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1 "Probiotic Bifidobacterium Strains" |ntroduction
5The invention relates to a Bifidobacteriumstrain and
its use as a probiotic bacteria in particular as an

i mmunonodul at ory bi ot herapeuti c agent. The defense
mechani snms to protect the human gastrointestinal tract
fromcol oni zation by intestinal bacteria are highly
conpl ex and invol ve both i nmmunol ogi cal and non- 10

i mmunol ogi cal aspects (1). Innate defense nechani sns
include the | ow pH of the stomach, bile salts,
peristalsis, nucin |layers and anti-m crobial conpounds
such as |ysozyne (2). |nmunol ogi cal nmechani sms i ncl ude

speci al i zed Iynpnp goﬁgﬁ%g%gggﬁu U?ﬁglylng M cel | s,
cal | ed peyers pa ted throughout

the small intestine and colon (3). Lum na] antigens

R8s nted at these sites result in stinulation of 15

Jﬁ%gﬂggplate T and B cell subsets with establishment of
cyt oki ne networks and secretion of antibodies into the

Teasivestiont RRitcs M@k Bifi@ducterd)n strain addliits iuenas aptab@ein bacteria in
resentation nmay occur i.thelial cells to

pRHE S At HOP PR TRl %59 he.ander | vi ng

~lam na propria imune cells (5). Therefore, the host

i nvests substantially in_ inmmunol ogi cal defense of  the

Taglgq ERSE meshanispgto protget the m@strm testjnaltract from colonization by

iB@&RhA10bddteia t drb HighH CREDIKS atd EnvoBeOBSHh iStindkgicall and?@on-
which the host interacts with the externa

ismyRqlomsab mepecs i finrate GREnss| MedemsAT dpplids fie 1oy pHy of the

slAQE ﬂll@ %ﬁg%&%ﬁbk%@ﬁ Ia §E’%ﬂ§'a‘6§fi§§x%biap c&rh?ou%@@ such as
tons of food which is hand by t astrointestina

lispzyae @)erhrawna@éweﬂg@emaﬁlémﬁ n@deuSrp?ﬁ #2696 rlenpholifk aggegates,
S, Of r |
o520 0, B SHRagp s, Sl g s
imestihaandselonr(d)s t Lupenal ap@@lne pl@senchdsat thagpusitshiepgt in stimulation of
non t | r t :
a%pr?%rpa%: ”Fgrgie]\glvﬁecil %gﬂz?s Wi %sgagggeh?r{selhg%ff g}élﬁ fxéta\}gﬂ% %12& %’egre{l?]ne of
attiimtlies knto fhaghstroidestinal tiest (thaln ditlmp}a, zmbgﬁnrpr«t;amtetsont 10ay occur

def ense, of eti.ng it est e
vBCERRL Prils B eetshl RREREYSY Judte e R it B8-S ftopria
irihesedlls I(i’f) tliherehmmhib lgasmwems"ﬁuesamiany irt mmdnok@mal defense of

ronote in

m‘rg; 5 E F res gOF S eS % he
t er%&ftb"é%sﬁga'ﬁﬁa& QWSF’%{ tdiesd %‘H‘CF‘%HS‘ R a'@ésrt P‘é{' gqc at
whicheRSIsSinftRe, withiutBexasmil RhVissiRhQ epecim\wﬂmcm nRe@SBms must

Ant i gens assocjated with the nor flora _usu
- be & PIATAIA GPBRLG IS TEPREE NS 4P f@ﬁaﬁ@swg a‘w@sthﬁ'?@ed

b} MeELBREBresthaPirdtBb RS an AvEBRLAHBHHHEN PhrtHEHAGS atlhe gut is colonized
I nfl anmat i on &g). Evidence fqr this br eakdown i n

by evar A seecias of harsaiadnmbrErie HS 610" e dntheisetey: 1By fhgse control

rrféhﬁa%fstn%qnéﬁ Y Q§}§ab¥eh@f @k‘tﬁngﬁisﬁlﬁ% nbﬁ‘-pﬁ’tﬁ&geﬁf&t Sh¥Wehthbacteria from
nflammatory bowel disease The present

mvweqwatb@gens wiehe pould qa@WaFlé@ﬁaansudﬁm@mb@cﬂlérhoam by fagh rihe
ﬁ%&‘uﬁﬁ ﬁ@é cgﬁﬂgutésh%\/\@efense of the host by competing with newly ingested

potentially pathogenic micro-organisms.
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10t o have i mmunonodul atory effects, by nodul ating
cytokine I evels or by antagoni zi ng and excl udi ng
pro-inflanmatory m cro-organi snms fromthe
gastrointestinal tract. Statenents of Invention
15According to the invention there is provided

Bi fi dobacterium strain AHL1205 (NCI MB41387) or nutants
or variants thereof. The nmujant may be a genetically
nodi fied nutant. The variant may be a naturally
occurring variant of Bifidobacterium 20 The strain
may be a probiotic. It may be in the formof a

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

an i.sol at ed : 41387

et EhE BT HERE LR OORE S BPPP R GBOE By erran
iSinlu@d RSpoAE tb Mhel m&gémmrmfroﬂmahh\e 2B @hpliated in certain disease
I SR ] ESSISAEr UL 1 2 L1, WIS I2i Tor

ubiRY R Ndall @) irhMendRbdicl @(baﬁﬁoe rahdil Rilste @ daﬁle\%’ thid wRkated a major
fron1|nf§nt faeces the ngaCterl Etra ns bei

ngﬂpl@ﬁlﬂsm g H}UF?/S‘C‘ fﬁﬂﬁﬁlg}?ﬂ%| $1SE | ToRAf own in to hnce

ieRAsd BR tdcBRsd Th AMIFBES 1ev51mere¢téwagmsomeaglﬁmdaﬁ @V ipgtegtsawith
formul ati on which conprlses the Bi fidobacterium strain

inflammppgery howslidissese BPdone enbodi nent of the invention
the formul ati on includes another probiotic material.

The present invention is directed towards a Bifidobacterium strain which has been shown
to have immunomodulatory effects, by modulating cytokine levels or by antagonizing

and excluding pro-inflammatory micro-organisms from the gastrointestinal tract.

Statements of Invention

According to the invention there is provided Bifidobacterium strain AH1205
(NCIMB41387) or mutants or variants thereof.

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

occurring variant of Bifidobacterium.
The strain may be a probiotic. It may be in the form of a biologically pure culture.
The invention also provides an isolated strain of Bifidobacterium NCIMB 41387

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

cells. Alternatively Bifidobacterium strains are in the form of non-viable cells.
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In one enbodi nent of the invention the fornulation
includes a prebiotic material. Preferably the

formul ation i ncludes an ingestable carrier. The

i ngestabl e carrier may be a pharmaceutically
acceptable carrier such as a capsule, tablet or
powder. Preferably the ingestable carrier is a food
product such as acidified mlk, yoghurt, frozen
yoghurt, mlk powder, mlk concentrate, cheese
spreads, dressings or beverages. |In one enbodi nent of
the invention the fornulation of the invention further
conprises a protein and/or peptide, in particular

rgfrn?j:: egllmn gr}eé\? ax? t%ﬁ,grtvgxtmog tﬁ? %p’g}ob(gteézg%sg%ma are iéolatgd from infant
faebdsadlie Bifidybd@dralm anths ®eing sRadicaltimniunoRGdutatan eollowing oral
enbodi. nent of the invention the Bifidobacteriumstrain
COSUBPRAGAUTASt he fornul ati on at nore than 106 cfu per
gram of delivery system Preferably the fornulation
i ncl udes any one or. nore of an adj uva acteri al
The HyeHioR RIS Rrayidss 2 depuaiiop whigh k?PBlPB%jF 3}&1 Bv@ gy strain of
teahen@ele enbodi ment of the invention the fornulation
is for imunisation and vaccination protocols. 4 The
In epgesmbpeimepafirdpnvestion thg dymylagpp mb*ﬂ%?aneﬁhﬁrmw‘g?wamﬁew
a formul ation of the invention for use as foodstuffs,
as a nedi canent, for use in the prophylaxis_ and/or
In presmbedimentof ghrdawintiamihe forAriagamicBRss ariehiot patenady
use in the prophylaxis and/or treatnent of undesirable
respiratory inflammtory activity such as asthma, for
Puas“@ablh theermptadioh yrichdpsan iSgesialilesarrier. cBteriegestablf carrier may be a
0 I

UL Ao AR Rt Bl g LBRIE TR bR frillably e

ir@estalilezearaﬂiive faod| p’rodust such p$ tlcacbﬁed indivetogkyh drogereyoghurt, milk
ec n r use in the

R S el et BB Sl est cotfna

cancer(s) for use in the prophyIaX|s and/ or treatant

t di sease suc i d arthr
e SRR P et U P RS o i P corhHses
pRUtifi LR E pebtider e Sartituear t protﬂilde&nd/&bh)epthd&ﬁ | thamrakrOrnch in
ctivit for use in t rophyl axi s and/ or treat nent
efpamngiitbimae: B0 A B oY s e 2O Bt et Shfrent
for use in the prophyl axi s of cancer, for use in the

prophyIaX|s and/or treatnment of diarr hoeal dj sease ‘due
I ongrivehorlingst ©F i the | IBYRRHPRD I dEFqofre/y s jERnaS Present in the
f8RRkibA G R Blah il DCdfh Berd AR 6F @éli@x@ry@%r@&ﬁ hpReeratRPtha Yérnation
associ ated di arrhoea or_ post infective diarrhoea, for
ingdydles An ee of BIORY Q{E)HB}/IaéJ%V@taaﬁd’P%?“@tl [CERPPRSAL dofirug entity or a
&ﬁ%{ fli.sease due to an infectious agent, such as
bE}l&ﬁ{ah Oe I'nvention al so provides a Bifidobacterium
strain or a fornulation of the i nvention for use in
i} Br?e SR bPfe %ﬁ@tfbnqné tordy Bl G R iRl A ARG dofon
or e prophylaxis nd/or treat ment
pumﬂaslrable i nflammatory activity or for use in the
preparation of anti-inflamratory biotherapeutic agents
for the prophylaxis and/or treatnment of undesirable
inflammatory activity.
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In one enbodi mrent of the invention the strain of the

i nvention act by antagoni si ng and 25excl udi ng

proi nfl ammatory m cro-organi sns fromthe
gastrointestinal tract. 5 The invention also provides
a Bifidobacteriumstrain or a formulation of the
invention for use in the preparation of
anti-inflammatory biotherapgutic agents for reducing
the levels of pro-inflamuatory cytokines. 5The
invention further provides a Bifidobacteriumstrain

for use in the preparation of anti- inflanmtory
biotherapeutic agents for nodifying the levels of

10.. The i nventjon ovi des for th use

Ths i BACTAHT v ider AP ALaea e it e gy PR G Evention
fS#URe b9 fddastufts,aRid ﬂnEdﬁczfx&nﬁ%ﬁ%ﬂh ke blﬂ)@hﬁﬁ)ﬁy\faﬁﬂ/@ftreatment of

pat hogeni ¢ speci es. ¥€ have found t articul ar

bl SRR oty (6 el e PRAGOND BT e Gy ment of

ufidebi®bicSrelfira¥dr} frflammatory B&ivith 8K dsOfthing, Flr@ik€nOhe p@bhylaxis
maj or potential therapeutic value in t he prophylaX|s

agsi/or] Srepi@enhedft Wilesipllp o gastranisatinalnintlammatasy nadiity 3l as
iRRmMAREES IHo@Bl 8istAL |3MIRIHAL WieRACS QBSahi RS cAX8NRl@ble bowel
asthma.” Bi fi dobacterium are comrensal m croorgani sms.
syTidenen aguchisisedr nosioniseiian goHbmiemise in te FEPRYlaxip avda{or treatment
ow)ggg?ﬂoﬂltésﬁx%h r}:ldﬂaﬂsﬁ ast [ QI Mt S kA tyla&irs afnlifor HR8leMTHN§stemic

stemw t ast rointestinal tract cannot
disease sacfpasamlmn@@@rl aébmttSs dor vss ineib erephytaxishang/or | tegatgent of

|
R
psmhydame atvbori twa(nent eﬁ<¢aster\dhe toelmgdesitable; xnﬂmreatggysmmye £y use

1{2 g“%t %ﬁhﬁ aégssgo:}:ggﬁcsé?: fgrp gsne 1%%%@ ?%gﬂ)&g)flmgxr §%a91];xentt %? diarrhoeal
dfsedsh dgeni mdesigbiaiishmmatiry sctedigusvel as Nt digicilo afsogated
dgifrf'npq ﬁig&aﬁqr‘[ﬁe %t%séélgtteg ddlzirj}rrﬂl(geaaof'2 %gsf i% ech\\/ee d)%?r (gelaerfori Se in the
prophylaxis and/or treatment of diarrhoeal disease due to an infectious agent, such as

E.coli.

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

inflammatory activity.

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

excluding proinflammatory micro-organisms from the gastrointestinal tract.
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A deposit of Bifidobacteriumlongum strain AHL205 was
made at the NCIMB on May 11, 2006 and accorded the
accessi on nunmber NCI MB 41387. 6 The Bifi dobacterium
| ongum may be a genetically nodified nmutant or it may
be a naturally occurring variant thereof. Preferably
the Bifidobacteriumlongumis in the form of viable
cells. 5 Alternatively the Bifidobacteriuml|ongum may
be in the formof non-viable cells. It will be
appreci ated that the specific Bifidobacteriumstrain
of the invention may be adm nistered to aninals
(including humans) in an orally ingestible formin a

onventiopal 10, pr tion such as capsul es . .
The B geipEP @ VIR R AU DT HALTR O 3 JTHEaof PE i diyenton for
ufd inl e prepRRNEI dfARii-@FlanBiisge BRilRfpeditchesiyts tiFeduSlugttiableeels
formul ati ons may, be prepared by nethods comonly
OEPFRIIBRARMAIRY $YkBAYent i onal organi c and i norganic
addi tives. The anount of active ingredient in the
medi cal conposition may be at a level that will | )
Ths ivention further greyides s Byideparatin Lot ipise in s igparation of anti-

ifRRRAAY bRheMRYutR! a36ntl f¢ WédRyids BRI eKIRIL-¢@Mponent, a
drug entity or a biol ogical conpound. In addition
a vaccine conprising the strains of the invention may

TRE ife Bk ags AMh2 AsUb 2Bl R KRAMRENO8S Angki-THktive

I ncl ude agégarnaceutlcaljy acceptable carrier or
peadpjativ ane to tikir dhilifh suantagesise the eromt at nagiveeHesnesitfrs

mut ant, variant and genetically nodified nutant

include a strain of Bifidobacteria whose genetic

Vémigive foupH emoparpwarptraipeet Bibdobacter iat tkgitammunomodulatory effects

in vitro.

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

for example asthma.

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

defensive barrier is still maintained.

A deposit of Bifidobacterium longum strain AH1205 was made at the NCIMB on May
11, 2006 and accorded the accession number NCIMB 41387.
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25 conpared to the parent strain. Naturally occurring

variant of Bifidobacterium]longumincludes the

spont aneous alterations of targeted properties

selectively isolated. Deliberate alteration of parent

strain properties is acconplished by conventional (in
vitro) genetic mani pul ati on technol ogi es, such as gene

di sruption, conjugative tragsfer, etc. Genetic 7

nodi fication includes introduction of exogenous and/ or

endogenous 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 ncl uding plasm d DNA, or bacteriophages. 5Natural o
ThedBbact (e HE bte SRei el hediie) Bugate it may be o
nﬁh&g;g&hgg%ﬁéggnﬂ@§ogeletion, i nsertion, transversion

or ot her nodi fications which may result in

alteration of the am no acid sequence encoded by the
PRI B 968 b acti Bt BhEEn U 8B FormV@hiBRiceRdd _
genetical I'y nodified nmutant also include a strain of

10 Bifidobacteria that has undergone genetic
AREEAS QOB AD el ARHMOMhAL Ray B iR 1RTBONEE Bh-FubloAk s

ich i's consistent innature for all mcro-organi sns
and/ or genetic alterations which occur through

S a td ! L-Sh f :
RN APRAR S RO RN PhaRfllivh o0 [ PgERion may be
adieiniskeeedab enifats (Wictudim homangd il znt drally iogestible fayario Aeortygetional

I s achieved through t r el [.on ANt s
PIRARGT Tt P i SorPRLs, LI (LT iact okl B
stipPoSiPpYr fuspensios raud sxtupef Stitebleh datnatations wiagnbee pppsed by

t nvi ronnent a essures such as antibiotics, . B .A
oS toRaR B ploeld B At PRy et pduyes. e
amB&R I dfl RHveO ingsdieit fin chegMiadisali dohpotitien gandreatvehiestl tat will

notfﬁgngangﬂ%gll al&ﬁr t he bi ochem cal functionality
CHFrCIHEe BSYEhIPSHPBE Widse products can be used for

identification or selection of the bacterium for

exanpl e antibiotic resistangf, 20 A person s.killeg.'in.l
The dorgufation may apneiidet Baqerif CHmPAsEt 8 drgaiiigner @ bologica
cShp&ins of Bifidobacteria can be identified by DNA

sequence honol ogy analysis with the parent strain.

Strains of Bifidobacteria having a cl ose sequence

1h SRRt Y vadkhb c&rﬁ?nsq’t%r B80S & the RVERA MY IR HRGarle® ubifg any
mutant or variant strains. A Bifidobacteria strain
switably knaveyuestiod b nay eingliudsy a( ApdRcsyyrllp facomptablsy carrier or
JRLEx such as 97% or nore, or 98% or nore, or 99% or
more with the parent DNA sequence nmay be considered to
be a nutant or variant. Sequence honol ogy nay be
Tgfotélg{icg}rtn t eegsgg(fsl%i(g ')(/nq é ;egéeﬁgsbﬁgﬁgti QQ}’an?Lr%oéeh&Mﬂly ﬁ%&%l—d mutant
ifllvide o/ strainve frBafidobattenid Whape\geBItIASHA/or pl@ndtupia ptoperties srheltered

arent strain alsa ipclude deri.ved Bifi ?a eria
BRI My st e NEpHHE A SRl rbinh sha R0 e B fongm
iddlude B8 sp R s R Glteatens oo tpdeted\properticateldctiady isBhbd. Deliberate
alteration of parent strain properties is accomplished by conventional (in vitro) genetic

manipulation technologies, such as gene disruption, conjugative transfer, etc. Genetic
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sequence honology to the 16s - 23s intergenic spacer
pol ynucl eoti de sequence of the 5parent strain. These
mut ants may further conprise DNA nutations in other
DNA sequences in the bacterial genone. Brief
description of the drawings 10Fig. 1 is a BOX PCR

(bi oanal yzer) barcode profile for B. | ongum AH1205.
Base pair sizes were determi,ned using the Agilent 2100
sof t war e; Fig. 2 is a graph illustrating the
faecal recovery of B. |ongum AH1205 over an 8 day
feedi ng period which denonstrates the ability of
AH1205 to transit the 15nurine gastrointestinal tract;

, 315 a bar graph show n ef fect of | on
et TR S Tty R BB e E R P eRa e o
tﬁeg‘eldbﬁ@ oﬁﬁ%xﬁd@bﬁﬁ&&eﬂraaﬁ fdf&&ﬁlmp‘l/e by ShseftivaGhto RO Ed:r@meébf Ahe

and are hs SE 9 th %Qﬁ %} of probiotic
ba%s%rfaéﬁtraarr bsquc T ingjyfig plasiryd NG JIP4HERYEEY on tot al
cel | nunbers i n bronchoal veol ar [ avage fluid follow ng
oval bumn (OVA) challenge in senS|t|segFan|nals

b{aﬁnq}g;rgp@.@sd rmltai-lobgglc@ge éb h:ﬁ%rsg@let bps r&mspgﬂbés deletion,

n@s'enQiBﬁ) trang@r%& ortier BN BodiRatilnd MAThShaWedt ih RRergfi dnestithe
probiotic strain AHL205 treatnent (A) and pl acebo

a(nlB)O asidl sagiveneseneedsd bn dheJ e saauerseet hachol i ne, as
assessed by changes in enhanced pause (Penh) in

oval burnin (OVA) - sensitised 9
The terms mutant, variant and genetically modified mutant also include a strain of

Bifidobacteria that has undergone genetic alterations that accumulate in a genome at a
rate which is consistent in nature for all micro-organisms and/or genetic alterations which
occur through spontaneous mutation and/or acquisition of genes and/or loss of genes
which is not achieved by deliberate (in vitro) manipulation of the genome but is achieved
through the natural selection of variants and/or mutants that provide a selective advantage
to support the survival of the bacterium when exposed to environmental pressures such as
antibiotics. A mutant can be created by the deliberate (in vitro) insertion of specific
genes into the genome which do not fundamentally alter the biochemical functionality of
the organism but whose products can be used for identification or selection of the

bacterium, for example antibiotic resistance.

A person skilled in the art would appreciate that mutant or variant strains of
Bifidobacteria can be identified by DNA sequence homology analysis with the parent
strain. Strains of Bifidobacteria having a close sequence identity with the parent strain
are considered to be mutant or variant strains. A Bifidobacteria strain with a sequence
identity (homology) of 96% or more, such as 97% or more, or 98% or more, or 99% or
more with the parent DNA sequence may be considered to be a mutant or variant.
Sequence homology may be determined using on-line homology algorithm “BLAST”
program, publicly available at http://www.ncbi.nlm.nih,gov/BLAST/.
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m ce 24 hours after intranaval challenge wth OVA or
sal ine. Each data paint represents the nean + SEM
(n=10/groups * p = <0.05 conpared to OVA alone); Fig.
6 Ato E are graphs showi ng IL-10(A), IFNy(B), TNF(C).
IL-6(D) and 5 CCL2(E) cytokine levels in

bronchoal veol ar | avage (BAL) fluid from oval bum n
(OVA) - sensitised mice. Eagh columm represents the
mean + SEM (n=10, * p<0.05 conpared to OVA chall enged,
saline treated control); Fig. 7is a
graph illustrating that CDC CD25+ Cells from AH1205
fed mce 10significantly reduced responder CD4 T cell
proliferation (n=7); Fig. 8 is a graph show ng the
percent age of Payer's patch cells in the

Mulpdtsperpdie @hﬂeﬁﬁsttahﬁhlsca ireludt deriveD2hfidotasteds siesseclthvbiyg at least

A TR R e R

sdquétes Gompldg®no fiactar— EnxipRrdeticsdpadtt hblgartidoyide sequence of the

unregulated in germfre ce consupni AHI 205,
PERhe ﬁmcerf%sse PRy ng'f{lﬂn@'i F@Qrﬁe%ﬁg%m&mﬁw %@% reBNA
&ﬁ%&sm@ﬁ@ﬂa&eﬁ@ﬂ geMbNC assay); 20Fig. 10 is a graph
owi ng that the level of cytokines IL - 6, MCP - 1

and I FN-y secreted by CD3/CD28 stinul ated M.NC
BEikt dedrBBioNBsihE 8AUsRd When germ - free mce consuned

Bi fidobacteri umTongum AH1205. Results are expressed

as the nean per group +/- standard error. (n=4/group);
25Fi ] ' Ve

oyt o | n%gs allﬁLO;ﬁ ﬁl@%aﬁﬂ%ﬂ&%réo&??g?g@f& o) C[§9£ AH1205 Base
st i neAiresizsg Weysl detepipedusing th@Aeléenwalsporseﬂwered when ger m -
free mce consuned Bifidobacterium | ongum AH1205.

Results are expressed as the nean per group +/-

st andigr Uiser gr@ph iqlnstﬂa/tigg dmi)ecalambvemfﬂi donghd AS1245 grverpin 8
Iolllelr'léa%r %8(?]1{1% enod th\l?ce:jdetm t?at sp 1 abq{t)ﬁ of é&'}f"iog t’c/3\'_éla%9§ the

murine gastromtestmal tract;

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

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

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

p<0.05 compared to OV A challenge alone);

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

assessed by changes in enhanced pause (Penh) in ovalbumin (OVA) — sensitised
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5Det ai | ed Description W have found that

Bi fi dobacterium |l ongum strain AH 205 is not only acid
and bile tolerant and transits the gastrointestina
tracts but al so, surprisingly has i mmunonodul atory
effects, by nodul ating cytokine | evels or by

ant agoni si ng and 10excl udi ng pro-inflammtory or

I mmunonodul at ory m cro-orgagi sns fromthe
gastrointestinal tract. The general use of probiotic
bacteria is in the formof viable cells. However, it
can al so be extended to non-viable cells such as
killed cultures or conpositions containing 15

' B:gtefgllﬂcl%lﬁl blc{%x?sgg e%ﬁ?tga)ﬁlg\ca?sé aggen?% wtltge?féoc%s?{nléeg Each data paint

a. nclu er ma
M Cr eepfes@dithsSimsan0f $HEM (0=10rgaups Shp= kD105 ednpryredoiBéAI nlene);

.to altered pH or subjection to pressure. Wth

non-vi abl e cells product preparation is sinpler, cells

may pg. kN&ab LA gdp@agiownd M-00@HATFBCBUTINFACE 1BRD) and
storage requirenents are nmuch less limted_t, %n vi abl e .
g: ?fﬁ min

h
cel | SCLEGER cy¥nking levels inbronpehoghvaolygavpes (Bal sy

of tevef feadiiia SR Phchh@MmKkdpt8shi2Beahdad as SBM (n=10, *
met hod for the treatnent and/qr prevention of tunour

gr owpT-@scomwared oY A challsgeesh saing trged ¢99u8l7240. 1t s
unknown whet her intact bacteria are required to exert

an i nmunonodul atory effect or if individual active .
conpBigetisa graph idusirainenthiptolDE ahDBe Gells| frome dAHL YRe . fed amice

Proi pf | 4 agteri al

ot o P e D e B B e Pt or y
effects of gram negative bacteria are nedi ated by

l'i popol ywsaccharide ) oL e 4 S :

pr oi Eﬁgi agrsrrlrsgfd o?{?b ﬁeﬁh&gr , thﬁaE ?F%{t% %I{ugg %E%Lgéc%icﬁ]clﬁ ﬁrglg the
t o t B®4GRibdlatiechptan: aloanChdi ey tsesssed ty flosv gdsmemyd t hat
conmponents of probiotic bacteria 11

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

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

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

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

per group +/- standard error (n=4/group); and
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possess i nmunonodul atory activity, due to the effects
of the whole cell. Upon isolation of these conponents,
pharmaceuti cal grade mani pul ation is antici pated.
IL-10 is produced by T cells, B cells, nonocytes and
macr ophages. This cytokine 5 augnents the
proliferation and differentiation of B cells into

anti body secreting cells. Iljg-10 exhibits nostly
anti-inflamuatory activities. It up-regulates |IL-1RA
expressi on by nonocytes and suppresses the majority of
nmonocyte inflammtory activities. IL-10 inhibits
nonocyt e production of cytokines, reactive oxygen and

nitrogen internediates, MIC class Il expression,
parasite killing and IL-10 production via a feed back
10 neEig hami }S m éerh 11Ti§tir28mg yheo kth i BtyhéfSprabistc biesm AFQ0M ot 3
bl ock pr é@ an 8& i ntestinal coll agenase

and P9y %E g8y "Pnterfering with a

PGE2- cANP dependant pat hway and therefore may be an
i nportant regul ator of the connective tissue

D Oseen in chronic inflammtory di seases.
15The host response to infection is characterised by

WAL GoHAMhAC BMl5 8RR reFifih| AR5 angh REMROAks hdMBARLacid and bile
reactlons designed to |lim¢t spread of the offending

osrgniasth drasitso Wéstgéift@“é?s@afﬁ Hervtso sk s i adso, HeweBrgly t das
lmmmotnotdhﬁto%g PSS 2 rm%iagﬁ ok eledlls dRMRY %mta%onmfgt and
t1ssues, a range of” requl atory constrail nts ‘may
exgpdudingat pre-inflRsymatemoryy  Tmewnpmodulyterys )mista-yrganiies stierh  the
NAL:SMactnese are derived fromthe thynus but may
%Fgl Eﬁ ggalnduced i n peripheral organs, including the
gut mucosa. Deliberate adn1n|stration of Treg ceIIs
g&[ﬁ%?ﬁ e dpfI p%éla%g{%ny is] orm o aablWI cgﬁs rl-%r\}v%ver it can also
) Pent al - aut of
be retepded| ®Ny@1-vikbls celmfsh(anamkrbllegif dobiwreb odlmssatlons containing

bagct.er,i nduce itis rthri
o o RSB CS By PAyBLieREHAT BTHYf dpmE el B
miffr@biganismb 08 inictb SEBBmA illed rtyadkpbdudd &phl&?dda;m @N subJdt€ion to
forkh d%transcrl |on 25 fact.or FoxB rkhead box
Prﬁ%‘;)‘re' uh pensyipRlg egHs %ﬂ”é%‘g"éﬁ“%“ﬁ“ﬁsé‘@ B F‘ ,mgye incorporated
earsaﬂ Uits @Harﬁﬁaseumﬂg aﬂﬁM@ﬂaQ@féﬁW&en&’d’ﬂﬁ drélMfich ks liafidd itifan v1able
eg phenotype in. conventj onal

ficient to induc
%@4%@?%!%97%1 it §Ql8(ﬂ€érsl W RSO of fhs<te wé%ofl heat killed
cén@ lat ia BRI R Otk daTRkAL hil/driprBRhflon dZud RS IasRYSBed in
have descri bed a Bifidobacterium strain that
Ué@ﬁ@@éﬁ%éjﬁﬁﬁﬂ?4805|tlve/Foxp3 positive T regul atory
cells in vivo. The invention will be nore clearly
understood fromthe follow ng exanples. 5 Exanple 1:
It Gherkaewe mhstier itrchpackssie taear jeauifed dp gxartian mgmynomfogwiatory effect
of APCHIdRITCRTYE BLibndls PEORMEt nferkot! b deS AUeAbAL hione.

lotic Bacteria
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



10

15

20

25

Fresh faeces was obtained froma 3 day old nal e breast
fed infant and serially dilutions were plated on TPY
(trypticase, peptone and yeast extract) and MRS
(deMann, Rogosa and Sharpe) nedi a suppl enented with

0. 05% cysteine and nmupirocin. Plates were incubated in
anaerobic jars (BBL, Oxoid) using CO2 generating kits
(Anaerocult A, 15 Merck) faon 2-5 days at 37C. Gam
positive, catal ase negative rod-shaped or

bi f ur cat ed/ pl eonor phi ¢ bacteria i solates were streaked
for purity on to conpl ex nonsel ective nedia (MRS and
TPY) | sol ates were routinely cultivated in MRS or TPY
PR T R B S 20 1 Ll 37 AR PRP Bfon
of theséd @%gcbr;enenﬂianmdutszhmr&& mampul’dﬁﬁn srdtieipéd. 20

Fol |l owi ng i sol ation of a pure bifidobacteria strain,
assi gned t he designation AH 205, m crobi ol ogi cal
I[c;maaﬁ:aptoenéeat ti>>c§ vetls eBasteSimatbeans and enastophages. z dthis Eytokine

Ta bIe AHL S.a itiv cat al ase
e o gl ot i dnekaista” B B ARiodk e Sets. 1L-
I@EMElmﬁoﬁb%ﬁShﬂd@nﬂh@S@hﬁlﬁ% oltapeare@0sed IIVERA expressxon by

confirm its id t|t t‘;;]125 bi fj dobacterium . lriglo

MR PRy IR 2 g&P%fe?Sﬁs i @ Oﬁtys? grogeisr BEAMEB9RC éCtW&éeS

idhbSe rrﬂ(ﬂdeyteoxbﬂaaﬁﬁxoﬁﬂﬁ catdked, @ea@ﬁ%x@@erﬁﬁdd K868 Nntermediates,
sources tested, (d ucose, .Lactose, Ri bose,  Arabinose

D db. XREFYT RS i kilBpe.s®d HalG PRoupticar vianhrfagh dock

m¥YBahRHE(7). StR[sQSfkine }Tzﬁtblls% beel’ BNNrp@hﬂ&l@ﬁbnocy‘te production of
characteristics of B.longum AH1205 5 Strain

intgsHRah cqolrgestsecaB. s giincallieeuse dyaintesfesng vighcat BPEgeAMP
d%i(%ﬁ{ é\er iz a61§ él&eiref‘flafeerg%ﬁ%u%g I?gxq%n%?ecg‘u%p SF %glc%nneclnt/eut sSue

destruction seen in chronic inflammatory diseases.

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

CD4 cells (19). Mutations in Foxp3 cause severe, multi-organ autoimmunity in both
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G ucose Lactose+ 20Ri bose Arabi nose Gal act ose
Raf fi nose Fructose 25Malt Extract Mannose Ml tose
Sucrose 30* signifies Fructose-6-Phoshate
Phosphoket ol ase Assay Species identification 16s

i ntergeni c spacer (1GS) sequencing was perfornmed to
identify the species of 35 biticlobacteria isolated.
Briefly, DNA was isolated flrbom Al -11205 using 100 pi
of Extraction Solution and 25 ul of Tissue Preparation-
solution (Sigma, XNAT2 Kit). The sanples were

i ncubated for 5 mnutes at 95C and then 100 ul of
Neutralization Solution 14 (XNAT2 kit) was added.

Genomi i 0 S d. us Nanodr op
BB b B EonBE A g b il barger P, Bl EPPGIRRP2S
pUSHRIF dxP® pdsiBive T fe fRit6ry cklsSnlvivod' - GCTGGATCACCFCCTI TC- 3'
(SEQ ID NO 3) which is based on SEQID NO 1 and IGS

R 5' - CTGGTGCCAAGGCATCCA-3' (SEQ ID NO 4) which is
TRAERENtRA WIER: mard dRaNQunderstddAGrdy Bl it Eainplefs wer e
94C for 3 mn (1 cycle), 94C for 30 sec, 53C for 30
sec, 72C for 30 sec (28 cycles). The PCR reaction
contained 4 1 A (50ng) of DNA, PCR mix (XNAl 2 kit), 0.4
Mkyiecﬁ Lot etBrifitiol e of( My¥etdBia0t R61AtedCCHIRNY infankh EfableR
tions were performed on an Eppendorf thernocycler.
mnml%ddmehlsﬂ‘(‘l’@'tsgl ) were ran al ongside a
nol ecul ar wei ght marker (100 bp Ladder, Roche) on a 2
% agarose 10 EtBr stained gel in TAE, to determ ne

CR products of Bifidobacterium
14oiioh FFPREBHL hfredd ified using the Promega W zard

PCR purification k|t The purified PCR products were
R Eﬁﬁ z%@gsevgasuo It xgedtth 4 Q Eﬁ%glg %%%?té“ 4 ﬂll?e%\( 31)11 %9511)‘ Hﬁﬁmons

ergent c spacer r egl on:
“&&aplmbé On APAl (us/ptidabe phigBie mmee@tekui@t)cm}tl QRS €deMpnn, Rogosa

SHERGBG) et PRS0 S BT oG e vere

u&iubataﬁhﬁﬁlabfbbicfyersN@BlL S]xai’dl()i akiddg CO, generating Kkits (Anaerocult A,
nucl eqt t o- nucl honol .q BLAST search _engin
NCRED p L S ISH, AT i oS TP ey BGFeDaped or
b[f@kﬁt@d/bﬁoﬁmb@hﬁ%@ﬂ@ QSOM@ welentredkee dopétity hﬁrtotdaﬁnplex non-
se uences were ali for conpari son

I%P e

s redlics QYR Mg lslgjere HE STOpIELy fl?} w%d ip W&gr TPY

rﬁe‘afu\f@rqu%egth%ﬂﬁ&] stafed BPEREIMR afactdbfeScHRMRISE Presumptive

sequence] ) obtained can be viewed in the sequence
Bifidobacterium were stocked in 40% glycerol and stored at -20°C and -80°C.

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

Arabinose, Galactose, Raffinose, Fructose, Malt Extract, Mannose, Maltose, Sucrose).
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30

35

20 listing.. Searching the NCl MB dat abase reveal ed
that AH1205 has a unique I1GS (SEQID NO 1 [forward
sequence] and SEQ I D NO. 2 [reverse seguence])sequence
with its closest sequence honology to a

Bi ji dobacteriumlongum In order to devel op a barcode
PCR profile for AH1205, PCR was perfornmed usi ng BOX
25 primers (8). The cyclingsconditions were 94C for 7
mn (1 cycle); 94C for 1 mnute, 65C for 8 m nutes,
(30cycl es) and 65C for 16 mnutes. The PCR reaction
contai ned 50ng of DNA, PCR m x (XNAT2 kit) and 0.3 uh4
BOXAIR prinmer (5 - 15 CTACGGCAAGGCGACGCTGACG 3') (SEQ
ID NO 5) (MAG Biotech, Germany). The PCR reactions
Takled performed on an Eppendorf thernocycler. The PCR

mar ker (DNA 7500 | adder, Agilent, Germany) using the
Phrstochsn-abeliacmteristics ofB.{ongumhHIgA® 2100 Bi oanal yzer
(Agilent, Germany). 5The barcode (PCR product profile)
was determ ned using the Agilent Bioanalyzer software
Swhar Ehqreeteristisber ( PCR pr Bdugus)ABNISsi ze were
identified (Fig. 1). Antibiotic sensitivity profiles
Gta\Btairbi otic sensitivity profiles of the B. | ongum
Cafalaad N was determ ned using the 'disc susceptibility'
Magisiay. Cul tures were growh up in the appropriate broth
Fepelcum for 24- 48h spread+plated (100nl) onto agar
Mikdoaguitidndi scs cont ai ni ng known concentrations of the
4890 dnbérobit edtier e pl aced onto the agar. Strains were
48%Bd¥dpeceultore anti biotic sensitivity after 1-2 days
i ncubation at 37C under anaerobic conditions. Strains
OO FeRéiiaglped 15 sensitive if zones of inhibition
Bhcokhun or greater were seen. The mnimuminhibitory
sapgentration (MC) for each antibiotic was
pifydependent |y assessed. The M C for clindanycin,
ANangRpycin and netroni dazql e were 0.032, 0.75 and >256
despegtively. Intestinal transit 20 To determ ne
R er Bifidobacteriumlqngum could survive at |ow
1dse V@l Ues equival ent to,those found in the stomach,
ackerial cells were harvested fromfresh overnight
a%l rures, washed tw ce in phosphate buffer (pH 6.5)
ﬁ% resuspended in TPY broth adjusted to pH 2.5 (wth
). Cells were incubated at 37C and survi val
HE4¥ured 25at intervals of 5, 30, 60 and 120 ni nutes

* signi;les Fructose-6-Phoshate Phosphoﬁetblase Assay

Species identification

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

samples were incubated for 5 minutes at 95°C and then 100 pl of Neutralization Solution
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well for 5 mnutes at pH 2.5 while no viable cells
were recovered after 30 mnutes. 16 Upon exiting the
stonmach, putative probiotics are exposed to bile salts
in the small intestine. In order to determne the
ability of B. longumto survive exposure to bile,
cultures were streaked on TPY agar pl ates suppl enent ed
with 0.3% (wv), 0.5% 1% 2% 5% 7.5%or 10% porcine
bile. B. | ongum AH1205 gromﬁh was observed on pl ates
5containing up to 0.5%bile. In a nurine nodel, the
ability of B. |ongum AH1205 to transit the
gastrointestinal tract was assessed. M ce consuned

1x1 A111205 daily and ca t
OSRTE i) e adiie Ghome (I8 HluPE s Ot el Foror
sk trdModbdRRr Wﬂﬁst&@&? bt 4°Car€ER vl perdimics Qbind ihe QG& prlmers IGS L:
Ont aneous ri n resistant vari ant of

s aomaetrd e CTPHE B SECR I B0 o9 Ve Sret Ani§EQ R NO. 1
al 6Pk & RSTHSRElCERABIRESCE A BNGIHQ BRO! £0vEibaks vakt Yon SEQ

the fed rifanpicin resistant blflobacterla was
I3 NQ. @ ddhe c%@g&bn@m Ivste HEE dorcbmiredreyeled 4Gy foa AR sec, 53°C

fc{%glgo %gf'fr frﬁggél (iéjcyﬁkJ g)h i[&lﬁ%C&ar%chlgﬁ g naafh]iedqeul \g§dng DNA

mcro act
PCRCkhB@(D«NAIQakibQ geniM 168 dr amdoR gainies (e WG Bibtéch, Glatmﬁany) The

B AR B 258, TR AL 0

weyeth AAESiD A BdlCcul@evedidic fharkien (170 )bplLQdItE:r Soyhe) et hYoagase

supplenented with 0.6% yea a SA

Edotained sehinpytto b%eqt%m‘feémfﬁs rers% ?’§ ?%*a é’}( Eafr?&baéte“um

(é?ﬁglé b&&We%uﬁ%sn@ﬁﬁ@l"r@ﬁbg@ woRrdhorR urﬁﬂ)@ﬁoxﬂﬁdl Thélpurified
Clostridiumdifficile (37C, anaerobic) in relnfor ed

PEROBPATCE HFreniseaenrsd WM thorsiness seayences (phaveks fahdbe fntergenic

sp ﬁ%él@ﬁ egeq'u&{cg dgtﬁ Sl tH3h QU dhe BBLHIMMNR 'Ntlﬂrn%‘feonde database to
over ni ght before being used in experiments

detsmwing hec idshiital ofathei sainy byemiclgatidsc harmolp@ ngfhe Hesultant DNA
i&ﬁ‘%&{) AR IS Ig&g%ét%) o, th N@ﬂl%tan@ard |n95196{i@3 AL AIARAdRSmology

ated for Ten-fold serial dilutions were
B pvSd aedarph engbet (@t[p)dwgv)v ncbi.nlm.nih.gov/BLAST/). The nearest match to the

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

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

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

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

closest sequence homology to a Bifidobacterium longum.

In order to develop a barcode PCR profile for AH1205, PCR was performed using BOX
primers (8). The cycling conditions were 94°C for 7 min (1 cycle); 94°C for 1 minute,
65°C for 8 minutes, (30cycles) and 65°C for 16 minutes. The PCR reaction contained
50ng of DNA, PCR mix (XNAT2 kit) and 03 pM BOXAIR primer (5°-
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onto TPY agar nmedium After overnight incubation,
plates with distinct colonies were overlayed with the
i ndi cator bacterium The indicator | awn was prepared
by inoculating 17 a nolten overlay with 2% (v/v) of
an overni ght indicator culture which was poured over
the surface of the inoculated TPY plates. The pl ates
were re-incubated overnighgsunder conditions suitable
for growh of the indicator bacterium |ndicator
cultures with inhibition zones greater than 1 nmin
radi us were consi dered sensitive to the test 5
bacterium B. | ongum AH1205 i nhi bited the gromﬁh of

c) PSS PSR ST 5 808

TIRAP TR Reattiods Wféfﬁeft‘okrnie!dmn aC&ppatidots alrancyjckey.Uthe, PER pxcodhdts (

DR RGN T —

usﬁ Be DNWJEO0 Laﬂmm&hahe hkidad 2o Bluacdlgar (Agledns Germany).

e isolate rom heal t hy donor.s
i R L eroReig BT, PERRE e S i AL iz
sdfiv@redniRid %’ak GulB&G {(BCR glodséts)and sitover idehtiflel(Fige).i od at
37C. At this tinme culture supernatants were coll ected,
15 centrifuged, aliquoted and stored at -70C unti
AhGLiONG 2538389cdier IL-10 levels using cytonmetric bead
arrays (BD BioSciences). AH1205 induced significant
secretion of IL-10 by human PBMCs suggesting this
AH&@&&@E&&@W ?xloﬁ ewltﬁje ign g)uzgz?m %trﬁlﬂt Was Jgtérﬂamt&fng the ‘disc
response in'v Exanpl e 3: B. Longum
sUAB¢DH DI tA sseiu Qtué@re? @swu graw) 1y it fhseapproprigte Rrafly meﬁlém for 24-
SUTRy e W%tcbﬁdf fedifons of
4%0%%1 |a(t:e%§gct er?nyg%f ﬁq&&&bég{l g‘?ﬁ%’ﬁhg um Al 1120 en o
ths apiiriess svead flaedputo rtlessqg@m Skrgins nveeﬁrﬁX@maield dier antlble)woeensmwty
BT LT SRR a7y iy ot B LRaP S wee cnsidered
sengifigd ifizped dffynhlblpon bﬁjlmnt orcgreatdr V@VAsctay T)leamidindaly injbitory

SR L S TRl S OB g AT e o

cl(rﬂﬁx}iy&ﬁ)vandﬂ*r@em\w& encguifi@oleatkré ©.032, 0.75 and >256 respectively.

Intestinal transit

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

well for 5 minutes at pH 2.5 while no viable cells were recovered after 30 minutes.
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18 neasurenents of airway responsiveness foll owed by
BAL. procedure. OVA/ al unsensitized, saline-chall enged
m ce served as controls. Aninmals received probiotic or
pl acebo throughout the trial. Airway inflammtion
(cytokine and cell counts) was assessed by
inflammatory cell counts in bronchoal veol ar | avage
(BAL) fluid. Airway 5 respgnsiveness was al so
measur ed usi ng the Buxco whol e- body pl et hysnogr aph.
Spl enocytes were also isolated from OVA sensitized

m ce and were incubated in the presence of anti-CD3
and anti-CD28 anti bodi es after which cytokine |evels

measured i tants .
e BRI ok LTI Bl U e s
ifedlites Imeedve foedetériniin ﬂBé\lablﬂlkyUDﬁBf bihgowite gurVA exposure to bile,

OSBRSS SR S0t SRR BB 582

saf 7sensi ﬂO%eﬁbrﬂh@ ®ilnd tA [EMhmr RHULOSeghoivth ans ebﬂaamd eﬂe;ﬂites
of . AHR to chol i ne when conpared with
C%%W?%%“%ﬁé} g%d m ce. AH1205 did not nodul ate this
enhanced alrmay responsi veness to nethacholine, as
15assessed b changes i n enhanc ause . 95). BAL
Incg pryRns ofey Be by af ﬁe’ﬁé&ﬁ”béHﬁg(’S {})’ttfﬂ’i’é‘f ghe %E}{%‘%iesgf@ ct
wah s s ngict 84:RAmbd &1 02ARAHTRO SdaA19 dnd b 5e1fé@ﬂvere exammed for
significantly reduced TI\IF-a | evel s_conpared

theopresenee Ot faicmicrmgraspigni £ Deigptionapf PdHehz evgasm%fletated by
1sggﬂtlg fs;SUntaJnEqu"sQ'ﬁaxhg Mnyresﬂtén't @a@d’i@ ofHe i ﬂicﬁ)‘ﬁﬁét@na 2QchiipBration

. Treg effector el This stud

of mfa@mcnrglatthfdmﬁ plagfsfugegtto @$S€i§r‘%$lb%qséreé mwahecfﬁi Bfgmpicin
e t

B R R e e U
trhr@ngln,mughl-ﬂh@%tromtqsll@dzem wheeonfimed(Fie@ks. Fol | owi ng
probi oti c/ pl acebo consunpti on, CD4+CD25+ T- regul atory
cells were isolated and their in vitro suppressive
Aadinhiviobigl auisitdet er m ned by nmeasuring proliferation of
anti-CD3/CD28 stinulated CFSE-I| abelled 19

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

and grown overnight before being used in experiments.

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

overlayed with the indicator bacterium. The indicator lawn was prepared by inoculating
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CD4+ responder T cells using flow cytonetry. CD4+
responder T cells were co-incubated with CD4+CD25- T
cells as a control. The percentage of CD4+CD25+ cells
(Regulatory T cells) in nmurine splenocytes that are

al so FoxP3 positive was determned in the spleens of
probiotic or placebo-fed mce. 5 The % of CD4+ cells
that proliferated when co-ipcubated with CD4+CD25+
cells fromthe probiotic/placebo fed mce was conpared
to the % of CD4+ cells that proliferated when
co-incubated wth CD4+CD25- cells fromthe sane trial
nouse. In each case, T cell proliferation was less in
cul t ures, cont aj.Ni +CD25+ cells ¢ red in

oGP 6 SRR i b Sk Sr SRTRAG M nogregrover
tHehsarfado2f theciabddaté TRV ipatet) . ThE hpdatdovadre ceinbubatied obvéreighiDehder

B0 LU 11 T R Y e i
ihitgtir LeRRtdreateinthen ChOAm Tn elidsswérbadonsiderel GRive (1o .the test
AT rC NN O ——

withRegidt aff adldariag | héaswiiigh 81671 ©60,CiD43 HApUl.6it indR foBSalmonella

i ncreased significantly, by feedin i.th AHL205, The, . .
ORGrBER ot CWZ‘@?)E’ 4I166?P3+%c e‘fO?’s qgﬂ%e %o% stridium difficile

r&pdcgnagyt e popul ations of probiotic or placebo-fed
m ce was al so determ ned. The nunber of CD4+CD25+ T-
20Regul atory cel |l s expressi ng FoxP3 was unchanged in

ExBfpRD: €5 tkif pridiRQioatlyPEMes W ASpdiRt &) B.\snduth. Pl acebo
or unfed"mce.” Exanplé 5: Germfree nodel Germfree
m ce were purchased at 6 weeks of age and nai nt ai ned

in the germfree unit at
Peripheral blood mononuclear cells (PBMCs) were isolated from healthy donors by

density gradient centrifugation. PBMCs were stimulated with the probiotic bacterial
strain for a 72 hour period at 37°C. At this time culture supernatants were collected,
centrifuged, aliquoted and stored at —70°C until being assessed for IL-10 levels using
cytometric bead arrays (BD BioSciences). AH1205 induced significant secretion of IL-
10 by human PBMCs suggesting this probiotic strain would induce a anti-inflammatory

response in vivo (Fig. 3).

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

asthma.

This study investigatéd whether the probiotic bacteria Bifidobacterium longum AH1205,
suppresss allergic responses in an ovalbumin (OVA) sensitized mouse model of allergic
airway inflammation. Briefly, adult male BALB/c mice were sensitized by 1.p. injection
of OVA day 0 and day 6. On days 12 and 14, mice were challenged intranasally with
OVA. Twenty-four hours after the last challenge (day 15), mice were subjected to
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t he bi ol ogical services unit in UCC Aninmals consuned
the probiotic strain 5 Bifidobacterium | ongum AH1205
for 9 days or remained germfree. Induction of T

regul atory cells was assessed by flow cytonetry and
cytokine levels were quantified by CBA. AH1205 transit
was assessed by neasuring bifidobacterial counts on

sel ective agar over 10 thggcourse of the study.
A141205 did not transit the gut of germfree mce in
measur abl e nunbers even though approxi mately 1x109
organi sns were adm nistered daily. The results

suggests that additional mcrobial or host factors are
required f bi fi dobact eri al ,sur pva hey
SR A L T A L T S
séndithed, Ss,ahiiehﬂlabargb@ﬁma: ghirckdi 1 esrmiots. ermhals I'receh&eétproblotlc or
' ne s nunber s .of el |

Pl Getibef e [ D Roge MRam e oo Ao b Fay Ve
agedsea by eﬁﬂ@mmeScemum @mibfdnCleatveylai hoaga@d.) fluid. Airway
followmng 9 days of feedin Fi /| CD4

PP CER i 2P erHED T (i e oviodi oy cpeiysmoghiph.
SPRAESH S Wese |ahé3'ﬂ§blzﬁ&ﬂﬁoxﬁed)‘{7§ Jch@;ﬂl\@)i o€l afP Meromyi&d in the
were stinulated in V|&ro with anti %g{ﬁ Entlbo%
pEFerepeomntrGRA; #ddanihCRE} patibadiey afier nahjeh ivieke Yy dvere
VN S8 G eelub@Ratits byl &AsndusN- 7, ol | owi ng CD3/ CD28

stimul ati on, was substantially decreased in culture
supernatants while MCP-1 | evels were significantly

_ 13(?@&&%@1@@0%&% 28 SEnfRaNEEQucRES 1] &dis Adoe&ed GEIBAL fluid

| evel s remained simlar between the groups.

fsloivans M4 ghellergecwhin comparethdp [brgth fedyepgimals (Fig~ 4). Airway
r%pg%;\%gésiaféﬁgaggd Jﬁe%ﬁkgﬁo& EANAY mideGie BvadeWeR in an

si.gniticant differences
enmneermmt od AR tp hreetbasholing 1wlenj eampateddwish stlipg-challenged mice.

Aﬁhﬁyl 4 %gt g}%ld{:lllé{e SR bﬁ]ﬁ]ar‘rp&?r ?rgJay W& &?&Bysgqﬂ léﬁéﬁacholme, as

pro-i uct | omt
a&eise«ﬂbjoeltahgw1mexﬁidﬂ®65arisedl~‘igrﬁ)rml s. Exanpl e 6:
Stability results 5 The stability of the probionc
strain AH1205, varied over 3 nonths at 30C (Fig. 12)
BAIctpbhiae lldvel e Waasieedpbp kytpmetiorteed aowenand Hendmssited that

er | i 2.1. d
oiaisclia M gf niopietoStsdl asiea b oo UROtsARRY S i
(BRPEOX INBi @lificaht differedddoWere rbtea feele of HB\I—y,ﬂEI‘G #ad CCL2 levels.
(Fig 6)

Example 4: Treg effector model

This study investigated the effect of probiotic consumption on regulatory T cell number
and activity in healthy mice. BALB/c mice (10/group) were fed Bifidobacterium longum
AH1205 or placebo for three weeks. Following probiotic/placebo consumption,
CD4+CD25+ T-regulatory cells were isolated and their in vitro suppressive activity was

determined by measuring proliferation of anti-CD3/CD28 stimulated CFSE-labelled
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I nununonodul ati on The human i mmune system pl ays a
significant role in the aetiol ogy and pat hol ogy of a
15 vast range of human di seases. Hyper and hypo-i mrune
responsi veness results in, or is a conponent of, the
majority of disease states. One famly of biol ogical
entities, termed cytokines, are particularly inportant
to the control of inmune prgcesses. Pertubances of

t hese delicate cytokine netmorks are being

I ncreasingly associated with many di seases. These

di seases include but are not limted to inflamatory
di sorders, 20 innunodeficiency, inflannatory bowel

sease, bl e bg ndr o

oS RSl S, BT RSSher T i 6
1&M§dt&lﬁ‘rﬂth Qb4aConeed]celll sensmtroRThe lpe:eema:geacsm-ra:tmm cells

di ar r hoea, paedlatrlc di arr hoea, dicjt
(Regubstarsh e/l Qs BraRe plenpryfes hsf e alsp P @Slw Shedeigsmingd in
1l HRATDE pfoBRIEBE Pladkbafédihicki s, coel iac disease,
di abetes nellitus, organ transplantatlon bact eri al
i nfections, viral infections, fungal 25 infections,

TRE®A ijéﬂhnalcelg' BRI Qiferdlc@ HhBH E@-knc%a‘@e%%i%x CPRXEBbY cells from
transmtted di sease, HV infection, H YV replication,

the) probigticdpipasbe deddmise rrs camparad &t B151% 26 %“‘a‘tegﬂ that gipkerated
vfi\gﬁ 8-frRhbatAdN B EED AREESL BliisGrot] B8R trifIERSsS /In Whg% T cell

0SS, anorexia, fever control, cachexia, wound

' pradifiriting, was ses B, cujiwrestraniaingnz FRALEPST, colls| eeppyred in cultures

g&ﬁ&ﬁ Clﬁ%%ﬁé D184 nd dﬁ;égte(gb AL EBH 5+ ce‘flk gﬁ%‘l‘lr@%ﬂ y

ers, coronary art |sease di sorders
of the bl ood coagulatlon system renal di sease,
S gers o t cent Iy e
Tg;ia f g cells i 4 ca(g%]wapopu[ 100 p%ohvg a dg%sor%mrwg &?e‘fx’r)ﬁled (Fig. 8).
Ths Beflapbicosius, loenaOSHI 105 feld grou;ﬂh&xds;gndpnmtermb CD4+ T cells that

di s rs, riasis d.acpe. The eff on
5 GREECr SAGELPBR ST SRLBRF ey 5T caliirgh Ths s
i €RI% bf T-Relgtlaionscetls avithietle CDAY posp@ivnfwas ipfaabidodigrificantly
strajns ngﬁégﬁ sel ected for normalising an excl usive

by Jed g Hath, ance particular for a specific di sease
type. Custom sation of disease specific t her api es can

be acconplished using either a single strain of

The -ne1hes ob Clo M FOP3rarsliant sthe nealo spisrocytes Byt R of

pRibidtidestEp1adebRkdASmick OwdsMATbN Betbehital RO nbiBerSht €DUECD25+ T-
flora is inportant to the devel opnent and proper

Regylatoryorsllp expressing fioxB3 waaunghapasd dn dipsiplegns ‘anPrP‘h‘@“C fed mice
réQﬁ%Wnﬁm&%oﬁpuﬁﬁﬁﬁﬁkc flora, the intestinal imune
system s 15 underdevel oped, as denonstrated in germ
free animal nodels, and certain functional paraneters
are di m ni shed, such as macr ophage phagocyte ability
and i nmunogl obul i n production (10). The inportance of
the gut flora in stimnulating non-damagi ng i nmune
responses is becomng nore evident. The increase in

i nci dence and severity of allergies in the western
worl d has been |inked with an increase in hygi ene and
sanitation, 20 concomitant with a decrease in the
nunber and range of infectious challenges encountered
by the host. This |ack of inmmune stinulation nmay all ow
the host to react to non-pathogenic, but antigenic,
agents resulting in allergy or autoinmunity.

Del i berate consunption of a series of non-pathogenic

i mmunonodul at ory bacteria would provide the host with
the necessary and appropriate educational stimuli for
proper devel opnent 25and control of imune function.
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Inflammation 23 Inflammtion is the termused to
descri be the | ocal accunul ation of fluid, plasna
proteins and white blood cells at a site that has
sust ai ned physi cal danmage, infection or where there is
an ongoi ng i mune response. Control of the

i nfl ammatory response is exerted on a nunber of I|evels
(11). The controlling factqﬂﬁ i ncl ude cyt oki nes,
hornmones (e.g. 5 hydrocortisone), prostaglandins,
reactive internedi ates and | eukotri enes. Cytokines are
| ow nol ecul ar wei ght biologically active proteins that
are involved in the generation and control of

i munol ogi cal and inflammatory responses, while also
Exappleat: moféﬁFéP‘thHent tissue repair and
haenat opoi esis. They provide a neans of conmuni cati on
bet ween | eukocyt es thenselves and also with other_ cell
Geypdise migssyere Prehepedent Oresks of geppnd BHFGHRT & Bherresificesy

a'reJlbﬁdlgg;@dl bi.pliogi Gat 1y e | apRinils achivvieli 8% pfablddki Rerin
cascades and networks control the |nflannator

Bifidnbasieraunt dangam AHBISt fee 9adays on ramaingdpgerm; fEgs aLnductlon of T
r@ﬁ?ﬁ?&%ﬂgls%saas&%eh Iy glflow cﬁ(ﬁhétryt ahd Q:y{oiﬂ%)e leBNLAHY quntlﬁg@ by
Infl ammatory responsSe results”in | Ower concentrations
(@At he appropriate activating signals and other
i nflammat ory nedi ators |leading to the cessation of the
inflammatory response. TNFa is a pivotal 15 )
wmﬁﬁmm@wmg}tbm Inieasuriag biftdopaptariahc@mtsspnaalsetiidengeyf over
tokln | eal ' [ .
RGPy AP 08 R nolh R R JLEBHRE e bled Bircpmurabe
nﬁthers aven (hongle ap;tryximeielyglxj@%d)rgamsms hveer¢ radministaned ddily. The

[Sl S PYSETS, ;Snihgtt %196108 tnalﬁo lé’lg t)os % c%éasg?]r{i rff*q(l)nrecf for blﬁdob?cterlal

sm@halwmmhhegpﬂthogene5|s of many 20 |nflannatory
di seases, including inflanmatory bowel disease (IBD).
Current therapies for treating |IBD are ained at

WEREUCH )5 tdiEndt @¥@ittheddut in@se tapleQruinbbds AREBAcdH did interact with
cyt oki nes, including IL- 86$nd TNFa. Suc pi es

ﬂéﬂ KOt PRSP I QU O ST CER MO lin e mesentii

St R¥eCanld rh%ie@xmtz\@mzoﬁ fSREASRTrRUMIAS wab @igﬂﬂiﬁ:&itﬂ 1ncreased
arthrltls he strains of the Eﬁesent i nventi on

feliprang §tdans phfeedippi(Figal) odotah COAECR4 erazCPééﬁDf*ofwéts I?Blamed
dangg of inflamatory diseases, particularly if used

I'n conbination with other anti-inflammatory therapies,
such as non-steroid anti-inflammtory drugs (NSAI Ds)
e B R o 8 SRR B Viro
Wiﬂnmircmiyﬁ@% smg@éss sr LR&ior gingpiriefliuosstimulated] 2 megatige yontrols.

Qnses. ar, [

NS ERER e T 8 e BB P T PO PR pvad bl
deaspod Bﬁ:uhas seygpaianats wiile I\Q@Md:veambrdsgreﬁmme mtppwfssed when

S AT B, LB 5 S b SR TP o
IphsmbeytdoRdaiecof ILYE MKITINF-& Mtae bt tahtdlly, Buteot ngmﬁmdy,ldecreased

s e RHAA M bk BroatcLbon, 209, Ceblis cr e un

(13,14). 1t has |long been recogni zed that wei ght | oss
(cachexia) is the single nost
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10 comon cause of death in patients with cancer and
initial malnutrition indicates a poor prognosis. For a
tunour to grow and spread it nust induce the fornation
of new bl ood vessels and degrade the extracell ul ar
matri x. The inflamuatory response may have significant
roles to play in the above nechani snms, thus
contributing to the declinejof the host and
progression of the tunour. Due to the
anti-inflamatory properties of 15 Bijidobacterium
onguminfantis these bacterial strains they nmay
reduce the rate of malignant cell transfornation.
st umees slfeatl oSl R SuRbRERS: prb flhmatory
co@dkidé pgednioa fi@hckhé Bifldbacpiria i 208 falcnintals.y and gut
bacteria can activate pro-carcinogens to DNA reactive
agents (15). In general, species of Bifidobacterium
Hampld QWeaklity\vedulltes of xenobiotic netabolizing enzynes
20 conpared to other populations within the gut such
as bacteroi des, eubacteria and clostridia. Therefore,
ThBStSiRS1 JTehel Jasbistitdaain A 1285 fadebaet 8 mdamskagdeer(Fa. i2)
the gut could beneficially nodify the |levels of these
enzynes. Vaccine/Drug Delivery 25 The majority of

PRIBIGRL GG Wad 3PS PerBRhd? o0& thY e RribA GAR AL 185 BB ©O& the 3
Efficient vaccination of these sites protects agai nst

nanthererien Whgreas siraint L1208 deeled in Hailitydarp . to eppgpximately 1 log
oVﬂQﬁiQﬁkH&@ Slogat egi es have concentrated, to date, on
t he use of %ttenuated i ve pat hogenic 25 organisns or
purified encapsul ated antigens (16). Probiotic
el B&ﬁ&ﬁkmgggineered to produce antigens from an
rmfectrous agent, in vivo, may provide an attractive
alternative as these bacteria are considered to be

ate for human_.consunpti : t 5MUr |
138 nr e R e R e Te o R oyl ety of o
vpstednige bf burhacdientea. Eyperens hnw-ifromeic gespart vegess sesobmin, or is

Sorfihel .5 i Sgpolh ST T G OB OR

tdriel QRIS AraClartsculiigl ifvipdanted ethe noviblz efl iinand Ppevcesses.
oral route. This systemwas able to induce anti bod .
PeisRecsaf difss SRAHE FYoRPE A BRERAN P PEERcEY FEOTHERMth
rhdn® sk e alrhdse MisBased Al hugo 8&- ard RotAdHikddl ©Nnfl@nradtbydBddrders,
_presentation, live 10 bacterial vectors can produce
iyaedeli¢Encyo AATHBRIOTY S BRYVF! AisCRitmIRERNS Kl synyirome, cancer
(ﬁé{'ﬁ&llfdrf}eﬁose' B e V@istrdinteltRGl bl SRGLEL LyRenld), 0BStHoER disease,
uman I'L-2 or IL-6 and TTFC i nduced 10-15 fold higher
agihiotin | gyeciatadr eliartheesyi eeediawundigeiperntappendisis yaytaupymune

dm}[&i/s,elfnaltw?et Jalef'cms,s Apz‘?]EiHePH ld%éas&@ﬁ&gxﬂt(ﬁh aﬁﬁﬂftﬁi, Ebeligm.sease,

tota A'l'evel was not 1 ncreased by coexpression wth
didbetse nejlites iongan. radsplentativac bagt¢rigl infeetipnpsvirad ueflictipss, fungal
. 0 n

bR RAGETY AR, LlogeBbP 4RR0 ELR kS RAE MORE v
idectgpoy NI repticdtionj HIWgassbwaterldianbooy, adurgaendl agengiateal| trauma,
cavities induced.both nucosal and.system ntj bod
spiRtsbindiet VTR Sebeod SPRRL oy U ST e onter,
cadBxia, Wousd deding] nitven] zat barem dinagorprdlerpyt iasthipac tespiragory
as vectors would not only protect the host from

i nfection, but may replace the immunol ogi cal stimul
that the pathogen would normally elicit thus
20contributing to the i munol ogi cal education of the
host .
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Prebi otics The introduction of probiotic organisns is
acconpl i shed by the ingestion of the mcro- 25
organismin a suitable carrier. It would be

advant ageous to provide a nmedi umthat would pronote
the gromh of these probiotic strains in the |arge
bowel . The addition of one or nore oligosaccharides,
pol ysaccharides, or other ppebiotics enhances the
gromh of lactic acid bacteria in the gastrointestina
tract. Prebiotics refers to any non-vi able food 26
conponent that is specifically fernented in the colon
by i ndi genous bacteria thought to be of positive

val ue, . bi.fi dobacteri ct obaci | |.i
APt onay g daieR e e o i PHEE sl blood
coaphiaféh sEexd, refd| Aehas ﬁtso@ileMCﬁ'Sﬁe alttrdraRno8e sysldng hepatlc
conbi ned adm ni stratjo ioti,c strain wt
At AN R A A R T
disbr@erd AFoRhsd SldQEnPVORIRE IThe lefledd MOcytEIGHY prod@tibmar spaife
pronounced heal th henefit, and is te med z%nblotlc

fayqaelt ohéhei RrebipHg FEdPBRINIngd Ry PEGNG S PERPIC S{Ta S thY be

sd1Q€edP R R Alfsingt EtleRQudiRY cfa6kiAdl nbdlfilc€ paflicular for a specific
rophylactically or as 10 a nethod of treatnent

dspaste¥peorCystosigniian 6f dispase SeRCHE heARIB &0 ke agRuupfshed using
e?g' g%le stilB & Aﬁlﬁ)S% SRSES bPRGE AP Meteof ba 88lelitioh @P these

teria may be used as part of a prophylactic or
Smm@atnent regi me using other active materials such as
those used for treating inflanmmtion or other
di sorders especially those with an i nmunol ogi ca
Immved Kdwetnin,  Such conbi nati ons nmay be administered in
a single formul ation or as separate 15fornul ations
adm ni stered at the sane or different tines and using
Théentsd¢rdonris dxinpcﬁnanem the clav@epnadnt axmmjmopgt fumdtionrof thehigtestinal

d to. the enb

11%@%? t@'/s%gglci? @'gdaomcgh naigye%eéxc %o € nggs de%:lan]%lgli%ystem is
underdeveloped, as demonstrated in germ free ammal models, and certain functional
parameters are diminished, such as macrophage phagocytic ability and immunoglobulin
production (10). The importance of the gut flora in stimulating non-damaging immune
responses is becoming more evident. The increase in incidence and severity of allergies
in the western world has been linked with an increase in hygiene and sanitation,
concomitant with a decrease in the number and range of infectious challenges
encountered by the host. This lack of immune stimulation may allow the host to react to
non-pathogenic, but antigenic, agents resulting in allergy or autoimmunity. Deliberate
consumption of a series of non-pathogenic immunomodulatory bacteria would provide

the host with the necessary and appropriate educational stimuli for proper development

and control of immune function.

Inflammation
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Press, London. 1977, p.277--310. 103. Kagnoff M F.

I munol ogy of the intestinal tract. Gastroenterol
1993; 105 (5): 1275-80. 4. Lamm M E. Interaction of
anti gens and anti bodi es at nucosal surfaces. Ana Rev.
Mcrobi ol . 1997; 51: 311-40. 15 5. Raychaudhuri S.,

KL..F ili,zin ost .defen buil.di n .
Bt s fee Soet Ot BkBp Rt 2605 op A1 hlif sy proeins
a§d ahltereRbd RAells dBtd cikkethatVias Whaddasdaplysitdl, dahmghénﬁcbtioﬁejrtvzhere
I nduction and 20nodul t| on of strointestin
“Pefﬁ IS ARABEKNSAMURR FITRYISS: \pof e amfféte%fsp"wﬁss exgried on
a munthRr Waadvelvbl1€f YIThR, cohaan@gw fabtorﬁmdusie H;ytofﬁmgahamhmewe g.
te Velde A, Figdor C, Johnson é Kast
hydFocqTisonp) BioaBAN iy ESoF QAR S g S kaignes | Griokipes are
1 mbfEcSiht REEhHidISHHS a8iMd [HEBmS BRCE iiolvddanthd g@r%kdtlon and

proliferation by dimnishing the antigen-presentin
cenffphc it y‘“ﬁ?“’\ﬁ’ﬁ’ﬂt?&&t@éi VIMARBURRY e JEPART BN "g"l‘ ecp %s eI%I‘latmg

dgpdlt%ﬁnem ﬁEsQE %E&?%h@hdehia%p&%m' ‘Bhey HYRARSShaRs ofcomhuniaton

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 cytokines,
including IL-8 and TNFa. Such therapies may also play a significant role in the
treatment of systemic inflammatory diseases such as rheumatoid arthritis.

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

Infliximab.
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26(4):557-63. PMD: 14666984. Tagg, JR, Dajani, AS,
Wannamaker, LW Bacteriocins of G am positive
bacteria. Bacteriol Rev. 1976; 40: 722-756. Crabbe
P.A., H Bann, H Eyssen, apd J.F. Heremans. The
normal mcrobial flora as a major stinulus for
proliferation of plasma cells synthesizing IgA in the
gut. The germfree intestinal tract. Into. Arch.

Al'l ergy Appl Imunol, 1968; 34: 362- 75. Henderson B.,

_Pogl,e, S gnd Wlson M 1998. In "Bacteria-Cytokine
n health and di sease. Portl and Press,

79-130. Arai Lee F. Myajim A Myatake S, Arai
N, Yokota T, tokl ne coordi nators. of i nmune. and
Tivp progdystiqnoply my wnab cvieiRG 1S B B éﬁﬂ*y@oof fimour types

s@g%e?tg&agﬁguﬁé\{ﬁﬁ%ﬁa@yﬁogaﬁﬁﬁﬁﬁs dre oNbdikdin p&]entsl\&l@’l@ﬂce} Rit is

A synergi stic relationship between TNF-al pha, IL -
cHETHy WA CFha QY atective P, B SEPETF S k?;ga‘t“ﬁethFE@‘Wh and

dkm(%%{e'np af tlﬁﬁ’dutr h:@lllé Bl viee! HolWeRg; tHeMﬂ@Jnﬁﬂ%rylge%Eong@aoeould
5, Meeker WA, Wener JR, Berchuc

a%af,fte mfeﬂ the BW beaving Tipsin SPBRICK SHtolne dieirgtions &g Apvefved in
}geeie%l?lat%nt NS pﬁ&fc’h% bd ﬁ@pfn%l’lfeﬁltlgﬂ Qyithid NP B normal

sense NA abol 1 shes the proliferative response to
tissveet13ddki I hds 10ng beeh rdspgnized thar Neighplaes. (copere®)ds theipele most

cén?\%?iﬁ %Q\Ese 0% %gzltﬂ orF gah@?ts w1t¥19:a1]‘ér Wnﬂf}g n{aln@trlt -59 )ﬁll(ﬁ&lteg -Qypoor

e col on: he |1 ntestl m cr of ora
pGigoson FarR tufned) to grwramd spodad ni muth aeduey thg formatien Pﬁnew blood

e e T
sfenificustiroigs muglasal the stoee mathaoisms ghecdvngibstimptoghe decline of the

gtf gr? Ip}loegrelssr}]gr]fI %f t éltgxplourva(b%le nt% th%ga?ntl 1nf%ammgi§r7y éggertles 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-carcinogené‘ to DNA reactive agents (15). In general,
species of Bifidobacterium have low activities of xenobiotic metabolizing enzymes
compared to other populations within the gut such as bacteroides, eubacteria and
clostridia. Therefore, increasing the number of Bifidobacterium bacteria in the gut could

beneficially modify the levels of these enzymes.

Vaccine/Drug Delivery

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

vaccination strategies have concentrated, to date, on the use of attenuated live pathogenic
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17. Steidler L., K Robinson, L. Chamberlain, K M
Scholfield, E. Remaut, R WF. Le Page and J.M Wl |s.
Mucosal delivery of nmurine interleukin-2 (IL-2) and
IL-6 by 10reconbi nant strains of Lactococcus |actis
coexpressing antigen and cytokine. Infect. |mun.,
1998; 66:3183-9. 18. Medaglini D., G Pozzi, T.P. King
and V. A Fischetti. Micosalysand systemnic inmne
responses to a reconbi nant protein expressed on the
surface of the oral 15 commensal bacterium

St reptococcus gordonii after oral colonization. Proc.
Natl. Acad. Sci. USA, 1995;92:6868-72McCracken V. J.

and Gaski ns, ., Probiptics a critic
o SUTGH oo REE e (Bbo. Pty DRGGH. apiuggred o
pé«)di.lcd'qnsgé&ﬁ HrsRt an tefectibusadgpitoim, vive, May prbatiehsertracfiveSilternative
Ol ans

y, J.K, 2 cl C, n
o P Ra 45 Cons PR P AT Toy gt CobyTBLOTI AR s
occupancy and regul ation of key target genes during
T-cell stimulation. Letters to Nature, 2007 30
Mayrigr gudicg haxg demgnsiipied 1t SePsROoR; of | RISIHNS Bcfeim NefeRine

fé‘r&%@ Zntxggns @n 511(15& Q&%Gﬁhﬂﬂé febfoRbdd. Afe Sdndlen@MinlgRet&udtd¥in
is a iotic. 3. i fi dobacteriumstrain as

fr@g@@tﬁ&d(ﬂrﬁca w@is Wﬂrewd o (faféqcews {asds andrmich Wege jmynyniged via

tﬁeoJrﬁp rBiite 2 TRIs QY Q8 &Rk lale R Bu&eUntibé - titéks siPnificantly high enough
| dobacteriumstrain as clainmed in any of claims 1

iQ grog:cti the ﬂh@ ﬁr@’f‘ natlesfl teximphaiengs) s additionpo Bntigeaghesentatiqny Hye
bﬁétérﬁll Ny @@L ?ﬁc@ %XctQEBI ﬁnﬁloﬂﬁdsl S0 st InhBSosfiRtory

non-vi a Ie cel A bacterium strain as
cgtokinese ér vivp. ahylaofs sstigfingsbivactive Bumtrele? ar e and TTFC induced

1§| lfSifng %?g%%re{elnyng] lIgd} ﬁtréssiglnﬂgeeﬁu}fu(ng%hii&ta?xgstall; ?ﬁﬁeﬁowever, 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 host.
Prebiotics

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

acid bacteria in the gastrointestinal tract. Prebiotics refers to any non-viable food
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7. A Bifidobacteriumstrain as clainmed in any of

clains 1 to 6 wherein the strain is significantly

i mmunonodul atory follow ng oral consunption in humans.
8. A formulation which conprises a Bifidobacterium
strain as clainmed in any of clainms Ito 7. 9. A
formulation as clainmed in claim@8 which further
conprises a probiotic nateﬁ'al. 10. A fornulation as
claimed in any of clains 87°0r 9 which further

conprises a prebiotic material. 31 11. A formulation
as clained in any of clains 8 to 10 further conpri sing
an ingestable carrier. 12. Afornmulation as clainmed in
claim 1l wherein the inges rrjer is .
comRAnAR BRIt Bpepifi 93%(&&@&@??6 eﬁzfam@?y RGLETETS %éct%%?p%lrg@t to
bt 3Pb&itiRr vaRRWES! bifidebactbrid, AhdToHadlli OMyps oFl ébiRMEs | |nﬂhy include

claim 11 wherern the i ng estable carfier is a fg
thesodaiconirdrrcipse X¥108: ﬁ‘Pb@dgaqu‘%e grAN, MaPgFe ) % combined

a¥ BB RHEdon dFal JfothQWdehin Wik Knec&ﬁﬁ&QTfe@bﬁc c6RP&HBs may enhance
spreads, dressings or beverages 4. A fornul ation as

the| g;@\ml_gd)f ithe gﬂwmgtpreémaqm%ncgntvgzolrgsqmgclﬁ a mprespnounced health

bGRAPL h§g%ﬂﬁe@gggghg and/or peptide, in particular
proteins and/or peptides that are rich in

glutam ne/glutamate, a lipid, a carbohydrate, a
' N, al and/or trace elenent. 15. A
Ot &1 LS claimed in clains 8 to 14 wherein the
ItB¥iflibd amac,ctimd thahtlst prabiptid Srapts@@erbﬁ aflminagteredhpropity lasficabhy oe as
t h n i
o e o0 e o 8r 30T o Wl RleP Bk o by spprris
ag d«ﬁpmbedeﬁomw hd;ddman,t the bacterly rha:;r belugedi agrpad f @l mophethciinor
ains 8.to

rther. _conpri,ses bact e :
G EH TBEASHSE riS it ORGP e TRk GREl e drepdne
inEmntation of Wtheh gkordasREpcsally ahade wgthemt irbriunol@Zcal 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.
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19. Afornulation as clainmed in clains 8 to 18 which
further conprises a biological conpound. 20. A
formulation as clained in clains 8 to 19 for
I muni sati on and vaccination protocols. 21. A
Bi |l i dobacteriumstrain as clained in any of clains 1
to 7 or a fornmulation as clained in any of clains 8 to
20 for use in foodstuffs. . A Bifidobacteriurn
strain as clainmed in any of clains 1 to 7 or a
formulation as clainmed in any of clains 8 to 20 for
use as a nedicanment. 23. A Bifidobacteriumstrain as
claimed in any of clainms Ito 7 or a formulation as
claimed in any of clainms 8 to 20 for use in the
feS¢ftf§t-axi s and/ or treat ment of undesirable
inflammatory activity. 24 A Bifidobacteriun1strain as

claimed in agy of cl.ains or. a formulation as

Lel ai Metirackenary! gndcHasking %Rt opr.?b‘of‘%“'r aps dhg jmippge system. In:
Pr OpAMbRYicS o APRLCE rebie R aTARBEK, FWUREE HokiddH Scientific Press, UK.
gastroi ntesti nal |nflannatory act|V|ty such as

i nf | Bf%aR-87V1bowel di sease eg. Crohns di sease or
ulcerative colitis, irritable bowel syndrone;

pouchitis; or post infection colitis. 25. A

2Bi f | SwbecP4&r ilnipragtiondichveas thehastrpad its mipesoip: dcaphig/ Ecology
to 7, RAB LB cds), AcTRhik BreB0Y ofdonC 139715287500,
20 f euglétf ?Laﬁ%e Bpar opﬁif §<| sc anof;of trgatorlrlen F’TP
gastr0|ntest|nal cancer(s). 26. A Bifidobacterium

3stra I 1 ) .
3F or PR PR B Sbin St Bhor loforlor 195,105 5
use 12Y5t8%e prophyl axi s and/or treatnent of systemc

di sease such as rheumatoid arthritis. 33 27. A

Bi fi dobacteriumstrain as clained in any of clains 1

4t 0 7LammaM o imerha@ioh ofi aatigend aid rietdbddies anyuodsalcluefaces. Bint Bev.
20 for use, i he prophyl axis and/ or treatnment of
auto&%ﬁﬂﬁgl&gg%ggég§J®ue to undesirable inflammtory
activity. 28. A Bifidobacteriumstrain as cIained in
an of claimg 1 to or a r latlo | ai in
Sany BIYERAPHE B 150 o0 oPulicanPHiTie MR RS paIaig beter
and/ QfccinéL WdTBRYechholC BIUBET6: do@s tp undeSI rabl e
inflammatory activity. 29. ‘A Bifidobacteriumstrain as
claimed in any of clains 1 to 7 or a fornulation as

6C| ai §BAmhdh ANYSiRfvet Wi Mﬁclﬁontaﬁl ?@ f O¢hsUSE ZER, M Enduction and
prophyl axi s of cancer. 30. A Bifidobacteriumstrain as

cl ai me@latwnmﬂamlmsanwflam@uvn dmmanqloTcrﬁqyaal@P%)ri%kO) 438-
claippd in any of claims 8 to 20 for use in the
prophyl axi s and/ or treatnent of diarrhoea] disease due
to undesirable inflammatory activity, such as

G 0s [ iffd C .' Vi
Tasacld WHahMeftn it il S 31 Mo Bl MHECTe VL ikt .
di ar fdhosm]K, d(as&iweRdY]aeltfh dary rneslﬁﬁ dbiedeskimaib{t;105andlvirakiL-
E. [ . 31 Bi fi ' i,
of Cg‘%ft}lﬂ?lg‘f r{:%u09 agt?g%gasgéc hlﬂ%ign} Isonce}il Spn?l ferallg%gf%mgrﬁih%] the
cl ai armigén b&sélﬂnﬁ @hpadBe of mohbksftepr\e@ab‘ahnegﬂatufn of class I major

o o P DL RGN SR PP o <t M aPT LR At915-20,

inflammatory activity.
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32. A Bifidobacteriumstrain as clainmed in claim 31
for use in the preparation of a panel of

bi ot herapeutic agents for nodifying the | evels of

I L-10. 33. Use of a Bilidobacteriumstrain as clained
in any of clains 1 to 7 in the preparation of a

nmedi canent for the prevention and/or treatnent of

i nfl anmmat ory di sorders, inmmgnodeficiency, inflammatory
bowel disease, irritable bowel syndrone, cancer
(particularly of the gastrointestinal and 34 imune
systens), diarrhoeal disease, antibiotic associated
diarrhoea paediatric diarrhoea, appendicitis,

| ' ;
_ aUt 1? 4 gf“ﬁsat(g? ever%mﬁ t */erbrug% enCl O%'wz;}gé @aéﬂé?ﬁt%gno% of

dIS hri oel 1
di ablemesbanﬁhhmtspl&;esmsggmepwm Spgeapringing Ryst Appd Miciokiol. 2003

por St CottD EBbAT L ol " ecase, sexvall y

transmtted disease, HV infection, HV replication,

H V associ at ed. di_arr hoea, .as.so ted trau .
Isur glaeg 1% %ﬁ&ég\ %?%f&e&%ﬁsjgaﬁéeé‘w%gls@ 1“&?1%‘3“3-

| OSSpacaRl B%i 297¢k BY:Em2GERL T 0l , cachexi a, wound
heal i ng, ulcers, gut barrier function, allergy,
asthma, respiratory disorders, circulatory disorders,

1607 0RbYe MR, Hﬁklﬁeﬁsl@yss@inﬁfﬁim 2 Heflin§Q8. Ak fioRfal tli@obial flora
bl ood coagui’ati on system renal disease, disorders of

t he @enPrar stiriyols Prjifraian o eams cells yahesizing IgA in the gut.

| sChpgnleam REGAkdinN@ct. %z%om%fmzergﬁ dﬁﬁmmﬁbﬁa%s 34: 362-

endocrihe disorders, epidernal disorders, psoriasis

and/ Bx acne vulgarls 34. A Bifidobacteriumstrain as

claimed in any of clainms 1 to 7 wherein the strains

act by antagoni sing and excl udi ng proinfl ammat ory

lii crBerdiegamBs Ppoler Dand RElsgmdt. 89t lasBaetatia-Crikine igactians

B'f'd?P%ﬁieﬁh%”kétﬁéhMm9ﬁe§ ﬁgp in any of clains 1
or-a tormulation as claimed in any of clains 8 to

20 for use in the preparation of anti-inflanmtory

?h?fge gﬁ%%g@?gﬁgﬁéﬁig%éh%%é&egg mhﬂegolf)acterlﬁghnes

St r a¢dordigatert adMdmuie any Diflambmaions rdspbosed. Asmamev Biochem

antl probiotic strain in the preparation of
éﬁéﬁ %g%r ant agoni sing the growt h of pathogenic

speC|es. SEQUENCE
LI STI NG <110> Al | nentary Fb lth Limted <120
Ipr obMsbre DAY ¢ Pawbset br Vitkyss LaMﬁ‘éhea >A§p>“%1a%56daﬂoﬂshm

<140gtwlen 2002067 110 S&éllahdZIQﬁBbe@ﬁi 28 1E1Q2retiéh by the IEC-6
60/ 907, 312 <151> 2007- 28
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.
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<160> 5 <170> Patentln version 3.3 <210> 1 <211> 494
<212> DNA <213> Bifidobacteri um| ongum <220> <221>

m sc_feature <222> (7)..(7) <223>nis a, ¢, g, or t
<220> <221> misc_feature <222> (11)..(11) <223> n is

a,

15.

16.

17.

18.

19.

cC, g, or t <220> <221> misc_feature

29

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.

Walker, R.I. New strategies for using mucosal vaccination to achieve more

effective immunization. Vaccine, 1994; 12: 387-400.

Steidler L., K. Robinson, L. Chamberlain, K.M Scholfield, E. Remaut, R W.F. Le
Page and J.M. Wells. Mucosal delivery of murine interleukin-2 (IL-2) and IL-6 by

recombinant strains of Lactococcus lactis coexpressing antigen and cytokine.

Infect. Immun., 1998; 66:3183-9.

Medaglini D., G. Pozzi, T.P. King and V.A. Fischetti. Mucosal and systemic
immune responses to a recombinant protein expressed on the surface of the oral
commensal bacterium Streptococcus gordonii after oral colonization. Proc. Natl.
Acad. Sci. USA, 1995;92:6868-72McCracken V.J. and Gaskins H.R, ‘Probiotics a

critical review’, Horizon Scientific Press, UK 1999, p.278.

Marson, A., Kretschmer, K., Frampton, G.M., Jacobsen, E.S., Polansky, J.K.,
Maclsaac, K.D., Levine, S.S., Fraenkel, E., von Boehmer, H and Young, R.A.
Foxp3 occupancy and regulation of key target genes during T-cell stimulation.

Letters to Nature, 2007



<222> (13)..(13) <223> nis a, ¢, g, or t <220> <221>
m sc_feature <222> (15)..(15) <223>nis a, ¢, g, or t
<220> <221> mi sc_feature <222> (48)..(48) <223> n is
a, ¢, g, or t <220> <221> m sc_feature <222>
(50)..(50) <223> nis a, ¢, g, or t <220> <221>

m sc_feature <222> (139)..(139) <223> nis a, ¢, g, or
t <220> 30 °©

Claims
L. An isolated strain of Bifidobacterium NCIMB 41387.
2. A Bifidobacterium strain as claimed in claim 1 which is a probiotic.

3. A Bifidobacterium strain as claimed in claim 1 or 2 wherein the strain is in

the form of a biologically pure culture.

4. A Bifidobacterium strain as claimed in any of claims 1 to 3 in the form of

viable cells.

5. A Bifidobacterium strain as claimed in any of claims 1 to 3 in the form of

non-viable cells.

6. A Bifidobacterium strain as claimed in any of claims 1 to 5 wherein the

Bifidobacterium is isolated from infant faeces.

7. A Bifidobacterium strain as claimed in any of claims 1 to 6 wherein the
strain is significantly immunomodulatory following oral consumption in

humans.

8. A formulation which comprises a Bifidobacterium strain as claimed in any of

claims 1to 7.

9. A formulation as claimed in claim 8 which further comprises a probiotic

material.

10. A formulation as claimed in any of claims 8 or 9 which further comprises a

prebiotic material.



<221> m sc_feature <222> (144).,(144) <223> n is a, c,

g,

or t <220> <221> m sc_feature <222> (170)..(170)

<223>nis a c, g, or t <220> <221> m sc_feature
<222> (176)..(176) <223> nis a, ¢, g, or t <220>
<221> msc_feature <222> (185)..(185) <223> n is a, c,

g,

or t <220> <221> m sc_feature <222> (189)..(189)

<223>nis a ¢, g, or t_<§ 0> <221> m sc_feature
<222> (193)..(193) <223>nis a, ¢, g, or t <220>
<221> msc_feature <222> (203)..(203) <223> n is a, c,

g,
11.

12.

13.

14.

15.

16.

17.

18.

or t

A formulation as claimed in any of claims 8 to 10 further comprising an

ingestable carrier.

A formulation as claimed in claim 11 wherein the ingestable carrier is a

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

A formulation as claimed in claim 11 wherein the ingestable carrier is a food
product such as acidified milk, yoghurt, frozen yoghurt, milk powder, milk

concentrate, cheese spreads, dressings or beverages.

A formulation as claimed in any of claims 8 to 13 which further comprises a
protein and/or peptide, in particular proteins and/or peptides that are rich in
glutamine/glutamate, a lipid, a carbohydrate, a vitamin, mineral and/or trace

element.

A formulation as claimed in claims 8 to 14 wherein the Bifidobacterium
strain is present in an amount of more than 10 cfu per gram of the

formulation.

A formulation as claimed in claims 8 to 15 which further comprises an

adjuvant.

A formulation as claimed in claims 8 to 16 which further comprises a

bacterial component.

A formulation as claimed in claims 8 to 17 which further comprises a drug

entity.



<220> <221> misc_feature <222> (211)..(211) <223> n is

a,

C, g, or t <220> <221> m sc_feature <222>

(237)..(237) <223> nis a, ¢, g, or t <220> <221>
m sc_feature <222> (259)..(259) <223>nis a, ¢, g, or
t <220> <221> misc_feature <222> (263)..(263) <223> n
isa ¢, g, or t <220> <221> nisc_feature <222>
(275)..(275) <223> n is a, % , or t <220> <221>

% 89

m sc feature <222> (289)

) <223>nis a ¢, g, or

t <2 é%&(gt?, rgts at 192 <22 >t8( f g 4\%'}116}( %‘gﬂef sidds a

20.

21,

22.

23.

24.

25.

26.

eat ure

b1010g10a1 compound.

A formulation as claimed in claims 8 to 19 for immunisation and vaccination

protocols.

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 foodstuffs.

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 as a medicament.

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.

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

bowel syndrome; pouchitis; or post infection colitis.

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 gastrointestinal cancer(s).

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 systemic disease such as rheumatoid arthritis.



<222> (309)..(309) <223>nis a, ¢, g, or t <220>
<221> m sc_feature <222> (329)..(329) <223> nis a, c,

g,

or t <220> <221> misc_feature <222> (339)..(339)

<223>nis a ¢, g, or t <220> <221> msc_feature
<222> (351)..(351) <223>nis a, ¢, g, or t <220>
<221> m sc feature <222> (369)..(369) <223> nis a, c,

g,

or t <220> <221> m sc_feature <222> (373)..(373)
<223>nis a ¢, g, ort <§g

0> <221> misc_feature

2o 1A e ettt o3 hsy y By ol ol 7 RF R Fmulgion

0, Ofs tlaimed in any of claims 8 to 20 for use in the prophylaxis and/or

28.

29.

30.

31.

32.

33.

treatment of autoimmune disorders due to undesirable inflammatory activity.

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 cancer due to undesirable inflammatory activity.

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 of cancer.

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 diarrhoeal disease due to undesirable inflammatory activity,
such as Clostridium difficile associated diarrhoea, Rotavirus associated
diarrhoea or post infective diarrhoea or diarrhoeal disease due to an

infectious agent, such as E.coli.

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

undesirable inflammatory activity.

A Bifidobacterium strain as claimed in claim 31 for use in the preparation of

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

Use of a Bifidobacterium strain as claimed in any of claims 1 to 7 in the
preparation of a medicament for the prevention and/or treatment of
inflammatory disorders, immunodeficiency, inflammatory bowel disease,

irritable bowel syndrome, cancer (particularly of the gastrointestinal and



<220> <221> m sc_feature <222> (405)..(405) <223> n is
a, ¢, g, or t <220> <221> m sc_feature <222>
(417)..(417) <223> nis a, ¢, g, or t <220> <221>

m sc_feature <222> (427)..(427) <223>nis a, ¢, g, or
t <220> <221> misc_feature <222> (442)..(442) <223> n
is a c, g, or t <220> <221> nisc_feature <222>
(452)..(452) <223> nis a, 3,09, or t <220> <221>

m sc_feature <222> (456)..(456) <223> nis a, ¢, g, or

it S<§12n%2>:un§szs%§grrp§)§ ggigfefggéjaﬁ edéggs%? a(nf‘l@@[m (aés%@ateﬁz%ﬁfrrﬂbea,
paediatric diarrhoea, appendicitis, autoimmune disorders, multiple sclerosis,
Alzheimer’s disease, rheumatoid arthritis, coeliac disease, diabetes mellitus,
organ transplantation, bacterial infections, viral infections, fungal infections,
periodontal disease, urogenital disease, sexually transmitted disease, HIV
infection, HIV replication, HIV associated diarrhoea, surgical associated
trauma, surgical-induced metastatic disease, sepsis, weight loss, anorexia,
fever control, cachexia, wound healing, ulcers, gut barrier function, allergy,
asthma, respiratory disorders, circulatory disorders, coronary heart disease,
anaemia, disorders of the blood coagulation system, renal disease, disorders
of the central nervous system, hepatic disease, ischaemia, nutritional
disorders, osteoporosis, endocrine disorders, epidermal disorders, psoriasis

and/or acne vulgaris.

34. A Bifidobacterium strain as claimed in any of claims 1 to 7 wherein the
strains act by antagonising and excluding proinflammatory micro-organisms

from the gastrointestinal tract.

35. 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 preparation of anti-
inflammatory biotherapeutic agents for reducing the levels of pro

inflammatory cytokines.

36.  Use of a Bifidobacterium strain as claimed in any of claims 1 to 7 as an anti-
infective probiotic strain in the preparation of a medicament for antagonising

the growth of pathogenic species.



> msc_feature <222> (463)..(463) <223> n is a, c,
;Zzér ?122§O> <221> nisc_feature <222> (465)..(465)
<223>nis a, ¢, g, or t <220> <221> nisc_feature
<222> (470)..(470) <223>nis a, ¢, g, or t <220>
<221> misc_featu re <222> (485)..(485) <223> n is a,
cC, g, or t <220> <221> misc _feature <222>
(487)..(487) <223> nis a, ¢, g, or t <220> <221>
m sc_feature <222> (489)..(491) <223>nis a, ¢, g, or
t <220> <221> nmisc_feature <222> (493)..(493) <223> n
is a ¢, g, or t <400>SEQUENCEAFSKING ncngncacac

t caccacac ggtgtcgcat ggccccgntn ggcatccttc60
<qllo> Alimentary Health Limited

<120> Probiotic Bifidobacterium Strains
<130> SP-004450

<140> SG 200906451-0
<141> 2008-03-28

<150> US 60/907,312
<151> 2007-03-28

<160> 5
<170> PatentIn version 3.3

<210> 1

<211> 494

<212> DNA

<213> Bifidobacterium longum

<220>

<221> misc_feature
<222> (7)..(7)

<223> nisa, ¢, g, ort

<220>

<221> misc_feature
<222> (11)..(11)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (13)..(13)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (15)..(15)
<223> nisa, ¢ g, ort
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ctagcaaatt cccaggacga caaatcatca cactaaaatg atcacaaaac
gat cgaaacal20 aacactaaaa atagagttng attngaaatt
aacagcaaga acgaggaatn aaaggnaaccl80 ccgtnttgnt
tgngtccact atncagtttt naagccacca cgcaccacca

cgccgt ncgg240 acgggaccag cccgccat na ggnacgat gg

gcat ngaat ¢ gcgccaggnc aaancct ggg300 gt ggcgat nc
gggagcccaa aagcgcat nc acaccact nc cgcggaacat
nccacgacgg360 acgcaccgna agnccatgat ttal ncaca
ccancagccc caagncgccg cgactgncgc420 gacgccnggg

c cgcaccgc cngacgaaca tncggncgtn ttntncgtan
gaggtt480 cccancnann ncng494 <210> 2 <211> 479

nmpgafeature> Bi fi dobact eri um | ongum <220> <221>
%2c>f(éf’a)t(ﬂ8é <222> (3)..(3)

3> nisa, ¢ g ort

<220>

<221> misc_feature
<222> (50)..(50)
<223> nisa, ¢, g, ort

<220>

<221> misc_feature
<222> (139)..(139)
<223> nisa, ¢, g, ort

<220>

<221> misc_feature
<222> (144)..(144)
<223> nisa, c, g, ort

<220>

<221> misc_feature
<222> (170)..(170)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (176)..(176)
<223> nisa,c,g,ort

<220>

<221> misc_feature
<222> (185)..(185)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (189)..(189)
<223> nisa,c g, ort

<220>
<221> misc_feature
<222> (193)..(193)
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<223>nis a ¢, g, or t <220> <221> m sc_feature
<222> (5).,(5) <223>nis a, ¢, g, or t <220> <221>
msc_feature <222> (15)..(15) <223>nis a, ¢, g, or t
<220> <221> nisc feature <222> (43)..(43) <223>nis
a, ¢, g, or t <220> <221> misc_feature <222>
(108)..(108) <223> nis a, ¢, g, or t <220> <221>

m sc_feature <222> (134)..(134) <223>nis a, ¢, g, or
t

<223> nisa, c,g,ort

<220>

<221> misc_feature
<222> (203)..(203)
<223> nisa, ¢, g,ort

<220>

<221> misc_feature
<222> (211)..(211)
<223> nisa,c,g,ort

<220>

<221> misc_feature
<222> (237)..(237)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (259)..(259)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (263)..(263)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (275)..(275)
<223> nisa,c,g,ort

<220>

<221> misc_feature
<222> (289)..(289)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (294)..(294)
<223> nisa,c, g, ort

<220>
<221> misc_feature
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<220> <221> m sc_feature <222> (147)..(147) <223> n is
a, ¢, g, or t <220> <221> m sc_feature <222>
(164)..(164) <223>nis a, ¢, g, or t <220> <221>

m sc_feature <222> (232)..(232) <223>nis a, ¢, @,
or t <220> <221> misc_feature <222> (281)..(281) <223>
nisa ¢, g, or t <220> <221> nisc_feature <222>
(337)..(337) <223> nis a, ¢, g, or t <220> <221>

m sc_feature <222> (344)..(344) <223>nis a, ¢, g, or
t <220> <221> misc_feature <222> (361)..(361) <223> n
K822y, (809)g(308) t

<223> nisa,c, g, ort

<220>

<221> misc_feature
<222> (329)..(329)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (339)..(339)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (351)..(351)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (369)..(369)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (373)..(373)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (386)..(386)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (394)..(394)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (405)..(405)
<223> nisa,c,g,ort

<220>
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<220> <221> m sc_feature <222> (375)..(375) <223> n is
a, ¢, g, or t <220> <221> m sc_feature <222>
(378)..(378) <223>nis a, ¢, g, or t <220> <221>

m sc_feature <222> (400)..(400) <223>nis a, c, g, or
t <220> <221> nmisc_feature <222> (404)..(404) <223> n
isa ¢, g, or t <220> <221> nmisc_feature <222>
(407)..(407) <223> nis a, ¢, g, or t <220> <221>

m sc_feature <222> (413)..(414) <223> nis a, ¢, g, or
t <220> <221> nmisc_feature <222> (419)..(419) <223> n
i<@2> misc deatyre t <220>

<222> (417)..(417)

<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (427)..(427)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (442)..(442)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (452)..(452)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (456)..(456)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (460)..(460)
<223> nisa,c,g,ort

<220>

<221> misc_feature
<222> (463)..(463)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (465)..(465)
<223> nisa, ¢, g, ort

<220>

<221> misc_feature
<222> (470)..(470)
<223> nisa, ¢ g, ort
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<221> m sc_feature <222> (422)..(422) <223> n is a, c,
g, or t <220> <221> m sc_feature <222> (427)..(427)
<223>nis a c, g, or t <220> <221> m sc_feature
<222> (430)..(431) <223>nis a, ¢, g, or t <220>
<221> msc_feature <222> (433)..(434) <223> n is a, c,
g, or t <220> <221> m sc_feature <222> (449)..(449)
<223>nis a c, g, or t <220> <221> m sc_feature
<222> (454)..(454) <223>nis a, ¢, g, or t <220>
<221> msc_feature <222> (456)..(456) <223> n is a, c,

<0>r t <220> <221> nisc_feature <222> (459)..(459)

<2223 misc_fegtxe c, g, or t

<222> (485)..(485)

<223> nisa, ¢, g,ort

<220>

<221> misc_feature
<222> (487)..(487)
<223> nisa, c,g,ort

<220>

<221> misc_feature
<222> (489)..(491)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (493)..(493)
<223> nisa, ¢ g, ort

;cét:(ég;nc]& ncngncacac gtcaccacac ggtgtegcat ggeceegntn ggeatectte 60
ctagcaaatt cccaggacga caaatcatca cactaaaatg atcacaaaac gatcgaaaca 120
aacactaaaa atagagttng attngaaatt aacagcaaga acgaggaatn aaaggnaacc 180
cegtnttgnt tgngtccact atncagtttt naagccacca cgcaccacca cgcegtnegg 240
acgggaccag cccgecatna ggnacgatgg gcatngaate gecgccaggne aaancctggg 300
gtggcgatne gggagcccaa aagegeatne acaccactne cgeggaacat nccacgacgg 360
acgcaccgna agnccatgat tttttncaca ccancagecc caagnegecg cgactgnege 420
gacgcenggg ctegeaccge cngacgaaca tneggnegtn ttntnegtan aaaggaggtt 480
cccancnann neng 494
<210> 2

<211> 479

<212> DNA

<213> Bifidobacterium longum
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<220> <221> m sc_feature <222> (473)..(473) <223> n is
a, ¢, g, or t <400> 2 aananaaacg ccgcngttct ccgcggtgcg
tgcccegtcg tcncggcagt cgcggecggec60 tggggcet get
ggt gt ggaag agatcatggg ctttcggtgc gtccgtcntg
ggatgttccgl20 cgggagtggt gtgnatgcgc ttttggnctc
ccggat cgcc accncaggct ttggcctggecl80 gcgatt cgat
gcccatcgtg cctgatggcg ggctggtccc gtccggacgg
cnt ggt ggt g240 cgt ggt ggct t gagaactgg at agt ggacg
cgagcaagac ngggtttcct ttgattcctc300 ttcttgctgt
tgatttcgaa tcgaactcta tttltantgt ttgnttccat
cgtltl gtga360 ncattttaat gtgangantt gtcctctggg
<Z8bt t gct an gaangancct tgnngccang420 cncaccnt gn
<2gsnandegfetituge ct gcaang gcgnanggng gaagacttg
<TRBCEHYM4A79 <210> 3 <211> 18 <212> DNA <213>
<3l hiich,ad, gsequence <220>

<220>

<221> misc_feature
<222> (5)..(5)

<223> nisa, ¢ g,ort

<220>

<221> misc_feature
<222> (15)..(15)
<223> nisa, ¢ g,ort

<220>

<221> misc_feature
<222> (43)..(43)
<223> nisa, ¢ g,ort

<220>

<221> misc_feature
<222> (108)..(108)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (134)..(134)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (147)..(147)
<223> nisa, ¢ g,ort

<220>

<221> misc_feature
<222> (164)..(164)
<223> nisa, ¢ g,ort

<220>
<221> misc_feature
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<223>
<211>
<223>
<211>

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

(232)..(232)
nisa, ¢ g,ort

misc_feature
(281)..(281)
nisa,c g,ort

misc_feature
(337)..(337)
nisa, c g, ort

misc_feature
(344)..(344)
nisa, ¢ g,ort

misc_feature
(361)..(361)
hisa, c g,ort

misc_feature
(375)..(375)
nisa, ¢ g, ort

misc_feature
(378)..(378)
nisa, c g, ort

misc_feature
(400)..(400)
nisa, ¢ g, ort

misc_feature
(404)..(404)
nisa, ¢ g, ort

Page 8 ©

primer <400> 3 gctggatcac ctcctltcl8 <210> 4
18 <212> DNA <213> Artificial
primer <400> 4 ctggtgccaa ggcatccal8 <210> 5
22 <212> DNA <213> Artificial

sequence <220>

sequence



<220> <223> primer <400> 5 ctacggcaag gcgacgctga cg22

<221> misc_feature
<222> (407)..(407)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (413)..(414)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (419)..(419)
<223> nisa, c g, ort

<220>

<221> misc_feature
<222> (422)..(422)
<223> nisa, c,g,ort

<220>

<221> misc_feature
<222> (427)..(427)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (430)..(431)
<223> nisa,c,g,ort

<220>

<221> misc_feature
<222> (433)..(434)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (449)..(449)
<223> nisa, c,g,ort

<220>

<221> misc_feature
<222> (454)..(454)
<223> nisa,c g, ort
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<220>

<221> misc_feature
<222> (456)..(456)
<223> nisa, ¢ g, ort

<220>

<221> misc_feature
<222> (459)..(459)
<223> nisa,c g, ort

<220>

<221> misc_feature
<222> (473)..(473)
<223> nisa,c g, ort

<400> 2
aananaaacg ccgengttct ccgeggtgeg tgeccegteg tencggeagt cgeggeggec

tggggctgct ggtgtggaag agatcatggg ctttcggtge gteegtentg ggatgttecg
cgggagtggt gtgnatgegc ttttggnctc ccggatcgec acencaggct ttggectgge
gcgattcgat geccategtg cctgatggeg ggctggtece gtecggacgg cntggtggtg
cgtggtggct tgagaactgg atagtggacg cgagcaagac ngggtttect ttgattecte
ttcttgctgt tgatttcgaa tcgaactcta tttttantgt ttgnttecat cgttttgtga
ncattttaat gtgangantt gtcctctggg aatttgctan gaangancct tgnngccang
cncaccntgn ngnnectgtt gectgcaang gecgnanggng gaagceccttg canccagaa
<210> 3

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 3
gctggatcac ctecttte
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60

120

180

240

300

360

420

479

18



<210> 4

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 4
ctggtgccaa ggcatcca

<210> 5

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 5
ctacggcaag gcgacgetga cg
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