IBcIu es an acute
. SRifidobacter ium . gs ocatenH ?tum . 1 % obacterium
Ischerlic disease in winch tissue is damaged as a resuli of a rapid decrease of the oxygen

concentratien: dausettiynlschemla, andza chrtrtia Ischericndisease in winely denateringior hecyosis of

tissue is %g%siecgo{t%y a tI%V}/lo&(%gen congz(ir}tgartionr; sustaingg It%r g Jjoang %ei,riloudmof time.r %in%: (é[l)% gene
transfer carrier of the presen invention is seflectively deliveredto a éisease site after gelng !
administéred; dolbaizes mndmmemainsrat e delivery siteBand @xhibitsanieffect, it $spraférabdy used for

Improvergggtj;;):}¢ o%gt&rggkcilﬁglherlic stg(t%llg the present spegification, the term 'chro%ié:] ]J)sic)pfélic state’
ude,

is used Interchangeably with the term "chronic Ischerlic disease’, and examples Incl ut are not

limited to?éﬁigmmmtﬁéémfdiseasé%uc.rﬁéfédgmmrdr@or ﬁﬁ@é@ﬁﬁéldﬁfa?ﬁéﬂbmf&th@mt .
cerebral |schemla, such.as moyamaya, disease,and ajgweg limp Jseherla sych as ayleripsclerosis

obllterans.Examples of a treatment for improving a chronic Ischemlc disease Include, but are not
Minted tol@ntamji6geriie tierapy. [0034] Since it is assumed that the gene transfer darner of the
present inyention is administered Internally, it is necessary for the anaerobic bacterium that is used to
have no toxicity or little toxicity. Therefore, in one embodiment of the present invention, the gene

transfer darner c&n be @m{tantthaPrRIbAHEd by FfutaRiy e patfogenicatteriin 3o tat #as low

toxicity. Hawevgp dhereis a possibilify that-amutant bagtgrumdhaving low toxicity wilkretndo the
original pathogenic microbe by reverse mutation and exhibit toxicity,and it is therefore preferable to

use an intrifsiCaRATriatEYenfOEL Brium Herdford in a préfehdasinbedifidnt oftheisFE&ent
inventiony the-anaerebic baeteriwprused is;anonpathogenic enterobastestum. [0035] can  be

obtained easily from ATCC (The American Type Culture
Collection).
[0037]

Furthermore, the strain of each bacterium is not
particularly limited; examples of strains of Bifidobacterium
longum include Bifidobacterium longum 105-A strain,
Bifidobacterium longum akE-194b strain, Bifidobacterium longum
bs-601 strain, and Bifidobacterium longum M101-2 strain, and
among them Bifidobacterium longum 105-A strain is preferable.
[0038]

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.
[0039]

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.
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As the nonpathogenic enterobacterium that can be used in the present invention,a bacterium
belonging to the Bifidobacterium genus (Bifidobacterium) can be cited. Examples of bacteria belonging
to the Bifidobacterium genus include Bifidobacterium adolescentis, Bifidobacterium
angulatum,BifidobaetetiuaansralistBifidolkacieriupi astesoide s Bifidabacierym thifidum.clude

Bifidobacteri Ogg)urn, Bifidobacterium Bifidobacterium Bjfidobacteri ifidobacterium
D e s Ao e TG A B e e Bifclabacterium
breve,Bifidob&eieriumcatenulatum, choerinum,Bifidobacteriumcoryneforme,

Cun.icu“’Biﬁd.o.ba%§g%@d%pltiCOleerl]rlsé dggtilrjlné'tBifiQObajgéerie%m%aéli%br%’ present invention

gallinarum,Bifido acterlumg?ob%sum, md?cum,%]ffld%%actlerlum|nfan IS,
colonizes specifically at the site of an ischemic disease, it
is possible to diagnose the site of an ischemic disease by
detecting the presence of the gene transfer carrier.
Detection of the gene transfer carrier can be carried out
simply by for example labeling the gene transfer carrier.
From the viewpoint of use in the diagnosis of a disease, it is
preferable to carry out detection with low invasiveness, and
it 1is preferable that there 1s 1little adverse effect on a
delivery target by labeling. Therefore, 1in a preferred
embodiment of the present invention, the gene transfer carrier
expresses a fluorescent protein as a protein that is wuseful
for diagnosis. Examples of the fluorescent protein include
various types of green fluorescent proteins (GFPs) and red
fluorescent proteins (RFPs).
[0041]

Since the gene transfer carrier of the present invention
colonizes specifically at the site of an ischemic disease, a
protein that is expressed at the colonization site 1is
inevitably delivered specifically to the site of the ischemic
disease. Therefore, making the gene transfer carrier of the
present 1invention express a protein that is wused for the
treatment of an ischemic disease enables the ischemic disease
to be treated effectively. Therefore, in a preferred
embodiment of the present invention, the gene transfer carrier
expresses a protein that is wuseful for the treatment of an
ischemic disease.

[0042]

Examples of the protein that is useful for the treatment
of an ischemic disease include, but are not limited to, a
protein having angiogenesis promoting activity and a protein
involved 1in wvasodilation. Examples o0of proteins having
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inopinatum,Bifidobacteriumlactis, lactentis,Bifidobacteriumliberorum, longum,Bifidobacteriummagnum,
merycicum,Bifidobacteriumminimum, Bifidobacterium Bifidobacterium pseudolon gum,
Bifidobacterium Bifidobacterium Bifidobacterium Bifidobacterium Bifidobacterium most preferable.
[0036] mangalens,Bifidebasteriummparyularid,pseyddeatemdatumeBitidehasteium 1imited

Ay G T e Lo TR

thermacidephithum, ard@rermophilam; and Bifidokedteriimnon guowish factor (VEGF),
hepatocyte growth factor (HGF) , angiogenic growth factor
(AGF), platelet-derived growth factor (PDGF), transforming
growth factor R (TGF pB), angiopoietin, and ephrin, and
examples of factors involved 1in vasodilation include a
prostaglandin. Examples of other proteins that are useful for
the treatment include colony stimulating factors such as
granulocyte colony stimulating factor (G-CSF) and granulocyte-
macrophage colony stimulating factor (GM-CSF), nerve growth
factor (NGF), Dbrain-derived neurotrophic factor (BDNF), a
neurotrophin such as neurotrophin 3, and insulin-like growth
factor (IGF).
[0043]

With regard to a plasmid that can be used in
transformation of the gene transfer carrier of the present
invention, any plasmid may be used as long as it functions in
the gene transfer carrier bacterium and does not impair the
anaerobic properties of the bacterium as described above.
However, there 1s a possibility that, in the body of the
delivery target, a plasmid that 1is wused for transformation
might be horizontally transferred to another bacterium within
the body such as for example E. coli, and in this case there
is an undeniable risk that the plasmid will replicate in the
other bacterium to which it 1is horizontally transferred, and
as a result the protein encoded by the plasmid will be
expressed at an unintended site. Therefore, 1in a preferred
embodiment, the transforming plasmid is a non-shuttle plasmid.
[0044]

In the present specification, the term 'shuttle plasmid’
means a plasmid that can replicate in two or more different
hosts, and 1is wused interchangeably with the term 'shuttle
vector plasmid’'. Therefore, the term 'non-shuttle plasmid’
means a plasmid that can replicate only in one type of host.
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All of these bacteria are commercially available or can be obtained easily from a depository. For
example, Bifidobacterium longum ATCC-15707, Bifidobacterium bifidum ATCC-11863, Bifidobacterium
infant's ATCC-15697, etc. can be obtained easily from ATCC (The American Type Culture Collectlon).
[0037] [oBurhermore, the strain of each bacterium is not particularly limited; examples of strains of
Bifidobacterium I%guminclude%ifidob cteriumlonﬁgumlOS- strt%n, Bifidobacterium Ion%l%m aE-194b
strain, Bifidobactérium Igﬁaﬁm bs-607T strain, aAd Bifidobat erium?ong%rrr?ﬁﬂb -2 strain, aﬁanamong
them Bifidobactedamdongumddb-Astrainiis peeferabidel [0038]he thxamlesnof straimsaofmid
Bifidobacteri%rg(gr%/g inclggl.e(_j:1 Pifigggacteriug/k\)/rsevestandardr§tr%in%JCI\/é1192), E}:{i{lid%ki%csterii%ng breve

as-1 straulnr,1 an |f|doﬁgce:ter|um breve 1-53- sjfrI};lclzﬁe, aﬁa%mong hem Bifidobacterium breve

standardStraire aad Bifidobattariunv bievevaseh strainisre préfesatsid. [0089] theEkamplesicf strains of

Bifidobagterium infantis i de Bifj cterium.i tis ardstrai 2 nd Bifj terium
infantis fg%ﬁ%‘%t%ﬁl %%ggagrbjnognog 'Ehd%qrggBi Id t?f}l)cl%?f&m ?f?ggtislgagﬁf%qg%ir% ?ﬁd %ﬁ%%og%rium
infantis 1£X046 strain dpe preferable. bod Examiplesicf straid et Bifidobacterumdadtentistinclude

BifidobactgriumJagtentis stapdard syaip (JCM122Q). {00401 1 Singesthe gene rgnsfer gaytier of the

present invention colonizes specifically at the site of an ischemic disease, it is possible to diagnose the
site of arPiseRemit diseasetbyietéctingthe presencednthe gene traAsrer earrierdDeEGIRIGE the

gene transferearfier cap be;carded out simply byfor example. [abeligg the geng transiergaytier. From

the viewpoint of use in the diagnosis of a disease, it is preferable to carry out detection with low
invasiverfess ahd S8 ptéferable that there is little adverse effect on a delivery target by labeling.
Therefore nip g-preferred embodiment of the present invention, the gene transfer carrier expresses a

fluorescent protein as a protein that is useful for diagnosis. Examples of the fluorescent protein include
various types of gréehfeioRIse8REproteifs {GEPETand red-fifore§céht préteifs(REPsy tInal

peptide' means a peptide sequence, present at the terminal of
a protein, having the function of secreting a protein produced
within the bacterial body from the bacterial body. Examples
of secretory signal peptides that can be used include, but are
not limited to, amyB of Bifidobacterium adolescentis, Secl,
Sec2, and Sec3 of Bifidobacterium breve, and peptides encoded
by DNA sequences of SEQ ID Nos: 1 to 22.

[0047]

The gene transfer carrier of the present invention may be
for example prepared as described below.

For example, in accordance with a standard method, a gene
coding for at least one type of a protein that is useful for
the diagnosis or treatment of a desired ischemic disease 1is
inserted into a shuttle plasmid having a replication
initiation site that functions in both a transformed bacterium
and a bacterium other than the transformed bacterium, for
example, Bifidobacterium and E. coli, thus preparing a shuttle
plasmid.

[0048]

If desired, removing the replication initiation site for
the bacterium other than the transformed bacterium from this
shuttle plasmid enables a non-shuttle plasmid to be prepared.
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[0041] Since the gene transfer carrier of the present invention colonizes specifically at the site of
an ischemic disease, a protein that is expressed at the colonization site is inevitably delivered
specifically to the site of the ischemic disease. Therefore, making the gene transfer carrier of the
present inventiorrexpressadqaretein thaddss isedi forthe treaimentofarvischemicydisease enables the
ischemic diseastg to be treate? effegtiv.etly. TherefoEe, ina eprefeged %Tmbodiment of the p;resertlt
invention??ﬁerger?é: transfer Sarrier exﬁre%sgg 8%?oteelrn fhat is usetll for the tFeatment of a7 ischemic
disease. p00A2joba Examiples of thedproteip tkatiis usefal for ¢hentreatment ofandscheimit disease
include, but are not limited to, a protein having angiogenesis promati ctivity and a protein involved
in vasodiAton, EXAMPIGE of prétaing aving 16 aelogenasis promBting actviy Indldds. But are not
Minified 8} fibdbtest growtnfactorfF@E), endotlelial dellgrowth faictar (ECGE)evasadarcendothelium
growth factar; (KGFR). hepalpeyte growiiJaelor (HGE) Analgenic oWt [ JACE . ch
platelet-derived growth factor (PDGF), transforming growth factor [é (TGF [3), anglopoletln, and
ephrin, andexantples of factors Involved in vasodfiatlon Include a prostaglandin. Examples of other
proteins a8 useful for the treatment Include colony stimulating factors such as granulocyte colony
stimulating factor (G-CSF) and granulocyte-macrophage colony stimulating factor (GM-CSF), nerve
growth factor (NGF) ¢rdinrdetived n@aelropific fabr (EDNE),eRdUronopIfis Saels as'AgurbRoplfin 3,
and insulin;fike growsh factoy (IGR), [Q0431e ., With regarditg aplasmfithatcap;be useddn s
transformation of the gene transfer carrier of the present invention, any plasmfil may be used as long
as It functiofs i tHe géne transfer carrier bacterium and does not impair the anaerobic properties of
the bacterium asdegerioed ahave. ioweves there is:a passibility that, isthe body of the delivery
target, a plasmfil that is used for transformation might be horizontally transferred to another bacterium

wifilfin the Hod5 St asForexAmpRPE. doNCHRd ithis Ras@ fHeré IS arPiAdERapE Yk tH& tHe
plasmfil wil reglicate insthe-atharbacterid te winchelh isshadzoptalbrtransfernred apdaassa resylt the
protein encoded by the plasmfil will be expressed at an unintended site. Therefore, in a preferred
embodinfent, tAB Hefoing plasmfil is a non-shuttle plasm1d. [0044] In the present
specification,sthe term 'shuttle plasmid' means a plasmid that can replicate in two or more different
hosts, and is used interchangeably with the term 'shuttle vectoré)Iasmid'. Therefore, the term

'‘non-shuttle plasmit? Mears 4 plashid et Tan replicatd onfy mtéite fypebf Hodt 10045121 The

gene transfepeartiet ohthefpreseatinventinapieduckssa prateincthat isi ercaged-by theatsansferming
plasmEd in tt%e bactgrial bodyt, and since such agrotein exhibits its therapeutic effect only when it is
released from tive bacténalbody. it order t6 fake & protein that is usually not secreted from the

bacterial body exhilit eptheraperdicteftect, itdsmpoedsarpto destroi¢hedhacterum.ilmardéeritansolve

g:)izif]goglféa“ ;@%&?ﬁ%@%ﬁgﬁ i é]g]%% Ugnsforming plasmed further comprises a geng, sequence

transfer carrier of the present invention. With regard to the
gene transfer carrier of the present invention, at least one
type thereof may be contained, and two or more types thereof
may be contained. Furthermore, the pharmaceutical composition
of the present invention may be used in a combination with a
treatment agent for an ischemic disease or a pharmaceutical
composition containing a compound, other than the gene
transfer carrier of the present invention, exhibiting a
therapeutic effect for an ischemic disease.
[0051]

Furthermore, the pharmaceutical composition of the
present invention may contain an optional component in
addition to the gene transfer carrier of the present invention

as long as it does not 1impair the effects of the present
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In the present specification, the term 'secretory signal peptide' means a peptide sequence, present at
the terminal of a protein, having the function of secreting a protein produced within the bacterial body
from the bacterial body. Examples of secretory signal peptides that can be used Include, but are not
Minted tq, rareyB obEltidobagtesiupl adolesdent'sySecl opedrand Sechpbikidobacterdumibreve, and
peptides eﬁlcoded bg tDNAgfguences of StE% iD Nos: 1 to 22. [59047] The gene transfer %firrier of
the preséDn Ivention rﬁgﬁl e-for ex%(r:ncp?é) p‘f"epae?ed ascaézl‘fclrlebred’beIOV\?XClpl'—lornexsél’mple,allrrl1
accordantelwith asstandard method, a gene coding for at least one type of a protein that is useful for
the diagnosis or treatment of a desired EschemEc disease is Inserted Into a shuttle pla having a
roplcation miation S0 (R anCionE it both 3 UBHSBIRSS baCIGH S & PACtLNG e than the
transfornpec:bacteriunm,fenexample sEltidobacgterfimanteE Looil, lthus peeparing @ skutdieplasmEd.

[0048] | ired, r ing the replication initiat] ite, for, the teri ther 1
transforrnté1 gfﬁ%riﬂ%ﬁ%ﬁé’[h% SELJ]t%Belp as%ﬁ é%gen!z%}e%%alr%nI:]Esjﬁ%%%%p%;&?rﬁ%d%tglﬁggplrgggr%d.
Furtherr.ri'dfif@, if @@Sﬁﬁed.,t.ﬂe@llmfﬁ?g.fa p‘r@m@t@rrge@é withhe ;e@r@t@@nﬁgnéhamﬁé <pfomoterTgl]7@ne
functioning ip,atjeast. ffidopacferium, andyreplacing a ferminator, gene with aitgrminator geng of the
secretory signal peptide functioning in ifidobacterium enables a plasmid comprising a gene sequence
coding forlte setretopPsigndlpeptide w6 befurtheeprégared.[oeagfer Pratsdares 6ffedehsf the

above-mgntioned steps may;he, carded oyt inageprdance withamethad kngwn.ip the genetic.
engineering field. A given anaerobic bacterium that is to be transformed is subjected to a method

known inthE Genefig ERgihedrngfidld usiHg HERBOE MEntioiettransfornting preseiid thed !
preparing adransfermant 0050 rging an ampoule or a vial therewith. The

solid preparation may be produced by adding an appropriate
protecting agent to a liquid agent, charging an ampoule or a
vial therewith, and lyophilizing or L-drying it, or adding an
appropriate protecting agent to a liquid agent, lyophilizing
or L-drying it, and then charging an ampoule or a vial
therewith.

[0052]

As 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 transfer carrier of the
pharmaceutical composition of the present invention 1is not
particularly limited as long as it 1is a sufficient amount that
enables growth at a disease site and an effective therapeutic
dose of active protein to be expressed, but from the viewpoint
of economy and from the viewpoint of side effects being

avoided as far as possible, it is preferable to use as small
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The present invention further relates to a pharmaceutical composition for an 1schemlc disease
containing the above-mentioned gene transfer carrier. The pharmaceutical composition of the
present invention is not particularly Minted as long as it contains the gene transfer carrier of the
present iaventinnuWith segartbtosthielgene transferanagrer ofi e prasenginvention raideastiong type
thereof may be com;ginedélgpd 0 or more types thereof may be contained. Furthermore, the
pharmaceuﬁgﬁ%%%p%%itlon of the present invention may be used in a combination with a treatment
agent for[@visdhemlc disease or a pharmaceutical composition containing a compound, other than
the gene transferT%aerrier (1; glee present ig}{%ntion enxehibitiggaan thi_eg%peut(i:c;_j1 %ffect ljo_r an f1.schcehrre1lc
disease. [0051] Furthermore, the pharmace({ﬁlcal composﬁlon of the present invention may
contain arheptionad compahent pmaddition toithe §enettransfeccamier of theepresent imantiopeas long
as it doe i ir ects.of resent inyention . Examples optienal coyx ts
Include p%%lgr%la eut?cg I%/?gcégp%aeég%c(grr%?g %ﬁ%ﬁp@éﬁts&gn?gi ueé)'g'{s?g%Q Téeg d?)a{sa(g?;{eg ogr%n%%f the
pharmacebticat bempusitionvst i presentinvention isayot partieulartNimeéd, andexampled thereof

Include a,liguid agent-ansplid preparatiory gantaining the gens trangfer carrieraf the gresent jpvention.

The liquid agent may be produced by purifying a liquid culture of the anaerobic bacterium of the gene
transfer catA&PaRAgPresent invention, adding thereto as necessary an appropriate physiological

saline, supplemeptary fluigdh, g7 pharpaceutiqal additive, and.¢harging annamreule oy agsal therewith.
The solid preparation may be produced by adding an appropriate protecting agent to a liquid agent,
chargingRarf&fpbuleldr'& Vial tHerewith, &G Kophiiing 8° Edrying it, Stladdif® aARIppRHHate

protecting agenkita,a liquid agentelyophilizing,an L-drying itrand then charging.ap ampoule ora vial
therewith. [0052] As a method for administering the pharmaceutical composition of the %resent
S

inventiorS HoiP it ddminidtFftioR BRB TR é e Abftinistatidrs refpdsaibte, bt parthiters

administragien is prefasablecfor example Infraveneus njection: subeutanepus injectign, localiafusion,
Intracerebroventricular administration, etc. may be carried out, and Intravenous injection, that is,

systemicHARREratohC I nost pheferddle. M ahEdse ofthe 'Gone fanser Carrigrut thee
pharmaceutical compositionof the-present ipventiamis not padticidarlyoMintedas longas-tis a
sufficient amount that enables growth at a disease site and an effective therapeutic dose of active
protein t&’BE expredled 6t from the viewpoint of economy and from the viewpoint of side effects
being avoidedas far as possible, it is preferable to use as small an amount as possible in a range that

Cangiveaneces§ggct{1§£%pael%i§,eﬁ%Crtf the case of for example intravenous
administration, since it is particularly necessary to reduce a
risk such as embolization by a clump of bacteria, it 1is
preferable to inject an injectable preparation having as low a
concentration as possible a plurality of times, or
continuously infuse a dilution with an appropriate
supplementary fluid. For example, in the case of an adult, 10°
to 10' cfu of the bacterial cells of the anaerobic bacterium
of the present invention per kg of body weight is administered
once or multiple times a day for 1 day to multiple days
continuously or at appropriate intervals. More specifically,
1 to 1000 mL per adult of a preparation containing 10* to 10%°
cfu/mL of bacterial <cells of the Bifidobacterium of the
present invention is administered directly or after dilution
with an appropriate supplementary fluid once or multiple times
a day for 1 day to multiple days continuously.

[0055]
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[0053] The dose of the gene transfer carrier of the pharmaceutical composition of the present
invention may be appropriately selected according to the extent of a disease and the body weight, age,
and sex of a patient, and may be appropriately increased/decreased according to the degree of
improvement. Flhartexampte, whenrthe pharmaceautical composition Iof theduresenttnveritan is

used, theidgfsé i\;isnet ag%ro?:)criategyd%c%orgitng atg ith% t erape uéic ggg\élgl fgcrithteidig%%se e>gchibi'ted by the
anaerobit bacteriuny itself that is Used, the type of protein, etc. having ﬁ1erapeu?ic ac‘tivif‘y for the

disease prosliicet by the anasdobic bacterium usedgand theamouns of the adtiviesuprotein praduced by
the anaerrnol:ii%:l‘L)aEteeriumouSsleE.l[)OOM] of Spceflcifical(ly., Si% ghseegﬁse tof égru exa é% inL'ErSavenQCque
administraLfllon, Since itfs par |cul?aﬁy necessaryeto reduce a risk such as embolizafion %y a clump of
bacteria,litis tprefevableite injeectian mgjéctable preparatior hawing agtow a doncenrtratiornds. pessible a
plurality of;fites, 0 conliupusly ntyse adiion with an Bppgpriate supplementan.uid For
example, in the case of an adult, 106 to 1012 cfu of the bacterial cells of the anaerobic bacterium of
the presertudvention96r kg'of bodyOneighta§administerdehoricedemultipte lihtes aday foraday to

multiple days;continupusly o at appipprigie.inteyvals, More specifieally, & to, %O%%%Sh RRY;agit of a

preparation containing 104 to 1010 cfu/mL of bacterial cells of the Bifidobacterium of the present
inventionlis ad@itiste fdebdirettl\P BE&fte? dilutioh with.&n dpgtepriate stpplementary fldilYon&e or

multiple times aday }‘Q{%@ay 1@ multipledays, continuiously,, [0056] Fe@hegeor%b&t@éﬁm local
administration involving direct administration to the diseased tissue, it is desirable to administer a high
concentrafi¢it injéctivon to Makiple PoRitibhs O tHe diséaséd tisstiebeBausetke Baktéfiun®fs réquired to

colonize gpd,grewiin &he entiredisgasedtissuedf pessibles Fanexampie, in the ase-efiansadit, 106 to
1012 cfu of bacterial cells of the Bifidobacterium of the present invention per kg of body weight is
administéred ofidd bARRATIE TS LdaytBF1 837 ESMbltipleVdaYs & netdssa dohtihGeGsly or at

appropriatedatervals. Marespecificallymd $o0 20084)L, persdult of gaprepayatipmeoniaining 104 to 1010

cfu/mL of bacterial cells of the Bifidobacterium of the present invention is administered directly,

multiple (R8BS P Fd1 88y 86 Afftifé Yays continuously as necessary. [0056] When it is

confirmed ghatdhe bacterium in the diseased tissue has disappeared during the treatment period, the

treatment is temporarly susended, and the badterium fs agminjstered again ip the same way,as
tissue has disappeared during the treatment period, the
treatment 1s temporarily suspended, and the bacterium is
administered again in the same way as described above.

The expression 'being formed by combining 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 (for example a configuration containing X
and Y). When X and Y are separate configurations, a case in
which X and Y further contain another component is also
included.

[0057]

The gene transfer 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 under
an anaerobic environment. Therefore, the gene 1is delivered
specifically to a disease site without there being local
administration targeted at the site of an ischemic disease.

From the viewpoint of ease of administration and low
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The expression 'being formed by combining 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
(for example a configuration containing X and Y). When X and Y are separate configurations, a case in
which X and Y<furtbeeeentain asotherscompeneant is alsainejusedr [057]of  The gene-tsamnsfer

carrier of the Lpr%sent inver]g'on colonizes am% grows spe%{'ficall. at the gite of an Ischef jc disease and
invention l[S. erﬁ Pre re ra a\ﬁ a Lnistere Sty emJTca |¥ .
does not'grow in normal tissue that is not under an anaerobic environment: Thete ore, the gene is

delivered[$ppecifically to a disease site without there being local administration targeted at the site of an

Ischerlic disease,.From the vijcew girg of ease of agministrat{on and Iovx in asivenes% th
) ne a%Fec hel$rese?. ln¥en %on 1nF ﬂﬁ%s a .me hq§ for .
pharmaceutical composition of the present invention'is therefore preferably administered systemically.

[0058] dienesspect obthe present inyertion Iheltides acmethod foreliagsdsing orttreatingrnan

Ischerlic gfiﬁé%é*?i”%gkeﬁ%’}e t@Q%ﬁ?ﬁ&ar@?oﬁer@}qef r_og‘&Qgﬂ‘S‘f@b%é’@%%@%-.'” acggrdance
with use of the gene transfer carrier of the present invention, it becomes possible to carry out
diagnosig o redamerst with- high effieieney andiienp safety. tramsthemethodwfthie ppdsertligvention,

the gene jransfer;carier.of the present ipvention is administered [o a target hayingan lscherlic

disease. As the administration method, both oral administration and parenteral administration are
possible But parerierdl admikistration ispreieradis exantplés thereatiiaEde Intravenous injection,

subcutaneous injegtion,dogal infugiog apg dntracerebroventricyiar administration,.and nyayepous

injection, that is, systemic administration, is most preferable. [0059] = Therefore, in a preferred
embodinfeht b fie Méth&d Bf tRELTESENt HIVERTIBA Cthe HBne HARSTE? BaHRY of the Preseht fivention

is systemigally-administeredn since the;genasttansfencarrier of thepresent invention gan spegifically
deliver the gene to the site of an Ischerlic disease, even when systemic administration such as
Intravendifstinjectibhlis carffed oGt ot tsing'd catheter bR fitramGSEUar iR jection O caf ‘Colonize

and grow-atthersite, of amiseherlisdisease; and exhibit an offest iherefore, coppared-with &;
conventional therapy, a treatment with very low invasiveness becomes possible. [Examples] [0060]

The presgftifREfition i& Ridie Spedificaily exptaihea beltw throulhthE Hr8senBitioh b Sefestted studies
performednZatoreifirm the swhity andieffegivengss of dhgl invention; however thetechnieal seope of

the present invention is not limited to these examples. | | , , ,
administration, and intravenous injection, that 1s, systemic
administration, is most preferable.

[0059]

Therefore, in a preferred embodiment of the method of the
present invention, the gene transfer carrier of the present
invention is systemically administered. Since the gene
transfer carrier of the present invention can specifically
deliver the gene to the site of an ischemic disease, even when
systemic administration such as intravenous injection 1is
carried out without using a <catheter or intramuscular
injection, it can colonize and grow at the site of an ischemic
disease, and exhibit an effect. Therefore, compared with a
conventional therapy, a treatment with very low invasiveness

becomes possible.

[Examples]
[0060]

The present invention 1is more specifically explained
below through the presentation of selected studies performed
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[0061] Example 1: Mouse lower limb Jschemba model experiment In order to verify the ability of
the gene transfer carrier of the present invention to deliver specifically to the site of an Jschemlc
disease, a mouse model with lower limb Jschemba was prepared, and examination was carried out by
administering ¢oe gene transfer carriet ©of the piesemntriaventiem{$sPregaration of medet ion As a test
animal, an 8-9 week-t%ld mgle 57BL£6 mouse (ac%uire from Charles River L%borator.ies Jacptan, Inc.)
was used, and a fower fimb Ischemba modePmodse (Ssﬁwe%ﬁ%srﬁél el)lvrvlé{se I|c1)relp%1r}edl l§’y the
procedureibelawdFor anesthesiag Gadhnilesf.3.6% chloral hydrate (acquired from Nacalal Tesgue, Inc.)
was 1ntr1[a%rg9 eally Injected.After the abdomen and the lower limb were shaved, a section from the
common femoral artery to the popfiteal artery was figated using 7-0 polypropylene thread, and the
femoral daiterywas éxcised: #dtet the intériorofithe wound waslehshegavittmeinssiological saline, the
wound was sutur§fq using 5-0 nylon thread, [0Q¢ (2%@%{0{% Iowoq_aea§%em§gkgy I%%%rn%c%%q}er blood
flow meter After the mouse was anesr\ﬁetize , bloo fiLo was measured using a laser Doppler
blood flowanete? {Medr InsSteiments) defore foveat tint miscledehioval mertiondding8).18Idod flow
was measpred.from the loyer limh tg.the digit fip on, both sides. and gxpressed as an.dschemlc
sfile/nonJschemlc side ratio. The blood flow measurement was carried out immediately before the
model was prepiared, inrediitelyakerafterPand 4X2M314 15,07 107312, X2 BhdB days thérgafter.

m063]T@%ﬁ%ﬁﬁ§@%§§ﬁgwn@EQWMG%Aéﬂmé%Hh§¥gEa carrier of the present

invention.

(1) Preparation of model

As a test animal, an 8-9 week-old male C57BL/6 mouse
(acquired from Charles River Laboratories Japan, Inc.) was
used, and a lower limb ischemia model mouse (ischemic model)
was prepared by the procedure below. For anesthesia, 0.3 mL
of 3.6% chloral hydrate (acquired from Nacalai Tesque, Inc.)
was 1intraperitoneally injected. After the abdomen and the
lower limb were shaved, a section from the common femoral
artery to the ©popliteal artery was ligated wusing 7-0
polypropylene thread, and the femoral artery was excised.
After the interior of the wound was washed with physiological
saline, the wound was sutured using 5-0 nylon thread.
[0062]
(2) Blood flow measurement by laser Doppler blood flow meter

After the mouse was anesthetized, blood flow was
measured using a laser Doppler blood flow meter (Moor
Instruments) before 1lower 1limb muscle removal mentioned in
(3). Blood flow was measured from the lower limb to the digit
tip on both sides, and expressed as an ischemic side/non-
ischemic side ratio. The blood flow measurement was carried
out 1immediately before the model was prepared, immediately
thereafter, and 1, 2, 3, 4, 5, 7, 10, 14, 21, and 28 days
thereafter.
[0063]
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lower limb Ischemla model, after the surgery the blood flow rate of the Ischemlc limb became no
greater than 20% of that of the non-Ischemic limb; it recovered up to about 40% 1 week after the
surgery, and it recovered up to about 60% 4 weeks after the surgery (FIG. 1). Change in blood flow
was compared betweerasgroup tawinck Bolongum Waissadraiisterechandba groumto svineh rothing
was administered.(FIG. 3). There . was no significant difference in change in bloo%nlow between the
treated g#&ﬁvﬁe 5ndl t %%no%-strce%;\?éﬂ& %roﬂﬁ%?t%f suaraé]éreyr(F%eZ),Saun%gi? S Fo}hend {aﬂ?ﬁle p?rljvéosvénce of
B. longumadié notfaffect thedsthemnilc siatel0064](8¢ Administrtionrandidetectionh ob B. lohgum

B. longum that had been.tra sfor.meottb a pBLES100 plasmld and turned intq a spectinomycin
resistant%tz;ct%éttﬁ%mnv?/gs %ﬁﬁ%ﬁ%gd vh}({:lkej’ln L‘i?Sr r%%%ﬁl)fuerﬁ ?égzq%?r 5 ro%ﬁgqﬁto%@d’ga u)wé;%l(e liquid
culture obtaimed byhsubsultyringytwicenwasisubjested toreentrifugdtion aisingtph§Sivlodicaksatine and
used as g spspension Iy phiysiglogical saling. As a,local administyation mods!, immedigigly after a
lower limb Ischemla mél]l(-%%a prg((epare'd, 1?2' 109 c%?ﬁm z0.1lmLz?2 pos%igons of B.(%orggum was
administéeditessactof dwlsehendlc [imb and the ndeisshie micalimbasinintrapiisscatar imjettion. As a
systemic gdmipistration,mogel, 0.2 mk, pf 1, 2109 cfuimls B. langumawas administergd fa the tall vein.
1,2,3,4,5, 7,10, and 14 days after the bacterium was administered, the left and right lower limb
muscles Were isiievedidin ebchiciihe admidistftdndfaodéls Il e B¥of éach)CAfEEHR tisSBGe was
homogenjized,itwas;smeared on aBleplate.and cultused af,37.G, under apaerabigconditjgns;for 3

days. After culturing, the number of colonies on each plate was measured to obtain bacterial counts for
the Ischeflc limb%nd the'Aén-SeRemIctind: [0085] FHeSeRaRs &t sRowd A fgtites!33hrdagh 6.1n
the case 0f local administration, accymuiation of a larger number of bacteria in the Ischemlc limb than
in the non-Ischemlic limb was observed at 24 hours after surgery. In the non-Ischemic limb, the
bacterial EBtiAfdecreased with time thereafter, and almost no bacteria were observed at 168 hours

after surgeyy. Thisrcontrastegrstrangiy withdhe dargemusibes of basteria observed in the Ischemlc limb
at 168 hours. The bacterial count per g of muscle tissue at 168 hours after Sl#rggré/ was 4.8 k 102 for

the non-lschemlcAmb WHEBad tWad 44 KEGE 1dr TR FEChERTE lifh, thergt ing £ §Ynficant
differencedp = &:Q2393= 3)(EKSS.a3 argh4) {0066y c i nSimitas restdistweneabtainedror the<ase of
systemic administration. That is, in the non-Ischemic limb about 0.6 k 103 bacteria were aobserved at
24 hoursaHer Sutgery “decie&sing 1o dBout 89K 183 APFEROGFS ndAE Wehe BbSerbéd af72 hours
after surgery. Canversely, irctheclsehemletinihi akout 3i5/k 1G3mbacietia merg observed 24 haurs after

surgery with the number increasing over time to a maximum of ahout 2.7 k 106 at 4 days after surgery.
SubsoaUEHty G BAter ) COit ek St 25 the BB NG 1 Gatb S, S e ko oBLeved 10

days after seiigers(FiKS Ssb amery) 1 imthel casplof systemyc adliminssirfatioa.. it wasfouad that # took

longer fog(tipntla. %alctgrri%%ol 88Iopni58ec?mpar%detO?iIggglladrrgiig's(terati%n ,SPg‘tNtemy fgﬁgificlasllghceololnized the
site of the Tschemic disease, even with [ntravenous administration. Since the maximum value for the
bacterialcodai was ®bseredmvtheldth day, whan/the bloéd flowlratio Wasdhe towest, arfid Renceforth

Seoeceo 0 % o b e s el U O, breum v cariraled
non-ischemic limb by intramuscular injection. As a systemic
administration model, 0.2 mL of 1 x 10° cfu/mL B. longum was
administered to the tail vein. i, 2, 3, 4, 5, 7, 10, and 14
days after the bacterium was administered, the left and right
lower limb muscles were removed from each of the
administration models (n = 5 for each). After the tissue was
homogenized, it was smeared on a BL plate and cultured at 37°C
under anaerobic conditions for 3 days. After culturing, the
number of colonies on each plate was measured to obtain
bacterial counts for the ischemic 1limb and the non-ischemic
limb.

[0065]
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The lower limb muscle was removed 96 hours after B. longum was administered to the mouse Jr] the
same way as Jr] (3). The lower limb muscle was Immersed Jr] a 20% neutral formal= buffer for 48
hours to fix the tissue. After that, it was embedded Jr] paraffin to form a paraffin block. Paraffin tissue
section slides were prepased by slicing tha panaffimbleckjinte S pen sactionshwinch were placed on

slide glass and% ied t4§g for 24thou s. After degaraffirécl’ér?tlon, Gram s:Lainin% was cagried out

using ance%“f’ & ako' ramr%%é}ﬁﬁﬁgrsac) LJITIOOI}I'(VV%.EO%LII’G iemical Industries? Fd.)%ﬂleresﬁaining,

observatof Using am optical microstepe evaisccartieth ottt J0068] Thieaesults-arecshomire Jr] fighre 6.1n

the non-%vsghe%ﬁgéi@rbvg% Gram dﬁall-leql ]t:)gctgrtl% were d%tec;:ed, butI]rrl] tQ% éJSChC%'lCl Iirg Gram
stall-led bacteria were obsefve , a EIC{ was confirmed that theré was colonization by the administered
B. ion guh.rfb06 9} iExalpte 2 rMolse tower lidibcmecresid modet test n(éd ) Preparstioheof Moued It
was Sug%effﬁ%%ér] Fxample 1 that t e%%'o%'Q%P%A%"%’E”_ qosnt 9\%91%956%%%?‘6 ‘%‘%fe@%
recovered, and Jr] order to confirm this a lower [imb necrosis model (necrotic model) mouse with a
more seridussdegraetafalschdmliatvasprepared tAs atest aiimad a Bumipeek-ol8 made BAL B#c mouse

(acquireqd, from Gharles, River Laharajaries Japag,dnc)wasdised. /g anesthegia, @,3 ml. pf 36%

chloral hydrate (Nacalal Tesgue) was Intraperltoneally Injected. After the abdomen and the lower limb
were sha¥/edna s@&iondromithéesmifontferforal arferyltbhe sugerficialfemorl aate Ry was Rgated

using 7-0;pglypropyjene fyread,and she femaeal artery;was excised, Afteg the Jaterior of theywound
was washed with physiological saline, the wound was sutured using 5-0 nylon thread. [0070] (2) Blood
flow meaStfeménitby laset 5dpter bléddPflow Fhetep thus Dbeing a significant

difference (p = 0.039, n = 3) (FIGS. 3 and 4).
[0066]

Similar results were obtained for the case of systemic
administration. That is, in the non-ischemic limb about 0.6 x
10° Dbacteria were observed at 24 hours after surgery,
decreasing to about 0.1 x 10° at 48 hours; none were observed
at 72 hours after surgery. Conversely, in the ischemic 1limb
about 3.5 x 10° bacteria were observed 24 hours after surgery
with the number increasing over time to a maximum of about 2.7
x 10° at 4 days after surgery. Subsequently the bacterial
count decreased as the blood flow recovered, and none were
observed 10 days after surgery (FIGS. 5 and 6). In the case
of systemic administration, 1t was found that it took longer
for the bacteria to colonize compared to local administration,
but they specifically colonized the site of the ischemic
disease, even with intravenous administration. Since the
maximum value for the bacterial count was observed on the 4™
day, when the blood flow ratio was the lowest, and henceforth
decreased as the blood flow ratio improved, the possibility
that B. longum grows according to the degree of ischemia is
suggested.

[0067]

(4) Histological analysis
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Blood flow was measured in the same way as in Example 1; the results are shown in figure 8. It was
found that compared with the Ischemil model the tilling of recovery of the blood flow was slow for the
necrotic model, with the filial blood flow rate being about 30% of that of the non-Ischemil limb. The
level of recovery was aboutdialf thatiof the dechemil axodelcfoswidch dlde ood Bowarecoveretl. to about
60%. [OOZng, Administraéion andtdetegtiog of ,@hlon%um In thghsame way as in Example 1, B.
longum Was ysnfenvﬁ%gllyaa ministered; and the muscle t880e of the nonischemil fimb and the Ischemil
limb was eXamined.liEne Yesults ate shownisdigtiresssandnb@: ttswes foundethdt Comparedrwith the
Ischemil model, B. longum was present in the Ischemil limb of the necrotic model for a langer period of
time. In the rsrg?nelrrﬁark%é‘?% a?srinfﬁer Isgf%enr%ﬁ)%rosdeﬁ?heyﬁgctzcrkllﬁ cct)&r?ts&eec'reasg %%}ih(e)c o%ﬁ flow
recoveredtandrae baetariadaierd observertbwhér the blood fldwrrecovereddo adbmendedréeckrom the
above results. it was f t, re less qftk ratjon of ti rigd, B._lot colonized and
grew in ti%g %c%ﬁ%ﬁ Iior#br]SgasétplgongS é’gﬂ{%@ Ecr%elrr?iﬁgdt%tzy c%gn%n e%?%\%gt’ﬁe%%,ctesr%?%g?% s'l[%?téezd to
decreasecas #ef blood Howkrecovered (that isaetovery from i soisarail sthee)e Thereforé Lidean be
expectedgtfgg g; longum will be deliyered spegificallytotissye in anlschemil state, express a gene that
has been Introduced, have the property of disappearing as the Ischemil state recovers, and exhibit
excellentsfferts infthe idiadgricsis afd Meafhéndtofh [Yefemitdisease. Q0072 B e Fle 3eSafety test
The above-mentioed lower limp Ischemba; model {Isehemil modef} mouse mpdthe oy fimb necrosis
model (necrotic model) mouse were both subjected to a safety test. 2, 3, 4, 6, and 7 days after the
bacteria wWefé adiifistered: tHe B0 kidnd§ ti/er, Sleén 1as hea ARFe #éholed Hroni gackk ™
administigtion madel {73 ferrach).dnadditiontothese organs, in the ischemic model, the lung was
removed, and in the necrotic model the blood was removed. After the tissue was homogenized, it was
smeared ldP& BL plate and cultured at 37C under anaerobic conditions for 3 days. After culturing, the
number of colonies &n eagh plate was conwsied torobtaigakacterial geunt for eash-tlissued0#3] The
results are shown in Figures 11 and 12.For the ischemic model, B. Ion%um was not observed in any of

the organs-Bther than HERchEfic R0 168 REGS Hher &ysemitddifihitratioR “Eor tHe nédiBtic
model alse,dB.dangum was abseivestin eash orgart efrthe whole bedy up-ie 3,days after sysiemic
administration, but it was not observed in organs other than the spleen after 6 days. Furthermore,
comparife b tFiEd SFEtip ahAThE néi tre el Gros, theFe was rid SigMABHL LHFSTERCe i terms o
ulceration satgaind abscess formation rate of the lower limb, and B. longum was not isolated

prepond r@g%)é rom an abscess. From the results above it was found that B. ion gum quickly
disappeared from healthy organs and did not have an adverse effect on the disease, such as
aggravatioreofihe ischemic statédtgelf or complieationsi s model test

(1) Preparation of Model

It was suggested in Example 1 that the colonizing B.
longum count decreased as the blood flow recovered, and in
order to confirm this a lower limb necrosis model (necrotic
model) mouse with a more serious degree of ischemia was
prepared. As a test animal, a 6-7 week-old male BALB/c mouse
(acquired from Charles River Laboratories Japan, Inc.) was
used. As anesthesia, 0.3 mL of 3.6% chloral hydrate (Nacalai
Tesque) was intraperitoneally injected. After the abdomen and
the lower limb were shaved, a section from the common femoral
artery to the superficial femoral artery was ligated using 7-0
polypropylene thread, and the femoral artery was excised.
After the interior of the wound was washed with physiological
saline, the wound was sutured using 5-0 nylon thread.

[0070]
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[0074] Example 4: Miniature swine myocardial infarction model test As another representative
ischemic disease, an ischemic heart disease such as myocardial infarction can be cited, and in recent
years an angiogenic treatment, in particular an angiogenic treatment by means of gene transfer, has
been attefpptedsfopan isthemitdeatidisease. Howeves rthegame prablems asitbeseexperienced

with other ischer%i(i gcif(fa]? s are seen \évitg 1}h% gea%m%r?lteof anrgscrévea{nic hSear.tndi%eXaésrg. Hnear%.
ischemicheartdiseaseinpar icUlar aSalocaladministration metRod, & vé/ryahlgh]ly invasive 'method such

as arteriahinjection Usingear eoronarynarteryicagheter, docal injection usinghd cotanary anteryreatheter, or

open chest intramyocardia) injection is teauired, and,although.angiogenic therapy is thought tq be
beneficial to a target that cannot receive another t erapy such as percu?a eous coronary intervention
(PCI) or & tovonapsartehpbypass graft{ CABG) it partiouldr, bt the ipresenhit isimaialy uséddal

combinatiqn it giher ierapies, 00251 o Ingrdgs o confirmiihat the gene ransfer cagy o the
present invention functions eftectively in myocardial infarction, a test was carried out as 31 ows. (1)
Preparatitmeof Aodel o fAsetesvanimaly asmaid Gottingerd minidtaite swine (s kg {abguired from

Chugal Resgafch Institute forMedical, $eisncehwas psed. 13 0W/kg, oL Keiaral gequired from Sankyo)

and atropine sulfate (acquired from Tanabeselyaku) (25 mg) were Intramuscularly injected, and an
anesthetic®tdtelwas maintained by an inhalation anesthetic FLO-THENE (acquired from Takeda

Chemical ndustries, Ltd.)-€2% 40 5%0)4 Affer the-chest yasropensd, the left anterior descending

coronary artery was ligated using 3-0 silk thread. During the surgery, 2% Xylocalne (acquired from
AstraZeneca) (1 FL to®fL) SARCadriinistered. Before E3FRthe chest, the infetief @f thevas

pericardiymswas washed with 100wk of dacteg {acauired faar@isuka Phaamageutical Cood-td.).

[0076] (2) Histological analysis . . . .
i1schemic limb and the ischemic limb was examined. The results

are shown 1in Figures 9 and 10. It was found that compared
with the ischemic model, B. longum was present in the ischemic
limb of the necrotic model for a longer period of time. In
the same manner as in the ischemic model, the bacterial count
decreased as the blood flow recovered, and no bacteria were
observed when the blood flow recovered to some degree. From
the above results it was found that, regardless of the
duration of the time period, B. Iongum colonized and grew in
the ischemic limb as long as the ischemic state continued, and
the bacterial count started to decrease as the Dblood flow
recovered (that 1is, recovery from the ischemic state).
Therefore, it can be expected that B. Iongum will be delivered
specifically to tissue in an ischemic state, express a gene
that has been introduced, have the property of disappearing as
the ischemic state recovers, and exhibit excellent effects in
the diagnosis and treatment of an ischemic disease.

[0072]

Example 3: Safety test

The above-mentioned lower limb ischemia model (ischemic
model) mouse and the lower 1limb necrosis model (necrotic
model) mouse were both subjected to a safety test. 2, 3, 4,
6, and 7 days after the bacteria were administered, the
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Inordertoconfirmmyocardialinfarction, trlphenyltetrazollum chloride (TIC) staining, hematoxylin/eosin
(HE) staining, and Masson trichrome (MT) staining were carried out. In TTC staining, the heart
removed 7 days after preparing the myocardial infarction model was sliced Into a thickness of 5 mm
and Incubkateddi 1% TR splutiopl(@eguiirechfram SKGMA) aly8¥€ for Briminates. Aftemnthatach

examination was carrailecdl 8%t Mghdghf naked eye. Inherlﬁitoxyll /eosléw H.l%s(i%inigg,a{tgé <

administryr n, = . for eac n_a .
deparaffin Zation, sttalnlng was carried out using hematoxylln for 30 seconds t0 1 minute, wasﬁlng was

carried outgsing runiningtwaterifoc A6rminutesdanid staimeng wasythen sarriedout dith ari5%reosin

Soluton 120 sgeqd At S, defydiation dearng, and smoedding were peripimed
examination was carried oultnusmg an optical microscope. %f In"Masson's ﬁchromeliﬁ/lT)
staining, each kectigrewas Bbuln-fixedcandstheaneashed withBlnpihg tweatenfdr ¢0 inutes. After

washing, {he samples were Immersed é%ﬁd%?gﬁg'“%@ days. . After cylturing, .
ofequalparts10%potassiumdichromateand10% trichloroacefic an(ﬁor 10 minutes, then Immgrsed in an
Iron hembioxylirvestaat sohdtionofop Biminutes, asbWashedtwithy annirgowatd ford mintAfter eashing

thesanuﬁg%%@gial count for each tissue.
[0073]

The results are shown in Figures 11 and 12. For the
ischemic model, B. longum was not observed in any of the
organs other than the ischemic limb 168 hours after systemic
administration. For the necrotic model also, B. longum was
observed in each organ of the whole body up to 3 days after
systemic administration, but it was not observed 1in organs
other than the spleen after 6 days. Furthermore, comparing
the treated group and the non-treated group, there was no
significant difference in terms of ulceration rate and abscess
formation rate of the lower 1limb, and B. longum was not
isolated preponderantly from an abscess. From the results
above it was found that B. Iongum quickly disappeared from
healthy organs and did not have an adverse effect on the
disease, such as aggravation of the ischemic state itself or
complications.

[0074]

Example 4: Miniature swine myocardial infarction model test

As another representative ischemic disease, an ischemic
heart disease such as myocardial infarction can be cited, and
in recent years an angiogenic treatment, in particular an
angiogenic treatment by means of gene transfer, has been
attempted for an ischemic heart disease. However, the same
problems as those experienced with other ischemic diseases are
seen with the treatment of an ischemic heart disease. In an
ischemic heart disease in particular, as a local
administration method, a very highly invasive method such as
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Immersed in a Ponceau/acld fuchsIn/azophloxine solution for 1 minute, and then Immersed in a 2.5%
phosphotungsfic and solution for 10 minutes. Next, the sections were Immersed in a 2% orange G
solution for 5 minutes and washed with a 1% aqueous solution of acetic and, stained in a fight Green
solution for S8aminwites,iandethenorashed with a 1% agoeeus solitionrgf acetichacid.ehydrasion,
clearing, and ergbedding were carried out bg/ the same Processt%f icn HE staining. [g078l The
results arlenﬁi(\elgn s ﬂguresiﬂ.gln ‘?chéjtg%rilngr,% transmural infarctionsite wasobsérved if }fﬁes Feft
ventriculamantengowatt @ndla part ef-thednteiventdeularsepturarcioser tothesanterioriwghtnic
Furthermare, in MT and HE staining, myocardial cell depletion and cqllagen fiber hyperplasba were
cbsorved BEHE e St St Wab DR Ea (e FayoEarcial (e Soe v ormets, [0076]
(3) Admimistratiore andedetection of Bhtormgeyn 33such B. leagunpaasyirepa@dsin thesapmeway as in
Example.1;.i jately aft cardial infarction repared 0.1.m ongum was
fiItramyc(%Jga{r%[g?;*l}la?;{/gC r%,Pnis e?e%%%%o%c%#r%ﬁéﬁ}'gf %?(9%0%] c%s%%lf?fgogth%r%e%thbe;%g%’nd%ﬁe
infarctiorpsiteCatceduat Intervald be 1 eme(F4BL13) 4 daysaad A days sftér the bactepianadreon
administered,(n 5 2 for each) JB‘? beart was removed and separated Into the infarction site and the
healthy lifie, homogenized, then smeared on a BL plate, and cultured at 37C under anaerobic
conditions§%8r' 3 Hays. After culturing, the number of colonies on each plate was counted to obtain a
bacterial count fof the infarctipp sits and,the heajthy lifie JOQBOL ., , The results,are shown indigure
15. On the 4th day after administration, few bacteria were observed at the healthy lifie, but significant
bacteria REPE BBServed &l THe irfarction SRe LOARRe 7tiFdaf aftél dministidtion, Redattctiawere
detected gt the bealthy lifie, andibacteriawere ehseyyved only-atthe,jafarction lifie. It can be seen from
the above that in myocardial infarction also B. ion gum colonized and grew specifically at the infarction
lifie. [0084} Exafift® 8L E&bhstruGting @ AEEF2 secretory lifidobacterlum. (1)Construction of an

expression plasmfy vectard3/. animal, a male Gottingen miniature swine (15

kg) (acquired from Chugai Research Institute for Medical
Science) was used. 15 mg/kg of Ketaral (acquired from Sankyo)
and atropine sulfate (acquired from Tanabeseiyaku) (25 mg)

were intramuscularly injected, and an anesthetic state was
maintained by an inhalation anesthetic FLO-THENE (acquired
from Takeda Chemical Industries, Ltd.) (2% to 5%). After the
chest was opened, the left anterior descending coronary artery
was ligated using 3-0 silk thread. During the surgery, 2%
Xylocaine (acquired from AstraZeneca) (1 mL to 2 mL) was
administered. Before closing the chest, the interior of the
pericardium was washed with 100 mL of Lactec (acquired from
Otsuka Pharmaceutical Co., Ltd.).
[0076]
(2) Histological analysis

In order to confirm myocardial infarction,
triphenyltetrazolium chloride (TTC) staining,
hematoxylin/eosin (HE) staining, and Masson trichrome (MT)
staining were carried out. In TTC staining, the heart removed
7 days after preparing the myocardial infarction model was

sliced into a thickness of 5 mm and incubated in 1% TTC
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A plasmfil pCDshuttle (International application No: 2009/128272) was used as template for
performing PCR using primers CDvecF3 (SEQ ID No: 23) and pUCorl1R5 (SEQ ID No: 24) to give a
PCR product winch was used as a vector. The PCR product amplified from the genorfic DNA of
lifidobactedumtionguns t65A Bsdemplate witlhprmess PIB33TF (SEQ D Non2byrand Plas3AR (SEQ
ID No: 2 was used as an Insert. PCR was jr_)eir](orm din %:opventioq{al manner. [0082] The
vector an f?le’inseé'{r"f‘Iaégcaﬁ:bleooi[1 as above were |g§t% uws}ng thehl%- dsion I—ﬁy%loning Kit and the
Cloning Enhanceri84 (TAKARA:BIG,lno/jethisireaction igiBgrelnbelewaientioned as am flnefusion
reaction"dé éporti% of tlhearteag]t:ilon s%lgtlion was uggd foarL t@{]gg?rnghng Edscgil quPeln(l)a&r(l)eXmifalrlly
competent é-j\ffﬁ_lfellnec%noﬁ)glés Jsapanrftag. The detaifs were according {othe product Tnstruction.

Transformed E3€oil seasospreadtentolanniiBragar medigini(cantainishg Z5pg/hadspectinomsycing,
statically cultured overnight C. solate lony the plate as, abave were picked up,
cultured écrllya{ﬁ{e% i% L‘gg\%%?d arég iur%o(corﬁitr%illh%é‘/Spdaﬁr%L gg&%ﬁé%%clﬁ%gveﬁsoﬁt a%v%];%? r(é‘(m which
the plasmiilt DNAWEs extracied tisingthe QIAprep SirmMIniprep Kif (QRXGENYA full-leh§tiesequence
analysis yas aytied ouldny s plasmil PIA o gonfim.fhe saausnas thelgafe The compiala plasmil
was named p37 (SEQ ID No: 39). [0083] (2)Construction of hFGF2-expressing plasmiil
(non-secfetelAnat ipiy, M&SsHows a stnfiary ot coistactitigf theciuias FGFRRKpressing
(non-secrefpry) plasmiil pPFGF-P37.The vector was prepared as follows: the plasmiil p37 was used as
template for performing PCR with primers FGF1 (SEQ ID No: 27) and FGF7 (SEQ ID No: 28),
amplifying a DNA 8f dpprsamately3-8Kkbp e81ssistiMg bf P32 promcter (SECH IDIRE 2PN H Etminator,
pTB6 replilan: (plasmillyeplilen inBildobactedum), AADRY £asseite(spectinamycin resistares gene
expression unit) and pUCorl moiety (plasmiil replication origin in E. coil) as the vector. Primers were
designed<d-fitat tieStethithal 15 6ps 6 theSctbr had tHEsame Sedtiente AstRé tefMirtat 18bps of

the Insert ghown:gelow. DNAamplification empleyedsthe RrumeSiTAR b1 (Rremixd (FAKARABIO,
Inc.), and the PCR conditions were in accordance with the product instruction of the enzyme. [0084]

The InseftW&S pRIFATES b FoldWs bdSed or tHR it and <ettieiEE'6F REGF2 Ra Proteih Ot
approximately d8kiypiwhose franslationhellbig started fom AUG ©F GenBank AgeessionNa: #NM
002006), a DNA havinﬁ codons optimized for Billdobacterlum was artificially synthesized (customized

by GenSEHRY)-H&re, tREDNANIASs desighets so that & Fistidifglad Was fised 13 the Tterffingl of the
coded hF@R2 pseieini(SEQ IPANee30)/ bsing thisynihetieADNAlastemplaie 1 RCRoampgldication with

primers FGF3 (SEQ ID No: 31) and FGF4 (SEQ ID No: 32) was carried qut jn a similar manner as
Boove. aMiRiS] a GUA produtt of A6 haeiy b 5Rop 2e the 1RES TP R0 LLASTEE "2e1d

solution for 10 minutes. Next, the sections were immersed in
a 2% orange G solution for 5 minutes and washed with a 1%
agueous solution of acetic acid, stained 1in a Light Green
solution for 3 minutes, and then washed with a 1% aqueous
solution of acetic acid. Dehydration, clearing, and embedding
were carried out by the same process as in HE staining.

[0078]

The results are given in Figure 14. In TTC staining, a
transmural infarction site was observed in the left
ventricular anterior wall and a part of the interventricular
septum closer to the anterior wall. Furthermore, in MT and HE
staining, myocardial cell depletion and collagen fiber
hyperplasia were observed at the same site, and it was
confirmed that the myocardial infarction was complete.

[0079]
(3) Administration and detection of B. Iongum
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[0085] The vector and Insert as above were llgated by an In- fusion reaction.The details were in
accordance with the product instruction.The In-fusion reaction solution was appropriately diluted with
0.1x TE, of winch 2pL was used for transforming E. coil 120P10 chemically competent cell (fife
Technologies Jagan lLidngdhe wetails segre ta @cdordance wiihéhevproduet instructiamdransformed E.

coil was spread .onto an LB_agar medium(containing 75pg/mL spectinomycln), statically cultured
overnight ST T0BL8] = el ICSIat S GIEE b IR BEGE S ARDUR e Frokeh s bifured
shaken i0 LB liguid mfedium (contaiming &5 pdimir spectimoaytinglove rmgintiat 376 frofn winch the
plasmid BNA.Was extracted using the Qlfprep Sinn Miniprep,Kit (QIAGEN). 4 part of fhe plagmld was
used for conflcrmmg D ,&)sequence of the hFGF2 expression unit. Sequencing reaction was carried out
using thelBlgbyetTiermimatorva il GyeieSequdrcinvg Kit (fifé Techmoldgies Japan Ltd.Yantkthe details

were in aggardance with te prgduct instuction, Flecyaphoresis,ofhe,seaugnag readiion splution
was ordered to the DK/lsions of Instrumental Analysis, Research Center for Human and Environmental
Sciencess 8hinshul¥niversity. Data analysisadascalriedparasing GenetyxVer. 100 Thedohaplete

plasmid \él’il‘ts_ga@ﬁg pg}g&’%@?ﬁi%%? Ilgil\&%,‘?’s}rc{rqgéynized, then smeared on a BL

plate, and cultured at 37°C under anaerobic conditions for 3
days. After culturing, the number of colonies on each plate
was counted to obtain a bacterial count for the infarction
site and the healthy site.

[0080]

The results are shown in Figure 15. On the 4" day after
administration, few bacteria were observed at the healthy
site, but significant bacteria were observed at the infarction
site. On the 7" day after administration, no bacteria were
detected at the healthy site, and bacteria were observed only
at the infarction site. It can be seen from the above that in
myocardial infarction also B. longum colonized and grew
specifically at the infarction site.

[0081]

Example 5: Constructing a hFGF2 secretory Bifidobacterium.

(1) Construction of an expression plasmid vector p37.

A plasmid pCDshuttle (International application No:
2009/128272) was used as template for performing PCR using
primers CDvecF3 (SEQ ID No: 23) and pUCoriR5 (SEQ ID No: 24)
to give a PCR product which was used as a vector. The PCR
product amplified from the genomic DNA of Bifidobacterium
longum 105A as template with primers Pins37F (SEQ ID No: 25)
and Pins37R (SEQ ID No: 26) was used as an 1insert. PCR was
performed in a conventional manner.

[0082]

The vector and the insert described as above were ligated

using the In-Fusion HD Cloning Kit and the Cloning Enhancer
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( 3 )Construction of secretory hFGF2 expression plasmld. Fig. 16 shows a summary of
constructing the human FGF2- expressing (secretory) plasmld pFGF12a. The above-mentioned
plasmld pFGF-P37 was used as template for performing PCR with primers FGF35 (SEQ ID No: 34)
and FGF26A8ER) IDBNO; 35)namplifyitgia DNLaprodust dfappemdmately 4wkhpasitbea@ctos

Meanwhile, ugifg_t?egenomlc DNA. of Blfldob cterlum.longur% 1%%A strain s.templatei, %PCR was
performe%nwith primgrslIQ@ng f§ fﬁf) No: 36) and ﬁé?—ﬂ?? EQ 1D No: 37 ,lé)rﬁplﬁ)?ln& a ONA
product ofapproxadatélyr0. 2kbprastthenngsert. FThe drndert commiriseslaesecretbly Sigral@dent

well-conseryed N-terminal sequen of.SecZ%fB. breve UCC2003 (See, Shkoparoy AN et. al.,
BlotochnoT Lt (2005) 50: 1605 T008) AchplifCh of 18 sdetor and Tisert ea Caffed i Gming
PrumeSBARHS {Preniir) (TKARABION Incn)s where then P CRIgonditionsweretin accdrdanes with the

product iglﬁtg%c%ign of the enzyme. [0 he ve %r(ﬁqlqnlnser(tc?%%%gq\ﬁei\%re "%Sg pIXLIn-fusion
se

]
reaction, or transforming E. coi TOP18 n a similar manner to that in constructing
above-mentoned FGFcexpression plasmldynen-sevietondvarhtte DNAsetjlehee of hFGF2

expression unit partof the plasmid was canfirmed to give 3.complete plasmid named REGR122 (SEQ

ID No: 38). The constitution of the hFGF2 expression unit part is as follows: P37 promoter: the
nucleotidés frofPNBULA to N&. P 0f SEQUD Nok 381 Ghelgshstitution of il IEGEF2 dadiigtégion: the

nUCbOM@ﬁJ@i@M%Z@F? Noy 202 Of SEQID No:-38; the signglsequenee: the guglegtidegzrom No.
276 to No. 419 of SEQ ID No: 38; the hFGF2 sequence: the nucleotides from No. 420 to No. 881 of

SEQ ID N&S38 =4 Fistieifite fag'seguehte: (héMmutRofiBAS friANBres2 toiNo. (89S 6FBEE ID*No: 38;
a stop coglen; the-nuglgotides feomdNo, 900,10 No..202 Af SEQ B NQi 385 dFu terminglor 4he o
nucleotides from No. 903 to No. 1016 of SEQ ID No: 38;

DNA to confirm the sequence thereof. The complete plasmid was

named p37 (SEQ ID No: 39).

[0083]

(2) Construction of hFGF2-expressing plasmid (non-secretory).

Fig. 16 shows a summary of constructing the human FGF2-
expressing (non-secretory) plasmid pFGF-P37. The vector was
prepared as follows: the plasmid p37 was used as template for
performing PCR with primers FGFl1 (SEQ ID No: 27) and FGF7 (SEQ
ID No: 28), amplifying a DNA of approximately 3.8kbp
consisting of P37 promoter (SEQ ID No: 29), Hu terminator,
pTB6 replicon (plasmid replicon in Bifidobacterium), AAD9
cassette (spectinomycin resistance gene expression unit) and
pUCori moiety (plasmid replication origin in E. coli) as the
vector. Primers were designed so that the terminal 15 bps of
the vector had the same sequence as the terminal 15 bps of the
insert shown below. DNA amplification employed the PrimeSTAR
HS (Premix) (TAKARA BIO, Inc.), and the PCR conditions were in
accordance with the product instruction of the enzyme.

[0084]

The insert was prepared as follows: based on the amino
acid sequence of hFGF2 (a protein of approximately 18kDa whose
translation being started from AUG of GenBank Accession No.
#NM 002006), a DNA having codons optimized for Bifidobacterium
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[0089] The amino and sequence encoded by said unit is expressed in SEQ ID No: 40, and its
constitution is further indicated below. the constitution of hFGF2 coding region: the amino ands from
No. 1 to No. 208 of SEQ ID No: 40; the signal sequence: the amino ands from No. 1 to No. 48 of SEQ
ID No: 4 &of wineh the-aminoyandsftomNa.chto(Nas3 deouespandsdbe putative)signalipeptide
region, the amino ands from No. 38 fo No. 48 corres on%sit%%ﬁ%u_t%téve spacer.region, tf:md [he putative
cleavage site appears Between Amino ands No: 37 and No. Sthe RFGE2 sequence.?he amino
ands fror-Ne 48 toaN 0. 202t0fSSEQ do NG HOF 2a b-adstdind $ap sedquerice: thé Jamind@ andg from

No. 203 tg No. 208 of SEQ ID Na: 40; [0090](4)Prepatation of recombinant B1fldobacterlum.
Competetcgrtl%:(Séllss(\)/l‘n ﬂg‘l%es rla?nng%lgg 9 Vol %&El {&0 ? 98

bacterlum ohgum 05A and BIfldobactenum breve JCM1192

were prodGeed d&dding tdithe MethoasdeBeiBed(iBERossD &tal., B2itersain Apptied Microbiology
(1997) 24: 33-36. Namely, said B1fldobacterlum were cultuted in IMR meg(ﬁgn eafly logarithmic
growth p gse?wassjhed V\%/t PBS ‘t})u]#:er, suspended’in I% R %et%ern%darapl y frg;zre% usCiJng liquid
nitrogen &rgive:thaiecbmpetént Tells. Fisesecompetent eells were thawed on Ice, mixed with the
above-m%(g%@éi(/jvplasmld pFGF12a or pBEshuttle (a mock vector described in International
Publication No. WO 2011/093465; no FGF expresslon), and electroporated using the Gene Pulser I
(B10-Rad LaboratbfiesY fiehR Thé efectiogsratlomwasi@aried Betesing 8 etvettetwithe® 2 émgap
under the: gandjtion,of at 2kV, 25pF apd 200Q.The dransfouned, Bifidobacteriymwas spreag;onto an

IMR agar medium (comprising 75pg/mL spectinomycin) and cultured at 37C for 2 days under an
anaerobie cofdibn. YWeltisblatédolonies fotmetFor theladar medRim Were Prekedliidito BBtain the

recombingiyt Bifidobacteriumy {Q09H(S)Preteinexpression gralysis iWestern plottindded for

transforming E. coli TOP1l0 chemically competent cell (Life

Technologies Japan Ltd.). The details were in accordance with
the product instruction. Transformed E. coli was spread onto
an LB agar medium (containing 751g/mL spectinomycin),

statically cultured overnight at 37°C.
[0086]

Well isolated colonies on the plate as above were picked
up, cultured shaken in LB liquid medium (containing 75ug/mL
spectinomycin) overnight at 37°C, from which the plasmid DNA
was extracted using the QIAprep Spin Miniprep Kit (QIAGEN). A
part of the plasmid was used for confirming DNA sequence of
the hFGF2 expression unit. Sequencing reaction was carried
out using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Life Technologies Japan Ltd.) and the details were in
accordance with the product instruction. Electrophoresis of
the sequencing reaction solution was ordered to the Divisions
of Instrumental Analysis, Research Center for Human and
Environmental Sciences, Shinshu University. Data analysis was
carried out using Genetyx Ver.1O0. The complete plasmid was
named pFGF-P37 (SEQ ID No: 33).

[0087]

(3) Construction of secretory hFGF2 expression plasmid.
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As a medium for culturing Bifidobacterium, 10mL of MRS medium (oxide) was supplemented with
200pL of Vitamin C/cystine solution (containing 350mg/mL of ascorbic acid and 20mg/mL of L-cystine)
and 10pL of 75mg/mL of spectinomycin solution. Into this adjusted medium, the above-mentioned
recombinant Bifidohacteria, isé.oBs loagumntQsd/pkGF2mand Be tangunt h@SA/pREshutte avere

inoculated, and cultured ?Jt 37C for 24 hours under an G?E%‘i%’ic conglition (an activated .curl%rae
solution).e‘i‘ﬁe activatéd cuituré soﬁffi% was noculatéd imto ahiedium which s preparealf))y adding to
said adjusiecsmediupt SedinAl phasphatechufies atfinal caneentrationof 466mivicarelCéultuiechat 37C

for 18 hours undesr ag(%%ai\%rotzjgﬁndf ion @092%4 gir];i obﬁgﬁ@mﬁgée JICBVI]TQ.gZ/p%géHZa and
1192/pBES \ ure [ "above,

Bifidobacterium breve uttle'were also cul in"a similarmanner as’above, ‘except
using RGvmiediyrimigstead diWiR Spmediunt. ThefVitapprCicystine sglutién Wdgnotagldedhe
Theculturesupernatanipftherecombinant Bifidobacterjum described as aboye treated wi
trichloroac%tic acid (TCA) p‘rﬂegfgita'tion mlet od acco%giné) to conventio%al met%)?%, %‘nen rg%%golved in
Ix SDS sampieibuffér) Hwas thert heatesd at 980 feit8 minute$ 8Rd Subjected 1d Wvastdrn blotlanalysis.

10093] o, The sample slpscriberas aovgyias slactrappresed uping Mig- PROTEANO,TGX gel (4

to 20%, Bio-Rad) and Ix SDS buffer. 39 An electrophoresis apparatus Mini PROTEAN(r) Tetra System
(BloRad)aW&s iised.n&fterdbel PIg: eleetioph6resed fthedqsl wasifransiéired Or#dBR 1BIGt Trahsfer

Stacks usingdhe 1BlotGel TE@@&@@%@%H@&‘W&O‘ memiyagewas washed 3 imegdn TIBS for 5
0

minutes each, followed by blocking with blocking solution (Block Ace). After adding a primary
antibody ZHtis FEED hiimeabBit boly GIUSICSarkta Crog Blotethndiogy i) the Bfahe was

shaken ovegightat 4, After thewreaetionyith the primany antibady; the membrangwas iepeatedly
washed 6 times with TTBS for 5 minutes each. After adding a secondary antibody Goat anti-rabbit IgG

HRP (Sahtf€tuz BioTEChhbIGHyHneY), tihd menibriRe Wiis shakehdt P60m YempEridreSdr S5 hours.
This membrang wasi repeatedlyiwashed-6 times Witk ARBSganh mintes eagmdollowed-byriffamination
using the illuminating reagent within the ECL Advance Western Blotting Detection fit (GE Healthcare),
detected By sht im&gifg YRayzer (FROESTIAC BIKRAY) (figs. 7 aAd 18). 10694](6)Proteir ©
expressiemanalysisn(ELISA) The culture supernatant was prepared in a similar manner as above
up to the st %efore TCA precipitation, then hFGF2 content was quantified using human FGF2 ELISA
kit (Quanh@ﬁ%e JELISAHUMan FGF basic Immunoassay, R&D systems, catalogue No: DFB50).

The vector and insert as above were ligated by In-fusion
reaction, used for transforming E. coli TOP1l0 in a similar
manner to that in constructing above-mentioned FGF expression
plasmid (non-secretory), and the DNA sequence of hFGF2
expression unit part of the plasmid was confirmed to give a
complete plasmid named pFGFl2a (SEQ ID No: 38) . The
constitution of the hFGF2 expression unit part is as follows:

- P37 promoter: the nucleotides from No. 14 to No. 275 of SEQ
ID No: 38;

- the constitution of the hFGF2 coding region: the nucleotides
from No. 276 to No. 902 of SEQ ID No: 38;

- the signal sequence: the nucleotides from No. 276 to No. 419
of SEQ ID No: 38;

- the hFGF2 sequence: the nucleotides from No. 420 to No. 881
of SEQ ID No: 38;

- a histidine tag sequence: the nucleotides from No. 882 to

No. 899 of SEQ ID No: 38;
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The hFGF2 content in the culture supernatant was 33,058 pg/mL for B. longum 105A/pFGF12a,
whereas it was 0 pg/mL for the negative control B. longum 105A/pBEshuttle. On the other hand, it was
11,429 pg/mL for Blfldobacterlum breve JCM1192/pFGF12a and 0 pg/mL for its negative control
Blfldobacterdum breve-3CM11921pB Eshuttter {0025 Exarnpla6:. Evaluating Novive threrapewicoeffect in
Ischemlc o%el.mg se In order to examine the therapeutic effect of the gene transfer carrier of
the invenition at 1s¢hémlc disease site, an 1schemlc model mouse was produced and administered
the human FHGF2 secreteryBifldobacterlun e §1) Breparfatian dfomodel3 tdAshotestlanimah 6- to
8-Week-og%(5er?BIeN%alb§:8mice (from CHARLES RIVER LABORATORIES JAPAN, INC.) were used,
and the lowér limb Tschemba model mouse(1schemif model) was prepared using the following
proceduré0 Apimals were anesthetized by an 1ntrapentoneal injection of 0.3m1 of 3.6% chloral hydrate

(rom Nacalal Tesque). Alis enifaton.atine area rom abdomen fa awer g, e sampon Jeporal

artery, deep femoral artery and superficial femoral artery were lifated with 8-0 polypropylene threads,
and the supeficial feolal artéfy, wasnekcised. Aftarthe intefionof tise Woutdiaas washed with
physiologjcal saline, the wound was sutured with a 5-0 nylon thread. [0096] (2) Blood flow
measurement using a laser Doppler bloodflowmeter. After the mouse was anesthetized, blood
flow was meBBared @Bimgld Iser Dosyler bidokflodofeis (MESrInBrunidfts) 2STHE Bload flew was

quantifieg¢ oy, bath sidesdfrom oweplegde digibtin,expresses.as an 1schemif slde/non-Ischemif side
ratio. The blood flow measurement was carried out immediately after producing the model, and at 3 to

4 days, 6 ddysCariit g Hays aferprotRicing the HcdE. POOFF (3rAEmMIffistratiohfMite géRetitt

recombingnt By longum 40 Therhymae FGhZssegrating Bifldebagterlimand qontrgl pen-secreting
Bifldobacterlum were cultured for two passes in MRS medium (from KANTO KAGAKU CO.,INC.). The
culture sGIAtGA TREAEN idshe Py _EAtFTugal Wakhing At pHiRiol6Gidaréalinet 8GspéidetPin

physiologiealsaline-and weed. On the dayafter theqyeductiomefthe modeh the cells wargcer
administered to , , ,
region, and the putative cleavage site appears between amino
acids No. 37 and No. 38);
- the hFGF2 sequence: the amino acids from No. 49 to No. 202
of SEQ ID No: 40;
- a histidine tag sequence: the amino acids from No. 203 to
No. 208 of SEQ ID No: 40;
[0090]
(4) Preparation of recombinant Bifidobacterium.

Competent cells of the strains Bifidobacterium longum
105A and Bifidobacterium breve JCM1192 were produced according
to the methods described in Rossi et al., Letters in Applied
Microbiology (1997) 24: 33-36. Namely, said Bifidobacterium
were cultured in IMR medium to early logarithmic growth phase,
washed with PBS buffer, suspended in KMR buffer and rapidly
frozen using 1liquid nitrogen to give the competent cells.
These competent cells were thawed on ice, mixed with the
above-mentioned plasmid pFGFl2a or pBEshuttle (a mock vector
described in International Publication No. WO 2011/093465; no
FGF expression), and electroporated using the Gene Pulser II
(Bio—-Rad Laboratories, Inc.). The electroporation was carried
out using a cuvette with 0.2 cm gap under the condition of at
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41 the orbital sinus at the concentration of Ix 109cfu/m1 in 0.2m1, then blood flow in the lower limb
was measured as mentioned above (2). [0098] The results are displayed in figures. 19 and 20,
and show the blood flow improving effects of the human FGF2-secreting B. longum and the human
FGF2-seetketing Bohimevearespectively. In thengrouprtreated withdthetiumalo B&d 2= secneting 8 longum,
a significant Im%{ovemetnt in blood fl%//I as observed at Day 6 and thereatfter. as com_pgred &the
PBS-trea?gg(a‘?oup (ISRgl?m FGF12a Vs Bsfagfaﬁay 6,041 0.11 v§ 04 002 %t Day ’é%. 0.11
vs 0.32 808} tnrthergroup treatedl with the: hathareEGF27setreting B. breviy wssignifidamt an
Improvementip.blood flow was observed;al Pay & (Breve (BFRIZa v reve.control 0,67 Q.44 vs 0.38
0.02). No S|gn|1ficant difference was observed between groups treated with the non F(flg-secreting
bacteriurageantraof)eatidwith PBSe [Induistiia Applicability] [00899t a2 in In &¢cordareeowithi thiengene
transfer g@r@ raf th tperﬁ%rr‘;[;.invention, a gene transfer carrier that colonizes and grows specifically at
the site of an Ischerfic disease and disappears as the disease state Improves can be provided.
Therefore O¢ohhpared with a conventional method, an anglogenlc therapy can be carried out simply

with low ipygsivegggsté:lq{t@g ! _é%,ssﬂg%e g}?ag%gaqﬁggggr]g[rgrkljt§8lé£sil‘fp(5med from a bacterium,

there is no problem with the efficiency with winch the gene is transferred to a‘target site, and a
treatment can be’GrriedietAWith vERLhigh! effitienty cBmpafedPiithaleé eBnvehtibhal aft. Tisoenables

a target suchias,the elderly. for whom anglogenic therapy should, naturally be effective hutwho cannot

be treated because of problems such as high invasiveness and systemic fide effects, to be treated
effectively/ CLKIMS [CRAMEon Al§eRé wraRsfe carrieRgdnsisted offdiranierobié BhtteAts that

can growspesiigallyat the sitesefianischemic disease and cangxpiessAt leastene e efiprotein

that is useful for the diagnosis or treatment of an ischemic disease. [Claim 2] .
solution. Into this adjusted medium, he above-mentioned
recombinant Bifidobacteria, i.e., B. longum 105A/pFGFl2a and
B. longum 105A/pBEshuttle were inoculated, and cultured at
37°C for 24 hours under an anaerobic condition (an activated
culture solution). The activated culture solution was
inoculated into a medium which is prepared by adding to said
adjusted medium sodium phosphate buffer at final concentration
of 166mM, and cultured at 37°C for 18 hours under an anaerobic
condition.
[0092]

Bifidobacterium breve JCM1192/pFGFl12a and Bifidobacterium
breve JCM1192/pBEshuttle were also cultured in a similar
manner as above, except using RCM medium instead of MRS
medium. The Vitamin C/cystine solution was not added.

The culture supernatant of the recombinant
Bifidobacterium described as above was treated with
trichloroacetic acid (TCA) precipitation method according to
conventional methods, then redissolved 1in 1x SDS sample
buffer. It was then heated at 95°C for 3 minutes and
subjected to Western blot analysis.

[0093]

The sample described as above was electrophoresed using

Mini-PROTEAN® TGX gel (4 to 20%, Bio-Rad) and 1x SDS buffer.
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The gene transfer carrier according to Claim 1, wherein the anaerobic bacterium is one that has been
transformed using a transforming plasmid, said plasmid comprising a DNA sequence coding for the
protein that is useful for the diagnosis or treatment of an ischemic disease. [Claim 3] The gene
transfer catrierlaccordipg ¢a &dim bop2 rwhereintheiiscreote diseage tsra clirpaiciachamic-disease.
[Claim 4 2d Thgagseneutg%r&sfer caﬂ' reaccoé%lig to ar ocr]cerof 'ﬁ%‘gé to 3, \ﬁ/felereiréihe %Qaerobic
bacterium’is 5 nonpathogenic entero acterlum. %aim e gene f]rlénslrér carrier accoraing to
any one of-Elairfis Arted4, avheveinthel 8laerobicdhacteriuns issa Bifidobacteritne [Claim6] GelThe
gene tranlsggr ¢ éier ﬁcc\gr%igg to %I]z_;lim Sngvrr@é%jn the Egiggga%grsiur@is gne type %ellﬁzgtsed.&om the
group conssﬁng of Bifidobacterium ag&escentls, Bifidobacterium angulaa?um, Bifidobacterium
animalis,IBiidolacterium astereitles aBifid ofacténumchifidurn, Bifidobacteritun Botiriy, 148-king
Bifidobacterium_Bifido erium Bifidobacteri if] rium Bifi terium. Bifidob ium
Bifidobacgfgrjiﬁgl%i |d0§§g%e(%mA%i%gdbactgﬁggrgif% o%%ﬁ eriém %ﬁ{grg%%te%ﬁrgnhgéiggbgg{g?um
pseudoldricgum, BifidobacteriahPBifidobadteriuntiBifidobacternteBifidobacteRdmtechnology

Inc.), the membrane was shaken overnight at 4°C. After the
reaction with the primary antibody, the membrane was
repeatedly washed 6 times with TTBS for 5 minutes each. After
adding a secondary antibody Goat anti-rabbit IgG HRP (Santa
Cruz Biotechnology 1Inc.),the membrane was shaken at room
temperature for 3.5 hours. This membrane was repeatedly
washed 6 times with TTBS for 5 minutes each, followed by
illumination wusing the illuminating reagent within the ECL
Advance Western Blotting Detection Kit (GE Healthcare),
detected by an imaging analyzer (Fluor-S MAX, Bio-Rad) (Figs.

17 and 18).
[0094]
(6) Protein expression analysis (ELISA)

The culture supernatant was prepared in a similar manner
as above up to the step before TCA precipitation, then hFGF2
content was quantified using human FGF2 ELISA kit (Quantikine®
ELISAHuman FGF Dbasic Immunoassay, R&D systems, catalogue No:
DFB50) .

The hFGF2 content in the culture supernatant was 33,058
pg/mL for B. longum 105A/pFGFl2a, whereas it was 0 pg/mL for
the negative control B. longum 105A/pBEshuttle. On the other
hand, it was 11,429 pg/mL for Bifidobacterium breve
JCM1192/pFGF12a and 0 pg/mL for its negative control
Bifidobacterium breve JCM1192/pBEshuttle.

[0095]

Example 6: Evaluating in wvivo therapeutic effect in ischemic

model mouse
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breve,Bifidobacterium choerinum,Bifidobacterium cuniculi,Bifidobacterium dentium,Bifidobacterium
gallinarum,Bifidobacterium indicum,Bifidobacterium inopinatum, lactentis, ion gum,Bifidobacterium
merycicum,Bifidobacterium mongoliens,Bifidobacterium Bifidobacterium thermophilum.

In order to examine the therapeutic effect of the gene

transfer carrier of the invention at ischemic disease site, an
ischemic model mouse was produced and administered the human
FGF2 secretory Bifidobacterium.

(1) Preparation of model.

As a test animal, 6- to 8-week-old female Balb/c mice
(from CHARLES RIVER LABORATORIES JAPAN, INC.) were used, and
the lower limb ischemia model mouse (ischemic model) was
prepared using the following procedure. Animals were
anesthetized by an intraperitoneal injection of 0.3ml of 3.6%
chloral hydrate (from Nacalai Tesque). After epilation of the
area from abdomen to lower leg, the common femoral artery,
deep femoral artery and superficial femoral artery were
ligated with 8-0 polypropylene threads, and the superficial
femoral artery was excised. After the interior of the wound
was washed with physiological saline, the wound was sutured
with a 5-0 nylon thread.

[0096]
(2) Blood flow measurement using a laser Doppler blood-
flowmeter.

After the mouse was anesthetized, blood flow was measured
using a laser Doppler blood flow meter (Moor Instruments).
The blood flow was gquantified on both sides from lower leg to
digit tip, expressed as an ischemic side/non-ischemic side
ratio. The blood flow measurement was carried out immediately
after producing the model, and at 3 to 4 days, 6 days and 8
days after producing the model.

[0097]
(3) Administration of the genetic recombinant B. longum

The human FGF2-secreting Bifidobacterium and control non-
secreting Bifidobacterium were cultured for two passes in MRS
medium (from KANTO KAGAKU CO.,INC.). The culture solution was
then washed by centrifugal washing with physiological saline,
suspended in physiological saline and used. On the day after
the production of the model, the cells were administered to
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[Claim 7] The gene transfer carrier according to Claim 6, wherein the Bifidobacterium is
Bifidobacterium longum. [Claim 8] The gene transfer carrier according to any one of Claims 1 to 7,
wherein the protein that is useful for the diagnosis of an ischemic disease is a fluorescent protein.
[Claim 9lthe Thelgeneltrapsfensarder aceerding tocany oae 0b £laints 1ito 7,1Wwheriry ftle ptetein that

is useful for the treatment qf an ischemic disease, is one type selected from the group consisting of
fbroblast Grokih et (FES B OBl caltgrauh st e Or Bvaditiar SRASHERn Giouth
factor (VEGH) 1hepatoeytexgrowth factor (HGF), angiogenic growth 44

factor(A %)oglggelet-derivedgrowthfactor(PDGF), transforming growth factor H (TGFH), a protein
having angioge %I%ig p£%@8§n% activity such.as g%giggoiﬂingrreeghrirfga g%%orzigvolve in yvasodilation

| olyed in v
such as a prostaglandin, a colony stimulating factor such as granulocyte colony stimulating factor

(G-CSF) orgranldonytetrhavrophage olony stirhalating factor (€ MC8E), nERE growthr ¢acton(NGF),
brain-derjyed ophig f r(ﬁQ]uF IrqQt ' h as negurotrophj ! in-like
growth fa%/’[orl(r%) %Pé?f‘%c%?ﬁ %ﬁ&% T e%e%%%r%s%%;ﬁgrg agzbrcﬁﬁsqt%q an)%%gggf%g%sg} 21009,
wherein the ttdrsfarmivpplasmid-isch mor-shuttle plisiia. [EdimrsEcreting B. longum,

a significant improvement in blood flow was observed at Day 6
and thereafter as compared to the PBS-treated group (longum
FGFl2a vs PBS; at Day 6, 0.41 + 0.11 vs 0.14 = 0.02; at Day 8,
0.55 £ 0.11 vs 0.32 £ 0.08). In the group treated with the
human FGF2-secreting B. breve, a significant improvement in
blood flow was observed at Day 8 (breve FGFl2a vs Dbreve
control, 0.67 £ 0.11 wvs 0.38 £+ 0.02). No significant
difference was observed between groups treated with the non

FGF-secreting bacterium (control) and with PBS.

[Industrial Applicability]
[0099]

In accordance with the gene transfer carrier of the
present invention, a gene transfer carrier that colonizes and
grows specifically at the site of an 1ischemic disease and
disappears as the disease state improves can Dbe provided.
Therefore, compared with a conventional method, an angiogenic
therapy can be carried out simply with low invasiveness.
Furthermore, since the gene transfer carrier itself is formed
from a bacterium, there is no problem with the efficiency with
which the gene 1is transferred to a target site, and a
treatment can be carried out with wvery high efficiency
compared with the conventional art. This enables a target
such as the elderly, for whom angiogenic therapy should
naturally be effective but who cannot be treated because of
problems such as high invasiveness and systemic side effects,

to be treated effectively.
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The gene transfer carrier according to any one of Claims 2 to 10, wherein the transforming plasmid
further comprises a gene sequence coding for a secretory signal peptide. [Claim 12] The gene
transfer carrier according to any one of Claims 2 to 11, wherein the transforming plasmid comprises
pTB6 rep unit. [Claim 13] The gene transfer caciaEMsording to any one of Claims 2 to 12, wherein
the transforming plasmid has an expression cassette comprising p37 promoter, HU terminator and a
gene coding for FGF2. [Claim 14] The gene transfer carrier according to any one of Claim-as 2 to 13,
wherein theltsamsfariming plasmld comprises a DNA sequence coding for a polypeptlde having the

sequence descrihed ineSEQ lIL_)rNaO:s e.r[CIaciglnr%S]eEhe ene tlrapE%f r carrier accordirrfgeto gny one of
Claims 2to 14, w erein the transf%rmmg plasmldlis pFGF12a (% ID No: 3%51 [C?alm fé] A
pharmaceati¢ad compositiontfor aarischenie diseaseiconmerising tlregertétransfet earriefr aceording to

any one of ne, of,Clai t [Clai The pharmaceutical ositio rding to
Cim 16 NGt 16 S ter S by 2y aac Syt T 18] L Aomethaetir
diagnosirigrer treating sntisehefnic diseasel themesthed esmprisingaeniinistéringran anhermbic
bacteriurg that can specifically grow at the site of an ischemic disease and can express at least one
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[Claim 2]

The gene transfer carrier according to Claim 1, wherein
the anaerobic bacterium is one that has been transformed using
a transforming plasmid, said plasmid comprising a DNA sequence
coding for the protein that is wuseful for the diagnosis or

treatment of an ischemic disease.

[Claim 3]
The gene transfer carrier according to Claim 1 or 2,

wherein the ischemic disease is a chronic ischemic disease.

[Claim 4]
The gene transfer carrier according to any one of Claims
1 to 3, wherein the anaerobic bacterium 1s a nonpathogenic

enterobacterium.

[Claim 5]
The gene transfer carrier according to any one of Claims

1 to 4, wherein the anaerobic bacterium is a Bifidobacterium.

[Claim ©]

The gene transfer carrier according to Claim 5, wherein
the Bifidobacterium 1s one type selected from the group
consisting of Bifidobacterium adolescentis, Bifidobacterium
angulatum, Bifidobacterium animalis, Bifidobacterium
asteroides, Bifidobacterium bifidum, Bifidobacterium boum,
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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.

[Claim 7]
The gene transfer carrier according to Claim 6, wherein

the Bifidobacterium is Bifidobacterium longum.

[Claim 8]
The gene transfer carrier according to any one of Claims
1 to 7, wherein the protein that 1is useful for the diagnosis

of an ischemic disease is a fluorescent protein.

[Claim 9]

The gene transfer carrier according to any one of Claims
1 to 7, wherein the protein that is useful for the treatment
of an ischemic disease 1is one type selected from the group
consisting of fibroblast growth factor (FGF), endothelial cell

growth factor (ECGF) , vascular endothelium growth factor

(VEGF), hepatocyte growth factor (HGF), angiogenic growth
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factor (AGF) , platelet-derived growth factor (PDGF) ,
transforming growth factor (TGFR), a protein having
angiogenesis promoting activity such as 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, and insulin-like growth factor (IGF).

[Claim 10]
The gene transfer carrier according to any one of Claims
2 to 9, wherein the transforming plasmid is a non-shuttle

plasmid.

[Claim 11]
The gene transfer carrier according to any one of Claims
2 to 10, wherein the transforming plasmid further comprises a

gene sequence coding for a secretory signal peptide.

[Claim 12] The gene transfer carrier according to any one of
Claims 2 to 11, wherein the transforming plasmid comprises

pTB6 rep unit.

[Claim 13] The gene transfer carrier according to any one of
Claims 2 to 12, wherein the transforming plasmid has an
expression cassette comprising p37 promoter, HU terminator and

a gene coding for FGF2.

[Claim 14] The gene transfer carrier according to any one of
Claims 2 to 13, wherein the transforming plasmid comprises a
DNA sequence coding for a polypeptide having the sequence

described in SEQ ID No: 40.
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[Claim 15] The gene transfer carrier according to any one of
Claims 2 to 14, wherein the transforming plasmid is pFGFl2a
(SEQ ID No: 38).

[Claim 16]
A pharmaceutical composition for an ischemic disease
comprising the gene transfer carrier according to any one of

any one of Claims 1 to 15.

[Claim 17]
The pharmaceutical composition according to Claim 16,

wherein it is administered by systemic administration.

[Claim 18]

A method for diagnosing or treating an ischemic disease,
the method comprising administering an anaerobic Dbacterium
that can specifically grow at the site of an ischemic disease
and can express at least one type of protein that is wuseful

for the diagnosis or treatment of an ischemic disease.

[Claim 19]

The method according to Claim 18, wherein said

administering is systemically administering.
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