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"Probiotic Bifidobacterium Strains” Introduction The

invention relates to a Bifidobacteriumstrain and its
was@sdas72a7 probi otic bacteria in particul ar as BOT/IE2008/000034

i mmunonodul at ory bi ot herapeuti c agent. The defense

mechani snms to protect the human gastrointestinal tract

fromcol oni zation by intestinal bacteria are highly

conpl ex and invol ve both i munol ogi cal and

noni munol ogi cal aspects (1). Innate defense

mechani sns i nclude the | ow pH of the stonmach, bile

salts, peristalsis, nucin |ayers and anti-m crobia

Copoungs SUC, abdaRAk ol RlerubEIgLog ca!

mechani snms i ncl aggr egat es,

underlying Mcells, called peyers patches which are

di stributed throughout the small intestine and col on
hﬁﬂ@§¥ﬂgﬂuninal antigens presented at these sites result

in stinmulation of appropriate T and B cell subsets

i t ' . ki or.et -

ThelplchSh, s 0T BlndBhadifhOF i LI R B0 oG bRbra in
partaaithr tas emimmanhomgeiulpoydesthatparicrgyntoccur vi a

epithelial cells to intraepithelial |ynphocytes and to

the underlying | am na propria i mune cells (5). )

The HR&MBE RleBhanidh® BPPStedtINERERars BRSO tihll tYact Rom colonization by
i mmunol ogi cal defense of the gastrointestinal tract.

inte4nab iacteriasare hbighlys complekesnd navolyudota imgunpbogical gedt non-

. surface at I ch the host.intergcts with the external

imniio] B RhameCo Pl elCalerd PhaGhEm i HEGpE % AT of the

stonfdcBC Bilk Osalt§ Ipdrastalsid, NRUAE Ia?&ﬁ%ﬁll aenes&obial th@pd@ds such as
ons of food which is handled by the gastrointestina

1YS0EZV@ét(2bv elmnaynolagiqah qecohpmismp riaclugn, speséalized dymplnid qgeregates,
g G AES L S S04SR R (BRSLEY! B BURRT 0
intestaehamdicslon (B)sLumhat appehepeientedsiti thgisités frRgult in stimulation of
appg?)ﬂét%af :!?no egielf suell)csjclgtg (N?tri’]ltesttf)i ﬁ;h%ein?oﬁ éyc‘)((r)rlline networks and secretion of
antibodies into the gastrointestinal tract (4). In addition, antigen présentation may occur
via epithelial cells to intraepithelial lymphocytes and to the underlying lamina propria
immune cells (5). Therefore, the host invests substantially in immunological defense of
the gastrointestinal tract. However, as the gastrointestinal mucosa is the largest surface at

which the host interacts with the external environment, specific control mechanisms must

- be in place to regulate immune responsiveness to the 100 tons of food which is handled

by the gastrointestinal tract over an average lifetime. Furthermore, the gut is colonized
by over 500 species of bacteria numbering 10''-10'%/g in the colon. Thus, these control
mechanisms must be capable of distinguishing non-pathogenic adherent bacteria from
invasive pathogens, which would cause significant daniage to the host. In fact, the
intestinal flora contributes to defense of the host by competing with newly ingested

potentially pathogenic micro-organisms.
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I nvasi ve pat hogens, which woul d cause significant

damage to the host. In fact, the intestinal flora
waeomsniietes to defense of the host by conpet i PQT/¥2068/000034

new y i ngested potentially pathogenic

m cro-organi sns. Bacteria present in the human

gastrointestinal tract can pronote inflanmmtion.

Aberrant imune responses to the indigenous mcroflora

have been inplicated in certain disease states, such

as inflammatory bowel disease. Antigens associ ated

with the normal flora usually lead to immnol ogical

Bac{negljlag{r&gnétiwgﬁ? %1%?1' I;l"ém%rmﬁesﬁ%gi &%{‘% ctag tp?ont’l&lf 2{1 aq%%at ion. & %berrant

imnfune rédposisdarte aksl m&ﬁgelnﬁust Phe6 T8 hald btandi@splirbted 16 fcel@eﬁﬁ‘ dlsease
in antibody levels directed against the gut flora in

statgsa SRErASSIMPIMAGTY | baeh AisFdpe b Wieers awagiatcd gt themppgmal flora
|

usoffl ATl IMERIbER! Slchircp Sh P bR ihidhe this tolorane is » major

mechamismorfoohukesab nyflamithatidns (6) by Evidelndeator rthiscyeaidoman in tolerance

el PSR b A Gy YT AU STe e PP et flora in patints with

mﬂg@ﬁh&gbmﬁatdhgéage ampgt. Statements of Invention
According to the invention there is provided

Bi fi dobacterium strain AH1205 (NCI MB41387) or nmut ant s
The?%%s\é?{ ‘é‘g&t&ﬁ’ 1? glrrg(‘%ﬁd towgr?ds 2 fggbaggezu%esr]trg I (1 haslb &h shown
to hac€ inhmuAgmudiiladnf efféctSi Byl d@bﬂ@ﬁ@g byltﬂkm_é_l’levdi E)l’:llbljl didgonizing

be a probiotic. It may be in the form of :
and gxelpdige eE- }rsﬂamﬁmaéoradmem—@ngﬁes framehe %Woﬂ}t%%mﬁlrt&ﬁ -des

an isolated strain of Bifidobacterium NCIMB 41387 In
one enbodi nent of the invention Bifidobacterium
Statememsts nfInvestiom the form of viable cells. Alternatively

Bi fi dobacterium strains are in the formof non-viable

cells.In one enbodi nent of the invention the

AccBidinPRRRE IR EALER BiLical PRvilcd BimRbaterul sl Afifds
(NCIMB41387) or mutants or variants thereof.

The mutant may be a genetically modified mutant. The variant may be a naturally

occurring variant of Bifidobacterium.

The strain may be a probiotic. It may be in the form of a biologically pure culture.

The invention also provides an isolated strain of Bifidobacterium NCIMB 41387

In one embodiment of the invention Bifidobacterium strains are in the form of viable

cells. Alternatively Bifidobacterium strains are in the form of non-viable cells.
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faeces, the Bifidobacteriumstrains being
significantly i mmunonodul atory foll owi ng ora
w@omsansi on i n humans. The invention al so pr oRCTHER0E8/000034
formul ati on which conprises the Bifidobacteriumstrain
of the invention. In one enbodi nent of the invention
the formul ation includes andther probiotic material.
In one enbodi nent of the invention the fornul ation
includes a prebiotic material. Preferably the
formul ation includes an ingestable carrier. The
ingestable carrier may be a pharmaceutically
In oglg\iegg)troa ?)Nl{e ﬁcerﬁ%ﬁqhg% ﬁo%%&ge}ﬁérg rs}r&@? aIFeslsgl ?ed f(r]om infant
faeqes,atlel Bt/ @Ba&‘teraﬁm atrmds beiag si’Qniﬂ@antny ghmthombdudatery following oral
yoghurt,, n1|k powder, m |k concentrate, cheese
‘”n§ﬁPﬁﬁﬂ@n HMéd%i ngs or beverages. |n one enbodi ment of
the invention the fornulation of the invention further
conprises a protein and/or peptide, in particular
Thepnegngion slsarpdéodespeforindiasion mdilichagomprisehthe Bifidobacterium strain of
the&utamne/glutamate a lipid, a carbohydrate, a
m neral and/or trace elenent. In one
In oRFbREbAERht 6 thé hehtiviemE fsHhuldiRn BhdlbdteRAGhE probibaié htedmial.
is present in the fornulation at nore than 106 cfu per
gram of delivery system Preferably the fornulatlon
acterl
In o'nQ génﬂgc? ﬁ}eﬂp(yf tgg Swgﬁtlc{}})t!mg fo orplugﬂ}gg + TS alpre?)é(%,bcomﬁt ridl
one enbodlnent of the invention the fornulation is for
nlsatlon and vaccination protocols. The invention
Prefe ff%gn%lu‘é?wd%ﬁ&@b@rwmrs tThg ngegablg carrier may be a

phafn‘?a{c%}ft!lé’a'ilze @garhgly QR aﬁgcl %a?)g%lgyﬁbl%tc‘ of gn d?%r!r"flfréferaﬁ)% the

a nedi ca use int axl s
mgetstabh:t capdr 1..‘:1 fcmdpls)ducakslueh a bdidufied matky yaghurty iftogen foghurt, milk

(P .n the | axi s %Pd/or treat nent of
powder, m1 conce trat c eese spreads, dressings or beverages.

In one embodiment of the invention the formulation of the invention further comprises a
protein and/or peptide, in particular proteins and/or peptides that are rich in

glutamine/glutamate, a lipid, a carbohydrate, a vitamin, mineral and/or trace element.

In one embodiment of the invention the Bifidobacterium strain is present in the
formulation at more than 10° cfu per gram of delivery system. Preferably the formulation
includes any one or more of an adjuvant, a bacterial component, a drug entity or a

biological compound.

In one embodiment of the invention the formulation is for immunisation and vaccination

protocols.
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undesirabl e respiratory inflamuatory activity such as

asthma, for use in the prophylaxis and/or treatnent of
waresdinabl e gastroi ntestinal inflammatory actP@i/iE2008/000034

such as inflammtory bowel disease eg. Crohns disease

or ulcerative colitis, irritable bowel syndrone,

pouchitis, or post infectioh colitis, for use in the

prophyl axi s and/or treatnent of gastrointestinal

cancer(s), for use in the prophylaxis and/ or treatnent

of system c disease such as rheumatoid arthritis, for

use in the prophylaxis and/or treatnent of autoi nmune

di sor.der.s e to . undesi,rabl e.infl ammat Qr Livi . .
Thed PR R Bt s AR S iR PEA Ratts s myention

for dstead food LSS, 4sad needidafnkat) et @eyinaht iptophylaxiLandiGetréaiment of
t he @rophylaxis of cancer, for use in_the_ prophylaxis
r

undesiaplsr inflagynaient aeivigi LPF Hsealn dies @Epbylgis ppd/or treatment of

- [ iLn aet ivi ioi .
L A RITRA) i N oS 8 AL M Ao
andfr atredtoeat oof poslesirablee cgastreintisimal hoe@ambatoryusactivity t kech  as

. rophyl axi s, and/ or treatnment of diarrhoeal di.sease du

inf RO el AB6etse onEL iR & BTV i b b bowel

syndbie, pouRHitles: posBirféioR6LES, itk misetih %&p@?hﬁaxis and/or treatment
formul ati on of the invention for use in the .

of gestepaicatinabrranterch ntuse iinfthaprenhytaxishred/pre iragment of systemic

. ent . f h .ophyl.axi nd/or .t reatpent. of

cisefE Bty & PRI, R AR, (reoRRpRR s dnr tppgiment of

autoh8RAE aliserdesf dadtio uAddsaavat aiffanithableraaRaEul,i foragentis the
for the prophégaxis and/ or treatnent of_ undesirable
y:a

prophyiaximandfQsrijeateent wif cgncer Augipeundepisailqridlamapateryeactivity, for use

in tﬁ@iﬂﬁ)&h?}lﬁi@ist&%a %ér,a'fd} 1@@ ih hﬂ?e F%}Sﬁﬂ%&@ Mn@fck tp%tment of diarrhoeal
antagoni si ng and excl udi ng pfornflamratory
diseasecdue-toupdesirahie ihflanmbfoey gas/ty psuches tGloatidiunedilficilpassociated

. invention. al so provides a Bifidobacteriumstrain or a
diarfhorf, RAEVBHS GFsopiied, ﬂ'egh?qaoﬂr PBi lﬁ’_geé“i"ﬁ @ﬁ@oeé, for lse in the
propHyBR& ld/QNur&fimaRt b BiRfrheiaMalesisé Riotohgl AREUILS aBERNERN as

for reducing the |evels
E.coli.

The invention also provides a Bifidobacterium strain or a formulation of the invention for
use in the preparation of an anti-inflammatory biotherapeutic agent for the prophylaxis
and/or treatment of undesirable inflammatory activity or for use in the preparation of anti-
inflammatory biotherapeutic agents for the prophylaxis and/or treatment of undesirable

inflammatory activity.

In one embodiment of the invention the strain of the invention act by antagonising and

excluding proinflammatory micro-organisms from the gastrointestinal tract.
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of pro-inflammatory cytokines. The invention further
provi des a Bifidobacteriumstrain for use in the
wee@parast on of anti i nflammatory bi ot her apeut PCT/HPEOR/®0034
for nodifying the levels of IL-10O The invention also
provides for the use of a Bifidobacteriumstrain as a
anti-infective probiotic dué to their ability to
ant agoni se the growt h of pathogenic species. W have
found that particular strains of Bifidobacterium
elicit immunonodul atory effects in vitro. The
invention is therefore of major potential therapeutic
Vi | p XL S o a f . dysrequl.at ed.
et fichi i o RUGAH el SBH BEF Lo PR SR Y ion for
use lig @t propeiaticir ofatdiripllemasitdiybiotidirhipedabagérs forreducing the levels
commensal m croorgani sns. They have been isolated from
of proraflammAey YRGS wi t hi n t he human gastroi nt esti nal
tract. The i mmune systemw thin the gastrointestina
tract cannot have a pronounced reaction to nenbers of
Thetihventioh durher psoviides ar Bigidbbacragivim$ttaamrfoatuse yn the tprapatation of anti-

. | d destr. h l,]s. d . tissue function.
i REp S PE e ERat e SOk e edleridby T he | mmune

system can recogni ze commensal non-pat hogeni ¢ nenbers
of the gastrointestinal flora as being different to _
Thepiavprspanileo prayades das theTesesofen Biffdedagtrasm déramges & antiosfective

J S, I.S .rastrict n def ensi.ve, barrier is still
probibRe i gufief B G R PedPhe 2R ERnORM e T ot r ai n
AH 205 was made at the NCIMB on May 11, 2006 and
accorded the accession nunber NCI MB 41387. The
We bays (pypd Eab partisyipoHiins ot idnbagrejumelicit inmynomedylptery effects
invgﬁ;antfor it may be a naturally occurring vari ant
t her eof,

The invention is therefore of major potential therapeutic value in the prophylaxis or
treatment of dysregulated immune responses, such as undesirable inflammatory reactions

for example asthma.

Bifidobacterium are commensal microorganisms. They have been isolated from the
microbial flora within the human gastrointestinal tract. The immune system within the
gastrointestinal tract cannot have a pronounced reaction to members of this flora, as the
resulting inflammatory activity would also destroy host cells and tissue function.
Therefore, some mechanism(s) exist whereby the immune system can recognize
commensal non-pathogenic members of the gastrointestinal flora as being different to
pathogenic organisms. This ensures that damage to host tissues is restricted and a

defensive barrier is still maintained.

A deposit of Bifidobacterium longum strain AH1205 was made at the NCIMB on May
11, 2006 and accorded the accession number NCIMB 41387.
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Preferably the Bifidobacteriumlongumis in the form
of viable cells. Alternatively the Bifidobacterium
wo eovgan2ery be in the form of non-viabl e cel | SPCTAE2009/100034
be appreciated that the specific Bifidobacterium
strain of the invention may be adm nistered to aninmals
(including humans) in an or@lly ingestible formin a
conventional preparation such as capsul es,
m crocapsul es, tablets, granules, powder, troches,
pills, suppositories, suspensions and syrups. Suitable
formul ati ons may be prepared by nethods commonly
e Sj convent {.onal or. ic i no ni.c
T AR G RE b SRR Grodlfea, PRIAP Bt may be
natutslih 6@urrignpeiahtthegofay be at a level that wll
exercise the desired therapeutic effect. The
formul ati on may al so i nclude a bacterial conponent, a
ta; [ ,ké;gj qgglfq L dition a
Preféé&éﬁg{ ﬁlg B o%’??tgﬁﬁg I? e slﬁ?llélﬂl%s 0 H?ﬂlgbﬁle%{sgti on may be
prepared using any suitable known nethod and nay

i ncl ude. a rmaceutical ly acceptabl.e carrier or
AngiyobrinS BRPhaG ot ' RaripReht s RO enodieets

nmut ant, variant and genetically nodified nutant

include a strain of Bifidobacteria whose Ogenegi c
It vahdeopsisiatest thet thepspspiéict Bifidoluceeran etradnl of dhpiventiqromay be
RS TS Ay ERHAD o BE U B RE BBl Yoommensiona

pref@rdt®haduchng &@pstilag, aicestapsudRetibles, sahales,i piddder, troches, pills,
i solated. Deljberate alteration of parent strain
SUPPRSHPEES: | BSPNSIoRE cAiidp PY¥AR d Seiable foemlatinng) may nbeinrersyed by
metgI %r%dgtﬁ?%fﬁ? e[g%lrl]%g g‘{g}ng?%??%ﬁ@%lr &geértrcig %Hd ff‘r?orga%@ additives. The
amddanef iactivd igredientoin thachedled doniposilioat mey befatex dgyeh chas will
and/ or endopgenous, DI}IA sequences into the genone of a
exeisise thfrsted hepPeptics et  or exanpl e by insertion into

t he genone of the

The formulation may also include a bacterial component, a drug entity or a biological

compound.

In addition a vaccine comprising the strains of the invention may be prepared using any
suitable known method and may include a pharmaceutically acceptable carrier or

adjuvant.

Throughout the specification the terms mutant, variant and genetically modified mutant
include a strain of Bifidobacteria whose genetic and/or phenotypic properties are altered
compared to the parent strain. Naturally occurring variant of Bifidobacterium longum
includes the spontaneous alterations of targeted properties selectively isolated. Deliberate
alteration of parent strain properties is accomplished by conventional (in vitro) genetic

manipulation technologies, such as gene disruption, conjugative transfer, etc. Genetic
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bacterial strain by vectors, including plasmd DNA, or

bact eri ophages. Natural or induced nutations include
wa@rtooBaars7 si ngl e base alterations such as del ePCDIE2008/000034

insertion, transversion or other DNA nodifications

which may result in alteration of the am no acid

sequence encoded by the DNA7sequence. The terns

nmut ant, variant and genetically nodified nmutant al so

include a strain of Bifidobacteria that has undergone

genetic alterations that accunulate in a genone at a

rate which is consistent in nature for all

mo@ﬁ?&éﬁm%&@&@sﬁﬁo&@ﬁ&%g é%i%"égﬁdu% g%i/'o?&?& Qrﬁ‘o%s%}h&@eguengés into

spont aneous nu or ac aisrtion
the genase aﬁd/B)fidd)lﬁB&rlﬁ)fStr@lﬁnﬁﬁ' axaimple bys imeitioadhioethe Gelyme of the
del i berate (in vitraq) ni pul ati on of the genone but
bactegal {U et dﬁféw? beBleRRIA PR, GEbatariopRaE. var i ant s
and/or mutants that provide a selective advantage to
support the survival of the bacterium when exposed to
Natenmy ior amdveed autpioas Soelede stl,lkehst&fsngﬂtbiastri altdratsons Aunhitaa deletion,

._can bhe created del iherate (ji.n vitro Inse rti.on
inscBfon, SBnEraoTE e M e TRUTGRI iR DY G5uHp eraton of the
amihé BEla RBieAtd shcaliddely hb ®NA egfuerdecal functionality of

t he organi sm but whose products can be used for

identification or selection of the bacterlum f or

e [ er | I I t
R L BT RS 3 b e o
BifiBbbdcthoiaabhtelidsaundaigohe géx@&lﬁtdlﬁ‘etaﬁdn@ﬂla%@lﬁqme e & genome at a

honol ogy analysis with the parent strajn. Strain
rateyiis bySRER HPRCID RAVrEgr all élrl@f@@rg@am%r@ ‘Pro&?ﬁ?ti“’c yt%ttons which
e
oo A oSk LESEFA1 BE ALOBIR 10 of g
Whlsle gumsn achiekdrityi delibéraer(nl dgy) mehip8ktion of thergenome bht iaachieved
7%.0or nore,.or 9 or 99% o

h.t
throy BenafSRl elst e iy adon Mty b Rrovigse Stk vantage

to s@bpoYethé 8Mival of the bacterium when exposed to environmental pressures such as
antibiotics. A mutant can be created by the deliberate (in vitro) insertion of specific
genes into the genome which do not fundamentally alter the biochemical functionality of
the organism but whose products can be used for identification or selection of the

bacterium, for example antibiotic resistance.

A person skilled in the art would appreciate that mutant or variant strains of
Bifidobacteria can be identified by DNA sequence homology analysis with the parent
strain. Strains of Bifidobacteria having a close sequence identity with the parent strain
are considered to be mutant or variant strains. A Bifidobacteria strain with a sequence
identity (homology) of 96% or more, such as 97% or more, or 98% or more, or 99% or
more with the parent DNA sequence may be considered to be a mutant or variant.
Sequence homology may be determined using on-line homology algorithm “BLAST”
program, publicly available at http://www.ncbi.nlm.nih,gov/BLAST/.
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Sequence honol ogy may be determ ned using on-1line
honol ogy al gorithm "BLAST" program publicly avail able
wa@rookitt 267 / www. ncbi . nl m ni h, gov/ BLAST/ . Mut ant SPGT/IR20€8/000034
parent strain also include derived Bifidobacteria
strains having at | east 85% sequence honol ogy, such as
at | east 90% sequence honol &gy, or at |east 95%
sequence honology to the 16s - 23s intergenic spacer
pol ynucl eoti de sequence of the parent strain. These
mutants may further conprise DNA nutations in other
DNA sequences in the bacterial genone. Brief
description of the drawings Fig. 1 is a BOX PCR
(bi oanal yzer) barcode profile for B. | ongum AH1205.
MutBats eofjih¢ tparehr etsaineise deludes debred Bifidobadidrén Agdihsehividd @0least
oftware; Fig. 2 is a graph illustrating the faecal
85% é%\%?ethrd%gy:| w&m 3 by 00t spausrcs himplogdeqr Ap least 95%
sequBEd ﬁgmmﬁ‘} ho C{ﬁm@ﬁ—rﬁseﬁt_e}%&‘ﬁi@@akéﬂ Yolucfidlid®3edince of the
transit the murine gastrointestinal tract; Fig. 1S a
pareiptystrgina p A heseomiutants msyefurdet compiise Dy umutaHIB0H other DNA
| L-10 ¢yt.okjne, producti on by human PBMCs. Results are
Sequéagf)‘?'ségg%eabaggenﬁje%ﬁwwl SE (n=6); Fig. 4 A and B are
graphs show ng the effect of probiotic bacterial
train AH1205 (A) and placebo (B) on total cell
ch deseaipdon of the driBed veol ar | avage fluid fol | ow ng
oval bum n (OVA) challenge in sensitised animls
(n=10/group, * = p<0.05 conpared to OVA chal |l enge
al ¢ie)l; ishi BOXSPER gbidailpdee) @b profiioviomB ohgure IAIRIC0S. Base
of probiotic strain AH1205 trsiat ment (A) and pl acebo
( BPABIZ5P MRkeAetes sipgris S etlent mbt® spfAeine,  as
assessed by changes in enhanced pause (Penh) in
oval bumn (OVA) - sensitisedm ce 24 hours after
i nffiganal grepla lllustrgtengniht HaeChlrecovesabf Relongme AMER0R over an 8
PaIfY feeding period which demonstrates the ability of AHI1205 to transit the

murine gastrointestinal tract;

Fig. 3 is a bar graph showing the effect of B. longum AH1205 on IL-10 cytokine

production by human PBMCs. Results are expressed as mean +/- SE (n=6);

Fig. 4 A and B are graphs showing the effect of probiotic bacterial strain AH1205
(A) and placebo (B) on total cell numbers in bronchoalveolar lavage fluid
following ovalbumin (OVA) challenge in sensitised animals (n=10/group, * =

p<0.05 compared to OV A challenge alone);

Fig. 5 A and B are graphs showing the effect of probiotic strain AH1205
treatment (A) and placebo (B) on airway responsiveness to methacholine, as

assessed by changes in enhanced pause (Penh) in ovalbumin (OVA) — sensitised
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represents the nmean + SEM (n=10/groups * p = <0.05
conpared to OVA alone); Fig. 6 Ato E are graphs

wabesitnget L- 1 O(A), | FNg(B), TNF(C), |IL-6(D) aneCGL2R¢sHEN0034

cytoki ne I evel s in bronchoal veol ar | avage (BAL) fluid
fromoval bumn (OVA) - sensitised mce. Each col um
represents the nean + SEM (#=10, * p<0.05 conpared to
OVA chal l enged, saline treated control); Fig. 7 is a
graph illustrating that CD4+ CD25+ Cells from AH1205
fed mce significantly reduced responder CD4 T cell
proliferation (n=7); Fig. 8 is a graph show ng the

er t-ag yer' t .S . .
eS8 A S R AP eFilsi B BYA" e suing, g dota paint
f | cepreydnenthe mean Fi GEM (re18rgokpsat @ =gr@PNSorthevd IOV Ailone);
percentage of CD4 / CD25+cel |l s expressing the
transcription factor Foxp3 is significantly

upreguka i r ' X Ui HlIT%g A) 55
splpég'nlsc}é;atﬁsl:t %(%)%l}%—ﬂh%fﬁgwiﬂeﬁc ﬁéq?@’:qﬁﬁ&@m é)’slg‘lAge%)R and
as QL2 (k¥ 2ft8kineevdA NG assdipalvedlaglavidge (BALD) fuiddfom ovalbumin
showi that .the |level of cytokines IL - 6, MCP - 1 .
andd g SewsitsE é’é‘C%y‘J‘: rFeSTisdbe NG SEM (=10,
cul g BSconiparddas eAeAl cMAIRRoEL sMine fdaRB Bh&),consumed

Bi fi dobacteri um | ongum AH%ZOS. Results are 'expressed

as the nean per group +/- standard error. (n=4/group);

11 b i ol TReRRR Ao hpep Coof Form AR W mice

spl enfoEngy dtubd RSpoMasr CHAUCEN pERRGiSh (h=7){ r ee mi ce

consuned Blyfi dobact%ri um | ongum AH1205. eSLh ts are

expressed as the mean per group +/ - standard error

(P ORCYP), SBOYE v 5 FrESRo b LS 08 in e
CD4+population that are also CD25+, as assessed by flow cytometry;

Fig. 9 A and B are graphs showing the percentage of CD4 / CD25+cells
expressing the transcription factor Foxp3 is significantly upregulated in germ free
mice consuming AH1205. (A) = spleen cells, (B) = MLNC cells (n = 4/group for
spleen assay, n=2/3 for MLNC assay);

Fig. 10 is a graph showing that the level of cytokines IL — 6, MCP — 1 and IFN-y
secreted by CD3/CD28 stimulated MLNC cultures was reduced when germ — free
mice consumed Bifidobacterium longum AH1205. Results are expressed as the

mean per group +/- standard error. (n=4/group);

Fig. 11 is a graph showing that the level of cytokines IL — 6 and TNF — a secreted
by CD3/CD28 stimulated splenocyte cultures was reduced when germ — free mice
consumed Bifidobacterium longum AH1205. Results are expressed as the mean

per group +/- standard error (n=4/group); and
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nont hs conpared to Lactobacillus GG Detail ed
Description W have found that BifidobacteriumI| ongum
W@ e0ai1n72&H1205 is not only acid and bil e tol er BOT/IE2ER/000034
transits the gastrointestinal tracts but also,
surprisingly has i munonodul atory effects, by
modul ati ng cytoki ne | evel s 1&r by antagonising and
excl udi ng pro-inflammatory or inmunonodul at ory
m cro-organi sns fromthe gastrointestinal tract. The
general use of probiotic bacteria is in the form of
viable cells. However, it can also be extended to
non-vi able cells such as killed cultures or
conposi tions containing beneficial factors expressed
by Higleuor B gta’ph iHagtaéing ahe Sthbidityc oflpebhiistid stein AH1205 over 3
ther k|| d n1c gani sns or m cro-organi sns
ki I”I’(@H ga%\ 't‘seél@d pH or subjection to
pressure. VVth non vi abl e cells product preparation is
sinpler, cells my be incorporated easily into
DetgiledrDascmiptidncal s and st orage requirenents are nmuch |ess
limted than viable cells. Lactobacillus casei YIT

018 .of fers ar anpl.e of the effec e use of heat
We hapy Sepndoihat BHidohactrine dores ﬁ??ént4lé§%ﬁtn°$ﬁﬁl})bPCId and bile
toleRhEVQAY | GRnSs T WD UBaoMMsiinAS H5ST ibRed alsB, U&x?ﬁglﬁglty has
No. US4347240. It isS unknown whet her intact bacteria

immnemodylgtone ceffestsestar modnlatingnayeokoatullatety pr dfyf enttag@ﬁsihg and
i dual cQmp nts of .the invention.ca e

exclyffey 4 hp Bfiktohy oBhF e PO kdRpo MR BhiERY  Bom the

gastbiigtestidadtra@t r ai ns have been identified. The

proinfl ammatory effects of gram negative bacteria are
medi ated by |ipopol ysaccharide (LPS). LPS al one

The 'L%géi‘élleﬁs&a%fg{r?%lg& BATRL L Yn B m&lkof R ! glu ho%%er f can also

be extended to non-viable cells such as killed cultures or compositions containing

beneficial factors expressed by the probiotic bacteria. This could include thermally killed
micro-organisms or micro-organisms killed by exposure to altered pH or subjection to
pressure. With non-viable cells product preparation is simpler, cells may be incorporated
easily into pharmaceuticals and storage requirements are much less limited than viable
cells. Lactobacillus casei YIT 9018 offers an example of the effective use of heat killed
cells as a method for the treatment and/or prevention of tumour growth as described in

US Patent No. US4347240.

It is unknown whether intact bacteria are required to exert an immunomodulatory effect
or if individual active components of the invention can be utilized alone.
Proinflammatory components of certain bacterial strains have been identified. The
proinflammatory effects of gram-negative bacteria are mediated by lipopolysaccharide
(LPS). LPS alone induces a proinflammatory network, partially due to LPS binding to

the CD14 receptor on monocytes. It is assumed that components of probiotic bacteria
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the CD14 receptor on nonocytes. It is assuned that
conponents of probiotic bacteriapossess
w0 povanoretul atory activity, due to the effectsPOf/IR20€8/000034
whol e cell. Upon isolation of these conponents,
phar maceuti cal grade mani pul ation is antici pat ed.
IL-1Ois produced by T cellld, B cells, npbnocytes and
macr ophages. This cytokine augnments the proliferation
and differentiation of B cells into anti body secreting
cells. IL- 10 exhibits nostly anti-inflammtory
activities. It up-regulates IL-IRA expression by
y
pos ER AN R A0 SRR FRE S SRl S pRAEEY Lon isoltion
of tipsse deraporentspphacyibedatinglpradeanatipulstichdy gativigaiell. ni t r ogen
i nternedi ates, MHC class Il expression, parasite
killing and IL-10 production via a feed back mechani sm
IL-1071s prbicedCy aK Ok, HR% e SRoRRGR s%@%aérg M§@§k T 1s c okme
monocyte praoduction of |ntest|nal col ageﬁ e an
auginents diel mggﬁrm@nkayd idiffereritiatiom gf Ricels mtcPEEE)Odﬂ\eretmg cells IL-

dant and ther.ef.ore.my be
1o ST AgnER R s B e AL BRA Sesrian by
mora)hmemlaﬁdlsubb@mttné ¥n#jos§ase hondbige RRBImmBSPO ASEVitiss. 1L-10
i nfection Is characterised by innate and acquired
inhipigy menesyteREdHelRIr of Citpkinere reaskive PBYESD amégltgm intprmediates,
MHbI Ma%s ‘;Ig#egpesggn BgrlglgftJ %ﬂhggan%r Qﬁrfps o@ﬂ ion v1ae%t P8 back

mechggsms(g) v dhéseytoltine had atse rt&hn dhdmgeo ﬂaﬂ)ch(lﬁbndcly&sp@&uctﬁm of
. range regul atory constraints may be activat ed.
mteﬁg’ggwgﬁ%%ﬂyaw & |t§pf( ﬂ/egg agg@%seebbﬁ@tegfawg ﬁ@@haﬁnﬂ’%z -cAMP
der. th s _but

depe Iﬁlgﬁt . pd ?{v? %éirt?{‘g egorrg aa/rbéaaaﬁlsm}/pnyt ﬁlthng&toi[ ﬂg lﬁonnectlve tissue
destAetion eenlie bhioalcahRarathatony diseaks.on of Treg cel I's

suppresses inflammatory di sease in a w de range of

muri ne nodel s including experi nmental autoi nmune

d

e R PR Rl il ion I PR (oM R 88 sl and
humoygd emimwhie abattions, designay t@sinmopgredd of the offending organism and to

restore organ homeostasis. However, to limit the aggressiveness of collateral damage to

host tissues, a range of regulatory constraints may be activated. Regulatory T cells
(Tregs) serve one such mechanism. These are derived from the thymus but may also be
induced in peripheral organs, including the gut mucosa. Deliberate administration of Treg
cells suppresses inflammatory disease in a wide range of murine models including
experimental  autoimmune  encephalomyelitis, inflammatory bowel disease,
bacterial-induced colitis, collagen-induced arthritis, type I diabetes, airway osinophilic
inflammation, graft-vs-host disease and organ transplantation. The forkhead transcription
factor Foxp3 (forkhead box P3) is selectively expressed in Treg cells, is required for Treg
development and function, and is sufficient to induce a Treg phenotype in conventional

CD4 cells (19). Mutations in Foxp3 cause severe, multi-organ autoimmunity in both
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i nfl anmati on, graft-vs-host di sease and organ

transpl antation. The forkhead transcription factor
wo-000931726Dr khead box P3) is selectively expresBEHIE2008/000034

Treg cells, is required for Treg devel opnent and

function, and is sufficient to induce a Treg phenotype

in conventional CD4 cells (129). Miutations in Foxp3

cause severe, nulti-organ autoi nmunity in bothhuman

and nouse. W have described a Bifidobacteriumstrain

t hat generates CD25 positive/ Foxp3 positive T

regulatory cells in vivo. The invention will be nore

ear.l d t,0 e LA _exa e

b S o O B ek il 30l e RIS weperpg 023
positiré/@okpY pibe. T fogumnsy cellsiianivef probiotic traits.

| solation of Probiotic Bacteria Fresh faeces was

obtained froma 3 day old male breast fed infant and
The$&Venfibh Willl bt HokOOSarVBlrficRt G hR %eTf?go&M RLRERSS:

pept one and yeast eXtract) and MRS ewhﬁn gosa and

Shar pe) nedi a suppl enented with 0.05% cystei ne and

nmupi roci n. Plates were incubated in anaerobic jars

(BBL, Oxoid) using CO2 generating kits (Anaerocult A,
Example by fchardetsrisation 5 of 3hactegjay misodated i \fgomc o infangs o faeces.
DemiGifi@latoh o&@%lﬁﬁﬁ@ﬁq}&r bi f ur cat ed/ pl eonor phi ¢ bacteri a

I sol ates re streaked for purity on to conplex non

selective nedia (MRS and TPY). Isolates were routinely

cultivated in MRS or TPY nedi um unl ess ot herw se
Isolgtict (FdPrébiotdy Bseteler anaer obi ¢ conditi ons. Presunptive

Bi fi dobacteri um were stocked in 40% gl ycerol and

stored at -20C and -80C. Follow ng isolation of a pure

i i t e i i ' f . o
Fresf (P58 VS cBla oty SRR cheoy RR3hARPMLRraly difuions
werapthtal en IBYn@uyptiede, peplomblaad yebstleawactphd RIES (deMangl Roosa

sitive, .catal ase negative pleonprphic shape
& i@ﬁ@lmuewemgnteg gveith O.OSBA cystelrn% and muplproc(:jm. Plates were

incubated in anaerobic jars (BBL, Oxoid) using CO, generating kits (Anaerocult A,

and

Merck) for 2-5 days at 37°C. Gram positive, catalase negative rod-shaped or
bifurcated/pleomorphic bacteria isolates were streaked for purity on to complex non-
selective media (MRS and TPY). Isolates were routinely cultivated in MRS or TPY
medium unless otherwise stated at 37°C under anaerobic conditions. Presumptive

Bifidobacterium were stocked in 40% glycerol and stored at -20°C and -80°C.

Following isolation of a pure bifidobacteria strain, assigned the designation AH1205,
microbiological characteristics were assessed and are summarized in Table 1 below.
AH1205 is a gram positive, catalase negative pleomorphic shaped bacterium which is
Fructose-6-Phoshate  Phosphoketolase  positive confirming its identity as a
bifidobacterium. Using minimal media in which a single carbon source was inserted,
AHI1205 was able to grow on all carbon sources tested (Glucose, Lactose, Ribose,

Arabinose, Galactose, Raffinose, Fructose, Malt Extract, Mannose, Maltose, Sucrose).



10

15

20

25

30

35

Fruct ose- 6- Phoshat e Phosphoket ol ase positive
confirmng its identity as a bifidobacterium Using
worewsei2éTredi a i n whi ch a single carbon sour ceP@EBE2008/000034
i nserted, AH1205 was able to grow on all carbon
sources tested (G ucose, Lactose, Ribose, Arabinose,
Gal act ose, Raffinose, Fructldse, Malt Extract, Mannose,
Mal t ose, Sucrose). Tabl e 1 Physi ocheni cal
characteristics of B.longum AH1205 Strain
Characteristics B.longum AHL1205 Gram Stai n + Cat al ase
- Motility - F6PPK* + M|k coagul ation + 450C
Takddferobic culture - 450C aerobic culture - CHO
ernmentation: ducose + Lactose + Ri bose + Arabi nose +

Cal art ncen 1+ DRaffi nncn -+

4 Crint "o
AT ALt USCT T Narrrm1mosc T LI AYA W LAY 1

Physiochemical characteristics of B.longum AH1205

Strain Characteristics B.longum AH1205
Gram Stain +
Catalase -
Motility -
F6PPK* +
Milk coagulation +

45°C anaerobic culture -
45°C aerobic culture

CHO Fermentation:
Glucose
Lactose
Ribose
Arabinose
Galactose
Raffinose
Fructose
Malt Extract
Mannose
Maltose
Sucrose

O T T I S S

* signifies Fructose-6-Phoshate Phosphoketolase Assay

Species identification

16s intergenic spacer (IGS) sequencing was performed to identify the species of
bifidobacteria isolated. Briefly, DNA was isolated from AH1205 using 100 pl of
Extraction Solution and 25 pl of Tissue Preparation solution (Sigma, XNAT2 Kit). The

samples were incubated for 5 minutes at 95°C and then 100 pul of Neutralization Solution



10

15

20

25

Malt Extract + Mannose + Maltose + Sucrose + *
signifies Fructose-6-Phoshate Phosphoketol ase Assay
wEp@sitereT denti fication 16s intergenic spacer PCTEB)2008/000034
sequenci ng was perforned to identify the species of
bi fi dobacteria isolated. Briefly, DNA was isol ated
from AH1205 using 100 ml ofl4Extracti on Sol uti on and 25
m of Tissue Preparation solution (Sigm, XNAT2 Kit).
The sanpl es were incubated for 5 mnutes at 95C and
then 100 m of Neutralization Sol ution(XNAT2 kit) was
added. Genom c DNA sol ution was quantified using a
0 0
( Dby gi;tﬁgv(:?? Ba??%{:j tQEe%to Iﬁ{JAasQ)‘f{ltﬁ)h @dﬂﬁntﬁi@d @%R X\ﬁ\%anodrop
spedur %@%TM@GETE@CS’CRS@@ﬁeﬂoﬁ@d WingMhe 3G C&nﬁ&[dis L:
on SEQID NO. 1 and IGS R 5' - CTGGTGCCAAGGCA
S’ C‘(@E@?A@CM@CEG}CMTW |(§El§h§%a~IQ>n3)SEkQChEﬁ Reged 2n §Ef@ ID NO. 1

o S 38 RO 45 DL IO 3 G Do s

ID N@CR eThe cfdiingRCRditieAs werw4corbas med (# cidle)X SHWJord0 sec, 53°C
DNA, PCR m x (XNAT2 kit), 0.4 mMMIGS L and R pri ner
for 3\ise Bi°6ifee B0 S@e(ﬂﬁﬁmlyS) The Pﬁ@Rea@amtqoeﬁswdénd (50ng) of DNA,

el Rl G Ay BRI b B BRIIMV o PR gy The

PCRYBaktdns (vﬂdﬂ@p&ﬁ)rh&d@ﬂran Egyp@ﬁitﬁ))rf @Brndocs cf4. a0k PSR pEéd%rcts (10 pl)
stained gel in TAE, termne the 1GS profile. PCR
were Fagcriengsidsta rBPkeP'éelbweugb? markey 6108 dielasiderd Rogka)en a 2 % agarose

EPUEELE 150 & DecBEATTRELH R, TR ISP Pt
(singladapd)i waze psefiecendesthedboviega Wazard RER| puiriicaiéon Idt. The purified
PCR products were sequenced using the primer sequences (above) for the intergenic
spacer region. Sequence data was then searched against the NCBI nucleotide database to
determine the identity of the strain by nucleotide homology. The resultant DNA
sequence data was subjected to the NCBI standard nucleotide-to-nucleotide homology
BLAST search engine (http://www.ncbi.nlm.nih.gov/BLAST/). The nearest match to the

sequence was identified and then the sequences were aligned for comparison using

DNASTAR MegAlign software. The sequences (SEQ ID NO. 1 [IGS forward sequence]

and SEQ ID NO. 2 [IGS reverse sequence]) obtained can be viewed in the sequence

listing.. Searching the NCIMB database revealed that AH1205 has a unique IGS (SEQ
ID NO. 1 [forward sequence] and SEQ ID NO. 2 [reverse sequence])sequence with its

closest sequence homology to a Bifidobacterium longum.

In order to develop a barcode PCR profile for AH1205, PCR was performed using BOX
primers (8). The cycling conditions were 94°C for 7 min (1 cycle); 94°C for 1 minute,
65°C for 8 minutes, (30cycles) and 65°C for 16 minutes. The PCR reaction contained
50ng of DNA, PCR mix (XNAT2 kit) and 0.3 pM BOXAIR primer (5°-
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spacer region. Sequence data was then searched agai nst

the NCBI nucl eoti de database to determne the identity
wo@toosher2s1rai n by nucl eoti de honol ogy. The r eseCT/E#2008/000034

DNA sequence data was subjected to the NCBI standard

nucl eoti de-t o- nucl eoti de honol ogy BLAST search engi ne

(http://ww. ncbi.nl mnih.gdy/BLAST/). The near est

mat ch to the sequence was identified and then the

sequences were aligned for conparison usi ng DNASTAR

MegAlign software. The sequences (SEQID NO 1 [IGS

f orward sequence] and SEQ I D NO. 2 [IGS reverse

CrACGHENERL BN DT AT PIEAGT| PO, rroany.

TheMEI]Q&Ectﬁms veerl perfp.tmﬁ GB ah $ipRetdorfBerriodytler WEh&e!PCR products (1

d SE
pl) W gﬁgx{] %:lgll%q? %gg]&ﬁg/ﬁ]c’gg ; evg[é]pl%tii glig({]dgﬁ]gg%leeﬂy eGr!:(I;nelany)
usmg the dpacisen 'L%EChR)@ umthé ge&enoboBl@se{a%&p (Agﬁ’@}{t C@%any)
CR profile for AH12 Cé was perfornmed using

Thepbarwles (RE} . proect c}gr@ﬁlehqvasodctﬁtmmﬁcé usenge the4 Sgilomt qurmaiyzer

softps FkF Bk i meL o Pl Gnd P s ek DEE s on

cont ai ned 50ng of DNA, PCR m x (XNAT2 kit) and 0.3 nM
BOXAI R priner (5'-CTACGGCAAGCGCGACGCTGACG 3') (SEQ ID
Antiggticesen ch, Germany). The PCR reactions were
performed on an Eppendorf thernocycler. The PCR
products ( 1 m) were ran al ongside a nol ecul ar wei ght
Antibioticesengibidy podfled aflder B. lkgighﬂnitralrﬁm‘aﬁ&f&ye)'mhl&ﬁ:’lg;lﬁ@ﬂle ‘disc
anal yzer

500 Lab on the Agilent 2100 Bi
susc% 1@2@5%@8%&%5 WerR SIONR B dR thpapprppriie gf"t P msdiymg for 24-
48h§ﬁ1§a&'i %Ia?édrﬂl 0@@1 BRtoNGal ﬁ@dl’g‘ghh anks &rgﬁﬁﬁll WEB v BhiMREfons of

ere er (PCR product s) e Vel e
the anﬂtbmtm Meda mlﬁcpeg ontg the Agari. kﬂtmmsovcsre esarhingd fqr qntibib'tib gansitivity

aftelﬁ~I ? ﬁ? g&g@bg@&g%ﬁ%'&gé{%@? %fazlie{r ¥ %faﬁuﬁggnsB Straurllsg were considered
sensitive if zones of inhibition of 1mm or greater were seen. The minimum inhibitory

concentration (MIC) for each antibiotic was independently assessed. The MIC for

clindamycin, vancomycin and metronidazole were 0.032, 0.75 and >256 respectively.

Intestinal transit

To determine whether Bifidobacterium longum could survive at low pH values equivalent
to those found in the stomach, bacterial cells were harvested from fresh overnight
cultures, washed twice in phosphate buffer (pH 6.5) and resuspended in TPY broth
adjusted to pH 2.5 (with 1M HCI). Cells were incubated at 37°C and survival measured
at intervals of 5, 30, 60 and 120 minutes using the plate count method. AH1205 survived

well for 5 minutes at pH 2.5 while no viable cells were recovered after 30 minutes.
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susceptibility' assay. Cultures were grown up in the
appropriate broth nmediumfor 24- 48h spread-pl ated

W@ k@S R6évdnt 0 agar nedi a and di scs cont ai ni ng REDYE2008/000034
concentrations of the antibiotics were placed onto the
agar. Strains were examned for antibiotic sensitivity
after 1-2 days incubation at6 37C under anaerobic
conditions. Strains were considered sensitive if zones
of inhibition of | nmor greater were seen. The m ni num
inhibitory concentration (MC) for each antibiotic was
i ndependent|y assessed. The MC for cli ndarryci n,

UpoPBGARY Ghd sfmcﬂe LA BRI VL RpAEd 10 Ditkd s> dhe Small
respecti vel stinal transit To determ ne t her

inteBiirfel dbbax:deertm ldmehnmguhe ability oﬁlBr \lon@mato lsmvakéxpabureﬁo bile,

| ent . t f din sto cteri
co G NERL Skt BBE SR s uoTRE oo 26 L. 19 2%
5% WASHEdr 1OVE BorcThePBIRS PBAY SN e 209 "glr@w@ witd] @bserved on plates
resuspended in TPY broth adjusted to pH 2.5 (w't

contaming vk §.8%Elee i ncubated at 37C and survi val
nmeasured at intervals of 5 30, 60 and 120 m nutes
using the plate count nethod. AH1205 survived well for
In Smoiindl trﬁ)ﬂelaithepzldblﬁty%ﬂlmi loguw® AH 1205 @0 €@hdit theBtastrointestinal tract
recovered, after ytes, Upon exiting the stonmach,
wasfssestsdy dMjse @ane@sl XAP eAB B%§ dailyt andifpgcal pelletsswerg exprained for
the EJ?@slehcé BF §RL IDE- michb-8 SediEm! © U%‘?Jcﬁ%ﬁn dﬁAﬁi?O?%&s %a)éllﬁgted by
. longumto survive €xposure to bile tures
isolgtingea kmmtmeoﬁ'sPh'(faagﬁ‘rin pésadtas variggl ofrtba befdlobadtdridd-- 3ﬁéorporat10n

0/ 2% 5% 7.5% 10% b |
of ririkin RiiBS SEY laiGe oot aShRr el Comre oLy i faf aitagpicin
remé’t@nttlﬁﬁgoa%%ﬂﬁ' W cdlfbrdd. "EebNSafDHE! werk Q@ll@%d H&Mf s Biongum

| ongum AH1205 to transit the gastrointestinal tract

trangig throughetbe gatrointestinglorast wesicantitmed (RE1205 dai |y and
faecal pellets were exam ned for the presence of the
fed mcro-organism Detection of AHL205 was

Antf-aGdrbbibPAdgiglithy

The indicator pathogenic micro-organisms used in this study were propagated in the‘
following medium under the following growth conditions: Salmonella typhimurium
(37°C, aerobic) in Tryptone Soya broth/agar supplemented with 0.6% yeast extract
(TSAYE, Oxoid), Campylobacter jejuni (37°C, anaerobic) and E. coli O157:H7 (37°C,
anaerobic) on Blood agar medium, Clostridium difficile (37°C, anaerobic) in reinforced
Clostridial medium (RCM, Oxoid). All strains were inoculated into fresh growth medium

and grown overnight before being used in experiments.

Antimicrobial activity was detected using the deferred method (9).  Briefly, B. longum
AH1205 was incubated for 36-48 h. Ten-fold serial dilutions were spread-plated (100ul)
onto TPY agar medium. After overnight incubation, plates with distinct colonies were

overlayed with the indicator bacterium. The indicator lawn was prepared by inoculating
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I solating a spontaneous rifanpicin resistant variant
of the bifidobacteria - incorporation of rifanpicin in
W0 b@8/TP¥6pl ates used to assess transit ensur edPCTrEt2008/000034
only the fed rifanpicin resistant bifiobacteria was
cul tured. Faecal sanples were collected daily and
B.longumtransit through thd gastrointestinal tract
was confirmed (Fig. 2). Anti-mcrobial activity The
i ndi cat or pathogenic mcro-organisns used in this
study were propagated in the follow ng nedi um under
the followi ng growh conditions: Sal nonella
. . ( .
o A R 300 BP0 St s pourd over
the furfYef thoxiobd)lateCAMYY plateactide plaguwere(r8-10ibated a@emiiht under

nd E. coli O157: 70C,. anaerpbic) on Bl ood agar i
coniie, sy FRR 4 261N O 416 andE BeRr e PRy  fiures with
inhibRioRf 26 € Gréeke@Sthth i hm MBdtAd0s( REM cErsRiefd: sebkttive to the test

strains were inoculated into fresh growth nmedi um and

bacigriemn BVergwryAtl 1885 artabitesl thg gravet dfrallepatfemgenie mrganisms tested,
. imcrobial activi.t e d usi t he defefred
wit Dbh5F SaPlag bt Y87, By Ao WA Wil Qi Romer

typHimiridh; 4Garpyldigidtel Oliglumier Eal cofii |QIS7EME WRT €Clostridium  difficile
- spread-plated (100M) onto TPY agar nedium After
respg¢tdiehi- ght i ncubation, plates with distinct col onies

were overlayed with the indicator bacterium The

i ndi cator |awn was prepared by inocul ati nga nolten

Examyde Ra@ytokine priadaution by PBMC iterdspolise to B idgiund.
cul ture which was poured over the surface of the
i nocul ated TPY pl ates. The plates were re-incubated

overni ght under conditions suitable for growth of the
Periphagplc blood meranselieamrellsntRRMECs) wed dsolated Worth healthy donors by

cnk RN S48 P, LR, LA 85, i

straifHb2 @572 hinirbperiod 4t B7°Qr ot thiofimal dultpat fipge@iagts were collected,
organisms tested, with zopes of clearing neasurin

centgifiggpd. Jpgpotes 2y e iat -9 Grniib beigg avsed] &r 1L-10 Rvels using

cytometric bead arrays (BD BioSciences). AH1205 induced significant secretion of IL-
10 by human PBMCs suggesting this probiotic strain would induce a anti-inflammatory

response in vivo (Fig. 3).

Example 3: B.Longum AH1205 attenuates respiratory disease in a murine model of

asthma.

This study investigatéd whether the probiotic bacteria Bifidobacterium longum AH1205,
suppresss allergic responses in an ovalbumin (OVA) sensitized mouse model of allergic
airway inflammation. Briefly, adult male BALB/c mice were sensitized by i.p. injection
of OVA day 0 and day 6. On days 12 and 14, mice were challenged intranasally with
OVA. Twenty-four hours after the last challenge (day 15), mice were subjected to
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typhi murium Canpyl obacter jejuni, E. coli OL57:H7 and
Clostridiumdifficile respectively. Exanple 2:
w@yi08k171267 pr oducti on by PBMCs in response to BeCT/tHR2g08M00034
Peri pheral bl ood nononucl ear cells (PBMCs) were
i sol ated from heal thy donors by density gradient
centrifugation. PBMCs were I$tinulated with the
probiotic bacterial strain for a 72 hour period at
370C. At this tinme culture supernatants were
col l ected, centrifuged, aliquoted and stored at -70 0C
until being assessed for IL-10 | evels using cytonetric
r : ' [ S Apd
meBRinl o, RePaRhEpeftonghiel B Bk BEffee. ovavalum
sensUizpgle stlimgchaliesgedr mive oteirceds by @bmralmuAdimaislreivaed probiotic or

placByy gl AT e B e Gvtoine bk £e0 Taynsp) ws
assd3td BE iiARhatefy 881 boEts ThibRorkhotedlVIBS4JI@ AD) fluid. Airway

whet her the probiotic bacteria Bifidobacterium’ ongum
IespRpEIPOESS SWip radses sneabyred gising dbpddwws iwhokeabaslya plethyismograph.

itz e | _of..allergic airwa .
SO VY o B R TR s R R iy il gptpted i e
pressfs iof | ZRECDY andd .aniifGB2Y iagtibsfiesOfflerdashich aNBKIRY Ihels were
On days 12 and 14, mice were challenged intranasally

meagjtef IS SUGEBHEYS Py doWHatanetst t er the | ast chal | enge
(day 15), mice were subjected tonmeasurenents of airway
responsi veness foll owed by BAL procedure.

B. [ovpna | AHROA Satisederd, sigailficare -redhakibrrigedllsrirecovaed ioth BAL fluid

contr . Anjmal s recei ved obi.otic_.or placebg )
f"”?‘ﬁ%uéﬁfs&mhﬁh@gﬁ vAen cQmRgesf! i raratinRd aﬁlff@iw%%i q& Airway
respdRSlvERbd WadHthSred 'R é}ﬁﬁ&%»%%etyf LsitiHd ABTREH HVo€ldsulted in an

counts in bronchoal veol ar 1Tavage (BAL) fluid. A rway
enhangsmenis pl iR stowmsthathobineredenr exmpeséd gvithh ealiBescballenged mice.
AHMH%I gi_dbg(gjtym%ldgltapey t?hrirsogtrﬂr?a%géd airway responsiveness to methacholine, as

assessed by changes in enhanced pause (Fig. 5).

BAL cytokine levels were measured by cytometric bead array and demonstrated that
animals fed AH1205 had significantly reduced TNF-a levels compared to OVA control
(Fig. 6C). No significant differences were noted for IL-10, IFN-y, IL-6 and CCL2 levels.

(Fig 6)
Example 4: Treg effector model

This study investigated the effect of probiotic consumption on regulatory T cell number
and activity in healthy mice. BALB/c mice (10/group) were fed Bifidobacterium longum
AHI1205 or placebo for three weeks. Following probiotic/placebo consumption,
CD4+CD25+ T-regulatory cells were isolated and their in vitro suppressive activity was

determined by measuring proliferation of anti-CD3/CD28 stimulated CFSE-labelled
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Spl enocytes were also isolated from OVA sensitized

m ce and were incubated in the presence of anti-CD3
wapabsanm2s7 CD28 anti bodi es after which cyt oki ner¢BVE0E8/000034

were neasured in the supernatants by flow cytonetry.

B. | ongum AH1205 caused no significant reduction in

cells recovered fromBAL fllfid foll owi ng OVA

chal | enge, when conpared to broth fed animls (Fig.

4). Airway responsiveness was neasured and chal | enge

of sensitized mce with OVA resulted in an enhancenent

of AHR to met hachol i ne when conpared with

I LN ed. di t IS

COEFHEREGHTT SIS T CUbAEEY L ERATIRER” bl Siere co-
incM&d&Sﬂe}d DA+ EB celly snhasmed Plaupacditigs. ofSCD4BAD25+ cells

(R REALD AraanE RTINS ar A A TBoRl was dcteraied in

the SpIEEHs o'fﬁﬁﬁﬁdtbé Jr%%@@(gjf-ﬁl\tlﬁlc@ | evel s conpared to OVA
control " (Fig. significant differences were .

not ed for IL-10, IFN-g, IL-6 and CCL2 levels. (Fig 6)
ect nodel. %{BIS st.

The R Al PREP Bl FERET oy ep ornaibred OIS URg FBRSaifels from

the Eﬁﬂm&t&mﬁdeba fe@ nlichwabebmpiidd a6 the/ ¥4 ¥f CD4belik RatPr6Bferated
ALB/ c m ce (10/group) were fed Bifidobacteriuml| ongum

whqqmpggglt@fedmlgt@%w{&%t ml@é’rqm@@§amgmal@vmﬁg In each case, T cell

— prol’?{ef’alkﬁogt\k/é"sj l%gé If Q:pltl%rgg %gﬁ[t{?iﬁ Dg%-bgggt cell-g donthar dt [ Yultures

S were R RERTR IR SUPpredsy

contaitihy CDy CNHSaldﬁé siddapiededyt tHe aesi-rgllPFiguré gy.at i on of
anti-CD3/ CD28 stimul ated CFSE-I| abel | edCD4+ responder T
cells using flow cytonet ry CD4+ responder T cells

Th V%rd':f Al iFHRatB4 A H + #—H-B
¢ he percent age of W @ + ce eI %Sd(: egj%l giag?de? ﬁﬁ%l (sF)lg 8-
The| Rifidatricteeiugploegion WHIL 06 iad grang had € gniFoxfly mox:el(tl])zvieTwaBs that
werg %IEST (?%d Tllyegulatory cells) than their placebo-fed counterparts. This ‘suggests
that the % of T-Regulatory cells within the CD4+ population was increased significantly

by feeding with AH1205.

The number of CD4+CD25+FoxP3+ cells in the whole splenocyte populations of
probiotic or placebo-fed mice was also determined. The number of CD4+CD25+ T-
Regulatory cells expressing FoxP3 was unchanged in the spleens of probiotic fed mice

relative to placebo or unfed mice.
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the spleens of probiotic or placebo-fed mce. The % of
CD4+ cells that proliferated when co-incubated with
w@DsD26# cells fromthe probiotic/placebo fePRCTIE2008/000034

was conpared to the % of CD4+ cells that proliferated
when co-incubated wth CD4+CD25- cells fromthe sane
trial nouse. In each case, 20 cell proliferation was

| ess in cultures containing CD4+CD25+ cel |l s conpared

in cultures containing CD4 cells alone and depl eted of
the CD25+ cells (Figure 7). The %of cells in the CD4+
popul ation that were al so CD25+ was determ ned (Fig.

Exdth 1&%%%“’&99.%&&6” um | ongum AH1205 fed group had

significantly nore CD4+ T cells that were CD25+ (i.e.
T-Regul atory cells) than their placebo-fed

counterparts. This suggests that the % of T-Regulatory .
Gergp TG ey Himh PFFLRSRPL O S5 86, P AP HSBE Berm-froe Unit at
the ?:%%:I_B iéagagbtr{/i}éesbyunﬁte‘?ﬁ“ ogom t mrﬁlﬁé}%oéonsﬁﬂﬁdnm@%‘iotﬁf)tic strain

25+FoxP3+ cells in the whole splenocyte
Bifidopastertvinn hengofn pdbld0btfor Sodaypl cacretmainied czeninclecena ndakcon of T

et erm,ped. The n r of CDA+CD25+ TReqgul atory cell s
ree T S s L TonEna e T PHARGR Bhevp Siantied by
CBAarobiotic fed mce relative to placebo or unfed

m ce. Exanple 5: Germfree nodel Germfree mce were
purchased at 6 weeks of age and maintained in the

AH %ﬂr%x{s?tewéﬁnzisges d %Phﬁlegé Qﬂng%iﬁ&lbaét%{ﬂli c%%ﬁtsg) isteleicﬁveuacl:%r over
Il mal s consune t e pr ool trc straln I T1dobacteril
the lcourgeiof thelkR@Ay. fAH1295dHY aovtransi ke getchf @ermfifct &€ice in measurable

Induction of T regulatory cells was assessed by fl ow
NUIARETS, ST {PONEY approsknaely| ﬁv& OTERYENG BEFR AEBdstErgd daly. The

resﬁi‘?si%géestsr ﬁﬁtsé:lcidlit‘l@ﬁl A3&e6RLE: Pé(st FRASN ) Qequ{;eéc} for bifidobacterial

Oobacterial counts on sel ective agar o
survival within the gut.

While AH1205 did not transit the gut in detectable numbers, the bacteria did interact with
the host immune system. The numbers of CD4+CD25+Foxp3+ cells in the mesenteric
lymph node and spleen of AH1205 fed germ-free animals was significantly increased
following 9 days of feeding (Fig. 9). Total CD3/CD4 or CD3/CD8 counts remained

unaltered.

Isolated mesenteric lymph node cells (MLNC) and splenocytes were stimulated in vitro
with anti-CD3/CD28 antibodies or LPS or remained un-stimulated as negative controls.
MLNC secretion of IL-6 and IFN-y, following CD3/CD28 stimulation, was substantially
decreased in culture supernatants while MCP-1 levels were significantly suppressed when
mice were pre-fed AH1205 (Fig. 10). IL-10 levels remained similar between the groups.
Splenocyte release of IL-6 and TNF-a was substantially, but not significantly, decreased

when pre-fed AH1205 (Fig. 11). No significant differences were noted for the un-
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the course of the study. AH1205 did not transit the
gut of germfree mce in neasurable nunbers even

wo bawagh72appr oxi mat el y 1x1 09 organi sns were  PCT/IE2008/000034
adm ni stered daily. The results suggests that
addi tional mcrobial or host factors are required for
bi fi dobacterial survival wiZhin the gut. Wile AH1205
did not transit the gut in detectable nunbers, the
bacteria did interact wwth the host i mune system The
nunbers of CD4+CD25+Foxp3+ cells in the nesenteric
| ynph node and spl een of AH1205 fed germfree aninals

: igni [ S 0 of .
s W0 Sl AFEFREAE LN e tammacr
cytolémaprodactiongtdne thedifilsiedcatria d\ HIEXSAfeé ahitndly nph node

cells (MLNC) and spl enocytes were stinulated in vitro
with anti-CD3/CD28 anti bodi es or LPS or remai ned
Ex#ipRle: Selmii§tredmiregat i ve controls. MNC secretion of
IL-6 and | F , tollow ng CD3/CD28 stinulation, was
substantially decreased in culture supernatants while

-1 | evel s .e si.gni.fi-cantly su essed 1 C
Thgggeiin <8 fetroblghis seaif Ay 203 arty YRG! Faoe ol HERFed2
simlar between the groups. Splenocyte release of IL-6

and TNF-a was substantially, but not significantly,

Lagfabactlls G Wrrs i@ nooe perdermeropgshe Fessgp?rim)wi;h\b 2 log drop over the 3
mofthBRkind Fplea® i LETE0 YR PR BL ERPIRLL) U o smmpsn ! o

oveptiraamedest pasodor o- i nf | anmmat ory cyt oki ne producti on
fromthe Bifidobacteria AHL205-fed ani mals. Exanpl e 6:
Stability results The stability of the probiotic

Imddod diuf¥dbg05, varied over 3 nonths at 300C (Fig. 12)
LactobaciTTus GG was a poor performer over the test
period with a 2 log drop over the 3 nonth period

The, er%ﬁ?ﬁlﬁ%a%y&ngﬂé}%oaS sigr?i 1|ca|1nqerglelirq tl\l/eI ge%lohc;gtyyang)i)aﬁl%lgg?f of a

vast range of human diseases. Hyper and hypo-immune responsiveness results in, or is
a component of, the majority of disease states. One family of biological entities,
termed cytokines, are particularly important to the control of immune processes.
Pertubances of these delicate cytokine networks are being increasingly associated with
many diseases. These diseases include but are not limited to inflammatory disorders,
immunodeficiency, inflammatory bowel disease, irritable bowel syndrome, cancer
(particularly those of the gastrointestinal and immune systems), diarrhoeal disease,
antibiotic associated diarrhoea, paediatric diarrhoea, appendicitis, autoimmune
disorders, multiple sclerosis, Alzheimer’s disease, rheumatoid arthritis, coeliac disease,
diabetes mellitus, organ transplantation, bacterial infections, viral infections, fungal
infections, periodontal disease, urogenital disease, sexually transmitted disease, HIV
infection, HIV replication, HIV associated diarrhoea, surgical associated trauma,
surgical-induced metastatic disease, sepsis, weight loss, anorexia, fever control,

cachexia, wound healing, ulcers, gut barrier function, allergy, asthma, respiratory
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over the sanme test period. |mmunonodul ati on The human

i mmune system plays a significant role in the
w@edsolngy and pat hol ogy of a vast range of huPEIIE2008/000034

di seases. Hyper and hypo-i mune responsiveness results

in, or is a conponent of, the majority of disease

states. One famly of bioldjical entities, terned

cytokines, are particularly inportant to the contro

of immune processes. Pertubances of these delicate

cyt oki ne networks are being increasingly associ ated

W th many di seases. These di seases include but are not

0

dlsolr&ﬁ (Gl R)r%/ HLL %é% g h%&’ﬂli ?rﬁ,llé b%dé@égh\hgfs%g% d&ﬁ){e blood
coagativer s;(smni t teqall distaset Biosdenf oft the gmuhl acmvbeskinah, aé;fhtxc

i myne syst ens, rrhoeal disease, ntlblotlc
disegses 15¢ gﬁnéla Hﬁltg%lp?% égsor%%oqséﬂopf’r@s@ RHRG ¢ disorders, epidermal
dlSO@dRﬂQ@ NbGAsid shd ai‘:% %Igg}lgleTﬁé SHEQER cyfdinkiRbduction are specific
sclérosis, Al zheiner' s disease, rheumatoid arthrit £
for canhl oﬁﬁledpmb@m strding braménede | IFhmstpecrfmganblotlc strains may be

ant t i.on, bacterial infectigns, vicr.al .
selepio O F Qo B ga Shibsr panlne SRtk Pt s, specifi
dised$c0gPBI tQRUstohiSRRREL Esabbpecificr hbpPiet cfl bdiaseahlishEll Msing

infection, HV replication, HV associ ated diarrhoea,
cithen @ ginglgl straisseic AR 5@15 PF EwARLS erivagiapts| theraef efeaiselection of these
tastatic di sease, sepsis, weight |oss, anorexia,
ever control, cachexia, wound healing, ulcers, gut
barrier function, allergy, asthm,
respiratorydi sorders, circulatory disorders, coronary
I Ugdiliase, anaenia, disorders of the bl ood
coagul ation system renal disease, disorders of the
central nervous system hepatic disease, ischaem a,
Therentarict floraak icipemard do sthe dsxtehmnmnt)shd; proped Gorctine of the intestinal
di sorders, ¥h§ldernal sor ers,,psoriasis.and a

immpe Sy i dhee ppsERSs Ob AN EPIeEki flrap s ditestingh Igjgine system is

und&iaeedbped, h9TdeRRARrAEd thGedRs qi% Oirinﬁals%aélﬁsarﬁ?( 8 Functional
Thus speC|f|c probi otic strains nay
parameters are diminished, such as macrophage phagocytlc ability and immunoglobulin

stra

production (10). The importance of the gut flora in stimulating non-damaging immune
responses is becoming more evident. The increase in incidence and severity of allergies
in the western world has been linked with an increase in hygiene and sanitation,
concomitant with a decrease in the number and range of infectious challenges
encountered by the host. This lack of immune stimulation may allow the host to react to
non-pathogenic, but antigenic, agents resulting in allergy or autoimmunity. Deliberate
consumption of a series of non-pathogenic immunomodulatory bacteria would provide
the host with the necessary and appropriate educational stimuli for proper development

and control of immune function.

Inflammation
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sel ected for normalising an exclusive cytokine

i mbal ance particular for a specific disease type.
w@a@Boni2eat i on of di sease specific therapi es cCRCI/IE2008/000034

acconpl i shed using either a single strain of AHL205 or

mutants or variants thereof or a selection of these

strains. |Inmmune Education ™ enteric flora is

i mportant to the devel opnent and proper function of

the intestinal imune system In the absence of an

enteric flora, the intestinal imune systemis

under devel oped, as denonstrated in germfree ani nal

[ | P
Inﬂ%ggl% i3 ﬁqgﬁgte%% Qda{c’(]) Jﬁg%?&oe ptﬁgg)galp%g%g@tﬁﬁ{ﬁz ngg 1F1 Qlasma n%rotelns
andi Whitenbigbd el Bt Prsivel diedt ibam sstaiped pPhgsidapamages) Qﬁfeeiﬁoﬁ be where
gut flora in stinulating non-dapagi hg i nmune responses

therieés HLouEeI e THRYNS rsﬁnoa%%%onfrﬂleof the pdlaaunatoryiregoatss gxerted on

a ngqggﬂs .ﬁ‘i‘”&%y(v&q?' abl L LGl féctﬂ&ﬁ"i'ﬁélh&é Q%Heg, hé&shones (e.g.

an increase I n hygi ene
hydmn'rttsané)opr;ostaghodnm t readtivai mhrraediaes aad &Eukotriches. nGytokmes are

e .of f ect. ous. challen enco by the
lowB e e e e 0B FA ATV TeotFITa o B Ay o1 B pgion and
conf#@Bt oft Qn{n‘ﬂﬁﬁ)!ogl'ié}al nand pﬁiﬂhﬂﬁﬁ‘z&b@ ﬂébBon@é?;t | 9BNEC als8d @8 fating

resulting in l ergy or autoimmunity. Deliberate

devglgp@gmfpmsgﬁ reppirgnd dagmatopgicsinnTheyt providn |a(;neans of communication

betvtk/%};?‘] ﬁgﬂ@cg%ga&lgﬁlg%}pc%cgﬁc{ Iaﬁov@ﬂhd R4 %’élld ﬁgﬂep rmtl I)W{gl%l?es are

nece r appropri UC&

pleiptroplee aﬁﬂ?mqirm ﬂ‘ﬂlﬂtlpl@ﬁﬂol@@mhﬂ}obv@fapplﬂ'gwﬁ&wflbm CC'yt@lame cascades
I nflapmati onl nfl apmation is the termused to describe
and; egwprks contsRlcthp inBampatosy responsg rafiendhan the cipm of gnpprticular

cyt(yfﬂr\et &n legtgi@ufé? kiis t)ﬁ% (5112)SI %l’lfﬂ%ﬁ] tH@?h 'ﬂﬁltlﬁbx?erq nponse results in

si cal almage, ectlon or ere er e
lowen goneegtrationsn ef rthes pppepriatto activating f si gr’(ads iandl | atheraidtaynmatory
me({latoxps Pea 1n§|g Sfo etﬁee r(:Eesesatlon of the inflammatory response. TNFa is a pivotal
proinflammatory cytokine as it initiates a cascade of cytokines and biological effects
resulting in the inflammatory state. Therefore, agents which inhibit TNFa are currently

being used for the treatment of inflammatory diseases, e.g. infliximab.

Pro-inflammatory cytokines are thought to play a major role in the pathogenesis of many
inflammatory diseases, including inflammatory bowel disease (IBD). Current therapies
for treating [BD are aimed at reducing the levels of these pro-inflammatory cytokines,
including IL-8 and TNFoa. Such therapies may also play a significant role in the
treatment of systemic inflammatory diseases such as rheumatoid arthritis.

The strains of the present invention may have potential application in the treatment of a
range of inflammatory diseases, particularly if used in combination with other anti-
inflammatory therapies, such as non-steroid anti-inflammatory drugs (NSAIDs) or

Infliximab.
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a nunber of levels ( 11). The controlling factors

i ncl ude cytokines, hornones (e.g. hydrocortisone),
w@e@siagbandi ns, reactive internedi ates and  PCT/IE2008/000034

| eukotri enes. Cytokines are | ow nol ecul ar wei ght

bi ol ogically active proteins that are involved in the

generation and control of i24dmunol ogi cal and

i nfl ammat ory responses, while al so regul ating

devel opnment, tissue repair and haematopoi esis. They

provi de a nmeans of conmuni cati on between | eukocytes

t hensel ves and also with other cell types. Most

CvishaKid]SnLe Pl eiotrophic and express nultiple
overl apping activities. Cytokine cascades

and networks control the inflanmatory response rather

than the acti of. a parti.cul ar cytokine on a
Thep%fPEﬁ‘%{‘j’Pa‘%c oy t&“‘%‘)‘;‘ﬁ%al(%‘)k.m%?ﬁf‘?ﬁj %f”_‘%‘en SPSCHEMaR ity types
sugSRBRRASEni BSH nflainthat RYWREsp&RRE §RLINbiIne RS p&lentd\Rith cancer. Itis

appropriate activating signals and other inflanmatory
curragithi amolesr [vdatli prgtectivet hfedt ebsaréspansst hashagainst! therrgtosvtly and

rresponse. . TNFa i s a pivot roi nfl anmat ory. cyt oki ne
aevGEFRENS S Lol 2Rk PigrBlch esh RPN ePYFSpES could
advérbélgatfct s tinidurdbehring ht.i Tbmprexedy@kineSin@r&stions are involved in

Therefore, agents which inhibit TNFa are currently

the prguipgionsaeyteking pwdustion: #rsheelloprolifigratiamiyitbingtumose 45é sormal
e eheu . . o '
t‘“‘?ﬁgﬁg%‘p' tIl(t) ﬁébsl g yg bé:)e[hckédlgllrzgﬁgﬁ:i ?e{%lgygggr%@ﬁ&l i€ the C)s]gngle most

a ngjo ogenesi s

comieotycdund b demli n patibngseaile sandenahdiilitig rhalhbitéitivntiadiyates a poor
bowel di sease (1BD). rrent .t herapies for. treating

prognggys, for & tHaguito %rewgﬂﬁare@ﬁ & Magfdnducgithg fprgation of hew blood

vess%[so ahd HEQHH@%H ¥xtEAE QLN ﬁllsaltri)i. n Cfﬂédi.n'ﬂgmﬂa’c&y ar@?po-ﬁgg%%age have

uch therapies may al so play a significant“role In
signifieat reden togflaysinsthe abevei médhanmsms.othys dirgebigaw te dbhdedine of the
mat oi d.art

rhe ritis. The straing of th resent .
host A PRSIy Nl B8R 1 BhE ApMecatt-ilaniqipg properties of
BifilisR@ler®int Is¥gum e Bksel PAdia@TaNB@my tﬂhi&ﬂ@e%duce the rate of

particularly if used in conbination with other _
malignant qefl|t atjon. Furthermore, intestinal bacteria can produce, from dietary
compounds, substances with genotoxic, carcinogenic and tumour-promoting activity and
gut bacteria can activate pro-carcinogené to DNA reactive agents (15). In general,
species of Bifidobacterium have low activities of xenobiotic metabolizing enzymes
compared to other populations within the gut such as bacteroides, eubacteria and
clostridia. Therefore, increasing the number of Bifidobacterium bacteria in the gut could

beneficially modify the levels of these enzymes.

Vaccine/Drug Delivery

The majority of pathogenic organisms gain entry via mucosal surfaces. Efficient
vaccination of these sites protects against invasion by a particular infectious agent. Oral

vaccination strategies have concentrated, to date, on the use of attenuated live pathogenic
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t herapi es, such as non-steroid anti-inflammatory drugs
(NSAI Ds) or Infliximb.Cytokines and Cancer The
w@e@dac2son of multifunctional cytokines acr oSBCHIE20ERA00034
spectrum of tunour types suggests that significant
i nflammat ory responses are ongoing in patients with
cancer. It is currently undSear what protective effect
this response has agai nst the growth and devel opnent -
of tumour cells in vivo. However, these inflammuatory
responses coul d adversely affect the tunour-bearing
host. Conpl ex cytokine interactions are involved in
k cti
orgid B0 LD bl i bR RE5 o FRSORY bibdte, engineered to
proc(ul:B aiidgens lftonnas ihfoctipus agenty 2009 inZadproide ammrtgdzctwé ahesmatlve
cachexia) is t S common cauyse
as ﬂgfa‘f it fﬁnse%ﬁ%iﬁor@ AT By G BRON ﬁ@{r\g S,
i ndi cates a poor prognosis. For a tunmour to grow and
spread it nust induce the formation of new bl ood
Murjess statiss dhade disgroadisated ¢has xeonaweption af prmlicvtio(bacﬁréa eXpressing

f L nf | ?.m’rator)é.r. Sponse ma% have signif,i cant rol estt s

ore Py 8 L DB U A P BE" LI B SRS B oxin

frag@iR@l CNETPT) tWie dx@sdsseaniah Mcﬂg:b&sﬁll@@zscu‘ndtrﬁﬁe bHi® uﬁmua;@d via
to the anti-inflanmatory properties of Bifidobacterium

the prshgaits-i Ahigrsystemy \M@Ss@l% tomdueeaantibody titpss sigaificantly high enough
to p&(ﬁ?#qge Inhcee ﬁgﬁiq t?l]; | na &‘%ﬂ&igeec %'adﬁi‘h%ﬂ% gﬁ{:%‘h' }ﬁ'?stgzrr}'][atlon, live

hernnre ria can
bacw@tiglt akytorsOran u pﬂlﬁluces LHisdcaine esSordpdundgle s l(DcthO s C immunostimulatory
arci nogeni ¢ and tunour-pronpting activity and qut .
Aol ety sereing Gorchive bHBgedL-% M@é%&ﬁ%@du&d
10- 19531%% ﬁl (1315§erux{1 Q%GQRFCE% ml&oﬁﬁhﬁﬁz&f‘ 1n§h1flz{s?1 ?10736‘ HowWdver, with
have | 6w activities of xenobiotic nmetabolizing enzynes
thlscpartma}ae batteridtstremn, fegotahigioleselwashmat indneasgliby sumdpreasion with

bact er oi d eubacterjia and Cdostridia. Therefore .
thesf gl A D RIL QRS BUFT to e GG Bdoer B¢ plso being
exafifRAFH theRWs&fulness as mucosal vaccines. Recombinant S. gordonii colonizing
the murine oral and vaginal cavities induced both mucosal and systemic antibody
responses to antigens expressed by this bacterial (18). Thus oral immunization using
probiotic bacteria as vectors would not only protect the host from infection, but may
replace the immunological stimuli that the pathogen would normally elicit thus

contributing to the immunological education of the host.
Prebiotics

The introduction of probiotic organisms is accomplished by the ingestion of the micro-
organism in a suitable carrier. It would be advantageous to provide a medium that would
promote the growth of these probiotic strains in the large bowel. The addition of one or
more oligosaccharides, polysaccharides, or other prebiotics enhances the growth of lactic

acid bacteria in the gastrointestinal tract. Prebiotics refers to any non-viable food
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Vacci ne/Drug Delivery The majority of pathogenic
woe@aniees gain entry via nmucosal surfaces. Ef PCT/IE2008/000034

vacci nation of these sites protects agai nst invasion

by a particular infectious agent. Oral vaccination

strategi es have concentrate®, to date, on the use of

attenuated |ive pat hogeni corgani sns or purified

encapsul ated antigens (16). Probiotic bacteri a,

engi neered to produce antigens froman infectious

agent, in vivo, nmay provide an attractive alternative

.pbact et | Si he . f -

conffSnte S5 5 S5l et Eoloh By IRl el Wdent o
be cfepasitbler alled etgh difidobastetint laeobadllipr Dipestdf Pprétfcticr may include
expressing.foreign antigens can elicit protective .
thosertigtrantalsisiiawsXYl9%5e S@n 2lafiesse Egoseand meannpssy j The combined
D e b ok P BLE PR A nance
the gyotth mfwhes adihinestared prodime @mtivd oylting tiemasmore pronounced health

signi ficantl i.gh enough to protect the mce from
ba@éﬁ?QéBE%QFﬂg%ﬂ%%Fénge. In addition to antigen

presentation, |ive bacterial vectors can produce

bi oacti ve conpounds, such as inmunostinul atory
Othesacting megedignts vi vo. L. lactis secreting bioactive
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a mElhve b€ treatiiehieithbt 6n fabvh @ulvdth dBatgobialic sid/& prebibhE€ materials

total IgA level was not increased by coexpression wth
as deperdhed APpwi Headditemdhe bagtewa may betyssd as pagdtp prgphylactic or

ptoeacc 0 Ni jar : pNng. e ] f .
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inflgromdtion ior ©teorlisordegs tipecially itheseowih aanichmagilogidal involvement.

avitjes.induced both .nucosal. and.system c antibodz
Such o EQBRIERLONS oMt PG eaﬁigngséﬁreé’? 4B bYdlni orpulatian o) as separate

forthdi8tions HAHEnikRY dt IRINEAS Aeiédi NRePRRAPLGES thePBRIeST Bifferent
as vectors would not only protect the host from

rouep peadntipistratan.  nay

The invention is not limited to the embodiments herein before described which may be

varied in detail.
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repl ace the i munol ogical stimuli that the pathogen
woul d normally elicit thus contributing to the

WO powanoi2eyi cal educati on of the host. PrebiotiPGT/IH2€08/000034

i ntroduction of probiotic organisns is acconplished by
the ingestion of the mcroorganismin a suitable
carrier. It would be advantZdgeous to provide a nedi um
that would pronote the growth of these probiotic
strains in the |arge bowel. The addition of one or
nore ol i gosacchari des, pol ysaccharides, or other

prebi otics enhances the growh of lactic acid bacteria

ReleQnE&e gastrointestinal tract. Prebiotics refers to

any non-vi abl e foodconponent that is specifically
fermented in the colon by indigenous bacteria thought

to be of posjtive value, e.qg. bjfidobacteria,

| addefraekan iV.J- T Sagking (e B o‘f"PL)'é’“ﬁ%;Fnﬁn Ry system. In:
t Ny o B ORERL L ICHE 1898, TMhOSKE GWONE), I9GAR! S¥éhtific Press, UK.
gl ucose and mannose. The conbi ned adm nistration of a

pr di9Patn.85-¢t3.ain with one or nore prebiotic conpounds

may enhance the grow h of the adm nistered probiotic

in vivo resulting in a nore pronounced health benefit,

andsa Sgd BIATRASXAGH Bltiveen Bk MBEt A tis\Siciobes. a8 BRY-sbikit Ecology

" will be appreciated that the probiotic strains may b

e
ad ¥ Hiest etarlp prshBguchop (ada). Arpadamigdressnfearislon. 977, p.277-310.
treatnment either on its owm or with other probiotic
and/or prebiotic materials as described above. In
adddgnoff, MIFNémbagbEy af HRyintesting etcasGaardenfola 1993; 105 (5):
prophyl actic or treatment regime using other active
naﬂ@?gﬁps such as those used for treating inflammtion

or other disorders especially those with an

i mmunol ogi cal invol venent. Such conbi nati ons nay be
adrhianins tMe.Ee thtenactiorsofregligerfsanthahtibodies @maesa espefaces.ednn. Rev.

S TR VPG o o e o or e fferen
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routes of adm nistration. The invention is not limted
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LA LN —

thekemmgzamﬁqtsfﬁ;t baqtesmum strain as clainmed in
claim1l whereint mutant is a genetically nodified
mut ant .

A Bifidobacterium strain as claimed in claim 1 which is a probiotic.

A Bifidobacterium strain as claimed in claim 1 or 4 wherein the strain is in the

form of a biologically pure culture.
An isolated strain of Bifidobacterium NCIMB 41387.

A Bifidobacterium strain as claimed in any of claims 1 to 6 in the form of viable

cells.

A Bifidobacterium strain as claimed in any of claims 1 to 6 in the form of non-

viable cells.

A Bifidobacterium strain as claimed in any of claims 1 to 8 wherein the

Bifidobacterium is isolated from infant faeces.
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3. ABifidobacteriumstrain as claimed in claim1
wherein the variant is a naturally occurring vari ant

wotooBi1iizedpbact erium 4. A Bifi dobacteri um st r aPCI/HR008/000034

10.t

11.

12.

13.

14.

15.

16.

17.

claimed in claiml1 which is a probiotic. 5. A
Bi fi dobacteriumstrain as clainmed in claim1l or 4
wherein the strainis in ti3 formof a biologically
pure culture. 6. An isolated strain of Bifidobacterium
NCI MB 41387. 7. A Bifidobacteriumstrain as clained in
any of claims 1 to 6 in the formof viable cells. 8. A
Bifidobacteriun1strain as clained in any of clains 1

TA g Jgio Pceterfzz%trg} ifn ﬁo@al}ﬂeﬂ% nﬁgf !:l?li'msgl tdA‘? wlterein the strain is

ac erlunls rarn as clal In any of clains 1

t 0 sinifivangy immhsorBbdulatohafotlewingroralsohamhmioadn humans.
i nfant faeces.10. A Bifidobacteriumstrain as clained
in any of clainms 1 to 9 wherein the strain is
Si W'f&ﬂnﬁﬂﬁwnywhmﬁk’é Qt@if‘ Yobdeleh- 2 &Qalﬁ’ a8lclaimed in any of
consunption in humans. . formul ati on whi ch
cowbmmsé$0é08|f|dobacterlun1stra|n as claimed in any
of claims 1 to 10. 12. A fornmulation as clained in
claim 11 which further conprises a probiotic material.
13.A Aofm@ilafidratak Qlaigfed CinatABA 11N vahidh @rtiek adoMBprikds QF pﬂo%lonc
whi ch further conprises a prebiotic material. 14.
f ommAi¢#i on as clainmed in any of claims 11 to 13
further conprising an ingestable carrier.

A formulation as claimed in any of claims 11 or 12 which further comprises a

prebiotic material.

A formulation as claimed in any of claims 11 to 13 further comprising an

ingestable carrier.

A formulation as claimed in claim 14 wherein the ingestable carrier is a

pharmaceutically acceptable carrier such as a capsule, tablet or powder.

A formulation as claimed in claim 14 wherein the ingestable carrier is a food
product such as acidified milk, yoghurt, frozen yoghurt, milk powder, milk

concentrate, cheese spreads, dressings or beverages.

A formulation as claimed in any of claims 11 to 16 which further comprises a
protein and/or peptide, in particular proteins and/or peptides that are rich in
glutamine/glutamate, a lipid, a carbohydrate, a vitamin, mineral and/or trace

element.
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15. Afornulation as clained in claim14 wherein the
i ngestable carrier is a pharmaceutically acceptable

w@arsitenésuch as a capsul e, tablet or powder. RGI/IE2008/000034

18.

19.

20.

21.

22.

23.

24.

25.

26.

fornulation as clainmed in claim14 wherein the

I ngestable carrier is a food product such as acidified

m |k, yoghurt, frozen yoghu¥t, mlk powder, mlk

concentrate, cheese spreads, dressings or beverages.

17. A fornulation as clainmed in any of clains 11 to 16

whi ch further conprises a protein and/or peptide, in

particul ar proteins and/or peptides that are rich in

gl % %Hﬂ?lﬁ{tlgh yta & i acl£1 lq toq7%{ep?qn{1%rﬁzy90ba%tertum strain is
tamn, mneral and race el ene

f o pmesent inan aamuni & rmad t]nam 1©° afuner bianh of thé fovaailaion. t he

Bi fi dobacteriumstrain is present in an anount of nore

than 106 cfu per gramof the fornmulation. 19. A

f orATed Aula®Bn @ clalrAdd B 1diks ¢h 3 T@wﬂchtﬁrtﬂé? BRbALEs an adjuvant.

further conprises an adjuvant. ornmul ation as

claimed in clains 11 to 19 which further conprises a

el b R O i Pt LF \E8h S G fppriee p gereril

22(mﬁq$gﬁﬂulat|on as clained in clains 11 to 2 1 which
further conprises a biological compound. 23. A
formulation as clained in clains 1 1 to 22 for

[ ' r S 4. A .
ARG, BGIREEL TP 518 APRHE Ao o an
toehfityor a fornulation as clained in any of clainms 11
to 23 for use in foodstuffs.

A formulation as claimed in claims 11 to 21 which further comprises a biological

compound.

A formulation as claimed in claims 11 to 22 for immunisation and vaccination

protocols.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as

claimed in any of claims 11 to 23 for use in foodstuffs.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as

claimed in any of claims 11 to 23 for use as a medicament.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as
claimed in any of claims 11 to 23 for use in the prophylaxis and/or treatment of

undesirable inflammatory activity.
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25. A Bifidobacteriumstrain as clained in any of
clains 1 to 10 or a fornulation as clained in any of

w@bkasns2dl to 23 for use as a nedi canent. 26. PCT/IE2008/000034

27. U

28.

29.

30.

31.

32.

33.

Bi fi dobacteriumstrain as clained in any of clains 1
to 10 or a fornmulation as clainmed in any of clains 11
to 23 for use in the prophyBaxis and/or treatnent of
undesirable inflamatory activity.27. A
Bi fi dobacteriumstrain as clained in any of clains 1
to 10 or a fornmulation as clainmed in any of clains 11
to 23 for use in the prophylaxis and/or treatnent of

N9 BBl IR NG Rt i bl bAOIRECL Yo F6 bt ¥dbhulation as
suc s I nf annatory bowel ase eg ns di sease

or cldimed at anyeoftdhintsi K, to 2% fctraisé én ﬁm/yﬁbplsyya)dsr amdor treatment of
poucgltl or f.egti on colltls

P B siraBle Rt iR Bierrasgliyily s af inflammatory bowel

t 0 diar eg (R6HRY| alsbRB 85 WIdeRitfVRAchIRtis2NVritble Ci)@wépssﬂa%lrome
to 23 for use in the prophylaxis and/ or treatnent of

gaPrrdiitiy; es posianfegioncelitis) . 29. A Bifi dobacterium
strain as clainmed in any of clains 1 to 10 or a
formulation as clained in any of clains 11 to 23 for

use\ Bifidob&crerimp Rithiads Tlamed &f aty epélam 1 &f 1@‘»&55& €sfnfulation as
di sease such as rheumatoid arthritis. 30.

Bi Clamedit i efnslaimsal Intoa far aiserdny therprapl}ylms anddernigeatment of
tog%%r &Bguﬁp&ﬁy&?ﬂjon as claimed in any of clains 11

or use I n e prophyl axis and/or treatnent of
autAoBm‘dab@ctdiim sagin s dlemed imgest <Elallfrlsel tonf 0 anmadsratuyation as

act vit Bi fi dobacterium strain clainped in
Al agped o e BISID B L ik o e, PR %}rﬂ%dtrqaﬁnem of
an%}/ﬁémﬁlc@éeﬁ& shdh hortddmhRd MaRitsn t he prophyl axis

and/ or treatnent of cancer due to undesirable

inflammatory activity.
A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as
claimed in any of claims 11 to 23 for use in the prophylaxis and/or treatment of

autoimmune disorders due to undesirable inflammatory activity.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as
claimed in any of claims 11 to 23 for use in the prophylaxis and/or treatment of

cancer due to undesirable inflammatory activity.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as

claimed in any of claims 11 to 23 for use in the prophylaxis of cancer.

A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation as
claimed in any of claims 11 to 23 for use in the prophylaxis and/or treatment of

diarrhoeal disease due to undesirable inflammatory activity, such as Clostridium



10

15

20

25

32. A Bifidobacteriumstrain as clained in any of
clains 1 to 10 or a fornulation as clained in any of

w@b@sirs7281 to 23 for use in the prophyl axi s of PCHIE2008/000034

34.

35. b

36.d

33. A Bifidobacteriumstrain as clained in any of

clainms 1 to 10 or a fornulation as clainmed in any of
clains 11 to 23 for use in3dhe prophyl axis and/ or
treatnment of diarrhoeal disease due to undesirable
inflammtory activity, such as Costridiundifficile
associ ated di arrhoea, Rotavirus associ ated diarrhoea

or post infective di arrhoea or diarrhoeal disease due
to ' Sq , oJo] ST . .
Bi T‘?@SL ?s%tclage% S ?rg&%a ﬁo%ﬁrué g)cl%n{g(g ﬁl}l/aq'répeé‘l oarli %og.t infectlve
t o difirloea ar diarrhodahtiseie dae ©l i infdtious aget, Sichclsd. ¢, 11

to 23 for use in the preparation of anti-inflamatory

bi ot herapeutic agents for the prophyl axis and/ or

tr ey aE’tErzHrﬂ @?rﬁfnreémlﬁm'e&‘flll QWHF Qlﬁifnsaf'id YO toy a fgénulatlon as

Bifld bacteriumstrains as clainmed in claim34 for use
i n daweepirepar aff dlamsol] ta 3aoebsein the ptoperatipe of am-aghmmatory

for_.npdi fyi.ng t use of a, .

o i OBTaRSLE Y ahetGs (Y b BiophyTiS paklinn SN of fragesirable
tolﬂﬁhﬂmhm@g,aﬁﬁhye derivative fragnment or nutant

thereof in the prevention and/or treatnent of

|nflannatory di sorders, i mmunodeficiency, inflammatory

(par J{ zee?ﬁlgz st au%éhasa %&oﬂp%la% %qrii%m:ﬁSe GRREEE Rreparatlon of a

|cu arI foln and i nmu

syqataﬁm))f bldﬂlhéiiip’elilﬁe agenw foeamdifyingthdic0éls 6f HS$0Ci at ed
di arrhoea, paediatric diarrhoea, appendicitis,
autoinnune di sorders, multiple sclerosis, Al zheinmer's

Sfse Jfrﬁe#?wo%cqer%rh tHridi'hi ay’ Cl?l%ldi i#Cn cﬁea%ﬁls 1 t(r 10 or an

dla etes organ transp antation, bacteri
i nfaette darsvative fragmemtfoe aiuitan $heréafng die praffe&mbn and/pr treatment of

per.i pdont al di sease, uro i.tal ease, sexu

Pr dndiped 30aSe miApiehe et BITAopaEMa disve, imitabl
bowel syndrome, cancer (particularly of the gastrointestinal and immune
systems), diarrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,
rheumatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation,
bacterial infections, viral infections, fungal infections, periodontal disease,
urogenital disease, sexually transmitted disease, HIV infection, HIV replication,
HIV associated diarrhoea, surgical associated trauma, surgical-induced metastatic
disease, sepsis, weight loss, anorexia, fever control, cachexia, wound healing,
ulcers, gut barrier function, allergy, asthma, respiratory disorders, circulatory
disorders, coronary heart disease, anaemia, disorders of the blood coagulation
system, renal disease, disorders of the central nervous system, hepatic disease,
ischaemia, nutritional disorders, osteoporosis, endocrine disorders, epidermal

disorders, psoriasis and/or acne vulgaris.
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H V associ ated di arrhoea, surgical associated trauma
surgi cal -i nduced netastatic di sease, sepsis, weight

wo oms/112eDr exi a, fever control, cachexi a, WOUNPCT/IE2008/000034

37.

38.

39.

heal i ng, ulcers, gut barrier function, allergy,
asthma, respiratory disorders, circulatory disorders,
coronary heart disease, and®m a, disorders of the

bl ood coagul ati on system renal disease, disorders of
the central nervous system hepatic di sease,

i schaem a, nutritional disorders, osteoporosis,
endocrine disorders, epidermal disorders, psoriasis

an . . [ Sa3fa: | i [ [ .
oK PPl To b EOPRGIE! ) UMD A s
actacbyy antaggoRingi Ayl exvtudixg ptudhfitgnipatotyn tdiadrsapatisms from the
m cro-qrgani sns fromthe gastrointestinal tract. 38. A
Biﬁ?ﬁHBQE?QPfHWﬁstrain as claimed in any of claims 1

to 10 or a fornmulation as clainmed in any of clains 11

to 23 for use in the preparation of anti-inflammtory

bi ot B&fidmpecreriematreint & dlaimed élagy nfjclaimes 1 ¢v &0 sr effoppmudation as

inflammt ory cyt.okines. 39. Use of a Bifi.dobacterium
o R LR ity o Breince Breppratinh AEayntiammatory
antyithéBpdutiv AgBit® Rir Qb dueing!théleReld Y€ plodnRinatc?P b tbkived. O
ant agoni se the grow h of pat hogeni c speci es.
Use of a Bifidobacterium strain as claimed in any of claims 1 to 10 as an anti-
infective probiotic strain due to their ability to antagonise the growth of

pathogenic species.



