WO 03/010297 PCT/I1E02/00110 -1 "Probiotic Bifidobacterium strains”
Introduction 5 The invention relates to Bifidobacteriumstrains and their
use as prol@toieobacteria in particular as i mmunonodul at aor/iEbDotier apeut i c
agents. The defense mechanisns to protect the human gastrointestinal tract
from col oni zation by intestinal bacteria.are highly conplex and invol ve
bot h i munol ogi cal and non- 10 i mmunol ogi"cla'l aspects (1). Innate defense

mechani snms i nclude the |ow pH of the st ch, bile salts, peristalsis,
mucin | ayers and anti-nicrobiaPﬁ@éﬁﬁézﬂggggggﬁ@%§m3¥§sozyne (2).

I mmunol ogi cal mechani sns i ncl ude speci alized | ynphoi d aggr egat es,
underlying Mcells, called peyers patches which are distributed throughout
the smal|l i nin@stiigiwnand col on (3). Lum nal antigens presented at these
sites result in stinmulation 15 of appropriate T and B cell subsets with

est abl i shment _of cyt oki ne networks and, secretion of antibodies.inta the
gast r oi At est | Fag inventian yelptes torPifdepacterim rnsyal their yse At BIOPIHC HeGiepe & r
via epitheli 0 trehi dntiROENes and to the underlying
| am na proprﬁ%“ﬁﬁ%%ﬁﬁﬁg%$$§ﬁ?§?@ fﬁepgkgfé, t he host invests substantially
i n i mmunol ogi cal defense of the gastrointestinal tract. However, as the 20
gastroi ntestinal nucosa iis the |ar t he. host, int rrzlict S

with the extErqdetenssynechaAmsHs to B‘ﬁg%? %‘1@%@8&5’%&@2 s o SPIpLAAy

place to r eg%fﬁrﬁestﬁmr{aeaewghy%Bﬁﬁrext@dtiheollzé)@)oﬂpﬁﬁm@ﬁolégi@ﬂ Al - i S
handl ed by the gastrointestinal tract over an,average |lifetimne.

Furt hedfror e, infreunpiegical aspéashi(Redinbgte dgfense Targhapisws aaclude Bgdowrpi of the

nunbering 1011-1012/¢g in.the colon. Thu nt.Lol . i st
be capabi e ofsjfﬂﬁng‘gq’ r]i’glﬁl S?Hf’n%erﬁgaks}spa{?lh%%Z%Yie%sh%%ﬁ%&g %Erg)‘é{lgf g(r)]{ﬂg r (E')r%ﬁfﬁ "

i nvasi ve pat hggsfyte @i Hhamblodicabuischasisgis intlode spebdatirge mphdid aggrsgates, n
fact, the infestinal flora contributes to defense of the host by co ting

with new y i negelstlgiag Mowelat sadled peyrat RygRaT Ehifp é‘F%dlé‘irﬁ’éEFﬁd_stH%O}‘g%‘té}&“cﬁ%?' a
present 0t g QAR DS )Y Glitdl Bheidded phesGiBa B KR ik R AT Bftion

Aberrant inmune responses t e Indig s mcroflora have been inplicated
in 15 of appropriate T and B cell subsets with establishment of cytokine networks and

secretion of antibodies into the gastrointestinal tract (4). In addition, antigen
presentation may occur via epithelial cells to intraepithelial lymphocytes and to the
underlying lamina propria immune cells (5). Therefore, the host invests substantially
in immunological defense of the gastrointestinal tract.  However, as the
20 gastrointestinal mucosa is the largest surface at which the host interacts with the
external environment, specific control mechanisms must be in place to regulate
immune responsiveness to the 100 tons of food which is handled by the
gastrointestinal tract over an average lifetime. Furthermore, the gut is colonized by
bver 500 species of bacteria numbering 10”—1012/g in the colon. Thus, these control
25 mechanisms must be capable of distinguishing non-pathogenic adherent bacteria from
invasive pathogens, which would cause significant damage to the host. In fact, the
intestinal flora contributes to defense of the host by competing with newly ingested

potentially pathogenic micro-organisms.

30 Bacteria present in the human gastrointestinal tract can promote inflammation.

Aberrant immune responses to the indigenous microflora have been implicated in



WO 03/ 010297 PCT/ I EO02/ 00110 -2 certain disease states, such as

i nfl ammatory bowel di sease. Antigens associated with the normal flora
usual | y | wadostoao2ommunol ogi cal tol erance and failure to aclr@EviE01/611$0

tol erance is a major nmechani smof nucosal inflammation (6). Evidence for
this breakdown in tolerance includes an ifcrease in antibody |evels
directed agai nst the gut 5 flora in patients with IBD The present

invention is t fi r .
shown to have%fe{trﬁgnﬁjﬁigs(r%%% tdr u% ﬂ’gﬁﬁ%% rmgu dfél ng’ M@Eﬁlgﬁn%\é %@g [sa”%lr by
ant agoni zi ng andneécxedl tﬂmrmgsnmlky lleﬁtf toammmmwglmlamrmbgaﬁd Sithurd wmmm thisO

gastrointestinal tract. Statements of |nvention 15 Accor% to th

i nvention t hert%leia@cepﬂso@l Har Anesbenigahc muEosgninflammations ( ldF?‘Ef’r’rforathiﬁ one
or nore of AH AP ,

variant ther e%?é‘kq‘ﬁgg%u?%oént rrg?dﬁ%g;aﬁdréﬁg%%g ‘ﬁf%&@é?‘%?se relrratépgigal.n&meegm
vari ant dmy bdloaa imgtatiemk fwith IBD.occurring variant of Bifidobacterium In one
enbodi nent of the invention Bifidobacteriumstrains are in the form of
viable <cells. Alternatively Bifidobacteriumstrains are in the form of
non-vi abl e celpg. présend Hw‘éﬂﬁor?”é’@ﬂédﬂ&f‘iovx%dstBz?zde&/c%)%z&rQ%trEfﬁ@ v%é}ﬁhﬁ‘v"e Bk i N
the formof a blOpogl cally pure culture. In one enbodi nent of

i nventi on t he sBWi dobzyeemmmmarnedulaiery aeffedis diyamedivtation cy’c@seectl@@lsand by
washed human gastrm Nt estl({ual tra}glt. Pr ef rabl?/ t he Bifidobacter ﬁ}
strains are sPOREYTERAL | 99 mAtHGHEEU HOIPY R8N n'B‘CB? RN ‘i"i“on
humans. 100 03,07 8dstinelliradc02/ 00110 -3 The invention al so provides a
formul ati on V\ﬁi ch conprises at |east one Bifidobacteriumstrain of the
invention. The fornulation nay conprise two or nore strains of

Bi fi dobacterium

Statements of Invention

15 According to the invention there is provided a Bifidobacterium strain selected from
any one or more of AH208, AH209, AH210, AH211, AH212, AH214 and a mutant or

variant thereof.

The mutant may be a genetically modified mutant. The variant may be a naturall}}

20 occurring variant of Bifidobacterium.

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.

25 In one embodiment of the invention the strains are in the form of a biologically pure

culture.

In one embodiment of the invention the Bifidobacterium strains are isolated from
resected and washed human gastrointestinal tract. Preferably the Bifidobacterium

30 strains are significantly immunomodulatory following oral consumption in humans.



5 I n one enbodi nent of the invention the fornulation includes another
probiotic material. In one enbodi nent of the invention the formulation
i ncl udes wqoosghoodti c material. 10 Preferably the fornul at irgT/iENDOMdES an
i ngestable carrier. The ingestable carrier may be a pharmaceutically
acceptabl e carrier such as a capsule, tablet or powder. Preferably the
i ngestabl e carrier is a food product such3as acidified m| k, yoghurt,

frozen yoghurt, mlk powder, m |k concentrate, cheese spreads glresm ngs or
beverages. 15Then @ﬁ@lt@ﬁb@&ﬁorréﬁ?"%?s t heformylafien oWhithe ORPRIERt forle®f PhfR

e o GRG0 SEan of Y o FHeYor Mo fray) ARAKE 1Y bRnore,

pr ot ei ns and/ 0} pep at are rich in glutam ne liprd, a
car bohydr at e, stﬁmslotf@mm.bamﬁemal and/ or trace el enent. 20 I n one errbodl ment
of the invention Bifidobacteriumstrains are present in the formnulation at
nore than 106 cfu per gramof delivery system Preferably the fornulation

I ncludeg any ﬂlnﬁné) lenfBBhfndk cﬁng@dldif\éﬁtTGn i BaRfu®dtiodl ifeAIaRe N@dther Srebibiee

entity or a biological conpoun I'n one enbodi nent of the invention the
fornmul ati on imatedal. i nuni sation and vaccination protocols. The invention
further provides Bifidobacteriumstrains or a formulation of the invention
for use as foodstuffs, as a medicanent, for use in the prophylaxis and/or

30 treatnent pfynd @Hﬁ%&lﬁ%t 8f thB fih B ﬂfe)fox@x@tﬂhﬁbntm‘:luﬁ@r a pk@Biokib niakgial.
prophyl axi s and/or treatnment of undesirable gastrointestinal inflammatory

activity such as inflamuat ory WO 03/ 010297 PCT/I1E02/00110 -4 bowel disease

pouchi 19, _orPRBEET REdor iRt HelEs 5F shdeb@hlc Ry e ARSI

treat msnt of b@%%ﬁ&hﬁbﬁﬁi‘chl@bc@@ﬂ@lﬂé (@yrierf suichuae 4 reapdide, ptabkényd»rapowdeand/ or
treatnment of systemc disease such as rheumatoid arthritis, [ﬁ in the
prophyl axi s aPrafessbly theaingasieblecamie s 4 iard REOGcs SHefe RS aﬁ’lﬁ‘éﬁqdomé} JERWHp)| e

inflammat ory f%:%ehv%é’hurg, OfnilkS %o{wﬁeﬂ h&ilk concentrate, cheese spreads, dressings or
beverages.

15

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

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

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

entity or a biological compound.

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

vaccination protocols.

The invention further provides Bifidobacterium strains or- a formulation of the
invention for use as foodstuffs, as a medicament, for use in the prophylaxis and/or
30 treatment of undesirable inflammatory activity, for use in the prophylaxis and/or

treatment of undesirable gastrointestinal inflammatory activity such as inflammatory



prophyl axi s and/or treatnment of cancer due to undesirable inflamrmatory
activity, for wuse in the prophylaxis of cancer, for use in the prophyl axis
and/ or trwateseno2oof di arrhoeal di sease due to undesirabl edmiEbzommed or y
activity, such as Costridium difficile associated diarrhoea, Rotavirus
associ ated di arrhoea or post infective 10 diarrhoea, for use in the
prophyl axi s and/ or treatnent of diarrhoeal *di sease due to an infectious

agent, such as E. ¢oli. The invention also provides, Bifid cteriuml ongum
TRrant i o ot r aPATCbISESF SHuFLEIGHS dGrasEHa YIERTBHS GROFoFTGEE o REAdrome,
preparation of, athiRftdr- pddf iAEERSLEYd, 3bD aEARE Wd ﬁwgﬂx?lai‘ﬁeaﬂfd/&%einﬂgnt of

prophyl axi s and/or treatnent of undesirable infla tory activity or for
use in the prepsirantestinabicarnet(sh ifiof [usenimttbe préphytaxér apHort ireatagehos sygemiche

prophyl axi s nd/ or treatpent of undesirable .inflammatory activity. ln one
Erbod nent of JRHES SHFBAE I BTEHE ISR e 10T M Yo PRRREY Bt i resbinent of”
antagonissi ng aﬁ@iﬁﬂﬂn@@édﬂﬁ&@%&r & ﬁInH@dHﬁEIeOEﬂﬂaﬁ’ﬂrﬁz{tgrgQﬁékﬁﬂty? "for fl_fs@nint e .
gastrointestinal tract. The invention also provides Bifidobacterium strains

or a formul at ipoyphyfaxishandfasieeatmesty of fogncey siae jte upgesirpple paflamingiorp pictivity, for
anti-infl ammat Qr | ot her, ti nts for reducin e | I f por

i nfl ammat ory ('Elf/? %‘kﬁir“]%?.ro@%ﬂ]?#eofﬁve% | %)ﬁ '%ﬁr]tnh{e%lré %Pgh\)ﬁ%%alss :a)f{)?cfgeﬁg%?rgrc%um
strains use i Qidriedlr gpaisatduentoofinddsirhble i inflhamatirpractibitgt ivhape Mlose-idigant s
for nodifying the levels of |FNy. The invention further provides | .

Bi f i dobact er i difigie Astrsiaiece digrhasa. Jrdpdrust picigtedadiarthosd rnPPstmiiedivg

bi ot heryapeut i G; ol £y : : I
Chi s cabet heciepan, Tot B T3 DRRPIc B Heand ok o AR el M RRE T G
03/ 010297 PCThdfefiu®@ge, suelbasiBeokinventi on further provides Bifidobacterium

strains use in the preparation of anti- inflammtory biotherapeutic agents
for nodifying the levels of IL-12. Preferably the strain is selected from

any of AH208, TAERARNAEN A8 brovides TRAb IR P Ponlim OnBheY kass 50X fshRusea of

Bi fi dobacteriumstrains as anti-infective probiotic strains due to their
ability to anvhdguminventidrefqresstin de prapdreidgempt ag pwtir-igammatory biotherapeutic

15 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 strains of the invention act by antagonising

20 and excluding proinflammatory micro-organisms from the gastrointestinal tract.

The invention also provides Bifidobacterium strains or a formulation of the invention
for use in the preparation of anti-inflammatory biotherapeutic agents for reducing the

levels of pro inflammatory cytokines.

25
The invention further provides Bifidobacterium strains use in the preparation of anti-
inflammatory biotherapeutic agents for modifying the levels of IFNy.
The invention further provides Bifidobacterium strains use in the preparation of anti-
30 inflammatory biotherapeutic agents for modifying the levels of IL-10. Preferably in

this case the strain is selected from any of AH208, AH211 or AH212.



We have found that particular strains of Bifidobacteriumelicit
i mmunonodul atory effects in vitro. 10 The invention is therefore of major
pot ent i al wihesroageeat i ¢ val ue in the prophylaxis or treat madr/iebd2/00110
dysregul at ed i nmune responses, such as undesirable inflammtory reactions
for exanple inflammtory bowel disease. 15-The strains nmay be used as a
panel of biotherapeutic agents fromwhich a selection can be made for
nodi fying the, |evels .of |ENT, TNFa,_l.L- |L-10 and/or, 1] -12. The stirains
or formul ati o_r?l ° dpvenHan ifmtﬂr%ﬂd?%@ﬁg%ﬁdﬁgéﬁm? ﬂri‘%“sﬁr‘é‘?&%ﬂe@ﬁrag%f’ pmtE-
treatnment of igfanANEBEOBMHESREAS hSentd ARG (g%@rl;&Yels bﬁfﬂ-@mtéﬁfam;bm@e'
pa e

di sease, 20 irritablé bowel syndrone, cancer rticularly o

gast r oi nt est i s@dinanskl¢cterinemsng véA208 IhHPhowAH2@2.sease, antibiotic
associ ated di arrhoea, paediatric diarrhoea, appendicitis, autolinmune

di sorders, nultiple sclerosis, Al zheiner's disease, rheumatoid arthritis,

coel i ac Hi seag@e ifenbieh @SsoBlovideti For BEARD JfIBIISIBRRL Al Maind 8¢ bRK b ctive
i nfections, viral infections; funagﬁilﬁ i nfections, periodontal disease,
3

urogeni tal di FEkiic spreinsehag 4 theirt tA antaggnise eagrewihHpi\pathoizenicispeeiesHl V
replication, HV associated diarrhoea, surgical associated traunma

surgical -i nduced netastatic di sease, sepsis, weight |oss, anorexia, fever
control, cach® haveMuound thewpartigulatibiegiiss of Bifidobasrerigs elfcitniedrh@bmatiul£69Y ,
asthma, respiratory disorders, circulatory disorders, coronary heart

di sease, anaefil¢C!s #i*éBPders of the bl ood coagul ati on system renal disease,
di sordeps of 30 the central nervous system hepatic disease, ischaem a,
nutritional disorders, osteoporosis, endocrine disorders, epidernal

di sorders, ps®h¢ aviestiemdy derehom ef vudjgapatentiW\hedFedi0 2alieREThd HIPhAALEQdr - 6

The Bifidobacterium strains are conmensal m croorgani sns.  They, have been

i solated f roﬁ?%tﬂ]&%‘%r%m%“?aﬁ% rRTWPE HETP R rﬁh‘ﬁﬂnasg&g&fsgf‘ﬂf: e’é‘B?‘ﬁ&?atqu act .
The i mmune syghemBns\od dathpldBirleASididy Bbest difdbke.t ract cannot have a
pronounced reaction to nenbers of this 5 flora, as the resulting

inflammatory activity would also destroy host cells and tissue function.
Ther ef q5€, SOfk Qf?amaiﬂbf B@ ﬁgedea)é 'asptanm? 'i)l%l?lyer;[lp%%ti(': ER,-;Teunrt]ssa £r3 Svgf}?ur:’ﬂ § %ection can

be made for modifying the levels of IFNy, TNFq, IL-8, IL-10 and/or IL-12.

The strains or formulations of the invention may be used in the prevention and/or
treatment of inflammatory disorders, immunodeficiency, inflammatory bowel disease,
20 irritable bowel syndrome, cancer (particularly of the gastrointestinal and immune
systems), diarrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,
rheumatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation, bacterial
infections, viral infections, fungal infections, periodontal disease, urogenital disease,
25 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
30 the central nervous system, hepatic disease, ischaemia, nutritional disorders,

osteoporosis, endocrine disorders, epidermal disorders, psoriasis and/or acne vulgaris.



recogni ze comrensal non-pat hogenic nmenbers of the gastrointestinal flora as
being different to pathogenic organisns. This ensures that damage to host
tissues iwom@owrcted and a defensive barrier is still macwEonedio 10 A
deposit of Bifidobacteriumlonguminfantis strain AH208 was nade at the
Nati onal Collections of Industrial and Magi ne Bacteria Limted (NCIMB) on
April 20, 2000 and accorded the accessi on nunmber NCI MB 41050. 15 A deposit
of Bifidobacteriumlonguminfantis strain AH209 was made at the NCIMB on
April 20, 2000 and accorded the accessi on nunmber NCI MB 41051. A deposit of

Bi fi dobacteri | 2R8I i | - .athd NGLAMBisoRRRd
April 20, Zooéyﬂgr?‘?lac%%@g%%ﬂﬁgsiiﬁiﬁnéﬁgﬁﬁfﬁgﬁgﬁﬁw% 41 52.V 20 Asgeposit

of Bifi dobact drdmuthelmiogpial ifiokamtithin the haiman gegttointastinahtiee. akhetivenuelsyBemon
April 20, 2000 ,gnd_accorded the accessiqgn nunber NCI.MB 41053. A .deposit of
Bi fi dobact er i JH l%ﬂﬁﬁqﬂ?t&ﬁqqait@ﬁ%m%%‘ii p&%‘?uﬂ‘éetﬁlere%lcﬂmpﬁg nﬁﬁf%éspoéhlson
March 22, 200%0240s 36C REHGHS iIRaASERES bV UIHAd aNG! ddirdl 088 cofis dap@iside Of

Bi fi dobacteriumlonguminfantis strain AH214 was nmade at the NCIMB on
March 22, 200 furatignacEherelote t somea caeshalin (sh st whahyBthe 1 Topuns eYSHHR can

Bi fi dobacterium | ongum i nfant]i i I i £l it
may be a nat ﬁ?cé’lgfl?g&@mep?aggno\ﬁ' ?ai?%lﬂ%? I(ﬁtc %régr}gtge?% Oﬁﬁeogffs %&%bﬁg(ﬂ%} % %8;?)3 18181 10
-7 Preferably difigedi foi faheEdngs iobganisaisg UMhinkaduidss thas dathagberof bosm tkuesi BbI e
cells. Alternatively the Bifidobacterium]|onguminfantis may be in the
form of non- viregiced mdaiafensivetbaggien is H8l B3HEAE&dat ed that the specific

Bifi doq%ct eriumlonguminfantis strains of the invention may be

adm ni stered to animals (including humans) in an orally ingestible formin
a convent i onalA gepepiavBifidbbactetiradongupsinfegis straiorAld2Qf whemade abthe National

g ANy es, 10 P e b fasiniar Bid Matin BRRGS LS INCINE) TaA R 20286b0°4 1P

accorded the accession number NCIMB 41050.

15 A deposit of Bifidobacterium longum infantis strain AH209 was made at the NCIMB
on April 20, 2000 and accorded the accession number NCIMB 41051. '

A deposit of Bifidobacterium longum infantis strain AH210 was made at the NCIMB
on April 20, 2000 and accorded the accession number NCIMB 41052.

20
A deposit of Bifidobacterium longum infantis strain AH211 was made at the NCIMB
on April 20, 2000 and accorded the accession number NCIMB 41053. |

A deposit of Bifidobacterium longum infantis strain AH212 was made at the NCIMB
25 on March 22, 2001 and accorded the accession number NCIMB 41099.

A deposit of Bifidobacterium longum infantis strain AH214 was made at the NCIMB
on March 22, 2001 and accorded the accession number NCIMB 41100.

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

be a naturally occurring variant thereof.



may be prepared by nmethods comonly enpl oyed using conventional organic and
i norgani ¢ additives. The anount of active ingredient in the nedical

conposi ti wo seyo029be at a | evel that will exercise the desirc@EuEhi@napeutic
effect. 15 The formnul ation may al so i nclude a bacterial conponent, a drug
entity or a biological conmpound. In addiny on a vaccine conprising any one
or nore of the strains of the invention rey” be prepared using any suitable
known met hod and may include a pharnaceutically 20 acceptable carrier or
adj uvant. Throughout the specification the terns nutant, variant and

genetical |y mRAkLh e i HlaBbad Rl 5o ShH s o aRirbiiBPAEbR L, vhose
geneti c and/ or phenotypic properties® are altered conpared to the parent
strain. Naturally occurring variants of 25 Bifidobacterium]longuminfantis

i ncl udes the spontaneous alterations of targeted operties selecti.vely
i sol ated whi | é?ta@arlﬁfé?f éb"e%éﬁ“ioéﬁ‘%?’i”ém l‘&ﬁguﬁbfﬂg‘fﬂmslfl?ﬁ%%bﬂﬁpéﬂ“i s,mi’“é‘”alﬁe
acconpl i.shed py.conventional genetic manipul ation technol ogies, such as

gene disruption, conjugative transfer, etc. 30 Brief description of the
drawi ngs WO 03/010297 PCT/1E02/00110 -8 Fig. 1 is a bar graph show ng the

adhesi ve nature of Bifidobacteriumla .nfantis, to human,. .

gastroi ntesti an?]elbel ?Wpé?ql%f?‘?@@f ikge Sp&‘%glﬁyl‘é% C’%ﬁ‘.‘“ﬁg@”@‘”ﬁ’ ands staing of fhe
graph showi ng;fbg:i&f ffaf e UinfasiBreBith iadPRAE (AL RAGHEN inl £f Grally Sngebtillen on
I FNy (pg/m ) production by PBMCs; Fig. 3 is a bar graph show ng the effect

on | L-10 (pg/ frrin inrechnyehtomabyrepaBiams sych|as SAPTWEsc BUGTAeARBEES, LGl ¢ granules,

Bi fidohacterium longum infantis: Fi [ p i L-12

(pg/ m 8r es poﬂ%‘@d%f gﬁgﬁ‘?&pﬁ%’l ﬁu&tl)\?s%t%ne% %P fl%{;‘ h%g?ﬁ%ﬁgﬁ(,ﬁgﬁﬁ EP??’%\%M l}éir}?)ll}"rgn

| ongum i nf ant ingy Hel Brepfredl Hyambtasdsgeapinonlyl eiplogéd ngng kenventiosdli orpdrit ang

effect of Bifidobacterium 15 Ionguminfantis on |L-8 production;  and
inorganic additives. The amount of active ingredient in the medical composition may

be at a level that will exercise the desired therapeutic effect.

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

compound.

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

20 acceptable carrier or adjuvant.

Throughout the specification the terms mutant, variant and genetically modified
mutant include a strain of Bifidobacteria whose genetic and/or phenotypic properties
are altered compared to the parent strain. Naturally occurring variants of
25 Bifidobacterium longum infantis includes the spontaneous alterations of targeted
properties selectively isolated while deliberate alteration of parent strain properties is
accomplished by conventional genetic manipulation technologies, such as gene

disruption, conjugative transfer, etc.

30 Brief description of the drawings




Fig. 6 is a bar graph denonstrating the inhibitory effect of

Bi fi dobacterium |onguminfantis AH212 on TNFa production. 20 Detail ed
Descri pti wo 0dd16eave found that Bifidobacterium | ongum inf adniEoseaia ns
AH208, AH209, AH210, AH211, AH212 and AH214 are not only acid and bile

tol erant and adhere to human intestinal g | i nes but al so, surprisingly
have i mmunonodul atory effects, by 25 nodul ating cytokine |levels or by

ant agoni si ng and excludi ng pro-inflammtory or i munonodul atory

m cro-organi snms fromthe gastrointestinal tract. The general use of
probiotic bacteria gig, i 46 gﬁbmsmwmg@% £11e8ivE SratiO WE Bl dobhdieSPR lofunP be
extended to non-viabl'e cells such as killed cultures or conpositions

contai ning 30 benéfjigiiato umangastreinfssidend eplitheiak ¢edls prabo-dtand HIazkeri a. This
could include thermally killed m cro-organi snms or mcro-organisns killed by
exposure to altered pH or WO 03/010297 PCT/1E02/00110 -9 subjection to
pressures Wth non-pigaplie £eht gr@hosﬂluezﬁngor&péﬂf@du&neacﬁ BifidobRierime by
be incorporated easily into pharmaceuticals and storage requirenments are
much | ess |inited iwhaiks sirappe SNy (pg/ml) pradybéet by BB ei YIT 9018 offers
an exanple of the effective use of heat killed cells as a nethod for the
treatment and/or prevention of 5 tunpur growth as described in US Patent
No. US4347240. It img.upkavBamgeipheshotvitigdtie b€ e aLaoe(prgﬂﬁnt)uﬁr@ahch@nqayert
an |nnunonndulator%) effect or if individual active conponents of the

i nvention can be utiAME&géoliavgng co-impubation| vakBiigphacieipn asuy iobniésr t ai n
bacteri strains have been identified. The 10 proinflamatory effects of
gram negati ve bacteria are nedi ated by |ipopol ysaccharide (LPS). LPS al one
i nduces a proi nf | afigtdoisya mtgvmhkshowﬁrgtth@m 1 2 dpemil orekirinsb o BBMIC follotviig

CD14 receptor on nonqQcytes. i.s.assuned that conponents of probiotic
bacteria possess |Cﬁﬁﬂ‘%’(? %ng‘ﬁ‘@d@é}f’tﬁ}i‘m@”&ﬂ‘ﬂ@q@”ﬁhe effects of the
whol e cell. Upon isolation of these conponents, pharnaceutical grade

mani pul ation is anticipated. 15 Interleukin-8 (1L-8) is one of the
cyt oki nes conpri si fdgg.tShis a\ber rgniniglestiating dmmetrestymulatory effect of Bifidobacterium

15 longum infantis on IL-8 production; and

Fig. 6 is a bar graph demonstrating the inhibitory effect of Bifidobacterium
longum infantis AH212 on TNFa production.

20 Detaijled Description

We have found that Bifidobacterium longum infantis strains AH208, AH209, AH210,
AH211, AH212 and AH214 are not only acid and bile tolerant and adhere to human
intestinal cell lines but also, surprisingly have immunomodulatory effects, by
25 modulating cytokine levels or by antagonising and excluding pro-inflammatory or

immunomodulatory micro-organisms from the gastrointestinal tract.

The general use of probiotic bacteria is in the form of viable cells. However, it can
also be extended to non-viable cells such as killed cultures or compositions containing
30 beneficial factors expressed by the probiotic bacteria. This could include thermally

killed micro-organisms or micro-organisms killed by exposure to altered pH or



protein famly (MP). The MP-1 and -2 fam lies represent a group of
proteins which are chenotactic factors for |eukocytes and fibrobl asts.
Thi s fam W wfoimvot ei ns are also called intercrines, as aeEl/®opohier than
macr ophages are capabl e of synthesizing them 20 These cells include T and
B cells, fibroblasts, endothelial cells, kgratinocytes, snmoboth nuscle
cells, synovi al ceIIs neutrophils chondF Cytes, hepatocytes, platelets

and tunour cel] MP-1 &2 connge ﬁ tissue actiyvat.i %pqrot%%ﬁn
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chenot acti ¢ f dimifddbtheilviahies celRol éscmbdzreﬂus tdvan YAE 38 axffess havexabpén of the
descri bed for ne of t se m, |

Cytostartc acrrorey el den ki bula 8 nsedRrate spiet 3R PRVRRIdCe,

fibrobl ast praluhber @biv@ihs dbberfbell i€ USA%RSHt YRS TSUM7288r Neabi lity while M P-1la
and -1(3 are pyrogenic. IL-8 is intimately involved in inflanmtory

responses within 30 the gastrointestinal tract. Stinulation of IL-8 (and
ot her proinfl t eyl i nes 7 PCT/ 0011 -
contribute toel fre! %gé ﬁéh?r 16%3%\;85%0| %@? "Ha t+ e%g(lg{(%nas %l}'ré%g?cguq#{)g

i mportant thagfepy @blltoindm@@alt@tw@ @Rpohehtnff thé iinvEnEibe ddnebititivel ane.of
this cytokine. IL-10 is produced by T cells, B cells, nonocytes and
macr ophages. Fhieiaflapmstarm éomﬁo%ﬁjl%ﬁﬁﬁgﬂ%lﬁ dagipal st hays b&’ﬁ@l identified. The

differgptiati ?{’?‘?‘ghﬁ%g gﬁ)k §ff L g (91’ Pﬁ%tgﬁvesﬁﬁ[e?fa'apegmggi]akeﬁf&& ﬂny%&s%ﬂm

nostly anti-i IVIt up-regul at es essl on
nonocyt es and (BRPpricasasnd 1Irnducrm1aq1romﬁamfnatmy| netyxtoek ipaftiadiyrdat oo yPScbtndnng uoes

IL-10 inhibits roduction o t oki reacti ve _0x

ni trogen |ntéP%€ﬁHgF%§Pm manogwes. | 1t %* $§ﬁfuﬁ5F§?PFé’K¥%ﬁ &ﬁﬁﬁm

I L-10 product iate¥d nAuddnd@AstoR2aKivIBS B! t8Mhé 7e)ffec{£hd>fs ﬂféywslen@emaawn
been shown to block nonocyte production of intestinal | agenase and type

|V col agenasesdb@uqnmﬁdreS@mmgonmtShplsannm@zcaiMed@qmmdmn ipanheipgtednd
therefgﬁe may be an inportant regulator of the connective tissue
destruction seen in chronic inflamatory diseases. 15 IL-12 is a

het er odi mer i ¢ [pEALKIRS AL-ZiskiRe o0 MROSR6kinds donpricidigaheMdcyophhfk Bdlaghadittry of
protein family (MIP). The MIP-1 and -2 families represent a group of proteins which

are chemotactic factors for leukocytes and fibroblasts. This family of proteins are also
called intercrines, as cells other than macrophages are capable of synthesizing them.
20 These cells include T and B cells, fibroblasts, endothelial cells, keratinocytes, smooth
muscle cells, synovial cells, neutrophils, chondrocytes, hepatocytes, platelets and
tumour cells. MIP-1a, -1f3, connective tissue activating protein (CTAP), platelet
factor 4 (PF4) and IL-8 stimulate neutrophil chemotaxis. Monocyte chemotactic
protein (MCP-1) and RANTES are chemotactic for monocytes, IL-8 for neutrophils
25 and lymphocytes while PF4 and CTAP are chemotactic for fibroblasts. Roles other
than chemotaxis have been described for some of these family members. MCP-1
stimulates monocyte cytostatic activity and superoxide anion release. CTAP and PF4
increase fibroblast proliferation, IL-8 increases vascular permeability while MIP-1a
and -13 are pyrogenic. IL-8 is intimately involved in inflammatory responses within

30 - the gastrointestinal tract. Stimulation of IL-8 (and other proinflammatory cytokines)



35 kD and 40 kD. It is produced prinmarily by antigen presenting cells, such
as nmacrophages, early in the inflammtory cascade. Intracellular bacteria
sti mul at ewches/oi@voducti on of high levels of 1L-12. It is a@quEentolinducer
of I FNT production and activator of natural killer cells. IL-12 is one of
t he key cytokines necessary for the 20 gen ration of cell nediated, or Thl,
i mune responses primarily through its abiTity to prime cells for high

| FNy production (8). IL-12 induces the production.of.1L-10_  which feedback
inhibits IL- 190%(1 G%IW@LPTGHOE VEIQRPPRI Qf EAYTRES R siong HETRIBHc; 1§ impot s
production. Te el%b?dtﬁ%a%%sﬁcﬁﬂd'h&tsﬁﬁmﬁteﬂh%ﬁ?é(ﬁiiﬁ@ﬁ bPihis dykokdnand |L-13 can
have stinulatory or inhibitory effects on IL-12 production. Inhibition of
IL-12 in vivo may 25 have sone therapeutic value in the treatnent of Thi
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and duesto Vaidmdit€ e preReydiiohia0a differe@iutios of GUodlsriangintibody setrelidgtoall5
kDa in size. This 30 cytokine synergizes with other cytokines resulting in
a more pot ent Isd{ eshibits 51958y aptbiblammaaoryasty bishalap-regdates o RiAsexprrsion
endot helial cells. L Z 1 |
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connectve tissue origin. ows” for greater presentation of antigen
to the i munepsysatiem bf onestishl sollsigedwise andftyperdd ¢dllegemase by ANgrfieriyg atidoahave

i-infl f f . Thij ki i nhi bi h hol i A2 b
decr easi ng. oROEsA P shadeEnuRviCE Bttt R A8 ERp T Pl P o’
modul at e mnogy&%%mqiggg{a%&n@% §e&?ﬁﬁ%1%ni@i‘r9fa hehy diQhsefGF(3, TNFa and

Coa 10 (11) thereby co utrng to t anti-in mtory nature of this
cytokine. Probiotic stinulation of this cytokine would have vari abl e
effects_in viyo_ dependi ng. on, the . cuyr infla ory stare..o e. host,
sti mul i on 0¥L'6g |1,<£'<} ﬂf&f%gﬁl‘ﬂ&f’r%ﬁﬁ’ #ﬂ@%&?@%ﬁ?m&o doviteRty tifked (irkdS
35 kD and 40 kD. It is produced primarily by antigen presenting cells, such as

macrophages, early in the inflammatory cascade. Intracellular bacteria stimulate the
production of high levels of IL-12. It is a potent inducer of IFNy production and
activator of natural killer cells. IL-12 is one of the key cytokines necessary for the
20 generation of cell mediated, or Thl, immune responses primarily through its ability to
prime cells for high IFNy production (8). IL-12 induces the production of IL-10
which feedback inhibits IL-12 production thus restricting uncontrolled cytokine
production. TGF-f3 also down-regulates IL-12 production. IL-4 and IL-13 can have
stimulatory or inhibitory effects on IL-12 production. Inhibition of IL-12 in vivo may
25 have some therapeutic value in the treatment of Thl associated inflammatory

disorders, such as multiple sclerosis (9).

Interferon-gamma IFNyO is primarily a product of activated T lymphocytes and due to
variable glycosylation it can be found ranging from 20 to 25 kDa in size. This
30 cytokine synergizes with other cytokines resulting in a more potent stimulation of

monocytes, macrophages, neutrophils and endothelial cells. IFNy also amplifies



adm nistration. 15 TNFa is a proinflammatory cytoki ne which nedi ates many
of the local and systemc effects seen during an inflamuatory response.

Thi s cyt owios/oiepri marily a nonocyte or macrophage deri wed/iEooauect but

ot her cell types including |ynphocytes, neutrophils, NK cells, mast cells,
astrocytes, epithelial cells endothelial c@_l s and snooth nuscle cells can
al so synthesise TNFa. TNFa is synthesised ds a prohorm)ne 20 and foll ow ng

processing the, mature cies can be bse rified. TNFa has
Deon onsorveq laepareranicd, B SRS Tdbaes frd eisrantegey b ingrtmne
postul ated to BeiidepRatditg {)1@} MinkRadedViRactiVeriBRrh6HER! Rlcasd) PN8g %@m and

identified for TNFa A sol ubl e receptor seens to function as a
i nhi bi tor (12)cytdAieitt. wiFNyninvduces er pobandes then@pMVBnbﬁemayodbrstqcbmpahm]ntyh

nol ecul ar sizes of 6Q a 2 res ectively. Loc roduction at
i nfl ammat ory §P{“@Le Qﬁsﬁgwﬁhﬁ?@a ?J?taﬂ“ TR PBLBRIGTY YR §© %é“CEF%l@cﬁfcﬁPf theliglg
dexanet hasone o alhaid sanfayécmﬁbaﬁvepfmbl S é@fg (3 -allowhFRy rgrrgﬂéfclsﬂegaam&f%ﬁ Ut

in the stinmulation of nmany cell types. nificant anti-viral effects
coul d be obserantgeni to tﬂ'e\lﬁanumeews@m fretnl cells wathin(ibflamed dstube THNNsmgyaier hivee

with TNFa enhanc thls ef fect dot hel | al .ce re stjnmulated to
Erodtjce p[ ocoé‘@ﬂt\ﬂh f@étto%t? %ﬁcfsy ?ﬁ?r ég@*‘ ﬁ%g@gﬁp%ﬁ@cﬁ%smq@yl
emat opoitic gro actors e

et vl g adpapistns Bfongkare Bodidosor PLBs M0edhebiate | (F0F) AN oy Ao oo
neutrophi |l ad T

e oo it o MUGEREE monBARO EHE A cFontdEO FABM ce‘f’f@?sar‘;’ﬁ%ﬂ;‘?ﬁ%n"“ T LR,
synt hesits of @MW)GRéreby Iﬁ(lButlrig_tolt,heIahtlﬁnﬂd?ﬁiﬁﬁo&y”ldatﬁfdlz@f thisseltdkiganPablotize

stinmul ated upon TNFa 5 adm ni stratl on 216 17 Pro r anmed ceII deat h
(apopt osi s) c afimylatige | of iBis exioking mrwd dave yajah| %f"F &pios densnding agpihgst s
i nclude the pr, P

synt hesi s. Pﬁ@rft ‘HQT‘H&F&N@?%?{S?%?? on psflgh]%iﬁgg ﬁvx%%éggg hea'elk%g(?g% Ftemﬁfne
responses, thedmlmstrwgul ated system c rel ease of TNFa can be severely
toxic with effects such as cachexia, fever and acute phase protein 10
producti on bei ng observed (19).

15 TNFa is a proinflammatory cytokine which mediates many of the local and systemic

effects seen during an inflammatory response. This cytokine is primarily a monocyte
or macrophage derived product but other cell types including lymphocytes,
neutrophils, NK cells, mast cells, astrocytes, epithelial cells endothelial cells and
smooth muscle cells can also synthesise TNFa.. TNFa is synthesised as a prohormone
20 and following processing the mature 17.5 kDa species can be observed. Purified
TNFa has been observed as dimers, trimers and pentamers with the trimeric form
postulated to be the active form in vivo. Three receptors have been identified for
TNFa. A soluble receptor seems to function as a TNFa inhibitor (12) while two
membrane bound forms have been identified with molecular sizes of 60 and 80 kDa
25 respectively. Local TNFa production at inflammatory sites can be induced with
endotoxin and the glucocorticoid dexamethasone inhibits cytokine production (13).
TNFa, production results in the stimulation of many cell types. Significant anti-viral
effects could be observed in TNFo treated cell lines (14) and the IFNs synergise with
TNFo enhancing this effect. Endothelial cells are stimulated to produce procoagulant

30 activity, expression of adhesion molecules, IL-1, hematopoitic growth factors, platelet



The invention will be nore clearly understood fromthe foll owm ng exanpl es.
Exanpl e 1: Characterisation of bacteria isolated fromresected and washed
15 human gasdaraionrestinal tract. Denonstration of probi ot irRCT/IEa2/00810

| sol ation of Probiotic Bacteria Appendices and sections of the large and
smal |l intestine of the human gastrointesti 20 tract (G I.T.) obtained
during reconstructive surgery, were screer]r d for probiotic bacterial
strains. Al samples were stored imediately after surgery at -80C in

sterile cont a¢tiating fapier AT s dnrb sargghidonio agidy mejabiolifsd  afFe| dedauiates
d (0, |
cys e hat o (5 RSB B ke G0 DML TOD -kl A T A

"W). Foll ow pghdutidisie) map 1ﬁfl§diﬁe@l&élh‘ﬂ@ﬂ mﬁ@*aﬂiﬁn Bewrgeyte Syamlesis iod GMLESE,
sanpl e was vortexed for 7 mns to renove tightly adhering bacterlalsjterrred

-sanple °S'). TGFforldel. Hobi J6¥ER @ndi $8e éntibdaadalbdet é?lmalat%’ar\ﬂﬁplésT

1) 136 the. SUPRIBHED vibe by | RPESTRTFLEEH SR GRPEERRTIHRol (CEBOF) B
t he fol I ow ngnﬁﬂaéyté/ﬁl%{%%@%%Ect?@ﬁ/ﬂtﬁ%é&@%ﬁxdetﬂépr%ﬁﬂit@n o‘?@%&lbﬁkﬁfaﬁﬂcw

clostridia nmedia) "and adjusted to pH 5.5 using acetic acid

(trypticase, ﬁeﬁt dG@EaAnd yeoHsgenaset synhgsis. NREhl@&jécbdahrTNRogms@czmnd prStmatepe) ;
ROG (acetate nmedium (SL) of Rogosa); LLA (liver-lactose agar of Lapiere);
BHI (brain heaound héa!ngg@nd Hyawne reswseauﬂiq diviegtdated Lysienut eadedse of ANEe)camnd
TSAYE 5 (trypione so ar..suppl ement ed w east_extr PY and
MRS agar suppf efvEnt d ‘fgﬁ”B‘rS %ﬁlsém%c?s %@8}“&323&6 paé‘ ?ﬁuéealrﬁﬁs% BFO e

i sol at ifgn of Qid{,bmq%mgajusawe&d(jg)agar medi a was supplied by Oxoid

Chem cal s wi tﬁ the exception of TPY agar. Plates were incubated in
anaerobic jars (BBL, Oxoid) using CO2 generating kits (Anaerocult A,

Merck) for r od- shaped
or bifurcat ed? ?g%g%%h‘?@% ggﬁ%ﬁyﬁglg%ﬂoégf%ﬁ?%lggcﬁrﬁ)igﬂgg%ﬁoﬁ purity on to
conpl ex non- sel ective nmedia (MRS and TPY).

Example 1: Characterisation of bacteria isolated from resected and washed

15 human gastrointestinal tract. Demonstration of probiotic traits.

Isolation of Probiotic Bacteria

Appendices and sections of the large and small intestine of the human gastrointestinal
20 tract (G.IT.) obtained during reconstructive surgery, were screened for probiotic
bacterial strains. All samples were stored immediately after surgery at -80°C in sterile

containers.

Frozen tissues were thawed, weighed and placed in cysteinated (0.05%) one quarter

25 strength Ringers’ solution. The sample was gently shaken to remove loosely adhering
microorganisms (termed —wash ‘W’). Following transfer to a second volume of

Ringer’s solution, the sample was vortexed for 7 mins to remove tightly adhering

bacteria (termed —sample ‘S°). In order to isolate tissue embedded bacteria, samples

- 356, 176 and A were also homogenized in a Braun blender (termed —homogenate ‘H’).

30 The solutions were serially diluted and spread-plated (100ul) on the following agar



| sol ates were routinely cultivated in MRS or TPY nedi um unl ess ot herw se
stated at 37C under anaerobic conditions. Presunptive Bifidobacteriumwere
stocked i wold¥10203 gl ycerol and stored at -20C and -80C. Sew@Am0/0ES0LE
sections taken fromthe G1.T. were screened for the presence of strains
bel onging to the Bifidobacterium genera. '{Qere was some variation between
ti ssue sanples as shown in Table 1 bel ow.”Sanples A (ileum and 316

(appendi had th t ts . wWth, ijately 102 Ils.isol d
ber g am bf ¢ ediie. KoM Bonpusaeimeial et drRagl I adhid ORE S nhiid BBt er o
from the ot hep;gampheSirypidikd, AeplitEDSEE yRhist HALCH! IMRYE(RManA] Hdgdsdluhd ng

the "wash' and sanple “steps with slightly higher counts in the "sanple'
sol uti ons of 868p¢); REMF (acambcanydiwr (SLhob Rogesals (fiver-ladtepatabgr efdbapidrely

orve 25 S onBrEbf bbb iudien e DER QR A it SRF RS Al o
sanpl essexpre 1S5 i)sggyr SupprEheted Wit 0.698"ycdttodRuabd) .U/ THY 288 MRSSar WO

03/ 010297 PCT/ I'E02/ 00110 "-14- Table 1 Tissue Sanple No. Isolation A 176
356 312 316 49@plaEniedediitimpropenic Sy utiasnugrsSsErrifically >brogiieo dsalatmel 08

<105 2.8 x 10Oty 4 gy medh pgs Sodidh HODRE Ghlpichly T e Bl o

0 zgéoxéog >60185§‘1?Q3 agar/ X PQies3w8ie 1D2utitel %n hOderdbifxal 1(BBISATkoid) Ssing100;>9. 0
X >6.0 x 103 ND ND ND ND LLA 2.5 x 102 >9.0 x_ 103 >6.0 x 103 ND 5.3 x
102 ND ND RCEANR3ting kig (Anaangenl A Ndergkkior g9 daysei95C SAMPLE  Sol ut i on

10
Gram positive, catalase negative rod-shaped or bifurcated/pleomorphic bacteria
isolates were streaked for purity on to complex non-selective media (MRS and TPY).
Isolates were routinely cultivated in MRS or TPY medium unless otherwise stated at
37°C under anaerobic conditions. Presumptive Bifidobacterium were stocked in 40%

15 glycerol and stored at -20°C and -80°C.

Seven tissue sections taken from the G.I.T. were screened for the presence of strains
belonging to the Bifidobacterium genera. There was some variation between tissue

samples as shown in Table 1 below. Samples A (ileum) and 316 (appendix) had the

20 lowest counts with approximately 107 cells isolated per gram of tissue. In comparison,
| greater 10 cfu/g tissue were recovered from the other samples. Similar numbers of
bacteria were isolated during the ‘wash’ and ‘sample’ steps with slightly higher counts

in the ‘sample’ solutions of 433 (ileal-caecal). Of those screened for tightly adhering

bacteria (homogenized), 356 (ileal-caecal) was the only tissue section to give

25 significant counts.

Table 1 shows the bacterial counts of tissue samples expressed as colony forming units

per gram (cfu/ml) of tissue.



MRS 1.35 x >9.0x103 >6. 0x103 1.66x104 2.3x102 >1.0x104 9.6x102 103 TPYP O
>9. 0x103 >6. 0x103 >3.0x104 4.6 x 102 0 8.0x103 RCMB.5 0 >9.0 x 103 >6.0 X
103 1.7 xwioOB/ohMRo1. 1 x 103 1.5 x 103 ROG 1.37 X >9. 0x103 peAviad@a16t. 4x102
4.5%x103 1. 7x103 6.1x103 102 TSAYE 1.4 x 103 >9.0 x 103 ND ND ND ND ND LLA
6.3 x 102 >9.0x103 >6.0x103 ND 3.0 x 102 ND RCM ND ND ND >3.0 x 104 ND
>1.0 x 104 ND " HOVOGENATE' Solution MRS 80 >6.0 x 103 TPYP 0 0 >6.0 X
103 RCME.5 0 0 2.5 x 102 ROG 0 0 >6.0 X 103 TSAYE 3.9 X 101 0 >6.0 X 103
LLA 1.9 x 101Tabls? x 102 >6.0 x 103 RCM 0 O ND ND, Not Deternined 5

Fer ment ation end-product analysis Metaboli dissusiSample Ne-ar bohydrate gl ucose
and t he subseguent organl c aci d end-products were exa ed usi an LK$3
W%‘Sr aphy I um R

Bromma, Ani neXsolaisr 87H4H gh Pettor mance®l i qui d 16:hroma
col um was maiMf¥Med at 60C with a-flow-rate—of-
pressure). The HPLC buffer used was O. OlesﬁQé Prior to analysis, the
colum was c¢ rated, u§d2ng LT ci trat e, rﬁ%‘xgwuccbse 20 M\, j@ct egtdaxl@nd
10 mM acet at e st ajdards é)dl L ger es >g\@;(@03progq)g@f0ed g n nodi figagloTPYz\m 10?
03/ 010297 PCT, 2/ 09110 - 35 br ot h GBipdobacd e1gf umpgs r ai Ns) 3.6 o10' 1- R.00ken0s
at 37C anaeroppgal | yo Fol | owbpg 10centsdkugat i onx fodr BEB smioh at9.14 1000 4, x 1ohe

super nat ant wasayh | uted 10% 5 >wiotkho®HPLEs.0x10°  ND ND ND ND
LLA 25%x10° >9.0x10° >6.0x10° ND 5.3 x 10° ND ND ;
RCM ND ND ND >3.0x10* ND 48x10° 46x10

‘SAMPLE’ Solution

MRS 1.35 x >9.0 x 10° >6.0x10° 1.66x10* 2.3x10°% >1.0x10* 9.6 x 10
10°

TPYP 0 >9.0 x 10° >6.0x10°  >3.0x10° 4.6 x 10 0 8.0 x 102

RCM55 0 >9.0 x 10° >6.0x10° 1.7x10° ND 1.1x10° 1.5%x 103

ROG 1.37 X >9.0 x 10° >6.0x10° 44x10° 45x10° 1.7x10° 6.1x10
10?

TSAYE 14x10° >9.0x10° ND ND ND ND ND

LLA 63x10° >9.0x10° >6.0x10° ND 3.0x 10° ND ND

RCM ND ND ND >3.0x10* ND >1.0x10* ND

‘HOMOGENATE?’ Solution

MRS 0 0 >6.0 x 10°
TPYP 0 0 >6.0 x 103
RCM5.5 0 0 2.5 x 10°
ROG 0 0 >6.0 X 10°
TSAYE 3.9X10' 0 >6.0 X 10°
LLA 1.9x10' 6.57 x 10% >6.0x 10°
RCM 0 0 ND
ND, Not Determined

5 Fermentation end-product analysis

Metabolism of the carbohydrate glucose and the subsequent organic acid end-products
were examined using an LXB Bromma, Aminex HPX-87H High Performance Liquid
Chromatography column. The column was maintained at 60°C with a flow rate of 0.6
10 ml/rhin (constant pressure). The HPLC buffer used was 0.01 N HSO,. Prior to
analysis, the column was calibrated using 10 mM citrate, 10mM glucose, 20 mM

lactate and 10 mM acetate as standards. Cultures were propagated in modified TPY



buffer and 200 | was analysed in the HPLC. Al supernatants were anal ysed
in duplicate. 5 Biochem cal and physiological traits of the bacterial

i sol at es weres/odexoer mined to aid identification. N trate rrduebz/anioi ndol e
formati on and expression of f3-gal actosidase activity were assayed. Gowth
at both 15C and 45C, growh in the pr esen(c)lﬁ of increasing concentrations
of NaCl up to 5.0% and protease activity on gelatin were 10 det erm ned.

G owh characterijstics of the strains in litnmus m were_al so assessed.
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sanpl es wer e bhffseand @00 gl avacamalyissédn ithe FEHLG Al stgermat@ia were aoslysd, incel |
size and nor %hgéoag , gromh at 15C and 45C and fernentati on end- products
from gl ucose “PBAT% not shown). Greater than sixty percent of the isolates
tested were Gram positive, honofernmentative cocci (HOMO-) arranged either
in tetrads, chains or bunches. Eighteen percent of the isolates were Gram
negati ve rods Bagehehdcadaod physielpgichlvieaizoidbe batiadall ibolateHWEERG rmiTipd to aid

remai ni ng i sol at twenty two rcent re_..predom nantly .

oot or ment at (T BEMED AT oo Maenintpl S° RpERientsr eaiepipgitrse
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characterised in nore detail- 13 isolates from433; 4 from423; 8 from
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PCT/ | EO2/ 00110, -16- Table 2 Strai.n urce Fernentation Tenp. % Gel atin
Reactions in Phegpheksiolpsesnzyme ey Gdr of ysis litmus mlk *

Approximately fifteen hundred catalase negative bacterial isolates from different
15 samples were chosen and characterised in terms of their Gram reaction, cell size and
morphology, growth at 15°C and 45°C and fermentation end-products from glucose
(data not shown). Greater than sixty percent of the isolates tested were Gram positive,
homofermentative cocci (HOMO-) arranged either in tetrads, chains or bunches.
Eighteen percent of the isolates were Gram negative rods and heterofermentative
20 coccobacilli (HETERO-). The remaining isolates (twenty two percent) were
predominantly homofermentative coccobacilli. Bifid-like cultures were isolated from
three tissue sections, 356, 176 and A. Thirty eight strains were characterised in more
detail- 13 isolates from 433; 4 from 423; 8 from 312; 9 from 356; 3 from 176 and 1
from 316. All thirty eight isolates tested negative both for nitrate reduction and
25 production of indole from tryptophan. Growth at different temperatures,

concentrations of NaCl and gelatin hydrolysis are recorded in Table 2 below.



15C 45C pH** RED' AH208 HH ROG BIFID- - - ND - NG NR AH209 H1 ROG BI FI D-

ND - ND- 5.5 RpCc AH210 H2 MRS BIFID- - - ND - 4.3 RceCc AH211 S2 ROG
Bl FID- + wOND/H02678 RpCc AH212 S2 ROG BIFID- + + ND - 4. @@p€02/00AH214 WO
ROG BIFID - - ND- 3.9 RoCc BIFID-, acetate:lactate, 3:2; ND, Not

Det er mi ned; REDn, Reduction; Rp, Partial rfégucti on, Cc, Conplete reduction;
5 *Maxi mum concentration of NaC in which the strain will grow **pH after
24 h incubati in litmus mlk at 37C. Species identification & Enzyne
Activity Prof HANE210 | nit i

was det er m NeUSSETO §iG e Eps e Al
is an identification system Pogat?fﬂ- erobes p Lk Qg stugar dﬁ%ﬁ
m niaturi zed enzymatic tests. Bitidobacteriumisol atges wer

TPY agar as descri bed above. Cells wergzt®€Ss nded in the medi um l&.. n
provi ded, inoculated into the strips aﬁg (gf%igﬁ?m the strips were read RED

élglpd litmus mil
rown up on

according to the manufacturer's instructions. Ten of the Isolates from 356

and 176 were i i fi bi fi acteria using th fruct ose-6-ph hat
phosphoket ol aﬁ%ﬁzyﬁ%@éay aﬁgﬁpﬁe Rapi d 32A Ki teN]a)n the 20 basﬁ\icpof KR
random anpl i f iAddR209ol VHilDRQGI ¢ DRIFIDRAPD) NB strai ns, Mb210, AH211, AHR212 RpCc
AH214, were cl ifi i nfantis species. WO 03/ 297 PCT/ 1 E02/ 00110

-17 Finally, I%zﬁﬁNA%gzna >§si S %Tr[llgﬁfi bot ypi ng were d to exani ne st¥ai mece
identity in gydter IIRQGI. RBHEIDYpi ng «€onfi+ned tKAt each -of the4®  RpCc
strains AH208, 09, Iﬁl)-gl_o, 1, AH212 and AH2 bel onged to th

Bi fi dobacteri uAm 1gngus'nz’l gr oup, é\/\H“/r%ﬁ])l'e 16 anal gsi S gﬁu]?t her identifi e‘@ eaé?ﬁ)cc

ND

of the strai nAHEE4beiWQRBG! i doB#dDer i um- - - 3.9  RpCc

BIFID-, acetate:lactate, 3:2; ND, Not Determined; REDn, Reduction; Rp, Partial
reduction, Cc, Complete reduction;
5 *Maximum concentration of NaCl in which the strain will grow

**pH after 24 h incubation in litmus milk at 37°C.

Species identification & Enzyme Activity Profiles

10
Initial identification of Bifidobacterium isolates was determined using the API Rapid
32A kit (BioMeriéux SA, France). This is an identification system for anaerobes
using standardised and miniaturized enzymatic tests. Bifidobacterium isolates were
grown up on TPY agar as described above. Cells were resuspended in the medium
15 provided, inoculated into the strips and-after 4h the strips were read according to the

manufacturer’s instructions.

Ten of the isolates from 356 and 176 were identified as bifidobacteria using the
fructose-6-phosphate phosphoketolase enzyme assay and the Rapid 32A kit. On the

20 basis of random amplified polymorphic DNA (RAPD) 4 strains, AH210, AH211,
AH212, AH214, were classified as infantis species.



5 longuminfantis. Antibiotic sensitivity profiles Antibiotic sensitivity
profiles of the isolates were determ ned using the "disc susceptibility’
assay. Cuwouwsagoasere grown up in the appropriate broth nedicmeboeo12s- 10
48h spread-plated (10041) onto agar media and di scs containi ng known
concentrations of the antibiotics were placed onto the agar. Strains were
exam ned for antibiotic sensitivity afterl’t-2 days incubation at 37C under
anaerobic conditions. Strains were considered sensitive if zones of
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obt ai ned from heal t subj ects by aspiration through a nasogastric tube
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15 Antibiotics of human clinical importance were used to ascertain the sensitivity profiles

of 3 of the Bifidobacterium longum infantis strains, AH209, AH210 and AHZ212.

These Bifidobacteria was sensitive to ampicillin, amoxacillin, ceftaxime, ceftriaxone,
ciprofloxacin, cephradine, rifampicin and chloramphenicol. The strains were resistant
to netilmicin, trimethoprim and nalidixic acid.

20
Growth of Bifidobacteria at low pH

Human gastric juice was obtained from healthy subjects by aspiration through a

nasogastric tube (Mercy Hospital, Cork, Ireland). It was immediately centrifuged at

13,000 g for 30 min to remove all solid particles, sterilised through 0.45 um and 0.2
25 um filters and divided into 40 ml aliquots which were stored at 4°C and —20°C.

The pH and pepsin activity of the samples were measured prior to experimental use.
Pepsin activity was measured using the quantitative haemoglobulin assay. Briefly,
aliquots of gastric juice (Iml) were added to 5 ml of substrate (0.7 M urea, 0.4% (w/v)
30 bovine haemoglobulin (Sigma Chemical Co., 0.25 M KCI-HCI buffer, pH 2.0) and

incubated at 25°C. Samples were removed at 0, 2, 4, 6, 8, 10, 20 and 30 min intervals.



measured. One unit of pepsin enzyne activity was defined as the anount of
enzynme 5 required to cause an increase of 0.001 units of A280 nm per m nute
at pH 2. Oweesaao®d as TCA-sol ubl e products using haenogl daalienz/e 10
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Cells were incubated at 37°C and survival measured at intervals of 5, 30, 60 and 120

min using the plate count method.

15 To determine the ability of the Bifidobacteria to survive passage through the stomach,
an ex-vivo study was performed using human gastric juiée. Cells from fresh overnight
cultures were harvested, washed twice in buffer (pH 6.5) and resuspended in human
gastric juice to a final concentration of 105-10® cfu/ml. Survival was monitored over a
30-60 min incubation period at 37°C. The experiment was performed using gastric

20 juice at pH ~ 1.2 (unadjusted) and pH 2.0 and 2.5 (adjusted using 1N NaOH).

Each of the 4 Bifidobacterium longum infantis strains tested (AH210, AH211, AH212,
AH214) survived with no loss of viability at pH 3.5 (data not shown).

25 To determine the ability of the Bifidobacterium longum infantis strains to survive
conditions encountered in the human stomach, viability was tested in human gastric
juice at pH 1.2 and pH 2.5. Table 3 below shows the survival expressed at logio
cfu/ml. Survival was increased in gastric juice pH 2.5, when compared to gastric juice -
pH 1.2.

30



AH209 1.2 6.46 ON 0.00 0.00 2.5 8.10 6.45 2.47 0.00 AH210 1.2 6.68 0.00
0.00 0.00 2.5 8.75 8.77 3.34 0.00 AH211 1.2 6.16 3.78 0.00 0.00 2.5 8.45
8.40 3. 45w @d1499212 1.2 6.00 0.00 0.00 0.00 2.5 7.89 6. 4€10E0D0C1ID 00
AH214 1.2 7.56 0.00 0.00 0.00 2.5 6.27 6.31 2.88 0.00 Gowth of cultures
in the presence of bile 5 Fresh cultures re streaked onto TPY agar pl ates
suppl enented with bovine bile (B- 8381, Si‘grmma Chem cal Co. Ltd., Poole) at
concentrations of 0.3, 1.0, 1.5, 5.0 and 7.5% (wv) and porcine bile
(B-8631, Signdableehical Co. Ltd., Poole) at concentrations of 0.3, 0.5,
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10 conditions and growt h was recorded after 24-48h. sanpl es, isolated
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AH212 1.2 6.00 0.00 0.00 0.00
2.5 7.89 6.45 0.00 0.00
AH214 1.2 7.56 0.00 0.00 0.00
2.5 6.27 6.31 2.88 0.00

Growth of cultures in the presence of .bile

Fresh cultures were streaked onto TPY agar plates supplemented with bovine bile (B-
8381, Sigma Chemical Co. Ltd., Poole) at concentrations of 0.3, 1.0, 1.5, 5.0 and 7.5%
(w/v) and porcine bile (B-8631, Sigma Chemical Co. Ltd., Poole) at concentrations of
0.3, 0.5, 1.0, 1.5, 5.0 and 7.5% (w/v). Plates were incubated at 37°C under anaerobic

10 conditions and growth was recorded after 24-48h.

Bile samples, isolated from several human gall-bladders, were stored at -80°C before
use. For experimental work, bile samples were thawed, pooled and sterilised at 80°C
for 10 min. Bile acid composition of human bile was determined using reverse-phase
15 High Performance Liquid Chromatography (HPLC) in combination with a pulsed
amperometric detector according to the method of Dekker et al. (21). Human bile was
added to TPY agar medium at a concentration of 0.3% (v/v). Freshly streaked cultures

were examined for growth after 24 and 48 h.



cultures were screened for growh on TPY agar plates containing the sodium
salt of 5 each of the following bile acids (Sigma Chem cal Co. Ltd.,

Pool e): (w)o @onjegated form taurocholic acid (TCA); glycadmiEnzomc d
(GCA); taurodeoxycholic acid (TDCA); glycodeoxycholic acid (GDCA);

t aur ochenodeoxycholic acid (TCDCA) and gl ycbochenodeoxychol ic acid (GCDCA);
10 (b) deconjugated form lithocholic aci-d (LCA); chenodeoxycholic acid
(CDCA); deoxycholic acid (DCA) and cholic acid (CA). For each bile acid
concent r at i ondiugany gall-Bladder Bilgrpogssssss s bile acibwpreepiatione €6 el OafriMd rangs

and 48 h anaergggfﬁ% i BRI st O S ds gﬁéﬁg'cioh@ehh\ésarg%q%hopénggggqugt Gnfbre,

quantitative assay were use erm ne deconj

activity. Pl auedasgiggiolddital tdoaditioht,ubiks aves ares fowak ed sodiurhPY¥lR0aThilefr€S
suppl emrented with (%) O.B%éw/\e%( porcine bile, (b) 3 nM TDCA or. (c) 3 mM
GDCA. Deconj uGHEY 6 WRESSSCIEsHed fedroddh gn TEpaaghe nhitet Fyiaiaing the sp@umdialdft he

col onies. 20 Bh@hies fodbRRCR1dfd (&gsq%gﬁ%iggr%;}@d”(w ). Analysis of in

vitro deconjugation of hurman bile ormed usi ng LC. Briefly,
overnight cultures were inoculated (5% into TPY broth supplenmented with

0.3% (v/v) hupmmn bile d . were incybated a { cal | t .37C.. At varjous
time i(nt ez val Zéﬁo\fé)pjuga% hiOFD i 6%11,‘?0%%%61%@3%@2% )gl\}{gch‘ﬂr“‘err&(}’éld Q@K‘)?
centrifuged atauldhe8BRnbRM f 0sicid0 NMiTDCNi | YiRddeSgtholld €€ SiPer nimek). (30

') was then analyzed by HPLC. A nunber of BifidobaCteria tested were
capabl e of gr trdshensideexysbplic 2¢id (EERAde pnd glycochenodrospchobiaacidGEID®A); e

used. KLk was S t Si 2 to. .bavipe hil e was higher. an to
por Ci nelbbi | e. &%&é,ﬁ@%@{%@r illiﬁogﬁ §lgcl A&, g‘s¢‘§)g akepgdero&flgo[lgn?mg 0(%9)(&&5 ;
concent r at i ondeoxytphdlie aR(DQ) aidi d@1id aBiY(0RY.I Rer &ich dilé daidaonedntahendvr.1, WO
03/010297 PCT/ 1 E02/0Q0110 -21 Porcine bile was nore inhibitory as shown in
Tabl e 4 bel ow? 20dagIM werestses (Grogvtinmasy repexded nfter@)4 and 48 h anaerobic incubation.

Both a qualitative (agar plate) and a quantitative (HPLC) assay were used to determine

15 deconjugation activity.

Plate assay: All the cultures were streaked on TPY agar plates supplemented with (a)
0.3% (w/v) porcine bile, (b) 3 mM TDCA or (c) 3 mM GDCA. Deconjugation was
observed as an opaque precipitate surrounding the colonies.
20
High Performance Liquid Chromatography (HPLC):  Analysis of in vitro
deconjugation of human bile was performed using HPLC. Briefly, overnight cultures
were inoculated (5%) into TPY broth supplemented with 0.3% (v/v) human bile and
were incubated anaerobically at 37°C. At various time intervals over a 24 h period,
25 samples (1 ml) were removed and centrifuged at 14,000 rpm for 10 min. Undiluted
cell-free supernatant (30 pl) was then analyzed by HPLC.

A number of Bifidobacteria tested were capable of growth (bile acid resistance) on the
three sources of bile used. It was observed that resistance to bovine bile was higher
30 than to porcine bile. The Bifidobacteria strains tested were resistant to concentrations

up to and including 1.5% bovine bile (data not shown).



0.00.30.51.01.55.07.5 Bifidobacteriumsp. AH209 + + - - - - - AH210
+ - - - - - - AHRI11 + - - - - - - AH212 + + + + - - - AH214 + - - - - - - 5
Regar dl eswood3/oném7bi | e resi stance profiles in the presenceeafiebpetiibovi ne
and porcine bile, the Bifidobacteria grew to confluence at the

physi ol ogi cal concentration of 0.3% (v/v) _human bile (data not shown). 10
When anal ysed specifically for resi stance?to individual bile acids, the

Bi fi dobacteria grew well in the presence of taurine conjugated bile acids,
wi th i sol at es Porging/hilegvasgnore onffibitery @ skwmipaFabedibelaeont ai ni ng up to and
including 5 mM of taurine conjugates TCA, TDCA and TCDCA. None of the

gl yci ne conjugates inhibited the growh of the 4 Bifidobacterium]l|ongum
infantis testadbleAH210, AH211, AH212 and 15 AH214) as can be seen in Table
5 bel ow. WD Q3/010297 PCT/1EQ2/00110 _-22- Table 5 BLLE ACIDS (n\) STRAI N
GCDCA GDCA GCA GTRAIN o0 1 3 5 0 1 3 5 WWVVIEORCEVE BHL.Ep. AH210 + + + +
+ + 4+ + + 4+ + + AH211 + + |+ + + + + + + + + + AH212 + + + + + + + + +|+ +
+ 0.0 0.3 0.5 1.0 1.5 5.0 7.5

Bifidobacterium
sp.

AH209
AH210
AHZ211
AH212
AH214

+ 4+ + + o+
1
]
]
]
]
H

Regardless of the bile resistance profiles in the presence of both bovine and porcine
bile, the Bifidobacteria grew to confluence at the physiological concentration of 0.3%

(v/v) human bile (data not shown).

10 When analysed specifically for resistance to individual bile acids, the Bifidobacteria
grew well in the presence of taurine conjugated bile acids, with isolates growing to
confluence on agar medium containing up to and including 5 mM of taurine
conjugates TCA, TDCA and TCDCA. None of the glycine conjugates inhibited the
growth of the 4 Bifidobacterium longum infantis tested (AH210, AH211, AH212 and

15 AH214) as can be seen in Table 5 below.



AH214 + + + + + + + + + + + + -; no growmh; +; confluent growh Gowh in
the presence of deconjugated bile acids was al so tested. Bifidobacterium 5
AH210, AHRDl3/MR12 and AH214 were resistant to concentrathcmEonéo15 mvi LCA.
Gowth in the presence of CA was al so tested. Table 6 bel ow shows the
results. No growth was observed in the pr Qsence of 1 mM CDCA. (results not
shown) Table 6 STRAIN CHCOLIC ACID (mVM O 23 5 Bifidobacterium sp. AH209 +
+ - - AH210 + _+ - - AH211 + + - - AH212 + + - - AH214 + + + + 10 WO

03/ 010297 PCT/ IaE%PZ? 00110 -23- Detection of antimcrobial activity The
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strains isolated in Mergy Hospital, Cork, Ireland, were propagated in the
foll owi ng nedium 5 unden the foll owi ng growt h conditions: St aphyl ococcus
(37C, anaerobi c)gyp {11 Us (3¢ep@paerobic), Rpeudononags (30Cg@grobic),
Escherichia coli_(37/C, amaerobic), Salmonella (37C__anaerobic) and
Listeria (30C, aerobic) iif Tryptaohe Soyal0 brbth/agars syppl erfentedd wi 6h 0. 6%
yeast extract p %@Yl%nu% id), Canpylobacter (37C, anaerobic), Bacteriodes
(37C, anaerobl I cobacter (37C, anaerobic), 10 Prateus (37C,

anaer obi c), Hszermphl | us (37C, anaerobic) and Pneunpcoccgus (37C, anaerobi c)

on Bl ood agar rTESlII_ﬁIiQ) Candida (37C, apaerpbic) in YPD (Ygast +( 10/()4 N

AHZ211 + 0+ 4+ o+ + + + + + + + +
AH212 + o+ o+ o+ + + + + + + + +
AH214 + + o+ + + + + + | o+ + + +

-; no growth; +; confluent growth

Growth in the presence of deconjugated bile acids was also tested. Bifidobacterium
5 AH210, AH211, AH212 and AH214 were resistant to concentrations of 5 mM LCA.
Growth in the presence of CA was also tested. Table 6 below shows the results. No

growth was observed in the presence of 1 mM CDCA. (results not shown)

Table 6
STRAIN CHOLIC ACID (mM)
0 1 3 5
Bifidobacterium
sp.
AH209 + + - -
AH210 + + - -
AH211 + + - -
AH212 + + - -
AH214 + + + +

10



Peptone (2% and Dextrose (2% ) nedium C ostridium (37C, anaerobic) in
reinforced dostridial nmedium (RCM Oxoid), Lactococcus (30C, aerobic) in
ML7 nedi wa @@ia@9d) , Streptococcus (37C, anaerobic) in TodaTA®ez/ediidvedi um
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I nfusi on nmedium (BH, Merck). Al strains were inoculated into fresh
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sI oppi es (overlays) and plates were prepared by' adding 0.7% (wv) and

. 5% (w'v) agdietection pbanirmictobifd ALY r espectively. 20 Antini crobi al
act|V|ty was detected using the deferred method (22). Indicators used in
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bacteri um 30%{/@%%}0%;%}7&%0% %%g%fgﬁ %ggiﬁl glr‘ﬁA}ftﬁl ?r%omuec%’gﬁ} lobacter

bact eri ophage G°0, \antgrobials Buaotdrimies) (Bif’(} Ianpgthlg),t Helidohactat 48T, TRYerobighr

pl at es si de .down d-.over n d| cat ri ophage not
di ffuseltbtohrou ﬁ“ﬁ’éfa&e & %384?%@ %’1 ?fl t%qale ﬁfci) 38‘8?(%167’%?% GZ@al ns
was screened fa@ierélﬂ@' & B agd€ hedintY, Oidig: L357°c:| Aieebic) ih- YPBIr(West (1)KL D,
P. fluorescens and E. coli as indicator mcroorgani sns. \Wen the test

strains were Pepiont a2@ end uURexitaser EdoNRediupni Glosirisim of 3% Re angerebic) in
i ndi cators Waselgi%%%ﬁvéﬂstn%i)arl]%ecfui‘rﬂg('R'&/I' Bxgld; eLafc%?:m:cJuS n@bx@ ér&ﬂl&)"‘ﬁrﬁw

neasured. 10

medium (Oxoid), Streptococcus (37°C, anaerobic) in Todd Hewitt Medium (Oxoid)
15 and Enterococcus (37°C, anaerobic) species in Brain Heart Infusion medium (BHI,
Merck). All strains were inoculated into fresh growth medium and grown overnight
before being used in experiments. Agar sloppies (overlays) and plates were prepared

by adding 0.7% (w/v) and 1.5% (w/v) agar to the broth medium, respectively.

20 Antimicrobial activity was detected using the deferred method (22).  Indicators used
in the initial screening were L. innocua, L. fermentum KLD, P. flourescens and E. coli
V157. Briefly, the bifidobacteria (TPY) were incubated for 36-48 h. Ten-fold serial
dilutions were spread-plated (100ul) onto TPY agar medium. After overnight
incubation, plates with distinct colonies were overlayed with the indicator bacterium.
25 The indicator lawn was prepared by inoculating a molten overlay with 2% (v/v) of an
overnight indicator culture which was poured over the surface of the inoculated TPY
plates. The plates were re-incubated overnight under conditions suitable for growth of
the indicator bacterium. Indicator cultures with inhibition zones greater than 1 mm in

radius were considered sensitive to the test bacterium.

30



I nhi bition was not due to hydrogen peroxi de since incorporation of catal ase
to TPY plates during the screening did. not affect anti-m crobial

activity. waesioemwry, bacteriophage activity was excl uded ra/mesarided in
met hods. 15 Al 6 Bifidobacteriumlonguminfantis strains (AH208, AH209,
AH210, AH211, AH212 andAH214) were inhibiaory to a wi de range of

St aphyl ococcus, Pseudononas, coliform and®Baci | | us sp. when tested on TPY

medi um Zones_of inhibition of up to, 5mm were recorded_(fron1ed9e of
col ony to edgibhdhitiondue i bacigmiophagesiivisy) Hap skcludrddyyBippingsthe mpculated TPY

St aphyl ococcu syrr i idd uss: T . w
Shone t ho t nhigR(lae ubfad dabpd’ el g, BE g SRiGRy BBEIdENER SREGR
-25- Table 7 AfRQStALRORAH210 AH211 AH212 AH214 S. aureus MHS 1 2.5 1.5 2
21.5S aureus HC1.51.52 2.52 2 S aureus 771 3 2 3.52.52 2 S
aureus 949 3.5 3.5 2.5 3 2.53 S aureus 1018 3.5 2.5 2 1 3 2 S aureus
1502 4 % > 1. ga%x of 3hé 'éﬁdcﬁacéﬁﬂﬁuﬁ)ﬂ,}é}g5i@m§is5st§ﬁé %a® sbreanéd For MhiBiHrFUS
1511 4 2.5 3 .5 2 ST aureus 152273.5 3.5 3 2.5 2.5 2.5 S. aureus 1499
3.5 3.5 1.5 3a@ivaty WSingdisr gumecik 6.3 f2mbn3n2KbD3 P5fl@or8s@nbandSl. edi sumdieRiom 3 2

2.5 2 21 S | b 2 1.5 21.5 2 S 1. 2 .5 . Tabl 8
o 0w chows t FREPoRRRSTSoWhsh (Bt SERBa SE G acaaed of yBbdffded MRS ihiniRR §

of the four indicators was observed. Zones ranging in size from 1 mm to 5 mm were

measured.

10
Inhibition was not due to hydrogen peroxide since incorporation of catalase to TPY
plates during the screening did not affect anti-microbial activity.  Similarly,
bacteriophage activity was excluded as described in methods.

15 All 6 Bifidobacterium longum infantis strains (AH208, AH209, AH210, AH211,

AH212 andAH214) were inhibitory to a wide range of Staphylococcus, Pseudomonas,
coliform and Bacillus sp. when tested on TPY medium. Zones of inhibition of up to
5mm were recorded (from edge of colony to edge of zone of inhibition) against
Pseudomonas and Staphylococcus and up to 7 mm surrounding Bacillus sp. Table 7

20 below shows the inhibition of Staphyloccus strains.



AH208 AH209 AH210 AH211 AH212 AH214 P. fluorescensHC 1.5 2 2.5 3 2 1
fluorescensMHP 3.5 2 4 2.5 2.5 2.5 P. fluorescens DW5.5 3.5 5 2.5 4
B. cereusw® 08/080%75 3.5 5 4 B. subtilus 7 3 6 3 6 3 B. ciptauEane14o 5
2 3.5 2.5 B. thuringensis 6.5 4.5 5.5 4 5.5 3.5 W 03/010297

PCT/ 1 EO2/ 00110

gastroi ntesti
probiotic str

previously deftabld?d net hod (23)

-26 Exampl e 2: Adhesion of_ _probiotic bacteria to
nal epithelial cells.
ains was carried out using a nodified version of a 5

AdhesiZen Assay. The adhesi on of the

The nonol ayers of HT 29 and Caco 2 cells

were prepar gd—en—sterite2 USg.mo §OVE PSs H ced
Corning tissue culture di sﬁyg‘ a conceAH#Ig ‘ﬁ g} 4 ﬁHfS%l c%i[%ls/rr .
Cel I s were fed. &wes MBS un everyzz days. 15After 210 dayg, and 1.5
differentiati 3n of teaé rmnoigyer occur,) red, f nonol ayers were washed
twice with PhosEREE Buf fer & Sal i (PBSE Antibfdtic 16 free DVEM (pnt)
and 2m of - 18haiBeds Tyabact eBi um sugpensi or3.xontainsng -198 cfw m were
added to each .di sh cel | swere Lncubat for ZE at 37? ina_ humdfied
at nospher e coﬁt‘éﬁrﬁ‘i‘sﬁ% 5% CO2> Aftef~i ncubdtl on, the nonof-dyerswere Wwashed
5 tinmes with|BB&redsi p0asl |n Bet hanok.5( BDH Laboratory Suppsies, Roole, [UK)
for 3 mn, G m sta:#sg m St al Set (I\)(%rck) exam, ned 5
m cr oscopi cal W’h?ﬁf 5 0if i rmer Pon. For each l ass cdversl i?p monol ayer
t he nunber of Sadirerse305 bact&6i a pér 20 epid heli a.5cel | s4pas camnted jn 10
m croscopic 1{i eI ds. ]%Eg mea n and sEgndard error n3of adhe t b cteria per
20 epitheli al aé‘irf‘g cal ¢ul at ed*’Each adhesi orf assay rried put in
duplicate. 20Slawreus362nd nkfhod, abter washing 2.4ines 2.6 PBS,zsadheri ng
bacteria were renpyve g teX|n t he ol ayers rigorpusly in cold
sterile H20 | B EF ?Pcel I wer e I 5 3 2 2

S. aureus 1963 2.5 3 2.5 3.5 3.5 3.5

S. aureus PRMM 3 2 2.5 2 2 1

S. albus 2 1.5 1 2 1.5 2

S. carnosus 2 1.5 1 2 2.5 2.5

Table 8 below shows the inhibition of Pseudomonas and Bacillus strains.

5 Table 8
AH208 AH209 AH210 AH211 AH212  AH214

P. fluorescensHC 1.5 2 2.5 3 2 1.5

P. fluorescensMHP 35 2 4 2.5 2.5 2.5

P. fluorescens DW 5.5 3.5 2.5 4.5 2.5

B. cereus 6 4.5 55 3.5 5 4

B. subtilus 7 3 6 3 6

B. circulans 4.5 2 45 3.5 25

B. thuringensis 6.5 4.5 5.5 4 55 3.5




enunerated by serial dilution in quarter strength R nger's solution (Oxoid)
and incubation on TPY. 25 Each of the Bifidobacteriumlonguminfantis
strai ns adloeradowo gastrointestinal epithelial cells (Fi gumE®/0o1These
probiotic strains would be suitable as vaccine/drug delivery vehicles as
they adhere to the gastrointestinal epitheliumand therefore interact with
the rel evant host tissue. WO 03/010297 PCPEPIE02/ 00110 -27 Exanpl e 3:

Det erm nation of the effect of probiotic strains on PBMC cytokine

product i on. - PExapipde %l Adheston ofiprohisticdmeterial togagrpmtesiimabepithefiabeallseal t hy
donors (n=19) by 5 density gradient centrifugation. PBMCs were stinul ated
with the probiotic bacterial strains for a 72 hour period at 37C. At this

time culture supernatants were collected, centrifuged, aliquoted and
stored at -70@ﬂ8ﬁﬂﬂ#—§@¥ﬂg assessed for 1L-10, IL-12, IL-8 and IFN* levels

using ELI SAs @ﬁ?%ﬁﬁésﬂﬁh%f iBREELIY strdifls %‘a‘lgg%rieé"@%%ir@"!? Ibdiffid2vetsigi df AH214

caused varying levels of stinulation of Ny production by PBMCs (Figure
2). I n Gont r apteyiodkiRQRsatibed mogthed (33U alle mPhdlayqrs ofl Tk 2D andGadeBh/Cslls w208,

AH211 and AH212 significant i pdyced 1L-10 production follow.ng.co-. 15
neubat | on wi PRPFENE HErl. 24ph AEo R R DTSR YR gra o FPRUTA P ¢ or
IL-10 | evel s gappalsaek, bPa ¢oRdchahBon 620810 A Mmanteidbee fo-frdd6 YhaidAN
with PBMCs resulted in upregulation of [IL-12 levels (Fig. 4). AH209 and

AH211 di d not ewirgRidaysaddtey ~40 days, prd differenfiation o theappuydayenbiad occuned e
AH211, AH212 and AH214 di t . . at - ks LRV t J.rom
PBMCs i sol at edF ?@ it é”ae?‘% %’f Eﬁg%l n%}rlé gﬁgﬁo&@aﬁe&ﬁﬁf&%ﬁ%ﬂﬁ%&’%@m n‘(z&alﬁlib(%‘%twof
cyt oki ne | evefrge iIDMEM epint)ha@id 2 RBMI 8hoBifidobuitrerium Ssudpalonf edrtaiingg-10°
i ncubation with AH212. The approprjate in vitro nodel wth B}Pysi ologgj cal

rel evance to gﬂq@nﬁ Mieess aided tq ,eéel% q1s§1 and cells were incubated for at 377C7in a

humidified atmosphere containing 5% CO,. After incubation, the monolayers were
washed 5 times with PBS, fixed in methanol (BDH Laboratory Supplies, Poole, UK)
for 3 min, Gram stained (Gram Stain Set, Merck) and examined microscopically under
15 oil immersion. For each glass coverslip monolayer the number of adherent bacteria
per 20 epithelial cells was counted in 10 microscopic fields. The mean and standard
error of adherent bacteria per 20 epithelial cells was calculated. Each adhesion assay

was carried out in duplicate.

20 In a second method, after washing 5 times in PBS, adhering bacteria were removed by
vortexing the monolayers rigorously in cold sterile H;O. Bacterial cells were
enumerated by serial dilution in quarter strength Ringer’s solution (Oxoid) and

incubation on TPY.

25 Each of the Bifidobacterium longum infantis strains adhered to gastrointestinal
epithelial cells (Figure 1). These probiotic strains would be suitable as vaccine/drug
delivery vehicles as they adhere to the gastrointestinal epithelium and therefore

interact with the relevant host tissue.



cul ture systemincorporating epithelial cells, T cells, B cells, nonocytes
and the bacterial strains. To this end, human Caco-2 epithelial cells were
seeded at wexi@30R80 cells/mM on the apical surface of 25 mmdwmEnsvEhd
inserts with a pore size of 30 in (Costar). These cells were cultured for
four weeks in RPM 1640, supplenmented w t? WO 03/010297 PCT/IEOQ2/00110 -
28 10% foetal calf serum glutam ne, pent Zr| lin and streptonycin, at 37C

inab5%C® environpent. Culture nedia was chair;gizd every 3 daés. Wen the
epithelial ceEramplgeDetsrminagiopsof the effgetcrf probietis spains,pre PBME) ine

nmononucl ear CEM(ﬁlcgigg_NCs) were isolated by density gradient
centrifugatioh. 1x washed PBMCs was i ncubated 5 basolaterally to the
epithelial cells and cultured with 1x107 probiotic bacteria. Controls
cont ai ned nedia alone. No direct cell-cell contact between PBMCs and

epi thelial cepdphens HEKS tdhbnidled: Hels hae! isqyigl efmrﬁnféarﬂgl laBhéfs (n=19)_py
communi cation was nediated solely by soluble factors. 10 Follow ng 72

hours of i ncudasity sragienk capgfupation| P § wers inpdated waiht the weokdotic bamariad

al i quoted and_st qor - - TINF traacel L.ul ar . cyt oki ne | evel s r

nmeasur ed usi nsé%gr%a@g%?g h@ﬁﬁc}%ﬁlc’l@'\%gﬁ%&éﬁl S ttlg}?sc)u.ltu’yﬁ\%aerlng@gﬁssw?rg\‘}\é\ﬁ%c?%r e
neasured, in cuplifuged, @liqusehghdBdied af rO0ACukig MelnpyasvRbddnioper 50, HR1Z0M)-9W ng
i ncubation of epithelial cell-PBMC co-cultures with probiotic bacteri a,
TNFa cyt oki netddfdiklexels asiag Ehipas (BRehpingeAMangheign). 6) . AH212 significantly
reduced the |l evel of TNFa rel eased by these cells. Imunonodul ation 20 The
human i mmune system plays a significant role in the aetiol ogy and pat hol ogy
of a Uhst rahg20®fAHABARREIdeAdEN 2 drdpeH2 b dausy eary ingLinecls of prmsliaenes s

results in, IS conponent of, the jority of disease states. One
famly of bi g‘fFBHina uckigp; YinﬁéMCOSt Eignse -yinoﬁqrwé%t; AFH299 yhid triog himufage IFNy
i mpor t ant tooﬁr%ﬁgﬁ%g,%més'i mrune processes. 25 Pertubances of these

del i cate cytokine networks are being increasingly associated with nany

di seases. These diseases include but are not limted to inflammtory
disorders,  Appos, AH211 and AH212 significantly induced IL-10 production following co-
15 incubation with PBMCs (Fig. 3). AH209 and AH210 did not significantly alter IL-10

levels compared to controls.

AH208, AH210 and AH212 co-incubation with PBMCs resulted in upregulation of
IL-12 levels (Fig. 4). AH209 and AH211 did not significantly alter IL-12 levels.

20
AH208, AH209, AH210, AH211, AH212 and AH214 did not stimulate IL-8
production in vitro, from PBMCs isolated from healthy donors (Fig. 5).

Example 4: Determination of cytokine levels in an epithelial/PBMC co-culture
25 model following incubation with AH212.

The appropriate in vifro model with physiological relevance to the intestinal tract is a
culture system incorporating epithelial cells, T cells, B cells, monocytes and the
bacterial strains. To this end, human Caco-2 epithelial cells were seeded at 5x10°
30 cells/ml on the apical surface of 25 mm transwell inserts with a pore size of 30m

(Costar). These cells were cultured for four weeks in RPMI 1640, supplemented with



i mrunodefi ci ency, inflammatory bowel disease, irritable bowel syndrone,
cancer (particularly those of the gastrointestinal and i mmune systens),

di arr hoeaWwodizaeexde, antibiotic associ ated diarrhoea, paedi@rmobpodi@rrhoea,
appendicitis, autoimune 30 disorders, nultiple sclerosis, Al zheiner's

di sease, rheumatoid arthritis, coeliac WD,03/010297 PCT/| E02/00110 -29

di sease, diabetes nellitus, organ transprgl fation, bacterial infections,

viral infecti on(% fug%al i nfections, periodontal disease, _ uyrogenit al

di sease, sexutiPyostahadifseigy chitapinegoeniqifliy angsEepiog cInLRYy3 T Epiti 2879 6R2 H v
associ at ed di g S Liffned: i , urgh =

netastatic di %gvysag@%gtépgug? \/vele g%?% o%%ﬁgezgth%r exi a(,ja évgpgl?(lt)hr?t o‘?‘,gﬁ% cells
cachexi a, wouwerehfelly idifferentiated, shungpnt pevpherak bldod mbnanuclead ¢atis JPBMGH) hmare

respiratory disorders, circulatory disorders, .cpronary t di sease,
naem a, dl soPdard oy derst’ BigGa’ chunieaivon a0l aRreapaR vandEtbaea
di sordegs of {Rgl6eNiy ab MEr YAWRIAY 8418Mand NLRBEIC wHihS §2EF. plobfdiRePAReria.

nutritional disorders, osteoporosis, endocrine disorders, ~epidernal
di sorders, psGConteds sonathedcmedie lger | No ditest eblf-eell sootacichetokeém@BMGCslaond i on

10 are specific.for, each of th ropiotic strains exam.ned. Thus specific
orobi ot 0 ot raRhelal S DeS et BBILl Bl moBehaieret it ATAs For g RO Biahe
i mbal ance parhkdibedsofeBf byasolstilegictdre di sease type. Custom sation of disease
specific therapies can be acconplished using a selection of the probiotic

strains |listed above. 15 Immune Education The enteric flora is inportant to

he deygl f L8 ' LR el
the ablfnen oo PTORB WFohbERGO] HE ARBPEL LAIF oud SRR T "

under devel opegmoaéd, daHubRdr @idegoied ger70id.r GNRRieRRhcelarie cgiokmrAetas tvird
functional 20 paraneters are dinnished, such as macr oghage phagocytic
ability and mheasuredghsibgistandpidoBLEIA diifs (R{D Syseemopol NEackves levads guare

flora in stimnulating. non-. damagi i ne spenses i.s becom ng nore
v dent | The THBPEASE RlcAR B T | B R SRRy 6o Tn the
western worl d has been linked with an increase in hygiene and sanitation,
concomtant with a decrease in the nunber and range of 25 infectious

chal | epges ensadtsy acbuBdidd'8r BoitlelialTIISPBRRK cOfculthPey RAHS bobidtiatHaR By
TNFa cytokine levels were examined by ELISAs (Fig. 6). AH212 significantly
reduced the level of TNFa released by these cells.

Immunomodulation
20
The human immune system plays a significant role in the aetiology and pathology of a
vast range of human diseases. Hyper and hypo-immune responsiveness results in, or
is a component of, the majority of disease states. One family of biological entities,
termed cytokines, are particularly important to the control of immune processes.
25 Pertubances of these delicate cytokine networks are being increasingly associated with
many diseases. These diseases include but are not limited to inflammatory disorders,
immunodeficiency, inflammatory bowel disease, irritable bowel syndrome, cancer
(particularly those of the gastrointestinal and immune systems), diarrhoeal disease,
antibiotic associated diarrhoea, paediatric diarrhoea, appendicitis, autoimmune

30 disorders, multiple sclerosis, Alzheimer’s disease, rheumatoid arthritis, coeliac



allow the host to react to non-pathogenic, but antigenic, agents resulting
in allergy or autoimmunity. Deliberate consunption of a series of

non- pat hogenidmio29nmrunonodul at ory bacteria woul d provi de t lreTnest/oomd h t he
necessary and appropriate educational stinuli for proper devel opnent and
control of immune 30 function. WO 03/010§87 PCT/ | EO2/ 00110 - 30-
Inflammation Inflammation is the termuséd’to descri be the | ocal
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i nfl anmat ory Speoifig; diseasetype.c Cystomimatipn phdispasesnscifistherapias epnbecdccomplidied ar e
t hought-to pl i r i i.s of many inflamuatory

di seases, i ncﬁ%{ﬁgﬁg&{aﬁo é’%%@%@gﬁe@%ﬁ%‘g&;@@% BD). Current therapies
for treating IBD are ainmed at reducing the |evels of these pro-inflammtory

15 Immune Education

The enteric flora is important to the development and proper function of the intestinal
immune system. In the absence of an enteric flora, the intestinal immune system is
underdeveloped, as demonstrated in germ free animal models, and certain functional
20 parameters are diminished, such as macrophage phagocytic ability and
immunoglobulin production (24). 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
25 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

30 function.



25 cytokines, including IL-8 and TNFa. Such therapies may also play a
significant role in the treatnent of system c inflamuatory di seases such
as r heumatww a/aohritis. Irritable bowel syndrone (IBS) iPCTAECDOITDN
gastrointestinal disorder, affecting up to 15-20% of the popul ati on at
sone stage during their life. The nost frg&uent synptons 30 include
abdom nal pain, bowel habit disturbance ni fested by diarrhoea or
consti pation, flatul ence, and abdom nal distension. There are no sinple
tests to WO OBfREOR&POPCT/ | E02/ 00110 -31 confirmdiagnosis, and if no

ot her organic disorders can be found for these synptons, the diagnosis is
usual ly IBS. Patients suffering fromIBS represent as many as 25-50% of
patients seenilangasionoie the ta@hogseslt ®. dé‘schmyhef Rehlogcuniugatioh asfofbiidf plabea
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t hat conbi nations of strains fromthis panel wth_appropriate cytokine
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therapeutic eff i t
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di seases, parihag uiieaardtxy)nrof aymetitular oytokinenart aq»artmulah celt bype (A6)t | Wahinf] ainthat ory

t her api gs, such as non-steroid ntr-lnflan’mator druig% ( NSAI % or
1 inflammatory response results in lower concenirations of” the'appropriate activating

signals and other inflammatory mediators leading to the cessation of the inflammatory
response. TNFo is a pivotal proinflammatory cytokine as it initiates a cascade of
cytokines and biological effects resulting in the inflammatory state. Therefore, agents
which inhibit TNFo are currently being used for the treatment of inflammatory

20 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
25 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.

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder, affecting up to
15-20% of the population at some stage during their life. The most frequent symptoms
30 include abdominal pain, bowel habit disturbance, manifested by diarrhoea or

constipation, flatulence, and abdominal distension. There are no simple tests to
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While each of the strains of the invention has unique properties with regard to

15 cytokiﬁe modulation and microbial antagonism profiles, it should be expected that
specific strains can be chosen for use in specific disease states based on these
properties. It also should be anticipated that combinations of strains from this panel
with appropriate cytokine modulating properties and anti-microbial properties will
enhance therapeutic efficacy.

20
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.

25

Cytokines and Cancer

The production of multifunctional cytokines across a wide spectrum of tumour types
suggests that significant inflammatory responses are ongoing in patients with cancer.
30 It is currently unclear what protective effect this response has against the growth and

development of tumour cells in vivo. However, these inflammatory responses could
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15 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

20

' 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 organisms or purified encapsulated antigens (30). Probiotic bacteria,

25 engineered to produce antigens from an infectious agent, in vivo, may provide an
attractive alternative as these bacteria are considered to be safe for human

consumption (GRAS status).

Murine studies have demonstrated that consumption of probiotic bacteria expressing
30 foreign antigens can elicit protective immune responses. The gene encoding tetanus

toxin fragment C (TTFC) was expressed in Lactococcus lactis and mice were
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Tannock, GW (ed), Horizon Scientific Press, UK. 5 1999, p.85-113. 2.
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the pathogen would normally elicit thus contributing to the immunological education

of the host.
15

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
20 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 component that is specifically fermented in the colon by indigenous
bacteria thought to be of positive value, e.g. bifidobacteria, lactobacilli. Types of
25 prebiotics may include those that contain fructose, xylose, soya, galactose, glucose and
mannose. The combined administration of a probiotic strain with one or more
prebiotic compounds may enhance the growth of the administered probiotic in vivo

resulting in a more pronounced health benefit, and is termed synbiotic.
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6. Bifidobacteriumstrain AH212 or a nmutant or variant thereof. 15 7.

Bi fi dobacteriumstrain AH214 or a nutant or variant thereof. 8. A

Bi fi dobacweroim®train as clained in any of clains 1 to 8 rdm@me2/oniihe
mutant s a genetically nodified nutant. 20 9. A Bifidobacteriumstrain as
claimed in any of clains 1 to 8 wherein ggg_variant is a naturally
occurring variant of Bifidobacterium 10. biologically pure culture of a
Bi fi dobacterium strain selected fromany of 25 strains AH208, AH209,
AH210, AH211, CMipS> or AH214. 11. A Bifidobacteriumstrain as clained in
any of clainms 1 to 10 in the formof viable cells. 30 12. A

Bi fi dobacteriumstrain as clained in any of clains 1 to 10 in the form of
non-vi abl e celll s. WBHIbBADBRAT BN k2D TOMOany- FSirads AKX AHERACAHRI Um
strain as clained i y | ai to 12 wherein the Bifidobacteriumis
i sol at ed fron1rese@&gﬁﬂaﬁB&%Z§ﬁégﬁﬂéﬁﬁW” T PN FRBSHFAT tract. 5 14. A
Bi fi dobacteriumstrain as clainmed in any of clains 1 to 13 wherein the
strain is significantly immunonodul atory follow ng oral consunption in
humans. 15. AZ2Bi f i SifslbueeriumssrinaAR2Q8ord mptegtor varigniihereolc| ains 1 to 14
wherein the strain is capable of stinmulating |IL-10 produced by PBMCs. 10
16. - A Bifidobacteriumstrain as clained in claim15 wherein the strainis
sel ected from any pgnRreteAliAQ8ain 20 @ra htfdbhPorlvariak theesill at i on whi ch
conprises at |east oOne Bifidobacteriumstrain as clained 15 in any of
claims 1 to 16. 18. A fornulation as clained in claim17 which includes

anot herlOp r obi gtic Bifidobacterium strain AH210 or a mutant or variant thereof.

5. Bifidobacterium strain AH211 or a mutant or variant thereof.
6. Bifidobacterium strain AH212 or a mutant or variant thereof.
15
7. Bifidobacterium strain AH214 or a mutant or variant thereof.
8. A Bifidobacterium strain as claimed in any of claims 1 to 8 wherein the mutant
is a genetically modified mutant.
20
9. A Bifidobacterium strain as claimed in any of claims 1 to 8 wherein the variant
is a naturally occurring variant of Bifidobacterium.
10. A biologically pure culture of a Bifidobacterium strain selected from any of
25 strains AH208, AH209, AH210, AH211, AH212 or AH214.
11. A Bifidobacterium strain as claimed in any of claims 1 to 10 in the form of
viable cells.
30 12. A Bifidobacterium strain as claimed in any of claims 1 to 10 in the form of

non-viable cells.



material. 20 19. A formulation as clainmed in any of clains 17 or 18 which
includes a prebiotic material. 20. A forrmulation as clained in any of

cl ai ms 17wiooo3k020hi ch i ncl udes an ingestable carrier. 25 Fi/iE&/6marorul ation
as claimed in claim20 wherein the ingestable carrier is a

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

22. A formulation as clained in claim 20 0of 21 wherein the ingestable
carrier is a 30 food product such as acidified mlk _yggﬂurt frozen

yoghurt, m | klpowdArBifidebacteraam sty ay glaimpade s ans Bf Slai@s 1qfe 42 Hyseip the
beverages. WO 03/ 0102 P : - . lratd ; fed in
any of clains 17 t%lﬁggg%%%kggﬁo%gﬁ%%é?% ge:sa %Iﬁ %nggh{égi}%}ﬂgggagt?mg%ﬁ%e,
in particul ar protigidds and/ or peptides that are rich in

gl utam ne/glutamate, a lipid, a carbohydrate, a vitamn, mneral and/or
trace elenent. 5 24. Afornulation as clained in clainms 17 to 23 wherein
the Bi f cdobacteri Uk floierisy BFERHVaihRd® B BLAbIn! 1 BDIPASER HOGral U
per gramof the formulation. 25. Afornulation as clainmed in clainms 17 to
24 which includes jaBigniffaantlptimmubOmpdulatery fotlowing dralcoasurpptignria dumans| ai ns
17 to 25 which includes a bacterial conponent. 27. A fornulation as
claimed in clains 17 to 26 which includes a drug entity. 15 28. A

fornul ation ags cl ah RAIAdcEyRinEirakl ad Qaidbd Wh b of Eleinides B4 whatiaghe stain

conpound. 29. A formilation as clainmed in clains 17 to 28 for use in
i mruni sation and is capable of stimulating IL-10 produced by PBMCs.

10
16. - A Bifidobacterium strain as claimed in claim 15 wherein the strain is selected
from any one of AH208, AH211 or AH212
17. A formulation which comprises at least one Bifidobacterium strain as claimed
15 in any of claims 1 to 16.
18. A formulation as claimed in claim 17 which includes another probiotic
material.
20 19. A formulation as claimed in any of claims 17 or 18 which includes a prebiotic
material.
20. A formulation as claimed in any of claims 17 to 19 which includes an
ingestable carrier.
25
21. A formulation as claimed in claim 20 wherein the ingestable carrier is a
pharmaceutically acceptable carrier such as a capsule, tablet or powder.
22. A formulation as claimed in claim 20 or 21 wherein the ingestable carrier is a
30 food product such as acidified milk, yoghurt, frozen yoghurt, milk powder,

milk concentrate, cheese spreads, dressings or beverages.



20 vaccination protocols. 30. A Bifidobacteriumstrain as clainmed in any of
clains 1 to 16 or a fornulation as clainmed in any of clains 17 to 29 for
use in foowsi3wié®s 25 31. A Bifidobacteriumstrain as cl aipgadieonoeamy of
clains 1 to 16 or a formulation as clained in any of clainms 17 to 29 for
use as a nedicanment. 32. A Bifidobacteriﬁggstrain as clainmed in any of
clains 1 to 16 or a fornmulation as clained in any of clains 17 to 29 for

use in the prophylaxis and/or treatnent 0, of desirabl e infl ammat or
activity. WD @5/ 016 doympation epclaimeeriip any 1 clggns 2\9@ ?# &%‘bﬁbﬁ“& P17 .‘Fﬁ%% as

clainmed in any of I: (o]4 s ; It hir@ Bith Gh
clains 17 to 29 foﬁllogégg%fl%/ok ﬁ%ﬂtgdr%b%;??‘g@?lg}l gﬁ}td(}ngg a{@’gg? érr%ﬁ@@%dft undesirabl e
gastrointestinal i glitaaineptamae;t a Viptdy asiadiohgdrate, raf visanring orineral ppdéar ticsease
such as Crohns disease or ulcerative colitis; irritable bowel 5 syndrone;
pouchitis; or poste?ﬁ$@ttion colitis. 34. A Bifidobacteriumstrain as
claimedzin claim 33 wherein the inflanmatory activity is irritable bowel
syndrome. 10 35. A Bifidobacteriumstrain as clainmed in any of clains 1 to
16 or a fornub4ti oA foesuletien medainedamylaiphs £ tgi dswhereindhoBiffdghacigény pirgihe

hyl axi d/or. t t t f t roi.nt [ . :
Bi 11 dbbact or | am st FARCRGn ahapag Pyt o b B B taiaidh 1) ot on

15 as claimed in any of clainms 17 to 29 for use in the prophyl axis and/ or
treatnment of system c disease such as-rheumatoid arthrifis. §7. A

Bi fi dobact er i @ st Adionmulatien a8 gheignedrin glaimot7 © %4 waich nelides apadigvanty | at i on
as claiﬁed in any of clainms 17 to 29 for use in the prophylaxis and/or
treatmeit 20 of autoi nmune disorders due to undesirabl e i nfl anmat ory
activity. 38.24 Bi Al eehabitieon asmchimed fin ataimk ai 7meal A5nwhivh ofcludesianbacteriab 16
or a formulation as clained in any of clains 17 to 29 for use in the
prophyl axi s and/ or CePR¥€Rent of cancer due to undesirable inflammatory
activity.

27. A formulation as claimed in claims 17 to 26 which includes a drug entity.

15
28. A formulation as claimed in claims 17 to 27 which includes a biological
compound.
29. A formulation as claimed in claims 17 to 28 for use in immunisation and
20 vaccination protocols.
30. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
as claimed in any of claims 17 to 29 for use in foodstuffs.
25 31. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation

as claimed in any of claims 17 to 29 for use as a medicament.

32. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
as claimed in any of claims 17 to 29 for use in the prophylaxis and/or treatment

30 of undesirable inflammatory activity.



25 39. A Bifidobacteriumstrain as clainmed in any of clains 1 to 16 or a
formulation as clained in any of clains 17 to 29 for use in the

pr ophyl axw® asfoie@ncer. 40. A Bifidobacterium strain as cl aaraaoz/oniany of
clainms 1 to 16 or a formulation 30 as clained in any of clains 17 to 29
for use in the prophylaxis and/or treat meg‘t_l of diarrhoeal disease due to
undesirable inflamatory activity, such as W0 03/ 010297 PCT/ | E02/ 00110 -42
Clostridiumdifficile associated diarrhoea, . Rotavirus %tssognat ed di arrhoea

or post infedBive dPifdehséxiusr SERR R KEERPd M AWLIHMS o5 4 {44iqn
agent, such as E ﬁg#l'amle% ift Jcmy b Qhﬁﬁsg@%%%f HWHoiR Eﬂeaﬁrﬂplﬁﬁa)ﬁi MdIBArdpmany of

clains 1 to 16 or ormulation In any of cllainms 17 to 29 for
use in the preparabf andeirabiat gastromtdsanammﬂalymtatany reetiuie stehc aagmiﬁhamm&mr}’t he
prophyl axi s and/ or treatnment of i rabl e inf

t t
A Bi fidobact eri um 8PV S%?§ecslu&l?r‘?§ 'ieo DHHPEHE ¥ Hﬁ’ﬁ@l ¢ h@% %’?ﬂa{ﬁ% bdwel*

formul ation as cl %ﬂ@?&né '})oﬁaﬁtlﬁ)for‘f)b@t'lﬁﬁcﬂ(?n ddhitidd for use in the
preparation of a panel bi ot herapeutic agents for nodifying the |evels

of I'FNy, TNFaD IL-8, _IL 10 and/or 1L-12. 15 43. The use of a
Bifi doba_ct eri st ra @fﬁacéﬁ%i%f%g} n_an T?edt ‘fn gfg"q% 313 %VBGI:!E ﬂammato

forrrulatlona an ac rlvatl

fragnent or nut ant a@tmt@qpfmtajmgmemgmmbon and/ or treat rrent of
i nflammatory di sorders, imunodeficiency, inflamuatory bowel disease,

irritable bowel syndrone, cancer (particularly of the gastrointestinal and

e apystemak, | 28 Blhhdiosiln SR 38 SRl hOLR! CIARRACA G, LrAnTARA

paedi att’i ¢ di ar'r hoea,” “appen t'or mrun ers, multiple
sclerosis, Al zheimeg clSmﬂsldSﬁaﬁyEof clainesui et @0donmdehin itHei prpph[,}dmiw ad/ol tsméraent
di abet es rrel litus, organ, transpl ant gi on, bacterial infections, viral

i nfections, fungal of gasaeintesHaal %@W@ ontal disease, urogenital disease,
sexually transmtted disease, H'V infection, HV

36. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
15 as claimed in any of claims 17 to 29 for use in the prophylaxis and/or treatment

of systemic disease such as rheumatoid arthritis.

37. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
as claimed in any of claims 17 to 29 for use in the prophylaxis and/or treatment

20 of autoimmune disorders due to undesirable inflammatory activity.

38. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
as claimed in any of claims 17 to 29 for use in the prophylaxis and/or treatment

of cancer due to undesirable inflammatory activity.

25
39. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
as claimed in any of claims 17 to 29 for use in the prophylaxis of cancer.
40. A Bifidobacterium strain as claimed in any of claims 1 to 16 or a formulation
30 as claimed in any of claims 17 to 29 for use in the prophylaxis and/or treatment

of diarrhoeal disease due to undesirable inflammatory activity, such as



25 replication, HV associated di arrhoea, surgical associated trauns,
surgical - induced netastatic di sease, sepsis, weight |oss, anorexia, fever
control, woashesiva, wound heal i ng, ulcers, gut barrier furrdii@n/omlhd er gy,
asthma, respiratory disorders, circulatory disorders, coronary heart

di sease, anaem a, disorders of the blood goagul ation system renal

di sease, disorders of the 30 central nervotls system hepatic disease,

i schaem a, nutritional disorders, WD.,03/010297 PCT/|E02/ 00110 -_431%9?

ost eoporosi s, endo&esadigims Gilierdlesassegigterd diAtogR SRPIGRING assegipted Jiarhara, &y
acne vulgaris. 44,.4 iﬁfet:figéjgﬂﬁhgerbaﬂ RS EHa dR8asE | dak 18 dn ifegtiis Akerkt! AicHE 1
to 16 wherein the P8 strains act y ant agoni si ng and excl udi ng

proi nfl ammat ory m as 8cofigani sns fromthe gastrointestinal tract. 45. A
Bi fi dobacteriumstrain as claimed in any of clains 1 to 16 or a fornul ation
as clainmed in any of clains 17 to 29 for use in the preparation of anti- 10
I nflamatory Ry ot h%{ Bgﬁ%&&eﬁ@ﬁ@&ﬁnfa@rclaﬁrﬁ&lﬁi B bhG@ain@VeleS1®©br Pf&@mulation
inflammatory cytokines. 46. Use of a Bifidobacteriumstrain selected from
any of AH208, AH209s cidided in amsdflclanp 17 ior 2AHon #sedn dhe Prenaration ft prfe

probiotic strain. 15 47. A nethod of .treati r . i I
i nfl ammatory acti vi“i5f§/a ato Hﬁ"gwe%% a%?nstseggrea}engéﬁs{ﬁg%%cr%% dﬁﬁﬁ%h@%ﬁmﬁi ses
adm ni stering to thgdsuhbieghflanifi&oBi dckid@pact eri um strain as clainmed in any

of claims 1 to 14 or a fornulation as clained in any of claim15 to 27. 20
48. A nethod as clainmed in claim47 wherein the undesirable inflamuatory

activi g 1= agtr olhestnal P AITRLARCAG! L) Ll 1 8 TPbhOkrhflal mod

in claim47 € undesirable T ntl anmat activity Is
i nfl anmat ory bowel adické@ase irsaghofadai@isolin® 20 f@ase iorthaipeparatiow ef a panel of

biotherapeutic agents for modifying the levels of IFNy, TNFaO IL-8, IL-10
and/or IL-12.

15 43. The use of a Bifidobacterium strain as claimed in any of claims 1 to 16 or a
formulation as claimed in any of claims 17 to 29 or an active derivative
fragment or mutant thereof in the prevention and/or treatment of inflammatory
disorders, immunodeficiency, inflammatory bowel disease, irritable bowel
syndrome, cancer (particularly of the gastrointestinal and immune systems),

20 diarrhoeal disease, antibiotic associafed diarrhoea, paediatric diarrhoea,
appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,
rheumatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation,
bacterial infections, viral infections, fungal infections, periodpntal disease,
urogenital disease, sexually transmitted disease, HIV infection, HIV

25 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

30 central nervous system, hepatic disease, ischaemia, nutritional disorders,



colitis; irritable bowel syndrome; pouchitis; or post infection colitis.

50. A nethod as clained in claim47 wherein the undesirable inflammtory
activity woaymowabl e bowel syndrone. 30 WO 03/010297 PCT/AEORHIDOEI®O - 44
51. A nethod of treating or preventing cancer in a subject which conprises
adm nistering to the subject a strain of Bifidobacterniumas clainmed in any
of clains 1 to 14 or a fornulation as clafnmed in any of claimi15 to 27. 5
52. A nethod as clained in cl in151_mharein.the acer is gastroiptestina

Sieoers, s

cancer or cancer Q8fEOROSIHFa4ATHIS diRorders, epiderm H3siangl/or acne

preventing a systegh&mggsease associated wwth inflamuation in a subject
conprising admnistering to the subject a strain of 10 Bifidobacterium as
claimed in any of clains 1 to 14 or a fornulation as clained in any of

claim15 to 27. 54. A nmethod .as clained in claimb5 erejn the stepic
i sease i s r hida: & BiiBpbseren Sregs insladiedif 1y rItREal i CoPTRE, Bt i ng
an aut oismmune di sogglans GRUSE dniaYonidins laAdTEREIGH ']tB)}oﬁxfﬁlHﬁﬂxaQ&Sr BRNbEgahRfhs
adm nistering to the subject a Strain of Bifi (%o acteriumas clained in any
of claims 1 to 14 &omathf gastrdiniestival @wact. cl aimed in any of claim 15 to 27. 20
56. A nethod of treating or preventing a diarrhoeal disease in a subject
conprising admnistering to the subject a strain of Bifidobacterium as

claimed in anys50f ACBgibbacteriuin $ifaifitas alair@édrid @iyl G claignsCl @i Teeék 4 forafyatioh
claim15 to 27. 25 57, A nmethod as clained in claim56 wherein the _
di arrhoeal di seaseas slammedtin iy oh clgimg i1¢i tPe2Adeb b dheiPEpaTiben, of anti-

Rot avi ot ) L ) ) )
i seasdSiue 1o an THPLEFEIITRsapakic BuREtir e tht IRER of brd hALRRARAY
cytokines.

46. Use of a Bifidobacterium strain selected from any of AH208, AH209, AH210,

AH211, AH212 or AH214 as an anti-infective probiotic strain.
15 '

47. A method of treating or preventing undesirable inflammatory activity or
inflammatory disease in a subject which comprises administering to the subject
the Bifidobacterium strain as claimed in any of claims 1 to 14 or a formulation
as claimed in any of claim 15 to 27.

20

48. A method as claimed in claim 47 wherein the undesirable inflammatory

activity is gastrointestinal inflammatory activity.

49. A method as claimed in claim 47 wherein the undesirable inflammatory
25 activity is inflammatory bowel disease such as Crohns disease or ulcerative

colitis; irritable bowel syndrome; pouchitis; or post infection colitis.

50. A method as claimed in claim 47 wherein the undesirable inflammatory
activity is irritable bowel syndrome.

30
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51.

52.

53.

54.

55.

56.

57.
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A method of treating or preventing cancer in a subject which comprises
administering to the subject a strain of Bifidobacterium as claimed in any of

claims 1 to 14 or a formulation as claimed in any of claim 15 to 27.

A method as claimed in claim 51 wherein the cancer is gastrointestinal cancer

or cancer due to inflammation.

A method of treating or preventing a systemic disease associated with
inflammation in a subject comprising administering to the subject a strain of
Bifidobacterium as claimed in any of claims 1 to 14 or a formulation as

claimed in any of claim 15 to 27.

A method as claimed in claim 53 wherein the systemic disease is rheumatoid

arthritis.

A method of treating or preventing an autoimmune disorder caused by
inflammation in a subject comprising administering to the subject a strain of
Bifidobacterium as claimed in any of claims 1 to 14 or a formulation as

claimed in any of claim 15 to 27.

A method of treating or preventing a diarrhoeal disease in a subject comprising
administering to the subject a strain of Bifidobacterium as claimed in any of

claims 1 to 14 or a formulation as claimed in any of claim 15 to 27.

A method as claimed in claim 56 wherein the diarrhoeal disease is Clostridium
difficile associated diarrhoea, Rotavirus associated diarrhoea, post infective

diarrhoea or diarrhoeal disease due to an infectious agent such as E.coli.



