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Introduction 5 The invention re tobaci |l us casei strains

their use as probiotic bacteri @@ﬁﬂm%E@ @EIar as i mmunonodul at ory

bi ot her apeyt | ts. The def nms to protect t

gastrointe (5&%@9%9act from col oni Z¥¥8n by intesti nal bé?ﬁerla are highly
conpl ex and i nvol ve both i mmunol ogi cal and non 10 i munol ogi cal aspects
(1). Innate defense nechani sns incl ude the | ow pH of the stonmach, bile

salts, peristalsis, mucin layers and anti “}i crobi al conpounds such as

| ysozyme (2). Innunologlcal meghani s cl yde speci al jzed | ynphoid
aggregates, underlying M ceILéEi@@ﬁéihﬁéh%ﬁ@ﬁ%£§&ﬁ&ﬁ%§-mhlch are

di stributed throughout the small intestine and colon (3). Lum nal antigens
presented at these sites result in stinmulation 15 of appropriate T and B
cel | subsets wiatroduetionh] i shnent of cytoki ne networks and secretion of
antibodies into the gastrointestinal tract (4). In addition, antigen
presentat'on occu | t e ytes
oresent atd on T Q58 b AL Tl ot il GEP AR pbih R o2
i nvests SUbSt arﬁ patitular as immimemedulgory diothierireateagehtst he gastroi nt estl nal
tract. However, as the 20 gastrointestinal nucosa is the | argest surface at
whi ch the host interacts with the external environnment, specific control

mechani sms nusipy %efeﬁse%@&ﬁmt@s foeﬂ'Hteé‘tt e hinfiHR PRUDRERERE r4ENBSS cbldnizitRn100
tons of food which is hand gastrointestinal tract over an

average |ifeti iy mlﬁstmahbaqhmeare i{u@lsgmmplgx ewl GWPIZ’édJOBy“mDV@lO&S@b aadhae-es of
b nb 1
act er I u erlllnjmnélgéiﬂl %a%#‘p&il). {r}rﬂf\e &e?%rﬁ@ me-EHHﬁsm ﬁﬁe(iﬁg'tl I’?ﬁi the

mechani sts nust O st1 ngul shi ng non ogeni ¢ a
bacteria from siomeas, bite faltshmegiemnksis, \nhicnhlayersl |lacld caatu-smcmbgh cbmpcmnﬂs sanheage t o

the host. In fact intestinal a. cont ut es of the host
by conpeting wtﬁqzsﬁ%f ié’ IF‘EFW%gtSH%@? q:ii @Pbde {]
30 Bacteria prea@sying™M &ﬁs haalE pgﬁ'ﬁ.‘l padinel Qfichnae dtsfrnﬁtedqmugmtrmeesmau

I nfl ammati on. Aberrant I mune_responses to the indigenous mcroflora have
been i npl i cat edntestine and colon (3). Luminal antigens presented at these sites result in stimulation

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 substan_tially
in immunological defense of the gastrointestinal tract. = However, as the

120: gastrointestinal mucosa is the largest surface; at which the host interacts with the
external environment, specific control mechanisms must be in place to regulate
immune responsiveness to the 100 tons of food which is handled by the
gastrointestinal tract over an average lifetime. Furthermore, the gut is colonized by
over 500 species of bacteria numbering 10'-10'%/g in the colon. Thus, these control

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
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WO 03/010299 PCTI I EO2/ 00112 -2 certain di sease states, such as inflammatory
bowel disease. Antigens associated with the normal flora usually lead to

i mrunol ogi cal tolerance and failure to achieve this tolerance is a major
mechani sm Qf | inflammation (6). Evidence for this in

t ol erance 8ﬁ%gﬁﬁggﬁan increase in antibody |evels directeﬁggggbﬁgppthe gut
5 florain patients with IBD. The present invention is directed towards
Lact obaci |l us strains, which have been slppwn to have inmmunonodul atory |
effects, by nodul ating cytokine |levels or by antagonizing and excl udi ng

pro-inflamat oeftalH GiEdsOstaRs) shéPad inflBdninaRry BOwaaRehR] NKiitipbAsAbockdi@ with
Statenments of Invention According to the invention there’is provided a

Lact obaci | | us thegwimaltilasa ysuslly dead toimmunologicsl tpleranga tand fiailuesoto schigvathisl from
resected and ] Stel r i qvept: .

provi des a La\é\fo?i%%gf p%llrjaga %%@“’r"g rgar?n&o@a‘l'ao s%%ui?gl%\?‘mgtr}&vgi an%lhﬁ%g?égg ,ls

wher ei n t he Labiealalaeinih tderamedncledasan increases ingmtibodydetelsyditentetd agdinsg thesudr vy
fol |l ow ng ora ConsajnB{i Q@@) humans. 20 According to the invention there
is provided a EYEIHBAEPS WY Sei strain selected from any one or nore of

AH101, AH104, AH111, AH112 and AH113 or a nutant or variant thereof. The
mut ant may be a genetically modified nutant. The variant may be a naturally

25 occurring vhre aresensrinyention s dineptad tewards Lagtabacilus stiging fiich hawetheen

i nvention Lact i C i b2k Safbaeel I I

Al ternatively agﬁo 0Ial(’:lifvlel g@ﬁgrtmr?%({(ﬁ%ﬂ% eeflfegtsi EZ %‘g‘?drﬁtgl% wg){?\}&l&ﬁeévﬁ% {’:‘2?’( s. 30
I n one enbodi nemagonizingheandv ertlidingt prodinflanohatory| | mécro-arganisms r droms ahe i n
the formq,of a _bjol ﬁeggir?aglrlé't pure culture. WO 03/010299 PCT/I1E02/00112 3 In
one enbadi ment BB M8t i on the Lactobacillus casei is isolated from
resected and washed human gastrointestinal tract. Preferably the
Lactobacillus casei strains, are

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 & mutant or variant thereof,

wherein the Lactobacillus casei strain is significantly immunomodulatory following

oral consumption in humans.

i 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 casei.

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.



significantly i munonodul atory follow ng oral consunption in humans. 5 The
invention also provides a formul ati on which conprises at | east one
Lactobacillus casei strain of the invention. The fornul ation may conprise
two or nor ral of Lactobacillus. 10 In one enbodi ne
i nvention r?z‘;"f"g?’rg}% ation includes another probiotic mat g??ﬁo?/b'ﬁz one
enbodi nent of the invention the fornulation includes a prebiotic material.
15 Preferably the fornulation includes anr3ngestable 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 mlk yoghurt, . frqze oghurt,, . m owde m | k
concentrate, cﬁ%@%“‘ee@[ﬂ?fg%gt, ofdb%@«?rﬁ!gg tQﬁLac@%g@ﬂg%g&ez lé(bgoiqfledo&%rgéﬁﬁ%{?ﬁnent
of the inventi gpq whghell Bldh ghsti@ihtedfind Bect] PHESBIP helldbbbakiEHRY sGAs ard -
protein and/ or Is{Feogl de, in particular proteins and/or peptides that are
rich in gl ut asisnéicgntst imraenomogulatopy fellowing ora) sersumptien indunialsani n, i ner al
and/ or trace el ement. 25 I n one enbodi nent of the invention Lactobacillus
casei strains are present in the fornulation at nore than 106 cfu per gram
of delivery sygtheinveRliaf asaployidehafornolation whichicompiides deleashnge bamgolmcillwdr e of
an adjuvant, a bacter.i al. .conponent T afdru&qpenti t‘% or. a biol ogi c?l .
conpound. 30 | AAS6h&tRIR08 e aNention. ThHE fOrmUAtoN gAY REPHSS (KO 9 PEls Siraing Of
i muni sati on apgcro¥@smisnati on protocols. WO 03/010299 PCT/ | E02/ 00112 -4 The
invention further provides Lactobacillus casei strains or a fornulation of
the invention for use as foodstuffs, as a nedicanent, for use in the
prophylayy s ang Qfne énﬁ?&ﬁﬂ@ﬂt o0 theUitVéitioh Rk SotmiithtfRTRICRAYs @fdthet! pavbidtier use
in the prophylaxis and/or 5 treatnment of undesirable gastrointestinal
i nfl anmat ory aataterial.y such as inflammtory bowel disease eg. Crohns
di sease or ulcerative colitis, irritable bowel syndrone, pouchitis, or
post infection colitis, for use in the prophylaxis and/or treatnent of

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 cepsule, 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.



gastrointestinal cancer(s), for use in the prophylaxis and/or treatnent of
system ¢ disease such as rheumatoid arthritis, for use in the prophylaxis
and/or treatnent of 10 autoi mmune di sorders due to undesirable inflamuatory
activity, r | n the prophylaxis and/or treatnent of ue to
undesi rabl‘&aioﬁ)pfog?#rmtory activity, for wuse in the prophyﬁcglﬁgﬁ@flgcancer,
for use in the prophylaxis and/or treatnment of diarrhoeal disease due to
undesirabl e inflammtory activity, such ag-Clostridium difficile ‘
associ at ed di arrhoea, Rotavirus associated diarrhoea or post infective 15
di arrhoea, for use in the prophylaxis and/or treatnent of diarrhoeal

di sease due to_an, infec iﬁs agent, such as E. colj. The invention also
provi des Lact obB& invepdon. r providen dagipbagillug caser Siraivs asra foremulation efithen f or

use in the prepgemionddr Qe &Rk, Ak 'aggeg?a?gﬁ{téff{)ﬁgagih%ﬂfggdyﬁggg?%Q/BPV 20.

the prophyl axis and/or treatnment of un s nmra Ivity or
for use in thetreatmertaefaundssirable inflammatery aotinityorfgr bseoirh dreaprephylaxingedivs f or

t he prophyl axi I ab i nfl ammatory. gctivity. In
one enbog i ment E%@H%%rfiurqgéesﬁﬁlgﬁq %%Ogrttgski B%ﬁﬁ%&m& J"?’ eaqtlﬁg% ﬁ't“%ho?fylgg?m%‘?tmy

ant agoni si ng  Boveldiseasec bgdCroging rdisesst | cnatecraiive dolicis,OirfitabRNbewa dyh@@idehe
gastrointestinal tract. The invention also prqvides, Lactobacillus casei
strains or a fB‘?“ﬁfﬁ'f‘ﬁrt ProRoshrinfepiton qul\"é'ng’f' &re f'b(l‘)heueré’PhY'l- 1p @ngfop trastmenplo At of

anti - i nf | anmat gisitoificRiink® cCARRK(S), FoR 8@ nStht Yrophy BIKCAdiort 0
i nfl ammat ory ci{ oki nes. 30 V\D(ts)é;%/ 010299 Pgrrc/)ﬁ ZOZ/ 00112 ﬂ‘?’ﬁ‘ghigﬁrﬁ\e/gefﬁs | oﬁlﬁg
further provi déiseasegychirsciheymatoidaartitipyfor usefin rthe) prophplaxis eandfoe preatenenbof  of

anti - i nfjhammat [ ot h t ents: for . ' .l eyels of |L-8.
The i nvelpt i on %‘%‘l[rﬁ{eu?l p@(g)@rpﬁgsd%actg ;gllrz{bfeug{ f@g]g@t&gt %’gﬁhtg’ Te'i%n 1 P'ilée
preparati on of prophydaxis andAdr teeaménd of cancert dve rta jpaddsirable geftintmdtorty aetivicy, Yong t he

| evels of I1L-8, I.L-10, Il.h;¥ 12, f'I'NFa or, | FNy.. &Be I nvention further prfovi des
Lact obaci | | us ¥558; e iRraphylaxis,pf qancer, for; y3g™ 15, g Hroplylais, pnd/or treatment o

anti - i nf | ammat @iiyhdehlo HfRedsa st ioCuRBSibR flimARibky Vicieity, Nach QY etrBsiAiub Y -
Preferably 10 in this case the strains are selected fromany one of AH101,

AHL04, AHL12 ofifficiienassociated digghasti BRtauiruso apspeigted cdiarbeea I9e” pask ipfective
anti -i nfigcti veqipfiRiah oot GseSin'thé PropAyiexid Shdld?®lehtment 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 biotheralﬁeutic 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 idvention 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



ability to antagonise the growh of pathogenic species. 15 W have found
that particular strains of Lactobacillus casei elicit imunonodul atory
effects in vitro. The invention is therefore of major potential therapeutic
value in t yl axis or 20 treatnment of dysregul ate d@% sponses,
such as url‘ggs?[rh(aB e inflammatory reactions, for exanpl eq'l n arrm;{zgry bowel
di sease. The strains may be used as a panel of biotherapeutic agents from
whi ch a sel ection can . be nade for nodi fy|5ng the levels of IFNy, TNFa,

| L-8, IL-10 and/or IL- 12. 25 The strains or fornul ations of the invention
may be used mThhmvpntmnefnﬂhemrperbﬁdractobamm AH111nfok asehy BE Yrepasticger s,

i munodefi ci enc | ammat bowel, di se i,rritabl e bowel syndrone,
cancer (parti CGY%HIT iptlypmatn Q@é@?’?ﬁ%é&?“i‘ﬁ% reduging thaddavals of faBens) |

di arrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea, .
30 appendicitis, autoi mune disorders, multiple sclerosis, Al zheiner's

di sease, rheukhe #vantign further F§°Vlé®e440é§tba€!ﬂ§%eﬂ§e¢ strfinsbeseds thelptaptam;pn@tfgan

transpl antatio P“"’ﬁﬁ“ @ 8&/‘ vi ral
i nfecti oﬁs fu%’gta ealé)?"l} B%r{l;@e erl o%%ﬁtfs §;r sg%]igvelseﬂt p‘ég g‘ 2@3&%
sexual |l y transmmmmﬁase H'V infection, HV replication, HYV

associ ated diarrhoea, surgical associated traum, surgical -i nduced

net astati c di sease, sepsis, weight |oss, anorexia, fever control,

cachexi a, woungpdpgbitid »furEHeF @ﬂeQH&CtJb%Eﬂm.%asé strdfs FoAR H?Me‘iﬁ%%rati%ﬁ g,

respiratory disorders, circulatory disorders, coronary Reart | sease,
anaeni a, di sor ai-nflafmatesy bibtherapewsicpgents fqyrquyfyhlgrme teeelalof &Fl‘i\eaBneferably

Ut 4 dfal i SoEERe Pl B et Gl ARY oo e AREE Samidf SRR o

di sorders, psoAHd$3.s and/or acne vulgaris. 10 The Lactobacillus strains are
commensal m croorgani sns. They have been isolated fromthe mcrobial flora
wi thin the human gastrointestinal tract. The inmune system wthin the
gastroi nt esti nehe fnhéftfon GRH i pdvidta ¥6r e mgé)smmﬁfécﬁ&g%?neﬂc g@mﬂse&m{] this
flora, as the resulting inflammatory activity woul estroy cells
and tissue fuahilifydmantaponise thergeowib ofipathegshissperisss) exi st wher eby the i mune
system gan

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, immunodeficieiicy, inflammatory bowel disease,
irritable bowel syndrome, cancer (particularly of the gastrointestinal and immune
systems), diarthoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
30 appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,

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



15 recogni ze conmensal non-pat hogenic nenbers of the gastrointestinal flora
as being different to pathogenic organisns. This ensures that damage to
host tissues is restricted and a defensive barrier is still maintained. A
deposit of i1lus casei strain AH101 was- nmade at t I
CblIectlong*eg%&@?ﬁlndustrial and Marine Bacteria Linitedl?ﬁey@g(ﬂgﬁ Apri
20, 2000 and accorded the accession nunber NCI MB 41043. A deposit of

Lact obaci |l us casei strain AHLO4 was nade-&t the. NCI MB on April 20, 2000
and accorded the accession nunber NCI MB 41046. 25 A deposit of

Lact obaci | | us dafsetions; vigal Iihféétfbns’l,ilfums infedions) tpetibdontdTididBase uidgesifal diease, 2001

and accorded the accession nunb %N%BNBEO% ﬁdeposm of Lactobacil| us
casei strain AMgxusllybranspitied fose?sﬁe Lt teplicationo HIg, pserciatedied
the accessi on nitRks NordfEbl thA e halith OREOLAZARNCE A RAAICORRIRe Aselgiaos ¢

of Lactobacillus casei rain AH113 was madeé at th
2001 and accor deright Hessa@perexiaofeveru atntrol, N@ichexia 1oound healing.aulcersagutl buserasei

may be a genetigcal.l | fi e y urally i ng
vari ant ther eoff nclgP é’f genr%gé?'lf’ ?ﬁgﬁﬁﬁ{a@% dishdégs 8@%&%}0 géllyoﬁg‘%r ;fecofrg)onraﬁf g%rr{
viabl e cells. Alideasenaiaeméd, ghsm’ders of the blulod codgulasion aystém, reryal Hizedss, disveddroofn of
non-viable cells. 10 It w appr.eci ate that t he specif, acgtohacill us
strain of the it &snidn nﬁlagusoesystgﬁ GP&Ce €0 igFhaRmias {“i'tﬂl?'ﬂah' ﬁ'@ rﬁﬁﬁans)
in an orally ingRSpdrbdie eh@chhé disctders, %m@ﬂﬁmm}degr pidRiadit hﬁH?orsdéﬁ@vﬁgans
capsul es, mcrocapsul es, tablets, granules, powder, troches, pill
suppositories, suspensions and syrups. Sui tabl e for mul ati ons may be

prepar ed y nme gmﬁy VI n

I nor ganl c6)15 a ?%\?éog Mgﬁr@t}#)X&ﬂmact | @é&l&% ée)n?heyoﬁé[;'%em e?r%gﬂﬁ‘fjat?d
conposi ti on mayrdnethetmiarobiakfleda withan mmhumaegeﬂmlmestmﬂdxa&eSThemmm&ypteut ic
eff ect. Th: L?&% h—g%@stﬂ?ﬁ?ﬁin&%&racg &enage Q%(r:c}n%{lrllc%cli reca?: 10n oergttathbers oF ngs

entity or

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



In addition a vaccine conprising the strain of the invention nmay be
prepared using any suitable known nethod and may include a
pharmaceutically acceptable carrier or adjuvant. 25 Throughout the

specification th ernms nutant, variant and genetically %Larf' 20r t ant
I nclude a &Q%WW Lactobaci | I us salivarius whose genet [Tg' (}Efz orf}"
phenotypic properties are altered conpared to the parent strain. Naturally

occurring variant of . Lactobacillus casei-fncludes the spontaneous
alterations of targeted properties selectively isolated while deliberate

alteration of pRAEHRkit st Ladtobapiliap edsel StfaihAY1 DT wadmads etk NCIRGB &Y March 22,
conventional genetic. mani pul ati on technol 8}% es, such as gene disruption,

conj ugati ve tr &98% apd acgprded the agegssiompitmobep IVEY44093112 8 Brief descri ption
of the drawings Fig. 1 is a bar graph showi ng the adhesive nature of :
Lactobacillus casei strains 5 to human gastrointestinal epithelial cells,

CaCo -2 and HT Hedackbapilll caseiandyse ageagicaihmedifipd mmeargtor irhat lera/natdrlct on

| FNy prodycti on (). p foll owi ng co-incubation with

Lact obaci#ll us coﬁé'ﬁﬁ“%f'%%nﬁé?reﬁgcéi g. 3 is a bar graph showing the

I mmunonodul atory nature of Lactobacillus casei strains on the production
of IL-10 (pg/m B . FLg...4 is a har, graph show ng . IL-12 production
(pg/ M) after if)ﬁ@bﬁ%ﬁgi mtf’h‘g’a@‘é‘c?‘ﬁﬁa’éiq‘Itk!FsE%'g%%ﬁs"@meaﬁeH& Aternatiyely ghe 5 o
bar graph showimgshkeifustiafs wedy! 1Rn (HRE6M of Rhiviiblé Bgigbat ion with AHI11 and
AH112; and Fig. 6 1s a bar graph show ng TNFa production (pg/m) after

I ncubation with 20 AH112. Detail ed Description 25 W have found that

Lact obaci)!l us Y : : 3. T'm'd 'fém aci d

and bi | ehbol er gﬁtal ﬁgRg\%%?@#ﬁgﬁﬁlﬁ%&%‘ﬁtLég@%% ce %’?r%egﬁgﬁ@%glllg& te

sur pri singly hadministered oo ehitratso (incledihg dumant)y inmoanu bedly ningestibbk iforen lievel s

or by antagonising.,and excl udi ng hpro-i nftl anmpatory or | nonoqul atoré/

m cr o- or gani g mconvention preparation stich as capsules, microcapsules, tablets, granules, powder,
troches, pills, suppositories, suspensions and syrups. Suitable formulations may be
prepared by methods commonly employed using conyentional 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
pri)perties' are altered cdmpared 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.



fromthe gastrointestinal tract. 30 WO 03/010299 PCT/ | EO2/00112 -9 The
general use of probiotic bacteriais in the formof viable cells. However,
it can also be extended to non-viable cells such as killed cultures or
conposi ti ning beneficial factors expressed by tic
bacteri a. gﬁ“§%@%9+d include thermally killed mcro- orga?Pgﬁghgphg

m cro-organi sns killed by exposure to altered pH or 5 subjection to
pressure. Wth non-viable cells product pr@paration is sinpler, cells may
be |ncorporated easily into pharnaceutlcals and storage requirenments are
much less I|imted than viable cells. Lactobacillus casei YIT 9018 offers
an exanple of the effective use of heat killed cells as a nethod for the

treat ment and/ griepﬂ@éﬁ%dm@draﬁ!mur growm h as described in US Patent No.
Us4347240. 10 I't 1s unknown ether intact bacteria are required to exert
an i mmunonodul atory effect or if individual active conponents of t he

i nvention can be ut am fo

bacterial strains haIliJi gggﬁﬁo%gpmslh fvfe}iogntfnér B?é%(urll 8&?9&.:?1[;8 &ﬁh%]
gram negdt i ve bact eto bunsancgasteainizstecil epitheligapldd, y‘.a@ce?.\amd H’E—ZS (LPS) . LPS

al one induces a proinflamatory network, partially due to LPS binding to
the CD14 receptor on nonocytes. It is assuned that conponents of probiotic

bacteria possess llFEqJQ(HTDB#'deﬁhrs}ioﬁﬁigltMé étitmul&long effectldnaFRY Pﬁﬁh&ldﬁf(pélhﬁ

whol e cel I. Upon ation of these conponents, pharnmaceutical grade

mani pul ation i s ant bgPPMefollowing cpﬂn@bnngmkwrfﬁhéaqtqbec@lw faseoHRinst t he

cyt oki nes conprising the Macrophage Inflammtory protein famly (MP). The
MP-1 and -2 fam|lies represent a group of proteins which are chenotactic
factors for | eukocyfegs 3and Har grapblshcsw:mg tidinemérenmddylatoly patotecofricibecidiis o

Synt hesi 2i ng.t hom | cRLeRIBnee PRatRa oF it gy EEMCET ool asrs,

endot helial cells, keratinocytes, snmooth 25 muscle cells, synovial cells,
neut r ophi |l s, chondrocytes hepat oc Iatelets a tunmour cells. MP-1la

-1(3, connective ti&ixd ‘&@tha%'/ﬁfqpth%Ye’;'Bé nl4 Repdyspion &r&’éﬁ‘ﬁl"éﬁef fncubation ‘ﬂ!ﬁ( PF4)

and IL-8 stimlate peubroahicl..&h §1X| s. Mpnocyte chenotactic protein
(MCP-1) and RANTES are %enotcgctlﬁga or nonocytes, |L-8 for neutrophils and

15
Fig. 5 is a bar graph showing IL-8 production (pg/ml) after incubation with
AH111 and AH112; and
Fig. 6 is a bar graph showing TNFa production (pg/ml) after incubation with
20 AH112. R
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.
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| ynphocytes while PF4 and CTAP are chenotactic for fibroblasts. Roles other
than 30 chenotaxis have been described for sone of these famly nenbers.
MCP-1 stinmul ates nonocyte cytostatic activity and superoxi de ani on

rel ease. PF4 WO 03/ 010299 PCT/ I EO2/00112 -10 in IQr obl ast
proliferaﬁaﬁﬁ%ﬁpﬁbB I ncreases vascul ar perneability mhilghﬁﬁ%?Pghgand -1(3
are pyrogenic. IL-8 is intimately involved in inflammtory responses within
the gastrointestinal tract. Stinulation eP-1L-8 (and other proinflanmmatory
cytokines) «could contribute to the devel opnent of gastrointestinal |esions

therefore it iThel general asy of Probibfié bavialy i9tih ehedfderh F iviabR @b dHoWEves tit Bad at e
the production of this cytokine. 1L-10 is produced by T cells, B cells,

monocyt es and dedieatendedto nom;viabls eelli syeh asKillsAHibges dreoppetitionsiqtapipgand
di fferentiati qu,ofcil} fablolsSedpPds@da)! (HRQHYISEES btdAITAR dofitd intlhdd thefidiyPl t S
nmostly anti-i ananmatory actpl vities. It up-rﬁglul ates | L-1RA expression 10
by nonocyt es dildeds apiproegganismsher miprorarganisnfs kiblad dyt expostire domaltecsdy pH or

activitigs. |L- .i.nhibj C QL O ti of .0Ki nes., reactive

vgen ahd i o 8 pPsh e TRARHENS LSS bl Bropali Bt fohiRptet, A

Ei |1 Ing agd | Lbehil.iﬁccﬁpadtegltéaﬁkty ititc&pbarmﬁmﬁdcdbﬁmt’d SteRpe rdqirerhiehts ar'ElhhﬁclﬂeE@ki ne
as al so been sho to C nocyt.e . produc iint estinal coll agenase

and type 1V cAMReia8 s criFer pekatrgIl ehes YIS B0 stEis SUBuGIah che

pat hway and t hgfeehw GseGFYhedEKiBE bATR st Pibthb@ Got! thé Beat@ient dil/or GREVRAGHH ¥E

tissue destruction seen in chronic |nflannator¥ di seases. |L-12 is a

het er odi neri c tpmewegrawdt aszigsqeibed inppd Betgntdyo. USd34729@ ent |y |i nked chai ns of
35 kD ang 40 kD. It is produced primarily by antigen presenting cells, such
as 20 crophages, early in the inflammtory cascade. Intracellul ar
bacteria sti mit & enkrvevn whettlercintaohbaxrteriai arh requiretl 2o @kert lan ifimunbmiodulatogot ent

i nducer of IF rodyction.and .activator, of, pnatural killer cells. 1L-12 is
one of the key Vbt Bikith il actfs conporhus ot fBR diisBiom, <ap Beotized floteeg. or
Thl, inmmune r gspRAsRMaldry EBfmpbientshfseetaini Basterili dtiatné HaVe bBdn fentéffidl STheT
high I FNy production (8). |L-12 induces the production of |L-10 25 which

f eedback i nhi mreigflammetery, eifentscafigsamnpgative bagteriaar mgdiated By lipenalysgechgridii ne
productien. T - ; ' - : 3 can
Rave. sty mul atory gy A b nues B Ehuhior PR BRGNP ol L LRI O

| L-12 in vivo tha@D1Aaeceptoo on monesydgse dt is @ssunled ¢hat pompraents ofiprobiotic bactariy

associ ated | nfplozsisngérsatir(r)nrr%nomodulatory 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 cqmpﬁsMg 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,l hepatocytes, platelets and
tumour cells. MIP-1a -1f3, connective tissue activating protein (CTAP), platelet factor
4 (PF4) and IL-8 stimulate neutrophil chemotaxis. Mpnocyte chemotactic protein
(MCP-1) and RANTES are chemotactic for monocytes, IL-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



di sorders, such as nmultiple sclerosis (9). 30 WO 03/010299 PCT/ | EO02/00112
-11 Interferon-ganmma (IFNy)D is primarily a product of activated T
| ynphocytes and due to variable glycosylation it can be found ranging from

20 to 25 k%i}:ﬂo]ﬁisﬁe' This cytokine synergizes with ot heﬁc‘fﬁfiﬁ%hﬂ‘fs
resulting in a nore potent stimulation of nonocytes, macrophages,

neut rophils and endothelial cells. IFNy also anplifies 5 |ipopol ysacchari de
(LPS) induction of nonocytes and nmacrophag@s by increasing cytokine
production (10), increased reactive internediate rel ease, phagocytosis and

cytotoxicity. lifdiask Abestift pRIlifEacH) 68 ih&@e}s@(%sﬁﬁﬁli géhrﬁﬁbimgi While MIP-1c. .
n

hi st oconpatibility conplex class Il (MHC class Il) antige on nonocytic
cel I s and cel | sndf1fepietpyedgenic, ILdhiddntinadiéln invalved dwinflamimateey réspenses withigi n.

This allows for [ n ! of lgep to t | nmune system
fromcells wit htlﬁ%ﬁg%?\tbﬁlge%g@ﬁ ﬁ%gtts itgglﬂ?%ﬁyo]fﬁk? éf“g(?ﬁ‘ﬁ%\%mqﬁma-tqrﬁﬁg Yory
effects. This aptidicomeibiiehs tetdeveiomnennof gansittedihal lefiohelibref R R IEMToRaNt
nonocyt e production of PGE2  a may al so nodul ate

d col |l agenase (11). |FNy | |
monocyt e and mdbatBFRRIE m@&%%g&“fdeﬂ%ﬁtﬁg‘gﬁtél‘hef%@}“m‘g?/thm@ﬁk’@ﬁd Csa (11)
t hereby contributing to the anti-inflammtory nature of this cytokine.
Probiotic 15 stinulation of this cytokine would have variable effects in
vi vo dependi ng Ibri0tis@roduged byn(T cells Broells, angnosytest andofatrhphagess t This teytoltinat | on

of ot her cytoki t ha. . Lnistratian. TNFa is a .

pr oi nf | ammat orfﬂgré?@gﬁlﬁed? gv\lglg%hl&r?r%@é %P%%mﬁ%lr@ Og% ‘feﬁ@ uftgggﬁ%oggaegg;g{geqﬂl% 20
effects seen duLilf@xhibits mbbtiymami-inflymmetopoaesieitiest it sp codubdtésTe-IRA PXpré®ionl Y ' a
nonocyt e (gr ma%ro ha derdi ved product, but other cel] types incl udi ngi

| ymphocyl®s,  REHGGRYie and sjppresspy e maionfy of gpqnocyte iy Q% actiilissy &h419)
cel I s endot hel iigibiel méncRp@ pro@mRLibn M CéyRolitls] Sref@ive aloxPgeny “inlaesﬂit?@%eINFa-
TNFa i s synthesised as a prohornpne and follow ng processing the nmature
17.5 kDa speci dyermgdiags, clasy I eupressions pamasiterkitlinghand Belthproductionewa as

di mers, trinmer | t | I f ted to t he
active formi n%\zleia\%&.cp%cg&emgf@c@bt ?pfgr}ﬁg{l/(ye@ér??slod%%{{}swvg%w%?OCEﬁf&‘ggb%

sol ubl e recept prodgetamsof midstinatdoliagenssecandiNiFge IVitvolagenase(ty2jntestering i a

TerTbr aney POUNd gl AN 48pdaaHL gAY shl Bibratirk dy b eorcane e gustor e a0

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, IntraceHular bacteria st}mulate 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 uncontrolled cytokine
production. TGF-f3 also down-regulates IL-12 production. IL-4 and IL-13 can have
stimulatory or inhibitory effects on IL-12 production. Inhibition of IL-12 in vivo may
have some therapeutic value in the treatment of Thl associated inflammatory
disorders, such as multiple sclerosis (9).
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respectively. Local TNFa production at inflanmmatory sites can be induced
with 30 endotoxin and the gl ucocorticoid dexanet hasone inhibits cytokine
production (13). WO 03/010299 PCT/IE02/00112 -12 TNFa production results in

t he stinmul gt many cell types. Significant anti-vir could
be observe@tologm’f‘% a treated cell lines (14) and the IFNs%%?@%@@?Wth

TNFa enhancing this effect. Endothelial cells are stinulated to produce
procoagul ant -activity, expression of adhggi-on nol ecules, IL-1,
hemat opoitic growh factors, platelet 5 activating factor (PAF) and

arachi doni ¢ aCiIﬁteﬁ'@x‘oﬂkg@hﬁﬂaG(ﬁ?l\iyg@E@p@mﬁlsr B SduRBof d&%&d’?ﬂ%ﬁ@?@é GiE Gue

phagocytosis, degranulation (15), reactive oxygen inter producti on
and may i nfl uede&agehle glysesylatign a ¢anrbe fovnd vanging fsym20d9i25 kiPa GMVEIESF This

TGA(3, IL-1, IL:hy.: b | . | b tinmul ated . TNE
adrri( nistrati onlce' %&f’gﬁ?‘?‘@@rg%%ﬁ%ﬂr@%S"?Qf"f“%gg%%%h‘“éalgoagil‘léige}]%‘ja%e@a%#‘ﬁ@&b"& %fsed
in 10 nonocyt esndnbBytesshinkceophbfess heutphils and ehacthdial Rells! dgFR ealsdy amplifi@n of

chemotaxis and |1L-6, PGE2 and collagenase synthesis. \Wile |ocal TNFa
producti oh protippPRAYSaGeharide %e%ﬁi inguckion ofORRCYies A9d Taacsophages by dneresgingat ed

. | . H i i
systenmic re ea%?toﬁfneTC ufhgﬁgﬂ (1d§’,em§x%¥s%ﬂerEé/ctﬁz%fltErn’(&'dfaréblgelié;agec, ﬁgg&&%&ﬁ?ﬁ) 15

cachexia, fever”and ase protern production
The invention wylotoxitymolf®ydhdimed, yor eniibmcest the xpressiont sfemébjot hizvicompebilig! es.

numan gast r of neBCPIeR Tt PoMIIC S0, HE anaens o Gongreti s e paloce ePbelal,
| sol ation of PregaditRélial afi®ebfective tisshd RPIBH. C%isaﬁlﬁ)vfsefb% ié?tf,hfe_lgoéreﬁ?x?atﬂoﬂr and

small intestine of the hunman gastrointestinal tract obt al ne

during rEbonst eoiégene theimgung sysiast o eeltewithinfieftaned dissues.i FNASnippals@hival
trains. All : i rredi at el y at ;80C i
Sterile contai AnvutbafiGy bR  THRCEbERY BhIORS PitkEind fc e
cysteinated (046kedsifaNRofdtgie ﬁ{oduc‘iifoﬁ%}%@Eiﬂaﬁa%ﬁageﬁ&teum}?n-Ipmeln?ffmioe was

gently shaken to renove | o0sely adhering
modulate monocyte and macrophage receptor expression for TGFf3, TNFo and C5a

(11) thereby contributing to the anti-inflammatory nature of this cytokine. Probiotic
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 proir;_flammétory cytokine which mediates many of the local and systemic
20 effects seen dﬁrihg an inflammatory response. This cytokine is primarily a monocyte
or macrophage derived product but other cell types including lymphocytes,
neutrophils, NK cells, mast cells, astrocytes, epithelial cells endothelial cells and
smooth muscle cells can also synthesise TNFa. TNFa is synthesised as a prohormone
and following processing the mature 17.5 kDa species can be observed. Purified
25 TNFa has been observed as dimers, trimers and pentamers with the trimeric form
postulated to be the active ‘foxm 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 TNFo production at inflammatory sites can be induced with

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



m croorgani sns (termed -wash W). Following transfer to a second vol une of
WO 03/010299 PCT/I1E02/ 00112 -13 Ringer's solution, the sanple was vortexed
for 7 mns to renove tightly adhering bacteria (terned -sanple 'S ). In

order to i i ssue enbedded bacteria, sanples 356, kol VEr e
al so homggﬁil@;é) 02}’% a Braun bl ender (termed -honogenate &{E?ﬂ @%e

solutions were serially diluted and spread-plated (10011l) on the follow ng
agar ‘5 media: RCM (reinforced clostridi a-t2dia) and RCM adjusted to pH 5.5
using acetic acid; TPY (trypticase, peptone and yeast extract); MRS

(deMann, RogosINFadprodittion edsultNnthé anmilation ¢Tafliny defl pesOTSidRRR@RBInti-Vikd

(liver-lactose agar of Lapiere); BH (brain heart infusion agar); LBS
(Lact obaci | | useffeqteequld be elpsarved imBNEgrested ¢alk linss {8 and yhe By synergispwéthent ed

Rl d (TPYP) wedNEFhatclis tiser EAR AT (el St B BT B roestinmdhgliedal <
with the excepbémﬁty,gégfﬁayioagﬁaqheﬂb@m&cﬂm %JIDM%&id N%l‘owﬁﬂﬁ {o%?E&%dlér S
, Merc or 2-

g
(BBL, Oxaid) using, enerating kits (Anaerocult ‘A k) for days
at 37C. $5 G amtpyatng ifpetor (BOB) 43¢ anechidonipe agid dmetabplites. or TNFau Ostimulates

bi f t ed/ pl j i i . f i t
compl ex. non. e aioBl BB itigoc R dpanlfafiGn 1) SREGHe Rygd plenfodiile' °
cultivated in peBuaionTd® mmydinfloenca |celhidaromiyeations deuitdyedsymthesis ©F GMESF,

bi diti P I bagi | tocked in 40%
Glyoerol and sTFq Thel. Bot BAKS a0CINDG s fan 14 e SR Heth #PoR ENFe:r om
the GI1.T. h } I i h
Lact obaci | 1 us. SUTEISGERGHE (16" 11 PRRBRGREE ol RlihXalShuadl; SELIUedebed 08 .
shown i ri0Tabl embnbmykeasv(18)Sahifd effeci ofi fibeebl)stsaincludd fhe (prapetivt of) chemdtakizaind

| owest counts w th r oxj ely 102 ce|ls_jsolated per gramof tissue. In

conpari son, 25%%3& &‘6’32@36? 5¢ F%’%%r‘@“}%e@’&%le?ﬁg“f Podudtios prometes

sanples. Simlar nunbers of. bacteria re,.i sol d durjng the.: h' and

Seamp e ot ops MR nfY iR kporiet Riedd-eRuitied Sy et lessg of TR hent

433 (il eal - caepglspverdipbiogic! with Qfects Nick aBt @ichadia, CRRVEH ndlacute ;&Ha;s:‘res gfbt&f-i}rml es
abl e

expressed as colony formng units per gram (cfu/m) of tissue.
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.LT.) 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



Ti ssue Sanple No. A Isolation 176 356 312 316 Medium 423 433 WD 03/ 010299
PCT/ | EO2/ 00112 -14 'WASH Sol ution

MRS57x102>9. 0x1033. 3x103>3. 0x10403. 2x1038. 0x102 TPYP
. 0>9. 0x10 >3. 0x10401. 9x1022. 8 x 102 RCMB. 5003. 1 104ND3. 0
x 10' 8.0 SW?d’%i?%ﬁﬁ»g. 0x103>6. 0x1037. 7x1023. 8x1029. 7 X 13"%%%““%%%3 9
X 102>9.0 x 103>6.0 x 103NDNDNDND LLA2.5 x 102>9.0 x 103>6.0 X 103ND5. 3 X
102NDND RCMNDNDND>3. 0 x 104ND4. 8 x 1034. 6 18.103 ' SAMPLE' Sol uti on

MRS1. 35x103>9. 0x103>6. 0x1031. 66x1042. 3 X 102>1. 0x1049. 6x102 TPYP0>9.0 X

103>6. 0 x 103>Rifkex’s 50Hiof the 50RPR. Wasxvk@redREND7 %QR@t&remoJeQ%gﬁug adheHigl 7 X
103NDL. 1x1031. 5x103 37X102>9. 0x103>6. 0x1034, 4x1024. 5x1031. 7x1036°1x103

TSAYEL. 4 x 10398cteria termsfipsisnpiRinid 1 aplento isalate-tissus embeddedchaoteria, 108108, O X

102NDND RCNNDN@NPH&éQn&AAQﬂQQE&h&ﬁ §ﬁ§5¥ 8ﬁ§§ -
103 TPYP00>6.0 x ‘103 RCMb. 50 &gfygﬁﬁggggﬁﬁ 6§ “ﬁ§?°g§§81gpb>6 0
X 103 LLA1L. 9x1{he s@ugqx@me@miﬂly diluted and spread-plated (100p1) on the following agar

5 media: RCM (reinforced clostridia media) and RCM adjusted to pH 5.5 using acetic

acid; TPY (trypticase, peptone and yeast exiract); MRS (deMann, Rogosa and
Sharpe); ROG (acetate medium (SL) of Rogosa); LLA (liver-lactose agar of Lapiere);
BHI (brain heart infusion agar); LBS (Lactobacillus selective agar) and TSAYE
(tryptone soya sugar supplemented with 0.6% yeast extract). TPY and MRS agar

10 supplemented with propionic acid (TPYP) was also used All agar media was supplied
by Oxoid Chemicals with the exception of TPY agar. Plates were incubated in
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 10° 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
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ei ght strains were characteri sed 15 i n FMOGENATE Solutien| 5o| ates from 433; 4

from423; 8 fr 312, 09from 3fr 76 and 1 from316. Al thirty
ei ght isol at es,ﬁﬁﬁted negativ both f>§ strate reduction and

RCMS5.5 25x 102
ROG o >6.0 X 10°
TSAYE 3.9X10 o >6.0 X 10°
LLA 1.9 x 10 6.57x10° >6.0x10°
RCM 0 0 ND

ND, Not Determined

Fermentation 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,4 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 strajns) for 1-2 days at 37°C anaerobically.  Following
centrifugation for 10 min at 14,000 g, the superﬁatant was diluted 1:5 -With HPLC
buffer and 200 pl was analysed in the HPLC. All supernatants were énalysed in
duplicate.
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production of indole fromtryptophan. Gowmh at different tenperatures,
concentrations of NaCl and gelatin hydrolysis are recorded in Table 2

bel ow. WO 03/ 010299 PCT/1EQ02/00112 -16 Table 2 Strai nSourceFer ment at i on
Tenp. % Na n Reactions in PatternProfil esHydroly m |k
15CA5CpH* * 39;6?59%)151 MRSHOMD- +5. 0 - 5. 5RpCp AH104SO MRS "1("25@
-5.5RpCp AH111Si LBSHOMO ++(s)5.0 -5.9Rp AH1L 12SO LBSHOMO +(s) +(s) 0. 8
-5.3RpCp AHL 13SO MRSHOMD- ++5.0 -5. 6RpCp -15 Negati ve for reaction/ grow h;
+, Positive reaction/growh; +(s), slow growh; REDn, ~Reduction; Rp,
Partial reductiBibchéaficalliidt ptghlofékiéilt&aﬂg of ﬂM%thH&P See %fea&e:té?&uﬁﬁ t

which the strain will grow H after 24 I ncubation in tnus m at
37C. Species i dlélﬁl@tlffqat!am Hitrate redh@tlomnd@e@pima(m et exmemoﬁ/b;f Brgadavemjdase/ st em

was used to ten t.ebaci |l eci.es
car bohydrate f e%c?ritélwqﬁf%r?%?édf ?} g&ﬁi%h@ %ﬁ%ngfﬂ’rﬂbg‘ &%r%"ﬁ’?ﬁ?"v@%t ed
?K cEnE rif ugat | mcreamng cmstmtmde?f l(;lmltlk;etossjle%emﬁl pmt]?f@chctzjznyp@ggilg@ﬂ )Wété h

e ki [ cyl ated an na er an
accor di ng to th %E‘H)ﬂ,\fga?['fi?’g‘ré‘“aFtﬁ%st“% theyffe sl‘ﬂ@&[“f%’?‘ loVere glso pasesssBaci | | us
sp. was 15 then checked by SDS-Pol yacryl am de gel electrophoresis analysis

( SDS- PAGE) of r{%‘otal cell protein (Bruno Pot, University of Ghent, Belgium
personal commurRRIP¥iBRfely fHtesn hupdred gatalangn negativg asterialdisplatss tfyqn rdjfforente

used to confir [ I t.ification
of the Lact oba(r:%aﬁjaeg vi;bsf%qgé%gw%%a %ts?f%ld 138% 0? ct) egel,@g"[ %Qédr%gt geffﬂs%efar{ e
Lact obaci | | us sporpb@pgyxcgr%th atﬂéf’@ camh#S%bmduﬁermaitatmn)enﬂ-)pr@&s RAsol glutose RNA
anal ysi s 18“0' ' '(H ¥18£ s%wn?vﬁrea gth];ﬁjg&tge;)rérce&fo? rthrIaBitsélgtgs t%sr.]te& were Gram positive,

homofermentative cocci (HOMO-) arranged either in tetrads, chains or bunches.

Eighteen percent of the isolates were Gram negative 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.



specific species. Table 3 bel ow shows the identification of the 5
Lactobacillus strains by four different techniques. 25 WO 03/010299

PCTI 1 E0O2/ 00112 -17 Table 3 Strain Sugar Total cell protein 16s RNA

Ri bot ypi ng ation (SDS-PAGE)* anal ysis profiles AH i tosus L.
sal i vari us V[J)g%gggg% L. paracasei subsp. sail van us subs%%ﬂ#‘g@g@gi AH104
L. pentosus L. paracasei L. casei L. paracasei subsp. paracasei

subsp. paracasei AH111l L. paracasei L. paj@casei L. casei L. par acasei
subsp. paracasei subsp. paracasei subsp. paracasei AHL12 L. paracasei L.
paracasei L. ggsiez L. plantarum subsp. paracasel subsp paracasel AH113 L.
paracasei L. AT aSghrde—F htaho T ey A
paracasei subsp. paracasei '}Actlly . es S5y

(Bi oMeri eux, France) was used for Sefkecquadepi tative "‘éﬂ—i** RED"
consti tutive_enzymes produced Py Lactobacillus isolates. Bactdrial _cells
fromthe | ateAHdghr St MRS grBOMR-phase wer e har\sdst ed by-cent ristaugaRp@n at

14,0009 for 1 H'IM‘S o Mg pelhsied cel lis wely d and resuspende 50mMM
phosphat e buf pH 6.8 to the sanme gpticaf dengf ty. The stri |€)?’2"dwedlrZ ﬂ’

i nocul ated in ﬂ@”acc,séll@ﬁnce HPMR-t he ranuftétt ur&0 s instructi od® i Rubat ed

for 4 h at 37@pamd Q,@Ingr dgamoopnent)r egay ded.gglhe enzyne actg i tRpC Cp
profil es of thg%f %s A% AH104, AH111, AH112 and AH113 are
presented in % 3e 7 9 of tH’e st?"al ns %hi bi ted |ipaded t RPFBI n,

15 a- gl ucur ol ; 38V &dw gtowth; REDn,

Reduction; Rp, Partial reductlon, Cp, Partial clotting;
*Maximum concentration 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 thé 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



-18 Table 4 PCT/1E02/00112 AH101AH104AH111AH112AH113 Al kal i ne

Phosphat e22121 Est erase44124 Esterase Lipase43355 Li pase00000 Leuci ne
Aryl am dase52555 Val i ne Aryl am dase20555 Cystine Arlyan dase52254

Trypsi n00100 a- Chynot rypsi n20113 Phosphat e aci d55555 Phosphohydr ol ase10321
a- Gal act osWdh‘?@’é?%?)O 13- Gal act osi dase11455 13- gl ucur oni da5E6 0112

a- 3 ucosi dase00555 13- d ucosi dase00124 a- d ucosar ni ni dase00311.

a- Mannosi dase00000 a- Fucosi dase00111 Ant i_q]i7qt ic sensitivity profiles
Antibiotic sensitivity profilés of the isolates were determ ned using the
“disc 5 suscepgjppidity’ assay. Cultures were grown up in the appropriate
broth nmedium for 24- 48h-spread-plated (1001) onto agar nedia and discs
cont ai ni ng known $mimcent r at iSogesg of (Tl @lprorEinnt | CI6YRNA pl ac&Rib fg the
agar. Strains were examn . ant i b nsitivity after 1-2 days

I ncubation at 37C under aﬁ%@%@%"‘lc’g congiélbisi'%Ar?ségStrai W&fy re considered
sensitive if zones of inhibrefilen of 1nm or greater were seen. 10

AH101 L. pentosus L. salivarius L. casei L. paracasei

subsp. sali varius subsp. paracasei
AH104 L. pentosus L paracasei L. casei L. paracasei
subsp. paracasei subsp. paracasei
AH111 L paracasel L, paracasei L. casei L paracasei
subsp. paracasei  subsp. paracasei subsp. paracasei

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

subsp. paracasei  subsp. paracasei

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

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
AH113 are breseritéd in Table 4 below. None of the strains exhibited lipase, trypsin,

15 a-glucuronidase or a.-mannosidase activities.



WO 03/010299 -19 PCT/ 1 E02/ 00112 Antibiotics of human clinical inportance
were used to ascertain the antibiotic sensitivity (g/m) profiles of each
of the 5 Lactobacillus casei strains as shown in Table 5 below Each of

t he Iactobaf' | i tgsted was sensitive to anpicillin, ampxacillin and
rifanmpicin QMY 2 of the 5 strains sensitive to ceftriaxdd/IE02/00112

ci profloxacin, 5 cephradine and chl oranphenicol. Table 5

Al.i bi AHI04AH111AH112AH113 NET- 10RRSSR AMP1g2SSSSS AMC 30SSSSS AK 30RRSSR W
1. 25RRRRR TEC 30SSSRR CXM 30RRSSS CTX 30RSSSS ZOX 30RRSNDR CRO 30RSSSS

Cl PSRSSSS CN10 R MI'Z 5RRRRR CE 30SSSSR RD 5SSNDSS V5SNDRRR ClORSSSS TE

10SNDSSS E 5RN NA 30RRRRR R, resistant; S, sensitive; ND, not
det er m ned AH101 AH104 AHI111 | AH112 | AHI113
Alkaline Phosphate 2 2 1 2 1
Esterase 4 4 1 2 4
Esterase Lipase 4 3 3 5 5
Lipase 0 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
B-Galactosidase 1 1 4 5 5
B-glucuronidase 0 0 0 0 0
o-Glucosidase 0 0 5 5 5
B-Glucosidase 0 0 1 2 4
a-Glucosaminidase O 0 3 1 1_., ‘
a-Mannosidase 0 0 0 0 0 |
o-Fucosidase 0 0 1 1 1

s) si rofiles
Ahtibiotic 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 (IOOul) 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 zores of inhibition of 1Imm or greater were seen.

10



WO 03/ 010299 PCT/ 1E02/ 00112 -20 G owmh of lactobacilli at |ow pH Human
gastric juice was obtained fromhealthy subjects by aspiration through a
nasogastric tube (Mercy Hospital, Cork, Ireland). It was i mredi ately
centrifuge 000 g for 30 mn to renove all solid p el

sterili sed%ﬁb%%léiggo. 45 mand 0.2 5 gmfilters and divi dz‘w’ﬁ'{’%&%’ m

al i quots which were stored at 4C and 20C. The pH and pepsin activity of the
sanpl es were nmeasured prior to experinentajguse.- Pepsin activity was
measured using the quantitative haenogl obulin assay. Briefly, aliquots of
gastric juice (AntHioticvesfeh@flale Elinkab ifbor®ines Whss Mied O b RE 0w
(W' v) 10 bovine haenoglobulin (Signma em cal Co., O. %Saze%&l’-tﬁ%fng%?{%r,
pH 2.0) and i riengitinityd(ugim® peofilsnaheash ofdhe5 denpbedllsst cddei @raink, asGho®n i 0,

20 and 30 mn i rvals,  wReactions r.e. term nat ed . by the .addition of 5%
trichl oroaceti cf]a%%’l %@%}Ea%n thﬁﬁc&\ﬁ%ﬂﬁ‘[ t8§§({n3ﬁ§jseflﬂflv%5’ ?H‘rﬂmﬂm Pl'BQPEaC&m

agi tation. Assamdniifamplods withedtdfethef 5! stenmdsensivibvat 1B BeftrtRonel Idrofloxacin,
centri fuggd at 14, 000 15 mn :i\nd absor bance at 280 ri mwas 15

measur ed. ® One (f§pira e%&’é@ﬁ?{@ﬂ ‘activity was defined as the anount of
enzynme required to cause an increase of 0.001 units of A280 nm per mnute
at pH 2.0 neasured as TCA-sol ubl e products using haenogl obulin as
substrate. To dtabd®¥i ne whet her growth of the Lactobacillus strains

occurred at | ow prrvarges 20 eyt ot HAChieieectd Qe .
overnight cultures werq i ﬁ%glt?llat ed ?!%Mi nt{ o e ]n S%ﬁl' % adj mght_o
pH4.0, 3.0, 2.0 MPpU10.Q usi Rg | N|HCI . RAt TEgul'ag TNTEervy s alli quoRs
(1.5ml) were remnved aptical demsity at 600nm (OD6A0Q) was mgasured and
col ony forning UMP<3pgr i S(cfulnt) Eal cu ated using thé plate colint
net hod. G owt Clgvelli toT eé OVEel o 2§' A8hpertot—2530-Sturvitvat—et—the
strains at low pHIn vijtro was investigatefl using t assays: {(a) %ells
wer e harvested fA&BK rgsh oRerni ght cRlturps, \gshed tw @ 1 n[phosRhate
buffer (pH 6. '_n_NP?_b.L.gL_h._ariiucf dtopH3|5 30 25
and 2.0 (with | ) [to a™finall con entrhti ol of approﬁrrately 188 cf u/ m
for the |actobagidhh. [CEIT§ wWerg T ncgbatef at g7C gnd—sg vi val megsured at
interval s
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 i 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



of 5, 30, 60 and 120 m n using the plate count nethod. WO 03/010299
PCT/ 1 EO2/ 00112 -21 (b) The Lactobacillus strains were propagated in
buffered MRS broth (pH 6.0) daily for a 5 day period. The cells were

har vest ed, gaﬁaﬁgmﬁnd resuspended in pH adjusted MRS broth and survival
measured oVer period using the plate count net hod. PETARPZQMIL i ne
the ability of the lactobacilli to survive passage through the stomach, an
. ex-vivo study was perfornmed using human gagtric juice. Cells fromfresh
overnight cultures were harvested, washed twice in buffer (pH 6.5) and
resuspended inGmmmflﬁﬁ)ﬁﬁéﬂlpathW%H to a final concentration of 106_108
cfu/m, depending on the strain. _Survival was nonitored over a 30-60 mn
i ncubat i on per Hymantgastyic, juir ewesx pletpinge from healthyerubjselrdhy aspiinatjony derovghc aj ui ce
at pH- 1.2 (u | a adj J [ N ., Each
of the Lact oba@%ﬁ%éy{@%{ﬁg‘gmg :ﬁeﬁpﬁ%’r ?rgﬁkrz?a at 4)|'oajt g’.%%%g‘wg&ﬁﬁg'fegtri}‘g%ﬁtng

15 stationary pheekgdénH m to reimoke all dalicbparticies; sterilisel tHOugH0.45ipm at 0.pH 3. 5
growt h s restrigted with.doublj times i.ncreasing.to, 6-8h. growt h was
obser ve\c,iv%at pI—P’i‘.@Eefisraqwéé\YéfkfdllP e‘id;'ﬁ](ﬁl@,“o@d‘?h\‘ﬁ?‘mre ?ff"‘%flﬁ%“o&qngi_@gp Gt | ow pH
was exam ned. Each of the Lactobacillus strains, AH101, AH104, AH111l, AH112

and AH113 was 20 resistant to pH values 3.5 3.0, 2.5 and 2.0 (data not
shown). To det EhePHeand pepsimactivity ofrthe samplescyase atersuredspriar e iergerinental use. v e

conditions enc ity bt a5t AV 1 T W : . 5
strains was teg%ﬁé?'gpi&%gﬁﬁ r?glrs\ Hg?%g{i&'#??@m?Jﬁ%ﬁﬁ%{ua&kﬁ??ﬁﬁ%ﬂzﬁ‘%gﬁ ?%n%lgﬁl e 6
bel ow. Sur vi vatliquotsef gastemitedi ml)ovgre added tnd m| nfisubstedie (b7 Miwrea0d%datlv) WO

03/010298 PCT/ | i0% Rhdogiobfiftn (§i2HrE Gheldiddt col a5 B RIRTIRFRE 1 2.0) and

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

Reactions were terminated by the addition of 5% trichloroacetic acid (TCA) and
allowed to stand for 30 min without agitation. Assay mixtures were then filtered
(Whatman, no. 113), centrifuged at 14,000 g for 15 min and absorbance at 280 nm was
15 measured. One unit of pepsin enzyme activity was defined as the amount of enzyme
required to cause an increase of 0,001 units of Az 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 stome.ich, overnight culturés were inoculated (19%) into
fresh MRS broth adjusted to pH4.0, 3.0, 2.0 and 1.0 using 1IN 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 HC)) 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.



Lact obaci |l lus sp. A111011.29. 169. 004. 85nd 2. 59. 329. 318. 126. 63
AH1041. 2ndndndnd 2. 57. 247. 264. 274. 71 AH1111. 29. 076. 692. 82nd
2.59.229.139.188.98 AH1121. 28. 925. 692. 92nd 2. 58. 698. 725. 554. 79

AH1131. 29. g&?ag 32§8nd 2.59.599.595.484. 48 ND, not det er{w},gg&%?@mh of

cultures i e présence of bile 5 Fresh cultures were s o MRS
agar plates supplenented with bovine bile (B- 8381, Signa Chem cal .
Ltd., Poole) at concentrations of 0.3, 1.1-1.5, 5.0 and 7.5% (W/v) and
porcine bile (B-8631, Sigma Chenical Co. Ltd., Poole) at concentrations of

0.3, 0.5, 1.0, 1. TheQmBadlinsttasVVere Rir?agﬁtew Bufréred mwraﬁ (ﬁﬁ%mnder
e

anaerobic conditions and@g owt h was_recor after 24-48h

sanpl es, isolated f tdéﬂf_( foraex day netipdhnThpegells W@dﬂ%tedmﬂbe%qﬂdﬁwsmdemc
before wuse. For ex ﬁ h é@MH@Bn‘&h Rid ﬁ:rﬁ@ﬂ%@a%ui@ﬁ ro‘?e:% hang encgpﬁéu?%aﬂ%nd

sterilised at 80C | e acid conmposition of hu

det er m ned usi ng re\Péqt%@mlphmsﬂ?OdHl gh Performance Liquid Chromatography
(HPLC) ing-conmbination with a pul sed 15 anperonetric detector according to
t he net hod of Dekker et al. (20). Human bile was added to MRS/ TPY agar

medi um at a corvedetermineche Gﬁllnt}' a3 the( MétshacillF kesurviye 853&%%'1&% ik lstohfash, Rl ©
exam ned for growth af nd 48 h. WD 03/0102 CT/ | 2/ 00112 -23

Hunan gal | - bl acf&é’?vobsltﬂ"g YJBSSB Ed ysipg h%m%(bg%ftr&ﬂ‘l'@éntqeélﬁlf&ﬁ‘ ffﬁStBWGI@ﬂltnM
and  di| ution icRikree werPhdrvdsibaSHhdnae whiedRl ﬁuf?ej?'(ﬂ-l GG rbRlleled @ ik
Furthernmore, under physiol ogi cal conditi on56 e acl s are oun
sodi um sal ts. TEastriefisice to a final concentration of 10 -10° cfu/ml, depending on the strain.
10 Survival was monitored over a 30-60 min incubation period at 37°C. The experiment
was performed using gastric juice at pH ~ 1.2 (unadjusted) and pH 2.0 and 2.5

(adjusted using 1IN 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 Lactobaczllus strains, AH101, AH104, AH111, AH112 and AH113 was
20 resistant to pH values 3. 5 3.0,2.5and 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 logyo cfu/ml (nd,

25 " not determined).



cultures were screened for growth on MRS agar plates containing the sodium
salt of 5 each of the following bile acids (Sigma Chem cal Co. Ltd.,
Poole): (a) conjugated form taurocholic acid (TCA); glycocholic acid

(GCA); t o) holic acid (TDCA); gl ycodeoxycholic acj X

taur ochengw 0‘88)8@%% c acid (TCDCA) and gl ycochenodeoxycho+&é&%)”( GCDCA) ;
10 (b) deconjugated form Ilithocholic acid (LCA); chenodeoxycholic acid
(CDCA); deoxycholic acid (DCA) and choligpacid (CA).. For each bile acid
concentrations of 1, 3 and 5 nMwere used. Growth was recorded after 24
and 48 h anaer gigpfe ¢ NCubation. Both a qualitative (agar plate) and a
quantitative (HPLC) assay were used to deternmine 15 deconjugation activity
of each of the strains. Plate assay: Al the culMIMEmiw#re streaked on MRS
agar plates supp ed with (a) —0-3%(wv) porcine bile (b) 3 nmM TDCA .
or (c) -3 nM @O&éfﬁﬂ%nj ugat?®n was dbserved as an opaqife preci pft at e

sur roundi ng thq,ag@b&mlﬁgp_ 20 Hi gh Performance Liquid Chromat ography (HPLC):
Anal ysis of in vitro deconjugation of human bile was performed using HPLC.
Briefly, overni gtHHY| tures 14were i ndedl ated 9 into K88 broth nd

suppl emented wth 0.3% (v/Vv)y hiuman bigle and e i ncubgtygd anaerqhically
at 37C. At various tinme int ezr'é\;'/al S ovegiﬁa 24 h\@?élri od, Zg'lgarrpl es6%? m )
were renoved and AdEMdri f uged.2at 14, 008d rpm fornd0 nin. Uedi |l uted nkell-free

supernatant (30 |) was thenlz?al ysed HPLC. t obaci | | L}s casei 7AH101,
AHL04, AHL11, AH112 and AHLE® were cdffabl e of *%rcowth (Bi%e aci d471
resi stance) on tiymggisources . »f bilegygged. |t g obserygd that 3¢
resi stance to bovine bile was_ much hi gzger than to porcine bile. The
|

Lact obaci | | us WD 03/ 010299 224 - PCTP2202/ 00113t rai ns98re resBfBant to

concentrations upy@gaand ingludi ng 5gQfp boving &y | e (dapgynot sq?ym).
Porcine bile was nore inhi biztory as shown in %a%e 7 below. 5 Table 7

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
ﬁigh Performance Liguid Chromatograpﬁy (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.



STRAIN N %wv 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 boyj porcine bile, each of the Lactobacillus strains grewto
conf | uence%&g"{ﬂﬁg%ﬁhysi ol ogi cal 10 concentration of 0.3%XH/¥2¥Wikan bile

(data not shown). Each of the Lactobacillus casei strains, when anal ysed
specifically for, its resistance to indivighal bile acids, grew well in the
presence of taurine conjugated bile acids. Isolates fromeach of the

strains grew t QR guﬁsﬁedéermm@fssml b'rﬂzlﬁ%ﬁcp'c%idaﬂtﬁéfﬁnt & 58180 dnnfid'di N9
5 mM of taurine conjligates gl ycine ~ conj ugat es
tested, in gendhlgiion arthesmalisintestinentowersi thisi doncentratiorCDC\10asM eBarthermore,

M bEorY, a8 USR EARoAA bl B g 0B LRSS A" T e

wer e i nhi bi t or yultures fwere sg,reramdﬂfoogrmm MRS cigarsplatad Sor@diin; Qlli‘e Sdlaim GELHUM

ST L A R e e O

(a) conjugated form: taurocholic acid (’i‘CA); glycocholic acid (GCA);
taurodeoxycholic acid (TDCA); glycodeoxycholic acid (GDCA);
taurochenodeoxycholic acid (TCDCA) and glycochenodeoxycholic acid (GCDCA);

10 (b) deconjugated jform: lithocholic acid (LCA); chenodeoxycholic .acid (CDCA);
deoxycholic acid (DCA) and cholic acid (CA). For each bile acid concentrations of 1,

3 and 5 mM were used. Growth was recorded after 24 and 48 h anaerobic incubation.

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.

i

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 pl) 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



GCCA 3 AH101+ + ++ + ++ + + + AH104+ + -+ + ++ + + + AH111+ + -+ + -+ + + +
AH112+ + -+ + ++ + + + AHL13+ + -+ + ++ + + + -; no growh; +; confluent
growh Gowh in the presence of deconjugated bile acids was al so tested.
Each strai resistant to concentrations of 5 mML in the
presence o W%zggtested. As shown in Table 9 below, 4 cc);facgﬁeﬁ@‘)gtzrai ns
grew in the presence of 5nM CA. No growh was observed in the presence of
1 mM GDCA. (data not shown) Table 9 STRAINSHOLIC. ACID (mM Lactobacillus
sp. 0135 AH101+++ AH104+++ AH111++- AH112+++ AH113+++ 10 WO 03/010299

PCT/ 1 E02/ 00112 strdfas MRECREisRR tofcondthiriionk @p tethndiatluding ¥.080bovihehiR{data not
activity was detected using the deferred nethod (21). Indicators used in
the initial scrséewphg were L. innocua L. fernmentum KLD, P. flourescens and
E. coli V157. Briefly, the lactobacilli (MRS) were incubated for 12-16 h
and 36-48 h, 5 respectively. Ten-fold serial dilutions were spread-plated
(1001) onto NMRIoréie biteywias mendiinhibitoty asshowndn Rale ¥ belowubati on, plates with
di stinct §o| onies were overlayed wth the indicator bacterium The

i ndi cator®l awmn was prepared by inoculating a nolten overlay with 2% (v/v)
of an over ni ghtrdbdé¥ cat or cul ture which was poured over

STRAIN % (w/v) PORCINE BILE
0.0 0.3 0.5 1.0 1.5 5.0 75
Lactobacillus sp.
AH101 + + + + + + -
AH104 + + - - - - -
AHI111 + + + + + - -
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 fr.om each of the strains grew to confluence on agar heﬁum 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



the surface of the inoculated MRS plates. The plates were re-incubated
overni ght 10 under conditions suitable for growth of the indicator
bacterium Indicator cultures wth inhibition zones greater than 1 mmin
radi us were considered sensitive to the test bacterium Inhgﬁ) |on due to
bact eri oph¥RO4PI%i ty was excluded by flipping the i nocuPSteH¥%E2\rs TPY
agar pl ates upside down and overlaying wth the indicator. Bacteriophage
cannot diffuse through agar. Lactobacillusygasei AHL01, AHL04, AH111, AH112
‘and AH113 were screened for inhibitory activity using Ls. innocua, L.
fermentum KLD, fypif guorescens and E. coli as 20 indicator mcroorganisms.
When the test strains were inoculated on unbuffered MRS, inhibition of the
four indicators was obseryed. Zones rangldyLEhAenﬁéﬁﬁwﬁn11 mmto 5 nmwere
measured. Inhibition of L§. innocua by each of the lactobacilli produced
the largest zones. 25 Exanple 2: Adhesion of probiotic bacteria to

gastroi ntesti nal munel i ‘ ceGcpcAhe hesi @A t he |probi oGICA strains

was carried out_using a mbdified version of a previously described m=t hod
(22). The nonol ayers ~of

22me gl ass covgpslhl B, ‘
di shes, at a concenfzratl of
every 2 days. Apter -10 days, and differ

nt| atl on of. the nonol ayer had
occurred, the WO %ﬁ_@%OZQ CT/J E02/ 00112 nmonol ayens were washed twice
wi t h Phosphate Bu d Sal f'ne (PBS). An |+b| o'flc- fr &e | DVEM ("ZrTTL)+ and 2n
of - 18h Lb. susp@gsigan ceniai nd ng-- 109cff W/ m 4 were added4 toqeach di sh and
cells were incubated for 2h at 37C in a fhum dified at npsphere contai ni ng
5% coR. After incddbdilon, [the mbnolayers| wer et washed -5 |t FmesHwit ik 5 PBS,
fixed in methanol A¢H Lalu)o_patqry Supplileg, Ppolg. WK |for 3.mn, G am
stained (Gam Stain Set, BRerck) and exani ned m croscopijcal ly under oi |
i mrersion. For eaﬁdﬂlgl as» tover sl i-p nmonjoFayet tHe nantper of +adher ent
bacteria per 20 epith C f m i f - The
mean and st andart ¥ &PV +0F LRV hacteria per 20 epithelial cells was
cal cul at ed. Each adhesion assay was carried out in 10 duplicate.

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.
AHI101 + + + +
AH104 + + + +
AH111 + + - -
AH112 + + + +
AH113 + + + +

10



In a second nmethod, after washing 5 tinmes in PBS, adhering bacteria were
renmoved by vortexing the nonolayers rigorously in cold sterile H20.
Bacterial cells were enunerated by serial dilution in quarter strength

Ri nger's s Oxoi d) and 15 incubation on MRS (I act L1li),.. Each of
the 5 Lact 3#2 ’?‘I%us(s? strains, AHLO1, AH104, AH111, AH112 aﬁ%qﬁ#ﬂd\?)nadhered
to gastrointestinal epithelial cells (Fig. 1). These probiotic strains

woul d be, suitable as vaccine/drug deliverysyvehicles as they adhere to the
gastrointestinal 20 epitheliumand therefore interacts with the rel evant

host tissue. Expapétondf ahhRfoblaladtivty of the effect of Lactobacillus casei
strains on PBMC cytokine production. 25 Peripheral blood nononuclear cells
vere isol ated faslimicechialigtiviyieassletested aping ghe &é@l?ﬁdtwet@ﬂchﬁﬁlbnﬂndicators used

Font 1 0at L on- T Ritetaily il 2 ool P A REORL0LP PR ) . 84T 1 e
?Ol I ?Et gd dc?EVNl757T u@;&ﬂyathedaﬂbMﬂhr(MESéonrﬁd.md:ubatE&GotJmeIJé lﬂelgngGa%Sﬁssed
or - n u oehri nger i .

03/ 010299° PCTI |r§6’SF{5YfX Sre“;%‘g%ﬂiﬂ%fﬁﬁﬁ&@’ﬂe %&@?“%’m ?M%‘? W@% t he

production of |Jght meiufi| After 6FerniPBiMasubafib) fla?ek w1$ﬂs¥ﬁctﬁoﬂdﬂa@s%@é’o¢éﬂa}&i
production by PBMCs while AHL01, AH104 AH111 & 5 AH112 did not alter

| evel s of this Vit dhe indiqatgr d’aCtSI)mmAHThﬁl indigaton awm wes preparad by gnggulatipg a

i nduced IL-12 @%Qg ﬁma

stinmulated IL- Sﬁ&ﬁéﬁtd%@?la}g%lﬂ?n Vi /tvr Efﬂ}oveﬂggé}&ﬁfdgtgpﬁ] ?%ér]sn ouf;%]'d]qu{gr
donors. | ndeed, the lsuadecafeths nmuleteéll\jRSfplaiemt The platks cvestte frevirioobated) owmght

i ncubat i Wi t h Fi ation of t OKi | evel s
in an ep?‘?hel I alfr@E}Bf%é tbongﬁiji?%e or g@yﬁaoéflth ‘f‘iﬁ’\%‘ ﬁ’ CtFﬂ'é’BbaIPﬁ{v?ﬁchnﬁ“ﬁ—lllz.
The appropri at ewitihinhibiticn 2onetegreatérithan Phins incradige ware comdidree@sitive tofe test

I nt esti nal tract Is a culture systemincorporating epithelial cells, T

cell's, B cells,PEHB®ytes and the

Inhibition due to bacteriophage activity was excluded by flipping the inoculated
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 acthty using Ls. innocua, L. fermentum KLD, P. fluorescens and E. coli as
20 indicator mlcroorgamsms 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



bacterial strains. To this end, human, Caco-2 epithelial cells were seeded
at 5x105 20 cells/mM on the apical surface of 25 mmtranswell inserts with
a pore size of 30 m (Costar). These cells were cultured for four weeks in
RPM 1640, nted wwth 10%foetal calf serum gl ut am ne en| cillin
and strept c}’w@%ﬁ)@ 37Cin a 5% C2 environment. Culturéd P ‘P

changed every 3 days. Wien the epithelial cells were fully dlfferentl at ed,
human peri pheral bl ood nononucl ear cells' 47PBMCs) were 25 isol ated by
density gradient centrifugation.. 1x106 washed PBMCs was i ncubated

basol ateral |y toddMyeRPivtEShishld 5atd HitRBlossil: PrORLkEC
bacteria. Control s@,cont ai ned nedi a all oneosﬁﬁé)ég?‘g{:epn%nr'% cerl'l é\ lh?@f'

bet ween PBMCs dfee DMEM (Zsnl) and 2rellof s 18kED. po&psndubxecontmmhg s10Tefighl wmtaemdand

cel lul ar conmunj.c t b.I e factors.

Fol | owi ng 72 hghregwé? &P\rllmélab%p? e &[CH%?‘WE%%&% b‘&ca( frpigitied; ?tﬁ'loﬁ@erecel I

cul ture super nahtaitisg & €0p. enhﬁadmcﬂiathm(lhedwﬁﬁﬁy&’é Qierél wakhed /9 imed Nidh

extracell | ar Vlggéogo 0299 tE?{B{ ﬁ/ 112 -29 cytokine | evel s were measured

usi ng sta dard RER Mg @ ratorKSppphiesy ®oglea MK vior @ mimsGremd, i n

duplicate, usi Renjidd a[f»,ls@dm SethRRtk of

epithelial cell- PBl\/I\C(GZO cul tures Wék?!ndé%&l?x})e?f‘:gﬁ: ac@ééraﬂgﬂﬁgg #ﬁ@gﬂ%y I[Ci')kl ne

| evel s were exdioF gah ﬂ?SSEEYW WP@‘@&YGB}he ngmbemef dstieieohbasteria perAB(l epittelial not

stinmul ate TNFa [ t

system pl ays acgllrlgﬁl ‘lgdé@%td i 1? ghc??\&tg gﬁae{le 0 oqggag% d %P@%JS’&?/‘ %fn%ﬁere'lto

vast range of hacharia mr%ap&@hal—d;pﬂewaaqumb Eaoin adesi®@saasaysiaseasia oubmul t s
gqa o ertlt of, the majority of disease states. One famly of

b| oI oglc enti Pé% terrred cytokines, are particularly inportant to the

control of imune pr ocesses Pertubances of these delicate cytokine

net wor ks are bein reasi na(l“]ﬁy associated with many diseases. These

di seases incl ud@?2 %PP“ peethody atfer washing 3 Hmesin PRvhadhering baeteniaiwere remeved by
i munodef i Ci enGYytedifg a}‘et?%ﬁkoug ShEesd étérﬁlbtﬁ;lgl € %@f@haﬁx&ﬂr\gg@)

cancer (particularl y t hose he’ gas r0| ntestinal “ahd inmnune Syst
di arrhoeal di senwneratednby Is¢riad  dilutiens au i quarser strengthh Bérger ' aolition r(O&oiﬂ) aandhoea,
appendi cidi s, i mul tiple sclerosis, Alzheiner's

14 %B%f% ?(E&Eﬁ‘a%h

di sease, rheuna coe I'ac

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 vaccme/drug dehvery vehicles as they adhere to the gastromtestmal

20 eplthehum 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) t;y
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



di sease, diabetes nellitus,' organ transplantation, bacterial infections,
viral infections, 20 fungal infections, periodontal disease, urogenital

di sease, sexually transmtted disease, HV infection, HV replication, HV
associ at ed ‘gb%/{)g%a, surgi cal associated trauma, surgi calJC-,li %ﬁ:ﬁ

nmet astati c disease, sepsis, weight |oss, anorexia, fever control,

cachexi a, wound healing, ulcers, gut barrier function, allergy, asthng,
respiratory disorders, circulatory disord®.s, coronary heart disease,
anaem a, disorders of the 25 bl ood coagul ati on system renal disease,

di sorders of thAHIEN AR 04) AHAYSnd YD stinh®R ine HbRRASE of mﬁ'ﬂﬁf%ﬁﬁned
nutritional disorders, osteoporosis, endocrine disorders, epidernma

di sorders, psorPBMCs (Big)acne vul garis. The effects on cytoki ne production
are specific for each of the probiotic strains exam ned. Thus specific
probiotic strains nmay be selected for normalising an excl usive cytokine

i mbal ance part i AHLEY stiroulated \MD-103p10d60200 WYCHBMER X RIGLAH1080A 104, AHC1dBsSease
type. Custom safj f, di sease .s ific therapjes can be acconplished
using a s Iecti%h?ng‘ﬁflﬂgé%ﬁegﬁv?}fﬁﬁ&ﬁqg’ikﬁ@?ﬁﬂsbed above. |mune Education 5
The enteric flora is inportant to the devel opnent and proper function of
the intestinal immune system In the absence of an enteric flora, the

i ntestinal i mubEl@ly &HEQH; AHILL AHER A& I AJPE indused Hard 2 searetionchy PBMEs (Figr ee
ani mal nodels, gnd certain functional paranmeters are dimnished, such as
macr ophage phagocytic ability and 10 i mrunogl obulin production (23). The

i nportance of the gut flora in stinulating non- damagi ng i nmune responses

i s beconypg norg..gVvi The i perease iR i nci.dence and.severjity .o

al | er gi ggai n t hlgel@g%‘gg?p R%rr@éi%%l i"gﬁd ﬁl‘%R@&“éAfc’Pﬁn é{ﬁ’ 9 W%%Wr\sofl%i ene
and sanit ati on, free healthyt dohbrswi Indeed, W81 levsewere difificandlaedied folROERg 06-

i nfectious chal | enges e Cmaﬁiﬁd y the host. This |ack of inmune

stimul ation nayneukation & Yo react to non-pathogenic, but

antigenic, agents resulting in allergy or autoimmunity. Deliberate
consunption of a series_of non-pathogenic inmmunonodul atory bacteria would

provi de t he hodixapmple 4t Reterminationy 9f eyteking ayelsgni an epi BMG cocultued |
for propgk dev%@m&%%@mﬁm&oﬁlmﬁmne function.

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 i 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 }xlO7 probiotic bacteria.
Controls contained media alone. No direct cell-cell contact between PBMCsv 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



20 Inflammuation Inflanmmation is the termused to describe the |ocal
accunul ation of fluid, plasma proteins and white blood cells at a site
t hat has sustai ned physical danage, infection or 25 where there is an

ongoi ng i onse. Control of the inflammuatory resp xerted
on a nunber o&"flgvel S (24). The controlling factors incl uggé@#@ﬂlﬁges,

hor nones (e.g. hydrocorti sone), prostaglandins, reactive, internediates and
| eukotri enes. Cytokines are | ow nol ecul ar.ggei ght biol ogically active
proteins that are involved in the generation and control of inmunol ogi cal

and i nflammat or thﬁ%p@Véi?%[F%geMeh%sﬁ?'llgsé?arfdgﬁuﬁﬁ%il\fnﬂtsd%@h %&g@%&) II‘N?‘ngn

repair and haematopoi esis. They provide a neans of co I'on be

| eukocyt es t herlsedlyand weneimedssredyvintdoplidabes usice PBMOS031 DREAAH vOIGRikeers02/ 00112
-31 types. Most cytokines are pleiotrophic and express multiple :
bi ol ogi cally overlapping activities. Cytokine cascades and networks
control the i nfRoloWaigOinyubatio of esithicHilnel-PRNIE cot dufturd§ twil probiofic Rastkdi£ Ul ar
cytokine on a particular cell type (25). Wni E&of the inflammtor

response ¢ esul tNF, cyiokise levslscwerer etamined lyf ELREAsaffjig. o)y i Eodncubetionawithg 5
signal s and ot | ' . | s t he cessation of the

I nfl ammat ory pﬁbﬂ&%ﬁ@%@%ﬁ}%ﬁ?ﬁ%%@? éfon(é'?g]llpn'ﬁ?%eﬁnat ory cytokine as it
initiates a cascade of cytokines and biol ogical effects resulting in the
inflammatory state. Therefore, agents which inhibit TNFa are currently

bei ng used for Iafinbmedilsemt of i nflammtory diseases, e.g. infliximb. 10
Pro-inflammtory cytokines are thought to play a major role in the

pat hogenesi s of r [ S6sint o [ ' wel

di sease (1BD). T&ﬁrimrﬁfehﬁ[tl hﬂ%erip%@ﬁ?’%ra%ﬁ'eat |trf8ﬂﬁ4éggaaregolg n@%?%f??ng
the |evel® of tvaggengsraf-humbn diseasesor Hyperyand hypreimuneabspdisivenkds @sulis dn, TidFa.
Such therapies, _ igni fdcant role ~15.in the .treat . Of
systemic infl a%?gﬁﬂgﬁpgég?ggnga%& é{s(ﬁgen STHRIPS Qne Fam; ?fglpfolg}cpﬁrg{gﬁ%

bowel syndr one térii8®)cytokines,caraTpartiogphslyr impotast iontle dngol 6£immahé @eddef@s.up t o

15-20% of the popul ati on at e stage duri their |ife, The nmgst frequent
synpt ons incl.%ﬁgu G Higse drlicate cyg PW%H%%W‘B%%%@EIWP?‘@% withpy

di arrhoea or  many diseases. These diseases include but are not limited to inflammatory 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 transpliantation, bacterial infections, viral infections,

20 fungal infections, periodontal disease, u.rogenital 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 disordérs, 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



20 constipation, flatulence, and abdom nal distension. There are no sinple
tests to confirmdiagnosis, and if no other organic disorders can be found
for these synptons, the diagnosis is usually IBS. Patients suffering from
| BS repres ny as 25- 50% of patients seen by gast gi sts.
25 Many fac%?gagir%g t hought to be involved in onset of sy?rg?/gﬁr?gfo?ir%gl udi ng
e.g. bout of gastroenteritis, abdom nal or pelvic surgery, disturbances in
the intestinal bacterial flora, perhaps dife-to antibiotic intake,. and _
enotional stress. Conpared with the general population, |IBS sufferers nay
have a signifi cspatifiydisede eypd. Quabmisgtion ofdisesse spéoific theragied dakideicdomplishadds ent
fromwork, and use rm[fe,he(g(J bhcai;,e_resources. There are no 30 effective
medi cal tr eat nefSing afgtection oftheprobigtic,siralesdisiediaheYeapi es have i ncl uded WO

03/ 010299 PCT/I1E02/00112 -32 anti spasnodi c agents, anti-diarrhoeal agents, -
dietary fibre supplenents, drugs that nodify the threshold of colonic

vi sceral per cedmmune Edueatignsi cs and anti-depressants. Wile each of the
strains of the invention has unique properties with regard to 5 cytokine
nodul ati on and m crobi al antagonismprofiles, it should be expected that
speci fi c strai rEhecateriodlochisdmporiant touthe develsparent dndopropes @i torsbfthe $ntésiasid on
these properties. For exanple, .stinmulation . of |L-10 by AHL13 suggests that
Lhis strain wFiHnBaYStEns dB|tB H56eE, 6 2 FRRTIc fors: 19 b Ui, PR, i as
| BD or IBS. It \dédeveidpetl) 4 denonstidiéd inaietfl ficd AnintA HideR] drfdtertin A tRNAS
fromthis panel with approprjate 10 cytokine nodul ati ng properties and

anti - ni crobi al ReFamsiars | ake \diminighpdansich; nas afyacrophage eﬂ?g?%’éﬂiﬁ. ghilityst #nf ns
of the pigsent .l BvedbioBR; t ' | | | . nt  of
a range (Ii) i nf Ilamml[:J ll? gmﬁfﬁ‘é%@g‘?(%gr ?ﬁ%ﬁ@é’ﬁ% g&‘! c#f%%@?&o%ﬂgtgﬁ&uﬁgﬁg %ﬁﬁw th
other anti 15 idafragimgeitnorune tresponses éssbeconny merenevident. eTbé dhcemasd in imtidamcent or y

drugs (NSAIDs) or, Infliximb. oki nes and ncer 20, The,.producti on, of

nul ti functi onalang)ff’\'ﬁ?l%é’i a Erlgggg%{ ghwaﬁelgp%ﬁ‘fﬁ?ﬁ @ere"ﬁﬁ‘hﬁ‘{]?’“ﬁﬁ?e’émegﬁfgﬁ‘est s
t hat signifi caniygiené landmsahicitivn, &HROABER WAKIE a CdtgRastOin the RhibeN tafid \barige of

Cans i the o REHIR AN SEGHRSHRY o 150: Vi Rek St S BoR e o
agai nst the gr . it hese
inflammaiory r ¢HBRIRER0H Aitedct 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 respbnse is
exerted on a number of levels (24). The controlling factors include cytokines,
hormones (e.g. hydrocortisone), prostaglandins, reactive: intermediates and
leukotrienes. Cytokines are Jow 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
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-

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 diarrhoea or
20 | constipation, flatulence, and abdominal distension. There are no simiple 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 du=e to antibiotic intake, ‘and emotional stress. 'Coinpared 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
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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 respohses 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 cancér and initial malnutrifion
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
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Vaccine/Drug Delivery

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

"Murine studies have demonstrated that consumption of probiotic bacteria expréssing
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 _éddition
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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Prebiotics

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

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 probidtic and/or prebiotic
materials as described above. In addition, the bacteria may be used as part of a
prophylactic or treatment regxme using other active materials such as those used for
treatmg inflammation or other dxsorders espemally those with an immunological
involvement. Such combinations may be administered in a smgle 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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of claims 1 to 11 i reeﬁﬂ: 1Y:‘aé\ n?o(}l‘? §llle Ef%nu 1, 1968;
Lact obaci | | us casei 33‘; %2'7@ al rre I'n any of “clai ns erern the .

Lact obamg | us casei |s |sol at ed from resect ed and washed human

t test
e e, RS W e
producti on by PBMCs! “°I‘6° ‘°ﬂs 5‘&4 Feﬁ?‘ 555 claimed in claim

15 which is AH113. 17. A fornul at.ion whi ch corrprl ses, at | east_one of the
Lact obaci | | us @asei AraitKhilpe FoMipaiimaAq Mixataks SprAral N noketa T. Egtokings: p

formul atlbn as cl ai ¢aoadipators) af rimmmpnovand Hinflaremates respensser At Beodiechen
material. 19. A for BAGAITES-83F.cl ained in any of clainms 17 or 18 which
I ncludes a prebiotic material.
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25 20. Aformulation as clainmed in any of clainms 17 to 19 which incl udes
I ngestable carrier. 21. A formulation as clained in claim20 wherein the
i ngestabl e carrier is a pharmaceutically acceptable carrier such as a
capsul e, tablet or powder. 30 WD 03/010299 PCT/I1EQ02/00112 -41 22,

1024. 25. YO0 >0 28. 29. 25 30. 3031. A formul atuoHCQQE‘E?("a}‘ﬁed in
claim20 or 21 wherein the ingestable carrier is a food product such as
acidified mlk, yoghurt, frezen yoghurt, mMdk powder, milk concentrate,

an

cheese spreads, dressings or beverages. A fornulation as claimed in any of

claims 17 to 27-uwhich further conprises a protein and/or peptide, in
particul ar prot‘ell‘ns*
alipid, a car bohydrate avitamn, m neral and/or trace elenent.

forrrulatlon as clalrre cl, 17 tqQ 23 wh entheL tob casei
strain is presént i Wdﬁ{s %se’nﬁlfaé“t"ﬁ% 8f Japst e '@ L'(5"’«t.¢‘sf6"é‘ry
system A fornmul ati Q&eé’tgd B AMREd hiindl gsiGinidskinkraéd Whi ch i ncl udes an
adj uvant .
2, A Lactobacillus casel strain or a mutant or variant thereof, wherein the
Lactobacillus casei strain is significantly immunomodulatory following oral

consumption in humans.

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.

and/or peptides that are rich in glutam ne/gl ut amat e,



A fornmulation as clainmed in clains 17 to 25 which includes a bacteri al
conponent. A formulation as clained in clains 17 to 26 which includes a
drug entity. A formulation as clained in clains 17 to 27 which includes a
bi ol ogi cal . _conmpound. A formulation as clainmed in clainms 17 ,i]goﬁg for use
in i muni sSHAGPIPI  vaccination protocols. A Lactobaci| | BSTR28MLt v ain as
claimed in any of clainis 1 to 16 or a fornulation as clained in any of
claims 17 to 29 for use in foodstuffs. A_kgactobacillus casei strain as
claimed in any of clains 1 to 16 or a formnulation as clainmed in any of
claims 17 to 295f or AUSRRSCifuEEkiGRATS claff /a0 82 ARinRGT {o B0/ 1RO fob 42
32. 5 33. 10 34. 1535. 36. 20 37. 25 38. 30 A Lactobacillus casel strain as
clainmed in any of ckiblegells.to 16 or a fornulation as clained in any of
clainms 17 to 29 for use in the prophylaxis and/or treatnent of undesirable
inflanmatory activity. A Lactobacillus casei strain as clainmed in any of
claims 1 to 1618r aA Ldetobubillis daveidtraimlagichoirded in adnwf olhingd BioHl ih thé for@Sff or
use in the prophylaxis , and/ or treatnent of undesirable gastrointestinal

i nfl ammatory acti vi P9“‘¥'&€lﬁ °%l€s;

14. A Lactobacillus casei strain as claimed in any of claims 2 to 13 wherein the
Lactobacillus casei is isolated from resected and washed human

gastrointestinal tract.

10
15. A Lactobacillus casei strain as claimed in any of claims 1 to 14 wherein the
strain is capable of stimulating I1.-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



i nfl anmat ory bowel di sease such as Crohns disease or ulcerative colitis;
irritable bowel syndrone; pouchitis; or post infection colitis. A
Lactobacillus casei strain as clainmed in claim 33 vvherei n the inflanmtory
activity is irritable bowel syndrone A Lactobacillus .casg |.n.as

clai med i n"WRRYOUR9% | ains 1 to 16 or a fornulation as cl a?%ﬁéoF 01%y of
clains 17 to 29 for use in the prophylaxis and/or treatnent of
gastrointestinal cancer(s). A Lactobacillyg.casei strain as clained in any
of claims 1 to 16 or a fornulation as claimed in any of claims 17 to 29
for use in theyprop RENY as,
rheumat oi d art if)l tlg%ﬁAﬁdlgt(l:ona% &Fﬁj{g@sel %ﬁla?%&%@%{ ngésiagﬁégmg%&?g
claims. 1 to 16 or feodfpredust awdhoas m!:sllhdchmdkdy¢ghustn9romn yoghurts milk Jpawale9 f or
use in the prophyl aXng andécl f.‘ ra ‘ﬁ' mrune di sorders due to .
undesi rabl e i nf | amBEOFPCCREEF ?eﬁeSPAeﬁ_ﬁc %sﬁlggf P'illfge'éﬁ?el strain as clai med
in any of clains 1 to 16 or a fornmulation as clained in any of clalms 17
to 29 for  use in the prophylaxis, and/or treatnent of cancer

undesi rabl e i n#3 amTﬁtfem}"l%f&“l agiclaimed in a3 06 ¢laal tor22 whish @U!?@Q comm:yses 39.
540. 10 41. 15 42. te‘f’if3 : Oﬂei;gd@’éSﬁ?aﬂt@ul’a@ﬁ&?&ﬁ&hﬂdl&ﬁpeﬁﬁ&&' thet! £r8'rleh 3R

claimed in any of c alm;
glutamine/glutamate, a lipid, a carbohydrate, a vitamin, mineral and/or trace

element.
10 24. A formulation as claimed in claims 17 to 23 wherein the Lactobacillus 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 | | 1
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.



formulation as clainmed in any of clainms 17 to 29 for use in the prophylaxis
of cancer. A Lactobacillus casei strain as clained in any of clains 1 to
16 or a forrmulation as clainmed in any of clains 17 to 29 for use in the
prophyl axis and/or treatnent of diarrhoeal disease due to undesirable
i nf| anmat oMP BQMP%ity, such as Aostridiumdifficile assBelV/EO¥E arr hoea,
Rot avirus associ ated di arrhoea or post infective diarrhoea, or diarrhoea)
di sease due to an infectious agent, such s E.coli. A Lactobacillus casei
strain as claimed in any of clains 1 to 16“0or a fornulation as clained in
any of clainms 17 to 29 for use in the preparation of anti-inflamuatory
bi ot herapeutic agents for the prophylaxis and/or treatnent of undesirable
\iAEf | anmat ory aGei vi Ay Laérobesiliuzbemsed bivdin Q@Saicljinféﬂhlihi nyaof (Hlaﬁﬂnﬁflﬁ td N6CHRAM 41
erein the strains_ act, by antagopnjsing _and excluding proinflanmator
m cr o- or gani sns f romwg?%ﬁééfiaﬂ'ﬁ?{w R clatpg di/. t°@9L'%Et“§ﬁ)HbﬁhP I%@W&E’éi
strain as claimed | ndopccbimél o ifledrab® itfarfthary dofippl at i on as cl aimed in
any of clainms 17 to 29 for use in the preparation o anti-inflammatory

bi ot herapeutic agents for reducing the levels of pro inflammatory

cyt oki nes. A Lagt obgci e...st L.al e ted. from any.on f ,AH101,
AH104, AHL12 3 A&gb#@“@é basel ﬁgdugragpg?@teﬁolﬂ o ghaimi & t O 8
bi ot her apeut i ¢ agenfamufation e elainyédnin dneofl daimk 17ab 20FdY usePinl 6 tpedphglakis US
casei strain AH11l1 frg/ use in tFe riﬁg’?ratiqﬂ of, a?nti- i nf | ampat ory

bi ot her apeut i ¢ agenfR&/Qrrealraenh o H’&Pef q gaskpigtegingl inflammpgtory activitysych as;
PCT/ 1 P02/ 00112 44 Afnflathmatéry “bwel Uisease such as Crohns disease or ulcerative colitis;

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

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.



49. 50. 15 51. 20 52. 2553. 54. 30 Use of a Lactobacillus casei strain as
an anti-infective probiotic strain. Use of a Lactobacillus casei strain
sel ected fromany one of AH101, AH104, AH111l, AH112 or AH113 as an
anti-infective probiotic strain. A nmethod of treating or preventin

undesi r abl &P 3P at ory activity or inflamuatory di seasé’qTﬂanzl@b’gj ect

whi ch conprises admnistering to the subject a Lactobacillus casei strain
as claimed in any of clainms 1 to 16 or a _fserrmul ation as clainmed in any, of
claiml1l7 to 29. A nethod as clainmed in clai'm48 wherein the undesirabl e
inflanmatory aghi Vi iy yi o], nt estd:.nal Lyidty. A hod .as c¢l.ai med in
cl ai m 48 wherei gb't hekuﬁgétg%zﬂg{ge&#%lf thdﬁl?r%ts o(’?@}neéc’bi W 9%@“’?&% t%rr§
bowel di sease such aforfulatios asitlainceden any of cgimatl7 e 29 ¢6d ust iiﬁmegkéﬂhyﬁhis%f
bowel syndrone; pouchitis; or post infection colitis. A nethod as clai ned
in claima48 wherein f%®undesirable inflammatory activity is irritable
bowel syndronme. A nethod of treating or preventing cancer in a subject

whi ch conprises administering to the subject a strain of Lactobacillus
casei as o ai nef0i n Anfagebaciius; sasei1 sitain s claimgd finrany| of cloimad to d6nerdai n
any of claim1l17 to 28:mfy | ' lyai rei cancer

I s gastrointestinal cancélg&tl gggﬁ%ﬁ#%gg?tc%ﬂpﬁg?éﬁ%g#%& § tﬁr%i)ﬂ)g’ 6 ¥
treating or preventiaml/er grgatment of ddisdaea dissasei dieedo winklbsirablef inflamedataoy i n

bj ect i i i j £h ject a strain of .
Cact obaci | | us casel SEVBIaioEh Hh Ghfi e PRE rsforiatd lacioed, Ramingn o

associated diarrhoea or post infective diarrhoea, or diarrhoeal disease due to an

10 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 bi&therapehtic 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.



claimed in any of claim17 to 29. WD 03/010299 PCT/ 1E02/00112 . - 45 55.
56. 5 57. 10 58. 15 A nethod as clained in claim54 wherein the systemc

di sease is rheumatoid arthritis. A nethod of treathg or preventing an
aut oi mune di sorder caused b inflanmmation in a subject conprisin

admi ni st er iHY Y% e subjectya strain of Lactobacillus cX&& %%mﬁﬁained in
any of clains 1 to 16 or a fornulation as <clained in any of claim1l7 to
29. A nethod of treating or preventing a djiarrhoeal disease in a subject
conprising admnistering to the subject a Strain of Lactobacillus casei as

claimed in any chad lon-as clainmed in any of
claim17 to 29. Qé& rreif]ﬂéoqsaals%z c[(‘:a?gl ?%'éc)igaf% s?:r?lé%L@#twgﬁcﬁerPhlggmtéﬁ'?'hoeaI
disease is Uostridium difficile associ ated di arrhoea, Rotavirus

associ ated di arrhoe ost.infect,jve diarrhoea or diarrhoeal di sease due
to an infecti oug? 2%43 gtfﬁﬁacégbeagl}ue &pset strain selected from any one of AH101, AH104,

‘ag
AH111, AH112 or AH113 as an anti-infective probiotic strain.

48. A method of treating or preventing undesirable inflammatory activity or
inflammatory disease in a subject which comprises administering to the subject
a Lactobacillus casei strain as claimed in any of claims 1 to 16 or a
formulation as claimed 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.
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A method as claimed in claim 54 wherein the systemic disease is theumatoid

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.



