WO 03/ 010298 PCT/ I EO02/00111 -1 "Probiotic Lactobacillus salivarius
strains"” Introduction 5 The invention relates to Lactobacillus salivarius
strains aw® a3madwsuse as probiotic bacteria in particul arPGEZIE02/00111

i mrunonodul atory bi ot herapeutic agents. The defense nmechani sns to protect

t he human gastrointestinal tract-fromcolonization by intestinal bacteria
are highly conplex and invol ve both i mundl-ogi cal and non- 10 i mrunol ogi cal
aspects (1). Innate defense nmechani sns include the | ow pH of the stomach
bile salts, peristalsis, nucPrpbiakdisidbadiiankala-wseiiad” conpounds such as
| ysozynme (2). | munol ogi cal nechani sns include specialized | ynphoid
aggregates, underlying Mcells, called peyers patches which are

di stributed tﬁpgg&&&gﬁ the small intestine and colon (3). Luminal antigens
presented at es result in stimulation 15 of appropriate T and B
cell subsets wth establishnment of cytokine networks and secretion of

anti bodses i ntige iMRnA&S rélNeO t@ Tatddhcilliashlivahus stainddahidt thei, usandsi grebiotic
presentation may occur via epithelial cells to intraepithelial |ynphocytes
and to the ubrstariayinpgrticuler s ppwpePRadylaRphRioErIPsuGIgentsher ef ore, t he host
i nvests substantially in inmmunological defense of the gastrointestinal
tract. However, as the 20 gastrointestinal nucosa is the |argest surface at
whi ch t he hosThé ddferiseahschanikins tdproteex ther mahanegasirointayendl traspizainf dotonizationol

nmechani sms nust _be jn place to requlate i ne re nsi veness. to the 100
tons of food Whinigstinal ﬁ%ﬁ‘i"cﬂae%f e B’S’I'gei'ﬁ}ﬁ gomplex; gglu’r‘?f’%]ézf’ i’%ﬁ? “?‘Flﬁlé‘ﬁo%’\%lr angpori-
averaggql i f et j e, ndry 1%&}%%%/@ 1t heingdt dé-fiélsg Qh&hhgigkhs Riclu@y e ROpEPSTIneS Of

bacteria nunbering 1 g in the colon. Thus, these control 25
mechani sms nustombeh, daleadalte, pdristilss, imigin datiers and anibaniplishcompawdsesich as

bacteria fro i nvasj.ve .pat hogens i ch woul ause. s gnj fi t to
the host. | nnilfyé%%y,met h"‘é I&‘rﬁ?%lg?%gﬁ’é} H.’\flgf}%a}nés Solﬁltcﬂ]idglf’# %cglfzggg%r;m%lﬁogg aégl%g%gghost
by conpeting yideRyRavycdllRgasice peydr®beihdsalhich pad BRgked i@izior PaRhBIIE.
30 Bacteria-.present i'n the human gastrointestinal tract can pronmote |

i nf | amat i on. intestiae prctheolprfdind-umisy gry eenstseseRed iah HiegR fitfs SesWidP SHMatioRav e

been | rIBI I cat 8fd ag)pr}opfiate T and B cell subsets with establishment of cytokine networks and

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

potentially pathogenic micro-organisms.

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

Aberrant immune responses to the indigenous microflora have been implicated in



WO 03/ 010298 PCT/ I E02/ 00111 -2 certain disease states, such as

i nfl ammatory bowel di sease. Antigens associated with the normal flora
usual | y | wado3toaodosmunol ogi cal tol erance and failure to aclr@EvEol/iist

tol erance is a major nmechani smof nucosal inflammation (6). Evidence for
this breakdown in tolerance includes an increase in antibody |evels
directed against the gut 5 flora in pati-@ts wth IBD. The present
invention is directed towards Lactobacillus strains, which have been shown
to have i MmungamdiliéRe ¥tagdsf ahsas ibfanimaiokyabowe diydaeki Aatipei eksochitedyith

ant agoni zi ng and excl udi ng pro-inflanmmatory_ m cro-organi snps fromthe 10
gast r oi nt est i ha/normalctloragisyalbpiagd do smmupglegicabFplargncecang il topchigye this

i nvention the I S..pLOVi i Salkl jd r ad 3
from any one l(r())r?erérl{gc?3 elrs of hﬁﬁ&o@“"@ﬁ%@@ﬁﬁ%ﬁ” %E?%%{dg#g (ﬁ/l i%ﬂ%er?ﬁgqr%t% glrslt or
vari ant ther ereakdbiwe idlarinceriylddes an pereatd madnkipodplivéls ditected agrinst Theegut
variant _nmay be a naturally 20 occurring variant of Lactobacillus

sal i var Pus. |Hogde reisbuvHRHBDof the invention Lactobacillus salivarius
strains are in the formof viable cells. Aternatively Lactobacillus
salivarius strains are in the formof non- viable cells. 25 In one

enbodi ment of Thé@rasenteimviention fre diseated tesvade Loprobhallfiosimios, whish Maygi leeghnl y
pure culture. In ?ni enbodinentdoftthe 'nyentiondtp Lack%b%ckkjgsorb
sal i varius st QM Pavs dmminomodulgtary Gieriss b BeIuRdr e WA fvaR Y
gastroi nt esti fahodnl . ddef excilivg t o rditinghaoty | weic\dRaifhO2%Pom  the
PCT/ 1 E02/ 00111 -3 salivarius strains are significantly inmunonodul atory
fol | owillg or agastromdestipeliteast-i n  humans.

Statements of Invention

i

15 According to the invention there is provided a Lactobacillus salivarius strain selected
from any one or more of AH102, AH103, AH105, AH109 and AH110 or a mutant or

variant thereof.

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

20 occurring variant of Lactobacillus salivarius.

In one embodiment of the invention Lactobacillus salivarius strains are in the form of
viable cells. Alternatively Lactobacillus salivarius strains are in the form of non-
viable cells.

25

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

culture.

In one embodiment of the invention the Lactobacillus salivarius strains are isolated

30 from resected and washed human gastrointestinal tract. Preferably the Lactobacillus



The invention also provides a fornulation which conprises at | east one
Lactobacillus 5 salivarius strain of the invention. The fornul ati on may
conpri se wWaoosanoaer e strains of Lactobacillus. In one emradimenooiof the
invention the formulation includes another probiotic material. 10 In one
enbodi nent of the invention the formulation includes a prebiotic material.
Preferably the fornulation includes an i n8estable carrier. The ingestable
carrier may be a pharmaceutically acceptable carrier such as a capsul e,
tabl et or powWd@lariAkSuRiRl 86 slghifichii®y im@assraddgatesr follelving orl tomtdmption et
such as acidified mlk, yoghurt, frozen yoghurt, mlk powder, mlKk
concentrat e, luinsase spreads dressings or beverages. |In one enbodi nent of
the invention the fornulation of the invention further conprises 20 a
protein and/or peptide, in particular proteins and/ or peptides that are
rich in gl uteus ineégiodtatsogireyvides 4 fqdilatmnoeritiobyrdpages at beavi Qr&rﬁmrtobmriﬂe«f al
and/or trace elenent. _In one emhodi gﬁ % of . the invention Lact obaml

sal i vardus stSelPH@saBinpleibeMvenHorhdhe FIPIIAtON Mgy CHMRHRES VO MAHE r%‘flﬁu per
gr am of delldﬁch%%a&g _ Preferably the 25 formul ation includes any one or
nore of an adjuvant, a bacterial conponent, a drug entity or a biological
compound. I n one enbodi nent of the invention the formulation is for

i mmuni sation and vaccinatio rotocols. .30 VWO 03/010298. PCT L -4
The i nvent i onf 8¢ KEPPOFIRRA! SBI oERier (e, o 93[ m&z“ds? I{O 1{%95@8%%&&
formul ati on of,khq. invention for use as foodstuffs, as a nedlcanent, for
use in the prophylaxis and/or treatnent of undesirable inflammtory
activily, for use in the prophylaxis and/or treatnent of undesirable

O O o bge BRI 8F e RIdb theitiiAtod MERAETEHRbIOE nRUEL, O sease

such as Crohn ease ceratrve colrtis, i1rrit syndr one,

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

beverages.

In one embodiment of the invention the formulation of the invention further comprises
20 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.

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

entity or a biological compound.

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

vaccination protocols.

30



pouchitis, or post infection colitis, for use in the prophyl axis and/or
treatnent of gastrointestinal cancer(s), for use in the prophylaxis and/or
t r eat ment waX ozgyerwen ¢ di sease such as rheumatoid arthritirgT/Eez/ouse in the
prophyl axi s and/or treatnment of autoi mmune di sorders due to undesirable
inflanmmatory activity, for use in the 10 prophyl axis and/or treatnent of
cancer due to undesirable inflamuatory actdi-vity, for use in the
prophyl axi s of cancer, for use in the prophylaxis and/or treatnent of

di arrhoeal dipRagQestin fufthernestssabidolicoi/lamaRidily saains or byforsulatiorasf the
Clostridium difficile associated diarrhoea, Rotavirus associ ated diarrhoea
or post i nf ecinyemiondfos e 8 Z00dsisy 8% ajAedieamantoloR yisesin dhex RrPPBYlaKis RREnt

of diarrhoeal,  di S €Stk b inSHE N8 Shaxi§ Unki/or THE
i nvention al s%&lﬁ‘r%‘%\?ﬁ §fegH eas%?%lgggfl%ﬁgfg sgﬁc\t}gﬁ’u@ggﬁr allnns 2? g }E%)ﬁlrru natoiron
of the i nvenkéabmehtosf wiglesitable pastrpinggstinat inflamofatap aatitity surhl @nicfammeatory

bi ot her apeuti c agent for _the prophyl axis and/.or treatne f undesirabl e
i nfl ar‘r‘r‘r@ltO ory l%{lf’f‘?q\ﬂlsceﬁeo‘iuché’is %5@8?@%%%6%?8&%%‘&%ﬁf%%tl%ﬁﬂ”?' Wf’%ﬁﬂ%t ory

bi ot her apeut i U9y f i § 2p0r Sus@ N/ @E propifad®Rhdet wéathesi rabl e
i nfl anmat ory Igoélt%?gilgt ér p?%t %l%ugémq}g)giﬁrrent c?f t he iprllrvlghra?’t??iI on the strains of

t he inventi ongaatrbinbastinait capoeri(si fuy usenih thecprodhylgxip rasidfor | tegaimemr §f systemic

o 091 9301 i 1.2t 12 S5HLE) R bt b, P lfy MY el
i nvetnti ]9n foradaﬂéiﬁ_lﬂuﬁhet Efgoftre@doiaﬁ@tt?oan@fsi_ra]gléi in'flﬂxInh&mfylt z;:ljt?((/_itbj @bmeﬁﬁﬁﬁuﬂlilefs
agents or reducl ng_ e evels O pro 1n ammal ory Cyt OKI nes suchn, as .
WO 03/ 820298 ropihylEDs apd/en treatnmnirpbcangeleds nundesirgide flagymeayy activity, for

Lact obaci |l us_sal iwari ai s LD gﬁ@{ [ fireatment of
anti-infl arrmat‘fsgrlﬁl é%o?%@g%%lgt#ccaglgéerh# §Ie g‘? u&r&ﬁ%lpgét;l g cyta g i()iraléreflé{l/e& so
such as |L-8,dikirhdddl dideade? dud Mraundesitadbldy inflanihetorynaetintityo rsuthirash€fospidimndes

Lactobacillus salivarius strains for. use in the reparation of . .
bi ot her apeut | /igenasorBedndifiriehg F?é“rP%v%ﬁS%C%tFRI g‘ﬂﬂf‘o?gr ¥ Pt {PIFSve; hi s

case the strainsale rGelseGh & SropRyIRaY aRier AbarNhOSk diAiORI AlseANIIRR-to an

15 infectious agent, such as E.coli.

The invention also provides Lactobacillus salivarius strains or a formulation of the
invention for use in the preparation of an anti-inflammatory biotherapeutic agent for
the prophylaxis and/or treatment of undesirable inflammatory activity or for use in the
20 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
and excluding proinflammatory micro-organisms from the gastrointestinal tract.

25
The invention also provides Lactobacillus salivarius 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 such as IL8.



The invention further provides Lactobacillus salivarius strains for use in
the 10 preparation of biotherapeutic agents for nodifying the |evels of

| L- 10. Thwa oswaevgon further provides Lactobacillus salivadmugosomai ns for
use in the preparation of biotherapeutic agents for nodifying the |evels
of IL-12. 15 The invention further provides Lactobacillus salivarius
strains for use in the preparation of bi-dtherapeutic agents for nodifying
the levels of I1L-8. The invention further provides Lactobacillus salivarius
AH110 for useThd ihbentioR! GleHeat proRided hiceipaeimpesilivering eftatnst edr trmluﬁytheg
the levels of TNFa. 20 The invention al so provides for the use

Lact obaci | | usprspiatier plantsinflamisatery bigtherapeuiicagenty éorpmémléftm&:cmlﬂa? kyelfue

to their abilit n of pathogenic species. 25 W
have found th§{¥65$¥%CH?g§nﬁT?%lns oé %Egtobacillus elicit i munonodul atory

effects in vitro. The invention is therefore of major potential therapeutic
val ue |n t he Erophyl axis or treatnent of dysregul ated inmune respagnses,
such asSundesiChabipgention| Ayrher oprwds@ Lastabaridus sqgariex s 91f pssriat dey

b | di /
Dol di seas e 5% B SRRl SRR PR oot o I, RO LETRRY Ppeﬁe’@@d‘“as "
nodi fyi ng t hettigyg theQtralosMye selddbedl frdrh afly ohd-ofIAHA0Z!/ M 103 orlRH105€e strains

or fornulations of the invention may be used in the prevention and/or 5
treatment of infl ammt ory disorders, inmmunodeficiency, inflamuatory bowel

di sease, ir rE%? dp%wekurﬁ%?d O kdes Cﬁdl dp?{ciz i%?rgc{lﬁ/gh% | HraBls ¥R use in the

gastrointesti I'nmmune st ens) oeal disease, antibiotic
associ difed di p:repimaéan oflsiethesdpeiitic ageatsrfhmaadlfylagﬂmidveii; of B,-1@ut oi nrune

di sorders, nultiple sclerosis, Al zheiner's disease, rheumatoid arthritis,
coel i ac disease, diabetes nellitus, organ transplantation, bacterial 10

i nfections, Virhal inbEHRRt afRr HRERS AHARLIRRSsa/RRFOORB! 6l S8ASA, the
urogenital disease, sexually transmtted disease, H V infection, HV

replication, pﬂep’alaagm)gf hipthgrapeutic agents for modifying the levels of IL-12.

15 The invention further provides Lactobacillus salivarius strains for use in the

preparation of biotherapeutic agents for modifying the levels of IL-8.

The invention further provides Lactobacillus salivarius AH110 for use in the

preparation of biotherapeutic agents for modifying the levels of TNFa.

20
The invention also provides for the use of Lactobacillus salivarius strains as anti-
infective probiotic strains due to their ability to antagonise the growth of pathogenic
species.

25 We have found that particular strains of Lactobacillus elicit immunomodulatory

effects in vitro.

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

30 reactions, for example inflammatory bowel disease.



di arrhoea, surgical associated trauma, surgical-induced netastatic disease,
sepsis, weight |oss, anorexia, fever control, cachexia, wound heali ng,

ul cers, gwodsanezoer function, allergy, asthma, respiratorpCTdESDOMEr S,
circulatory disorders, coronary heart 15 disease, anaem a, disorders of the
bl ood coagul ati on system renal disease, disorders of the central nervous
system hepatic di sease, ischaem a, nutri-tti-onal di sorders, osteoporosis,
endocrine disorders, epidernal disorders, psoriasis and/or acne vul garis.

The Lact obaci Théisirasdsrmdytse @ aSo abiothezspeatig aginsfiom Mieyh haslectivaean
isolated 20 fromthe mcrobial flora within the human gastrointestina
tract. The i nbumedsios modifyinctthe levels of HaNY, rldVEe dbtS, HailO@pdior UedAnot have a
pronounced reaction to nenbers of this flora, as the resulting
inflammatory activity would al so destroy host cells and tissue function.

25 Ther ef or e, Th® §RaiAE 6N BsthfMiihs ©f i thé iMfafienyndyhee usstuimethey@tesmntioarand/or
recogni ze commensal non-pathogeni c nenbers of the gastrointe ti‘g\% flora
as bei n§ dif f teatmentqf inflammaigehlisomstera inaugodefigiencis dailamatons Poyel fifest o

host tissues |j st L &t f ' [ L Srodtbdiinamahdtigigd. WO
097 610200 periTizhE b g Shadi Z%Bgés}i ARICLRrRE! B ghdrobfibciinal BhTRRRE.
AH102 was nadeysedms),hdiatthoéabndibeas€Cohntibidtioo nssooiatedndiashoéaal paadidirivh diapdoea,

Bacteria Limted (NCGIMB) o il,20, 2000 ded, 1 he. '
norber NCINB, ASANCS, ASRsee ofispietonmel e s S8R rbar hIBCLRF S, kA

was made at thﬁuﬁlgoh@alﬁ{}iﬁ‘s\ﬁéééuac AReasR0@Ab&BImMaNEER! 90dn hRsASR ARSI, BActatIber
NCI MB 41045. A deposit of Lactobacillus salivaHus strain AHLO5 was nade at

t he NCIOB on #bedtions, adral Rdedioandfungaontbstionsh peredandd idiseasey wegenid) digpases 047 .

10 A deposit of ctobaciLIus.saIiv I;Us r ai H109.. n&% a ACl MB
on  March 22, SHYBHY SFASTELEs, élésga%q’leﬁyécéns%t%%’ %Qﬁe?e%}\]l}é@%’ 4 S%SESskagtgposi t
of Lact obaci | hiafrhsal, i suididaliSasSddided tAidink) soBfcdlaaiical rhétastiNd MBease, stpsidvhr ch
22, 2001 and accorded the accession nunmber. NCl MB 41094, ,
weight loss, anorexia, fever control, pachex1a, wound healing, ulcers, gut barrier
function, allergy, asthma, respiratory disorders, circulatory disorders, coronary heart
15 disease, anaemia, disorders of the blood coagulation system, renal disease, disorders of

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

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

The Lactobacillus strains are commensal microorganisms. They have been isolated
20 from the microbial flora within the human gastrointestinal tract. The immune system
within the gastrointestinal tract cannot have a pronounced reaction to members of this
flora, as the resulting inflammatory activity would also destroy host cells and tissue

function.

25 Therefore, some mechanism(s) exist whereby the immune system can recognize
commensal non-pathogenic members of the gastrointestinal flora as being different to
pathogenic organisms. This ensures that damage to host tissues is restricted and a

defensive barrier is still maintained.



The Lactobacillus salivarius may be a genetically nodified nutant or it may
be a naturally occurring variant thereof. 20 Preferably the Lactobacillus
sal i vari uwa @/iteedshe form of viable cells. Alternatively tHhmEa/aEhaetobaci || us
salivarius may be in the formof non-viable cells. It will be appreciated
that the specific Lactobacillus strain of the invention may be

adni nistered to animals (including humansy-in an orally ingestible formin
a 25 conventional preparation such as capsul es, mcrocapsul es, tablets,
granul es, pOVNediepotsiIO@fnﬁEactoh'tdiﬂlzs salivopiosi dtoin e511182 spsnsiadaisatathd Nytiopd .

Sui t abl e fornulatLons aredq. by nethod monly .e si, ng
conventi onal ePHpgHPRS %Fagv @E‘il. rmﬁg’ﬁ'ﬂvef I.mt?‘ig&(g 0 E?Xéngé@l)@go and
ingredient in theaall £absAMRADEE NePVBRYI02g, at a level that will exercise
the desired therapeutic effect. 30 WO 03/010298 PCT/1E02/ 00111 -8 The
fornulation may al so include a bacterial conponent, a drug entity or a

bi ol ogi npound ddj a vacci.ne rls n r ., of
the str | ns o‘gdf’ﬂ%sni ?ﬁ/ljé?‘ffq% Z}Hﬁfﬂr}wg' T SR ﬁ%ﬁ W3 %ﬁ%@ﬁ@ g %1

net hod and neyp, boGh HelLa oA KHEBREsIoRHulIber NCIRIB 41045, carrier or adj uvant
Thr oughout the specification the ternms nutant, variant and genetically

nodi fied nmutant include a strain of LactobaC|IIus sal i vari us whose genetic
and/ or phenot r ain.
Nt ural Ty oochRepa” RREES BB Cih h P EETRAL Bl & IRCHRISDh S
spont aneous ai(, 2080 hadsccofdet] Aicgetediopmmpiiet NEEMB41®Gt i vel y i sol ated while
deliberate alteration of parent strain properties may be acconplished by
conventfonal genetic mani pul ati on technol ogi es, such as gene disruption,

conj ugative tAaﬁlag)Bﬁh’ofeécfb oblzgzll% 'sglfzvd}ﬁécgtfa@ﬁ 01 wabenslicayy MISNEIIB dnis a

bar graph show e nu er of adherent bacteria per 20 epithelial
March 22, 2001 and accorded the accession number NCIMB 41093.

A deposit of Lactobacillus salivarius strain AH110 was made at the NCIMB on
15 March 22, 2001 and accorded the accession number NCIMB 41094.

The Lactobacillus salivarius may be a genetically modified mutant or it may be a
naturally occurring variant thereof. '
I
20 Preferably the Lactobacillus salivarius is in the form of viable cells. Alternatively the

Lactobacillus salivarius may be in the form of non-viable cells.

It will be appreciated that the specific Lactobacillus strain of the invention may be
administered to animals (including humans) in an orally ingestible form in a
25 conventional preparation such as capsules, microcapsules, tablets, granules, powder,
troches, pills, suppositories, suspensions and syrups. Suitable formulations may be
prepared by methods commonly employed using conventional organic and inorganic
additives. The amount of active ingredient in the medical composition may be at a

level that will exercise the desired therapeutic effect.

30



cell s using human gastrointestinal epithelial cells, CaCo-2 and HT-29; 20
Fig. 2 is a bar graph showing IFNy | evels induced by PBMCs foll ow ng co-
i ncubat i owomstchodeact obaci | | us salivarius strains; Fig. 3 ilCmEba001gr aph
showi ng the effect on the levels of IL-10 (pg/m) induced 25 by PBMCs
foll owi ng co-incubation with Lactobacillus salivarius strains; Fig. 4 is a
bar graph showi ng the effect of Lactobaci-I8l-us salivarius strains on PBMC
| L-12 (pg/ m)_.production;, W 03/010298 PCT/|E02/00111 -9 Fig. 5 is a bar
graph showi nglitenersulaten msy alsecndbde i bhetsriglalompahédiSa St %ﬂ@r ﬁg)rna bioBMe. | L- 8
c ; : X, . OL gical
(pg/ m) prodyghifRingand Fig. 6 is a bar graph show ng tﬁe ability ot
Lactobacillus salivarius strains to 5 nodul ate proinflanmatory cytoki ne
production nmeasured in pg/m. Detail ed Description 10 W have found that
Lact obaci |l u sal jvarius strains AH102, AH103, AH105, AHI09 and AM 10 are
not only aci d"& ditign jagvaceing camprisingl amyl hee er tord e striing of tHedhv&Rich 1Jn£3pes
but al $0, sumpprdrs have | onodul at o effects, by nodulating
cyt oki ne | evel sﬂré%dr}&{)éﬁggtag S%qﬁggcma %%E%%&Pﬁ@‘am Belude lagphreenaceptionlly
i mmunonodul aveteptablecaprierargdjuivans from t he gastrointestinal tract. 15 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
conmposi tions,containing beneficial factors expressed by the probiotic
bacteri a. Thirgroé‘SHP‘& thecsregidicatiesr e termskinutanel Varng 206 98 ARy O Inodified
m cr o- or gani ﬁﬁ?an'fiiﬁéln?&iab?%trgﬁﬁp%sﬂrf to altered pH or 20 subjectron to
pr essgr@e. W th non-viabl e cel s 45F¥aciips silipaus ivhose iseneticramdém, pheabiypicmay
be i néBr por apregentigs iakey alierted cphdh@BGEUhs .S requi.renents are
nuch | ess I#rri%bed .@?an vi abl g@cel |'s. ng%eg%ggl I E\@[@%Fefm%mnga@i%arﬁquer s
an exanpl e of “YHECVRE I WEVenE inshudes theesporitiricbed altelalisnsast g Behpkfiest he

treatment angl@tivalyeNERIIOWhEE deliberate alteration of parent strain properties may be

accomplished by conventional genetic manipulation technologies, such as gene
disruption, conjugative transfer, etc.

15
Brief description of the drawings
Fig. 1 is a bar graph showing the number of adherent bacteria per 20 epithelial
cells using human gastrointestinal epithelial cells, CaCo-2 and HT-29:
20
Fig. 2 is a bar graph showing IFNy levels induced by PBMCs following co-
incubation with Lactobacillus salivarius Strains;
Fig. 3 is a bar graph showing the effect on the levels of IL-10 (pg/ml) induced
25

by PBMCs following co-incubation with Lactobacillus Salivarius strains;

Fig. 4 is a bar graph showing the effect of Lactobacillus salivarius strains on
PBMC IL-12 (pg/ml) production;



tumour growth as described in US Patent No. US4347240. 25 It is unknown
whet her intact bacteria are required to exert an imunonodul atory effect
or if indwo awab2acti ve conponents of the invention can beaiieb2/emd al one.
Proi nfl ammat ory conponents of certain bacterial strains have been
identified. The proinflammatory effects of gram negative bacteria are

medi at ed by |i popol ysaccharide 30 (LPS). -I9RS al one i nduces a

proi nfl ammat ory network, partially due to LPS binding to the CDl4 receptor

on nmonocytes. |t iKi%agdtfder ghph sbomipgribatieafoftueRizatiss BAELELL %5%}85 on

03/010298 PCT/ | EO2 o910 _possess, i munonodul atory activity, to the
effects of the \mdsgﬁ%%ﬁrg(ﬁ’ﬁ%‘ﬁ pr?‘i‘ﬁf‘ﬁ??i%ﬁﬁ of these components,

pharmaceutical grade manipulation is anticipated. Interleukin-8 (IL-8) is
one of the cytoki n@gpgorrpri sing the Macrophage Inflanmmatory 5 protein

famly (MP). The 15 aher graplf shrwing she apligseachoraeAMB @byl sRhRS i ch
nd fibroblasts. This famly of

are chejmotactic f . tes .a

proteins are a|SOQB%2P%ghR%%¢§@§%§%% ?dﬁgeB%FP@“BPH@ﬁuﬁﬁénP@@drophages are
capabl e of synthesizing them These cells include T and B cells,
fibroblasts, endothelial cells, keratinocytes, snoboth nuscle cells,
synovi al cells, neutrophils, chondrocytes, hepatocytes, platelets and 10

tumour cel | s DeddiRd Ibscridifosry :CONNective tissue activating protein (CTAP),

platelet factor 4 (PF4) and IL-8 stinulate neutrophil chenotaxis. Mnocyte

chenotactic protein (MCP-1) and RANTES are chenotactic for nonocytes, |1L-8

for negtrophiys cytes while PF4 and CTAP are chenotactic for

fi brobl asts. Ro?ae‘%n%{l h%@%p?ﬁéﬂg%ﬂégﬁf’g%@”h%m@sbéﬂmaﬁlObe‘XHIOSE AFOI® of

these fami | yambABEA8 ardidPohlyldiEindBileabR tostatic.activity and
R R BRTEeF: GRFACbieFidy pabhids on.

id
super oxi de agi Oé\?%{{;e' ease. CTAP and PF4 1ncrease
| L-8 increase¥ SHIPESIngl; ayg pnpiungmatiulheryveReds byamddaldting &/6kiRY [QIRNI C-
e

IL-8 is intigabelidddURE i n.lnf.] amat g responses within" th
gastrointestinal tr ag?t . nételgnréu%é‘ltl?golﬂg é\fo?lf_fi%m(‘%ltﬁﬂ’ 8t Hemysewiodalatnyranioro

cyt oki nes) @@anisms dnotr thb ghercimediingl weyel opnent of gastrointestinal |esions
therefere it is inportant 20 that probiotic bacteria should not stinulate

t he production of this cytokine.
The general use of probiotic bacteria is in the form of viable cells. However, it can

also be extended to non-viable cells such as killed cultures or compositions containing
beneficial factors expressed by the probiotic bacteria. This could include thermally
killed micro-organisms or micro-organisms killed by exposure to altered pH or
20 subjection to pressure. With non-viable cells product preparation is simpler, cells may
be incorporated easily into pharmaceuticals and storage requirements are much less
limited than viable cells. Lactobacillus casei YIT 9018 offers an example of the
effective use of heat killed cells as a method for the treatment and/or prevention of

tumour growth as described in US Patent No. US4347240.

- 25
It is unknown whether intact bacteria are required to exert an inimunomodulatory
effect or if individual active components of the invention can be utilized alone.
Proinflammatory components of certain bacterial strains have been identified. The
proinflammatory effects of gram-negative bacteria are mediated by lipopolysaccharide
30 (LPS). LPS alone induces a proinflammatory network, partially due to LPS binding to

the CD14 receptor on monocytes. It is assumed that components of probiotic bacteria



IL-10 is produced by T cells, B cells, nonocytes and macrophages. This
cytokine augnents the proliferation and differentiation of B cells into
ant i body wecesauoxg cells. [L-10 exhibits nostly anti-i nflrErmmbneoiil
activities. It up-regulates IL-1RA expression 25 by nonocytes and
suppresses the majority of nonocyte inflammatory activities. |L-10

i nhi bits nonocyte production of cytokineslOreactive oxygen and nitrogen
i nternedi ates, MHC class Il expression, parasite killing and IL-10
product i on vipassess frapdntrackulamohactiety, (d0e. toTthesefteptsokf e Ndwlared bdpen

shown to bl ock npnocyte roduction of intestinal collagenas nditype 1V
col | agenase BSPltipnefiasss f R?‘ﬁ‘?tsapg@“ig@%ﬁ@éwed@ﬁrgﬂﬁléﬁ& fi?aéinﬁ\?\%f}gghd
therefore nay be an inportant regulator of the connective tissue

destruction seen in chronic inflammtory di seases. WO 03/010298
PCT/ | E02/ 001 TaterledkinBLU11-8) issore dféhe cyakimes cemprisingths Macrophagp leibpaaes of

two covalently I|jnke NSOf Kk ' ogﬂﬁ - Qr ily
by ant isgen pr %tsméﬁ‘gygﬂ(ﬁﬂ;, Tgﬁwﬁgsan%n%cq{rg %@geégpsr?geéé?%&{pn t g&émg willE

i nfl ammat ory gasgadfactic Mdiare b lehladcyha ahe fibobdststIhad fantityeofproweind acd alen of
high levels of IL-12. It is a potent inducer of |FNT production, and

activat or of caHed imd¢rciines| ay cells| qther than yacrophages a5¢ cinablah Syaiiesizigethem.
necessary forthe .generati | L At ial s, HPRBRR vIes SRIbHES
primarily thr%&%c?lgsmtgg% ?%961%(:&%% %lprfe&gjgﬁl %gj gfr%[lﬁll ég)JhS’I FNy pr gc?ucti on (8).
| L- 12 i nducesmidet: pélngugndaal ofils) lnefiophilsj chorfdeegyitesc lhepatheyses, splaielets and

production thus restricting uncaontrolled cytokine 10 producti TG

al so ddn- r egumaresells - MIPplapdUe iconnecfive 4isgify agiivagag cPé?lteWaf(/gPRE)t’i %tle%? ory
or inhibitory,effec Lyl ti DhL DL b9, OMonbeke dHBmétaéhc My
have sone t hefla‘gtﬁreglt IEI?A%%P!&EIH % Sphgﬂ#geﬂaetgir}rgﬂélpg?&{%ﬁlb associ a%}étd i nﬁ‘nl ;m_r%t ory
di sorders, suysbteas(MUPtl) phnd RANEESsire cheotattic fartreedasyten- Hafrfar apwrgphdlsj s

' il duct of actj, T t 1 bl
O yCosyl at | o veahow oA AgH (e Rs 61 S5 Tacthess HEgoI AR, RO oer

cytokine synepgl 2asm ik Y8 Pea? MbQUIRETOF S8 oF Mesk TafilgDIEmPOr SNMCP- 1

stinulation o nmonocytes, nacrophages, neutrophils and endothelial cells.

| FNy al%0 anmtinfuless mongaypotytesigishentiviiis and peerp¥ideianipp feleasenénlotl ead Phdd

macr ophages b,ycriegs%rf%e)ar%
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and -1 are pyrogenic. IL-8 is intimately involved in inflammatory responses within

{)128 proliferation, IL-8 increases vascular permeability while MIP-1a

the gastrointestinal tract. Stimulation of IL-8 (and other proinflammatory cytokines)
could contribute to the development of gastrointestinal lesions therefore it is important

20 that probiotic bacteria should not stimulate the production of this cytokine.

IL-10 is produced by T cells, B cells, monocytes and macrophages. This cytokine
augments the proliferation and differentiation of B cells into antibody secreting cells.
IL-10 exhibits mostly anti-inflammatory activities. It up-regulates IL-1RA expression
25 by monocytes and suppresses the majority of monocyte inflammatory activities. IL-10
inhibits monocyte production of cytokines, reactive oxygen and nitrogen
intermediates, MHC class II expression, parasite killing and IL-10 production via a
feed back mechanism (7). This cytokine has also been shown to block monocyte
production of intestinal collagenase and type IV collagenase by interfering with a

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

connective tissue destruction seen in chronic inflammatory diseases.



20 cyt oki ne production (10), increased reactive internediate rel ease,
phagocytosis and cytotoxicity. |IFNy induces, or enhances the expression of
maj or hi swacaspexosbi lity conplex class Il (MHC cl ass |1) rviEgEOME1DN
nonocytic cells and cells of epithelial, endothelial and connective tissue
origin. This allows for greater presentation of antigen to the inmune
systemfromcells within inflaned tissuesll41FNy may al so have 25
anti-inflammatory effects. This cytokine inhibits phospholipase A2, thereby
decreasi ng nonocyte production of PGE2 and col | agenase (11). IFNy nmay al so

e S R e g e R R T
cytokine. Profy phigd 36Dl at li@ﬁrdahcédﬁyﬁnﬁm b%ér@}l}%gfesbﬁm Véllsi 3tdLe as

effects in vivo depending on the WO 03/ 010298 00111 -12 current
i nf | amat or y rsacaoghages, tehdy o e, infammataay icoscade. datrasellelpr bactesiasstinpitlateibe

route of admnistratiaon., TNFa is.a . prainflamatory cytpki I Gl jates
many of°t he !%E%Ctlaﬂppfglvgl? 1‘??‘36_@ Otgneh?eg[t & P d?‘%/uﬁa 8153 ﬁﬂ?ﬁ? P%@%ﬁ%
response. Thig:embokf Afiub-$ KRl ¥Bld. | YL.-82 TPBAE Yt Ehe Ry BREkKIARNAGEssABT forate
product but other cell types including | ynphocytes, neutrophils, NK cells,

mast cell's, ashemtyn of celbmiediatedi e Thile immuae srsphrse Rrimagly Grongh itsapy By e

nuscl e cells can al so_.synt i.Se _TNFa. TNFa i hesj, se pL:ohok Fone
and fol | ow ngerP%GEIiss f‘ﬂé‘lﬁ gﬁﬁétpﬁ?@wﬁl‘?p égtD&L?pzz}c/@égescg% ‘%8&2 tlsrelrcslfe ; 16
Purified 10 TMhen hasaheRNinaser Neth drodliciBh Sthub I fefBicSng@ thcprvliRiesgokiné h
the trinmeric form postulated to be the active formin vivo. Three

recept ®s havmothetioni JHE-{f dledddvor-reguiliis. [LAl % progiriéon: eBepend Ibddmanthgve

function as a TNFa inhibjtor ( while 1wo . menbr .bound f . been
i dentified witMHYPBCHN IHH%tP%Ye%‘IZ%‘F Oé’Oleé]r%pré’su%ﬁ’é]‘ ﬁ?@@&‘eoé‘t?qg%r%’gﬁvé%g‘?ﬁ%NFa
production atygyef iaABh&aYeutict ¢uéan B irbstiead ofi Thl 1asevidded dxflammatbry he
gl ucocorti coi d dexanet hasone i nhi bits cytokine production (13). TNFa

product i on r edisdrtlersj such penedtipheisclarpsin (Bf nany cel | types. Significant
anti-viral effects could be observed in TNFa treated cell lines (14) and
the IFNs synergise wwth TNFa enhancing this effect. Endothelial cells are

stinul gsed t ORI REMEBaRmAAIRGIN a8 brimarily a product of activated T lymphocytes and due
to variable glycosylation it can be found ranging from 20 to 25 kDa in §ize. This

cytokine synergizes with other cytokines resulting in a more potent stimulation of

monocytes, macrophages, neutrophils and endothelial cells. IFNy also amplifies
lipopolysaccharide (LPS) induction of monocytes and macrophages by increasing

20 cytokine production (10), increased reactive intermediate release, phagocytosis and
cytotoxicity. IFNy induces, or enhances the expression of major histocompatibility

complex class II (MHC class II) antigens on monocytic cells and cells of epithelial,

endothelial and connective tissue origin. This allows for greater presentation of

antigen to the immune system from cells within inflamed tissues. IFNy may also have

25 anti-inflammatory effects.  This cytokine inhibits phospholipase A,, thereby
decreasing monocyte production of PGE2 and collagenase (11). IFNy may also

modulate monocyte and macrophage receptor expression for TGFf3, TNFo and Cba
(11) thereby contributing to the anti-inflammatory nature of this cytokine. Probiotic

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



activity, expression of adhesion nolecules, IL-1, hermatopoitic growh
factors, platelet 20 activating factor (PAF) and arachi donic acid

met abol i t e o3bb@8 stinmul ates neutrophil adherence, phagaayres?/eniil
degranul ation (15), reactive oxygen internediate production and nmay

i nfluence cellular mgration. Leucocyte synthesis of GWCSF, TG-(3, IL-1,
| L-6, PGE2 and TNFa itself can all be stthtated upon TNFa administration
(16, 17). Progranmed cell death (apoptosis) can be delayed in 25 nonocytes
(18) whil e effienins inflanimadtsry ks b theriost démuladopobptier oytokines ehiie aguts ofind
I L-6, PCGE2 and_ col | agenase synthesis. Wiile |ocal TNFa production pronotes
wound heal i ng2HH8IS{ITA# e responses, the dis-regul ated systemc rel ease of
TNFa can be severely toxic with effects such as cachexia, fever and acute
phase protein production being observed (19). 30 WO 03/010298

PCT/ | E02/ 0011TNFe1i8 a Preinflaumatory eytekine wischrmediatsds enadyyofuthd docst emdisysteonict he

fol |l ow ng exanpl es. anple.1: Characterisation of bacteria lsolated from
resected and %%Cﬁ%‘??enﬁx a@}{é POPHPESERRORFS- t %‘étcytobg}‘?dﬁgfm‘illyoﬁ mocyte

probiotic traht Shacrolhags addrRRdObrdduePimki 6thBACIAN itfpeAPReIEHiRE SlydiphosREd, | ONS
of the large and snmall "intestine of the human gastrointestinal =~ tract
(G 1.T.) obt anewebphils; iNI§ cellsomest aellsi vastreqytage epithaliel ekt cadeibelial gells and

probiotic 10 bacieri al rains. Al sa S st ored .i di at after
surgery at - 8?5@9‘?&1: H&F@P F%Ls CaB&iﬁ"aﬁyH ??enﬁﬁg%eﬁb:%%?%g&\%lﬁ%ha @J,)%v(\)/lejleghed
and placed i nygyfiRkidd ebceQifloMe ARRIHUAS RDa shEdieNBiN bR dbeaEd. Falkiied on.

The sanple was gently sﬁaken to renove | oosely adhering 15 m croorgani sns
(t er med0- was hTNW) hasFmeh @hserged mankimens, troners sied qedtamsry wathothe Rrimgaie' form

colvCron. L he, SARLS (A2 HELLEAThrk b ol Pk s SR CubL i BB o9
?tag ﬁ; :ja: hiﬁon’gigggcf eﬁ?%igplg BeRPdr ActiBE S FRBoh WROTNFRL iR (Br)awhil®lepder

membrane bound forms have been identified with molecular sizes of 60 and 80 kDa

respectively. Local TNFa production at inflammatory sites can be induced with

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

TNFa production results in the stimulation of many cell types. Significant anti-viral

effects could be observed in TNFa treated cell lines (14) and the IFNs synergise with

TNFo enhancing this effect. Endothelial cells are stimulated to produce procoagulant

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

20 activating factor (PAF) and arachidonic acid metabolites. =~ TNFolstimulates

neutrophil adherence, phagocytosis, degranulation (15), reactive oxygen intermediate

production and may influence cellular migration. Leucocyte synthesis of GM-CSF,

TGFB, IL-1, IL-6, PGE2 and TNFa itself can all be stimulated upon TNFa

administration (16, 17). Programmed cell death (apoptosis) can be delayed in

25 monocytes (18) while effects on fibroblasts include the promotion of chemotaxis and
IL-6, PGE2 and collagenase synthesis. While local TNFa production promotes
wound healing and immune responses, the dis-regulated systemic release of TNFa can
be severely toxic with effects such as cachexia, fever and acute phase protein

production being observed (19).
30



The solutions were serially diluted and spread-plated (1001) on the

follow ng agar 20 nedia: RCM (reinforced clostridia nmedia) and RCM adj ust ed
to pH 5. Swmagsisngomseti ¢ acid; TPY (trypticase, peptone andcraast/omxtract);
MRS (deMann, Rogosa and Sharpe); ROG (acetate nmedium (SL) of Rogosa); LLA
(l'iver-lactose agar of Lapiere); BH (brain heart infusion agar); LBS
(Lactobacillus selective agar) and TSAYE-18trypt one soya sugar suppl enent ed
with 0.6% yeast extract). TPY and MRS 25 suppl enmented with propionic acid
was al so usedThdinvenigar witksh morsatcasly ppbés ol fronOteifallchiagiegahplewi t h t he
exception of TPY agar. Plates were incubated in anaerobic jars (BBL,
Oxoid) using CO2 generating kits (Anaerocult A Merck) for 2-5 days at

37C. Gram posphhiBle £a! ShasfiRARbh '@ B MR lirdh M RL b ERIBA PN C
bacteria 30 1solates were strea purity on to conplex non-selective
medi a ( MRS anbubBX)gastrobdéstinebtragts demarisiragion of pirobivtit échiisn VRS or TPY

medi um unl ess otherw se stated at WO 03/010298 PCT/ I EO02/00111 -14 37C
under ahaerobic conditions. Presunptive Lactobacillus were stocked in 40%
gl ycerol and gbRkied ofProbdfife Berin80C. Seven tissue sections taken fromthe
G 1.T. were screened for the presence of strains 5 belonging to the

Lact obaci | l us genera. There was sone variation between tissue sanples.

Tabl e 1 bel ow, 0 e . tissu Iese ressed as
col ony form néﬁ{)]& Cs?g ggcrl 9&?§§%’r %tatih ﬁ %\g?gn(&?a@énﬁ%sunf’ ﬁ’gﬂﬁ’g} n&?&%arsﬁglﬂgeaﬁngabl e
1 Tissue SanpirgctNG.1.T3 Ozblﬁiuhélh dbridg Gedmbirddide3dbgdtd3 whes3 scrivbriiduer MOBIdtic
Solution MRS 57 x, 102 >9.0x103 3.3x103 >3.0x10' 0 3.2x103 8.0 x 102 TPYP O
>9.0 x1903 >gbastetial siming Al samplas were sored impiediatply, afigysurarong, 80 o Serile102
1.8x104 ND 3. Qi01e8. O X 102

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
15 microorganisms (termed —wash ‘W’). Following transfer to a second volume of
Ringer’s solution, the sample was vortexed for 7 mins to remove tightly adhering
bacteria (termed —sample ‘S’). In order to isolate tissue embedded bacteria, samples
356, 176 and A were also homogenized in a Braun blender (termed -homogenate ‘H’).
The solutions were serially diluted and spread-plated (100ul) on the following agar
20 media: RCM (reinforced clostridia media) and RCM adjusted to pH 5.5 using acetic
acid; TPY (trypticase, peptone and yeast extract); MRS (deMann, Rogosa and
Sharpe); ROG (acetate medium (SL) of Rogosa); LLA (liver-iactose 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
25 supplemented with propionic acid 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.
Gram positive, catalase negative rod-shaped or bifurcated/pleomorphic bacteria
30 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



ROG 0 >9. 0x10" >6.0x103 7.7x102 3.8 x 102 9.7 x 101 4.0 x 101 TSAYE 3.9 x
102 >9.0 x 103 >6.0 x 103 ND ND ND ND LLA 2.5 x 102 >9.0 x 103 >6.0 x 103
ND 5.3 x WoRosND29® RCM ND ND ND >3.0 x 104 ND 4.8 x 103 2@/mod@d11 SAVPLE'
Solution MRS 1.35 x 103 >9.0 x 103 >6.0 x 103 1.66 x 104 2.3 x 102 >1.0 X
104 9.6 x 102 TPYP 0 >9.0 x 103 >6.0 x 103 >3.0 x 104 4.6 x 102 0 8.0 x
103 RCMb.5 0 >9.0x103 >6.0x103 1.7x103 ND41.1x103 1.5x103 ROG 1.37 X
>9. 0x103 >6.0x103 4.4 x 102 4.5x103 1.7x103 6.1x103 102 TSAYE 1.4 x 103
>9.0 x 103 ND3NO MieNRnhiobiclodnBitidnx PoRubptiOe LatDBdadifud werel 3cidd id. fo% 102
ND ND RCM ND ND >3.0 x 1 D >1.0 x 104 ND ~HOMOGENATE' Sol ution MRS
00 >6.0 x 10§Y°erg%ﬂd@t%e<i8t.%6°x&\|i%}8og@v5.5 0025x 102 ROGO 0 >6.0 X
103 TSAYE 3.9 X 101 0 >6.0 X 103 LLA 1.9x101 6.57 x 102 >6.0x103 RCM O O
ND 10 Samples A (ileum and 316 (appendi x) had the | owest counts with
appr oxi mat el ySev@n tisedd seclignsl takedirpmrthe GahT oWerei sssageed for the preacicsari strgingat er
103 cfulg tissye wer regovered. fromthe Qther sanples.. S mlar nunbers of
bacteri & wer e&illl%Qﬁnﬁ z%l t%?flﬁtﬁz G REe o gl sker g NB'(‘?OXTT‘UOQ s i LN
and “sanpl e' shfids. Wdble $ bRt tRowRitBEBACt&R RbEnt dF thd Bssus ATRPRS egpHesiehags of
433 (il eal-caecal). Fermentation and grow h characteristics

colony forming units per gram (cfu/ml) of tissue. (nd=not determined)

Table 1
Tissue Sample No.
Isolation A 176 356 312 316 423 433
Medium
‘WASH? Solution
MRS 57x10°  >9.0x10° 3.3x10° >3.0x10° 0 32x10°  8.0x10?
TPYP 0 >9.0x10° >6.0x10° >3.0x10* © 1.9x10>° 2.8x10%
RCM5.5 0 0 3.1x10° 1.8x10* ND 3.0x10"  8.0x10%
ROG 0 >9.0x10° >6.0x10° 7.7x10° 3.8x10®° 97x 10' 4.0x10
TSAYE 39x10° >9.0x10° >6.0x10° ND ND ND ND
LLA 25x10°  >9.0x10° >6.0x10° ND 53x10° ND ND
RCM ND ND ND >3.0x10* ND 48x10° 4.6x10°
‘SAMPLE’ Solution
MRS 1.35x10° >9.0x10° >6.0x10° 1.66x10* 23x10® >1.0x10° 9.6x10%
TPYP 0 >9.0x10° >6.0x10° >3.0x10* 46x10>° 0 8.0x10°
RCM5.5 0 >9.0x10° >6.0x10° 1.7x10° ND 1.1x10°  1.5x10°
ROG 1.327 X >9.0x10° >6.0x10° 44x10®° 45x10° 1.7x10° 6.1x10°
10
TSAYE  14x10° >9.0x10° ND ND ND ND ND
LLA 6.3x10*° >9.0x10° >6.0x10° ND 3.0x10° ND ND
RCM ND ND ND >3.0x10* ND >1.0x10* ND
‘HOMOGENATE’ Solution
MRS 0 0 >6.0 x 10°
TPYP 0 0 >6.0 x 10°
RCM5.5 0 0 2.5 x 107
ROG 0 0 >6.0 X 10°
TSAYE 39X10' 0 >6.0 X 10°
LLA 1.9x10"  657x10° >6.0x10°
RCM 0 0 ND
10 Samples A (ileum) and 316 (appendix) had the lowest counts with approximately 10°

cells isolated per gram of tissue. In comparison, greater 10° cfu/g tissue were

recovered from the other samples. Similar numbers of bacteria were isolated during



5 Metabolismof the carbohydrate glucose and the subsequent organic acid
end- products were exam ned using an LKB Bronma, Am nex HPX-87H Hi gh

Per f or mane® dsioqezssl Chr omat ogr aphy col utm. The col um was pr@immbaoned at 60C
with a flowrate of 0.6 m/mn (constant pressure). The HPLC buffer used
was 0.01 N H2S04. Prior to 10 analysis, the colum was calibrated using 10
mM citrate, 10mM glucose, 20 mM |actateland 10 nM acetate as standards.
Cultures were propagated in nodified MRS broth for 1-2 days at 37C

anaer obi cal | yhe FokhOmdgaaplet stefsugith isbghtiyohigh€r eviuntsan thel 42mpie” golutipres of
supernatant was diluted 1:5 with HPLC buffer and 200 | was analysed in the
HPLC. All supé? fitaeketesaller e anal ysed in duplicate. 15 Biochenical and

physi ol ogi cal traits of the bacterial isolates were determned to aid
identification. Nitrate reduction, indole formati on and expression of

B- gal act osi d@sgnemmsttdnvintl\erovetheharastayisiits G owt h at both 15C and 45C, grow h
in the presence of increasing concentrations of NaCl up to 5.0% and

proteaée activity on gelatin were 20 determned. G owth charactear]sti of
the strains Metphalismsotiihe Rar\[i](%byélr”é? §g‘°8%ﬁs gb%l?‘ﬂm%‘ﬁpgérigﬁ%? %FI? ehgfﬂtré&edr?%s
hundred_cat alaseLfOAL Y6np 3 LR Blorhihal ikl HERSIH HefreRdrforsanl Biuiier e
chosen and characterised in terns of their Gamreaction, cell size %néd
mor phol ogy, @iowhhtogtaph Colama. ABe cahuntt wanmainsaineshat &9C sritdew r#te o 0-

gl ucose 25 (data. not shown). eaf.er jext e i spli

tested were G?lz{ﬂi“pg'gpftﬁ@teﬁn)essﬁ{%bﬁl}eng% gpgféécé{osggie&%l-%b/bqﬁ }212:&? ﬁhgglgéiteﬁf her
in tetyads, GHAVES, M dKIERGSs calbgideasingaoceM citfatd, iniNoglates, #8rreMG am
negative rods and heterofernmentative coccqbacilli cHg?‘:;IETERﬁ}'P‘ . dehed MRS
remai ni ng i sdtctateand dRepMyaceipts Pertensdards. \feplBresWergRPRAgALH 1 modilie

honof er nent at | v, C [ L] h=oThI &hght ' [fBofidal RE t10r ingedt 30
in nore detai thlf%)?ﬁsgll?%?geéi ?Z gmgﬁ%%?blﬁdl%?oﬁégé‘g%nggceﬁon’% 312; 9 from 356; 3
from 176 and4,0bofg, e Siernatint wahiilotgd disgwith FRIlGbefertand 298 1 epstanglyserbt h
for nitrate reduction %Hd WO 03/010298 PCT/ I.EQ2/ Oogllell -16 production of

i ndol e from tin s BhGn Aluparatants wire prAleset 1Y SRR ur es,
15

Biochemical and physiological traits of the bacterial isolates were determined to aid
identification. Nitrate reduction, indole formation and expression of B-galactoSidase
activity were assayed. Growth at both 15°C and 45°C, growth in the presence of
increasing concentrations of NaCl up to 5.0% and protease activity on gelatin were

20 determined. Growth characteristics of the strains in litmus milk were also assessed.

Approximately fifteen hundred catalase negative bacterial isolates from different
samples were chosen and characterised in terms of their Gram reaction, cell size and
morphology, growth at 15°C and 45°C and fermentation end-products from glucose
25 (data not shown). Greater than sixty percent of the isolates tested were Gram positive,
homofermentative cocci (HOMO-) arranged either in tetrads, chains or bunches.
Eighteen percent of the isolates were Gram negative rods and heterofermentative
coccobacilli (HETERO-) . The remaining isolates (twenty two percent) were
predominantly homofermentative coccobacilli. Thirty eight strains were characterised
30 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



concentrations of NaCl and gelatin hydrolysis are recorded in Table 2
below. Table 2 Strain Source Fernentation Tenperature % NaCl * Cel atin
React i onswiao3/ofexogern Profiles Hydrolysis litnus mlk 15@cABAEopéd1i1 RED

AH102 S1 ROG HOMOD- +(s) - 3.0 - 6.3 NR AH103 S1 HETERO- - - 3.0 - 5.2 Rp(Cp
RCMb. 5 AH105 S1 HOMO- - - 0.8 - 4.9 RoCp WMRSP AHL109 S1 TPY HOMO- - - 5.0 -
6.0 NR AH110 S1 ROGHOMD - - 5.0 - 4.9-Rp€p 5 HOMO-, honofernentative;

HETERO-, heterofernentative; -, Negative for reaction/growh; +, Positive

react i on/ gr owereduction) ofs [indeler tratnh; tryREdphan Re d Grbiven; atNRIitfB@nf et@ﬁlﬁobﬁﬂire%p1
Partial reductian: .. rtjal clotting; *Maximum concentration of NaC in
whi ch the st réaﬂnﬁe%ﬁ“%g%Pgﬁﬂé@d’%@kﬁni‘y{i’gﬁ%ﬂﬁ r¢oedndaniTehleizbelaw.nus il k at
37C. Species identification 15 The APl 50CHL (Bi oMerieux SA, France) system
was used to tentatively identify the Lactobacillus species by their

car bohydrate T&hlg@nt ati on profiles. Overnight MRS cultures were harvested
by centri O_’"‘i'“ —ang—restspended r S ension nedium provided A__,h h
the kit. APl Strips Were i noghfared EF@‘E‘?{&‘leysgﬁN’((ﬁ?t Gelatingn g Regetfpps in
according to the manufacturers’ |nstyaget] %mg | dent i t yRgFol¥ie t[?g’ﬂ‘éﬁ%{hj | | us
sp. was 20 then checked by SDS- Pol yacryl e gel el ectrophor@Sis ysis
( SDS- PAGE) of AH{®t aIS1RG ~ prBP¥Pn ( Bri® UndVersity-of Chent, BRRQ
personal commmuHi@ati o8). Fiueakky., 16s RNA_anal yghps and ri botygizng }e@ée
used to confirmstragjfddentity. The APl 50CHL allowed rapid identi f'éation
of the Lactobacillus 1solates. Analysis 25 of total cell protein of the

Lact obaci | | usA¥HP5 (Br &ho PotHOMer sonat conmuni ca®.$ on) by- 49  RpCp
MRSP
AH109 SITPY  HOMO- - - 5.0 - 6.0 NR
AH110 SIROG  HOMO- - - 5.0 - 49  RpCp
5

HOMO-, homofermentative; HETERO-, heterofermentative; -, Negative for reaction/growth; +,
Positive reaction/growth; +(s), slow growth; REDn, Reduction; NR, no reaction; Rp, Partial reduction;
Cp, Partial clotting;

*Maximum concentration of NaCl in which the strain will grow

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

Species identification

15 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 and 48 h)
according to the manufacturers’ instructions. Identity of the Lactobacillus Sp. was

20 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 5S0CHL allowed rapid identification of the Lactobacillus isolates. Analysis

25 of total cell protein of the Lactobacillus sp. (Bruno Pot, personal communication) by



WO 03/ 010298 PCT/ I E02/ 00111 -17 SDS-PAGE, 16s RNA anal ysis and ri botyping
reveal ed further information on the specific species. Table 3 bel ow shows
t he i dent wio @atoos of the 5 Lactobacillus strains by fourpcdinfehzoosnt
techniques. 5 Table 3 Strain Sugar Total cell protein 16s RNA Ri botyping
fermentation (SDS-PACE)* identification profiles AHL102 L. salivarius L.
salivarius L. salivarius L. salivarius sibsp. salivarius subsp. salicinius
AH103 L. salivarius L. salivarius L. salivarius L. salivarius subsp.

sal i varius suBBP-PAGE] t6nRIA aAHydS ahd ribekypisg keiealed MARACRSRakion on the
AH109 L. salivarius L. salivarius

salivarius L. a%lvarlus,ﬁggsg gﬁracasel

L. salivari usSPECHISAPeSicy  Table & below shows |ﬂ%ea#dPEF$f1“§HB§}9f thead L@qu@dluSAh‘amﬁO L.
sal ivarius L.bysRul Yerdhs tdehn@@bd.vari us L. salivarius subsp. salivarius
subsp. salicinius Enzynme Activity Profiles The APl ZYM system (Bi oMeri eux,
France) was used for sem -quantitative 10 neasurenent of constitutive
enzynesﬁprodeaﬂ y Lactobacillus isolates. Bacterial <cells fromthe |ate

| ogarithmc gro phase were harvested by centri fugatl on at 14 000g for
10 wins. The pel Bedied CcelTsS \g@gae WaS gl el dis US PETIgRG AT 1T SOmid—phgsphat e
e strlps were inocurated in

buffer, pH 6.8 to the sane 9 al h
accordance with the nanufad?u?%”m% |n3§¢%ﬁé?% i Hentifsfied for 4 h at 37C

and colour 15 developnent H@@@ﬁded The enzyne act|V|ty proflles of the 5
strai ns AHLOZ A3, AH0a7, ; oL s PreSeht B4 —OW.
None of the strains exhi bi t ed Ilpase tryp5|n Tar ' salivarius

subsp salivarius subsp. salicinius
AH103 L. salivarius L. salivarius L. salivarius L salivarius

subsp. salivarius subsp. salicinius
AH105 L. salivarius L. paracasei L. salivarius L. salivarius

subsp. paracasei

AH109 L. salivarius L. salivarius L. salivarius L. salivarius
subsp. salivarius subsp. salicinius

AH110 L. salivarius L. salivarius L. salivarius L. salivarius
subsp. salivarius subsp. salicinius

Enzyme Activity Profiles

The API ZYM system (BioMerieux, France) was used for semi-quantitative
10 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
accordance with the manufacturer’s instructions, incubated for 4 h at 37°C and colour

15 development recorded.

The enzyme activity profiles of the 5 strains AH102, AH103, AH105, AH109, AH110 .
are presented in Table 4 below. None of the strains exhibited lipase, trypsin, o-

chymotrypsin, a-glucuronidase, a-mannosidase or a-fucosidase activities.



chynmotrypsin, a-glucuroni dase, a-nmannosi dase or a-fucosidase activities. W
03/010298 PCT/ 1 E02/00111 -18- Table 4 AH102 AH103 AH105 AH109 AH110

Al kal i ne Rigosphetve 3 3 4 3 3 Esterase 1 1 1 1 1 Esterase Admpasgodiidl 1 1 1
Lipase 0 0 0 0 O Leucine Arylamdase 4 3 4 3 3 Valine Arylamdase 0 1 1 1
1 Cystine Arlyamdase 55 4 45 Trypsin 0 0 0 00 a-Chynotrypsin O 0 00
0 Phosphate acid 5 5 5 5 5 Phosphohydrotd8e 55 4 4 5 a-Gal actosidase 0 3
4 3 3 13-Galactosidase 3 4 45 4 13-glucuronidase 0 0 0 00 :

a-3 ucosidase 0 0 0 0 0O 13-G ucosidase 0 0 0 0 0 a-d ucosamnidase 0 0 00
0 a-I\/annosid?Sﬁ 0000 a-Fucosidase 0 0000 5 Antibiotic
sensitivity p I4es Antibiotic senS|t|V|ty proflles of the isolates were

?ﬁt teLren gggrgglr Pgt [engr o?lhstredlsum Fﬁmm I-I }10 reala 0{!fjat e%ﬁf%vel) ontig a;gr
medi a and di scalkaine&hnsphgteknon concentr & i ons 14 of t he aantibiotBcs were

pl aced onto WW m nnld far anl'ri hilot i (‘1 :

Esterase Lipase 1 1 1 1 1

Lipase 0 0 0 0 0

Leucine Arylamidase | 4 3 4 3 3

Valine Arylamidase |0 1 1 1 1

Cystine Arlyamidase |5 5 4 4 5

Trypsin 0 0 0 0 0

o-Chymotrypsin 0 0 0 0 0

Phosphate acid 5 5 5 5 5

Phosphohydrolase 5 5 4 4 5

a-Galactosidase 0 3 4 3 3

B-Galactosidase 3 4 4 5 4

B-glucuronidase 0 0 0 0 0

a-Glucosidase 0 0 0 0 0

B-Glucosidase 0 0 0 0 0

0-Glucosaminidase | 0 0 0 0 0

a-Mannosidase 0 0 0 0 0

a-Fucosidase 0 0 0 0 0

5 Antibiotic sensitivity profiles

Antibiotic sensitivity profiles of the isolates were determined using the ‘disc
susceptibility” assay. Cultures were grown up in the appropriate broth medium for 24-
48h spread-plated (100ul) onto agar media and discs containing known concentrations

10 of the antibiotics were placed onto the agar. Strains were examined for antibiotic



WO 03/ 010298 PCT/ I EO02/ 00111 -19 sensitivity after 1-2 days incubation at
37C under anaerobic conditions. Strains were considered sensitive if zones
of 1 nhi bi Wioois/006298nm or greater were seen. Antibiotics of Houmn/ailini cal

i nportance were used to ascertain the sensitivity profiles 5 of each of
the 5 Lactobacillus strains. Each of the |actobacilli tested was sensitive
to anpicillin, anoxacillin, ceftaxinme, eédPtriaxone, ciprofloxacin,
cephradine, rifanpicin and chloranphenicol. The antibiotic sensitivities
(ug/ m) of Lasdnetivtylafies1-2alayy Bicub@ionABOAT uAltkAdaerdbit QondiAbH) IStedisk w10
are given in Table 5 bel ow WD 03/010298 PCT/I E02/00111 -20- Table 5 AH102
AH103 AH105 AFaglergd sepsitivgf zopespf patbition of Mym osareptey werg seen. AMC 30 S S S S
S AK30RRRRS W1.25 RRRRR TEC30 RSSRR CXM30 SSSSS

CTIX30 SSS VA . S .P .5 . S,. 10
RRARRS wroobighS o dptich PpadlldVer ErPiotsPalil iR I BoRpiIS & R
5 of each of the 5 Lactobacillus strains. Each of the lactobacilli tested was sensitive to
ampicillin, amoxacillin, ceftaxime, ceftriaxone, ciprofloxacin, cephradine, rifampicin
and chloramphenicol. The antibiotic sensitivities (ug/ml) of Lactobacillus salivarius

AH102, AH103, AH105, AH109 and AH110 are given in Table 5 below.
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not determ ned G owth of

| act obaci |l | i

at | ow

pH 5 Humwo a@ageaesc j ui ce was obtai ned from heal t hy subj e®caiey2/empi rati on

t hrough a

i mredi ately centrifuged at

particles,

nasogastric tube (Mercy Hospital,
13,000 g for 30 mn to renove all
sterilised through 0.45 mand-802 mfilters and divided into 40

Cor k,

Ireland). |

t was
solid

m aliquots which were stored at 4C and -20C. 10 The pH and pepsin activity

of the sanpl e¥ablerse measured prior to experimental use. Pepsin activity
was neasur ed itative haernoglohulin assay. Briefly W)
03/ 010298 PdT/ | E02/ 00111 2HB 5 | qddH93 of gas‘*tﬂliﬂé j yi céﬁlﬂm) we T Hdded to
5 m of substraiET (0. { MURea, (.4% RwW V) | bovRne haenogRobul T (Siggna
Chemi cal Co.| Q.25 M -HCQ buffer, pH 2i0) and incubated at 25C__Sanpl es
vere removed atMf 22, 14, 65 8, 10, 28 and|30 n®n infervaPs. ReactSons Were
term nat ed by RREC ggiditiongof 5% tTightoracetTg aci ¢ (TCH—any—5 aigtowed to
stand for 30Lmn without agitation. Assay|m xtures were then fliltered
(What man, no. ¥48y0 ce=ntriRuged at 1B, 000|g foR 15 min aRd abgorbafce at
280 nm was TT'E'WQTQ@G Omejm t pf—pegsimenzyngactivitygwas defi t he
anount of enzy required to cause an ing¢rease of 0.001 unitg of 80 nm
per mnute at 6ﬁ02300 reasuRed &s TCA-sol bl e Produ¢ts uBi ng haeno8l obulli n
as substrat e &g ey deterngne—whetheg groywth—ofthetactgbactHtus—gtratfs
occurred at |low pH values equivalent to those found in the sfonmach,
overni ght cul t GT&s30were i ndcul ated (3% into Bresh|{VMRS Broth|adjuSted fo
pH4. 0, 3.0, 29agng O tusingHNHE g A—tegt ar S R
CRO 30 S S S S S
CIP 5 S S S S S
CN 10 R R R R S
MTZ 5 R R R R R
CE 30 S S S S S
RD5 S S S S S
V5 R ND S R R
C10 S ND S S S
TE 10 S ND S S S
E5 S ND S S S
NA 30 R R R R R
R, resistant; S, sensitive; ND, not determined
Growth of lactobacilli at low pH
5
Human gastric juice was obtained from healthy subjects by aspiration through a
nasogastric tube (Mercy Hospital, Cork, Ireland). It was immediately centrifuged at
13,000 g for 30 min to remove all solid particles, sterilised through 0.45 ym and 0.2
um filters and divided into 40 ml aliquots which were stored at 4°C and —-20°C.
10

The pH and pepsin activity of the samples were measured prior to experimental use.

Pepsin activity was measured using the quantitative haemoglobulin assay.

Briefly,



intervals aliquots (1.5nl) were renoved, optical density at 600nm ( OD600)
was 15 neasured and colony formng units per m (cfu/m) cal culated using

t he pl at ewoowsrino29set hod. Growm h was nonitored over a 24-48cTpEni/adil
Survival of the strains at lowpH in vitro was investigated using two
assays: (a) Cells were harvested fromfresh overnight cultures, washed

twi ce in phosphate 20 buffer (pH 6.5) anrdlresuspended in MRS broth
adjusted to pH 3.5, 3.0, 2.5, and 2.0 (wwth INHO) to a final

concent r at i onaliguogppfr gasiriedtiet YInd&ect addetl td ﬁlrnltdﬁ gubdtiacs ©fyawl drka,.0.4%8! (wdv)wer e

b d f 5, 30, 60 d 120
s ng & nePoa BRerBRIPbiR (T Lhemil o £ ob 36 KO bpiiehPharh and
propagat ed i ninbufidtet &R5MBS Semplel wekdtehd¥ed at2(5 2Aai % 18r20Pam dﬂ)%ﬁgﬂgfer?%s The

cells were harvested, washed and resuspended in pH adjuste ‘and
survival measReasHoBy arerg tormpingjed |Wdth§sadtgtutm@f 9% atriehlocacatic meidh(ifCA)!'cand

det erm 5t neyahidd Lyl thesd 3 APAELL L@ outie assaggqr;g ough 1 he

stomach, an ex-vivo study was per Vg

Cell's fromf r@mxamma,rm gis), cmmhtulgé@St m@) D6 $HiBAnd WBSRASHCE W 259 1) v f f-er
(pH 6.5) and resuspended in human WO 03/010298 PCT/ | E02/ 00111 -22 gastric

juice to a fiNSISUESHCRRR MEF PhPERSI erppmeagtivifupas defiredeasdhe gmonntt dfeengymai n.
Survival was I@Eﬁﬂ‘&pﬂb‘%‘ﬂu&vﬁf infredd 9,081 ik @ GH AL | 'n%-'ﬂp er{llflu% a? &ﬁg%,&&f‘taé‘&fd and

experiment was performed using gastric juice

pH 2.0 and 2.8 .TGAEabiblegfrodunts wsing lotleaigldbulin a4 Slibst‘tSteI ested grew normal ly at
pH 6. 8;@nd pH 4.5 reaching stationary phase after 8 h wwth a doubling tine
of 80- 1(80 mn. At pH 3.5 growth was restricted with doubling tines

i ncreasi ng t oIddébrmibe veHethitk Brovah &WL&’&&%&EH:)@'@&%M@ oc %CPXYEIE Sp%ﬁ'%ﬁlfeg re,
survival of the strains at |ow pH was exam ned. 10 o t he rains was

general |y reﬁ%’c"é’rﬂlt Eoothﬂﬁ found,axthg stomagh, O)VeanghtZuBurethefe inbadbtet §1%) irs
sal i varius AHIQ X int i t ce.at data not
shown). To det er m ne tﬁ‘ﬁgg‘nﬂsl&?y&oﬂ{?ﬁé 3Bgc% @b‘ﬁ’? uSing rlg_{ﬁﬁzlt Ssieediave
condi tions enswualsalquots (1.5ml) were removed, optical density at 600nm (OD600) was

15 measured and colony forming units per ml (cfu/ml) calculated using the plate count

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

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
20 buffer (pH 6.5) and resuspended in MRS broth adjusted to p%—I 3.5, 3.0, 2.5, and
2.0 (with 1N HC) to a final concentration of approximately 10° cfu/1;nl for the
lactobacilli. Cells were incubated at 37°C and survival measured at intervals
of 5, 30, 60 and 120 min using the plate count method.
(b) The Lactobacillus strains were propagated in buffered MRS broth (pH 6.0)
25 daily for a 5 day period. The cells were harvested, washed and resuspended in
PH adjusted MRS broth and survival measured over a 2 h period using the

plate count method.

To determine the ability of the lactobacilli to survive passage through the stomach, an
30 ex-vivo study was performed using human gastric juice. Cells from fresh overnight

cultures were harvested, washed twice in buffer (pH 6.5) and resuspended in human



15 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, as shown in Table 6 bel ow. The
survival wo®wpemwssed at |10gl0 cfu/m (nd = not determ nat)I/iEdzWi1e1 6 TI VE
(mn) STRAIN pH O 5 30 60 Lactobacillus sp. AH102 1.2 9.16 8.84 6.81 nd
2.5 9.49 9.34 9.53 9.25 AH103 1.2 9.17 8.77 3.30 nd 2.5 9.73 9.71 9.50
9.44 AHI05 1.2 9.38 9.00 5.87 nd 2.5 9-88-9.49 9.62 9.51 AHI09 1.2 9.79
8.71 4.20 nd 2.5 9.76 9.59 9.68 9.72 AHL10 1.2 9.49 8.84 6.81 nd 2.5 9.77
9. 65 9.39 9. 58T (1BLe 10 20 SnECTHNcEORAtDO1df 10226 Guimt, hdepbnding towr @8 étfaitihe

f bile. h cultures we treaked onto MRS agar plates
Suppl ermnt ed W b0 D WP Te! 36D M pria oG Cy e xpeanent o
concent r at i onwaoperforthed Usfhg ghsthic jlteDatPM~ i:ﬁ@@latﬁuitgﬁ)va}]fig@sz.egﬁﬁhgg bil e

(B-8631, Sigma Chemical Co. Ltd., Poole) at concentrations o 0.5.,
1.0, 1.5, 5.0 and 7.5% (w v). Plates were incubated at 37C under anaerobic

iti 4-48h. . Bi | j sol at ed
From several R o HPERPAGAA AEMeALAEL BV, oMo b BN BBt S ruhingor
experinent al statidnarbphase atieqd ksvither doubliayeiche ¢r80-eoh andl At S35 sRFALvA0C

for 10 mn. Bile id.c sitjon of human bile was determ ned using _
rever se- phase™ tﬁc%ﬁ B gm&ﬁé@¥i1%Fﬁl%@ﬁh-o§Oa$ﬁvtk e chserved@bpbl 24t i on

W th a pul sedor lower, therefore, survival of the strains at low pH was examined.

10 Each of the strains was generally resistant to pH values 3.5, 3.0, and 2.5, with
Lactobacillus salivarius AH102 and AH105 also exhibiting resistance at pH 2.0 (data

not shown).

To determine the ability of the Lactobacillus strains to survive conditions encountered
15 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, as shown in Table 6 below. The survival is expressed at

log10 cfu/ml (nd = not determined).

Table 6
TIME (min)
STRAIN pH 0 5 30 60
Lactobacillus sp.
AH102 1.2 9.16 8.84 6.81 nd
2.5 9.49 9.34 9.53 9.25
AH103 1.2 9.17 8.77 3.30 nd
25 9.73 9.71 9.50 9.44
AH105 1.2 9.38 9.00 5.87 nd
2.5 9.69 9.49 9.62 9.51
AH109 1.2 9.79 8.71 4.20 nd
2.5 9.76 9.59 9.68 9.72
AH110 1.2 9.49 8.84 6.81 nd

2.5 9.77 9.65 9.39 9.59




anperonetric detector according to the nethod of Dekker et al. (20). Human
bile was added to MRS/ TPY agar nedium at a concentration of 0.3%(v/v).
Freshly swoeskac2s15 cul tures were exam ned for growth af treaT/iRd2/emdt 48 h.
Human gal | - bl adder bil e possesses a bile acid concentration of 50-100 niM
and dilution in the small intestine lowers this concentration to 5-10 mM
Furthernore, under physiol ogical conditi-88s, bile acids are found as
sodium salts. Therefore, 20 cultures were screened for growh on MRS agar
pl at es contaiﬁhmghgﬁeuhmﬂéhmhsakkma%ofeaeh of the follow ng bile acids
(Sigma Chem cal Co. Ltd. Poole) (a) conjugated form taurocholic acid

(TCA); glycocholic acid ,. taurodeoxycholic acid (TDCA);
gl ycodeoxychoFfegh é‘élFLHeS(@@A}reakeﬂ?wcam&ﬁz@&ﬂﬁ@&é@)@déh}@me@teéﬁlﬁl ovbmaale dhd

(LR ehenodsast; Sl Sflfie SRR, POSY HRCRMMARE e ¢ T S ad B 2™ ¢
acid (CA). Fofw/epail Ibnrbme aile (ﬂBe&sm,(-:‘Sl‘fgmat@}mnﬁceOfCol Ltd.3P@dle) &1 codentraonsssrd.
Gowmh was re 8@ L ﬁ rJ] 2 eroblc i ncubatign, 30 Both a
qualitative (§§ 1§t ? 2 dmg gﬁ?a W(‘i) a&%g VereLigubsted A et endayagagrabic
determ ne deg&ﬂit}&@tah@gmaﬁﬁwégwcor(}@@a@é{ 949gQ8 PCT/1E02/00111 -24 Plate
assay: Al the cultures were streaked on MRS agar plates supplenented with

(a) 0.3% (wv) porC| ne bile, (b) 3 MM TDCA or (c) 3 nmM GDCA. Deconj ugation
was observedB r.eci surro t he co | oni es

Per f or mance LFPHU sa ﬁgpg%efg‘glflgghg %&,Elkljnan KA -|b$3éiiragrsofvefens e (k- 80°8 b@fgrg

deconj ugat i onusef Fw@’ﬁpbrbhér@al\w&kp&lé h?éi; Wiére MBav ¥l ool iaBd ksiérilifaeedi Hogat
cultures were inoculated (5% into MRS broth supplenented with 0.3% (v/V)

human bil e antpr 1Qanie. Bileasyt @anma&ndmlwm&n;bllgtwegmterminwﬂm@versmhase
intervals ove Nof s(?m*g ﬁpﬁ% and . entrh ged
at 14, 000 rpmi:I gél% ﬁ&! %ﬁ%}ﬁiu e hﬁ%@ﬁai)}éﬂ (- reg lsnug%lg‘ tén '%‘o |}))U§X>g
t hen anal ysedarhperbiﬁl:lﬁc de&ctoofaecm’rﬂhgso fhelmathed oSDEHED 2; alA{iD@SHuﬁidﬁ@ﬁe wakl109
and AH110 wer romh (bile acid re t ance n three source
of bile used.? qdpg &é@[l{ﬁ{&%x’%ﬁl Lgm Iat a conclentratlgri gf 0.3% 2v/v Freshly stsreaLll<ed S

15 cultures were examined for growth after 24 and 48 h.

Human gall-bladder bile poésesses a bile acid concentration of 50-100 mM and
dilution in the small intestine lowers this concentration to 5-10 mM. Furthermore,
under physiological conditions, bile acids are found as sodium salts. Therefore,
20 cultures were screened for growth on MRS agar plates containing the sodium salt of

each of the following bile acids (Sigma Chemical Co. Ltd., Poole):

(a) conjugated form: taurocholic acid (TCA); glycocholic acid (GCA);
taurodeoxycholic acid (TDCA); glycodeoxycholic acid (GDCA);
25 taurochenodeoxycholic acid (TCDCA) and glycochenodeoxycholic acid (GCDCA);
(b) deconjugated form: 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.

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

deconjugation activity.



resi stance to bovine bile was nuch higher than to porcine bile. Each of the
15 Lactobacillus strains tested was resistant to concentrations up to and

i ncl udi ngwe @%10298vi ne bile (data not shown). Porcine bil ecvazornarel
inhibitory as shown in Table 7 below. 20 Table 7 STRAIN % (w v) PORCI NE
BILE 0.0 0.30.51.01.55.07.5 Lactobacillus sp. AHIO02 + + - - -
AH103 + + + - - - - AHIO05 + + - - - - - ARHO9 + + - - - - - AH110++- - -
- Regardless of the bile resistance profiles in the presence of both

bovi ne and poPhitaessapi AH,thceaﬂﬂuresfw&rbetréak@ﬂ@heMRSIag& piabs‘; stpplensensddrwitn $a) gr ew

(data not - shobafe (95) abebeSodac: mek iias qed midLaDek perodugtion was

Lact obaci | | usob%Efv%u%an%&faeaﬁwﬁﬁeﬂsmﬁﬁa&g%éo¥o iQ its resistance to
i ndi vidual bile acids, grew well in the presence of taurine conjugated bile

acids. Isolates from each of Lact obacillus strain grew to conf | uence on

agar nmedi um t and i.ncl udi ng ,5 taurl con tes TCA
Toch and TeodiEs g fet Rl R et BHERC AN *Bhemero

i nhi bitory. @Eénjﬁgaldrﬂif%umaﬂmﬂél \if@rpérﬁiﬂﬂe@@é‘in@ﬂﬁ’ﬂ(f‘eBkléﬁ?tov'eﬂﬁgljﬁ'&lﬁﬁbéso‘c
the three glycine conj Each of the Lactobacillus strains w on

ugat es. e
agar medi um sWPsI lé?@mt@g %Pk imtos MR moth sopilemented Wﬁb\ﬁrﬁ%r(V/VébU@aB%ﬂela@dL 10
Table 8 BILE é‘ge[ﬁc&m anaerobically at 37°C. At various time intervals over a 24 h period,

samples (1 ml) were removed and centrifuged at 14,000 rpm for 10 min. Undiluted

10 cell-free supernatant (30 pl) was then analysed by HPLC.

Lactobacillus salivarius AH102, AH103, AH105, AH109 and AH110 were capable of
growth (bile acid resistance) on three sources of bile used. It was observed that
resistance to bovine bile was much higher than to porcine bile. Each of the
15 Lactobacillus strains tested was resistant to concentrations up to and including 5.0%

bovine bile (data not shown).

Porcine bile was more inhibitory as shown in Table 7 below.

20 Table 7
STRAIN % (w/v) PORCINE BILE
0.0 0.3 0.5 1.0 1.5 5.0 7.5
Lactobacillus sp.
AH102 + + - - - - -
AH103 + + + - - - -
AH105 + + - - - - -
AH109 + + . - - - -
AH110 + + - - - - -

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

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

25



STRAIN GCDCA GDCA GCA 013501350135 Lactobacillus sp. AHLI02 + +
- -+ +- - ++4++ AHIO3 ++- - ++- - ++++ AHIOS + + - - + + + - +
+ + +  AHMI03m16298 - + + - - + + + + AHL10 + + - - + + - PCTHE#2/601H1 -; noO

grow h; +; confluent gromh Gowh in the presence of deconjugated bile
acids was al so tested. Each Lactobacillus strain was resistant to
concentrations of 5 MM LCA Gowh in the2presence of CA 15 was al so
tested. As shown in Table 9 below, three of the 5 strains, AH102, AH105 and
AHL09 gr ew i nEtdie optles Enclebadilldsiirdils, Waste andlydetiespstifiahls for Byvrédistadte to
presence of 1 \ data not shown). 20 WD 03/010298 PCT/ | EO02/ 00111
-26- Table 9 @ﬁ%@%é@%@fﬁﬁ(m ip the presengey ot dpabrel sanivaaisd Piinedids. + -
- AHLO3 + - - 1ol Benit edchi of P¥AIRRcitiud strain BFW Qo *confluenicePbh St Wedtim

antimcrobial activity 5
containing up to and including 5 mM of taurine conjugates TCA, TDCA and TCDCA.

S Of the glycine conjugates tested, GCDCA was the most inhibitory. GDCA was less
inhibitory and GCA was the least inhibitory of the three glycine conjugates. Each of
the Lactobacillus strains grew on agar medium supplemented with 5 mM GCA. This

is shown in Table &8 below.

10 Table 8
BILE ACIDS (mM)
STRAIN GCDCA GDCA GCA
6o 1 3 5 (0 1 3 5 0 1 3 5
Lactobacillus
sp.
AH102 + o+ - - + + - - + + + +
AH103 + o+ - -+ 4+ - - + o+ + +
AHI105 + + - - + + + - + + + +
AH109 + + - - |+ + - - + 4+ + +
AHI110 + + - -+ o+ - - + 4+ + +

-; no growth; +; confluent growth

Growth in the presence of deconjugated bile acids was also tested. Each Lactobacillus
strain was resistant to concentrations of 5 mM LCA. Growth in the presence of CA
15 was also tested. As shown in Table 9 below, three of the 5 strains, AH102, AH105 and
AH109 grew in the presence of ImM CA. None of the strains grew in the presence of

1 mM CDCA. (data not shown).

20



Antim crobial activity was detected using the deferred nethod (21).
Indicators used in the initial screening were L. innocua, L. fer nentum
KLD, P. fiwwausssemss and E. coli V157. Briefly, the | actolraaiieb20(iMRS) were
i ncubated for 12-16 h and 36-48 h, respectively. Ten-fold serial dilutions
were spread-plated (1001) onto MRS/ TPY 10 agar nmedium After overni ght

i ncubation, plates with distinct colonies26ere overlayed wth the

i ndi cator bacterium The indicator |awn was prepared by inoculating a

nol ten overl aflableth 2% (v/v) of an overni ght indicator culture which was
poured over thesurface of the |noculat ed. plates  The plates we
re-incubat ed overYiRMIN un AGH)} (m h of the
i ndicator bacterium Indicator cultures 15 with inhibition zones greater
than 1 mmin radius were consideflfed sensitide to the t&st bacteriiim

| nhi bi ti on dufattobdedlivisespi ophage activity was excluded by flipping the

i nocul ated MRS/ TR¥18gar pl ates uypsi de downtand overlaying with the

i ndi cator. Bacterpagpabgge 20 canpot diffuse.through agar. Lactobacill us
salivarius AHL02, Af1$93, AHL05, AHLI09 and AHL10 were screened for_
inhibitory activity using Ls. innocua, L. fermentum KLD, P. fluorescens and
E. coli as indi cAHdf9ni croorgantsnms. Wien the test strains were i-hocul at ed
on unbuffered 25 MR310i nhi bition+tof the four indicators was observed. Zones
ranging in size fromI W 037010298 PCI/TEOZ/O0ITI -Z7 nmMtO 5 MM were
measured. Inhibition of Ls. innocua by each of the lactobacilli produced
the | argest zones. Exanple 2: Adhesion of probiotic bacteria to

gastroi nt estiﬁggect%ﬂ 5fha i.n%roﬁﬁi llciivity‘r’ Adhesi on Assay. The adhesion of the

probiotic strarns was carried out using a nodified version of a previously
descri béd nethod (22). The nonol ayers of HT-29 and Caco-2 cells were 10

prepared on sterile 22m® g}l,ass coverslips, which were Fl aced in Com ng
tissue cul t ur 8ntmigiehial aghivily wan delgetedpsing therdefered ropthedb{d1y, Fdicagas peedvigr e

fed fresh medipdmhitial screening were L. innocua, L. fermentum XLD, P. flourescens and E. coli
V157. Briefly, the lactobacilli (MRS) were incubated for 12-16 h and 36-48 h,

respectively. Ten-fold serial dilutions were spread-plated (100ul) onto MRS/TPY
10 agar medium. After overnight incubation, plates with distinct colonies were overlayed
with the indicator bacterium. The indicator lawn was prepared by inoculating a
molten overlay with 2% (v/v) of an overnight indicator culture which was poured over
the surface of the inoculated MRS plates. The plates were re-incubated overnight
under conditions suitable for growth of the indicator bacterium. Indicator cultures
15 with inhibition zones greater than 1 mm in radius were considered sensitive to the test

bacterium.

Inhibition due to bacteriophage activity was excluded by flipping the inoculated
MRS/TPY agar plates upside down and overlaying with the indicator. Bacteriophage
20 cannot diffuse through agar.

Lactobacillus salivarius AH102, AH103, AH105, AH109 and AH110 were screened
for inhibitory activity using Ls. innocua, L. fermentum KLD, P. fluorescens and E.
coli as indicator microorganisms. When the test strains were inoculated on unbuffered

25 MRS, inhibition of the four indicators was observed. Zones ranging in size from 1



every 2 days. After -10 days, and differentiation of the nonol ayer had
occurred, the nonolayers were washed tw ce with Phosphate Buffered Saline
(PBS). Anwidn3muoxmds free DVEM (2ml) and 2m of -1 Sh Lb. suxqams2/anii
containing -109 cfu/mM were added 15 to each dish and cells were incubated
for 2h at 37Cin a humdified atnosphere containing 5% CQ2. After

i ncubation, the nonol ayers were washed 5-2Vres with PBS, fixed in nethanol
(BDH Laboratory Supplies, Poole, UK) for 3 min, Gam stained (Gam Stain
Set, Merck) ameh exdnhmederrimessedpi maibitjoruofigs. midcurbyeemht. the Fartolerilt

gl ass cover Slliglp rmegoila‘;%1 r the nunber of adherent bacteria per 20 epithelial
20 cell's was &8dnieddhs Rreest 2anes- oscopic fields. The mean and standard error
of adherent bacteria per 20 epithelial cells was cal cul ated. Each adhesi on
assay was carried out in duplicate. In a second nethod, after washing 5

times in PBS, ngﬁ [l A dREH d)lfg{er : ﬁeb%}ﬁgg g stromfe\ép n;%leex '1trﬁglriél Cells,

nnnolayers ri‘gorous y I'n co eria enuner at ed
by serlg dilution in quarter strength Ringer's solution (Oxoid) and

i ncubatfon on MRS (Lactobacilli). Each of the 5 Lactobacillus strains,
AH102, AH103, AH105, AH109 and AH110 30 adhered to gastrointesti nal

epi thel i al cefdkesiqn Assag) These probiotic strains woul d be WO 03/ 010298
PCT/ 1 E02/ 00111 -28 suitable as vaccine/drug delivery vehicles as they
adhere to the gastrointestinal epitheliumand therefore interact with the
rel evant hostThd sdhegionbofahplpeobioticDatadisnvaatareind ot uking afhedifie@fvesaahopt t he
Lact obaci | l us strains on t oki ne pr duction. Peri pheral bl ood
mononucl ear c@FY‘Q“%rdSSqr@S‘?ﬁegTPdf&é)m H%‘&I”E‘ ﬁ’@ﬁ%?szTﬁgl@fi GRpo-esllsi were
gradi eng Ce”tﬁrbéé@@tdnoﬁerﬂe%ﬁn”‘%[a%s %v %18}& e [m?acea B! @drhfngPAGkE! ! al
strains for hour peri od 7C. At s time cu ure supernatants were
col | ected, 1C0culterg dishesgeids cmcenfmitoad)faméi K mesimdt  Cal0Cvenstfed fivsh mypdium

sesesced for Lo b 18:.) Uy 420 SOPHENL Xl e 00 L) S Spsh o
PBMCs (Fig. 2ﬂlonolayers were washed twice with Phosphate Buffered Saline (PBS). Antibiotic-
free DMEM (2ml) and 2ml of ~18h Lb. suspension containing ~10° cfu/ml were added
15 to each dish and cells were incubated for 2h at 37°C in a humidified atmosphere
containing 5% CO,. After incubation, the monolayers were washed 5 times with
PBS, fixed in methanol (BDH Laboratory Supplies, Poole, UK) for 3 min, Gram
stained (Gram Stain Set, Merck) and examined microscopically under oil immersion.
For each glass coverslip monolayer the number of adherent bacteria per 20 epithelial
20 cells was counted in 10 microscopic fields. The mean and standard error of adherent
bacteria per 20 epithelial cells was calculated. Each adhesion assay was carried out in

duplicate.

In a second method, after washing 5 times in PBS, adhering bacteria were removed by
25 vortexing the monolayers rigorously in cold sterile H0. Bacterial cells were
enumerated by serial dilution in quarter strength Ringer’s solution (Oxoid) and

incubation on MRS (Lactobacilli).

Each of the 5 Lactobacillus strains, AH102, AH103, AH105, AH109 and AH110
30 adhered to gastrointestinal epithelial cells (Fig. 1). These probiotic strains would be



15 AH102, AH103, AH109 and AH110 co-incubation did not significantly alter
IL-10 levels (Fig. 3). Stinulation with AH105 significantly reduced
secreti onwarosfoued® by PBMCs. AH102, AH105, AH109 and AHlIeT®ei/emwbati on
significantly upregulated IL-12 20 production by PBMCs (Fig. 4). AH103 had
no significant effect on IL-12 production. None of the 5 Lactobacillus
strains stimulated IL-8 production in vi t28&; from PBMCs isolated from
heal t hy donors. Indeed, in each case, IL-8 levels were reduced (Fig. 5).
25 WO 03/ 010298taPIeTAs E@2¢iﬁé)’dlmg delﬁ&r}Ewahiples 45 tlogt edmredbi tha gestroptasikinale

| evel s in aneltellaI/PB co-cu foIIovvlnglncubatlonvmth
AH103 and AH1§t E‘ and theg Fed‘t“éer?‘ﬁ“i}ﬁi’tt?%%’&@ﬁ QX Hipsu fhysi ol ogi cal

rel evance to the intestinal tract is a 5 culture system i ncor porating
epithelial cells, T cells, B cells, nonocytes and the bacterial strains.
To this end, Eumplﬁcbe@rwatm ofstheffert ofeach efothtakncsebasillugStrains pB/ ni
on the api cal gﬁ{é cgok%;e 25 ransvvell inserts with a pore size of 30M
(Costary. Theg © l‘ﬂc Ured for four weeks in RPM 1640,

suppl enented with 10%foet al calf serum glutam ne, penicillin and

streptomycin, _at 37Cin a 5% CO2 10 environnent. Cul ture nedia was _changed
every 3 days Pegidigral MO@bmm@w@Parc@ﬂﬁ swerﬁ/elﬁ‘élatﬁélﬁ“}md]i‘qait@}’ efoppest @F19h biran

peri pher al I

gradi ent cent r‘%3 g%ﬁ. o‘%ﬁ %H%lélgﬁ&%gh%wmggnwh%gb‘g%% b%ggig g? %‘?ce]il?ly to
the epithel i abtrated ﬂos aamdmmulpemcéat 3 Eh AL Zinper abtune supebmatanty were colleeted,ol s
contained nedia alo No di.recgt c C tact betwe P. 5
it heliPal cepre et bSpiiand SR & noiG ) kit a%asseiq%ﬁavgslh'fg %
comuni cat i ony#Rs,q ml%e@uﬁlﬁ_’%EHSMB%% EMAah&HY; * Fol l owi ng 72 hours

of incubation wth AHLO03 or ure super nat ants were rermved
aliquoted and stored at -70C. TNFa and |L- 8 extracel | ul ar cyt oki ne

Lﬁ\éel S vere r’rg%slld&’egH?& ngd ?\Eﬁgg %{ll’glu alt_eld%?\o ulctélgn S)lRﬁR\IySr PIJEQ/ICS Ill‘\JFaZ)l eveI S
15 AH102, AH103, AH109 and AH110 co-incubation did not significantly alter IL-10
levels (Fig. 3). Stimulation with AH105 significantly reduced secretion of IL-10 by

PBMCs.

AH102, AH105, AH109 and AH110 co-incubation significantly upregulated IL-12
20 production by PBMCs (Fig. 4). AH103 had no significant effect on IL-12 production.

None of the 5 Lactobacillus strains stimulated IL-8 production in vitro, from
PBMCs isolated from healthy donors. Indeed, in each case, IL-8 levels were
reduced (Fig. 5).

25



IL-8 levels were neasured, in duplicate, using PBMCs from 3 heal t hy

vol unteers. Follow ng i ncubation of epithelial cell-PBMC co-cultures with
probi ot i cwoestore298, TNFa and | L-8 cytokine | evel s were exanm/merodiylr ELI SAs
(Fig. 6). AHLI03 25 significantly reduced the |evel of IL-8 released by
these cells. AH110 reduced the |evels of TNFa and IL-8 rel eased by these
cells. WD 03/010298 PCT/1E02/00111 -30- -RArunonodul ati on The hunman i nrune
system plays a significant role in the aetiology and pathol ogy of a vast
range of hunmaBxainpladePeteririnatioan dof kyfhinentesele in emp epithel2IVPBM Cesosbilsurien,
or 5is aco n of, the mpjorjty di sease states. One famly of

bi ol ogi cal engrﬂgfﬁfg’ilo‘f"@’rgrﬁﬂu {‘J(S‘dvﬁéﬁﬁ;(}@%’agﬂléﬁ-l arly inportant to the
control of inmune processes. Pertubances of these delicate cytokine

networks are being increasingly associated with many diseases. These
di seases i ncl Ubeappropréateimatrolmoede] edtht hysioldgivahedlevrapcelics iedetestinal tract is a

cancer 50 ( pariieesitr) PRuSRAGRE g FHE T eion &Y ok oA St Bis)
di arrhoea) di bRasRI str@iné.i DOt eidh INLAaAL €sbodd BpHNAR celRARBIALdelET di 3k1dI0ea,

appendicitis, autoi mmune disorders, multiple sclerosis, Al zheinmer's
di sease, rheusfllsBnlgomhenni¢al surfasepi 32 mmyitEamswell inferthaTids amsr¢ szaf Blgan

transpl antati c ' ' i e Vi inf.ecid f ungal .
nfecti ons. porraRant B L RLE NS oMdiPh s BRI Eo0, s pantedvite
di sease, 15 Hl0%ifoételctalfoserurhl Yutampihe,qaeniciilin ablt \étraptengiciat ad 3T heeaCo,

sur gi cﬂ) associ at ed traarrE, s%h%:;i cal -i nduced netastatic di sease, sepsis,
vei ght *Yoss, SHYCERER: FelEe et g, chapggdnererss 3 dagsn dVhem thenepithgliglegalls gut
barrier functyeR, ful)|@fd¥ntiAst M [feX-Fat ' [

di sorders, cor ona#y&heartmclji seaggl,ana%gl lrhél‘gf Q@?%ﬁd%?gggéls%%% @gﬁ%(g%%&e
coagul ati on sipelateth by demsity dgrediasie cerdiifigati@r. s 1610% WeshednPBMCsnemny duibsidt em
20 hepatic disea jschaem a..nutritjonal djsorders,  ost;eoporosis, .
endocri ne di s%%ﬂ%fega}ﬂy gopiatg%r%tpgﬁéqls‘é‘?lhe?%, Cb‘L‘B‘}efjag’iltE éﬁﬁ&aeﬁg"‘i’}lﬂ Eé‘it?@' The
effects on cyCekide chitaiied trh@ia aRfn@. SNECdifdcE cbiptelf@6hiabf bbRReR PHENIOL Iand
strains_exam ned. Thus specific probiotic strains may be selected for

nor mal 13i ng a#PiBRldl pelly avas yraskibleein; thisamedelesysten pedicalulfp communication was
mediated solely by soluble factors.

Following 72 hours of incubation with AH103 or AH110, cell culture supernatants
were removed, aliquoted and stored at —70°C. TNFe and IL-8 extracellular cytokine
20 levels were measured using standard ELISA kits (R&D Systems). TNFo levels and

IL-8 levels were measured, in duplicate, using PBMCs from 3 healthy volunteers.

Following incubation of epithelial cell-PBMC co-cultures with probiotic bacteria,
TNFo and IL-8 cytokine levels were examined by ELISAs (Fig. 6). AHI103

25 significantly reduced the level of IL-8 released by these cells. AH110 reduced the
levels of TNFa and IL-8 released by these cells.



specific disease type. Custom sation of di sease specific therapies can be
acconplished 25 using a selection of the probiotic strains |listed above.

| mune Edwoadsicams§he enteric flora is inportant to the dewsTapoeetiiand
proper function of the intestinal 30 imune system In the absence of an
enteric flora, the intestinal imune systemis underdevel oped, as
denonstrated in germfree ani mal nodels, -80d certain functional WO

03/ 010298 PCT/ 1 E02/ 00111 -31 paraneters are dim nished, such as nmacrophage
phagocyti ¢ abithmuyombdulatienmunogl obul i n production (23). The inportance of
the gut flora in stinulating non- damagi ng i rmune responses i s becon ng
nore evident. The increase in incidence and severity of allergies in the
western world has been linked with an increase in 5 hygi ene and sanitation,
concomi t ant wlh¢hamae gn@asesysient pleyha pigoificanidoledngle wftioldgyfaad tpatebogy of a

chal | enges en e 2 _host .+ Thi s ck of immune stinulation.m

al | ow t he hos'?%?I ggm gé)gth%%%’}l %Sr?? Sﬁg’t @J&SBF‘&‘% ﬁmﬁ'nﬁrﬂfl?eg%eﬁi’%l,swgagsﬁtrgs'ﬁtés‘ﬁ’l %/ri ng
in allesgy oris @ubraporeanbt, the BRjdriteoddseaanautent 0 fahild cFasidlesical entities,
non- pat hogeni ¢ i munonodul atory bacteria would provide the host with the
necessary and®Ibedsyfakinesate pytiedarly faposentntq thet epntipl o eimrdvnee Poyeesss. and
control of i 1 ﬂgm?ﬁ . i i rm used
to describe the ggé#qggﬂ(l:egﬁg?%{aféo 0 %ﬁé&ygﬁépa}rgééﬁgﬁ%%%? {ell'ig1r?§asé§|nc§atEé i“{f?g

bl ood cel | s atnany distases.hAhedzakisesses tingindedbyptars novlimitedrag@flamiid a6y | disorddrs,

where there i s _an opgoi ng i.mune response. .Control of the inflammuatory
response is EX8'T %81#?“%" dﬂ%&f‘%y ﬂ%\Wé?? sdlfeéﬁf)’.“rfﬁ]élecl?ﬂﬂ‘?loqylnfiwg“q’ LPERTs
i ncl udegcyt ok{pafifoularfyOBRNBH tHeLgAhtroEiiAgIondd HRMGhe sPtAR!)a Al AALASdiscase,
reactive internediates and 20 |eukotrienes. Cytokines are |ow nolecul ar
wei ght bi ol ogteBigtic zassqojatedhrdiarelians, tprgdianice dipmbyaesay exppendititie, getdmatinen
and control of._i nol oai cal .and. in nat or y. responses,. . while .also ..
regul ating de@18+@%}gnén+€l% |PGS SIS0 1espa‘furZ BUle rﬁaéf‘?ﬁ?sgporﬂglgfl%t.c’ldTﬁétb“B?’O\‘}P%}@Ca

msiallns of comuiséasat digtetdyahuian, bk aeyitsntbiiebatuas andtiohs ¥indl infectioler
ce

fungal infections, periodontal disease, urogenital disease, sexually transmitted disease,
15 HIV infection, HIV replication, HIV associated diarrhoea, surgical associated trauma,
surgical-induced metastatic disease, sepsis, weight loss, anorexia, fever control,
cachexia, wound healing, ulcers, gut barrier function, allergy, asthma, respiratory
disorders, circulatory disorders, coronary heart disease, anaemia, disorders of the
blood coagulation system, renal disease, disorders of the central nervous system,
20 hepatic disease, ischaemia, nutritional disorders, osteoporosis, endocrine disorders,
epidermal disorders, psoriasis and acne vulgaris. The effects on cytokine production
are specific for each of the probiotic strains examined. Thus specific probiotic strains
may be selected for normalising an exclusive cytokine imbalance particular for a
specific disease type. Customisation of disease specific therapies can be accomplished

25 using a selection of the probiotic strains listed above.

Immune Education

The enteric flora is important to the development and proper function of the intestinal
30 immune system. In the absence of an enteric flora, the intestinal immune system is

underdeveloped, as demonstrated in germ free animal models, and certain functional



types. Most cytokines are pleiotrophic and express nmultiple biologically
overl apping 25 activities. Cytokine cascades and networks control the

i nf | ammat woyo3reePense rather than the action of a parti cwH@riEoybmki ne on a
particular cell type (25). Waning of the inflammatory response results in
| ower concentrations of the appropriate activating signals and other
inflammatory nmediators leading to the cessation of the inflammtory
response. TNFa is a pivotal proinflammatory cytokine as it initiates a
cascade of 30paymeiernesareandinbinshedji csabh efak eahacrogimght i phagooytic hability and
inflammatory state. Th?r efore, ag(gg@t s WO 03/010298 PCT/| E02/00111, -32

whi ch i nhi bi t PFREROglPRlEn predvgtiop (g niejamgriarge qifke gpidhqraimstipplating non-

i nfl anmat ory i i X B MinE Ao : tHeL.Y; | .
thought o pl S BARE B e e B i anat) AT M G R
di seases, i nchudlisengrityhpf alengiesrip thewedstedi seakiehds| Bioh. lifRed reith antiheeagei ias

for treating | BD are ained at reduci.ng the | evels of these pro-infla tory
cyt oki n§s, in ¥%8‘?en6ncﬁ§?’§ga§'l‘?8’ fﬂffg.mlggtcﬁ“ h rsease fPa?‘eaP'éng%I %ﬂﬁnéangm
signi ficant rgifectioud chidiRnkéscaicBBitbre@byINShedt! rhidfR M RhRMe HiRERAES nByCh

as rheumatoid arthritis. 10 Irritabl e bowel syndrone (IBS) is a common

gast r oi nt est i AW desknst & reaglf toaonipgihogpnie.cbut BBLigerYs, izenth aesybijng] intallorgyaur
sonme stage dur| [ I =T ent. synptans i.ncl ude .abdoum nal
pai n, bowel hg'gp?mh{;@%r ban@%}bgﬁhg%rgéﬁsstuyﬁ%j}; |farfyihoséa’élesor of ¢ JIPLERAFIAECRIS
flatul ence, amimahsnedulabryditsceriai epuldThesddar fiendosti Mitke theShdtedsary c@af i rm
di agnoiqgs, and if no other, orlgani c..disorders can be found for these

synpt on®, 15 HIREOR}iakfdurational” suppyli| {pr| praperpdeydapmaent  apd cprigel phimpBme
represent as fRBYomS 25-50% of patients seen by gastroenterol ogi sts. Many
factors are thought to be involved in onset of synptons including e.g. bout
of gastroenteritis, abdom nal or pelvic surgery, disturbances in the

i ntestinal ba le{ni al. 20 flora, perhaps due to antibiotic intake, and

enot i onal str%@%@ﬂ. ared with the general population, IBS sufferers may
have a significantly reduced quality of life, are nore |likely to be absent
fromwork, and use nore heal thcare resources. There are no effective

nedi calldt r eat lamsnation is ghejderen usedciondirspriiesl thenkacab pessmdagion; ofciluide glasma

proteins and white blood cells at a site that has sustained physical damage, infection or
where there is an ongoing immune response. Control of the inflammatory response is
exerted on a number of levels (24). The controlling factors include cytokines,
hormones (e.g. hydrocortisone), prostaglandins, reactive intermediates and
20 leukotrienes. Cytokines are low molecular weight biologically active proteins that are
involved in the generation and control of immunological and inflammatory responses,
while also regulating development, tissue repair and haematopoiesis. They provide a
means of communication between leukocytes themselves and also with other cell
types. Most cytokines are pleiotrophic and express multiple biologically overlapping
25 activities. Cytokine cascades and networks control the inflammatory response rather
than the action of a particular cytokine on a particular cell type (25). Waning of the
inflammatory response results in lower concentrations of the appropriate activating
signals and other inflammatory mediators leading to the cessation of the inflammatory
response. TNFo is a pivotal proinflammatory cytokine as it initiates a cascade of

30 cytokines and biological effects resulting in the inflammatory state. Therefore, agents
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15 the diagnosis is usually IBS. Patients suffering from IBS represent as many as 25-50%

of patients seen by gastroenterologists.

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
20 flora, perhaps due to antibiotic intake, and emotional stress. Compared with the
general population, IBS sufferers may have a significantly reduced quality of life, are
more likely to be absent from work, and use more healthcare resources. There are no
effective medical treatments and to date, recommended therapies have included
antispasmodic agents, anti-diarrhoeal agents, dietary fibre supplements, drugs that

25 modify the threshold of colonic visceral perception, analgesics and anti-depressants.

While each of the strains of the invention have unique properties with regard to
cytokine modulation and microbial antagonism profiles, it should be expected that
specific strains can be chosen for use in specific disease states based on these

30 properties. It also should be anticipated that combinations of strains from this panel
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development of tumour cells in vivo. However, these inflammatory responses could

15 adversely affect the tumour-bearing host. Complex cytokine interactions are involved
in the regulation of cytokine production and cell proliferation within tumour and
normal tissues (26, 27). It has long been recognized that weight loss (cachexia) is the
single most common cause of death in patients with cancer and initial malnutrition
indicates a poor prognosis. For a tumour to grow and spread it must induce the

20 formation of new blood vessels and degrade the extracellular matrix. The
inflammatory response may have significant roles to play in the above mechanisms,
thus contributing to the decline of the host and progression of the tumour. Due to the
anti-inflammatory properties of Lactobacillus salivarius these bacterial strains they
may reduce the rate of malignant cell transformation. Furthermore, intestinal bacteria

25 can produce, from dietary compounds, substances with genotoxic, carcinogenic and
tumour-promoting activity and gut bacteria can activate pro-carcinogens to DNA
reactive agents (28). In general, species of Lactobacillus have low activities of
xenobiotic metabolizing enzymes compared to other populations within the gut such
as bacteroides, eubacteria and clostridia. Therefore, increasing the number of

30 Lactobacillus bacteria in the gut could beneficially modify the levels of these

enzymes.
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15 significantly high enough to protect the mice from lethal toxin challenge. In addition
to antigen presentation, live bacterial vectors can produce bioactive compounds, such
as immunostimulatory cytokines, in vivo. L. lactis secreting bioactive human IL-2 or
IL-6 and TTFC induced 10-15 fold higher serum IgG titres in mice immunized
intranasally (30). However, with this particular bacterial strain, the total IgA level was
20 not increased by coexpression with these cytokines. Other bacterial strains, such as
Streptococcus gordonii, are also being examined for their usefulness as mucosal
vaccines. Recombinant S. gordonii colonizing the murine oral and vaginal cavities
induced both mucosal and systemic antibody responses to antigens expressed by this
bacterial (31). Thus oral immunization using probiotic bacteria as vectors would not
25 only protect the host from infection, but may replace the immunological stimuli that
the pathogen would normally elicit thus contributing to the immunological education

of the host.



or different routes of adm nistration. 25 The invention is not limted to
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bacteria thought to be of positive value, e.g. bifidobacteria, lactobacilli. Types of

10 prebiotics may include those that contain fructose, xylose, soya, galactose, glucose and
mannose. The combined administration of a probiotic strain with one or more

prebiotic compounds may enhance the growth of the administered probiotic in vivo

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

15 Other active ingredients

It will be appreciated that the probiotic strains may be administered prophylactically
or as a method of treatment either on its own or with other probiotic and/or prebiotic
materials as described above. In addition, the bacteria may be used as part of a
20 prophylactic or treatment regime using other active materials such as those used for
treating inflammation or other disorders especially those with an immunological
involvement. Such combinations may be administered in a single formulation or as
separate formulations administered at the same or different times and using the same
or different routes of administration.
25
The invention is not limited to the embodiments herein before described which may be

varied in detail.
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Clainms 1. A Lactobacillus salivarius strain selected fromany of strains
AH102, AH103, AH105, AH109 or AH110 or mutants or variants thereof. 5 2.
Lact obaci Wous/geddgvari us strain AHL02 or a nmutant or vari adr/Ehseaof . 3.
Lactobacillus salivarius strain AHL103 or a mutant or variant thereof. 10
4. Lactobacillus salivarius strain AHLO05 or a nutant or variant thereof. 5.
Lactobacillus salivarius strain AH109 or -g9mutant or variant thereof. 6.
Lactobacillus salivarius strain AH110 or a mutant or variant thereof. 15
7. A Lactobacpldimag salivarius strain as clained in any preceding claim
wherein the nmutant is a genetically nodified nutant. 8. A Lactobacillus
salivarius strain as clained in any preceding claimwherein 20 the variant
is a naturally occyr I ant i

bi ol ogi cal |y pure Ll%cr aC% %%10"%5E§%%F?%§ksaﬁﬁ%§ﬁ§hga% @gﬁﬁ%g%AAH]O3
from any of strai ASTIABLAR10AGILAB] 1AL DDtanttkOQriafts Aldiddd. 25 10. A
Lactobacillus salivarius strain as clained in any preceding claimin the
form of viable cells. 11. A Lactobacillus salivarius strain as clained in
any precedi ng,cl ai - Qf 10298

oo Peosr 0013a° & RaerOudehti PRl il 80 fiblanbor halNGRR 10200 |
any of clains 1 to 11 wherein the strain is isolated fromresected and
washed human gastroi nt tract, 13 actobacillus. s |va ius strain
e el mod 1 roany. MedeR G et i eP s HIVESTHERER) & BT bRSarf  cant | v

i mmunonodul atory follow ng oral consunption in humans. 14. A fornul ation
whi ch conprises at |east one of the strains as clained in any of

10 4, Lactobacillus salivarius strain AH105 or a mutant or variant thereof.
5. Lactobacillus salivarius strain AH109 or a mutant or variant thereof.
6. Lactobacillus salivarius strain AH110 or a mutant or variant thereof.
15
7. A Lactobacillus salivarius strain as claimed in any preceding claim wherein

the mutant is a genetically modified mutant.

8. A Lactobacillus salivarius strain as claimed in any preceding claim wherein
20 the variant is a naturally occurring variant of Lactobacillus salivarius.
9. A biologically pure culture of a Lactobacillus salivarius strain selected from

any of strains AH102, AH103, AH105, AH109 or AH110.

25 10. A Lactobacillus salivarius strain as claimed in any preceding claim in the form

of viable cells.

11. A Lactobacillus salivarius strain as claimed in any preceding claim in the form

of non-viable cells.
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claims i to 13. 10 15. A forrmulation as clainmed in claim 14 which includes
anot her probiotic material. 16. A fornulation as clainmed in any of clains
14 or 15 wuo 10298l udes a prebiotic 15 material. 17. A f aomakat/oam as
claimed in any of clains 14 to 16 which includes an ingestable carrier. 20
18. Afornulation as clainmed in claim217 wherein the ingestable carrier is
a pharmaceutically acceptable carrier suéh-as a capsule, tablet or powder.
19. Afornulation as clainmed in claim17 or 18 wherein the ingestable
carrier is a 14 00dAguomdvatilisuscdiivasiuacirginfas ethimed kn aypoghclaims t todé&nvheoghurt

m |k powder, 25 ml|k concentrate, cheese spread dressings or peverages.
20. - A formul ati ofi sEIR isispate ifFP‘%ﬁ%?eﬁ?gﬁrf‘gWﬁsg‘e‘ihu‘?]Bn %@St’(fvﬂ‘?‘tﬁﬁmﬁ tﬁcﬁ'er
conprises a protein and/or peptide, in particular proteins and/ or peptides

that are rich in glutamne/glutamate, a lipid, a carbohydrate, a vitamn,
m neral and/ ot3.t r abdacB8baellgmsalivaring sO3in0as0ciemnedGTy arpopreosting claim igrein A

formul ation as clained in. clai. to 20 in C i .

sal i varllsus strain t:hg Sg?@sgrﬁgqlﬂgﬁ‘i@a%ﬁﬁom%%? tioﬂgvr‘{ [%Oérggf% ﬁﬁslbﬁe@ﬁalrle{rrlr] of
the fornulation. fumshs. A fornulation as clained in clains 1I4 to 21 which

i ncludes an adjuvant. 23. A fornulation as clainmed in clains 14 to 22 which
i ncludes a bacterial conponent. 10 24. A formulation as clained in clains
14 to 23 which,inc . : AV : ' ' [

ciiai s 14 to T wrrdn e oyliel plrbisestit ot G SR OYAR, BS SRR DL, | o1
as clained in cl ai¢sink4 600325 for use in i munisation and

10
15. A formulation as claimed in claim 14 which includes another probiotic
material.
16. A formulation as claimed in any of claims 14 or 15 which includes a prebiotic
15 material.
17. A formulation as claimed in any of claims 14 to 16 which includes an
ingestable carrier.
20 18. A formulation as claimed in claim 17 wherein the ingestable carrier is a
pharmaceutically acceptable carrier such as a capsule, tablet or powder.
19. A formulation as claimed in claim 17 or 18 wherein the ingestable carrier is a
food product such as acidified milk, yoghurt, frozen yoghurt, milk powder,
25 milk concentrate, cheese spreads, dressings or beverages.

20. © A formulation as claimed in any of claims 14 to 19 which further comprises a
protein and/or peptide, in particular proteins and/or peptides that are rich in
glutamine/glutamate, a lipid, a carbohydrate, a vitamin, mineral and/or trace
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vacci nation protocols. 27. A Lactobacillus salivarius strain as clainmed in
any of clains 1 to 13 or a fornulation as clained in any of clains 14 to
26 for uswaosoiaeoest uffs. 20 28. A Lactobacillus salivari BCTRIEVAITIRS
claimed in any of clains 1 to 13 or a fornulation as clainmed in any of
clainms 14 to 26 for use as a nedicanment. 29. A Lactobacillus salivarius
strain as clainmed in any of clains 1 to 48lor a 25 fornulation as clained
in any of clains 14 to 26 for use in the prophylaxis and/or treatnent of
undesirabl e inf | anarefoahilag6dh iaki EMime0in Aldiast bbaci 10 whesdh i tharlacwobatilabn as
claimed in any of claims 1 to 13 or a fornulation as clgined in any %f
claims 14 to 26 foplivaésisiaihis ppesphip axamounsof e dhan 1 Hiyeeg ggm of the
undesi rabl e gast r?t[j Hﬁﬁ?tﬁ&?al i nflammatory activity such as; WO 03/010298
PCT/ | E02/ 00111 -42°TnfT armmat ory bowel disease such as Crohns di sease or
ulcerative colitis; irritable bowel syndrone; pouchitis; or post infection
colitis. 31. A Lactaobacil|us salivariys. strain_as.clainmed in ¢laim 30
wherei P the 2 nff APHRABIOR 25 TWP&W?%@%%?%I‘@“@EW@“5@%?@%@%2. A
Lactobacillus salivarius strain as claimed in any of clains 1 to 13 or a
formulation as clainmed in any of clains 14 to 26 for use in the prophyl axis
and/ or treat@ht oh fpastletpmtasselaimadd omelaams dy. tol @23ghich ingkuded dc bagtersal
salivarius strain as clained in any of clains 1 to 13 or a fornulation as
claimed in any of OM%HEY14 to 26 for use in the prophylaxis and/or
treatnment of system c disease such as rheumatoid arthritis. 15 34. A
Lactobacillus salivarius strain as clained in any of clajms 1 to 13 or a
formul 40i on add.cl abdenulaticarss chimefl i elgimul4 tg 23avhigh ingludes A diugeetifophy | axi s
and/ or treatnent of autoi nmune di sorders due to undesirable inflamrmatory
activity.

25. A formulation as claimed in claims 14 to 24 which includes a biological
compound.
15 26. A formulation as claimed in claims 14 to 25 for use in immunisation and

vaccination protocols.

27. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a

formulation as claimed in any of claims 14 to 26 for use in foodstuffs.

20 ‘
28. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
formulation as claimed in any of claims 14 to 26 for use as a medicament.
29. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
25 formulation as claimed in any of claims 14 to 26 for use in the prophylaxis

and/or treatment of undesirable inflammatory activity.

30. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
formulation as claimed in any of claims 14 to 26 for use in the prophylaxis

30 and/or treatment of undesirable gastrointestinal inflammatory activity such as;



20 35. A Lactobacillus salivarius strain as clained in any of clains 1 to
13 or a fornulation as clainmed in any of clains 14 to 26 for use in the

pr ophyl axw® o3anckoer treatnent of cancer due to undesirabl edmiEbaermat ory
activity. 36. A Lactobacillus salivarius strain as clained in any of clains
1to 13 or a 25 fornulation as clainmed in any of clainms 14 to 26 for use
in the prophylaxis of cancer. 37. A Lactédbacillus salivarius strain as
claimed in any of clainms 1 to 13 or a formulation as clained in any of
claims 14 to 26 f omfldtehakdtyt bevddr dipdugt axicls as30rchins/ diseabe et neattiod colitis;

di arrhoeal disease due to undesirable inflammtory activjfy, such as

Ol ostridium dif fi cirfi@bledioniel sxndgomae:opelieis or RettAviertian sAl§3/ 010298

PCT/ 1 E02/ 00111 -43 associated diarrhoea or post infective diarrhoea or

di arrhoeal disease due to an infectious agent, such as E.coli. 38. A

Lact obaci | | us3kal i Xalnoebadtilizi wabisarélsaismeid an daignedf irclddims 3D tvwhetdnothea 5

formulagfion as clajned in any.af cl.ai 4 to 26 for use in the preparation
of ant %I nf | ammat 6‘?‘3‘“8?%@%#%‘6&&?ilglt%%%ﬁ?‘gelf%?gf)ﬂ]@ prophyl axi.s and/ or
treatment of undesirable inflammtory activity. 39. A Lactobacillus

salivarius strain as clained in any of claims 1 to 13 or a 10 fornulation
as cl ai med i n3any &f Lattatioadius sativarde wikran &8 relaimed goramynef eleimgpy to 13 or a

ant agoni si ng and excl udi.n r oi.nf L amat ory., M crHQ- rgsam g .
gastrointestinal t Omghﬁg.ag,&?ﬁf%qg‘il(%%g%’ ?’F t%a%slglligvtgrl us’'s ra{f’rgﬁgéwéﬁ%llaﬁlgd in
any of clainms 1 toaddforQfeatinent2f fastivintedtineincaaser@).ai ned in any of claims 14
to 26 for use in the preparation of anti-inflanmatory biotherapeutic

agentslPor reducing the levels of pro inflammatory cytokines. 41. A

Lact obact | | ussgal | XaFdispadhh! saidgrifl Qhlif hs| daified il ) §0LIaHR 110 1916y 220
preparation of anti-intlammatory biotherapeutic agents for reducing the
| evel s of |L-8. formulation as claimed in any of claims 14 to 26 for use in the prophylaxis

and/or treatment of systemic disease such as rheumatoid arthritis.

15 34. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
formulation as claimed in any of claims 14 to 26 for use in the prophylaxis
and/or treatment of autoimmune disorders due to undesirable inflammatory

activity.

20 35. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
formulation as claimed in any of claims 14 to 26 for use in the prophylaxis

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

36. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a

25 formulation as claimed in any of claims 14 to 26 for use in the prophylaxis of
cancer.

37. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a

formulation as claimed in any of claims 14 to 26 for use in the prophylaxis
30 and/or treatment of diarrhoeal disease due to undesirable inflammatory

activity, such as Clostridium difficile associated diarrhoea, Rotavirus



42. A Lactobacillus salivarius strain selected fromany one of AH102, AH103
or AH105 for use in the preparation of anti-inflammtory biotherapeutic
agents 2wdowrotemei fying the levels of IFNy. 43. A Lact obadt/ieasom|al i vari us
strain AHL110 for use in the preparation of anti- inflamrmatory

bi ot herapeutic agents for nodifying the I evels of TNFa. 30 44. Use of a
Lactobacillus salivarius strain selected-#3em any of AH102, AH103, AM 05,
AM 09 and AM 10 as anti-infective probiotic strains. WO 03/010298

PCT/ 1 EO2/ 00111 - 4dssé&ated diveitoes onopodt ifattivegliarhgen ey dizirthogal utistass duabiben
inflammatory activity or inflanmmtory disease in a subject which conprises
admi ni stering to t HECiGH} 2390t SP¢ibas fa€é%bbaci | | us salivarius strain as
claimed in any of clains 1 to 13 or a 5 formulation as clained in any of
claiml14 to 26. 46. A nethod as clained in claim45 wherein the undesirable
i nfl ammat ory 3&ct i W Legctomcgbstmbveries siraial asi aidimedrmt anyyofachims flyto TDodd. A
met hod as clainmed in claim45 wherein the undesir infla tory ..

Rotivi e 9 i s il anREORoBaRa RS B8y Sle P ol ab b Teppom e f ve
colitis; irritabl eahpwlansyAcyorBiheRPUEI hichis A thO prophPlaRfit AdilforC@dathbii-

48. A method as clainmed in claim45 wherein the undesirable inflamuatory

15 activity is irrpkensiesirabdgiamflagyniery etivigo. A net hod of treating or
preventing cancer in a subject which conprises admnistering to the
subject a strain of Lactobacillus salivarius as clainmed in any of clains 1
to 13 or a foBoul ali Dictélsctiliai saitatins sfyin Gl «tdimiet i danlyoof28lainZd 150. 13Aormat hod

as clainmed in claim49 wherein . the cancer. is gastrointestinal cancer or

> ro
cancer 1Hue to inf| frmalation asplaimad 4 @Ry @f Sfaipf d4tomg FPeisieihentiaiy act by
systemi ¢ di sease aﬁ@@@{ﬁsﬁﬁg M RexcHafingN ik AIRAIRBrY Minfrd SR fdn<C QB | e

admnistering to t ect a strain-o Lact obaci | lus safivarius as
clained in any of gastroimgestinglagrat8 or a fornul ati on as

40. A Lactobacillus salivarius strain as claimed in any of claims 1 to 13 or a
15 formulation as claimed in any of claims 14 to 26 for use in the preparation of
anti-inflammatory biotherapeutic agents for reducing the levels of pro

inflammatory cytokines.

41. A Lactobacillus salivarius strain as claimed in claim 40 for use in the
20 preparation of anti-inflammatory biotherapeutic agents for reducing the levels

of IL-8.

42. A Lactobacillus salivarius strain selected from any one of AH102, AH103 or
AH105 for use in the preparation of anti-inflammatory biotherapeutic agents

25 for modifying the levels of IFNy.

43. A Lactobacillus salivarius strain AH110 for use in the preparation of anti-

inflammatory biotherapeutic agents for modifying the levels of TNFa.

30 44.  Use of a Lactobacillus salivarius strain selected from any of AH102, AH103,
AH105, AH109 and AH110 as anti-infective probiotic strains.



claimed in any of claim14 to 26. 52. A nmethod as clained in claimb51
wherein the systemc disease is rheunmatoid 30 arthritis. W 03/010298

PCT/ | EO2/ 0@lih1029845 53. A nethod of treating or preventing/@n/euipi mune
di sorder caused by inflammtion in a subject conprising adm nistering to
the subject a strain of Lactobacillus salivarius as clained in any of
clains 1 to 13 or a fornulation as clain-in any of claim14 to 26. 5 54.
A method of treating or preventing a diarrhoeal disease in a subject

colrr_prl sing admi ni stgri ng to the subject a strain of Lactobacillus
salivarius as clained in_any of clains 1 to 13 ar formul ati on as. cl ai ned
i R any of cl afm 14A1 methgd (11:0¥r5§.mgA°FréirﬁYﬁfI‘“8§ ‘H%dﬁ?lf?i?ge i“?fliaé’?r&?tﬁ{%@c &n

t he di arrhoeal dis ' gl P TI K Ry hatiqditl RMhde8He

Rot avi rus associ at @gﬁﬁfﬂgﬁrﬁggggeﬁgg ;é H?Jﬁ%e‘i}ﬂﬂ?/g&ﬁ%l?%f ?ﬁﬂgg{éﬁ%rl@d?at??hoeac)t

di sease due to an thaflectobeusuagenariectramsasclaimdd; in any of claims 1 to 13 or a

5 formulation as claimed in any of claim 14 to 26.

46. A method as claimed in claim 45 wherein the undesirable inflammatory

activity is gastrointestinal inflammatory activity.

10 47. A method as claimed in claim 45 wherein the undesirable inflammatory
activity is inflammatory bowel disease such as Crohns disease or ulcerative

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

48. A method as claimed in claim 45 wherein the undesirable inflammatory
15 activity is irritable bowel syndrome.
49, A method of treating or preventing cancer in a subject which comprises

administering to the subject a strain of Lactobacillus salivarius as claimed in

any of claims 1 to 13 or a formulation as claimed in any of claim 14 to 26.

20
50. A method as claimed in claim 49 wherein the cancer is gastrointestinal cancer
or cancer due to inflammation.
51. A method of treating or preventing a systemic disease associated with
25 inflammation in a subject comprising administering to the subject a strain of

Lactobacillus salivarius as claimed in any of claims 1 to 13 or a formulation as

claimed in any of claim 14 to 26.

52. A method as claimed in claim 51 wherein the systemic disease is rheumatoid

30 arthritis.
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WO 03/010298

53.

54.

55.

PCT/IE02/00111

-45 -

A method of treating or preventing an autoimmune disorder caused by
inflammation in a subject comprising administering to the subject a strain of
Lactobacillus salivarius as claimed in any of claims 1 to 13 or a formulation as

claimed in any of claim 14 to 26.

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

any of claims 1 to 13 or a formulation as claimed in any of claim 14 to 26.

A method as claimed in claim 54 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.



