WO 03/ 010299 PCT/IEO02/00112 -1 "Probiotic Lactobacillus casei strains"
Introduction 5 The invention relates to Lactobacillus casei strains and
their usewaaspi@bd otic bacteria in particular as i mMmunonepdalimaox00y12

bi ot herapeutic agents. The defense mechanisnms to protect the human
gastrointestinal tract fromcolonization by intestinal bacteria are highly
conpl ex and invol ve both i munol ogi cal and _non- 10 i munol ogi cal aspects
(1). Innate defense nechani snms include the |ow pH of the stonmach, bile

salts, peristalsis, mucin | aygs s, 30d180%hs b alpempounds such as

| ysozyme (2). | munol ogi cal rrec%rm‘mr‘rrm‘i%e—m-a% ed | ynphoi d
aggregates, underlying Mcells, called peyers patches which are
distributed throughout the small intestine and colon (3). Lum nal antigens
presented at IH@dUctiont es result in stinulation 15 of appropriate T and B
cell subsets wth establishnment of cytokine networks and secretion of

anti bodkLes in i . .

pr esent gu on irge m%ntﬂ;% %il’agés% 2?’ %ggpfgé{{l&érc‘gq%%ls&éoﬂslanp rtg(;geiﬁcﬂl‘?t E%%mﬁlgfl& ggﬂ%ré%/t es
and to the UimCiﬁfticyllalﬂgs irﬁmmn@n@mabiyebibﬂﬁeﬂapama!géms.( 5). Therefore, the host
i nvests substantially in inmmunological defense of the gastrointestinal
tract. However, as the 20 gastrointestinal nucosa is the |argest surface at
whi ch the hos’f?é sﬁs@% bl bl ¥BrorcR i HiRan QAUHIRBERAL iraRffh Ebon R O
mechani snms nus eiln ace to regu ne responsiveness to e 100
tons of food whiméstinal Hmmﬂiaeaie hj/glﬂyleomgkzztamdnmoém boihlmlmxanﬂogm&randmon—
average |ifetjne. Furtherm)re ut, 1s colqnized by . over 500 ci es of
bact or 18 nunbETiRplagea 2epees 4 Eﬂrtagﬁed%%v%?nmee?‘ﬁ%mst%@ée deniFpipbar e
mechani sns nu Balhe fisdish i HeRCANCATPRIBANENESmAHARE S,
bacteria fromag?l%%lag)?lve patrﬁolser?s V\h;llr}:ﬂ%a\ou I d cause significant Eamaase to
the host. In fysetymet @k Inmuesibgival mettengnsdntlnddsieeslivel kj@i]:élns:bagg‘regam host

b t tentiall. t i
D) SomPett 10 UL BT B ALt BEBREEL SRR AT
i nflamat i on. jneRRRd SRNGoldITHNEuf@ed ANEEHSs hResélQ] hinHeBNeY sl G ﬁfrh@l'éﬁorhaVe

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
over 500 species of bacteria numbering 10''-10'%/g in the colon. Thus, these conirol
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/ 010299 PCT/IEO02/00112 -2 certain disease states, such as

i nfl ammatory bowel di sease. Antigens associated with the normal flora
usual | y Iwad3mom2pemunol ogi cal tol erance and failure to ackRcCe&aezdone

tol erance is a major nmechani smof nucosal inflammation (6). Evidence for
this breakdown in tolerance includes an increase in antibody |evels
directed against the gut 5 flora in patk@nts with I BD. The present
invention is directed towards Lactobacillus strains, which have been shown
to have i munesviddudistase gtatesf seh@s ilammataryabowe) disgassk i Avatigeny essociatedoyith

ant agoni zi ng and excl udi n o-inflammtaory. mcro-organisns fromthe .10
gast roi nt est | RsmerPEl ore dbuglly lead to Sptincloiert (olexines A 81NTS o AEMEKS W i on
there is provioigshce ikachRApaCinkiHagiseRASL imEbEal iAflAhmAtioMIENT Fidendd r¥a@miaNt
thereof isolated fromresected and washed human gastrointestinal tract. The
i nvention al skrepdovindadolerapeginglydes a1 ingreasesiaiantibedyi lavedy digecsk againsbiheedt i ant
t her eof wheg el : illus casei strain is significantly
innunon%dulatgg%q?hgﬁg%ﬁﬁg9ﬁ§§al consunption in humans. 20 According to the
invention there is provided a Lactobacillus casei strain selected from any
one or nore of AH101, AH104, AH111, AH112 and AH113 or a nutant or variant
thereof. The HiR RFsertaipveidion edeactedatanardioleqipasiifnst srains, TrHCk davabeetay
be a naturall 5 6 | j f t j c Lo |

embodi ment - of NS (DS iRl ADARnD erAS. B ine”BBkine Budlfr by .

vi abl e cel | sant#doneninpat iané| yexichlinghaprd-infilanmiat@iy nsméere-organisnes f éom Ofthe
non-viz&le ceIIs..30,Iﬂ one enbodi nent of the invention the Lactobacillus
casei r ai nsBRFRESIRAI2ChL m of a  biol ogically pure culture. WD 03/ 010299
PCT/ 1 E02/ 00112 -3 In one enbodi nent of the invention the Lactobacillus

casei is isolated fromresected
Statements of Invention

According to the invention there is provided a Lactobacillus casei strain or a mutant or
15 variant thereof isolated from resected and washed human gastrointestinal tract. The

invention also provides a Lactobacillus casei strain or a mutant or variant thereof,

wherein the Lacfobacillus casei strain is significantly immunomodulatory following

oral consumption in humans.

20 According to the invention there is provided a Lactobacillus casei strain selected from
any one or more of AH101, AH104, AH111, AH112 and AH113 or a mutant or

variant thereof.

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

25 occurring variant of Lactobacillus casel.

In one embodiment of the invention Lactobacillus casei strain is in the form of viable

- cells. Alternatively Lactobacillus strains are in the form of non-viable cells.

30 In one embodiment of the invention the Lactobacillus casei strains are in the form of a

biologically pure culture.



and washed human gastrointestinal tract. Preferably the Lactobacillus casei
strains are significantly i munonodul atory foll ow ng oral consunption in
humans. 5wOh@/o1029enti on al so provides a formnul ati on whi chPConmper®er at

| east one Lactobacillus casei strain of the invention. The fornul ati on may
conprise two or nore strains of Lactobacillus. 10 In one enbodi nent of the
i nvention the formul ation includes anothéﬁ'probiotic material. In one
enbodi ment of the invention the fornulation includes a prebiotic material.
15 Preferably the fornulation includes an ingestible carrier. The

i ngestabl e cayJ} . 3 LGal [Eier S a
capsul ot abi o o5y ey &S ABREGH e rBlokaAEEBLBPl T GLS il BEd
product such asi weshdd huedn ghdtdointasaighiuract. Prifepabdy thedgbiobbcillib ddseisoakitrare m | k
concentrate, Qhe?se %preads, dressinqﬁ Qr bﬁverages. 20 I'n one enbodi nent
of the i nvent FgRticalyigmRoRqdyiaiasy fqliowing grah eonsHmption WdWmspri ses  a
protei ngand/or peptide, in particular proteins and/or peptides that are
rich in glutamne/glutanate, a lipid, a carbohydrate, a vitamn, mnera
and/ or trace EheimyabtiorP8sd prosives efidrodilatentwitith tompiises entehsironk detobaciliid us
casei strains are present in the oryrul ati.on at nore than 106 cfu .per . gram
of el very  SFroHBPE AL B orh N OHRRGE BAY AR B Ay TOHS SGHBRGE o o
an adj uvant, p,hssdcgnisal conponent, a drug entity or a biol ogical

conpound. 30 In one enbodi nent of the invention the formulation is for

i mruni sati on and vaccination protocols. WO 03/010299 PCT/IEO02/00112 -4

The i nygntion, further, ptovi.des Lactobacil.l us casei strai,ns or,.,a for,nul.ation
of the 10 nventd GRE rapbemenys St d5 iRt thes Torniaiiona isieS Bpthe #ToBioiGe
prophyl axi s amdieginl. treat nent of undesirable inflamuatory activity, for use
in the prophyl axis and/ or

In one embodiment of the invention the formulation includes a prebiotic material.

15 Preferably the formulation includes an ingestable carrier. The ingestable carrier may
be a pharmaceutically acceptable carrier such as a capsule, tablet or powder.
Preferably the ingestable carrier is a food product such as acidified milk, yoghurt,
frozen yoghurt, milk powder, milk concentrate, cheese spreads, dressings or
beverages.

20
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.

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

entity or a biological compound.

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

vaccination protocols.



5 treatnment of undesirable gastrointestinal inflammatory activity such as

i nflammatory bowel disease eg. Crohns di sease or ulcerative colitis,
irritabl ewoeselo2zsyndrone, pouchitis, or post infection c@®CruEe/ooirr use in
t he prophyl axis and/or treatnent of gastrointestinal cancer(s), for use in
t he prophylaxis and/or treatnent of systenmic disease such as rheumatoid
arthritis, for use in the prophylaxis and/or treatnent of 10 autoi mmune

di sorders due to undesirable inflammtory activity, for use in the

prophyl axi s and/ or treatment of cancer due to undesirable inflamrmatory
activity, forg C [ axi s
and/ or %lreat rrehgf'j%fe hﬂ%ﬁ I ar rlﬁgrg‘ﬁg%glggs(égggg ﬁlggtcg{gﬁn%e%?érjg &%Pﬁn&{ %? gl?'{%/

activity, suchvasiod fostusé dlslfm)dsdlffst ia€ lal rRe ASHOML abedls@lhr&mdﬁpz@phleﬁi awd/ous
associ at ed di arr hoea )g g@ infective 15 diarrhoea, for use in the
prophyl axi s aHeAtmeEnt plypdesifablst infammatss ArHvibs 08 s the RAPhYIMeend/sus

agent, sguch a?ealﬁneti?toéf' und-ggi?aﬂhﬂg%hﬁ&nﬂéﬁﬂﬂ%ﬁ%l&fsatct!r\ﬂﬁrt qRac! 1111!1'51\191@1%%’

strains or ornmulation o i nventi on use I'n the preparation  of an
anti -i nfl ammabovgl disathegagaubisc dagmatorf drerat?@ tdjimsprlrrnlalylbd)ov&l amodrome,

treat ment of undesirabl e |nflamrat ctivity or f use
preparati on of° “éfﬁ’tt’ist ChPPSintREID W ‘thé’lr d’ﬁ%d{llthe E\S) Yéa"fso?“qr}ﬂretrﬁ%t@ﬁﬂﬂlf’gm s

and/or treat Q%HEm@ianﬂd@aﬂcé@Ql Sor (el AR AEYhALLIE \éhﬁbbr AR & rgff@t‘éfnn@nt

of the inventfon the strains of the inventionh act by antagonising’ 25 and
excl udi ng pr oflisdasesuelt ay yhermtaltcudoﬂr@am s user onihepopladexisiand/es treaiadent phct .

The |n ntion Iso 0oV, t obaci casgi ains.or a formJlat on of
t he x@ent i oﬁu lﬁbe \C/llsﬂr e %ﬁcﬁ' efal% eF‘&%l%flngﬂ{"?‘a{oﬁf | 3HNEofgr use m

bi ot her apeut | fro V\%ﬂ;ﬂﬁ‘i@ ah@br treghént B0cdnle &@V@I@d@éua@ﬁlé)ﬂfl@ﬁin@dmtaeﬁwy, for

cyt oki nes. 03/ 010299 PCT/1EQ2/00112 -5 The invention further

provi des Lact wisaisi (heuprophglakis AH1gancerpforugse im thehprophglasisatidder tr@fftment Of
anti-inf| am&&rﬂ?‘%i %Jé%eaﬂ ttbcarﬁg gag)Fe F?lran{ng“aqgr I Q(g{ t}'tgie ﬁlsehvgl Clﬂsntzﬁzétm '

The i nvention I‘OVI L Cl US cas us

preparation oflifficie aﬁ§5b61ata:ﬁ| diiiond, y Rbiaoirite raagiRidid digeides bOrpo¥pdhfeyiing t he
| evels of 1L-8, IL-10, IL-
15 diarrhoea, for use in the prophylaxis and/or treatment of diarrhoeal disease due to an

infectious agent, such as E.coli.

The invention also provides Lactobacillus casei strains or a formulation of the
invention for use in the preparation of an anti-inflammatory biotherapeutic agent for
20 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

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

The invention also provides Lactobacillus casei 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.
30



12, TNFa or |IFNy. The invention further provides Lactobacillus casei
strains for use in the preparation of anti-inflanmatory biotherapeutic
agents fowormedidf2ge ng the | evels of IFNy. Preferably 10 i mCrhEe/mare t he
strains are selected fromany one of AH101, AH104, AH112 or AHl 13. The
invention al so provides for the use of anti-infective probiotic strains due
to their ability to antagonise the growt‘ns of pat hogenic species. 15 W
have found that particul ar strains of Lactobacillus casei elicit

i munonodul at oy invenfier futhen pravides Lavtedasifiye paseoAH14 1 tihe psef iorthe pfepamtion

potential ther Jt 1ec val i he prophyl axi s, or 0 trea t of
dysregul at ed iO%mBrIu%géﬂf%éné%éﬁrgé)sl&hérﬁgﬂ&ﬁg Eﬂﬁ%ﬂ% ir?dél&ng L %*ewgﬁﬁtﬁggy reactions,
for exanple inflammtory bowel disease. The strains nay be used as a panel

of biotherapeutic agents from which a selection can be nmade for nodifying
the levels of lheNaveniiRgAurther mgovifes Aqciehagiliys cpyel Biraing31sg e the peparation of

f or mul atg ons 1 i ti. e [ . pr tio0 ng/ Qr
treatmone of T aarnEH o8 heR st ok Tl B ek P e 8710 dhve
di sease, irrilRADNBoleWNy.syndrone, cancer (particularly of the
gastrointestinal and i mune systens), diarrhoeal disease, antibiotic
associ ated di arrhoea, paediatric diarrhoea, 30 appendicitis, autoinmune

di sorders, nuhj ' ' " i sease rheumat oi d arthritis,
coel i ac di seals?tgge EJK]HI%E @{@.@Bgﬂéﬁ Y@Eé?géé%%ﬁfutg ggsneép b3 fgrjuse 10 ScPfeé’Pfa}ofP“\RE
03/ 010299 PCThhiE@ZD0ddkery bibthtabagid 4@fts i madifying &l le®ds of frNMGabreferably
infections, periodontal disease, urogenital disease, sexually transmtted
di seasd? HI Vv ithtlig tcagnthegisginseprei sekaciednfromy anyaermoof A1, AREG4 o112 or
surgi cal assogjgt;8d trauma, surgical-induced netastatic disease, sepsis,
wei ght | oss, anoréexia, fever control, cachexia, wound healing, ulcers, gut
barrier 5 function, allergy, asthma, respiratory disorders, circulatory

di sorders, coronary heart ) . )
The wvention also provides for the use of anti-infective probiotic strains due to their

ability to antagonise the growth of pathogenic species.
15
We have found that particular strains of Lactobacillus casei elicit immunomodulatory

effects in vitro.

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

reactions, for example inflammatory bowel disease.

The strains may be used as a panel of biotherapeutic agents from which a selection can
be made for modifying the levels of IFNy, TNFa, IL-8, IL-10 and/or IL-12.
25
The strains or formulations of the invention may be used in the prevention and/or
treatment of inflammatory disorders, immunodeficiency, inflammatory bowel disease,
irritable bowel syndrome, cancer (particularly of the gastrointestinal and immune
systems), diarrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
30 appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,

rheumatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation, bacterial



di sease, anaem a, disorders of the blood coagul ati on system renal disease,
di sorders of the central nervous system hepatic disease, ischaem a,
nutriti omab odiosapdler s, osteoporosis, endocrine di sorder s pCagpgEaome

di sorders, psoriasis and/or acne vulgaris. 10 The Lactobacillus strains are
commensal m croorgani sns. They have been isolated fromthe mcrobial flora
within the human gastrointestinal tract. -¥he i mune system wthin the
gastrointestinal tract cannot have a _pronounced reaction to nmenbers of this
flora, as theinfessighs,iviigl infedtiansretega) infeetiopst perigdanig! disease.deegervipl Hissasecel | s
and tissue function. Th fare, s hani s - exi st. wh he .| ne
system can 15563(3%1!9'9 ﬁf%&mgﬁeﬁ’n@ﬁg%ﬁe’ g[gﬁ/ pla ‘?%gi ré’niﬁ:ﬁ)rrerﬁ%lécra 0%t ?{Iﬁgy%éocmtednm

gastroi nt est i MadrhddaQrsargddl kRidetted itdafi@n £ Biirgical-pRILBRI0 gtk B a0t OdifdaSeBsepdib) S
ensures that danage to host tissues is restricted and a defensive barrier
is still mainveighedossparepai fever confialobdieriay yvopnd dieaking. Ailpera g1 1bagesr

made at -t he [ I I [ . fq thi . I i
Tt od® (e NEEEAE iy, SahhERe0ibd aiddd S AP Mo RREEEA | o
41043. A depodikdas@fanhaniaptieaidrs ubthedd@id cohgulbtiorAhitRd, vaml divchee,alisotdees ofNCl MB

on April 20, 2000 and accorded the acgession nynber NCI MB 41046, 25 A
deposit of LaboBeral| HaVeussSysieny JreRaiig digeasty Sscharmaiag (nuitionly YEPIdsSvar ch

22, 2001 and ﬁ&@% SededdderiRC s AR eptiRer diNhAB AIART: arf/ BERRS 1 Ais,
Lact obaci | | usoca ef sf?adlanﬂAHﬂZ was made at1 t he ’I@I MB on March 22{ér S2001
and accorded the accessi on nunber NCI MB 41096. 30 WO 03/010299

PCT/ | EQ2/ 001 =7 A deposit.of Lactobacill.us casei stjpain AH113 wa de
2t the R N BiE FEFBHCTDS usish prs RomBRaey dub e RRE oS LRS TG 60 RANE
41097. The LaghQhREhlitdBialASAIwiliRY RenRnMeRRirbiarislival Ak, fTIRGAHR ys@m | t
may be a naturally 5 occurring variant thereof. Preferably the

Lact obaci | | uswithisghe gastiomtestivalfitacheanhol/hayiglagpreadunsed miaetéanniatmerabeys phidis
flora, as the resulting inflammatory activity would also destroy host cells and tissue
function. Therefore, some mechanism(s) exist whereby the immune system can

15 recognize commensal non-pathogenic members of the gastrointestinal flora as being
different to pathogenic organisms. This ensures that damage to host tissues is

restricted and a defensive barrier is still maintained.

A deposit of Lactobacillus casei strain AH101 was made at the National Collections
20 of Industrial and Marine Bacteria Limited (NCIMB) on April 20, 2000 and accorded
the accession number NCIMB 41043.

A deposit of Lactobacillus casei strain AH104 was made at the NCIMB on April 20,
2000 and accorded the accession number NCIMB 41046.

25 :
A deposit of Lactobacillus casei strain AH111 was made at the NCIMB on March 22,
2001 and accorded the accession number NCIMB 41095.
A deposit of Lactobacillus casei strain AH112 was made at the NCIMB on March 22,
2001 and accorded the accession number NCIMB 41096.

30



Lactobacillus casei may be in the formof non-viable cells. 10 It will be
appreci ated that the specific Lactobacillus strain of the invention may be
adm ni st ewed3wo2omi mal s (i ncludi ng humans) in an orally i mgegEe2doe12f ormin
a conventional preparation such as capsul es, mcrocapsul es, tablets,
granul es, powder, troches, pills, suppositories, suspensions and syrups.
Suitable formulati ons nmay be prepared by ‘met hods conmmonly enpl oyed usi ng
conventional arganic and ino&g@nic 15 additives. The anmount of active

i ngredi ent i n4fosbel kagrolgsitye spee simirayige wis madd abvks NOWMB eu Mardd; ci se
the desired U e5@RAHCEGGE] [18GheesTi0f nlBbINEMIBN By, &l SO | nclude a
ent, a arug entity or

bacterial conpon a biologi ca conpound. 20 In
addition a vaccine conprising the strain of the invention nay be prepared
usi ng any suh%able known net hod and may include a pharnmaceutically

accept abl e carP$ bfclehacillgjcqeedmpay bes genedcadldnedifipbmatinat pr it arayi herp ndteatler ns
nutant,5variag&mﬁg§ggﬁﬁﬁﬁ&ﬁ%bky modi fied nmutant include a strain of
[

Lact obaci |l | us salivari us ose genetic and/ or phenotypic properties are
altered conpared to the parent strain. Naturally occurring variant of
Lactobaci | l us_casei. i pncludes the spontaneous. alterations _ of targeted
properties sgfeg?ff?l?WéF?/ LF?B?%WQ’GF 96?%?1 & ’d]‘e‘?lF 58’?‘%&02 Vé‘?til%rcﬁltlﬁ-orﬁlﬁfnaﬁé‘?léﬁhe
strain proper ;&sp s REses AR Me 5ROt Rdh-apNKERfiE. onal geneti ¢
mani pul ati on technol ogi es, such as gene disruption, conjugative transfer,
etc. WO 03/010299 PCT/IEO2/00112 -8- Brief description of the draw ngs

Fig. 1., a bar graph show t adhesive natyre of, L ohaci | | us casei
ot Pai nd0° 5% oA Attt BPCeih Vekestiod shbio Sckiegomtighanaitos oo,
Fig. 2 is a badmuisetd Shominglst iacksbingUh@hafsy iaf ieCsra®y thENVibR eSHHE tih 0

(pg/m) by PBMCs follow ng co-incubation with Lactobacill'us casei strains;
10 Fig. 3 is eonygptiqnahprepatation such precdpswlenh onstherpaudesy tablgtsirgrarofles, powder,

Lact obaci | | UStroches, pills, suppositories, suspensions and syrups. Suitable formulations may be
prepared by methods commonly employed using conventional organic and inorganic
15 additives. The amount of active ingredient in the medical composition may be at a

level that will exercise the desired therapeutic effect.

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

20
In addition a vaccine comprising the strain of the invention may be prepared using any
suitable known method and may include a pharmaceutically acceptable carrier or

adjuvant.

25 Throughout the specification the terms mutant, variant and genetically modified
mutant include a strain of Lactobacillus salivarius whose genetic and/or phenotypic
properties are altered compared to the parent strain. Naturally occurring variant of
Lactobacillus casei includes the spontaneous alterations of targeted properties
selectively isolated while deliberate alteration of parent strain properties may be

30 accomplished by conventional genetic manipulation technologies, such as gene

disruption, conjugative transfer, etc.



casei strains on the production of I1L-10 (pg/m) by PBMCs; Fig. 4 is a bar
graph showi ng IL-12 production (pg/m ) after incubation with Lactobacillus
casei strapng/01@®» Fig. 5 is a bar graph showi ng | L-8 prodecritpez/qpg/ m )
after incubation with AH111 and AH112; and Fig. 6 is a bar graph show ng
TNFa production (pg/m) after incubation with 20 AH112. Detail ed
Description 25 W have found that Lact obacd1lus casei AH101, AHL04, AH111,
AH112 and AH113 are not only acid and bile tolerant and adhere to human
intestinal cell lines but also, surprisingly have i mmunonodul atory
effects, by nodul ati ng cytokine levels or by antagonising and excl udi ng
pro-i nfl ammat Brief descriptiumefitelddaatigisy m cro-organi sns  fromthe
gastrointestinal tract. 30 WD 03/010299 PCT/1E02/ 00112 -9 The general use
of probiotic bacteriais in the formof viable cells. However, it can also
be extended to nongy | > -t 1.0
containing benefi giygéqu% g(t:)t 0 ré&e%?}grslgglg kigbés?‘%e&ﬁr%gf g??@%%@%@?%é“%ﬁ?s
coul d i Acl ude t her teltinyan gastrbiatbstinat epittod ighetlls nEar - i [T o2gani sns kil | ed
by exposure to altered pH or 5 subjection to pressure. Wth non-viabl e
cells product preparation is sinpler, cells may be incorporated easily

i nto pharnaceuti cakg, an j L4t an
viable cells. Lact gﬁgagi@élj? ﬁircgé seihB%M# %%%rﬂg%fﬂ gff%fig%gﬁ%ﬁgdokﬁq%@g/rﬁﬁ

ef fective use of hbpPBMC{ fetlowelg ®-iasutmtior whibd abbadilies édseadtrgnt and/ or
prevention of tunour growth as described in US Patent No. US4347240. 10 It
i's unknown whether intact bacteria are required to exert an

i munommpdul atory  efef 8G§ aMar bfaph REGWiIFUBL iRELYBoGATBRNEM R & LdcMBaciiius

invention can be utilized al one.
casei strains on the production of IL-10 (pg/ml) by PBMCs;

Fig. 4 is a bar graph showing IL-12 production (pg/ml) after incubation with

Lactobacillus casei strains;

15
Fig. 5 is a bar graph showing IL-8 production (pg/ml) after incubation with
AHI111 and AH112; and
Fig. 6 is a bar graph showing TNFa production (pg/ml) after incubation with
20 AH112.
Detailed Description
25 We have found that Lactobacillus casei AH101, AH104, AH111, AH112 and AH113

are not only acid and bile tolerant and adhere to human intestinal cell lines but also,
surprisingly have immunomodulatory effects, by modulating cytokine levels or by
antagonising and excluding pro-inflammatory or immunomodulatory micro-organisms

from the gastrointestinal tract.

30



Proi nfl ammat ory conponents of certain bacterial strains have been
identified. The proinflanmmtory effects of gram negative bacteria are

medi at ed W9 Blopapdl ysaccharide 15 (LPS). LPS al one i nduce®Ca/IE02/00112

proi nfl ammatory network, partially due to LPS binding to the CD14 receptor
on nonocytes. It is assunmed that conponents of probiotic bacteria possess
i munonodul atory activity, due to the ef f-écts of the whole cell. Upon

i solation of these conponents, pharmaceutical grade manipulation is

antici pated. Zbe igemesp] esglafrprebiptic bayeriasisoinethe fomhef eipblskicHesHeweysr, isicay t he

Macr ophage In rotein. faml M.P)..The MP-1 and.-2 fam.l.ies
represent a g%%ﬁggg%ﬁéérfe&tginﬁé%\ﬁ%l%ﬁellsgﬁ%h( %51]8%4 %‘g@f?‘? ¥ SRPBPEUPIS CONUBE vt es
and fi brobl asbenefithil SadiaEidxpreaded Hy0iHRi fi8biatie bateRa. Tk leadi iNEIRAE thep@Sily as
cells other than macrophages are capabl e of synthesizing them These cells
i ncl ude T andkibled gnfcso-orgapisals| efs nycrogaMtisas ikalledc by | exposuse 4o alteesd &l or
snoot h 25 nus el | Vi | t | ] r tes

nepat oot eo, Bl apn g piesRe: i obfividiie BARIrOR! bpuGRaDRREHHG Tons waye
activating prbe¢ écorfdcatdPeasilyl imtcepletrmbhemitiosls add (skirdge @f6irdnhen®s siel Mutialess
neut r ophi |. chempt axj s. ocyte chenotactic protein (MCP-1) and RANTES are
chenot acti ¢ fﬁ?‘“ﬁ‘iﬁh@yf’ggg ¢ellsg lfC%FObﬂéﬁll”F oot ST TadRL8 pifessasc gramaploser | the pF4
and CTAP are gienmtagt iof nbarkifiddEaR! A 165 it ks
have been descri bled for0 slorrelof t hese fgrrﬁ}{gg ner%%e‘?%{im%\@?%Qg%uﬂﬁ%?ég
nmonocyt e cyt oswmriur gravdhiay deseribertindip Batowi Me ESd3dA240el ease. CTAP and PF4 WO
03/ 0105@9 PCT/ 1 E02/ 00112 -10 increase fibroblast proliferation, IL-8

i ncreases vascul ar perneability while MP-1a and -1(3 are pyrogenic. |L-8
is intimatel yiigupkuesn ivhdiiit | iniapebRtefiad @f%p@?ﬁ?eﬂ W ERirinan tir!ﬂﬁlunomodulatory
gastrointestinal tract. Stimulation of IL-8 (and other proinflammtory

cyt oki nes) ceffRcdl aroHitiniliyidual ngiveneordpensnispaletite biverfist caoi he agilizadilaldresi ons
therefore it {s.inportant 5 that probiotic bacteria,shoul d .not.sti ate
the product | oh CHTERPABE, rostpdnait, & FB-PLbGigRE LBy PRt B8hgia, S
nonocyt es andpiFaflagihaesseffetRios geant-akialiee bastei® e nddiedbPlipdRihéParidnd
differentiation of B cells into anti body secreting cells. L- I0 exhibits

most | y lant i - i HSanfrkBatqnededuces ¢ pewnflammefpyrreguiorkt pastially- durdo &BSriiding o 10
by monocyt esl @?Wﬁ'&ﬁﬁ&e&l Itngl?oc%s.o id &&&hﬂlﬂﬁ%&%h&ﬂ @E}HBBBEX bacteria

activities.

possess immunomodulatory activity, due to the effects of the whole cell. Upon

isolation of these components, pharmaceutical grade manipulation is anticipated.

20 Interleukin-8 (IL-8) is one of the cytokines comprising the Macrophage Inflammatory
protein family (MIP). Thé 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.
These cells include T and B cells, fibroblasts, endothelial cells, keratinocytes, smooth

25 muscle cells, synovial cells, neutrophils, chondrocytes,‘ hepatocytes, platelets and
tumour cells. MIP-1c -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, 1L-8 for neutrophils and
lymphocytes while PF4 and CTAP are chemotactic for fibroblasts. Roles other than

30 chemotaxis have been described for some of these family members. MCP-1

stimulates monocyte cytostatic activity and superoxide anion release. CTAP and PF4



i nhi bits nonocyte production of cytokines, reactive oxygen and nitrogen
internmedi ates, MHC class Il expression, parasite killing and IL-10

product i owowda1®99 f eed back mechanism (7). This cytoki ne Ra3/TRé2®112een
shown to bl ock nonocyte production of intestinal collagenase and type IV
col | agenase by interfering with a 15 PCGE2- cAMP dependant pat hway and
therefore may be an inportant regul ator of0the connective tissue
destruction seen in chronic inflamatory diseases. IL-12 is a heterodineric
protein of 70ikBasvfipwbbdt pfolifevationhiSemctepsdsi vakadarcpainesbilify wifle MIPald 40
kD. It is produ e"% i{)ri marily l}é ant.i gen g{r,esenti ng cells, such as 20

macr ophages, 1 4 PYIngenifs | hrfnistiphipatelysayeleed inqinflamaiataiy apsppeges avithin
stinul ate theypr Wl i g bl i tent inducer of
FNy product | o e e tral SAh@URorP oPlies fertfounds prohep RS INGE " e
key cyt oki nescowdd essebyie imthetdeeelograes o phsioiméstinel lesiordihatete itds infpdrtant

I NMune r.esponges imarily. through its ability to, prime cells for high
| FNy pr8duct | @'ﬂ??fgg".o“f: E?%élﬁ gm@g@tﬁﬁ@u@e& ity rtiqerof this eptokmenhi ch
feedback inhibits IL-12 production thus restricting uncontrolled cytokine

production. TG--f3 also down-regulates IL-12 production. IL-4 and IL-13 can
have sti nul allet§ ioprodneadoby dr gellsf Beeells, monddytes 2androgerophiages. Thisi dyitékiimn of

IL-12 in vivo nma have ne..t her tic value in the treatnment of Thl
associ ated i nf! ttg? y“‘ﬁ'g?f 8?‘88?‘@,85@(f:@ﬁ3%%r‘ ?rﬁgtcieﬂ? miq antihody;secretdng cells. wo
03/ 010299 PCTI1l-E® ¢ibiislidosttyldati-mEBmbRIR) a3 &, (I E}!)Wégi’ﬁlait& 1PL 1R ek hksston

product of activated T |ynphocytes and due to variable glycosylation it
can belfound bamgherytasrasthsompresevihe kporityn ofinpeocyThinflameyataiianivitigmn digizes
nmcr ophages, - BP0 SEEHE (bR PP AP BEIFE. Phae sttt [RESEN °
|'i popol ysacchiatertiedialel YTHM d146¢ 0&kpadssiohNEHENi e SkiRing dmcmom“?ﬂﬁﬁctgﬂl }[fia a
ol cace, phaglies e BRakEre, Pt BRI frysnduceshown teiahopenade
orp! e A VSRR ALYy QIR S MGk

15 PGE2-cAMP dependant pathway and therefore may be an important regulator of the

connective tissue destruction seen in chronic inflammatory diseases.

IL-12 is a heterodimeric protein of 70 kD composed of two covalently linked chains of
35 kD and 40 kD. It is produced primarily by antigen presenting cells, such as

20 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
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

25 which feedback inhibits IL-12 production thus restricting unconirolled 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
have some therapeutic value in the treatment of Thl associated inflammatory
disorders, such as multiple sclerosis (9).
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endot helial and connective tissue origin. This allows for greater
presentation of 10 antigen to the immune systemfromcells within inflanmed
ti ssues. wbNg/onRy? al so have anti-inflammtory effects. TIRCI/IE§NDKi2Ne

i nhi bits phosphol i pase A2, thereby decreasing nonocyte production of PGE2
and col | agenase (11). IFNy may al so nodul ate nonocyte and macr ophage
receptor expression for TG-(3, TNFa and cdd - (11) thereby contributing to
the anti-inflamatory nature of this cytokine. Probiotic 15 stinulation of
this cyt oki ne Infetfenteapena GFN#Bl & refnfiedy s produet vibactiepeddi iIngpbocytdseandatie r ent
i nfl anmat ory ﬁt ate bjf he ost,.tsti rl’gulfati n of of her C%:)tiki nes, and t he
route of admihivALPAEE BOITOSHIGER i £a% bS8t ransing: BrY W ookt kDavmi i mblisat es
many of the | eg@kiNeneistledWith oflr 8foREES r&BRhgdiI %r@@oﬁﬂi 's&@ﬂ%%yf
response. This cytokine is primarily a nonocyte~ or nacrophage erlvec?
product but otimmocyies,| magppimigen cheutivplyls ympleodytheiil ceieut dhalss, aifizel | s,

mast celd s, astrogytes, epi i.al cells endothelial cells and snooth
nuscl e c"Je| |'s lgﬂp@(ﬁa&%ﬁ? h@ﬁiémlnw O%Mpﬁnqcé’teéﬁWh’é‘é?@@éﬁgﬁ% by prcerisipgone
and fol | ow ng cploRERSSHIEHHR t : Da ' e :
Purified 25 TC g hagﬁbeert\]l ogég)?&%%@dgégé?dﬁé%,ﬁ??@ ge?ﬁ%?ég%égpglﬁ#ggg\r(@gvﬂn ?h

the trimeric tplomxigtyst NNyt imdutes, dreerthacacthe \eapfession bh majorthistbbdBgatibility

receptors have been idenfif]j for . TNFa. A soluble receptor seens to
function as aCYREE*iFAH Hl\gh%fcilﬁs)s Ihhintigensygn manepyticneslis sod sely ofrgpitzaliel, been

i dentified w bhddiRIRE Yharconhd@Se Afss B0 oARH. 8%&%%1@&%@8&5%&55'[pgese}naﬁ&k o}NFa

production at inflammtory sites can be 1 nduced wth Xi'nand The
gl ucocditi coi dniggenadotitchiasoume siysthintfrdns celist within énfhmoduistiean K3 may\Wo have

03/ 010299 PCT/ | EQ2/ 00112 ﬁ%tz TNFE\VI?QF oduction results in the stinulation of
many cel | typ@Yl-UBiagunaipry, gitechss i TS afytoldne oinhubils o ghepphelinase e Aze dtheigb NFa

treated cell Lines.(14) and the |IENs IS ith TNFa.en cing this
ef fect. Endot ﬂ%ﬁr?aﬁfégcg%opgcyg? @r%%cgfm é’? ?ﬁ% aB&cf\(lfmﬁ%ﬁ“ﬁeoéﬁégu@ﬁY maycglsQi ty,
expressi on of ' e -1, hemat opoi t.i c .gr ors
platel et 5 ac{nl% gg@?énfgm?g@%eorﬂ( %‘%ﬂ)obfgarg& T F RN e(’i‘%ﬁc?sﬁlo'éé&d?%?amat ad Cira o
sdinul ates néu tieptty cantiningae hPMapREMhIStsry MHaGE dNMiAL) ORIt Drobiotic
reactive oxygen internedjate | )

15 stimulation of this cytokine would have variable effects in vivo depending on the

current inflammatory state of the host, stimulation of other cytokines and the route of

administration.

TNFa is a proinflammatory cytokine which mediates many of the local and systemic
20 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
smodth muscle cells can also synthesise TNFo.. TNFa is synthesised as a prohormone
and following processing the mature 17.5 kDa species can be observed. Purified
25 TNFca 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
respectively. Local TNFa production at inflammatory sites can be induced with

30 endotoxin and the glucocorticoid dexamethasone inhibits cytokine production (13).



production and may influence cellular mgration. Leucocyte synthesis of
GVt CSF, TG(3, IL-1, IL-6, PGE2 and TNFa itself can all be stimulated upon
TNFa adnwoiosior@p? on (16, 17). Programred cell death (apopCodE&)oocen be
del ayed in 10 nonocytes (18) while effects on fibroblasts include the
pronotion of chernotaxis and 1L-6, PGE2 and col | agenase synthesis. Wiile
| ocal TNFa production pronotes wound heaHng and i mune responses, the
di s-regul ated system c rel ease of TNFa can be severely toxic with effects
such as cac heTNﬁa Hredentionnesudis in theptissdationetf enany ¢eiagpest i ignificamgntbysal ved
(19). 15 The i cl ea under stood fromthe follow ng
exanpl es.  Ex %cﬁ£%8$%5¥@rlp iobtﬁeaé?dl @c‘i‘”@ﬁl(?)laé‘élt% BlNst sygmsisesadt ed
and washed h 0 of .probiotic
raite. 20 1 oo oy ARl Mool Fndd iR o IRSMMAMES T BoaliPoRLEGnt e
| arge and sneadtivitp} @pidssienof aﬂl’fb@mhum’_&ébtm@ﬂb@] nregbpoiad grohﬂl@ﬁictc(rﬁﬁlatgleﬁ
obt ai ned duri n% reconstructive surger were screened for glrobl otic

bacteri al st ratyating facten BAES andr éraéﬁlllé@@a a¢ireaabelitgs. af T Easﬂsgnam,htas

-80C in steri r d wei Iaced
in cysteinat Jéf% r85%2g}?h&g&%qﬁﬁzrg? é%“stdgg‘%g‘?‘ﬁ%% ﬁl&i’rrseac &‘B%VE q ﬂ

was gently shgdseiction drdnmxe ilfhese %llamhﬁlg%onmI%h@&ﬂ/}@ﬁb’rﬁl‘f@m(MGGN@QSFW@Sh
"W). Foll OWI naFt ransfer to a second volune of WO 03/010299 PCT/| E02/ 00112

-13 Ringer's E@gFBt ilbrl, ¥he &3 andalNKeritseledart il Pe nitingulated repony @NHoght | y
adhering bact rla ter a S In order to isqlate tissue
enbedded bact ‘815“ r@g 1%5%@@6‘“52‘?9 o¢lkydeath of aE?Ptﬂ%giDﬁ%!hib?eée layedainBr aun
bl endeng(t er nBensy¥NI Bhie effbok and
spr ead- pl at ed (nl0 1) o%)n?he ?ol Iso%l ﬁgﬁggagdrs%&m&@mwr%@% el nfor Ce{g&%
clostridi a neldi-@) Paid #dVicalljgasdsedsyhihegikl SWhileslong ABELI prodactich prombtes

(trypticase, peptone and C%/east extract); MRS (deMann, Rogosa and
wound healing and immune responses, the dis-regulated systemic release of TNFo can

be severely toxic with effects such as cachexia, fever and acute phase protein
production being observed (19).
15

The invention will be more clearly understood from the following examples.

Example 1: Characterisation of bacteria isolated from resected and washed

human gastrointestinal tract. Demonstration of probiotic traits.

20

Isolation of Probiotic Bacteria

!
Appendices and sections of the large and small intestine of the human gastrointestinal
tract (G.I.T.) obtained during reconstructive surgery, were screened for probiotic
25 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
strength Ringers’ solution. The sample was gently shaken to remove loosely adhering

microorganisms (termed —wash ‘W’). Following transfer to a second volume of



Sharpe); ROG (acetate medium (SL) of Rogosa); LLA (liver-lactose agar of
Lapiere); BH (brain heart infusion agar); LBS (Lactobacillus selective
agar) andwO3A¥B29{tryptone soya sugar suppl enented w th OPETIR@ADI12
extract). TPY and MRS agar 10 suppl enented with propionic acid (TPYP) was
al so used Al agar nedia was supplied by Oxoid Chemcals with the
exception of TPY agar. Plates were incubat éd in anaerobic jars (BBL,

Oxoi d) using CO2 generating kits (Anaerocult A Merck) for 2-5 days at
37C. 15 G am poagef s\aelutiog: gwea%a@%gﬁ@i%tex%f@hémids &p remove tightly adhering

bi f ur cat ed/ pl : DQ ac 8y SR reake or ri.ty on to
conpl ex non- sgﬁgglﬁj\t}é&nrf@d%g&%bég jén%l %E%)st.ovﬁﬁlgtgls%s 'éeseﬂg?({éje? gg?u[f’[r‘l%lsﬁmples
cul tivated i n36R3976rand AYweamdilsorhonigesisedinleBaus ldntiat @Fmall —hSREzdnare”).

anaer obi ¢ con&j tions. Presunptive Lactobacillus were stocked in 40%
glycerol and st®relytigns wescseaially dilyted and spespdrplatpd {101deen thenfollowiagnagar om

the G I.5T. wepLRdsc mmﬁei&fefceh heosRi B flRGER) Qhd iéc@git@estefa%gﬂggg%%sﬁr%p%cgﬁc

Lact obaci | | us genera. ere was sone varlation nti sa s as
shown in Tabl ecid; BENOWiryBéamapd,epeptor(el brdinjeasinekiditt; (MRSe (ddiviahnh &bgb&e and

| owest counts W th. xi mately 102 cells isolated per gramof tissue. In
compari son, 2§W§Pga?{gfé %t‘?gtafﬁ {?Fé‘“ é&géf &@B@a}?éétﬁg‘#%‘l? e agHeoldeapisre);
sanpl es. Sini BT MR HeirtOfnfuddRe hedr); A W' . al [vR9.dahe m nd
"sanpl e’ steps w (tEh sli g%t Inyu hi gh%{rr’ countéslabt?ﬁ&fq%e Sggér%)viaeagtagoflrﬁ i onsY%f
433 (il eal - caéewitone spablsvgar sipplesnented Wik t0e6% aleastoaxttast) of TPY iand MdRSaagak es

d I f 1 it fu/ m) ti . Table 1
e ot e SRRt R T Rrokeiga BE B hcnst el 8l aiasSies ves Bumtizs 200
PCT/ | E02/ 0011By OxcAd ‘OMBlEalSaith tRneMBic $14% Y A 1Bt A0 ciBaiOx 104 0

3.2x103 8.0x102 S
anaerobic jars (BBL, Oxoid) using CO, generating kits (Anaerocult A, Merck) for 2-5

days at 37°C.

15 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 Lactobacillus were stocked in 40%

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

20
Seven tissue sections taken from the G.LT. were screened for the presence of strains
belonging to the Lactobacillus genera. There was some variation between tissue
samples as shown in Table 1 below. Samples A (ileum) and 316 (appendix) had the
lowest counts with approximately 102 cells isolated per gram of tissue. In comparison,
25 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). Table 1 shows the bacterial counts of
tissue samples expressed as colony forming units per gram (cfu/ml) of tissue.

Table 1

Tissue Sample No.

Isolation A 176 356 312 316 423 433
Medium




TPYP 0 >9.0 x 103 >6.0 x 103 >3.0 x 104 0 1.9 x 102 2.8 x 102 RCWMb.5 0 O
3.1x102 1.8x104 ND 3.0 x 10" 8.0x102 ROG 0 >9.0x103 >6.0x10" 7.7 x 102 3.8
X 102 9. WP 030102492 0x10' TSAYE 3.9 x 102 >9.0 x 103 >6. 0 »CI0B024D119D ND ND
LLA 2.5 x 102 >9.0 x 103 >6.0 x 103 ND 5.3 x 102 ND ND RCM ND ND ND >3.0 X
104 ND 4.8 x 103 4.6 x 103 "SAWPLE Sol ution MRS 1.35x103 >9.0x103 >6.0x103
1.66x104 2.3x102 >1.0x104 9.6 x 102 TPYPl$->9.0x103 >6. 0x103 >3. 0x10'
4.6x102 0 8. 103 RCVMB. 5 0 >9.0 x 103 >6.0 x 103 1.7 x 103 ND 1.1 x 103
1.5 x 103 ROG 1.37X102 >9. 0x103 >6. 0X103 4 4X102 4 5x103 1. 7x103 6. 1x103

TSAYE 1.4 x 103 >9 o x 103 ND_ND ND NIV upjorg X 102 >9 o x, 103 >6.0 x
103 ND 3.0 x p* 1 Ng)() gf’ND3 x >_L3d)4?‘llQp 1 o x A 1D 8.0x10

* HOVOGENATE' g ol MRS 0°9°368° ’% %(33‘ 10RC|\,§8 519 o
2.5 x 102 >6. 0 X 10390I§@YE 13{ 1b7x 2>6 >1<0210 159 }g 101

6.57 x 102 >678sye 1039 REM o>eowla)sND>6 ijo?DetsT

growt h charactesi sti ogx5ovet abokigm efok e Cmbbohydw&@ozgl lrlfipse a the
subsequent orgem c aqind end- ppoduct sNpwer e essd 1edNpsi Ng ar 468 By oo,
Am nex HPX-87H Hi gh Performance Liquid Chromatography colum. The col um
was naintained at 60C with a flow rate of ‘AMPLEHSfmiam (constant pressure).
The HPLC buffer used was Q.01 N H2S04. Prior to anal yS| s, the colum was
calibrated usl"’r@P 10 r’fWéFQrat%OXiQinNngﬂ%:g;sel 66200 \VE3x10°  >1.0x10° 9.6 x 10°

X

>3.0x10* 4.6x10° 0 8.0x10°
RCM5.5 0 >9.0x10° >60x10° 1.7x10° ND 1.1x10°  1.5x10°
ROG 1.37X102 >9.0x10° >6.0x10° 44x10° 45x10° 1.7x10° 6.1x10°
TSAYE  1.4x10° >9.0x10° ND ND ND ND ND
LLA 6.3 x 10° >9.0x10° >6.0x10° ND 3.0x10> ND ND
RCM ND ND ND >3.0x 10 ND >1.0x10° ND

‘HOMOGENATE’ Solution

MRS 0 0 >6.0 x 10°
TPYP 0 0 >6.0 x 10°
RCM5.5 0 0 2.5x 102
ROG 0 0 >6.0 X 10°
TSAYE 39X10' 0O >6.0 X 10°
LLA 1.9x 10 6.57x 10>  >6.0x 10°
RCM 0 0 ND

ND, Not Determined

Fermentaiion and growth characteristics

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

10 lactate and 10 mM acetate as standards. Cultures were propagated in modified MRS
broth (Lactobacillus strains) for 1-2 days at 37°C anaerobically. Following
centrifugation for 10 min at 14,000 g, the supernatant was diluted 1:5 with HPLC
buffer and 200 pl was analysed in the HPLC. All supernatants were analysed in
duplicate.

15



10 lactate and 10 nM acetate as standards. Cultures were propagated in
nodi fied MRS broth (Lactobacillus strains) for 1-2 days at 37C

anaer obi cablog/o1Bed | owi ng centrifugation for 10 m n at 14PC@OEe/00ltze
supernatant was diluted 1:5 with HPLC buffer and 200 pl was anal ysed in
the HPLC. All supernatants were analysed in duplicate. 15 WO 03/010299
PCT/ 1 EO2/ 00112 -15 Bi ochem cal and physi‘dﬁogi cal traits of the bacterial
isolates were determned to aid identification. Nitrate reduction, indole
f or mati on and Bisgheenedl gad ghysolggicalctraitsi Qfatbe ba@t@ltmlvlmlytev\meee dessrayjieail toGidwt h

at both 15C.an r o e prte n reasin ntrations
of Nad up to %néf 4K ptrcf‘iot aé%geéiur%}é% \ﬂ‘f% oﬁma ?Ib?’i“ﬁem?sémg %ggﬁﬂ‘ftﬂ% se
G owt h char actefiist W@Ee afsaydiie Stdwahn$ both 15YCNaRd M5PE, ¥Rkeh &l 8RR ?1’%§§1‘%§Qﬂl'
Approxi mately fifteen hundred catal ase ne%atl ve bacterial isolates from

different sahpireasingesqucenesions ghi¥achup de Ol sod nrefeaseractivityt on IgelatinGramm
reactio cel | n r and 45C a d ferngntation
end- pr o?uc fj ?%ﬁ%ﬁgcg;é% Ocrﬁ? %gttggyt}%t% %s\gsna%ts l;tlf Se“f””f it °>&S§/esf)é]r cent

of the isolates tested were G am positive, hormf er ment ati ve cocci (HOMOD )
arranged eith%@jl n.tet iﬁag chai ns .or bunches. ghteen percent of the

i sol ates wer e XBPHRIHE ieen dﬁ§dr§ﬂocaF?é%sérquéfilﬁ%rhaéﬂlﬂelso clapac different

(HETERO-) . Th@arﬁﬁ@'w@ké“&xds@r? L& @lﬁ:ﬁ(&é@ﬁ@cﬁ Y foBs BE E&%)ani’\‘ra’era tlonD ’ ?lg gfne %a&“ tl y

honof er ment ati ve coccobaci | el g t strains were ar acteri€éd
in nore detai morfii®lognlgateth 4trIGAC 483 45&Cfa1ndrfe#ﬂe31;tat&nferndmr&’dk£ts ﬁ)orhrgm@o%% 3
o ates tested n (gatlve bot h

f 17 d 316,
for it 3" AThO AL Crspish hah 5w eorns ok the olaias ©rpm s GrIm B at

di fferent tenpghateshiBitative @DEE MO srrdfoeloGineiN Li are
recorded in Table 2 beacl)‘\[/v WO ggOlogggr P /I E026/ Oglt%géﬁ alHéFq{)%M%h train

Sour ce Fer mentightesn repgnt of e dsclatGe wetd GrRuactgating rods and heterofermentative
coccobacilli (HETERO-). The remaining isolates (twenty two percent) were
predominantly homofermentative coccobacilli. Thirty eight strains were characterised

15 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
production of indole from tryptophan. Growth at different temperatures,

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



Pattern Profiles Hydrolysis litnus mlk 15C 45C pH** RED' AHIOL S1 MRS
HOMO + - 5.0 - 5.5 RpCp AH104 SO MRS HOMO- + +(s) 5.0 - 5.5 RpCp AHL11
S1 LBS HOWD03410206) 5.0 - 5.9 Rp AH112 SO LBS HOMO +(s) PEfAR020812- 5. 3
RpCp AH113 SO MRS HOMO- + + 5.0 - 5.6 RpCp Negative for reaction/ grow h;

+, Positive reaction/growh; +(s), slow growth; REDn, Reduction; Rp,
Partial reduction, Cp, Partial clotti ng;1 *Maxi mum concentration of NaC in
which the strain will grow 5 **pH after 24 h incubation in litmus mlk at
37C. Speci edablpehtification 10 The APl 50CHL (Bi oMerieux SA, France) system
was used to $tesihat Svelcy | Banienfagiohhe Teapt obach NaQB: Sperla@ia DYy Rdaeiidns in
carbohydrate fermentation ppaifarhes. Opedfiisght MRS cuHyd¥Fepsisvwer Bnlis st ed
by centrifugation and resuspended i nstte 45uSpensi on nmedi um pgm*ﬁde;um"th
the kit. AR—strips-were inoculated and analvsed (after 24 and 48 h)
accordi ng t S*HBE el Idéntity of the La%toBaEPl |l us
sp. was 15 tAwmw4chsciard by EDGEOPol yacryl apg)de gglp el ectrophoresys angtysi S
(SDS- PAGE) of .. .tot Il protein (Bruno Pat, University of Ghent, Bel gium
personal cortiilica ihﬁ? Ell{(ﬁ y, 168 RNk((S))anaI ydis and ribotyplhg wePe
used to confAHmests@LBSi derfosp- The+@Pl RKYCHL algl owed rapid identifpgeation
of the Lactohacil!lus isol ateg. Anal ysis 20 of total cell protein of the
Lact obaci | | U8Tdp. %Oé}dhﬁo PHtOMBsr sonal  corfiuni cafi on) by- SDS- PAGE, Rr§® RNA
anal ysi s andg ﬁg%ﬁ} n LIat OO oS RE SR ©

speci es. Table 3 glpdcgwﬁ?s{t\%gg%g %’(ﬁ%{!ﬁgiréﬁtlﬁ%ﬁgg‘h’ tj“r(lég’ glbt}a T gglég% Dlnt’Js
strains by Redghons RpsRaptiahredueion {fry Hertial cpgingp 03/ 010299 PCT/ | EO2/ 00112 - 17-

Table 3 *Maximum conceniration of NaCl in which the strain will grow

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

Species identification

10 The API 50CHL (BioMerieux SA, France) system was used to tentatively identify the
Lactobacillus species by their carbohydrate fermentation profiles. Overnight MRS
cultures were harvested by centrifugation and resuspended in the suspension medium
provided with the kit. API strips were inoculated and analysed (after 24 énd 48 h)
according to the manufacturers’ instructions. Identity of the Lactobacillus sp. was

15 then checked by SDS-Polyacrylamide gel electrophoresis analysis (SDS-PAGE) of
total cell protein (Bruno Pot, University of Ghent, Belgium; personal communication).

Finally, 16s RNA analysis and ribotyping were used to confirm strain identity.

The API 50CHL allowed rapid identification of the Lactobacillus isolates. ~ Analysis
20 of total cell protein of the Lactobacillus sp. (Bruno Pot, personal communication) by
SDS—PAGE, 16s RNA analysis and ribotyping revealed further information on the
specific species. Table 3 below shows the identification of the 5 Lactobacillus strains

by four different techniques.

25



Strain Sugar Total cell protein 16s RNA Ri botyping fernentation

(SDS- PAGE) * anal ysis profiles AHLO1 L. pentosus L. salivarius L. casei L.
par acaseiwolalosp99 sal i vari us subsp. paracasei AH104 L. peRCOABG/10112
paracasei L. casei L. paracasei subsp. paracasei subsp. paracasei AHl1l1
L. paracasei L. paracasei L. casei L. paracasei subsp. paracasei subsp.
paracasei subsp. paracasei AH112 L. paraéédsei L. paracasei L. casei L.

pl ant arum sub;g. aracasei subsp. paracasei AH113 L. paracasei L.

paracasei L. L. paracasei subsp. paracasei subsp. paracasei subsp.
paracasei Erzyre—Aetivity—Pretites—b—FheAPL _ZYM.g em (BioMbrieux
France) was used"f8r seni- qU&Ht it at i Vel ALHeGement 60k Neonst i tRibStYRINENZy nes
produced by Lactobaci || ugerisah@ines. ReDseAGE)* cel | afysiom the late

| ogarithm c growt h phase werg harvested by centrifugation at 14,0009 for
10 nins. The pelleted ceII@DﬁE§e washed and resuspended in 50nM phosphate
buffer, pH 6.8 AH18he FapBuRRIT Cal  GENST GYrua il BldidpS WB[E'AHULP&%EﬁgFin
10 accordance with the manufacturer's instructions, incubated fo at
37C and col our devel opnent recor dedUPSEHeeHEyme activity prubspegagkeit he 5
strains AHI0T, AHIQA, Abddos AHTTIZ gnd @g@g“ TE sentedi—Taghle4

bel ow. None of the straiﬁs exhibite% Iipase,&??yggﬁﬁf 15 a!%lucg?gﬁFgase
or a-nmannosi dase activities. WO 03/ 6W0R@IPEE | E02/ 00112 - 18bspledhersd

AHL01 AH104 ARTAMIAHIIZ ARILR Aldari e BARSpipt B cgsef + 2 1, paracasei

subsp. paracasei  subsp. paracasei subsp. paracasei

AH112 L. paracasei L. paracasei L. casei L. plantarum

subsp. paracasei  subsp. paracasei

AH113 L. paracasei L. paracasei L. casei L. paracasel

subsp. paracasei  subsp. paracasei subsp. paracasei

Enzyme Activity Profiles

5 The API ZYM system (BioMerieux, France) was used for semi-quantitative
measurement of constitutive enzymes produced by Lactobacillus isolates. Bacterial
cells from the late logarithmic growth phase were harvested by centrifugation at
14,000g for 10 mins. The pelleted cells were washed and resuspended in 50mM
phosphate buffer, pH 6.8 to the same optical density. The strips were inoculated in

10 accordance with the manufacturer’s instructions, incubated for 4 h at 37°C and colour

development recorded.

The enzyme activity profiles of the 5 strains AH101, AH104, AH111, AH112 and
AHI113 are preseﬁted in Table 4 below. None of the strains exhibited lipase, trypsin,

15 a-glucuronidase or c.-mannosidase activities.



Esterase 4 4 1 2 4 Esterase Lipase 4 3 3 55 Lipase 0 0 0 0 O Leucine
Arylamdase 52 555 Valine Arylamdase 2 0 5 55 Cystine Arlyam dase 5
2 25 4 TwWopsionn2 0 1 0 0 a-Chynotrypsin 2 0 1 1 3 Phospoatipizwit 5 5 5 5
5 Phosphohydrolase 1 0 3 2 1 a-Galactosidase 0 0 0 0 O B-CGal actosidase 1
1455 B-glucuronidase 0 0 0 0 0 a-ducosidase 0 0 5 55 B-d ucosidase
00124 a-Gucosaninidase 0 0 3 1 1 aMmnosidase 0 000 0
a-Fucosidase 0 0 1 1 1 Antibiotic sensitivity profiles Antlblotic
sensitivity pFaledes of the isolates were deternmined using the “disc 5

suscepti bi | | tp—assay—OCu -t
medi um for 24- 48h spread-pl at eéﬁli)gm ﬁlﬁ scjﬂﬁék
cont ai ni ng k”“NThHQ?ﬁHédhﬁng TS f—th g piacedontp te
agar. Strains were examned for antibiptic sensitivityl after 12 days
I ncubation at 37C kuielage anaerpbi c4condj tiods. Strailns were 2 consi det ed
sensitive if_—zones of inhibityon of lnmmor _gr ﬁseegll—lO—AAD_
03/ 010299 PCT/ | ﬁ@@f@@ﬂ@se 19/ Ant bi ot | cs 8f human kI nj cal® i nport ahce were
used to asce FI= Tt 0 0 0 0
Leucine Arylamidase 5 2 5 5 5
Valine Arylamidase 2 0 5 5 5
Cystine Arlyamidase 5 2 2 5 4
Trypsin 0 0 1 0 0
a-Chymotrypsin 2 0 1 1 3
Phosphate acid 5 5 5 5 5
Phosphohydrolase 1 0 3 2 1
a-Galactosidase 0 0 0 0 0
-Galactosidase 1 1 4 5 5
B-glucuronidase 0 0 0 0 0
a-Glucosidase 0 0 5 5 5
B-Glucosidase 0 0 1 2 4
a-Glucosaminidase 0 0 3 1 1
o-Mannosidase 0 0 0 0 0
a-Fucosidase 0 0 1 1 1

Antibiotic sensitivity profiles

Antibiotic sensitivity profiles of the isolates were determined using the ‘disc
5 susceptibility’ assay. Cultures were grown up in the appropriate broth medium for 24-
48h spread-plated (100ul) onto agar media and discs containing known concentrations
of the antibiotics were placed onto the agar. Strains were examined for antibiotic
sensitivity after 1-2 days incubation at 37°C under anaerobic conditions. Strains were

considered sensitive if zories of inhibition of 1mm or greater were seen.

10



sensitivity (g/m) profiles of each of the 5 Lactobacillus casei strains as
shown in Table 5 bel ow. Each of the lactobacilli tested was sensitive to
anpicilliwpoaoorecillin and rifanmpicin, with 4 of the 5 $Craceosensitive
to ceftriaxone, ciprofloxacin, 5 cephradine and chl oranphenicol. Table 5
AH101 AH104 AH111 AH112 AH113 NET 10 RRS SR AW 25 SSSSS AMC 30 S

SSSS AK30RRSSR WI1.25 RRRRHIE-TEC30 SSSRR CM30 RRS
SS CIX30 RSSSS ZX30 RRSNDR CRO30RSSSSCP5RSSSS
CN 10 R R S SAmibipficd ®f FauRigR RlipcalCEnpota®cs Wre ®edRD Rs@riBinNIheS aftibivtic S

R resi stant: SSTeEh GBI P Hothel s

-20-

5RNDSSS NA30O RRRRR
d@qroRer b5y 6495 SHAPERF oY) 112

Table 5 below. Each of the lactobacilli tested was sensitive to ampicillin, amoxacillin

and rifampicin, with 4 of the 5 strains sensitive to ceftriaxone, ciprofloxacin,

cephradine and chloramphenicol.

Table 5
AH101 AH104 AHI11 AH112 AH113

NET 10 R R S S R
AMP 25 S S S S S
AMC 30 S S S S S
AK 30 R R S S R
W 1.25 R R R R R
TEC 30 S S S R R
CXM 30 R R S S S
CTX 30 R S S S S
Z0X 30 R R S ND R
CRO 30 R S S S S
CIP5 R S S S S
CN 10 R R S S R
MTZ 5 R R R R R
CE 30 S S S S R
RD 5 S S ND S S
V5 S ND R R R
c10 R S S S S
TE 10 S ND S S S
E5 R ND S S S
NA 30 R R R R R

R, resistant; S, sensitive; ND, not determined



G owth of lactobacilli at |ow pH Human gastric juice was obtained from
heal t hy subjects by aspiration through a nasogastric tube (Mercy Hospital,
Cork, |rewvandplo2be was i medi ately centrifuged at 13, 000PgTiipe2/@D12Mi N t O
remove all solid particles, sterilised through 0.45 mand 0.2 5 mfilters
and divided into 40 m aliquots which were stored at 4C and -20C. The pH
and pepsin activity of the sanples were nedsur ed prior to experimental use.

Pepsin activity was neasured using the quantitative haenogl obulin assay.
Briefly, a|iéi@&@£ﬂ_sg@§uﬂw_l,aw§b | M) were added to 5 nl of substrate
(0.7 Murea, ( i b 0 25 M
kG - v bur tefth Gl %%2%5&“@% B Pl 2 B DR

2, 4, 6, 8, 1ﬁasogﬁbt@md1b8QM?ﬂrdy Ht‘)ﬁ]ﬁfalléﬂkﬁk IrReal) llom&s \Imfr%dtaedlﬁb&ﬁhﬁ@e@)étt he
addltlon of 5%trichloroacetic acid (TCA and allowed to stand for 30 mn

wi t hout agi t at $-8R0 8A8%2Y mix fa Eﬁ“@s"e\/@é'r@hfiﬁéﬁlcﬁqsl §f§’i1h$fd thxawgh Qed?, LR End P13y |
centrif gged ahm%te@%cgdméd im0 Tb %l%ﬂ@ucﬂ?%ﬁfcﬂ%?@%@#ed%@% ARESES

nmeasured. One unit of pepsin enzyne activity was I'ned as the amount of
enzyne required to cause an increase of 0.001 units of A280 nm per mnute

at pH 2.0 nea s TCA-sql ubl e products usin mpgl obul in as
substrat e. %E rarﬂ%r@p%ﬂé‘m‘é‘w SEBWSHH‘B €S f¥Ee E&gi%?p:l%'ﬂ‘g {9expprigenal use.

occurred at Ipapsﬁﬁa&%eye@as R Mﬁh@'ﬁ{e% PunkiBPSE haBHDobdind ARapt WRER;

overni ght cultures weré inocul ated fresh brot h adj ust
pH4. 0, 3.0, 2al®]t@tmbfjgaslng$ulmg(lm) H@‘e adABd toe’i;;mlll af subistnate (Q.41Nd ueda, G464 bv/v)

(1.5nm) were yenov t.i cal densi nmeasutr ed and
col ony)lp or m néovdﬂef ggé%%gll? m(@f%’il%@g@ '[HT%S( m Iilarl:ﬁg'}')ff%‘[t Bﬁ %ﬁ)n?ncp
net hod. G owt fhcGdiedRIP5EOr S8nPNES vert r%ﬂroé&hatmem 2%, 8250, 30l B8 miafinteRals.
strains at low pHin vitro was investigated using two assays: (a) Cells

wer e har vest eBedations fivesss teronrated gritthe uiddiiosof fastishloradeetéc |a¢ldp hand

buf f er pH 6. adj e A . 5,
and 2. 0" (i + Rt TS RS b bR, Ao MBS Spbef Vet Ry dlbre L
for the 30 | aqwhirath) hd. llﬁebérﬁnﬁ!@é@aﬂ mdmagtie,d 18nis 4k ﬂﬁdﬂfauéélat\%b nie@agir ed
at intervals of 5, 30, 60 and 120 m n usi n(t; t he plate count method.
15 measured. One unit of pepsin enzyme activify was deflned as the amount of enzyme
required to cause an increase of 0.001 units of Azg nm per minute at pH 2.0 measured

as TCA-soluble products using haemoglobulin as substrate.

To determine whether growth of the Lactobacillus strains occurred at low pH values
20 equivalent to those found in the stomach, overnight cultures were inoculated (1%) into
fresh MRS broth adjusted to pH4.0, 3.0, 2.0 and 1.0 using IN HCl. At regular
intervals aliquots (1.5ml) were removed, optical density at 600nm (OD600) was
measured and colony forming units per ml {cfu/ml) calculated using the plate count

method. Growth was monitored over a 24-48h period.

25
Survival of the strains at low pH in vitro was investigated using two assays:
(a) Cells were harvested from fresh overnight cultures, washed twice in phosphate
buffer (pH 6.5) and resuspended in MRS broth adjusted to pH 3.5, 3.0, 2.5, and
2.0 (with 1N HCI) to a final concentration of approximately 10° cfu/ml for the
30 lactobacilli. Cells were incubated at 37°C and survival measured at intervals

of 5, 30, 60 and 120 min using the plate count method.



WO 03/010299 PCT/I1E02/00112 -21 (b) The Lactobacillus strains were
propagated in buffered MRS broth (pH 6.0) daily for a 5 day period. The
cel | s werwohanwest ed, washed and resuspended in pH adj ustea/1MR®obr2ot h and
survival measured over a 2 h period using the plate count nethod. 5 To
determne the ability of the lactobacilli _to survive passage through the
stomach, an ex-vivo study was performed'%%'rng human gastric juice. Cells

fromfresh overnight cultures were harvested, washed twice in buffer (pH
6.5) and resuspehtdhe iLgclebaeifis sizainy were piopegatesd in biffiered AORS dmothalpHoh Obf

106- 108 cfu/m, dependin the strain, 10 Survival wa itored er a
30-60 min incubati g?]lpyp%)rr |g(§30c1‘f| agtpeg‘?% ﬁﬂ%}%elgx‘%eé? ?{ﬁ%’ﬁfteé’\%aéﬁ%g%&?’rﬁaﬂl?gi\{ﬁb
gastric juice at ppH-adjusted MRSIptish a6d saivihaprheds@edfe?a 3 h pedbastiag tHsi ng
IN NaCH). Each of the Lactobacillus strains grew nornally at pH 6.8 and pH
4.5 reaching 15 sPfq@uar§eRdse after 8 h with a doubling time of 80-100
mn. At spH 3.5 growth was restricted with doubling tines increasing to
6-8h. No growth was observed at pH 2.5 or lower, therefore, survival of

t he strains afoldetsrpidevhsalgigminkslactobadilliob subevd patageakioufteStdnadisan
AH101, AH104, AH111 (QHllZ and AH113 was 20 resistant to pH values 3.5,
3.0, 2.5 and P8P SHdY Wk PRSI using hymag gestric jtice. Arslisifram fresh geernight

Lact obaci | | usc?wr@w rel ifirdife iv,gslféewic%iiﬁ%fﬁpgﬁ#%tﬁrage_reéu dof€d W ARRan
stomach, viability of each of the 5 strains was tested in human gastric
juice at pH 1g&tdmduipHt@.a5final dedoberaBiohedfold’-Bir sfiindl dependiogr es skel satinl ogl 0

-?—T l,\J//Em( H1 R;j ’ ST 5|VDN’O ﬁggh%l;lg‘ %éggvér 2\1/\9)}88’ /rr(lln]iqgc% atl?c%-r ;l)clrE)%za{t %9;&2The- gxzp-eri-lr;l%?llt e 6
was performed using gastric juice at pH ~ 1.2 (unadjusted) and pH 2.0 and 2.5
(adjusted using 1N NaOH).

Each of the Lactobacillus strains grew normally at pH 6.8 and pH 4.5 reaching
15 stationary phase after 8 h with a doubling time of 80-100 min. At pH 3.5 growth was
restricted with doubling times increasing to 6-8h. No growth was observed at pH 2.5

or lower, therefore, survival of the strains at low pH was examined.

Each of the Lactobacillus strains, AH101, AH104, AH111, AH112 and AH113 was
20 resistant to pH values 3.5, 3.0, 2.5 and 2.0 (data not shown).

To determine the ability of the Lactobacillus strains to survive conditions encountered
in the human stomach, viability of each of the 5 strains was tested in human gastric
juice at pH 1.2 and pH 2.5 in Table 6 below. Survival is expressed at logyg cfu/ml (nd,

25 not determined).



Lactobacillus sp. AH101 1.2 9.16 9.00 4.85 nd 2.5 9.32 9.31 8.12 6.63
AH104 1.2 nd nd nd nd 2.5 7.24 7.26 4.27 4.71 AH111 1.2 9.07 6.69 2.82 nd
2.5 9.22 WOb3/080298 8.98 AHL12 1.2 8.92 5.69 2.92 nd 2.5 BCHAER/002125. 55
4.79 AH113 1.2 9.25 9.00 2.88 nd 2.5 9.59 9.59 5.48 4.48 ND, not
determined G owh of cultures in the presence of bile 5 Fresh cultures were
streaked onto MRS agar plates suppl ementedwith bovine bile (B- 8381, Signam
Chem cal Co. Ltd., Poole) at concentrations of 0.3, 1.0, 1.5, 5.0 and 7.5%
(w v) and pora'ahb‘—ﬁm | e (B—8631 Si gna Chem cal Co. Ltd Pool e) at
concentr at i ors—ef+—06-3 el = f AYYAVA =N re.

i ncubated at 37C under anaerobr c condrtr ons and”@f[% HMas recorded after
24-48h. 10 Bil rﬂquhes at ed—frogrseverat guman ygatybi-addet wet-e
stored at -8OC ore usesﬂjl!or experr ment al V\oflrk bile ggrrpl es vveére

t hawed, pool edlaciolchciluespl i sed at 80C for 10 min. Bile acid conposition of
human bil e was rm ned usjing revega}g-phase &gh Per f or mance Liquid

Chr omat ogr aphy inc i nation th a pLﬂ d 15 an‘b%’srorretrlc!1 etector
according to the net hod of Dekker etgah. (20).9¥uman bilgimas adgg

MRS/ TPY agar nedium at a concentration of 0.3% (v/v). Freshly strea ed

cul tures were eAdhi0ded for GZowt h af ek 24 andnd8 h. WO 88/ 010299 nd

PCT/ 1 E02/ 00112 -23 Hunan - bl add bile p sses a e acid
concentration of 50-100 mM“&nd 7.24 T2 ‘PH 4.71

AH111 1.2 9.07 6.69 - 282 nd
25 9.22 9.13 9.18 8.98

AH112 1.2 8.92 5.69 2.92 nd
2.5 8.69 8.72 5.55 4.79

AH113 1.2 9.25 9.00 2.88 nd
2.5 9.59 9.59 5.48 4.48

ND, not determined

Growth of cultures in the presence of bile

5 Fresh cultures were streaked onto MRS 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

conditions and growth was recorded after 24-48h.

10
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
Irﬁgh Performance Liquid Chromatography (HPLC) in combination with a pulsed
15 amperometric detector according to the method of Dekker ef al. (20). Human bile was

added to MRS/TPY agar medium at a concentration of 0.3% (v/v). Freshly streaked

cultures were examined for growth after 24 and 48 h.



dilution in the small intestine lowers this concentration to 5-10 mM

Furt hernore, wunder physiological conditions, bile acids are found as
sodi um sawD3/0Tirer ef ore, cultures were screened for growPkhTaRO2MBSI2agar
pl ates containing the sodiumsalt of 5 each of the follow ng bile acids
(Sigma Chem cal Co. Ltd., Poole): (a) conjugated form taurocholic acid
(TCA); glycocholic acid (GCA); taurodeoxscholic acid (TDCA);

gl ycodeoxycholic acid (GDCA); taurochenodeoxycholic acid (TCDCA) and

gl ycochenodeoRywian| gadl-laddgr (bileD@apessas0a (ke aeid copoapdtiation fodr 5A-100 todc ad i ¢

acid (LCA); c odeoxychol i,.c_aci d . deoxychol i id.( and
cholic acid (% 1o Fl(rjlr%%ﬁglﬁhdmegm?cﬁ’&/ eﬁso%1 seﬁanchi(t?/aglﬁg tB%"ﬁf mckg. ﬁ@fwew e
used. G owth wekr pegsioReltabtoeliticit, dE AfishardNRBA®RE Goliey RaAltd. ONFherdGteh a
qualitative (agar plate) and a quantitative (HPLC) assay were used to

determ ne 15CHBESNYer§acicaredaor glawth o MEBScigap plajdicontaining the soldime salsehy :
Al th | t ented with
0. 3% (adv) porEh ol BispAE LAY atll; b ERem R L8 A BBURITE o1 et i on was

observed as an opaque precipitate surrounding the col onies. 20 High

Per f or mance Ll uid Chronat ography (HPLC): Analysis of in vitro,
deconj ugat i onl@bf cALHEHeHi Ifeka stapcheligeacidsi &AL elycpehalic| yacidy 46RAYNt

cultures wer u;oag@glc%lgcd (5.1%%1 ;nt@d@.bm%@gtdég%%gﬁ?t ed, whth Qz300GV/ V)

human bile an I ncubat e naer cal | various tinme
i nterval s ovetumciehodepachat, acRE(TCIMPA pand dlycdchenvdeexychobivadd 6GADCA);

tri d 14, 000 f in. Undi d [|-f ) [ t 30
"y was hen ki deanydies: tethaliccin LA chSRmeon hn oRd ARER):
AH112 and AHlde3xy@ioBic @aIRabPICA) @hd cASIRVMAM (BA). eFrREheh hifSISH BN htrQdnk BE?’Ie o

sources of bile used. It was observed that 30 resistance to bovine
was nuch hi ghkeand heM vsrgiesedi Geowthl was ri¢nededeafteo Bdend 4318 an@rads @pBaHN.
PCT/ 1 E02/ 00112 -24 strains were resistant to concentrations up to and
i ncluding 5.0% bovine bile (data not shown).

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

15 deconjugation activity of each of the strains.

Plate assay: All the cultures were streaked on MRS 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 MRS 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 pf) was then analysed by HPLC.

Lactobacillus casei AH101, AH104, AH111, AH112 and AH113 were capable of
growth (bile acid resistance) on three sources of bile used. It was observed that

30 resistance to bovine bile was much higher than to porcine bile. The Lactobacillus



Porcine bile was nore inhibitory as shown in Table 7 below. 5 Table 7
STRAIN % (wv) PORCINE BILE 0.0 0.3 0.5 1.0 1.5 5.0 7.5 Lactobacillus sp.
AH101 + +W® 03/0%0299 - AH104 + + - - - - - AH11l1l + + + + + - PCTARRI®IR + - - -
- - AH113 + + - - - - Regardless of the bile resistance profiles in the
presence of both bovine and porcine bile, each of the Lactobacillus
strains grew to confluence at the physi ol‘ééi'cal 10 concentration of 0.3%
(v/v) human bile (data not shown). Each of the Lactobacillus casei strains,
when anal ysed s&pag werecghisiantf iorcongestraigerisgipain@ad tincludimg b WPdbatindbile (datd s,
grew well in %Qoemﬁr esence of taurine conjugated bile acids. Isolates from
each of the strains grew to confluence on agar nediumcontaining up to 15
and including 5 nM of taurine conjugates TCA, TDCA and TCDCA. O the
glycine conjugates tested, in general, GCDCA was the nost inhibitory. GDCA
was | ess i nhPBroirsyRilegfas nogra infBitary es phoxar injTablen] bddey. of the three gl ycine
conj ugatses as shown in Table 8 below Interestingly, none of the glycine
conjugates were inhibitory to the growh of AHLO0l. Each strain grew on
agar nedi um sUppleshented with 5 nM GCA. 20 WO 03/010299 PCT/ | EO2/ 00112
-25- Table 8 BLLE_ACIDS (mM STRAIN GCDCA GDCA GCA_0 1 3 501 350135

STRAIN % (w/v) PORCINE BILE
0.0 0.3 0.5 1.0 1.5 5.0 7.5
Lactobacillus sp.
AH101 + + + + + + -
AH104 + + - - - - -
AH111 + + + + + - -
AH112 + + - - - - -
AH113 + + - - - - -

Regardless of the bile resistance profiles in the presence of both bovine and porcine
bile, each of the Lactobacillus strains grew to confluence at the physiological

10 concentration of 0.3% (v/v) human bile (data not shown).

Each of the Lactobacillus casei strains, when analysed specifically for its resistance to
individual bile acids, grew well in the presence of taurine conjugated bile acids.
Isolates from each of the strains grew to confluence on agar medium containing up to
15 and including 5 mM of taurine conjugates TCA, TDCA and TCDCA. Of the glycine
conjugates tested, in general, GCDCA was the most inhibitory. GDCA was less
inhibitory and GCA was the least inhibitory of the three glycine conjugates as shown
in Table 8 below. Interestingly, none of the glycine conjugates were inhibitory to the
growth of AH101. Each strain grew on agar medium supplemented with 5 mM GCA.
20



Lactobacillus SP. AH101 + + + + + + + + + + + + AHI04 + + - - + + + - + +
+ + AH111 + + - - + + - - + + + + AHI12 + + - - d- + + - + + + + AHL13 +
+ - - + fWOe03/0#0299 + + -; no growth; +; confluent growth @CEAaEéR/dom2t he
presence of deconjugated bile acids was also tested. Each strain was 5
resistant to concentrations of 5 MM LCA. Gowh in the presence of CA was
tested. As shown in Table 9 below, 4 of -Phe 5 strains grew in the presence
of 5mM CA. No row h was observed in the presence of 1 nM CDCA. (data not
shown) Tabl e Ja IN CHOLIC. ACCD (mW 0 1 3 5 Lactobacillus sp. AH101 +

+ o+ + AH1044—4—4—+——AHH+++—AHHW&#¢_*_LO_MD
03/ 010299 PCT/ | E02/ 00112| -26- Detection SRRSO al activity

Antim crobial activity was detected using the deferred nmethod (21).

I ndicators used in the |nitial screening were L. innocua, L. fernmenturn
LD, P 11 oures8BRANG |_cobEDOAST. ot (FCne | aft obaci HOA(MS) vere
diTuttons vere spread-pl Ped 11001) on IV TRV 50 [0 1o T3
Lactobacillus
sp.
AHI101 + + + A+ |+ o+ o+ o+ + + + +
AH104 + o+ - -+ o+ o+ - + + + +
AHI111 +  + - -+ o+ - - + + + +
AH112 + 0+ - -+ o+ 4+ - + o+ o+ o+
AH113 + 4+ - -+ o+ o+ - + + + +

-; no growth; +; confluent growth

Growth in the presence of deconjugated bile acids was also tested. Each strain was
5 resistant to concentrations of 5 mM LCA. Growth in the presence of CA was tested.
As shown in Table 9 below, 4 of the 5 strains grew in the presence of 5mM CA. No

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

Table 9
STRAIN CHOLIC ACID (mM)
0 1 3 5
Lactobacillus sp.
AH101 + + + +
AH104 + + + +
AH111 + + - -
AH112 + + + +
AHI113 + + + +

10



agar nmedium After overnight incubation, plates with distinct col onies were
overlayed wth the indicator bacterium The indicator |awn was prepared by
i nocul at iwg oa/o10zed t en overlay with 2% (v/v) of an over ni gRCTIIRG@aL20r

cul ture which was poured over the surface of the inocul ated MRS pl ates.

The plates were re-incubated overnight 10 under conditions suitable for
growth of the indicator bacterium Indicaér cultures with inhibition
zones greater than 1 mmin radius were considered sensitive to the test
bacterium | o nf gity ophage acti vi ty was excluded by

flipping the i }‘ cula IVRSTY ar ates u overl ayin
Wi thihe i ndi &3 HFCfOE&ig%Cé‘rVﬁ}Sﬁs‘ﬁaé’sgc@aﬂﬁ e rRee? PRl iR sy M
Lact obaci | | Uslﬁﬁé@hltlﬁ%%nlnéﬁﬂe%L ik, LWMW‘@L@"JFS- o%&zé%h@%@&z for

inhibitory activity using Ls. innocua, ferinentum K P. fluorescens
and E. coli a¥1520 Bﬁ@lﬁlbaﬂlﬁ)ﬂﬂwbﬁﬁdbr@%ﬁswre uwghat@dwéon d&{16sh raadn@ ¥ he

i nocul ated on re of the tors

obser veg ZonéelééB é)cglr‘{aﬁng??ﬁr\@?ﬁl zs!ﬂn{l Jﬂu@% 1o Sgrea%rﬁra\ﬁéir Q%Qélg tgd\‘/’iﬁ%/TP Y

I nhi bi tion of ags mddiiacAtebyvepsight i@tubakion, RatoRAE istihctRoRMUESELrE Beerldyad gest
zones. 25 Exanple 2: Adhesion of probiotic bacteria to gastrointestinal

epi thelial ceMits. thenadisefnebpaeriun. t Ree prdigiten laevns wrniprepareds bE dnpquéalingus

usi ng a nodif (2

monor ayers. of MGVl ular? (ALY APHEAHERGIIBE QTR BRRANE sonl st ass

coverslips, whiecdurfaes ef eaimeculatd CMRSl plgteﬁl Sﬂmepla@s igkd ué'ﬁ]cdbﬁb&@ve@tgha
concentration of 4 X 104 cells/ re fed fresh nmedium every

days. APter - wodeggpuditigngsyiablectos r&fﬁ“ﬁ@% %théfmfhﬁ%torhﬁ%mray@f Indigatgr @u}wr@@j
the WO 03/ 010 il oﬁ%ﬂeggjééa%e_r trAa’r{1 YRA @ AR Syt Fe %Frﬁ%f.&mgf‘o %E%

Phosphat e Buffered Sa I ne ntibrotic- and 2
-18h Lb. suspbzm;a:mnmcont aining -109 cfu/mM were added to each dish and
cells were incubated for 2h at 37C in a hum dified atnosphere containing

5% CX2. After incubation, the nonolayers were washed 5 tinmes with 5 PBS,
fixed in met hamditiobBlade Lig icRYBpNagSURRIvi SwadedI8ded Uy ifping ik Nnold1ABA

15 MRS/TPY agar plates upside down and overlaying with the indicator. Bacteriophage

cannot diffuse through agar.

Lactobacillus casei AH101, AH104, AH111, AH112 and AH113 were screened for
inhibitory activity using Ls. innocua, L. fermentum KLD, P. fluorescens and E. coli as
20 indicator microorganisms. When the test strains were inoculated on unbuffered MRS,
inhibition of the four indicators was observed. Zones ranging in size from 1 mm to 5
mm were measured. Inhibition of Ls. innocua by each of the lactobacilli produced the

largest zones.
25 Example 2: Adhesion of probiotic bacteria to gastrointestinal epithelial cells.

The adhesion of the probiotic strains was carried out using a modified version of a
previously described method (22). The monolayers of HT-29 and Caco-2 cells were
prepared on sterile 22mm? glass coverslips, which were placed in Corning tissue
30 culture dishes, at a concentration of 4 X 10* cells/ml. Cells were fed fresh medium

every 2 days. After ~10 days, and differentiation of the monolayer had occurred, the



stained (G am Stain Set, Merck) and exam ned m croscopically under oil

i mersion. For each glass coverslip nonol ayer the nunber of adherent

bact eri a woero3am2epi thelial cells was counted in 10 m cro®copE@/doiel ds. The
mean and standard error of adherent bacteria per 20 epithelial cells was
cal cul ated. Each adhesion assay was carried out in 10 duplicate. In a
second nethod, after washing 5 times in PB5 adhering bacteria were renpved
by vortexing the nonolayers rigorously in cold sterile H20. Bacteri al
cells were emgnelayere ey washadaiviati with PbnsphateqBafiféred Sslimee (RES). RiAmgibiotis-

| uti O] 5 t MRS (l.actobacilli), Each of the 5
Cact obaci | |ustét PR Cout Ailer s Rt ibenidi eonainan i ol habweieadde

gastroi nt est i @atacBPdikihahd akllE Hletes idchbfled $r 20TAESE°@NPBI ﬂlrﬁlﬁifﬁir aﬁin{aﬁph\épé“ d
e

be suitable as vaccine/drug delivery vehicles as they adhere to
gastroi nt est i $faftaining ¥piGPe| | Hfterainguhationetherrmondiarerases: washedthemeelvattant

host tissue. 3 rm [ of theg effec f tobaci ll us casei
strai ns§on PBIIL\;%g’n@%&?do% r?g? %@8?&%@&0@%0 %Orlxesﬁl%'gﬁ’a#ogg?’otg? rfﬁlhgnlﬁ?&’e el | s
wer e isol at edsthinedn(Graal Stajh Sandlesck] ard 9xanivied H8OSbdopicalIP@h&Hoil immersion.

centrifugation. PBMCs were stinulated with the probiotic bacterial strains
for a 72 hourFPesrhglass caveeslipaponalaver theppunaher wof) pdherensdranteria pers 2Qwepichelial

collected, ¢ o ' . st or - ntil bei ssessed
For 116 and TERy aunpd B L0HAkERoRiLE LB Aoy SRERARb DomSLEARFRRS
03/ 010299 PCTyack®ia/ped2q Bpithehal calld ¥4 calAHied, BALH ddhelival abddl idashiriedloat Bd t he
produc:[' on of I ENT by cultured PBMCs (Fig. 2). AH113 stinulated IL-10
pr oductton byd “while AH101, AH104, AH111 & 5 AH112 did not alter
| evel s of this cytokine (Fig. 3). AH101, AH104, AHI11, AH112 & AH113
i nduced |L-12 secretion by PBMCs (Fig. 4).

In a second method, after washing 5 times in PBS, adhering bacteria were removed by

vortexing the monolayers rigorously in cold sterile H,0.  Bacterial cells were

enumerated by serial dilution in quarter strength Ringer’s solution (Oxoid) and

15 incubation on MRS (lactobacilli).

Each of the 5 Lactobacillus strains, AH101, AH104, AH111, AH112 and AH113
adhered to gastrointestinal epithelial cells (Fig. 1). These probiotic strains would be
suitable as vaccine/drug delivery vehicles as they adhere to the gastrointestinal

20 epithelium and therefore interacts with the relevant host tissue.

Example 3: Determination of the effect of Lactobacillus casei strains on PBMC

cytokine production.

25 Peripheral blood mononuclear cells were isolated from healthy donors (n=19) By
density gradient centrifugation. PBMCs were stimulated with the probiotic bacterial
strains for a 72 hour period at 37°C. At this time culture supernatants were collected,
centrifuged, aliquoted and stored at —70°C until being assessed for IL-8 and IFNy
levels using ELISAs (Boehringer Mannheim).

30



10 Neither AM 11 nor AM 12 stinulated IL-8 production in vitro, from PBMCs
isolated fromhealthy donors. Indeed, IL-8 levels were significantly
reduced fwblogmaa2g9 co- incubation with AH111 (Fig. 5). ExampTdEeé/00112

Det erm nati on of cytokine levels in an epithelial/PBMC co-culture 15 nodel
follow ng incubation with AH112. The appropriate in vitro nodel with

physi ol ogi cal relevance to the intesti nar2§r act is a culture system
incorporating epithelial cells, T cells, B cells, nonocytes and the

bact erial straHi91, AB10KI AHAHY anth AN 3CaTos 2ed phe hediaioncel IENwey eulseedled
at 5x105 20 cﬁagfé naﬁ.o the apical surface of 25 mmtranswell inserts with
a pore size o § 1g'?‘230$tal’). These cells were cultured for four weeks in
RPM 1640, supplenmented with 10% foetal calf serum glutamne, penicillin
and streptonycin, at 37Cin a 5% CQ2 . environnment. Culture nedia was
changed ever yA3lld3ysimuliet IE 1€ mpdudiehi sl PBM s whiterAdt o, | AHd04,f £HENt i8at ed,

human peri pher, l.00d ngnucl ear. cel | s' (PBMCs) were 25 isol ated by
densi ty%gradi éﬂllggﬁﬁqtgﬁﬁéﬁ'%ﬁ?&%fﬂ%l (i:fge ‘PBMCs was i ncubat ed

basol aterally to the epithelial cells and cultured with 1x107 probiotic
bacteria. Controls contained nedia alone. No direct cell-cell contact

bet ween PBMCsA&HAL, aH10AATRL, Ad112 &asH plosisilied Tnl2 $eiceetion del PRMESs dFigand
cellular co ication was nedi ated solely by soluble factors. 30
Followi ng 72 hours of incubation with the relevant bacterial strains, cell
culture supernatants were renoved, aliquoted and stored at -70C. TNFa
extracel lular WO 03/ 010299 PCT/1E02/00112 -29 cytokine |evels were
nmeasur 88 usi niyeishenddhild ror AGH 1 stisnylaedllsf predushion mnggo, fremdPBMES dsolsed
measured, in |4 LN for I . yolunt eers.. .. Fol | gwi ng
i ncubati on of f*ﬁ‘%i hERRE dpHs T nfIEMIL T RIS w58 S%Hﬁ%\%trl% SEEEE tqlloing R4 "2
TNFa cyt oki neincebatios withr EHeKaHige). by ELI SAs (Fig. 6). Co-incubation with
AM 12 did not stinulate TNFa production in this nodel. |nmunonodul ation
The human i mmune system plays a significant role in the aetiol ogy and

pathol ogy of fyample 4: Determination of cytokine levels in an epithelia/lPBMC co-culture
15 model following incubation with AH112.

The appropriate in vitro 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°

20 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
10% foetal calf serum, glutamine, penicillin and streptomycin, at 37°C in a 5% CO,
environment. Culture media was changed every 3 days. When the epithelial cells
were fully differentiated, human peripheral blood mononuclear cells (PBMCs) were

25 isolated by density gradient centrifugation. . 1x10° washed PBMCs was incubated
basolaterally to the epithelial cells and cultured with 1x107 probiotic bacteria.
Controls contained media alone. No direct cell-cell contact between PBMCs and
epithelial cells was possible in this model system and cellular communication was
mediated solely by soluble factors.

30 Following 72 hours of incubation with the relevant bacterial strains, cell culture

supernatants were removed, aliquoted and stored at -70°C. TNFa extracellular



10 vast range of human di seases. Hyper and hypo-i mrune responsi veness
results in, or is a conponent of, the majority of disease states. One

fam |y ofwbioslogpral entities, ternmed cytokines, are parPCcrakEevdoyi2
inportant to the control of inmune processes. Pertubances of these
delicate cytokine networks are being increasingly associated with many

di seases. These diseases include but are-8%t limted to infl ammat ory

di sorders, 15 i munodeficiency, inflammatory bowel disease, irritable bowel
syndr one, cancyauokine pevels weleaméasutedossing btatdred FAIEA it @D riyistenntl iTNEDE
systens), dia eagl di sease, n%%P' otic, a} CI ated dj arrhoea, paediatric
di arr hoea, apké(ﬁ apfl ege measprs lcaip.d5ing Corifpm Hhealthy vehuptgess.

Al zhei nmer' s di sease, rheumatoid arthritis, coeliac di sease, diabetes

mel litus, organ transplantation, bacterial infections, viral infections, 20
fungal infect Folthfswingeimubdtm af eplitlediak eell- BBM{émbtcalturda’; sats probiricUsdcteyia,
transm ted d' se, .. X fection, HIVre Ilcat H V associ at ed

di arr hoBa 81?3 Fytgling, ‘?Vér ¥R StAvined @Mr@r@éﬁ r&uﬁ?ed Chrereuhation gvith

di sease, Seps'Aﬁll%'i { ﬁﬁte'ﬁqp%%{(&ﬁl’cu{)f}ﬁe&ls%ﬁe{ ol CaCh.eX' a, wound
heal i ng, ul cers, gut barrier Tunction ergy, respiratory

di sorders, ci rcuI atory disorders, coronary heart di sease, anaem a,

di sorders of the 25 bl ood coagul ati on system renal disease, disorders of

the central nghpveNSmSyIdRH hepatic di sease, ischaem a, nutritional
di sorders, osteoporosis, endocrine disorders, epidermal disorders,

psoriasis and r he effects.on.c tok r.oductj o are
specific for gg%ﬁ'? %ﬂ"ﬁg lJlpe SRR gk lﬂgaﬂé%ﬁﬁf%&a aet%ﬂa%y ?ﬁi&a}q‘f‘?lf}gy of 2
probi oldc st r @dshgangdRY hi@ars Qisé@bﬁdl—lfygér ﬂf@lrﬂy?bllﬁirﬂl&e espBxGl IRy %s@let pKkbpe

i nbal ance particular for a WD 03/010299 PCT/ 1 EO02/ 00115 -30 specific

di sease type. scue¥BrAnSal 9o hegnaigritieak disesse siatgse @Ilfﬁefaafpl}’e@f b,lglpglyétl entities,
acconpl i shed ecti i n ted above.

| mune Educat tlegﬁéd]%y%hﬁlgéen%%ré)% 1(?‘{1%#3};%{125%?29& g?ttg%tsc to{‘f%l ﬁf "lcrllevélfeop FRERt®Sand
proper functi Bemmrhncteb ef thekee(mlmalalcytdkmnmays tuerbeinglindrbasimde am)elat'éﬁ vAth
enteric flora, .1 nt es,t}rll nal_. i mmune s stemis _underdevel oped, as

denonst r at ed mﬁn)@ PH5FT eeShH fil*?ﬁ"fse bul aee nat lipfed te ee#&mraﬁary disorders,

15 immunodeficiency, inflammatory bowel disease, irritable bowel syndrome, cancer

(particularly those of the gastrointestinal and immune systems), diarrhoeal disease,
antibiotic associated diarrhoea, paediatric diarrhoea, appendicitis, autoimmune
disorders, multiple sclerosis, ‘Alzheimer’s disease, rheumatoid arthritis, coeliac
disease, diabetes mellitus, organ transplantation, bacterial infections, viral infections,
20 fungal infections, periodontal disease, urogenital disease, sexually transmitted disease,
HIV infection, HIV replication, HIV associated diarrhoea, surgical associated trauma,
surgical-induced metastatic disease, sepsis, weight loss, anorexia, fever control,
cachexia, wound healing, ulcers, gut barrier function, allergy, asthma, respiratory
disorders, circulatory disorders, coronary heart disease, anaemia, disorders of the
25 blood coagulation system, renal disease, disorders of the central nervous system,
hepatic disease, ischaemia, nutritional disorders, osteoporosis, endocrine disorders,
epidermal disorders, psoriasis and acne vulgaris. The effects on cytokine production
are specific for each of the probiotic strains examined. Thus specific probiotic strains

may be selected for normalising an exclusive cytokine imbalance particular for a



paranmeters are di m ni shed, such as nmacrophage phagocytic ability and 10

i mmunogl obul i n production (23). The inportance of the gut flora in

sti nmul at iwg@ opom29damagi ng i nmune responses i s becom ng noPeTARId®Mt2. The
increase in incidence and severity of allergies in the western world has
been |inked with an increase in hygiene and sanitation, concomtant with a
decrease in the nunber and range of infeé®rous challenges encount ered by
the host. This lack of imrune stimulation may 15 allow the host to react to
non- pat hogeni épeclfultdlaﬁww geni 6ustarg§ntl<sn pledisdase sigcific thérapiegyandre accomplished

aut oi mmuni t te on._a ries of non-pathogenic

i munonodul gt (l)llr;)ﬁg/ &Fg‘t &ﬁ%ﬁ’fa 8?18\5/?%}83 ﬁsﬁ M with the necessary and
appropriate educatl onal stl muli for proper devel opnment and control of

i mune function. 20 Inflammation Inflammation is the termused to

descri be the lmmgpe Hdugahighation of fluid, plasma proteins and white bl ood
cells atz a site that has sustai ned physical danage, infection or 25 where
there is an ongoi ng i nmune response. Control of the inflammtory response

is exerted Ofn‘haeﬂitlalﬂibﬂbra(ﬁs itnPYiedns td B )devdlBEmERHnd Proped BurdcB6h OF thel iRELHAE

cytokines, hormones (e.g. hydrocortisone), prostaglandins, reactive

i nt er nedi at esHYne t tIP élif‘e%bse@?t(?f Kitnerig Hotag iheripleginal Ammpap gmtem is
bi ol ogical ly V. g tio

cont ol of | miguEetReRipel S\l al f sl R Bitelel ndd s O Bl Bl

regul ating depﬁbmpmt aret i dmumslmlpaisuelands haeedphpgd ephagocytey apiligyi dad a

nmeans comruni ca n_ bet tes t hensel ves and al so with other
cel | V\%(’os/ 01612@9“ W“EG’L‘%&I?& £ yeartangs of fft?ﬁ%@ior?e@ shipuilating non-

pl ei ot rophi c andagxp ﬁrﬁ%n@‘ﬂés?bﬂe@ @béﬁoﬁgh%%drg QMRRL, APRE WbreaBS ik Yﬂctldeglﬁe
Cyt oki ne cascades and networks control | 'anmat ory response rat her
than the acti anl &fveatypaf tallcrgiearln ¢hye vlestam wnrld lpartebe linked odthl art ypecab® ) .
Wani ng of the |nflarr response resg{)ts in | ower concentrations of the

appropri ate at¥§$s S"g“ ighatQcamtay WER 4 Apfraasfefod en @8 JapEa af ng
to the cessat in@é’én@ﬁs &mﬂ?lehg'gs%%%[ﬁﬁé?éd/ by the host. This lack of immune stimulation may

15 allow the host to react to non-pathogenic, but antigenic, agents resulting in allergy or

autoimmunity. Deliberate consumption of a series of non-pathogenic
immunomodulatory bacteria would provide the host with the necessary and
appropriate educational stimuli for proper development and control of immune
function.

20

Inflammation

Inflammation is the term used to describe the local accumulation of fluid, plasma
proteins and white blood cells at a site that has sustained physical damage, infection or
25 where there is an ongoing immune response. Control of the inflammatory response is
exerted on a number of levels (24). The controlling factors include cytokines,
hormones (e.g. hydrocortisone), prostaglandins, reactive intermediates and
leukoirienes. Cytokines are low molecular weight biologically active proteins that are
involved in the generation and control of immunological and inflammatory responses,
30 while also regulating development, tissue repair and haematopoiesis. They provide a

means of communication between leukocytes themselves and also with other cell



response. TNFa is a pivotal proinflammatory cytokine as it initiates a
cascade of cytokines and biological effects resulting in the inflamatory
state. ThwoeBore9 agents which inhibit TNFa are current!| yCvgEoxgpoured f or
the treatnment of inflammatory diseases, e.g. infliximb. 10
Pro-inflammatory cytoki nes are thought to play a major role in the

pat hogenesis of many inflammatory di seas8d- including inflammatory bowel

di sease (IBD). Current therapies for treating IBD are aimed at reducing
the level s of tineesdest gylokinesarespleinirophiy ok exmess multiplediiolggichHy oeerthpiiivga.
Such therapies maﬁ al &9 EJ ay a aiﬁsgnidfi can rol e P115'i the treatnent of
system c i nfl ARhaESY yCHOERE cakcadeRapd ety arks caRise dhe inflammatary fespqnee Ftler
bowel syndr omgndnl t(BShctich & & pamMlad BRbKiIAL Bh ASd ] afyf Sehd pto
15-20% of the popul ation at iasoms s??g e duri ﬁ%drt{ik%léa}rf@efl?&g?(z%_ewn%ﬁg ?etgguent
synptons i nclnflEmyasniespensp aesults bnﬁewemmmmtm ob dlnec eppropuiité estiedingy

di arrho or i i tul ence, .and abdom nal . di st ension. There
are no ??npl eg%ggl? E ﬁ{‘ 89'%%:161%%%%4@%{%%%%?@ ,learaéH}FathgH%Besﬁﬁt'r?é‘r(’%élf‘%‘é‘ﬁl?@matory

di sorders canrdypotselMINFaristdpR6ta AP matob ByidkRENRSE fnilisted! 3 Ukdate |JBS:
Patients suffering fromIBS represent as many as 25- 50% of patients seen

by gast r oent ecpiokiges ard bigk gigahgif¢cictesuling irethe hiwflegihatory distei Mhedetted dgentons et
of synptons including. bout of astroenterjtis, abdom nal_ or pelvic
surgery, dist W&'bci‘nﬂg‘gjlfﬁ% af%tcgg‘?r?tg’aﬁelﬂﬁc‘{sésigﬁlf thg |tgatiment «f pigHamgagory o
antibiotic inyakges,@Nd ifiRinh4pnal stress. Conpared with the general

popul ation, IBS sufferers may have a significantly reduced quality of life,
are mile likely to be absent fromwork, and use nore heal thcare resources.

There are no 30 effective i.cal treat ts and to date, recomrended
t her api es havE 4 HUPTEHAOVSY ‘Wfﬁ%éhqyég;@ﬂ Gopgsr r&ggna{ﬁq PaiBagshsel;s of
agents, anti - diagy i0AAhaRGE Aissasesli iﬂ&l@ﬂﬂl?fihﬂérﬁnﬁw 8RN HReasd! @OB). I B@tent

nodi fy the threshold of colonic visceral perception, anal gesics and

ant i - depr essaticEpies\iar freatingcBlh pretaimed o rgivaing thet lneels nf/ thesd pro-inBammatague

Do e T o6, 1 ok fhiddn S AR e S AeBicd Mhy il BRY 3 iR T2 ™

15 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
include abdominal pain, bowel habit disturbance, manifested by diarrthoea or
20 constipation, flatulence, and abdominal distension. There are no simple tests to
confirm diagnosis, and if no other organic disorders can be found for these symptoms,
the diagnosis is usually IBS. Patients suffering from IBS represent as many as 25-

50% of patients seen by gastroenterologists.

25 Many factors are thought to be involved in onset of symptoms including e.g. bout of
gastroenteritis, abdominal or pelvic surgery, disturbances in the intestinal bacterial
flora, perhaps due to antibiotic intake, and emotional stress. Compared with the
general population, IBS sufferers may have a significantly reduced quality of life, are
more likely to be absent from work, and use more healthcare resources. There are no

30 effective medical treatments and to date, recommended therapies have included



specific strains can be chosen for use in specific disease states based on
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15 inflammatory therapies, such as non-steroid anti-inflammatory drugs (NSAIDs) or

Infliximab.

Cytokines and Cancer

20 The production of multifunctional cytokines across a wide spectrum of tumour types
suggests that significant inflammatory responses are ongoing in patients with cancer.
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
adversely affect the tumour-bearing host. Complex cytokine interactions are involved
25 in the regulation of cytokine production and cell proliferation within tumour and
normal tissues (26, 27). It has long been recognized that weight loss (cachexia) is the
single most common cause of death in patients with cancer and initial malnutrition
indicates a poor prognosis. For a tumour to grow and spread it must induce the
formation of new blood vessels and degrade the extracellular matrix. The
30 inflammatory response may have significant roles to play in the above mechanisms,

thus contributing to the decline of the host and progression of the tumour. Due to the



5 reactive agents (28). In general, species of Lactobacillus have | ow
activities of xenobiotic netabolizing enzynmes conpared to other o
popul ati one mfotd2pn the gut such as bacteroides, eubacterirpaTane/oinostridi a.
Therefore, increasing the nunber of Lactobacillus bacteria in the gut
could beneficially nodify the levels of these enzynes. 10 Vaccine/Drug
Delivery The majority of pathogenic organdms gain entry vi a mucosal
surfaces. Efficient vaccination of these sites protects against invasion
by a particul artijinfasempious pegeties of Lpciobatillvapaimate diress haeterigh Smiaibey
concentr at ed, 0N the use of attenuated |iye pathogeni ¢ organi sns
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consunpti on o -0bi ot | cteri pr. in f orei aptigens can elicit
ConSUTDK! on, OfeaBAPRRLLE (3801 G LAnHPNAIALEE LEL BN RIRRS ab et i
(TTFQ) was experebisit metabaliAmpcangniss tanpirsd andihat pepuMaichs willih M egt ¥ikR t he
oral route. Thig systemwas able to induce antibody titers 25 significantly
hi gh enough t & 3&36%58&651 ifubspieR f“i*‘i)rﬁl‘l’séft“ﬁa-l tlbgiefrehdicressige. then namtiet iobn

to antigen presepbalmaN padibke iPakd %:ui adou{/de SERL R iH" m%ﬁggut%g f%k/glgc(%t]s Yiese
conmpounds, such as i1munostinulatdry cytokines, rn vivo. L. T4dct _
secreting bi oeryimes. human IL-2 or [L-6 and TTFC i nduced 10-15 fold hi gher
serum LgG titres in mce imunized intranasally (30). However, with this
parti c&ﬁar bacterial strain, the total 1gA |level was 30 not increased by
coexpressi on vhddind/DAKEDAWRKI nes. Ot her bacterial strains, such as
Streptococcus gordonii, are-also being exanmi ned for their useful ness as
mucosal WO 03/010299 PCT/ | E02/ 00112 -34 vacci nes. Reconbi nant S. gordonii
col oni zi ng t h€harmdjeréy ovfapatizopenic aggmasme auint sy via mucosal surfaces. Efficient

vaccination of these sites protects against invasion by a particular infectious agent.
15 Oral vaccination strategies have concentrated, to date, on the use of attenuated live
pathogenic organisms or purified encapsulated antigens (29). Probiotic bacteria,
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).
20
Murine studies have demonstrated that consumption of probiotic bacteria expressing
foreign antigens can elicit protective immune responses. The gene encoding tetanus
toxin fragment C (TTFC) was expressed in Lactococcus lactis and mice were
immunized via the oral route. This system was able to induce antibody titers
25 significantly high enough to protect the mice from lethal toxin challenge. In addition
to antigen presentation, live bacterial vectors can produce bioactive compounds, such
as immunostimulatory cytokines, in vivo. L. lactis secreting bioactive human IL-2 or
IL-6 and TTFC induced 10-15 fold higher serum IgG titres in mice immunized
intranasally (30). However, with this particular bacterial strain, the total IgA level was
30 not increased by coexpression with these cytokines. Other bacterial strains, such as

Streptococcus gordonii, are also being examined for their usefulness as mucosal
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pronounced health benefit, and is terned synbiotic. Qther active

i ngredients | pepidides e appreciated that the probiotic strains may be

adm ni stered prophylactically 25 or as a nmethod of treatnent either on its
own or with other probiotic and/or prebiotic materials as described above.
| n addil0i on, Theinhadtuaionaf pebidi ergadsnasis pacdmyifshed by the plyssasd dfth® micro-
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15 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

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

20 resulting in a more pronounced health benefit, and is termed synbiotic.

Other active ingredients

It will be appreciated that the probiotic strains may be administered prophylactically
25 or as a method of treatment either on its own or with other probiotic and/or prebiotic
materials as described above. In addition, the bacteria may be used as part of a
prophylactic or treatment regime using other active materials such as those used for
treating inflammation or other disorders especially those with an immunological
involvement. Such combinations may be administered in a single formulation or as
30 separate formulations administered at the same or different times and using the same

or different routes of administration.
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resected and washed human gastrointestinal tract. 5 2. A Lactobacillus
casei strain or a nutant or variant thereof, wherein the Lactobacillus
casei st rwpD3ios023¢ gni fi cantly i munonodul atory foll owi hg @cCallEoxwmeunpt i on
in humans. 10 3. A Lactobacillus casei strain selected fromany of strains
AH101, AH104, AH111, AH112 or AH113 or nutants or variants thereof. 4.
Lact obaci | | us casei strain AHLO1 or a nutdht or variant thereof. 15 5.
Lactobaci |l lus casei strain AHL04 or a nutant or variant thereof. 6.
Lactobaci | l usCtsasei strain AHL1l or a nmutant or variant thereof. 7.
Lactobacillus casei strain AH112 or a nutant or variant thereof. 20 8.
Lact obacillus casei strain AH113 or a nutant or variant thereof. 9. A

Lact obaci |l usjcaseiy Bhldddins &lsél BBMn! & 9nﬂut9ﬁte&e%n&t%@ﬁem WORdi&d ol e
nmutant is a genetically nodified nutant. 10. A Lactobacillus casel
strain as clained rmeqmrqdmb@ﬂkmgnmgastrpwtﬂshmmatﬂwe .variant is a

nat ur al Lsy occurring variant of Lactobacillus casei. 11. A biologically pure
culture-of a Lactobacillus casei strain selected fromany of - 30 strains
AHLO01, AH104, pAHL1A, [ ABAR 0L ANed 3iraMCo03/ A0 Or RialahEQRr 841 Fherein 48 12
A Lactobacillus casei strain as claimed in any of clains 1 to 11 in the
formof viabl e cel&cobatBlus Kaseictivibmed sipnidicenilyeimmuncanodudaionyl fallowéng orabny
of claimse 1 to 11 in the.formof 5 non-viable cells. 14. A-Lactobacillus
casei strain as cl STBEYPHY GBSl aims 2 to 13 wherein the Lactobacill us
casei is isolated fromresected and washed hunman gastrointestinal tract.

10 3. A Lactobacillus casei strain selected from any of strains AH101, AH104,
AH111, AH112 or AH113 or mutants or variants thereof.

4. Lactobacillus casei strain AH101 or a mutant or variant thereof.
15 5. Lactobacillus casei strain AH104 or a mutant or variant thereof.
6. Lactobacillus casei strain AH111 or a mutant or variant thereof.
7. Lactobacillus casei strain AH112 or a mutant or variant thereof.
20
8. Lactobacillus casei strain AH113 or a mutant or variant thereof.
9. A Lactobacillus casei strain as claimed in any preceding claim wherein the
mutant is a genetically modified mutant.
25

10. A Lactobacillus casei strain as claimed in any preceding claim wherein the

variant is a naturally occurring variant of Lactobacillus casei.

11. A biologically pure culture of a Lactobacillus casei strain selected from any of

30 strains AH101, AH104, AH111, AH112 or AH113.



10 15. A Lactobacillus casei strain as clainmed in any of clains 1 to 14
wherein the strain is capable of stinmulating IL-10 production by PBMCs.

16. A Lacwoapidzbus casei strain as clained in claim15 wrCThE20ANY 13. 15
17. A fornul ation which conprises at | east one of the Lactobacillus casei
strains as clainmed in any of clains 1 to 16. 18. A fornulation as clained
in claim17 which includes another probiofic 20 material. 19. A
formulation as clained in any of clains 17 or 18 which includes a prebiotic
material . 25 ¥, AAflgcmbheiilioenseisstoiimpneldined innyy of clelnad ko 17 irt ibe farmwbf ch

i ncludes an ingest. Ie]_arrier. 21. A fornulation as clained in claim20
wherein the ingest%% chg%rier is a pharnmaceutically acceptable carrier
such as a capsule, tablet or powder. 30 WO 03/010299 PCT/ | EO02/ 00112 -41
22. Afornulation as clainmed in claim20 or 21 wherein the ingestable
carrier is a 13oodAdmustlesilisuedseiasraie au¢lpined injank of gleimut to 11 pothedoywghur t
m | k pogder, nilkn&gp BRALLAL € cheese spreads, dressings or beverages. 5
23. Afornulation as clarmed’'in any of clainms 17 to 22 which further
conprises a protein and/or peptide, in particular proteins and/or peptides
that are rich in | utam ne/ gl utamate, a lipid, a carbohydrate, a vitamn,
m neral and/ o4t rageLaC&bé?fé'H% casgpsipain ap clayped ot dained Aitordd Whereindhars 17
to 23 wherein the Lasimhafl! i Cas Clicordld Aidnl S RLASPN hnd N WABhATOHhal"
nore than 106 cfu per granlof elivery system SECCA formulation as
clainmed in clains gdstromie@dnaMiiacth i ncl udes an adj uvant.

10
15. A Lactobacillus casei strain as claimed in any of claims 1 to 14 wherein the
strain is capable of stimulating IL.-10 production by PBMCs.
16. A Lactobacillus casei strain as claimed in claim 15 which is AH113.
15
17. A formulation which comprises at least one of the Lactobacillus casei strains
as claimed in any of claims 1 to 16.
18. A formulation as claimed in claim 17 which includes another probiotic
20 material.
19. A formulation as claimed in any of claims 17 or 18 which includes a prebiotic
material.
25 20. A formulation as claimed in any of claims 17 to 19 which includes an

ingestable carrier.

21. A formulation as claimed in claim 20 wherein the ingestable carrier is a

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

30



15 26. A fornulation as clained in clains 17 to 25 which includes a
bacterial conponent. 27. A fornulation as clainmed in clains 17 to 26 which
i ncl udes wodso2entity. 20 28. A formulation as clai ned POTAE@/81217 to 27
whi ch includes a biological conpound. 29. A fornulation as clained in
clainms 17 to 28 for use in immnisation and 25 vaccination protocols. 30.
A Lactobacillus casei strain as clained iflany of clains 1 to 16 or a
formulation as clained in any of clains 17 to 29 for use in foodstuffs. 30
31. A Lactobad? | ué foundatien anélained iplckimetd) dm2lawherein the gestaliletcarrie iva a

fornmul ation as clajned i ny .of cl.ai 17, to 29 fqr use as a nedi cagent.
W0 051 010900 P 1 188w ot s SeBTeR ik Poimes Moge™ Zadin sPapRvae:
clainmed in any of gigiddhcehtraR, dfee@ sppeadt, Ardiingt bPhevdfaged.ai med in any of
clainms 17 to 29 for use in the prophylaxis and/or treatnent of undesirable
inflammatory activity. 5 33. A Lactobacillus casei strain as clained in any
of clai 1tg,16 @r..a formulation.as clained in, a f jnms 17 to 29

f or useg?n thée)3'pr o%hfyfnel&lfl@c’n SharSicv ey &% H’gﬁ]fm%% iﬂﬁodg% W?‘%ﬁjg%er COMPIISEs a
gastrointestinal iplokeiniBd/or Yeidel Wi pattisulenNpSsins hm/bxa{fsm'ﬂ@g yhabawelichlijgease
such as Crohns disease or ulcerative colitis; 10 irritable bowel syndrone;
pouchitis; or postslutmene/Blanae,a ligid, asarbahydretepBadtaminsmingeadiandfor diage as
claimed in cIaimS{lel\Ma ein the inflammatory activity is irritable bowel
syndrone 15 35. A Lactobacillus casei strain as clainmed in any of clains 1
to 16 or a fornulation as clainmed in any of clains 17 to 29 for use in the
prophyllgxis éaépd/or treatnent of, gastrointestinal cancer(

S).
A formulation as claimied in claims 17 to 23 wherein the L)actobacillus casei
strain is present in an amount of more than 10° cfu per gram of delivery

system.

25. A formulation as claimed in claims 17 to 24 which includes an adjuvant.

15
26. A formulation as claimed in claims 17 to 25 which includes a bacterial
component.
27. A formulation as claimed in claims 17 to 26 which includes a drug entity.
20
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
25 vaccination protocols.
30. A Lactobacillus casei 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.
30 31. A Lactobacillus casei 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.



36. A Lactobacillus casei strain as clainmed in any of clains 1 to 16 or a
20 formulation as clained in any of clains 17 to 29 for use in the
prophyl axwe o3andpor treatnent of system c di sease such aspCrheemir d
arthritis. 37. A Lactobacillus casei strain as clainmed in any of clains 1
to 16 or a fornulation as clainmed in any of clains 17 to 29 for use in the
prophyl axis 25 and/or treatnment of autoi-ddune di sorders due to undesirable
inflanmatory activity. 38. A Lactobacillus casei strain as clained in any
of claims 1 to 16 or a fornulation as clained in any of clains 17 to 29

for use in thg prﬁﬁg | axi.s .. 30 and/or treatnment of cancer due to
undesi rabl e i nfi a Fiebacilps icaset sfi@itoas odnpsd Iocamy mboglaips1d to 1g3or 39, A

Lact obaci | | us casei X Solehal i f } .
Forfh&idh & cléﬁ#rﬁli lqﬁccll% rb{ 57%51‘%{161921970!' B9 For lusk Gn hﬁees{ootpg.{)lﬁ)f/lf axi s

formul ation as clained in any of clai or use In't

of cancer. 5 40. And/actredsment df wedesirsidle isflanahatogsactivay.med i n any of clai ns
1to 1l60r a formulation as clained in any of clains 17 to 29 for use in
t he progﬁyl axis and/or treatnment of diarrhoeal disease due to undesirable

i nflammatory 33cti W Tcrobbéilud$afd Ol db Whiflelif inChhe ASaRmisat eq dkag hoea,
Rotavirus associated diarrhoea or post infective di'arrhoea, or diarrhoea)
di sease due to an famulaifoscasi dtimedgenny of whtimad 7Bocs for wsé .in Ahd poopbylaxis | | us

casei strain as clajmed in any of .claj 1 t.0 16 or formul ation as

claimed in any of (E:"ildg:gr : earlhf’e?to()fi@d?sdﬁab{?s%asEr?lmfeﬁténagr’%%é‘?rﬁ?tpﬁ’na%‘f”ty suckas;
anti-inflammatory RifRiligseRevbwel aBeRE SsubRrast TRoHAE CREBAkEHr SulBRFGRY colitis;
treatment 15 of undesirable inflammtory activity. 42. A Lactobacillus

casei dfrain as cl driable bowel sEmdipme; Rowelitisprppet inteetiomenlisist by
ant agoni si ng and excl udi ng proinflamuatory m cro-organi sns fromthe
gastrointestinal tract. 20

34. A Lactobacillus casei strain as claimed in claim 33 wherein the inflammatory

activity is irritable bowel syndrome

15 35. A Lactobacillus casei 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 gastrointestinal cancer(s).

36. A Lactobacillus casei strain as claimed in any of claims 1 to 16 or a
20 formulation 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 Lactobacillus casei 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

25 and/or treatment of autoimmune disorders due to undesirable inflammatory
activity.
38. A Lactobacillus casei 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

30 and/or treatment of cancer due to undesirable inflammatory activity.



43. A Lactobacillus casei strain as clainmed in any of clains 1 to 16 or a
formulation as clainmed in any of clains 17 to 29 for use in the preparation
of anti-wofodanizas ory bi ot herapeutic agents for reduci ng troaTEev®ise of pro
i nflammatory cytokines. 25 44. A Lactobacillus casei strain selected from
any one of AH101, AH104, AH112 or AM 13 for use in the preparation of
anti-inflammatory biotherapeutic agents -f3r- nodifying the |evels of |FNy.
30 45. A Lactobacillus casei strain AHL1l1l for use in the preparation of
anti- inflanmery Ailsichéneidest daseiagienin sasf drimeddirciang dfhelabieydl so A bl28.
WO 03/010299 PCT/1EQ02/Q0112 -44 4. Use, of, a bact obacillus casei strain as
an anti-infective pPoBigignasspigied n a5y of Waimst 17ot0 2 tog piae 1 thgropbaxissafy ai n
sel ected from any qQpgeepf AHL101, AH104, AH111, AH112 or AH113 as an
anti-infective probiotic strain. 5 48. A nethod of treating or preventing
undesirable inflamuatory activity or inflammatory di sease in a subject

whi ch copprises adnj ni steri to t.he subj ect. Lact obgci| | us .casei strain
as cl ai ngl;rg in 4g)hy géf %&Céﬁ%ﬁ%ﬁ@g tch?GSﬁBat‘r_lé‘ls “ﬁ%‘ﬂ?ﬁl at 1B (gsd@}“ési_ e P ﬁﬁ any of
claim17 to 29. 10 féSaulfioneideldings il dly B Ckidims Cl7240m2d Sor iR 81 the bh%hylaxis
undesirable inflammtory activity is gastrointestinal activity. 507 A
net hod as cl ai med i2Ad/er drestmentnek rdiprhaenle dissarss idpabloe upddsirabierainflaynmatdy

tivity is infl . |, di 6. Croh [ I ti
ol itis) irritabl o b SHE s BRRTR iR, roflRth ARG atiefing

51. A nethod as cl assveidtddrligiiaiemod Bosstvgfe@ive didithodndesiidrdesl dishbadmmbany

activi tf/ isirritable bowel syndrone. 20
0 infectious agent, such as E.coli.

41. A Lactobacillus casei 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 preparation of
anti-inflammatory biotherapeutic agents for the prophylaxis and/or treatment

15 of undesirable inflammatory activity.

42. A Lactobacillus casei strain as claimed in claim 41 wherein the strains act by
antagonising and excluding proinflammatory micro-organisms from the
gastrointestinal tract.

20

43. A Lactobacillus casei 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 preparation of
anti-inflammatory biotherapeutic agents for feducing the levels of pro
inflammatory cytokines.

25

44, A Lactobacillus casei strain selected from any one of AH101, AH104, AH112

or AH113 for use in the preparation of anti-inflammatory biotherapeutic agents

for modifying the levels of IFNy.

30 45. A Lactobacillus casei strain AH111 for use in the preparation of anti-

inflammatory biotherapeutic agents for reducing the levels of IL-8.



52. A nethod of treating or preventing cancer in a subject which conprises
adm nistering to the subject a strain of Lactobacillus casei as clained in
any of cweim®i9to 16 or a formulation as clained in anyPeofi/IEé2zI0M217 tO
29. 25 53. A nethod as clainmed in claimb52 wherein the cancer is
gastrointestinal cancer or cancer due to inflammtion. 54. A nmethod of
treating or preventing a systenic disease4dssociated with inflammtion in
a subject conprising adm nistering to the subject a strain of a 30

Lact obaci | | us 46aseiUsaf allattvbdciilns aavy: strhincdsainrmtiinfeotiiebprobiotic fpainul at i on as
claimed in any of claim17 to 29. WD 03/010299 PCT/1E02/00112 - 45 55. A
nmet hod as clainmed in claimb54 wherein the system c disease is rheumatoid

arthritis. 56.47A meiaoq aOEac'E‘d'b%@flluE'Qaé%E stl?&ﬁ‘é@l@&%&'gro%p al?}“E)lQé WPﬁO?i ﬁﬁﬁﬁlﬁ“ r

caused by 5 inflanmmation in a subject conprising adm™nistering

subj ect a strain ofAHLdcAdbAgiok IATEL 13as en aais-indbaivegobioti@syainf clains 1 to
16 or a fornmulation as <clainmed in any of claim1l7 to 29. 57. A nethod of
treati ngg or preventing a diarrhoea) disease in a subject conprising 10

admi ni stering 480 the nsdthde &f @eﬁﬁlg%ﬂp@weﬂtﬁ@ Qﬁ)&%irhﬁlb'smﬁﬁﬁﬁiat efclt@it ' n
any of «clains 1 to 16 or a fornulation as clainmed in any of alm

29. 58. A nethod adnfimnstery qhsresmmaﬁt@wcmércmcnrrmneesmdanmmeaag tqjihseab;ecu s
Clostridium diffi ated. diarrhoe t.avi rus  associ at ed
di arrhoea, post in ekc (ft@ﬁeasco@g &gt (r%haléla ?ddling‘?r HodR) ki %lakse?di?e 16 sora
infectious agent stehnudsion as@Bimed in any of claim 17 to 29.
10
49. A method as claimed in claim 48 wherein the undesirable inflammatory

activity is gastrointestinal activity.

50. A method as claimed in claim 48 wherein the undesirable inflammatory
15 activity is inflammatory bowel disease such as Crohns disease or ulcerative

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

51. A method as claimed in claim 48 wherein the undesirable inflammatory
activity is irritable bowel syndrome.
20
52. A method of treating or preventing cancer in a subject which comprises
administering to the subject a strain of Lactobacillus casei as claimed in any of

claims 1 to 16 or a formulation as claimed in any of claim 17 to 29.

25 53. A method as claimed in claim 52 wherein the cancer is gastrointestinal cancer

or cancer due to inflammation.

54. A method of treating or preventing a systemic disease associated with
inflammation in a subject comprising administering to the subject a strain of a
30 Lactobacillus casei as claimed in any of claims 1 to 16 or a formulation as

claimed in any of claim 17 to 29,



10

15

WO 03/010299

55.

56.

57.

58.

PCT/IE02/00112

.45 -

A method as claimed in claim 54 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
Lactobacillus casei as claimed in any of claims 1 to 16 or a formulation as

claimed in any of claim 17 to 29.

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

claims 1 to 16 or a formulation as claimed in any of claim 17 to 29.

A method as claimed in claim 57 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.



