"Probiotic Bifidobacteriumstrains' ' Introduction The
invention relates to a Bifidobacteriumstrain and its
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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 imunol ogi cal and

noni munol ogi cal aspecProbidtic Bifidebacteridnf ssiains”

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

salts, peristalsis, nucin |ayers and anti-nicrobia

compdwtidactsdich as | ysozynme (2). | munol ogi ca

mechani snms i ncl ude specialized | ynphoi d aggregat es,

underlying Mcells, called peyers patches which are

di st Ahei mve;sdmorhrecbajgﬂwm Bifidebeqteriym iswainand e uapds 8 eranotic bacteria in
(3) m.nal - ant ese sites result
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wi th establishnment of cytokine networks and secretion

of antibodies into the gastrointestinal tract (4). In

addi tThe defepsp m@@@§p§§g ngqtéhf: hwarb%gpu\yqsgnal tract from colonization

epit )
t he gﬁ dﬁt@%ti/n%ﬁlgla %Iléf? ﬁ}acnﬁléﬁlgr | yb?éér%{#ei&éw?%%ﬁmﬁﬂgloégal and non

Ther aﬁmneologhel ispstts i(hy e $irmtes défssanhédiahigmis ninclude the low pH of the
innunolo % i fense f t he gastrointestinal tract

Howe Figpa 'éag?rﬂ ﬂF’e@PFlﬁ RYSH @pd antianicrpbigl e?P@’é’§Pnd5 such as
surf | t

S 858t O SnblIGRS! hADRIER) el o0y R e,
pl acendaylyiregM edlls, caltedpeyem gptwhed whithsse tistribuedlMPoughout the small

L ac EesyaF o o b RGeS R EnB A B°F DS gt in stmulaion

I s cgr qu@) HateyT Q8B side&s SRtOEstAARhAEHRoN BPBRINE Nebtworks and
12/ g in the colon. Thus, these contro

nechamr@n@ efisantibedies gatel éheoeasiliomtewgah $hringd). In addition, antigen
hon- E)Q serﬁgtle({r}aq&aﬁdolgg e\g;ta %ﬁﬁéllaﬁ Icg‘lls]c {oolmtrlafpl eilalelém{phocf‘)ﬁes and to the

pat h&gens use ‘si-gni t1 can
host umﬂdﬂyﬁxfgllammzhpropna 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 damage to the host. In fact, the -
intestinal flora contributes to defense of the host by competing with newly ingested

potentialiy pathogenic micro-organisms.

Bacteria present in the human gastrointestinal tract can promote inflammation.
Aberrant immune responses to the indigenous microflora have been implicated in

certain disease states, such as inflammatory bowel disease. Antigens associated with



intestinal flora contributes to defense of the host by
conpeting with newy ingested potentially pathogenic
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gastrointestinal tract can pronote inflanmation.
Aberrant inmmune responses to theé%ndigenous m crofl ora
have been inplicated in certain sease states, such

as inflammatory bowel disease. Antigens associ at ed

wi t htheengremeh#pras psyplly i@ddpllmm@gml itoleranes] gl fadpre to achieve this
tol et AG ea&d frfﬂ #IU ¥H%C]tla(l)ll Scosglt ﬁlff&ﬁ{ﬂ%ﬂ%ﬂ%@ ' S'E\ﬂdence for this
maj or nec ani sm 9 nucosa

for bhiakddweakdRydhct ichales aﬂnmeeasam atibsdalevels @lireasdaagamst the gut
in antibody |evels directed agalnst the gqut flora in

pat i éRTaDEREENT With ARARRIBRIOTILRAN @Q }BD). The

present invention is directed tomards a

Bi fi dobacterium strain which has been shown to have

i muTheguiesentt owvyntenf sodisectedytomactls| @ Biflpbagreoion nstrain which has been
| evel

pro- %ﬁﬂﬁ}a‘g?;}a on Zlogg and e?ée%lfs:f gql%nﬁwgulating cytokine levels or by

gast LaPasihg Nadndt 1 @)@éludn% at Hﬁﬁ‘ﬂaﬁn&lﬁto}}nV%ﬁoo&gamsms from the
According to the invention there IS provid

Bi fi gadtzoentestingktrast.r ai n AH1206 ( NCI MB 41382) or nutants
or variants thereof. The nutant may be a genetically
nodi fied nutant. The variant may be a naturally =
OCCURKdtéigerabf @éntidh Bi fi dobacterium The strain nay
be a probiotic. It may be in the formof a

bi ol ogi cally pure culture. The invention al so provides

an | SOLALEH & L Ah0eoRiddIRBAGLAL BN NB, 44 3820 Arfi206 (NCIMB
st r ai4n383 o mubantder viaciames tHersofabl e cel I's. Al ter nat ively

Bi fi dobacteriumstrains are in the form of non-vi abl e
cells. In one enbodi nent of the i nvention the

Bi fi 0
¢ Iae1c é‘fgp%ﬁgﬁtgﬂ obg%eﬂgtru?a:ijl té(?gl?%thb&{t MHeNaRiht may be a naturally
S|gnmmmnamgVyunmniww%mmhw@nwwy

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 41382.

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.

In one embodiment of the invention the Bifidobacterium strains are isolated from
infant faeces, the Bifidobacterium strains being significantly immunomodulatory

following oral consumption in humans.

The invention also provides a formulation which comprises the Bifidobacterium strain

of the invention.



followi ng oral consunption in humans. The invention
al so provides a fornul ati on which conprises the

w@RfogdoRect eri um strain of the invention.|n onBCT/IE2008/000033

enbodi nent of the invention the formulation includes
anot her probiotic material. In one enbodi nent of the
invention the fornul ation includes a prebiotic
material. Preferably the formulation includes an
i ngestabl e carrier. The ingestable carrier may be a
phar maceut i c abl e rr as .a
tabl 21? nl'eJ er%\%gl%eﬁlprgli ?ﬁe 1%\{en8$ th? nf 1?1889% ing é};(? e?no?l%er probiotic
a foa@uﬁﬁpduct such as aC|d|f|ed m |k, yoghurt, frozen
yoghurt, mlk powder, mlk concentrate, cheese

- spreads, dressings or beverages. In one enbodi nent of
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the WYEhORIHER o ATHl oI lorhlr b UERIEOR pldbidd Fhaterial
o u! p

conprises a protein an pepti I'n particufar
protei ns and/ or peptides that are rich in

8: ;J ta rg{enrg(;‘lg'lntgit: gmat lpgrll](lf] (iifgémgpcar h dr. grgn"ghe ingestable carrier may
enmbogj @Lﬁhaﬂﬁa&ﬁﬁcdmv §&‘ébl‘aﬁlet BB fshdp Cseéagelﬂestte{b@étnor powder.

is present. in the tornulation at nore than 106 cfu
gr amPodfferdblyi the ripgestableeearriéir sf & fatll protihat #uohmslastdlba:d milk, yoghurt,

i ncl ydes any, one or. nore, of ap adj uvant bact er i .
conp E YeEhafhy gl Rty nillk, caheiTak: SsfodHiady dresings or
one @pReslicgent of the invention the formulation is for

I mmuni sation and vacci nati on protocols. The invention

further provides a Bifidobacteriun1strain or a

f or G+8rtié orglt)(g)c{l Erlﬁeofl tiRY Ill.tﬁ)pI 1{1 orrﬁxyﬁl ion o gﬁgﬁ\tze% ioft further comprises "~

canen use I n XI'S

treahﬁpﬁtenﬂfandfdﬂeﬁdpha@ i Ipﬂﬁlbﬁlﬁ]’@ﬁf@téklsa&ﬂd/(w paptide®rthat are rich in
use in the Pro phyl axj s and/ or treatnent of undesirable

r es pBREABING/ S iamalgAliRify2 eetahyiale, 4 yéRmi migemhand/qrdrace element.

use in

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.

The invention further provides a Bifidobacterium strain or a formulation of the
invention for use as foodstuffs, as a medicament, for use in the prophylaxis and/or
treatment of undesirable inflammatory activity, for use in the prophylaxis and/or
treatment of undesirable respiratory inflammatory activity such-as asthma, for use in
the prophylaxis and/or treatment of undesirable gastrointestinal inflammatory activity
such as inflammatory bowel disease eg. Crohns disease or ulcerative colitis, irritable

bowel syndrome, pouchitis, or post infection colitis, for use in the prophylaxis and/or



t he prophyl axis and/ or treatnment of undesirable
gastrointestinal inflanmatory activity such as

wo ndosamred ory bowel di sease eg. Crohns di seasePOI/IE2008/000033
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ulcerative colitis, irritable bowel syndrone,

pouchitis, or post infection colijis, for use in the

prophyl axi s and/ ortreatnment of gaStrointestinal

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

of sysatEwnt ijg@éraméesyu@lrpaaserfﬂgeénm@mharptﬂmhytam arfdggr treatment of
use in.th r yl axi n -1r qent of _aut @i mmn .

i sor e BERE RN 8, Plfiraloid RERREy Moe O, e TBRytants andror
for wesnieAt bheutpingpting dxorde@ilicad und&ahbeihflahmarfE activity, for use
due to undesirable inflamuatory actjvity, for use in .
the Bt Bsmyerbylaxisgmdos freaiment ot Caeer dup tq prdegrehiminflagmaatory activity,
and/ t i [ : S
andedy’y 50 e RopLaee A08R, it SE3R I Rorklnxis anglor treatment of
di f f iddrtheea sdiscasatdnd @i anddsoalde iRbdmmbtons aaswoGi sk s Clostridium -
di arrhgea or post ipfective diarrhoea, fqr use in the . i
pr opl‘é}ﬁ%(% Sosleipios dmEicRemoBAng; anptiaed] danbess@rqaest infective
Lo anidhbes tthOts iﬁgﬁ@bropﬁ%'l%?isaa%d/%r &Rhtment’ BEANE WRBase due to an
al so provides a Bifidobacteriumstrain or a '

f or misife¢tioon agdnttsueh ankienkii on for use in the

preparation of an anti-inflanmatory bi ot herapeutic

agent for the prophylaxis and/or treatnent of .
undegihe ableAtibn bl Provides Y Bifiibbtickeyiuh stfafll ol forintllakiBe of the invention
preparation of anti-inflammtory biotherapeutic agents -
for doreupy dpHhe axeparativey of an enteidlepmatey biethempenlit @gent for the
i nfl A n dj t . . .
e BB B R R B by ity or for s it
ant agedpasitiog EMshti-ingMsGinmidorygbipthetapbhtdmagdn®y Yor the prophylaxis and/or -
m cro-organi sns, fromthe gastrointestinal tract. The

i nverep@nhrkundssimpleiadammatiqry @gefhawt eri um strain or a
formul ati on of the invention for use in the
preparation of anti-inflammatory biotherapeutic agents
for dedocembodilment efitkd mveritiqorthe sundfih afithetinventioy batkiyremsagonising and -«
The invention further provides a Biafi dgbact er.i um.

St r aiTKCIPERE B PR RSO RN ST Fiei A P ARl BRGH
bi ot herapeutic agents for nodifying the levels of IL-1

0.
The invention also provides a Bifidobacterium strain or a formulation of the invention

for use in the preparation of anti-inflammatory biotherapeutic agents for reducing the

levels of pro-inflammatory cytokines.

The invention further provides a Bifidobacterium strain for use in the preparation of

anti-inflammatory biotherapeutic agents for modifying the levels of IL-10.

The invention may also provides for the use. of a Bifidobacterium strain as a anti-

infective probiotic due to their ability to antagonise the growth of pathogenic species.



The invention may al so provides for the use of a
Bi fi dobacteriumstrain as a antiinfective probiotic
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pat hogeni ¢ speci es. The invention nmay al so provide for

the use of a Bifidobacteriun1str%%g in the preparation

of a nedicanent for treating ast and/ or all ergy.

The nedi cament may be in a formsuitable for o

i nhalThe i ipventiPRemay vadset iperyideayort thet Hea of rao\Biftobpigeriymestrain in the
use of 1 fi agteri| rain i he preparation of..

ant DicnPre el S PRSI EREHTOR S b Al PR 137 pldicament may
| evebs i0d fdr@bsuitfe feighdl@iond that particul ar strains

of Bifidobacteriumelicit. immunonodul atory effects in

vitro. The invention may therefore have potentia

t her Icoval ye e . I S..0 re; S
dysr oci o7 M Wil Britiae pt B Beelbe b BEBRlcrfiln siain in the
i nf | gprapatadoy of aacinflamsndtay béotherppentia apéntmfamnetduoing levels of IgE.
allergy. Bifidobacteriumare comensal m croorgani sns.

They have been isolated fromthe mcrobial flora

Wi t hige b6 RUMBNhSRSIHAIMN §8h8E Bifidbheredilh difITURnunomodulatory

systemwthin the ' gastrointestinal tract cannot have

a preffeunediroeacti on to menbers of this flora, as the
resulting inflammtory activity would al so destroy

host cells and tissue function. Therefore, sone

nmechank SiReliof Phat thahgse have R tdnBLMRrapr et MAIGEM the prophylaxis or
recogni ze commensal non-pat hogeni ¢ nenbers of the )

gast freatmeat taf ndysragulpted ammyae ngspins¢ser aigh aso undesirable inflammatory
ath i c Qor ' ' res that damage to host

?issgggﬁbgi?%%%&h%?%%mggé%ggnzggﬁgive barrier is stil

mai nt ai ned. A deposit o Bifidobacterium]longum strain

AH1206 was made at the NCIMB on March 15, 2006 and, )

accoBifidebesierine 6% §PHMCRMHUFTONINE™S. 18y haygdeen isolated from the *
Bi fi %%Bfa?ﬁbﬁmvilﬂﬁﬂ HE NN égﬁr(ﬁn&mtl 'trﬁ@tl. l”ﬁﬁe %ﬂiuﬁxé ?}dstem within the
mutant or 1t nay be a natur y occurring vari ant

t her gadtrointestinal 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 réstricted and a

defensive barrier is still maintained.

A deposit of Bifidobacterium longum strain AH1206 was made at the NCIMB on
March 15, 2006 and accorded the accession number NCIMB 41382.

The Bifidobacterium longum may be a genetically modified mutant or it may be a

naturally occurring variant thereof.

Preferably the Bifidobacterium longum is in the form of viable cells.



Preferably the Bifidobacteriumlongumis in the form
of viable cells.Alternatively the Bifidobacterium

WO 200guanm2zeeay be in the form of non-viabl e cel | SPCTAE2088/100033

be appreciated that the specific Bifidobacterium
strain of the invention may be aQﬁinistered to ani mals

“(including humans) in an orally ingestible formin a

conventional preparation such as capsul es, .
ni cr ddtepatively the Bigrehasctergymiengies maydrde the forrg of agn-viable cells.

"~ pills, suppositories, suspensions and syrups. Suitable
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formul ati ons may be prepared by nethods commonly

enpl @yeidl besappgeciaed that therspecific @ofiodaaptlumsani@asti the invention may be
additives. The anount of active ingredient ipn the . .
medi BHPIRYEFES o ARMAtayinsldme  Junags| it gat Oyl | ingestible form in a
exer g - j t '

For mel ST ek a6 B8 Bl s Pk Rapsul? tablets srapules, powder,
dr ugtrechdst pillsy seppositiregi smpersomp cunddsyrips. Sdidatle dornaulations may be
vaccine c rising the strains of, the invention may. be .. i
or opBFEAEAIDECtAG: SOmmany EriRioie Ysihe EvanipnaLgrEatic and inorganic
i ncl yalfitidesP B RGOt FakcliVe HEARIdMEh ShRMLBICEIN cdipasition may be at a
adj.uvant. Throughout the specification the terns :

mut atve! tha widlkaxeepnsg thedesired tierapentaaiefféced nut ant

include a strain of Bifidobacteria whose geneti.c

and/ or. phenotypic properties are altered conpared to

t he mae gsrimusdtioniay Aed iHchide MAGRHAY doMgponasit, @ drugléntity or a biological
Bi fi dobacterium | ongum i ncl udes the spontaneous

al t ecempesl. of targeted properties selectively

i solated. Deliberate alteration of parent strain

properties is acconplished by conventional (in vitro)

geneli additon pulaadin® dorhpdiing kiegst@ains bl im&ngemenay be prepared using
di sruptian, conjugative transfer, etc, Genetjc L
modi ARl anmedof Apd B dRsIAE BPhaREgRNsaLY asspble carier or
endoggnoss. DNA sequences into the genone of a

Bi fi dobacteria strain, for exanple by insertion into
the genone of the bacterial strain by vectors,

i ncludi ng plasm d DNA, or bacteriophages.

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 modification includes introduction of exogenous
and/or endogenous DNA sequences into the genome of a Bifidobacteria strain, for
example by insertion into the genome of the bacterial strain by vectors, including

plasmid DNA, or bacteriophages.

Natural or induced mutations include at least single base alterations such as deletion,
insertion, tansversion or other DNA modifications which may result in alteration of

the amino acid sequence encoded by the DNA sequence.



Natural or induced nutations include at |east single
base alterations such as deletion, insertion,

wo a0v8i €66 on or ot her DNA nodi ficati ons whi ch PElIE2008/000033

result in alteration of the am no acid sequence
encoded by the DNA sequence. The terns nutant, variant
and genetically nodified nutant al so include a strain
of Bifidobacteria that has undergone genetic ‘
alterations that accunulate in a genone at a rate

whi ch,is consistent .in nature .f al I...m.cro-organi s . :
ana) 1 JeRy PLthP Narafh BREEGR AL Dot i Sod A8 e a swain of
S poNBMidsh4steiil tiat h&uRREYonE pafdtidi adtefations Mt AROMSlate in a genome at a
and/or | oss of genes which is not achi eved by ) )
del i ade arhacky isncapsisteny inratupsufoaallonicee-orgeaisgs raadéor teenetic alterations
i's aghi gV .Se | Of . [ S c.
and/ g{hl%ufaﬁ{ gﬁ@@?s P %p%{/ll eq]g&été e%ﬁ(g/rea%g‘él\%alﬁk{ g)rgf 5@%}‘&8 and/or loss of
supp@eiiestwidcisismot uelieved Hyhdelibarated(in vitloWhanipakapios efltHeQenome but is

environmental pressures such as antihiotics, A nutant )
can B@hlewéaﬂwg&yﬁieheata@f iSgleptagne of | arights ragsl/or HaRtapisothat -provide a

of SRAEfVeC F%\%gﬁ?g 'rt%: gu bﬁ Gﬁn Q%A Fthd b drium w}%en exposed to

f undanent al I ochem cal functionality o

-t he. engaminsmid) ptessuresichras dutdiisticsar inetanseh earreated by the deliberate:
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identi fi.cation.or selection af the bacterjum, for. -

o Vit of PEEt eBnssan oA arte N Hado] fymdgpgentally alter
art "fﬁéubfécl?é?ﬁﬁﬁcﬁlﬁ&tﬁ)ﬂahgi of HeBd¥oabm Vit | viise PréicBScA be used for
Bi fi dobacteria can be identified by DNA sequéence :
honolidegiifigatiminyos iselegtiantpfithebgstariam, fetexample @Btibmitia gesistance. -

Bi fi dobacteria having a cl ose sequence identity with

the parent strain are considered to be nmutant or

var i atpefsoh askilBed fn Bhé | G0 Al ® rappresiatedithht Wnlifin® or variant strains of -
sequence identity (honolqgg) of 96% or nore, such as
o)

97% difidabagtetn caBhs identiied by PNYY ssaenerohanalpghaidhysis with the parent
par enf. - g , o
o BT AP TAEALEBTA f csin -
on- | iarecdnsideted @y balmanit bhnariddt siliis. pA Bifidobactetid kirgih ywith a sequence
avai l.able at http:// .nchi .nl mnih, gov/ BLAST/ . .

Mut anfeRtipy ﬁ‘é’i‘}ﬁé@ a0 ior amare g 2t Hi5h i anaae T 9854 or more or 99% or -

Bi fi dohacliff {d a;?a'i’érﬁ‘ilﬁﬁAr@\ﬁhaQe Fhay 58EbnARIES RAVE chrﬁléttant or variant.

honol ogy such as at |east '90% sedquence honol ogy o
| eastSe@aHtce homology may be determined using on-line homology algorithm “BLAST”

program, publicly available at http://www.ncbi.nlm.nih,gov/BLAST/.

Mutants of the parent strain also include derived Bifidobacteria strains having at least
85% sequence homology such as at least 90% sequence homology of at least 95%
sequence homology to the 16s — 23s intergenic spacer polynucleotide sequence of the
parent strain. These mutants may further comprise DNA mutations in other DNA

sequences in the bacterial genome.

Brief description of the drawings




sequence honology to the 16s - 23s intergenic spacer
pol ynucl eoti de sequence of the parent strain. These
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DNA sequences in the bacterial genone. Brief
descri ption of the draw ngsFig. Is a BOX PCR
(bi oanal yser) barcode profile for  B. | ongum AH1206.

Base pair sizes were determ ned using the Agilent 2100
sof t war e; Fr. d. is;a BOXg PgRafitoanalyser) bardode) profee flaeBajongum AH1206.

erroa andeohah AP OThERna Fing e et SR6 S e
murine gastrointestinal tract; Fig. 3 is a bar graph

showi ng the effect f B. |.ongum AH1206 on

cyt oki ne Biodus i Uumﬁaa %138‘1%%31 TR 1of Ba!@gum AH1206 over an
expressedg ke |

showi ng t hz&gﬁ g(g?g F néﬁaﬂwogg%}?ﬁliﬁ%ﬁot atfégglz%g%ﬂgm% the murine
eosi nophi lgasteintestinaletrdet;t 0 t he | ungs of sensitized

mce. (A) total nunber of cells present in

bronchoal veol ar | avage (BAL) were reduced in AH1206

fed mce; (D)3 Efl?airegrﬂﬁﬁhalsh(ﬁﬁh thO Whkst QPBB%n,;{uﬁN%@hQ% on IL-10
that the reduction in cell nunbers was primarily in

the eosi neplekine pmdxﬁcaon bn hul(n@ IPBMiUsriResulitssare eppressed @s mean +/- SE
on the ya¥t_ (xI &4); *p<0.05 versus placebo); Fig. 5 A

and B are r phs showi ng ‘the effect of probiotic

bacterial strain AH1206 (A) and placebo (B) on total

. cell nunbers in bronchoal veol ar | avage fluid foll ow n
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oval buni nFigodals &har g@plheshpwingethei effestaf &hiloreguan AHT206 feeding on

(n=10/gr ol%)s.ln%)hR rg%rgmggrgﬁg %q[lggs g{ﬁeﬁq@ﬁ%?gﬁ foet%ltnumber of _cells ;

alone); Fig ROW A

of probi opresemrds thedrichbalséola lavdng(M)(v%re aadhcpd &F @B 206 fed mice;
(B) treatnent ? %{ responsi veness t

Differential cell counts on BAL revealed that the reduction in cell numbers -~
was primarily in the eosinophil population. (Cell number is expressed on the y-

axis (x10%); *p<0.05 versus placebo);

Fig. 5 A and B are graphs showing the effect of probiotic bacterial strain
AH1206 (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. 6 A and B are graphs showing the effect of probiotic bacterial strain
AH1206 (A) and placebo (B) treatment on airway responsiveness to
methacholine, as assessed by changes in enhanced pause (Penh) in ovalbumin
(OVA) - sensitised mice 24 hours after intranasal challenge with OVA or
saline. Each data point represents the mean + SEM (n=10/groups * p = <0.05
compared to OVA alone);



nmet hachol i ne, as assessed by changes in enhanced pause
(Penh) in oval bumin (OVA) - sensitised mce 24 hours

w@bdoeniized r anasal chal l enge wi th OVA or sal i nepCEB2008/000033

data point represents the nmean + SEM (n=10/groups * p

= <0.05 conpared to OVA alone);Fig. 7 is a graph

showi ng the TNF cytokine | evel i bronchoal veol ar

|l avage (BAL) fluid fromovalbunmn (OVA) - sensitised

m ce. Eachigedl lamwgnaelprsb@mgstm A& Frextpkingkvel in=b®nchoalveolar lavage
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of oral tﬂfé&hé@nk %M(Ipﬂobf 9k0.05 Sbmphred AFDRAL cRallehPEd, MRS broth
(A) and | FNg é oklne production from acti vat ed

spl enocyt B8alg&en fron1CNA - sensitised mce

(CD3/ CD28 stlnulated spl enocytes). Each col umm

represents the nmean + SEM (n=10, * p=<0.05 conpared to

OVA chal | Bigg8,A MEEBBamtgraﬁﬂseabwmgahﬂbffedt)qf oFalgreaﬁnd:rB vath probiotic
graph showi ng that the |evels - specific

serum i softEaieAH 06 an ERF1(89 aAMER% (%} @BP’@P? @rqsizyetl@r fram activated
was signi % §rgcﬁ&4e§01s<81%%’d ﬁp%no}}g@ i—ggéhsg}sgg ﬁrﬁ cgt (Cﬁ)i/@lfl)ZS stimulated

controls

i |1 ustrat splendchresefEabt codimnrrapresenesathzemearnt SEMI(REI. * p=<0.05
strain v AH1206 on TNF a production from activated

spl enocyt 6¥Npaed i @Y 4 hehrrsgaMR SRt trgatedopire;

(CD3/ CD28 stinul ated spl enocytes). The mean is
illustrated for each group (* p = <0.05, ** p =<0.01
conpar ed Fig. OviA antapbTslomahg dragahe MREIsbofoON A Fegteeific 1gE in serum

control); lis a frating.that . + ,
cops < eisplatie Gmmieosa R0 pribiol® beieer sempoanty lower than
reduced pf}ﬁlﬂoha&bblgﬁc @éaﬁkgtrt)@r(*’sd L <gloeyps except the
control, in which n=
Fig. 10 is a graph illustrating the effect of oral treatment of probiotic strain »
AH1206 on TNF a production from activated splenocytes isolated from OVA
— sensitised mice (CD3/CD28 stimulated splenocytes). The mean is illustrated -
for each group (* p = <0.05, ** p =<0.01 compared to OVA and CT challenge,
MRS broth treated control);

Fig. 11 is a graph illustrating that CD4 + CD25 + cells from AH1206 fed
animals substantially reduced proliferation (n=10 for all groups except the

control, in which n=20);

Fig. 12 A and B are graphs showing the percentage of cells in the CD4 +
population that are also CD25+, as assessed by flow cytometry (n=11 for the
- unfed group, n=20 for placebo group, and n=10 for the AH1206 fed group);

and



Fig. 12 A and B are graphs show ng the percentage of
cells in the CD4 + population that are al so CD25+, as

W@.S(B)&/SSHGIG by flow cytonetry (n=l 1 for the unfedr/oE20e8000033
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n=20 for placebo group, and n=10 for the AH1206 fed

group); andFigure 13. The perceniﬁge of CD4 /| CD25+

cell s expressing the transcripti factor Foxp3 is
significantly upregulated in germfree mce consuning

AH 206 ( ﬁlgﬂr@lng}g mengqgg lqj)CDé% pE)@Q@% q¢1:ls pkpressing the transcrlpuon
Fi 14 i ust ng the.s

prgbi oti C§a§? aF ’PPE{H:{SZ(? e"‘P Iy %ﬁ%‘ﬂ%t t&?‘%(‘bgffree mice consuming
Descri pt i 1966 @@ drouses giduy. *Bkbiog b pRicesd um | ongum

strain AH1206 is not only acid and bile tolerant and

transits the gastrointestinal tracts but also,

surprisin gﬂ$§ t
nodul at i ngtg\éytti gg W sé“c? @35/%?(@[12{%% gc?bgé(nc Stﬁun AH1206 over 3
excl udi ngnphehsi nf | ammat ory or |nnunonDduIatory
m cro-organi snms fromthe gastrointestinal tract.
I ndeed, consunption of B. | ongum AH 206 significantly
redugRsik8Pelldgipt of disease causing cells to the
| ungS of a murrne asthma nodel. The general use of
probiotic bacteria is in the formof viable cells.
HoweWeés havet foamd that Bif dbbacﬁ!m:ﬁn d@&utrostmnA\HHbG és natl dndy acid and bile
such as killed cultfures or ositions containing . ..

leseay ?I’éict%‘t%xﬂ}ees%aéﬂo%‘ Stral prastsi ot ¢ also, Psurprisingly has
bact 4@
m cr o- or agﬂpgﬂg&gfkﬁdé%?%?ggﬁggﬁg%%%@ ielgslgeoi pb sﬁ?tggomsmg and
t o alkxdndidgp ptoeinﬂambjam:ryi on immpn@ssdul@oryWihiero-organisms from the -

non-viabLe el preparation js sjnpler S. .
oy BetRienel Tell” dhdsed) ORReRr ph b olrBuT A0S Sienificanty
stor @Qﬁcésﬁ@éﬂuft%ﬁﬂﬁh@ﬁ& daugh k&fSto thdMuhgoft Atk é!«:ﬂin?a model.  °
cells. Lactobacillus casei % 9018 offers an exanpl e

of the effective use of heat killed cells as a net hod

_ for & gterrlcg'glt %ngf pargb ofil bRUEYE 1nst fnotﬂe ?orm of viable cells. However, it can -
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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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active conponents of the invention can be utilized

al one. Proinflamuatory conponentélof certain bacteri al

strai ns have been identified. The proinflammtory

effects of gram negative bacteria are nedi ated by

| i popesspsatnmunededylatps) actm drorie thagfieels of the whole cell. . Upon

tp :) Olt Egeo %Bf Zi)tf?ﬁee\éee Q(?ﬁleﬁ\p e%ts n s Iau?elu idal %Fadetn?aan F:ﬁat n? ﬁrgl?cmated.

component s of problotlc bacterlapossess

Jnnunonodulatory activity, due to the effects of the

whol dLd&) s pregyishd ibyol geliom sells: monecyighpehawerphages. This cytokine

h ! i
IpLalr %ﬁégy}g%g]%l ord l&ﬁgagloﬁi{% Qﬂf&%ﬂg tio %f@%%%gce)t%gibgc}ydsecretmg cells.

macr dpHagakibits mastle phidknfleenmatgryeatisiticheltpipalegfilereafi-RA expression
and |fferent|%H10n of B cells |nto anti bqdy secretin

cel | 9 anopyien ] BIPPESTes 49 BaIRRb ofmeosHiedR Bagmatory achVities. 1L-10

act i Vitibies - mbhodife I pRidbAtRS b~ dyRkifAPr RSSiaN Qi/ygen and nitrogen
nmonocytes and suppresses. the majority of nonocyte

i nfl amtmmnaﬁinqtesad\ﬂH(Zl ¢lasssl] ekpressipn, rplarasite &illmpeug tlb-10 production via a

"t of Pt e TR [ s THE Gl E B paPCaf R7Blek monocyte

ki ll 'pﬁfﬂu@ﬁ&l b?jﬁt@stﬂfap%lﬂdge%e%ﬁ @ﬁé quc&@gkndgemaﬁt&ﬁhng with a
(7). ThIS %@Pklne has al so been own to

monodi utqpp@danbpaﬁlwaﬁ@nd therefers) may) bp a4 émapariant ypgulator of the
IV coII enase interferin PCE2- C

depeftf %“a%‘m eSUgUoTH ¥R FIEOWﬁ;V‘aq?é“’ﬁ?fOW SNt

regul ator of the connective tissue destruction seen in

chronic inflammtory di seases. The host response to
i nf edihe uostirespohser taduierlicreid charajteniset by amhtaanfdoquited cellular and

cel Iyl ar _and hunor a reactions, .desi d,to .

i oS R Rt Bofin K pl IPEag 2h e R il gragmism and 1o
or gafediteBegHIndOhfeostHYEYRevet, € limi¥ithe 4d}€essiveness of collatefal damage
aggressi veness of coll atefal damage to host tissues,

r angdo best tisyigh.cx 1enge efgpgulatanitonstiayts pmeayhetactizated . Regulatory T cells

.?ﬁgg {aege)ysge&el o?/lle l&ﬁ?lg %;:na%ﬁ fsn %ﬁﬁj%sa?gg?rﬁ}éﬁ tfro'ﬁfﬁl%qmrﬁ@ 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 transplantaiion. 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 human and mouse. We have described a Bifidobacterium

strain that generates CD25 positive/Foxp3 positive T regulatory cells in vivo.

30
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muri ne nodel s including experinmental autoinmune

encephal onyelitis, inflamuatory 8 wel di sease,
bacterial -i nduced colitis, collagén-induced arthritis,

type | diabetes, airway 05|noph|I|c i nfl ammati on,

gr af frhe énvieniden wilkesmeremierrlyrugderstood fom thatfellgveing esireples.
forkhead transcription factor Foxp3 (forkhead box P3)

is selectively expressed in Treg cells, is required

for Treg devel opment and function, and is sufficient

to i PYEfpIEL:TT ChaPARERAHOR | 0T OPULYGH | ROMked Dfrosf! fr¥ant faeces.
(19). Mutations in Foxp3 cause severe, multiorgan

aut oDemomstratipm ofprobiotistraitand nouse. W have

descri bed a Bifidobacteriumstrain that generates CD25
positive/ Foxp3 positive T regulatory cells in vivo. The

i nvention wll be nore clearly understood fromthe

foll n le 1: Characterisation of

bacteria isolated frominfant faeces. Dempnstration of
probiotic traits. Isolation of Probiotic Bacteria

Fr es lrdsh efaeces waias obtamedeﬁiomra)m day? otthynadx drerami] fedbhxﬁaﬁtand serially

Ete(rjyla 1fng(g{éeand s%al Ly %;8(23%,?’5%}593' atgd %Qt extract) and MRS

( deMaquMariRO W%sﬁn%ﬁ%ﬁﬂﬁ) wEdth as%&?ﬁe@xf@ﬁ”%ﬁﬁ W.09% cysteine and

0. 05% cyst ei ne_and nupirocin. Plates were incubated in
anaenipirocipar P1EBBIWerxinrubatads umginmblgem 4BBhg Qxaid) using CO,

é'g‘g?t%%lgegé{h}tg al?gl (2@{ Cﬁé\é}&?{ I\ieraggtagz aSa é ?:37‘% ABram positive, catalase

bi f uhegiiivd/ ol SBAFHAPH Blfb@ﬁfe%le@m&p'ﬂléltlﬁﬁteﬁ@ﬁ@ol%§ aadf€ Gtreaked for
for purity on to conplex non-sel ective nedia (MRS and

TPY) Puliyotrhtcegomple npanselretiveymedip (MR aef TRYVREscdptesTmere routmely
medi d

o LT S Sl SRR TSROl s

I n 408aditiyrse rP@ésuﬁrpﬁvs BifidoBaatbrinm 20¢e stocked 80 @)% glycerol and stored at -

20°C and -80°C.

Following isolation of a pure bifidobacteria strain, assigned the designation AH1206,
microbiological characteristics were assessed and are summarized in Table 1 below.
AH1206 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,
AH1206 was able to grow on all carbon sources tested (Glucose, Lactose, Ribose,

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



Fol Il owi ng isolation of a pure bifidobacteria strain,
assi gned the designati on AH1206, m crobi ol ogi cal
w@e@b@saches i stics were assessed and are sunmar i E€OIE2008/000033
Table 1 below. AH1206 is a gram positive, catal ase
negati ve pl eonor phi c shaped bact zlél um which is
Fruct ose- 6- Phoshat e Phosphoket ol ase positive
confirmng its identity as a bifidobacterium Using
mnimal nmedia in which a single carbon source was
“inserted, AH1206 was able to grow on all carbon
sources tested (d ucose, Lactose, R bose, Arabinose,
Gal actose, Raff nose, Fructose, Malt Extract, Mannose,
5 Mal t gsle Pucrose) . Tabl e 1 Physi ochemni cal
characteristics of B.longum AH1206 Strain

Char X
Motiljty - FEPPK* + I.k.co :) ati on _+ 0OC anaer obi c
oot L Bniochegienl sharasteristics of fdong ntation:

d ucose + lLactose + Ribose + Arabinose + (al actose +

10 Raf fi nose + '

Strain Characteristics B.longum AH1206
Gram Stain +
Catalase » -
15 Motility -
F6PPK* S+
Milk coagulation +

45°C anaerobic culture -
45°C aerobic culture -
20
CHO Fermentation:
Giucose
Lactose
Ribose
25 Arabinose
Galactose
Raffinose
Fructose
Malt Extract
30 Mannose
Maltose
Sucrose

+ 4+ + A+

* signifies Fructose-6-Phoshate Phosphoketolase Assay
35

Species identification

16s Intergenic spacer (IGS) sequencing was performed to identify the species of
bifidobacteria isolated. Briefly, DNA was isolated from AH1206 using 100 ul of
40 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 (XNAT?2 kit) was added. Genomic DNA solution was quantified using a



Fructose + Malt Extract + Mannose + Maltose + Sucrose
+ signifies Fructose-6-Phoshate Phosphoketol ase Assay
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sequenci ng was perforned to identify the species of

bi fi dobacteria isolated. Briefly, DNA was isolated

fromAH 206 using 100 m of Ext F%Ctl on Sol ution and

25 m of Tissue Preparation solution (Sigm, XNAT2

Ki t ) Nafibdrop appdtephosemeter modisared af 47C. POR mesgerformebdging the 1GS

o e O AR R IR A i i et

aNanggdrany $peRdr IRRPTQEHE &°- @‘@e?@@fc%@bc‘bﬁcé’% WREQ ID No. 4)

perforned using the I GS prinmers,

G@ﬁ@ﬁﬁﬁ(b&@@' @CS‘EQIIZS‘NQ SEQThacbsﬂmg&)ondhlomb wese l%&édor 3 min (1
on SEQ.ID N°O | an
( SEQSYEFMG? Q)fow%P éﬁcq %3 Ga@éé’ooﬁ?c’s@ﬁq fs>rr\§9 sez (2§h@/cles) The PCR

7 RS Yy PO 00, ke300 1105 Lo

cycl esiier 'I(MaWBCIBmtedu;t Gemangnt aThe PCR ntadtib@ngyerof performed on an

DNA, _PCR dRp

( YRS SERAINAS ITL%HQJRP@E&M\‘%%?E&Q s Sv<iE A4 aloniside a molecular
per f QueiBd rr%‘ké“tl(ﬁpgﬁ ‘ﬂg@c[efr R&@Emﬂi@l Bl agardi€ Eagletamed el in TAE, to
products (10 were ran al ongsid r%ol ecul ar weli gﬁ

mar k dete(mine tbp ICJZSdIi@ﬁ,le RAEHe prastucts ﬁ Rifalpbrdemurft Bmgle band) were

o o psing B PP P gyt e o BCR produces

puri we%jséq%bﬁ&dtdﬁﬁléRh@ 'f&ﬁﬁﬁr Wtiehdcks AR veY fdrfthe %téx%@mc spacer region.
kit. The purified PCR products were s]ﬂuence usi ng

the Pequanee d@tqmdbgl gearshiod pedingt theDGBtnuclyetide datpbaseto determine
regi A 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 obtained can be viewed in the
sequence listing in which SEQ ID NO. 1 is the IGS forward sequence and SEQ ID
NO. 2 is the IGS reverse sequence. Searching the NCIMB database revealed that
AH1206 has a unique IGS sequence with its closest sequence homology to a

Bifidobacterium longum.

In order to develop a barcode PCR profile for AH1206, 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 (XNAT?2 kit) and 0.3 pM BOXAIR primer (5°-
CTACGGCAAGGCGACGCTGACG-3’) (SEQ ID No. 5) (MWG Biotech, Germany).
The PCR reactions were performed on an Eppendorf thermocycler. The PCR products
(1 pl) were ran alongside a molecular weight marker (DNA 7500 ladder, Agilent,
Germany) using the DNA 7500 LabChip® on the Agilent 2100 Bioanalyzer (Agilent,
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sequence data was subjected to the NCBI standard
nucl eot i de-t o- nucl eot i de honDIogé BLAST search engi ne
(http://ww. ncbi.nl mnih. gov/BLA ? The near est
mat ch to the sequence was identifi ed and then the

sequé}wegnm/erEh%\bargﬂé@ (PGR proshysarrirede) mk@srdgtemxx@tmmmg the Agilent

MegAl t e _se ce
i cndtiOHPa P B YR PR RGPt "R AR e prere dentifiea
S timaglgs forward sequence and SEQID NO 2 is the

| GS reverse sequence. Searching the NCl MB dat abase
reveal ed that AH1206 has a unique | GS sequence with

its 9\n‘ﬁ%°g 1 Ségg{gﬁp@ﬁogggm ogy to a Bifidobacterium

| ongamt | ) op a barcode PCR profile for

AH1206, PCR was perfornmed using BOX pri msrs (8). The
' condi ti.ons wer 7 mn

cyclin 94C f .
for fmﬁ'hbmleéen%@@yr Hpﬁg’fsrﬁdfﬁh? A longu Syre 1ne\§§s fi%‘zms@ using the “disc
for s e )
DA, %@s Cgbtmﬂtlt? z)a(slsl% 2CE|ﬁtB)e§ g’%ﬁé %@Qn %@ﬁ ﬁ'lxgl?g o%%ﬂ%e Hri’(fnh medium for 24
CT ACWW@O)%@SE@M BndNdiscssyon(aimiGe known concentrations

S In o};g’g E]?Fd ]Ebrmth% WSS ypj?cg Onrﬁ] gf?e:glgé)grr]; r%/em gr%f %amsx?edo For 'antibiotic |
wer e sér@ﬁw@t&%ﬂgﬁ 'l-@Qia@s 'ifQ:'uBEtiUnaJt 300 BR8erMBEHEHic CENGERO Ktrains were

| adder, Agrlent, Germany) using the DNA 7500
Labmpw(lq*e)redo n‘ensneveAgf penes of) OdutBliomred| Ymer or greater were seen. The

o2 i R, B RSP ) s

Wher asfessel. MheMIC (dr@Rndaddeia! vancemelcifiian@ nveefodidazole were 0.32, 0.75
identified (Fig- 1). Antibiotic sensitivity profiles

Ant i BRGP38 repreivelNi ty profiles of the B. |ongum

strain was determ ned using the 'disc susceptibility’

assay. Cultures were grown up in the appropriate broth

medi dmedtmal Pahsit

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. AH1206 survived well for 5 minutes at pH 2.5 while no viable cells were

recovered after 30 minutes.

Upon exiting the stomach, putative probiotics are exposed to bile salts in the small
intestine. In order to determine the ability of B: longum to survive exposure to bile,
cultures were streaked on TPY agar plates supplemented with 0.3% (w/v), 0.5%, 1%,
2%, 5%, 7.5% or 10% porcine bile. B. longum AH1206 growth was observed on

plates containing up to 1% bile.
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antibiotic sensitivity after 1-2 days incubation at
37C under anaerobi c conditions. %%Tains wer e

consi dered sensitive if zones of “rnhibition of | nmm or
greater were seen. The m ni num i nhibitory
concentration (MC) for each antibiotic was

Vanc kg B SRt Eam i 26 Po g 1 541016 TS g spiptestinl rct

r espeat byebyed. Mitesérstmkd ik P07 11 J0% &lﬂty%mm@%ay\bmetmere examined
Bi fi dobacterium | ongum could survive at @hEH val ues

equi ¥l thaprasencerd e fedunigra- ﬁrgehIémstlaﬁa@wn Hé2Q6awas facilitated by

v &7 KRR, R R Yt 68 bifidobictria -

r es usefbesionof Tampicid i thel j TP pﬁtds @s@Hto?asseds Wankit EMdured that only
HC ). Cells were incubated at 37C and survi val
meas theelgd sfampicy rgsistantdifiebactagia veas cuyredp d'ageah samgples were collected

u3|n

oA A AU R el AR KSR Bl i 2).
recovered after 30 m nutes. Upon exiting the stonach,
put at,i ve hioti.cs are exposed to bile salts in the
snalﬁ@ﬁﬁpggﬂLQéﬁﬂﬂﬂforder to deternmine the ability. of
B. longumto survive exposure to bile, cultures were

streaked on TPY agar plates supplenented with 0.3% .
(W vThe @ncﬁ%toﬂ_p@th@%ncﬁ%cr@ofg@\msms 18ed poths stedp iweee p@pagated in the

| ong AHL1206 gr ow h S served o | ates c

oo P HiE Pieatli® e R o B QpfieRry " SAarRd Siphimurium
| 0”9(‘3‘7°6H1181Q§1 k/] rPptehd Sb}'@bﬂﬁﬁ’&%&'sﬁ?ﬁl@hﬂeﬂt@ﬂ Wwifl016% yeast extract
was assessed ce consuned 1x1 206 daily and

f aec&FSHEF &widle amwinhoeiet jtjgni (HECoraseemnbis) cﬁndt Kecoli O157:HT
fed ?ﬂl"ﬁ’bo gg;[eg%%)sgﬂ Fotdecgtgl's dn %gtgzdzu d%czle {137°C anaerobic) in

faciMtat y 1'sO Znedus i
resi $é1ﬁf€btce\daﬂilloaﬂtha0fmeﬁhm IQRCMj aagd)eAlBstrains 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 AH1206 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 a molten overlay with 2% (v/v) of an overnight indicator
culture which was poured over the surface of the inoculated TPY plates. The plates
were re-incubated overnight under conditions suitable for growth of the indicator
bacterium. Indicator cultures with inhibition zones greater than 1 mm in radius were
considered sensitive to the test bacterium: B, longum AH1206 inhibited the growth of
all pathogenic organisms tested, with zones of clearing measuring 14, >80, 13.33 and
17 mm for Salmonella typhimurium, Campylobacter jejuni, E. coli O157:H7 and
Clostridium difficile respectively.



incorporation of rifanpicin in the TPY plates used to
assess transit ensured that only the fed rifanpicin
wo e®saiaend bifiobacteria was cultured. Faecal BemH2068/000033
were collected daily and B. longumtransit through the
gastroi ntestinal tract was confi d (Fig. 2).
~Anti-mcrobial activity The indicator pathogenic
m cro-organi sns used in this study were propagated in
the foll ow ng medi um under the follow ng growth

condigt.i .38 neI 7 aeroQ
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the defiafiged, d]l%lhbféd aha)stor&r atei7|09/c ubkil IL&I?M&AEHmmelevels using

i ncubat ed f or - . Ten-fold seri al | uti ons were
spr eam@mﬁ@dbe{aﬁ@my; Tt BioBpienerghr ATHE06 nndwsd significant secretion of

\?v\e/(r:_\re nll(l) eg%h %@é@g}%&{ rg A m Q{ naetlglsl é)\glfy hurrg ai‘%ée% ﬁpsugéestmg this strain

10 i ndi eiyde usefivhas@sntpinflamnedo®agemoguivat i ng a nol ten
overlay with 2% (v/v) of an overnight indicator

cul ture which was poured over the surface of the

i noc PYp P A 208! r .
over nghﬁﬁu-r%del? ko?)'?ﬂ’glﬁtt I ons oguz?t{t&ﬁﬂ ?egf %Pﬁg‘?gﬁh&%a%? @ murine
i ndi aaddel obasthmai um | ndicator cultures with

i nhi bition zones greater than 1 mmin radi us were

consi dered sensitive to the test bacterium B. |ongum

15 AH 286 Lol thl?él’i 5']3%1[9’5 QWalbuliin %VAB%HQQ%H fnouse model of allergic

organi sms tested, with zones of clearing neasuring 14,
>80, alrgagdnflammationMico weBasamsitietd by i. ypihuemmm offpVA and disease was
ostridiu

d { FVARge bg @Bﬁ’g{‘ﬁ%@ I&WE%;%}‘Q%Q EV?’BK f o thfast challenge

by PRjyS1 9)mice SR8 Sebjt@edBto heRGkemMents of airway responsiveness followed by
BAL procedure. OVA-sensitized, saline-challenged mice served as controls.
20 Commencing on day 1 (i.e at time of first OVA sensitization), animals received B.
longum AH1206 via a gavaging needle for 14 consecutive days. Animals gavaged

with MRS broth served as controls.

Airway inflammation was assessed by inflammatory cell counts in bronchoalveolar
25 lavage (BAL) fluid. Cells were removed from BAL fluid by centrifugation and cells
were resuspended in phosphate-buffered saline (1 ml). BAL cells were stained with
trypan blue, and viable cells were counted using a hemocytometer. Smears of BAL
cells were prepared with a Cytospin (Thermo Shandon, Pittsburgh, PA) and stained
with HEMA 3 reagent (Biochemical Sciences, Swedesboro, NJ) for differential cell

30 counts, where a total of 200 cells were counted for each lavage. Consumption of B.
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Peri pheral bl ood nononucl ear cells (PBMCs) were
i sol ated from healthy donors by density gradi ent

weessnifegati on. PBMCs were stimnulated with theCT/IE2008/000033

probiotic bacterial strain for a 72 hour period at
370C. At this tinme culture supernatants were

col l ected, centrifuged, aliquotef and stored at -70 0OC
until being assessed for IL-10 |evels using cytonetric

be a%?%ftﬁz%(ﬁ 1 io%Q@lﬁé&'ﬂg?&ﬁﬁld tli%'_t'btaf' Q%L;%%gfsgcgympared to placebo with

signi ficant secretion e anti-in

cyt theimgotity-df Ghib diffemeren bPIBNSsen( ikithe e@jnophil gepilatian Figuse 4).
strain may be useful as a anti-inflammatory agent in
vivo. Exanple 3: B. | ongum AH1206 attenuates

r es Thisadt@dyy wal $&5’é§féd it fﬁrtﬂé%r 1h0€st1'§9@e\tvh&fleratﬁtz %Jﬁl! Bacteria strain
study utilized a Bal b/c oval bumn (OVA) sensitized

nmouS¢idebdeerivnh l@ngum HHA286 sumpyesses alkmtatrq:sonnsewhmm M4 sensitized
sensitized

i [oNse, Ialoggyof ﬁll rgh 11’\1? yclﬂgﬁxingﬁélgn%rtu#?yeﬁsl Gafe BALB/c mice were

Twe dngitized by Hpu irfectibh ®f OVNE dag ot arth@dyl €NQe daga)2 AR 14, mice were
m ce were subjected to neasurenents of air

res Mlgpgf‘éiﬂgg@ap%m %%@V}ﬁ, Tmlt)pfq}{g dawpsafter th)é last challenge (day 15),

ov.

Coﬁ{rﬁ%{‘gﬂew 5%?{%;@? r?'gﬂlg%&l'i]éké@é‘ %? ;W gereﬁ%&%gn & followed by BAL

OVApmeedirt.i Q¥AIdup;-seasitiral, salrrmec&iauetgeBmlbe)E\agmﬂ d%l-l.‘kﬁx%ls Animals
. heedl e f 14 consecytive days.

o HEEY PSS BIEsEH QupuEbauBe Gofl ey amiaghon (estokine and

i Eélﬂ’@@ﬁﬂt@nw‘é@%ssﬁ%§ﬁs§5€@nfpa)fnrhm)hamtc%ﬁﬂts Clﬁl brofidiéaiveolar lavage

i n bronchoal veol ar | avage (BAL) fluid. Cells were
r entil) ﬂwdnABA@yfrmetismWessawas rksa gmaswnd asidg ¢led Bexco whole-body

wer e us hate buffe i,ne (.
gL PSP SRER ae B WA e Jlal e Ol Sofigadnlce and wer
cel iRubRERinCiBY PtRendeSIfRatL THEARE Mﬁt@@jﬁrmtlﬁ%ﬁéﬁ stte@fwhich cytokine
BAL cells were prepared with a Cytospin (Therno

Shalsyels werg meamiadgh themperna@ntsthyi fiesy cxipmBtrHEMA 3
reagent (Biochem cal Sciences, Swedesboro, NJ) for
differential cel

B. longum AH1206 treatment resulted in a significant reduction in cells recovered

from BAL fluid following OVA challenge, when compared to broth fed animals (Fig.
5). Airway responsiveness was measured and challenge of sensitized mice with OVA
resulted in an enhancement of AHR to methacholine when compared with saline-
challenged mice. However no modulation of this enhanced airway responsiveness to

methacholine, as assessed by changes in enhanced pause was seen (Fig. 6).

BAL cytokine levels were measured by cytometric bead array no significant
differences were noted for IL-10, IFN-y, IL-6 and CCL2 levels. AH1206 significantly
reduced TNF-a levels compared to OVA control (Fig. 7).

Cytokine levels in splenocyte supernatants were quantified by cytometric bead array
following in vitro OVA or anti-CD3 anti-CD28 stimulation. Increased 1L-10 release

from OVA stimulated splenocytes, associated with in vivo OVA sensitization, was not
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counts, where a total of 200 cells were counted for
each | avage. Consunption of B.|longum AH1206

wae@siiizeéant |y reduced the total BAL counts cOPQEIE2008/(00033

pl acebo with the majority of this difference being

seen in the eosinophil population (Figure 4). This

study was repeated to further in9estigate whether the

probi otic bacteria strain Bifidobacterium!|ongum

AHL20G. -SiPR" 8RS8 £/ Ricd) ﬁleheé«&@ RS %%nﬁﬁbaﬁpd@éénce in IL-6, TNF and
sensitized nouse nodel of allergic arway

i nf M@PAt(C811L.2) Brviebst |1Y; 1 Gacdtldase fraieCBMCRIZA] splawcytes @as not increased

ST TINEEERTY RO —.

Wity Qiéb‘-IFﬁWe%%' si%QMirc%IBfég {ezl(ljl@&f & i Sgllé@n%meg p@b]r@ @fernatants of

(day 15), m'ce were subj to neas

ai r wdl1206dpbrapimandEig. f&)! | dioesighificBAL chmngese seree noted for the other
O\/A/%I Fm sensitized, saline-challenged mce served as
conf¥'8rEeS REFHEIS recei ved probiotic or placebo

t hroughout the trial. Airway inflammation (cytokine

and cell counts) was assessed by inflammtory cell

coulixample QM fsedingmadel | avage (BAL) fluid. Airway

responsi veness was al so nmeasured using the Buxco

whol e- body pl et hysnograph. Spl enocytes were al so

i solTat edint r ofn GMA stelySivwdszesl frivegtigatd wWkdtRerl IBIDFOBRtic bacteria,
in the presence of anti-CD3 and anti-CD28 anti bodi es )
af t BHdphreter et (rgre AEN P& syppressee adlgraiel tespopsRs in an ovalbumin
sup i \/ . n 0q. .

Cr o0 REAT e B RARETTRLAN, AL B A vided o eroups
r ec(8/gmep) hmd fiedBRlacéboli Rifidabatevivmglodlybn CAHN 2@ ged DiMigled H,0 for
conmpared o oth fed anjmals (Fig,. 5).. Airway . i
r es fothsy e\?&% éAgL“\}\%sW?FEQ Ly vagrg werkly with Q‘@Xﬁmm and Cholera Toxin
seng 4d JOIRY t [ .
AR e e AUl bt SPH R0 o ARCPRERTANy Bhvaged with
sal Podh XBSeordr @s @i ewatroHowéee founovarksl of acatorengfa blobd sample from

enhangced airway pe nsi.veness to net hachol.ine,

20s SRLIIPBY W £RTIEIET 13 Gl VB0 P LR Sbseiiiep R SA performed
6) . tBiYeastiyé ORI A8pdcei eI WREIS. MBRSIMRHs ANd EiesMTBEd lyinph node cells
bead array no significant differences were noted for

| L- Pgre |1 ted and stigwlptedclin viagemdth ABS2@ed antiCD3/CD28 and the
Sl gﬂhrfnhﬁ&fgnlli}{ant OVA peptide. Thl and Th2 cytokines were measured by cytometric
CBA.

There was significantly less OV A-specific IgE induced in the probiotic fed group
compared to the placebo and positive control groups (Fig. 9). The negative control )
group and the AH1206 fed groups were not different suggesting that AH1206 feeding
completely inhibited the induction of an OVA-Specific IgE response. Statistics were

done using the unpaired T test.

Splenocytes were isolated from probiotic, placebo and dH,O fed BALB/c mice and
either left unstimulated or stimulated with LPS, antiCD3/CD28 and the

immunodominant OVA peptide and then analyzed for cytokine production of TNF-a,



reduced TNF-al evel s conpared to OVA control (Fig. 7).

Cytokine levels in splenocyte supernatants were
wematiiR2eed by cytonetric bead array foll ow ngPCHIE2048/(90033

OVA or anti-CD3 anti-CD28 stinulation. Increased |L-10

rel ease from OVA stinul ated spl eggeytes, associ at ed

with in vivo OVA sensitization, S notobserved in

AH1206 fed mce. There was no significant difference

in | IL8, I, Had andPl-5 bed il Thi gepmetric) baad) arely e §ytokine results are
fro cytes was not increased in AH1206
fed ani ma Mrﬂ%ﬁ@? secretion of the .
pro-infl ammtory cytokines TNF- a and IFN-g were
significant reduced in the splenocyte culture
supefrﬁﬂ%p!%&“emyx ed animals (Fig. 8). No

5 si gni ficant changes were noted for the other cytokines

: mas%(ggrguﬁ%%%rg% e‘?loé} s OVA f eedi ng nodel The ai m of

this y was Vest i gate whet her the probiotic

bact Gl b T'ﬂ‘?ﬁ-"&%ﬂ' O 5 OO UM ARRZ R AP PIESSES | IL-5
al | et esponses—Tn 1 A=t npuced

al | efgy-—+euse—+odel—BALB-e—mecewere—di-vi-ded—i-nto

groups (8/group) and fed Pl acebo, Bifidobacterium

~longum AH1206 and Distilled H20 for four weeks. All
m ce LREr¥inytlated Prigaoadesd weekly with Oval bunin and
10 Chol era Toxin in 300m s of PBS - excluding one of the

dH20 Sgradsips WHITNB-alshize [0Hall y . gaVagddgarhing P04 s PBY L5

onl Yy A1 @ecoMNt . After four week I treafnent, a
bl ood sanpl e |f r™®m each jmouse was |[cO®| ected yia facial
vein puncture and @Iéubsequent ELI SA Rﬁ(‘f orfred to

neastre—OvA=spect | rc—tgEtevets—The—sptreens—and
mesenteric |ynph node cells were isolated and
stimul ated i.n Vltr(i with LPS and anti CD3/ CD28 and t he
i mrud Hnled sRleROCYER| and Th2 cytoki nes were
measur ed by cytonetric CBA. There was significantly

15 | ess OVA-specific I gE induced in the probiotic fed

gr oy Strain TNF-alpha | IL-2 IFN-gamma | IL-4 IL-5

AH1206
Bone | Fone | Brne T ne
PC
rt
lrtPC lrtPC lrtPC 3 lrtPC

RT = Relative to
NC= Negative control (water fed, PBS challenged)
PC= Positive control (water fed, OVA and CT challenge

2 .

’ In un-stimulated splenocytes, no alterations were observed compared to control
animals. TNF-a and IFN-y release from LPS stimulated splenocytes was significantly
greater for AH1206 fed animals compared to the negative controls but these levels
were consistent with those observed with the OVA sensitized and cholera toxin

25 administered positive controls. CD3/CD28 stimulation revealed profcund alterations

in lymphocyte signaling in the probiotic fed group. AH1206 fed animals secreted
significantly less TNF-a compared to the positive controls but levels were higher

compared to negative controls (Fig. 10). AH1206 fed animals had significantly lower
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conpared to the placebo and positive control groups
(Fig. 9). The negative control group and the AH1206

wo edsgrneps were not different suggesting thatPEHIE206/000033

feeding conpletely inhibited the induction of an

OVA- Specific I gE response. Statistics were done using

the unpaired T test. Splenocyte@lwere isolated from
probiotic, placebo and dH20 fed BALB/c mice and either

| of lelish IRNAL 902015} AN Rl LCoMpLRY LS

and %he %nnungdon1nant péﬁgf and S‘1en ané%@&ﬁ?%@ipomﬂve
f or conttadki ne producti on of TNF-a, I L-2, IFN-g, IL-4 and

1L-5 by Thl/Th2 cytonetric bead array. Cytokine

results are summarized in Table 2. Table 2 Cytokine
SUMIRAMpHDS: T FEs|effef@r AIdRNOCY T €S _

ant i CD3/ CD28- sti nul at ed spl enocytes RT = Relative to
hE;_hbgatlve control (water fed, PBS challenged) PC=

Egss 5}1 a’? Q%\;egé &aé%% ‘ci:h effe cq Y gﬁobéoq%gt g%lﬁgr%ak?ré " reglrl]latory T cell
obs ﬁnmb@k cadpatedtyt oinC Qﬁbllthl IﬂIUerTHBALBTMFm@cear((IiOAngﬂ'pQ were fed
rel ease from LPS stinul at ed splenocytes was

si gRidobacteniyn glengusr Pt 2061 Pu6 nlasgbeniforal dreconyegked Following

conEiB GRS SRS, ida 1926, TEMELBAIP SIS ore deplated and
andtleiraheriao sepgressadractivisy eredepnsintd bg mestrind roliferation of anti-
CD3/ i mul atio rof ound al terations _in

o Cogh S Bl O RS Dl ReReneSiit GHEL pne oW eytomety.

AH129%+f 186 o RLAIsSEGE 85-§cbuBh@i Withc@Di L ¥Db &SP cdilNFasd control. The
conpared to the positive controls but levels were

hi gpetpera@@qa@ﬁ €eb4teDasy athlsx@Rezgulatmmltc, c€lis) gn muBine splei@es that are
f d d t l. I
o320 Y s PR b Pt mice.

pOSI tive controls.

The % of CD4+ cells that proliferated when co-incubated with CD4+CD25+ cells
from the probiotic/placebo fed mice was compared to the % of CD4+ cells that
proliferated when co-incubated with CD4+CD25- cells from the same trial mouse. In
each case, T cell proliferation was less in cultures containing CD4+CD25+ cells

compared in cultures containing CD4 cells alone and depleted of the CD25+ cells
(Fig. 11).

The % of cells in the CD4+ population that were also CD25+ was determined (Fig.
12). The Bifidobacterium longum AH1206 fed group had significantly more CD4+ T
cells that were CD25+ (i.e. T-Regulatory cells) than their placebo-fed counterparts (p=
0.0081). This suggests that the % of T-Regulatory cells within the CD4+ population
was increased significantly by feeding with AH1206.

The number of CD4+CD25+FoxP3+ cells in the whole splenocyte populations of

probiotic or placebo-fed mice was also determined. The number of
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(10/ group) were fed Bifidobacterium | ongum AH1206 or

pl acebo for three weeks. Foll ow ng probiotic/placebo
consunption, CD4+CD25+ T-regul akdry cells were
isolated and their in vitro suppressive activity was
det G§sh sy j t :

oo S oy i e o ] Sy B R asMlichipged.in the spicens of
cel ppbigticrfgd Micavetayive eplagebo Cbdnfedmsiponder T cel |'s
were co-incubated with CD4+CD25- T cells as a control
The percentage of CD4+CD25+ cells (Regulatory T cells)
i N Mthinple 6PGEAR T G0ddlat are al so FoxP3 positive was
determned in the spleens of probiotic or placebo-fed
mce. The % of cxn+ ceIIs that proliferated when

CO- i with l.s f om t

pr obl grk{l c pﬁ% ace erefp uac il e?eatv\?;ge%l%sn% Iaomf"ﬁléana/e dojp the germ-free
CD4unit ek ks bibRigidal edrivices ahi€ th WED Q’Qnﬂnﬂl@ WoatighledMheprobiotic strain
CD4+CD25- cells fromthe sane trial nouse. In each

cas Bifidobagierium longune A4i 1266 Ioals davsoriremained gpras free. Induction of T

conta hoE B e a o Ao SRRt 6 of the cops+

cells (Fig. 11). The % of cells in the CD4+ popul ation

tha wer e al so s_determ.ned (Fi 2). .Th

Bi 1 THE BHEEER ?ﬁﬁBﬁﬁﬁH AT I@rﬂé«n Frenor AHIR06 fed germ.ree
Si gﬁhliﬂaq:sa%i 3(1gHﬁfc@nt%‘EreIséﬁefoil§w§1{éafeem$ RFED48) Tbtaf CD3/CD4 or
T- Regu atory Cells) than their pl acebo-

couB/ERB ceurtp enprip@8MplterFhi s suggest s that t he % of
T-Regul atory cells wthin the CD4+ popul ati on was
i ncreased significantly by feeding with AHL1206. The
nunber of CD4+CD25+FoxP3+ cells in the whole
splenocyte popul ati ons of probiotic or placebo-fed
m cExample]:sabiliteresnfed. The number of CD4+CD25+
T-Regul atory cells expressi ng FoxP3 was unchanged in
t he spl eens of
The stability of probiotic strain-AH1206 was assessed over 3 months at 30°C (Fig.

13).

These results indicate that Lactobacillus rahmosus GG was a poor performer over the
test period with a 2 log drop over the 3 month period whereas AH 1206 was quite

stable with no viability loss recorded over the period

Immunomodulation

The human immune system plays a significant role in the aetiology and pathology 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
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Exanple 6: Germfree nodel Germfree mce were

weooshered at 6 weeks of age and maintai ned i nP¢EE2008/000033

10

15

20

25

30

germfree unit at the biological services unit in UCC

Ani mal s consuned t he problotlc ﬁg$ain Bi fi dobacteri um

| ongum AH1206 for 14 days or ned germfree.

I nduction of T regulatory ceIIs was assessed by flow -

cyt on@ms;es Tﬂmlrhanﬁér@ tbcsecbhmzstpﬂzmpmweréwase peing hecreasingly
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le 7 : -Stability results The stability of

pr ob OV¢lcsyndramne: - ganeso franilaslys those of ote rgastrepipstinal and immune

30C siegnﬁ 131)a1Th3— Stﬁse'é?eé%nhﬁmh@%‘s&%}a?e(f G%}rhoea paedlatnc diarrhoea,
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t he agehdipais] cahteirinure idovderslr apulipler stlb@sis, m&lzhélmer s disease,
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| mupagchy! ﬁ{fé&f(‘)ng_h &/ifaY MRifedHiBRY N Gursibt ﬁl@%o?iloﬂé’ S p@n?donta-l disease,
significant role in the aetiol dgy and pathol dgy of a

vast urognlgeal aliseasaresexaillye ismsmitied) diseasen dINy plfeqtmm IHEIV replication,

resp iveness, resylts in roi onent of

oy DRI Ao i thogd vBicd casackidlad RRGR. BireRokinglied metasuatic
ent i His@fe, JeBLisRALIEMIOLK] ARYexiATEveRbitdl UaRhédla, WRAEHRMing, ulcers,
to the control of I mrunepr ocesses. Pert ubances of

t hes gutdedrrien funcéign.orliengy.nastiwes, krgsmraéorbedlsiﬁgders circulatory. disorders,

i ncr I at The

7 Sc SR R SRS ey i 883085 BB e, el
di sodidedss, disordenodd’ tiel eaayal mermlammwﬁ,y hbgutkel disease, ischaemia,
di sease, |rr|table bowel syndrone, cancer

( par BHELPRRl| Jlisoplsse OFtePPRIOHaS FF‘@QW%S@ISﬂ&m&n@PlﬂWﬁ edisorders,

psoriasis and acne vulgaris. The effects on cytokine production are spe01ﬁc for the

probiotic strain—examined. Thus specific probiotic strains may be selected for
normalising an exclusive cytokine imbalance particular for a specific disease type.
Customisation of disease specific therapies can be accomplished using either a

single strain of AN1206 or mutants or variants thereof or a selection of these strains.

Immune Education

The enteric flora is important to the development and proper function of the intestinal
immune system. In the absence of an enteric flora, the intestinal immune system is
underdeveloped, as demonstrated in germ free animal models, and certain functional
parameters are diminished, such as macrophage phagocytic ability and
immunoglbbulin 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
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di sease, rheumatoid arthritis, coeliac disease,

di abetes nellitus, organ transpl2 tation, bacteri al

infections, viral infections, fu gal i nfections,

peri odontal disease, urogenital disease, sexually

t r ansnfedtionsl chiilkeagesesncoiieredbg ahé bost. Alhis ladpbf mamimgnstimulation may

H V associ at ed di arrhoea, surgi.cal associated trauma, .
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heal i ng, ulcers, gut barrier function, allergy,

ast hiramupespdulatotyr paeliesar werld, provide| e ohgstdvaibr dleg snecessary and
bl oo on sys ease,” di'sorders 6% of immune
t he ¢enrtioal nervous system hepatic disease,

i schaemi a, nutritional disorders, osteoporosis,

endocri ne disorders, epidermal disorders, psoriasis

and ﬂﬁﬂﬁmﬁﬁhﬂﬁris' The effects on cytoki ne production

are Sp _ or the probiotic strain-exam ned. Thus
specific probiotic strains may be sel ected for.

nor mal i si ng. an. excl usi ve cyt ki ne inbal ance particul ar .
for %&%fqnclsgtﬁg 453 Vol 3@&@% s E{cgﬂacwugqt@eésfeﬁmd, plasma
spec ;pfdtéinﬁ BRI ARER 0 6PLE1R G 2RO hathattaihed gﬁ}t’s@’daﬁ B%a@f infection or

single strain of AN1206 or nutants or vari s ‘thereo
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enteric flora is jnpogtan the, devel opnent and. _ :

o opErFicingt o ATBPeR, b Al L hmarf reaHN goERs fpplude cytokines,
Yot e o ST e i rgdiates and
ani migukaisigaess, Cyipkineseare bawi molasatar oveight binlegiealbrastive proteins that are

di m nj P . ch . r oph hago . bi,l.i ty and
o Gt T AT R EHRT oPHRRBRtKEFH A abim By responses.
gut fwWhile alsorregilatingl deivelogment) iasiRGepdr ahhitenak@ORBRS Efhey provide a
is beconing nore evident. The increase in incidence .
means of communication between leukocytes themselves and also with other cell
types. Most cytokines are pleiotrophic and express multiple biologically overlapping
activities. Cytokine cascades and networks control the inflammatory response rather
than the action of a particular cytokine on a particular cell type (12). Waning of the
inflammatory response results in lower concentrations of the appropriate activating
signals and other inflammatory mediators leading to the cessation 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 IBD are aimed at reducing the levels of these pro-inflammatory
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and range ofinfectious chall enges encountered by the

host. This lack of imune stinula%ion may allow the

host to react to non-pathogenic, “but antigenic, agents
resulting in allergy or autoinmmunity. Deliberate

cons ayfpkines; indluding dk.i8candofNIron Spelt therppieis anay also play a sxgnlﬁcant role

I muno ulato bacteri a woul d provi de ost

t he. HeE CeaPisaL R ey Bistieed fudh SePrpyidanbrits.
proper devel opment and control of inmune function.

I nflammation Inflammation is the termused to describe

t he “[Tbe atraing-e{itha IPaesewinnwdntion may, hapw asientigrapphi¢ationam the treatment of

\Sﬂ;/tSIGC%g%Og zlirlm%af%t a{sgastese (5} lahla 1{’ Her%tem cgm%rl]natwn with other anti- -

ongommmmryeﬂfeﬁa@)mns&h £0Abx- @tlero@d ahfi@nflahmadipaidaigs (NSAIDs) or
response. i s exerted on a nunber of levels ( 1 1). The

contFQﬂqqnW@ factors include cytokines, hornones (e. g.
hydrocorti sone), prostaglandins, reactive

i nternedi ates and | eukotrienes. Cytokines are | ow

nol eCytokinesand fandwrol ogi cal |y active proteins that are

i nvol ved in the generation and control of :

i mmunol ogi cal and inflammatory responses, while al so -

r egu'TﬁE E)ﬁgiugf?(yr? bpﬂfﬁﬁmmctfoha?lséﬁokﬁﬁe@aécfossﬁ%de spectrum of tumour types
haemat opol esi s hey provid nmeans o connu I catlon

bet \A@l@gestemab@;gnéb:anhmﬁamlnm aespondes @rwwmgmmg mepatieets| with cancer.

Mbst hi c and expre .
ot PP SRR b DEHRLSh G At FoPOT S B e erowth and
cascagRopitht BE RSk Scel9 M vob. tHirvedvef, |t BARINMmatory responses could
response rather than the action of a particular )
cyt oRdveasebnatieqh siret tumenerbeasiag [hosty &OUQH!@) cytoling mferaptiertseire involved
i nf| ﬁ]mﬁﬁ:t %nglaﬁlgﬁ poqnc}%(t)klge rcgd%ctlon cell ?PSQ f E&t{o%t wgﬂln tumour and -

of the appropriate I'vating

i nf | aomgdl Gisshes €, aupr & hae Hﬂlgﬂ)@eﬁ tbcbﬁlﬂz&ﬁ%&ﬁ%@ﬁt 106s {chehexia) is the
inflammatory response. TNFa is a pivotal

pr oi ANBRNMATAORITEYR SRYSAT sathtinipatients math gancas andyénigl malnutrition *

. indicates a poor prognosis. For a tumour to grow and spread it must induce the

formation of new blood vessels and degrade the extracellular matrix. The
inflammatory response may have significant roles to play in the above mechanisms,
~ thus contributing to the decline of the host and progression of the tumour. Due to the
anti-inﬂémmatory properties of Bifidobacterium longum infantis these bacterial strains
they may reduce the rate of malignant cell transformation. Furthermore, intestinal
bacteria can produce, from dietary compounds, substances with genotoxic,
“carcinogenic and tumour-promoting activity -and gut bacteria can activate pro-
carcinogens 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.



cyt oki nes and bi ol ogical effects resulting in the
inflammatory state. Therefore, agents which inhibit
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i nfl anmmat ory di seases, e.g. infliximb.
Pro-inflammatory cytokines are tlifo)ught to play a major
role in the pathogenesis of many“infl amatory

di seases, including inflanmmtory bowel disease (IBD).
Current therapies for treating |IBD are ai ned at

redug}n the | g.ls of these '
pro-i rtoki nes, including IL-8 and TNFa.

Such therapies may also play a significant role in the
treatnent of system c inflanmmtory di seases such as )
r heurklie gngiomiyt o pathegemt ergapispisngAipfentry evip maugepal surfaces. Efficient

It ng?’%ﬁ%‘igﬁyoaflq?%ﬁg@g% ;‘)P(%tér:fﬁ% g%ﬁg{tg?g&%’?@é}gg eﬁsa,p[?cular infectious agent.

par t iOxall @ackinaiidn stsekienhaendonoaitiated, W dhtepbhelie aset 6f attenuated live
i nflamratory therapies, sych as non-steroid . .
ant i PRBPEIRQINS Y A Hup |69§3p55\'3terinmgfnhéb6)- Probiotic bacteria,
Cyt okj Aeserad % pROfEL BgerRr R8I Affe@budbddt! BNELL OB provi

cyt okfl%es lracro S a vviaéregespect rum gl?et ulrlmué types & provide an
suggestastivdhattemiagne fasc dimse i bidtermraror gonsidepdngedeasafe for human
ongoi ng in patj s with cancer. It is currently _
uncl 88‘?5“6{]?35“%¢g3§&3}t d effect this response has

agai nst the growm h and devel opnent of tunmour cells in

vivo. However, these inflammtory responses could ) _
adveMwing dudieschaverdemonstated et congynipbion of Qoolpdtaxbacteria expressing
cyto irneni n iernacti ops. are <i:,[nvvoll ved irré tohe g ul ati on odine tet

of cytSIEMFRUBFE TR SH PANECIEE RIS FSPRPSES: oh W PRicReoding tetanus
t UNo iR NEaghshbBt (TTFEYeswad klpred<tll. inl Lab@sodcRNJadiBCAnd mice were
recogni zed that wel ght |oss _ﬁg:_achexi a) is the single

nost 1aBwRERd caydbe gralgentd | hhipayptem svagiable daradice agpdibody titers

initigl. Bt i ndi . r |.S a o

e A A N ey

of newattigeagresestasidry 1w dadietjslavketdrd eareplodaedibadtiae compounds, such
. ; yroatiat :

T e P FEOa gt St Soact o Riman 1.2 o

IL-6 and TTFC induced 10-15 fold higher serum IgG titres in mice immunized
intranasally (17). However, with this particular bacterial strain, the total IgA level was
not increased by coexpression with these cytokines. Other bacterial strains, such as
Streptococcus gordonii, are also being examined for their usefulness 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 hoét.
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thus contributing to the decline of the host and

progression of the tunour. Due to the

@piosAiMb6d ammat ory properties of Bifidobact eri pom/iE20epmno0033
infantis these bacterial strains they may reduce the

rate of malignant cell transforna?ion. Furt her nore,

i ntestinal bacteria can produce, “fromdietary

conpounds, substances wi th genotoxic, carcinogenic and

t uno@rebpetiesot i ng activity and gut bacteria can

activate procarcinogens to DNA reactive agents (15).

I n-general, species o Bifidobacterium have | ow

act i qht itfodattiontstpRbsibiiCorgriiatols atchdplyhed B $heCiapRAbE Gf the micro-
to ot her_ populations within the gut such as - ) .

bact SFEsNIsESIN @ shikdleEIrEenl wowld tbej adivantagqesp ¢¢ previde a medium that

SRR B B RO AR SFE B B, e o
enzy e sn¥ae ahore/ digogacbirdridesr yolydaechupides, i dryothdr prebiotics enhances the

pat hogenj c .organi. ain entry via nucosal surfaces.
Effi (gfcaeﬁil of fpebf Asid @rggﬁg'é? i the gestoiniedingl ke PEsbiagiat s to any non-
i nvagiBh Bbdchabdeft iRl is RpEGHLAYS fRREREd i tgg tcé)lono Ry indigenous

vacci nation strategi es have concentrated, to

t he bsgend tlmugbintwabe of Iposidvpathiegegi bifslobanersndaaobacilli. Types of
purified encapsul.ated antigens.(16). Praqbiotic '

Pact GFEIE R AR e (5 Ga0EE R eRaoKs Shiéagalactose, elucose and
| nf egldnAbe. 2Bt conhbindd ¥8miniAtiBA O &rakioad tsidfmt W8 one or more
alternative as these bacteria are considered to be

saf e pfabrotisueramponnds maptenbance Cragrawthtafsthe aNministered probiotic in vivo
st udi es,;.have _denonstrated.that, copsunption of . L

or bt HEyS e PEPY R BhEE LG vebRlP 4Rk Py Smigtc

elicit protective i mune responses. The gene encodi ng

tetanus toxin fragnent C (TTFC) was expressed in
Lact ¥braghve ingredientsnd ni ce were i muni zed via the

oral 1f Ol e a J}Eéaég ;Qf/ﬁa}i F%éé\ﬁ%bﬁ)kﬁlé estrttclgls:or tféeg ?&Fﬁﬁe&é}ng% grophylactically

titers signiticant enough
f r omok a¢ hahetiiakofitrednaédteiber. od its addior ivdth dthergprobi@en and/or prebiotic

resentation, |iv acterial vectors can produc
gi oa&qtq;tgl% 6%68????5%5) agg&eﬂ In adgltlon, the bacterr)la may %e used as part of a -

prophylactic or treatment regime using other active materials such as those used for
treating inflammation or other disorders especially those with an immunological
involvement. Such combinations may be administered in a single formulation or as
separate formulations administered at the same or different times and. using the same

or different routes of administration.

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

varied in detail.



as i munostinul atory cytokines, in vivo. L. lactis
secreting bioactive human IL-2 or IL-6 and TTFC
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I mruni zed intranasally (17). However, with this
particul ar bacterial strain, the,total IgA | evel was
not increased by coexpression vvlt2 t hese cyt oki nes.

O her bacterial strains, such as Streptococcus

gor d&keferenemse al so bei ng exanined for their useful ness
as cosa j . j S. nj i . a
ool ofi 2 né“iv‘%é&ﬁﬁf?ﬁ-e%@%&‘ﬁ%ﬁ-ggyil’ﬁ%@&?%ﬁ‘ﬁ e immune system. In:
I nduced b@bbionicsas alirical dersais tTafthecka GW ljed)y HoisqaoBs etific Press, UK.
to antigens_expressed by this bacterial (18). Thus

oral i mund?Za®dHnl Lsi ng probiotic bacteria as vectors

woul d not only protect the host frominfection, but

may replace the inmmunol ogical stinuli that the

pat h@gen Wwowdgd PdC.niakdryctiohi dtvednhtie basttandbit nrigrobes. In: Microbial

t he i nmunql ogi cal. ,educatiqon of the host. Prebiatics The ,
i oduet £6RD %ﬁhsgf%ﬁ oY BACheP ()3 lﬁsﬁ%sa,ﬂcgndon- 1977,
the ingestixnn.p the mcro organismin a suitable

carrier. It would be advantageous to provide a nedi um
that would pronote the growth of these probiotic

strai,ns in the.large bowel . The addi t.i 0 e _or C1n
or oo | gReRRahATFOBETaiog AL B ealiet Rl PG Sonerot 1993; 105
prebioti cgs)emhzg®s the growh of lactic acid bacteria '

in the gastrointestinal tract. Prebiotics refers to
any non vi able food conponent that is specifically

fer mgnt ed Li M}EC ?rlt?lgctp% 6fngit%§§ko%§db£)rﬁﬁ)toﬁfek At m%ggar]]tsurfaces. Ann.
to be of positive valué, e.g. bifldobacteri a,

| act obaci |Rei.. Mitygigsl. aD9Prabsdl-46s may i ncl ude those
that contain fructose, xylose, soya, gal actose,

gl ucose and mannose. The conbi ned adnministration of a

pr obisot | © pateiphiinl ) ROEC R R, ALEMEAN fiost YRAUD dSuiding: betrer
may enhanceyt]ﬁ‘e gr owt’h o?‘ ﬂwe adlﬁl‘i ni st or &d 0|osro°| ot?c tiding " better ‘
in vivo resedindsnd/ar biotechmrle 199Hi6uhdXeBheal t h benefi t,
and is terned synbiotic. Qther active ingredients
6. Stallmach A., Strober W, MacDonald TT, Lochs H, Zeitz M. Induction-and -
modulation. of gastrointestinal inflammation. Immunol. Today, 1998; 19 (10):

- 438-41.

7. de Waal Malefyt R, Haanen J, Spits H, Roncarolo MG, te Velde ‘A, Figdor C,
Johnson K; Kastelein R, Yssel H, de Vries JE. Interleukin 10 (IL-10) and viral
IL-10 strongly reduce -antigen-specific human T cell - proliferation -by
diminishing the antigen-presenting capacity of monocytes via downregulation
of class II major histocompatibility complex expression. J Exp Med 1991 Oct
1;174(4):915-24.



It will be appreciated that the probiotic strains my
be adm ni stered prophylactically or as a nethod of

W@ ewatiteed either on its own or with other probCDIE2008/000033
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and/or prebiotic materials as described above. In

addi tion, the bacteria may be us§g as part of a

prophylactic or treatnent regi ne“Usi ng other active

materials such as those used for treating inflamation

or ofher Masen derlBussieicypisyDy Vesrugghen hnSwings J. Identification of

g el

formul at i Q063 HawR6(43:567-64. PMIDhBtesad®t.or di f f er ent
times and using the sane or different routes of
admnistration. The invention is not limted to the

enbogi men efrel 0 j L whi/C s
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Bauchop ( é‘lggi) as Amarbs siimubisdes prolifesattiomof plastira cells synthesizing IgA in -

p. 277-310,, 3. Kaagnoff MF. | mmupology of th .
i ntesti nalthetg‘u&@% %ggtf]'c\élgéme%t%w&a t9%¥!0,‘ “&Efs “?‘ffg.yAppl Immunol, 1968’
1275-80.. 44:3@nmy.M E. Interaction of antigens and - .

anti bodi es' at nmucosal surfaces. Ann. Rev. M crobiol.
1997; 51: 311-40. 5. Raychaudhuri S., Rock KL. Fully
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St rober Wntdfactidms @ Health,anl disesseHPod&ind Préds, 19atB(ct i on- '
and
12 Arai KI, Lee F, Miyajima A, Miyatake S, Arai N, Yokota T. Cytokines: -
coordinators of immune and inflammatory responses. Annu Rev Biochem

1990;59:783-836.

13. McGee DW, Bamberg T, Vitkus SJ, McGhee JR. A synergistic relationship
between TNF-alpha, IL-1 beta, and TGF-beta 1 on IL-6 secretion by the IEC-6
intestinal epithelial cell line. Immunology 1995 Sep;86(1):6-11.

14. Wu S, Meeker WA, Wiener JR, Berchuck A, Bast RC Jr, Boyer CM.
Transfection of ovarian cancer cells with tumour necrosis’ factor alpha (TNF-

alpha) antisense mRNA abolishes the proliferative response to interleukin-1

(IL-1) but not TNF—alpha. Gynecol Oncol 1994 Apr; 53(1):59-63.

15. Rowland LR. Toxicology of the colon: role of the intestinal microflora. In:
Gibson G.R. (ed). Human colonic bacteria: role in nutrition, physiology and

pathology, 1995, pp 155-174. Boca Raton CRC Press.
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cancer cells with tunour necrosis factor al pha

(TNFal pha) anti sense nRNA abol i sggs the proliferative
response to interleukin-1 (IL-1)"but not TNF-al pha.

Gynecol Oncol 1994 Apr; 53(1):59-63. 15. Row and LR

Toxi &ddipy of the colon: role of the intestinal

mcroflora. In: Gbson GR (ed). Human col onic

bacteria: role in nutrition, physiology and pathol ogy, :

1995,1. pp Biabobdderimdandian oraifATI 1206 32vihg .thddcssion number NCIM
R 1. New strategies for using nucosal vaccination to

achi eve nff 82fradants &r vaaAnS BeiePlbn. Vacci ne, 1994;
12: 387-400. 17. Steidler L., K Robinson, L.
Chanberlain, K M Scholfield, E. Remaut, R WF. Le Page
and 2. M WlBifdobitrensml stebeh i aseclyingdd imucliaime 1 wherein the mutant is a
i nterl eukin-2 H L- Zgﬁé.aad | L-6 by reconbi nant strains
of Lact oc&t¥Hearefificd putatessing anti gen and
cytokine. Infect. Immun., 1998; 66:3183-9. 18. .
Medaglini. D., G Pozzi, T.P. King and V.A. Fischetti.
Micosal and Bifdabeefeuinnsitme asedpiordem chim | edentinrthatvariant is a
protein expressed on the.syrf L f the oral comensal
bact or | um &P PR OSCUERE YA a0 APl doRpsiermingy o |
col oni zation. Proc. Natl. Acad. Sci. USA, 1995; '
92:6868-72 McCracken V.J. and Gaskins H R, 'Probiotics
a cridi calA Bifdplagterivapstrainas aimadtin clagm prkih isgobioto,
p.278. 19. Marson, A, Kretschmer, K, Franpton, G M,
Jacobsen, E. S., Pol ansky, J.K. , Mclsaac, K D.,
Levi se, SASBifidbba@érieh strdin as ¢iinddb@oldm, 1 bt 4Rderédiithg strain is in the
R A. Foxp3 occupancy. and regul ati on of key target
genes dur o aflplogicallypuegiGulipre. Letters to Nature,
2007C ainms 1. Bifidobacterium|ongum strain AH1206
havi ng the accessi on nunber NCI MB
6. An isolated strain of Bifidobacterium NCIMB 41382.

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

viable cells.

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

viable cells.

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

Bifidobacterium is isolated from infant faeces.

10. A Bifidobacterium strain as claimed in any of claims 1 to 9, wherein the strain

is significantly immunomodulatory following oral consumption in humans.
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Bi fi dobacteriumstrain as clained in claim1l wherein

the variant is a naturally occurg%ng vari ant of

Bi fi dobacterium 4. A Bifidobactefiumstrain as

claimed in claim1 which is probiotic. 5. A } ) '
Bi f i dbbacefdirmiasion ayhichagpnaprisesre Bifidpboriripmistegin & claimed in any of
wherein the. Ipyis in the formof a biologically

pure cult ﬁfr%lexﬁg_g?o m] i solated strain o Bifidobacterium

NCI MB24  138ZormfulatidonBhf idliilagtiar tldfth s1T allicisfufthé 0&fprises another

inany of clains 1 to 6 in the formof viable cells.

8. A Bifi aphirticepateilstrain as clained in any of -

claims 1 to 6 in the formof non viable cells. 9. A

Bi fi dobacteriumstrain as claimed in any of claims 1

to 8l1dher @& foribtiBih hs clainscl i@rany of ickhinms o @k é2 whidnfurther comprises a_
infant faeces.. 10. A.Bifidobacteriumstrain as clained '

in any of PEPHtcENdeRd) 9 wherein the strain is

significantly i mmunonodul atory foll ow ng oral

consunption in humans. 11. A formul ati on which

conpi#ses Aaf@Bimul diobzst daimerh istangi of algingd &l e d 3i furthery comprising an
of clainms.l to 10. 12. A fornulation as clained in

claim 11 WEEEAPEGPTREr conprises another probiotic *

material. 13. A formulation as clained in any of .

claims 11 or 12 which further conprises a prebiotic

mat edPal . Aldornnlationnas eleinesd s claimi e avhiereimrie angestable carrier is a

claims 11 pfla?mila%elgtl%%ltlp gcrcegtgﬁg chitleP Suctihs a capsule, tablet or powder.

16. 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.

17. 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 .

clement.

18. A formulation as claimed in claims 11 to 17 wherein the Bifidobacterium strain

is present in an amount of more than 10° cfu per gram of the formulation. -

19. A formulation as claimed in claims 11 to 18 which further comprises an

adjuvant.

20. A formulation as claimed in claims 11 to 19 which further comprises a

bacterial component.



i ngestable carrier. 15. Afornulation as clained in
claim 14 wherein the ingestable carrier is a

Wehmsieeut i cal |y acceptable carrier such as aPCEPE00800033

“l

tabl et or powder. 16. A formulation as clained in

claim 14 wherein the ingestable ggrrier Is a food

product such as acidified mlk, yoghurt, frozen

yoghurt, mlk powder, mlk concentrate, cheese

spreads, dressings or beverages. 17. A formulation as

cl ai %.d ' A Rt Eim‘? la@'clﬁmg@ i Qlaﬂ'r? \M“toc BO fv“{iémﬁ{rther comprises a drug
conprises a proteln and/or peptide, in particular

proteins amityor peptides that are rich in

o e e 4 i SR YO S0 fer comprise o

formul ati gp; @k&hg&%d[n claims 11 to 17 wherein the
Bifidobacte#ﬁ%ﬁ%str In1s present in an anount of nore

- .than 106 cfu per gramof the formulation. 19. A
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for atiqgn.as chined jin clai 11.to whi ch .further o
conp %'s esaforRYRHO At cla J R C?%’F‘ﬁﬂ 1 4e r’-%?orggmavra?wa apg} vaccination
clai ms 11ptfoch®s. Which further conprises a bacteri al
conmponent.21. A forrmulation as clainmed in clains 11 to

20 which further conprises a drug entity. 22. A

Fur i conpreBu g sy BBt a0 10 or a formlaiion

formul at i @nclasned iniaAPef Elaings Al (0R3X4dr dis ir Loddetuffs.
I mmuni sation and vacci nation protocols. 24. A

"Bi fi'dobacteriumstrain as clainmed in any of clains 1

to 1%5.(” %ué@fcﬂwzc?yugrg F%%Pgag %ia%gd ixpa:%fn(yf c%im%l. laf.onﬁ) &ta formulation

to 23 for [ 00
as claimed in any of claims 11 to 23 for use as a medicament.

26. A Bifidobacterium strain as claimed in any of claims 1 to 7 or a formulation as
claimed-in any of claims 8 to 20 for use in the prophylaxis and/or treatment of

undesirable inflammatory activity.

27. 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 - gastrointestinal inflammatory activity such as inflammatory
bowel disease eg. Crohns disease or ulcerative colitis, irritable bowel

syndrome; pouchitis; or post infection colitis.

28. A Bifidobacterium strain as claimed in any of claims 1 to 10 or a formulation
as claimed in any of claims 11 to23 for use in the prophylaxis and/or treatment

of gastrointestinal cancer(s).



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

w@bk@sns2ddlt o 23 for use as a nedi canent. 26. APCT/IE2008/000033
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Bi fi dobacteriumstrain as clained in any of clains 1
to 7 or a formulation as clainmedy,n any of clains 8 to
20 for use in the prophylaxis and/or treatnent of

undesi rabl e i nfl ammatory activity. 27.

Bi f i d3bactePiidabasariymstzain @F slairped Wararfgf img| latonkd) ar a formulation
to 10 or ! Hg%% f

to 23 for gﬁéslg In 1?%&981; %1% 1ZIX| S afﬁg?%pxtﬂ% rf 1{!5 %rt'd/or treatment
undeS|rabbﬁgg&ﬁncdmaﬁesmﬂnahhmnﬁMamnmmﬁny act|V|ty _

such as inflammatory bowel disease eg. Crohns di sease

or ulcerative colitis, irritable bowel syndrone;

pouchpli sA g dQPc?tIterhm &irdih @9 clafthéd iSany?SF cldims 1 to 10 or a formulation
Bi fi dobacteriumstrain as clained in any of clains 1

to 10 or as ¢lemedlintnpnf @lslm:sl lalltne?d fonuseniy t}m‘propla«lms artﬂ/or treatment

to 23 for in the |s and/ reat

gast ol nt Sbenniamms ErEEs bt shaama bR RERE e .

strain as clainmed in any of clalns 1to 10 or a

formul ation as clainmed in any of clains 11 to 23 for

use Ph thé Baﬁdpbrmt@wns stzinl g claimed imanmt Ofdﬂals‘l,‘lslt tenk(Ocor a formulation
di sease suc rheuna thr t
Bi fi dobac se (r: Iaulrjnrre]dS f ggln% 23 f:orn usae Hn thefproi)hglams 3_nd/or treatment

to 10 or afé@béﬂﬂuatw Qﬁueaﬁamb mﬂmdnataryawvﬂi claims 11
to 23 for use in the prophylaxis and/or treatnent of
aut oi nmune di sorders due to undesirable inflammatory

actighty. Asr&rg‘aﬁbﬁltefrfgpor a c}éml ! rﬂ'@fsclﬁ g dlt% a formulation

any of cla or nu as clainme

any of cl as dsiniell ih an?3f ¢laimsuldletoi23 fohesein dpiprophyilaxis of cancer.
and/or treatnent of cancer due to undesirable
inflammatory activity. 32. A Bifidobacteriumstrain as

claingd i\ BP¥ioRdci&iih FRaitk ab 91a4r9ecpfn ahyf & Mhﬁtl' fanloaér a formulation
claimed in any of clains 11 to 23 for "use in

pr ophyl axisclefmadaneny of claims 11 to 23 for use in the prophylaxxs and/or treatment
of diarrhoeal disease due to undesirable inflammatory activity, such as
Clostridium difficile associated diarrhoea, Rotavirus associated diarrhoea or
post infective diarthoea or diarrhoeal disease due to an infectious agent, such

as E.coli.

34. 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 preparation of anti-
inflammatory biotherapeutic agents for the prophylaxis and/or treatment of

undesirable inflammatory activity.

35.  Bifidobacterium strains as claimed in claim 34 for use in the preparation of a

panel of biotherapeutic agents for modifying the levels of IL-10.



33. A Bifidobacteriumstrain as clained in any of
clains 1 to 10 or a fornulation as clained in any of
W@ L@Birs7266l to 23 for use in the prophyl axi s aneCDIE2008/000033
treatnment of diarrhoeal disease due to undesirable
inflanmmatory activity, such as Cg stridiumdifficile
associ ated di arrhoea, Rotavirus soci at ed di arr hoea
or post infective diarrhoea or diarrhoeal disease due
t o adbi nf dbe sl adéfdobaganim straim. asglldimed4n apy of claims 1 to 10 or an
B e YN o bR e 8 SRR por e
to 23 for opsefldnimatesy BiseRRfsatimaiunédefRivncy ninfRMIMtERYbowel disease,
bi ot herapeutic agents for the prophyl axis and/or ) )
~ treat nent igfablhdegict syndromss (canrent @ryiculatly vok yhe ggstrointestinal and
Bi fi dobac ' | {S ' In claj 4 : .
5 the proboulif SRAAM] Snfidl TBLel, CoflTUE! SOHSE diamhoea
for nodi f pasiliattibalidrehoeh sapplendibitit Oad6imnhtee diserdets, anultiple sclerosis,

Bi fi dobacteriumstrain as clained jn.any of ¢lains 1 i
to 10 or_ Alehsimer d&s&mﬁwm&@?aﬁh%% OFlighigrpse, diabetes mellitus,
thereof i Br%ﬂet_raﬂlrsﬁl\éﬁﬁﬁbrﬁ_rba@{éﬂélofnféc'ii_%ﬂé, gy=iot ] _iﬁ’l%cr'tions, funrg?/l infections,

i nfl ammat ory di sorders, i mmunodefi ci ency, inflamrato
bowel di seesalonial rdiscubt, eulogevetal siysedsey neexuadhndm@nsmitted disease, HIV

(particul arly. of str.oin tinal. and.,i ne . .

10 {02t ey, TpdiPndiBy BrieliSe, HER: pipueRt  dedhira, speical associated
di ar r hoea traR@gupditdlGndlicad h2RSAtic aRPABHpSiS] Weight loss, anorexia, fever
aut oi mmune disorders, nultiple sclerosis, Alzheinmer’s
di sease, rhairaiataghexiarwemdthesling gldersaguidbarderstunction, allergy, asthma,
di abetes nellitus...organ transplantation, bacterial,. ..
| nf ect | ondSPURPLY disidty cirkatof, disoftefs, Borqhlty Rdrt discase, anaemia,
per i odont @lsofliefe 38 @he Wicddesvapalatioh $9&6M, ré&e Uksdaye, disorders of the
transmtted disease, H V infection, H V replication, )

15 H v assocCeted RRr¥QUshsxsiem.s HeRfitic aflisease.odschaepiag mairiipnal disorders,

surgi cal - iogtgb’]%‘?g iR ASLA §is hec‘rg,a%ﬁderﬁl%pﬁis%rde‘gfi;ggltiasis and/or acne

| oss, anorexia, Téver control, exl a, woun
heal i ng, whiparis, gut barrier function, allergy,
ast hma,

37. . A Bifidobacterium strain as claimed in any of claims 1 to 10 wherein the
20 strains act by antagonising and excluding proinflammatory micro-organisms

from the gastrointestinal tract.

38. A Bifidobacterium strain as claimed in ahy of claims 1 to 10 or a formulation
as claimed in any of claims 11 to 23 for use in the preparation of anti-
25 _ - inﬂammatory biotherapeutic agents for reducing the levels of pro inflammatory

cytokines.

39.  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

30 pathogenic species.



respiratory disorders, circulatory disorders, coronary
heart di sease, anaem a, disorders of the bl ood

weowgulasé on system renal disease, disorders PET/IR2€08/000033
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central nervous system hepatic disease, ischaem a,

nutritional disorders, osteoporogbs endocri ne

di sorders, epidernmal dlsorders psori asis and/ or acne

vul garis. 37.-A Bi fi dobacteriumstrain as claimed in

any 689 clAiByidobagtsriyn sipyasichaimpe isanyafeiime d tey0 or a formulation as
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Bi f i dobacf@enieatingasttahanamBorcdlRigyed in any of clains 1

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

to 23 for use.in the preparation of antllnflannatory

bi ot her ap@%ds%la@ﬁ@@hﬁclgﬁ{ 46 @ﬂ@l@hﬂ? e h{2gid iaﬁ; iS P4 ffnQuitable for

i nfl anmat ory cyt oki nes. of a Bifidobacterium

strai n asinhbktioed i n any of clains 1 to 10 as an

antiinfective probiotic strain due to their ability to

ant agoni se the growth of pat hogeni ¢ speci es. 40. A

Bi f i dgpbacieBifidbbdiidrfind s@din %Is, iaiRed imarof cqﬁlmgll%nﬁ) ér a formulation
to 10 or a fornmulation as clainmed in any of clains 11

to 23 foraushkimed imangrefpeleany dh tof 2% fmmecmrélm pfeparation of anti-

h /.
Lot g PR el bor bR RS S TRE, 1

for inhalation. 42. A Bifidobacteriumstrain as
claimed in any of clainms 1 to 10 or a fornul ation as
clainmed in any of clains 11 to 23 for use in the
preparation of antiinflammtory biotherapeutic agents
for reducing levels of IgE



