WO 03/010298 -1 Introduction "Probiotic Lactobacillus salivari @O$poaiprs
PCT/ 1 E02/ 00111 5 The invention r tobaci |l us salivarius ﬁ&r %&s

and their use as probiotic bacta Mﬂ“ﬂlﬂ “cul ar as i munonodul at rv

bi ot her apeys ts. The defens to protect ppg

gastroi nt eg{qﬁnﬁé 9}E‘?act from col oni zat'®¥%%" by intestinal bacteria are highly
conpl ex and i nvol ve both i mmunol agi cal and non 10 i munol ogi cal aspects

(1). Innate defense nechanisns include thelJow pH of the stomach, bile
salts, peristalsis, nucin layers and anti-m crobial conpounds such ‘as

| ysozyme (2). |mmunol ogi cal Hﬂ?ﬁbﬁﬂbiaaobdzﬁw%ivanﬁpst@amszed | ynphoi d
aggregates, underlying M celTsS, called peyers patches which are

di stributed throughout the small intestine and colon (3).. Lum nal

anti gens preseﬂt eg 31 these sites result in stinulation 15 of appropriate T
and B cell su h establi shnent of cytokine networks and secretion
~of antibodies into the gastrointestinal tract (4). In addition, antigen
present alsi on Mple GRGHAON telat@Pid DEIbICiIRE | shivdrius | straing @Rl tthet usd ad proplaizyt es
and to the wunderlying |lamna propria jnmmune cells (o?é. Therefore, the host
i nvests subst abactesialip partiqulanas, waperpreodulatnry BiptherapputiqAgeRist r oi nt est i nal’
tract. However, as the 20 gastrointestinal nucosa is the |argest surface at
which the host interacts with the external environment, specific control
mechani sms nusThédefenseshechanisms tocyotieettthe hymen gastrpiatestingk irat Aoss celgnigation) oo

tons of food I ¢h | ‘ ' AR 3 -
average lifet }Aﬂ%&fﬁﬁ‘f"? @%ﬁ?&‘%ﬁ%@ 5881 %&@?gkﬂ@ymﬁlg@@&ogg\ggﬁgﬁg%? es of
bact er i gonunbeirmgndlOgidal 1Bp4sy(1).n Ihinte defiense. mathasisms nshusesbadow ipthef the
mechani snms nust. be ¢ bl e of .distinguishing non-pat.hagen] c

bacteria from StPH\?%!bia'g sﬁﬁf’ﬁl?&étﬁ 18, &ﬁ‘ﬁ%‘%ﬁ@ﬁ‘?éﬁ‘g‘ C@?@%W@%E?g g’%&r}aagse to
the host. In faghynid@). !mm&liogi@hl hédhmsiao felide upesialized Heipboiteagpfegales, host

by conpeting w'th ne I ngest e : -
Y v J underlying IXI cellg, called peyers patches which are distributed throughoult the small

intestine and colon (3). ‘Luminal antigens preSentéd at these sites result in stimulation

15 of ﬁpbropfiéte T and B cell subsets with establishment of cytokine networks and
| secretion of antibodies into the gastrointestinal tract (4). In addition, antigen
presentation may 6ccur via epithelial cells to intraepithelial lymphocytes and to the
underlying lamina propria immune cells (5). Therefore, the host invests substantially

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

200 gastrointestinal mucosa is the largest surface at which the host interacts with the
external environment, specific control mechanisms must be in place to regulate

immune responsiveness to the 100 tons of food which is handled by the
gastrointestinal tract over an average lifetime. Furthermore, the gut is colonized by

over 500 species of bacteria numbering 10''-10"*/g in the colon. Thus, these control

25 mechanisms rhust be capable of distinguishing non-pathogenic adherent bacteria from
invasive pathogens, which would cause significant damage to the host. In fact, the
intestinal flora contributes to defense of the host by competing with newly ingested

potentially pathogenic micro-organisms.

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

Aberrant immune responses to the indigenous microflora have been implicated in
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potentially pathogenic mcro-organi sns. 30 Bacteria present in the human
gastrointestinal tract can pronote inflanmation. Aberrant |inmune responses
to the indigenous mcroflora have been inplicated in WD 03/010298

PCT/1 E0O2/0Q111 -2 certain di sease states, such as infla I

di sease. AﬁY?ﬂﬂW@”ﬁssociated with the normal flora usugrﬁ§9ﬁ§%88¥ﬁ

i munol ogi cal tolerance and failure.to achieve this tolerance is a major
mechani sm of nucosal inflammation (6). Eviglence for this breakdown in

tol erance includes an increase in antibody“lTevels directed agai nst the gut

5 flora in patients with D. The present i th.on_is,di . .ds
Lact obaci | | us SEHap Hgs:easw#a?%, ﬂ‘ﬁsésp mai%%%%o&geé@% ﬁ%ﬁ%é@gﬂ%‘gpﬁ@
effe_ctfsl, by {TD(&%J ﬁédﬂ%ﬂﬂﬁmt@ﬁhlﬁgelda$V@hﬁmﬁtoldy%al eo‘léxag&mt _'nzltiﬂa?grand a?:ie\be;mhﬁmg
pro-inflammatory m cro-organi sns fromfhe . gastroin inal tract,. .
Statenents of [9¢aA%s Bnd I%‘J%EGF‘H’PH@ ?r{)mluﬁ%“ll‘ H\?@ﬂ'ﬁ"i‘ “t(ﬁ rﬁi‘%nberg i Y 4

Lact obaci | | us Xgmm HStoRekdndé theRRbOs iR east HPAMBBYy RVELs Qiredldd Malibt tEE0R,
AH103, AH105, 109 and AH110 or a nutant or variant thereof. The nutant

may be a Fenet ifloed inyatiends withdBRut ant . The variant may be a naturally 20
occurring variant of Lactobacillus salivarius. In one enbodi nent of the

i nvention Lactobacillus salivarius strains are in the formof viable
cell's. Al ter natThegiryseh drivehthai 4 disected| fowards Usicsibuaiilus staaios, i whicth da¥e beerof
non- viable cel]s. 25 . In ane enbodi.nent of the invention the strajns.,are in
the formof a B#%W’bd?c@ivﬂ}mﬁ?}fr’@m(?a\dﬁﬁWe? ?Cﬁs’gh%'e @8@?&7@%{0%51%% ihvent i on
the Lactobaci | lapggsiikiny ardnds siohaiin}s prosinflafingos ndbroforganisnes edloar abrd
washed human gastrointestinal tract. Preferably the Lactobacillus WO

03/ 0102980 3 gastrointestinal tract.

Statements of Invention

15 According to the invention there is provided a Lactobacillus salivarius sirain 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



PCT/ 1 E02/ 00111 salivarius strains are significantly inmunonodul atory
follow ng oral consunption in humans. The invention al so provides a
formul ati on which conprises at |east one Lactobacillus 5 salivarius strain
of the invepdipHproegne fornul ati on may conprise two or nor ecgike@ddsi1 Of
Lactobacillus. In one enbodi nent of the invention the formnulation includes
anot her prebiotic material. 10 In one enbodi nent of the invention the
fornmul ation includes a prebipotic material.3Preferably the fornulation

i ncl.udes an ingestable carrier. The ingestable carrier nay be a

phar maceut i cal LytyARGeRIAY fo SRRy SHERoduIBARP WibwilnbkPtoBimpRorlar . 15
Preferably the i ngestable carrier 1S a food product such as acidified mlk,
yoghurt, frozemmgmsghurt, mlk powder, m |k concentrate, cheese 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
particul ar protThe isventdul also previtlesteformhlatiommwhbich icomprises gt leastranadaglobeciliest e, a

lipid, a carbohydrate, a vitamn,.m ngr andi or I

enbodi memt of F‘%/{é’af‘f‘&%tm‘? B%a’ﬁé'bvteg'ﬁ%{b ?ﬁfeﬁfg%‘gﬁf({?ﬁ%g&@r sgﬁﬁg%ggn e Ir%‘?‘tg%gsnt in
the fornul ati gpradopdenist han 106 cfu per gram of delivery system
Preferably the 25 fornul ation includes any one or nore of an adjuvant, a
bacterial conponent, a drug entity or a biological conpound. In one

enbodi ment of L ”é‘m’?. the i { | TEWHeS adnbher iotic
vacci nation pro g’(‘:‘%l S. W%%Swg%g%ﬂéﬁéﬁﬂfggﬁl%oﬂl The invent?ﬁ?\bfurther
provi des Lact olmtdrial.us sal i varius strains or a fornulation of the

i nventi for use as foodstuffs, as a nedi canent, for use in the

pr ophyl s and/or treatnent of undesirable inflammatory activity, for use
in the prophyl 4xbse enisbdinent bf hainventionahe fomekiiomincludegsa prebiotic matariah|
inflammatory activity such as inflammatory

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 fomiulation 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.
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5 bowel disease such as Crohns disease or ulcerative colitis, irritable
bowel syndronme, pouchitis, or post infection colitis, for use in the
prophyl axi s and/ or treatnment of gastrointestinal cancer(s), for use in the
pr ophyl axi GOy treatment of systemic disease such aspepgeRhahd
arthritis, W or%ﬁs{egsi n the prophylaxis and/or treatnment of autol nmune

di sorders due to undesirable inflanmatory activity, for use in the 10
~prophyl axis and/or treatnent of cancer dug.to undesirable inflammtory
activity, for wuse in the prophylaxis of cancer, for use in the prophylaxis
and/or treat mepl '%rgté? lvidd BRASHucHNE shitvaris SRAhBY £ £driful aOHRE ey
activity, such fsﬁg?néfsa%lrl | u?n ﬁig%f rcile qségoci ated diarrhoea, Rotavirus
associ at ed di ainvémiea for ugeoast fopdstufés, iay @ metlicament far usepin theprophylaés and/or

prophylaxi s and/or treatnent of.diarr .d | ous

agent, such astr@?‘%‘fti &a‘l'fr‘%s%?\geer#!l on agqqggdcgglgaie'@gglsgg%t%%éﬁhhy&%ssa 0?vari us

strai nSf f)r a f@édngﬁtdfﬁmd&iralblbfgastidwmﬁh?loinﬂMmatwp ad:t::ritltyrmcb rae;inf/lwmhatnryof an

anti-inflammatory bi ot herapeutic¢c agent for, the pr.o .axi s, and/ or

treatmenf of ubﬂé%i@?&ﬁeé“ahﬁ éﬁ%ﬁi 8%59"‘5‘&9{ plee _"%Ed?t@r %ngéielsl?‘?vf Syaggome, _

br epar at i on of p Ahics! B pATEHeRioh BAIGHSNESAREURI e Q8GN Faxis! @id/Srhgednomfiud axi s
un

and/or treatnent of undesirable inflammtory activi t/y. | n one enbodi nent
of the inventigastrointestinal iancer@% fonuse in et prophyaxis 19nd/an dregierant of Fystapis

excl udi ng proi af | 0 ' 10, ' g.m.fe Ol bitAlent 6@ACH .
25 The inventi‘girsﬁe’a sohp%%{/hl%d’ggst&lc_la% obacli Iugés sa P@Sﬁi’ﬁﬁ?ﬁ‘a’?ﬁgbgr _eg
fornul ati on of adtbignmunev distrdens dwer tausiedésirable einflammatony iagtivigy, for use in the
anti-inf| amat or | qt herapeutic agents fo e I 0. | S

ot ammdory. cprobltngs 26UBhEemen 37 SR 450 ER B B sl P

i nvention furtmrthQV¢zdpi@1b@s:bpbawei,lfos wselin \the iprophglaxisi asd/drotreammenti of t he
preparation of anti-inflammtory bjothergpeutic agents for .nmod t,

cyt oki ne | evel diarrhogah disgase| dyg tq pn %Fglﬁ?_-l MPHQB&WWNWC% aﬁ'%‘?ﬁ@’g‘m i on
further provi d&@i&z@%&%&ﬁﬂeh! Hisrrifoeh] iRtdvits Shss@dined f @Brrhit oP $die infective
preparation of ®iotherapeutic agents for nodifying the |levels of |FNy

Preferably in diattheeac faraise incthe prophpilaxisaadios ireatinent of disrrhinepl disease fuaipan

AH103 or, AH105, . The | ' .her provides Lactobacillus salivarius
strains ’15§r usg‘f?crtilo @éﬁ{)g&%% 4o

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.



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

| L-12. 15 T\?ﬁoﬁlﬂi’ﬁ%i on further provides Lactobacillus sal Hé O%Oﬁﬁrai ns
for use in e preparation of biotherapeutic agents for noditying the

| evel s of IL-8. The invention further provides Lactobacillus salivarius
AH110 for use in.the preparation of biothegrapeutic agents for nodifying
the level s of . TNFa. 20 The invention also provides for the use of
Lactobaci| | US Sl Yflehiish ShitRdr" Brodie@ EdcrobaPIie | datSardlsO Rirfihd GoP sa! S uue
to their ability to antagoni se e growth of pathogenic species. 25 W
have found t hatpremritionwf antidnflammatoryfbivtherapiusic iagents farlmadulatingeptokine devekst or y
effects in vitro., The | nvention,i her re of major potential therapeutic:
value in the prsﬁﬁm%hﬁié’ybﬂb'm'?%'a Pr Bt Ydysr egul at ed i mmune responses,
such as undesirable inflammatory 30 reactions, for exanple inflammtory

bowel disease. WO 03/010298 -6 PCT/] EO2/ 00111 The strains may be used as a
panel of Bi ot heFhgpdnmendom durthey prayidesnhactobgcidlus Sefivaripsc sixaing dofrdige inothe

nodi fying the | : Qf el , 5 : / {NS
or formulati onqu %‘f%ftﬁg qfrﬁgﬁgﬁag%)gy&%ds&é%dlfy%fﬁg lgieégv%mh-ﬁgﬁfg%gpﬂ%
treat nent of i nhiszasethestyaink &ve selestad fromany onkedfi AHE0R; WHI03 fok Alit85.0r y bowel
di sease, irritable bowel syndrome, cancer (particularly of the
gastrointestinal and i mune systens), diarrhoeal disease, antibiotic
associ at ed di arpao@pvenieie Fuithérl Brovides r DiesbacillaP RRINHGLs isGaind oo ugerLIRe the

di sorders, nmultiple sclerosis, Al zheiner's disease, rheumatoid arthritis,
coel i ac dPseaseprepparatisatof bigtearapeutie agepfsdarmedifiring thedevels fil-Wact erial 10
infections, viral infections, fungal infections, periodontal disease,
urogenital disease, sexually transmtted disease, HV infection, HV
replication, H Theassveotion durtheti gravidse alacbagilos | safiserdus atraigs tfoauise, in the
sur gi cal -i nduced _met ast at i ' [ISPrPnT=Y _@norexia, fever
control, cac hexl?rﬁ‘?m%ﬁlr?gtb °§‘é%.5p§e§?}g ?ﬁeggsﬁgfhé%l{y%g#i}ﬁe‘?eho&i 2

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.



function, allergy, asthma, respiratory disorders, circulatory disorders,
coronary heart 15 di sease, anaem a, disorders of the blood coagul ation
system renal disease, disorders of the central nervous system hepatic

di sease, ischaem a, nutritional disorders,. osteoporosis,_endocrine

di sorders, WP di sorders, psoriasis and/or acne vul gBFTEOZQ1LT

Lact obacillus strains are comensal m croorgani sns. They have been isol ated
20 fromthe mcrobial flora within the hungn gastrointestinal tract.; The

i mune systemw thin the gastrointestinal tract cannot have a pronounced

reaction to nenfers .of thi fl ar r .11 i tivity
woul d al'so_ dest Ty engemeg s paedaf g Band e bt aitnd gt i, QHIERAAEKCRG o
mechani sn(s) exXjeshadelier mbdifyitpehé NBVeRef 354, INFoq IL-B8eIl o thartior ILaamensal

non- pat hogeni ¢ nmenbers of the gastrointestinal flora as being different to .

pat hogeni ¢ organi sns. This ensures that danage to host tissues is
restricted and dal i , | S isdent ' 3890 R0 298 /0t 7
PCT/ 1 E02/ 00111 '%.e epogi féﬁnﬁﬂgtic{nlgggc*?llﬁieh{slg | vgﬁeﬁ{slgést reﬁ{‘ﬁpAHuZ was orrrade
at the Na§i onaltreatfidnt efinflammatiiry Hisdudets; iminupoddeficiandy, infBamatery Howehdisease,

(NCI MB) on Apri,l ., 2000 a accorded th c 1.0 1 4. 5
A deposit of L3 téfgs&PF”FﬁEY r@g?rfl?la?aﬂﬁgr g;{apg:ﬁha?&lﬁg%ne gﬂ%%%t‘irg?‘%ﬁ@% on
April 20, 200Qyaspmislactarides Hisesacamitiotin associned difilideadpielifatrich diterhosd,t of
Lact obacil lus salivarius strain AH&%S was made. at t he, NCl on ,,Agor#.l 20
2000 and accor PRendigltis, c auoungpng,  disarderse Mltipley 4sFlergsis, o TS ofisease
Lact obaci | | us éﬂéﬂﬁ{zﬁéihlﬁhﬁﬁsﬁ BbdliabldideBse)\@iabétBdaelBius| drgarNcdryBlamtationybactbrial 2,
2001 and accorded the accession nunber NCI MB 41093. A deposit of )

Lact obaci®| us siafectiensi vieal dufeetionsafungel inéestionsq genpdontab disgasrpirpgenitaldifgiss
22, 2001 and 2 eeRld dté&%i@&f Fiisage). PV db%{rgﬁ&l%h'\/ﬁmﬂ%ﬁﬁcaﬁbﬁ kgvt QE&‘%@ia{elhth

salivarius may De a-genetical l'y nodi tant or it nmay tie 1 naturally
occurring vari adisrrtidesy sngical28ssocifted  taumia, sutgical-irducesh aastdstagic disgases 5epuis | s

'n the form of %c‘eig btI oss(f ealnlorseXia',A‘lfgv%rr nc%n&%f'éécﬁe&ﬁ; 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 micrgorganisms. They h?ve been isolated
20 from the microbial flora within the human gastrbintestinal 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 restrigted and a

defensive barrier is still maintained.



Lactobacillus salivarius may be in the formof non-viable cells. It will be
appreci ated that the specific Lactobacillus strain of the invention may be
adm nistered to animals (including humans) in an orally ingestible formin
a 25 convent,] reparation such as capsules, mcr ocaps ets,
granul es, 3&9@2& SB3t roches, pills, suppositories, suspensi o@gﬁ@qgr ups.
Suitable formul ati ons nmay be prepared by met hods commonl y enpl oyed usi ng

. conventional organic¢ and inorganic -additiyes. The anmobunt of active
"ingredient in the medical conposition may be at a level that will exercise
the desired ”‘%r %P@bbﬁﬂ of %ng%%&cz 180 aﬂﬁé Osa%%m%ngg lnl%‘a@/ éloﬂaélNIdikﬁlal
formul ati on al'so inclu acter|a conponent, a g entity or

bi ol ogi cal co@ﬂactdms bﬁhmhistnahandl\@rma@@cueeabum@%mpy A@néZQ)rZO%n@d of
the strains of the.invention nmay r ed using any suitable known
net hod and nayafﬁ?é‘?'?ﬁl&geﬁccﬁﬁsé :'é'g’ﬁ?Ngng y‘ﬁlag%cept able carrier or adjuvant.
Throughout the specification the terns nutant, variant and genetically

nodi fied _mutant inclu

T o s oo adh o s BBt SR e 4 NGRS 9L ©

Nat ural I'y occubpi smo\uan iadsrdedithe dcdsdsPRAGidbbISCEVMBI41045, us i ncl udes the
spont aneous al terations of targeted properties selectively isolated while

deliberate alteration of parent strain properties may be acconplished by
conventi onal ggn i n,
conj ugative trg‘ngéﬂoglt gf‘?h&b‘b@h@?%@%ﬁes%?zﬁﬂfﬂ ?gqusﬁbgt e ?@\?\ﬂ? Igﬂggﬁlgpgp 1
is a bar graph 29h2000rayd1ab®rdﬂdnhneacceds1oadﬂumbemNCBdlBt4éﬂ4'7a per 20 epithelial
cells usgfg human gastrointestinal epithelial cells, CaCo-2 and HT-29; Fig.
2 is a bar graph showing IFNy | evels induced by PBMCs f ol | owi ng co-

i ncubation wi t i dagdsitberc LhdtobucHiak isakivarius siatraABH09 was made at the NCIMB on

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.
\

20 . Preferably the Lactobacillus saliJ’arius 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



Fig. 3 is a bar graph showing the effect on the levels of IL-10 (pg/m)

i nduced 25 by PBMCs follow ng co-incubation with Lactobacillus salivarius
strains; I Fig. 4 is a bar graph showi ng the effect of Lactobacillus

sal i vari us raj n PBMC IL-12 (pg/m) production; WO O -9

PCT/ 1 EO2/ 00@?1’%?@&5 is a bar graph show ng the effect ofg‘/'L]g'g:Et%%Eog(l:ll | 1 us
salivarius strains on PBMC IL-8 (pg/m) production; and Fig. 6 is a bar
graph showi,ng the ability of Lactobacillusgsalivarius strains to 5

nodul at e pr oi nfq{l’grpmt ory cytokine production neasured in pg/m. Detailed
Descri ption 10 biwdationmaly ilbdinchias b BhA&H jyarius strains. AHLOZ2,
AH103, AH105, AHL09 and AH?lo ar e notwonl ydlg{’:k?’ﬁ&gehtd% “1‘%‘3”(‘%{ gl;‘%lﬁlplw
adhere to humaff°RP inal cell lines but also, surprisingly have

i mmunonodul atory effects, by nodul ating cytokine |evels or by antagonising
and excl udi ng B{o-i nfl ammatory or i nmmunonodul atory m cro- organi sns from

t he gastroi nt et adgition g yaccinel®nprising engosd orka6re Qs Y QR iaisin
t he formgof vi EPPFE %F'Jdll.fs W&ﬁe{ ikt can also be extengégh{%gﬁrgﬁpv?%l e
cell's such as ki Fl&d cult or‘a%l&lﬁ%%’f‘t'?“éli*&d #shmay fnchgle & plracdusitally
factors expr esawdptableichriepoodifjwianc bacteria. This coul d include thermally
killed mcro-organi sns or mcro-organi sns killed by exposure to altered pH
or 20 subjection to pressure. Wth non-viable cells product preparation is
sinpler, cell maﬁ%b? t'hncorcﬁ?r ated easily into pharnmaceuticals and storage
requirements are et e SPeqitiqation dhe terms vinutante \taeihﬂtsand_gateﬁbﬂlgi hodgicgasel

YI'T 9018 of f eraueant exRidp!acstin HOE ' use of heat kil]ed cells as a
met hod gﬁr the treatment and/or p?cé%%l ?%%M&muﬁﬂ’ rBeGPtiFte/ e spheatypiched

in US Pd ent mppqmgﬂ@_redmn?xareﬂttoithe patenoyirein{ WitBally oodifihg RAGLE 2 are

required to exgichopaBinl s AR @S RE Yhe spontaneous alterations of targeted properties
selectively isolated while deliberate alteration of parent strain properties may be
accomplished by conventional genetic manipulation technologies,
disruption, conjugative transfer, etc.

such as gene
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 aﬁd 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 PBMC:s 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;



effect or if individual active, conponents of the invention can be utilized
al one. Proinflanmmatory conponents of certain bacterial strains have been
identified. The proinflammatory effects of gram negative bacteria are
medi ated byl saccharide (LPS). LPS al one induces J tory
net wor k, paWh“%F@L%ue to LPS binding to the CD14 recept g?%ﬁfo%%g ytes.
It is assuned that conponents of probiotic bacteria WO 03/010298 -10
PCT/ 1 E02/ 00111 possess immunonodul atory aclivity, due to the effects of the
whol e cell. Upon isolation of these conponents, pharnaceutical grade
mani pul ation i s ant iKigmisedbar lgfdpgsh { - .S, O of .the cytokines
conprising the Macr &g{@g&l nf Igggr?’rrat %ﬂ%@%@gk 8?%“?%"1[}@‘ (’ﬁ/f‘fgj”"-" %@nwpp- 1
and -2 famlies rep ﬁ@g/ml)ﬁf@@cmmtaedns whi ch are chenotactic factors
for | eukocytes and fibroblasts. This famly of proteins are also called
intercrines, as cells other than nacrophages are capabl e of synthesizing
them These cel|ls Figi6iga bar graph Bhaveihg the dbilhy@bk&&bﬁacim(}ﬂii{]}ﬁfz&%hace' s,
kerati nogytes, snpo cells, s vial cells, neutrophils ths to

('3/ ! H‘bdum&s;ﬁ'!)ﬁﬂ [m 9 : ! . P !
chondrocyt es, hepatocytes,” plat et Py meProdielion measured inlpgialla, - 1( 3,
connective tissue activating protein (CTAP), platelet factor 4 (PF4) and
| L-8 stimulate neutrophil chenptaxis. Mnocyte chenptactic protein (MP-1)
and RANTES are chenotactic for nonocytes, I1L-8 for neutrophils and
| ynphocyt es whDeaileF Besopigtiéd AP are chenotactic for fibroblasts. Roles other
t han chenot axi s have been described for sonme of these famly nenbers. MCP-1
15 stinul ates nonocyte cytostatic activity and superoxi de ani on rel ease.

o troabi 11 £y whi e oy gkl i 2ok Bcifls 3ol it el abbiod, ART0S AitTomagtivs

i nvol ved in i nndaihiGary netcaniioavicbandviileolerant did ABs: k@it 'ie%}al EhPfile
Stinulation ofpilars8 { iéﬂg proinfl a tory cytoki nes could coﬁ”ﬁ’si but e
to the devel oprrelgt (o) gas'? |%1Vteéglfr'“ﬂgmoﬂgatpﬁfrﬁfch ebemodulating cytoking sveRnt

20 that probi oriby baegersiag ahd ekel -’,ﬂyhﬁ duction of this
cytokine. IL-10 is produced by T g%gég ce @&%n&@?@ OgHg‘t%é’i"Gﬁhages.
Thi's cyt oki ne %@W@“?}W untestivpldracbn and differentiation of B cells

into anly body secreting cells. 1L-10 exhibits nostly anti-inflanmatory
activities. It up- rergul ates |L-1RA expression 25 by nonocytes and
suppresses th epeiet yseAt nrehietio/basteriafis imthetforny o Gidby &dI8SHoWkvel Ot can

also be extended tq non-viable cells such as killed cultures or compositions containing
beneficial factors expressed by the probiotic bacteria. ‘This could include thermally
kiilled micro-orgmisms or micro-organisms killed by exposure to altered pH or

20 subjection to press__;ure'. 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



i nhi bits nonocyte production of cytokines, reactive oxygen and nitrogen

I nternmedi ates, IHC class |l expression, parasite killing and 1L'-10
production via a feed back nmechanism (7). This cytokine has al so been
shown to bl cyte production of intestinal coll age%slﬁm ype |V
col | agenase ‘%@ /Hﬁ)?%rferl ng with a 30 PGE2- cAMP dependant pat waai;a)é{nld
therefore may be an inportant regulator of the connective tissue
destruction seen in chronic inflammtory._gdgseases. WO 03/010298 -11
PCT/ 1 E02/ 00111 IL-12 is a heterodineric protein of 70 kD conposed of two
coval ently linked, %W?r ofodut E@r}kﬁ)cﬁ’ﬁﬁ e ¥B-thd bifedis RF Ak GedlerellmrUpon by
antigen presenPl ng ce , sSuc macropha es, ear]ly in the infl m"ratory
cascade. | ntr aizelatioh efthbmc;‘bmpown& pharmaeeutieal grage preaipylation is BHCRAER | evel s
of IL-12. It is a potent inducer of IFNy production and activator of
natural killer cells. IL-12 is one of the key cytokines necessary for the
gener ati on of méﬂeum g1.8) is are ofhthe cytokmes@on‘esgoaﬂwsl\dpﬂpmgpllyﬂmémw its

ability to rime ce r 0

pr OdUC%/I én 01P protein f a"ﬁ)&f‘)’ &\ﬁﬁ)? eiﬂgyﬁ'\f,"ﬂﬁ 'gq lFﬁ_&E%@ c#.rj "Epzow}g%ﬁﬁ%vm&e
restricting U“ﬁfé%&ﬁbda&it fﬁa&bﬁlfbneula&ywﬁ astifibroblasts. Tms (a’imhy sfcprdlmm aresadsd at es
| L-12 production. IL-4 a I L- 13 can_have sti nul at or th

effects on IL- t@llqdrmt&%mﬁ%ﬁs cellsrather; thayh maerophagesare £a W eﬁ%ﬂfl %%m
t herapeutic Vah‘ﬁ se! dn [Hélu £ Q3AENLeIRS flﬂ-xjgbla?@ SAGHASIRA cHIR] k@:anﬁﬁcg:fey, smooth

di sorders, suc sclerosis . 15 1| nterferon é rlé\slyzmd
primarily a pr mhsclfe @lls asylnowal eellsT neyisephdls.y chondgaytes Jkepato t&%erl is1e

gl ycosylation it can he f gi t &P). Thatslet
0¥ oki neltbynor 08 aEn BHndw SPF serskey dse; fstik rolsh CTAP) ke
stinmul ati on of dmn@qpp@sanmecgﬁhﬁgas neﬂmmﬁlom@tﬂomxﬁsnd Mondoyte edhenotaglis | s,

| FNy al so anpl |?| es opol ysacchari de duction o
macr ophages by pmt@me(b@ﬁFE E%n%’e sh E%“ic r weycyt?shilrgg@gglgé goihﬁpve
intermediate rel ;1@?%)1& Pk %né'lﬁ‘AICHﬂeCHh@ﬁﬁbﬁttm/for ItfEhyblastlUReleS otiter
enhances the expr maj or histoconpatibility conplex I asMé

hel i al

class I1) anti gmmmnommohgvelhﬁemdlelifmba‘#]éorc@mesf)fo?'e@pf% gmbersg

and connective Lissue orl %%tﬁfon%ﬁﬁﬁnt@rAP%&PF4
anti gen fé the S F‘WHE‘K ?%%cyt;%?ﬁ%cc%ivgy\?\nné ﬁ inflamed tissues. |FN7 may
al so have increase fibroblast proliferation, IL-8 increases vascular permeability while MIP-1a

and -1( are pyrogenic. IL-8 is intimately involved in inflammatory responses within
the gastrointestinal tract. Stimulation of IL-8 (and other proinflammatory cytokines)
could contnbute to the development of gastrointestinal les1ons 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 ILi-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.



25 anti-inflamatory effects. This cytokine inhibits phospholipase A2,

t hereby decreasi ng nonocyte production of PGE2 and ; col | agenase (11).

| FN7 may al so nodul ate nonocyte and nacrophage receptor expression for
TGF(3, TNFa and Coa (11) thereby contributing to the anti-inflamuatory
nature of t\MP/BW2Bkine. Probiotic stimulation of this cRIEERONHuUId have
vari able effects in vivo depending on the WD 03/010298 PCT/ I E02/ 00111 -12
current inflammatory state of the host, stjnulation of other cytokines and
the route of admnistration. TNFa is a proinflanmatory cytoki ne which
medi ates many of the |ocal and systemc 5 effects seen during an

I nfl ammat ory response. This cytokine is primarily a nonocyte or macrophage
derived producty, ppiis Ohdiebdiartit pioygdest 70kD vetnpaped piwromytlestly linked thaigof| s,

NK cel s, t_cells, ast tes, epithelial cells endothelial cell d
oot h miscl e 38iNDs a0, 14 i ProgsedcormEly i palised RESsHRECTelEtul &

prohornone an L NGrIp iR ARSAIAAmbIREy bREsdet IhifadelliBAbaReni stituladd tee
observed. Puriﬁate:@bii%%l’Nngﬁas been obsgyrved as dinmers, trimers and

pent aner § wi t hptodectiani ofehigh 1évsisnof ok ultaks exdpetenthiadegee of JFNY, arodugtion; andyj vo.
Three receptors have been i tifhed.fof. Fa. | r nms to
function as a W&toﬁ?gi ﬁ%%ﬁpﬁf?li%%'gi fs\/\(/?)-l;H %%#%8%%@# orgr%@fﬁg@% been
i dentified witBefspiiRnW a6l fediateddr T, mndud(rebonsesrpeimpeily hreigl its Bbilityl toTNFa
production at Inflanmatory sites can be induced with 15 endotaxin t he
gl ucocorti coi dpdewels fershigh IPHMi%‘PQ%“%‘S/I‘@ki ﬁéiif)rlﬁcsﬂ?ﬁsc a\?npr?‘i"?j%‘.m oﬁ-ﬁ;glo
production res | i 1L 0 ¥R dstric¥RE SuncSHitebled |y fkine
anti-viral ef wggcﬁst%gﬁ#g E‘gh{)ﬁgs%rivze)gr@#c%{ga tregt ed %elnlc lines (14) and
the | FNsigsyner gicdactivn HTGH-RRasceduvaregulgtes B2 groduction. EHabane li-48 camhave ar e

stinul ated to produce procgaqul ant —aclimity, expr I frp € |

mol ecul es, | L- Stimplatony B’p lﬂtgwgﬁ?%ﬁfﬁnﬁgbl? ésl‘f"‘ fr"gt gﬁ@f&g’o&%ﬁ %\?gt% il"gg" Pact or
(PAF) and ar aciifoRhse ahbdpaRicatbd tisthe TiNaafkmt ofThat ssociated tinflguirhatory
adherence, phagocytosis, degranul ation (15), reactive oxygen internediate
product i on anddisaidersnsychap auitinds sclarogs @-grati on. Leucocyte synthesis of

G\t CSF, TG(3, IL-1, IL-6, PGE2 and TNFa itself can all be stimulated upon

TNFa administration (16, 17). Programed cel |l death (a;%opt 0osi s) can _be
del ayed i: Interferon-gamma (IFNY)D is primarily 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
i 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-inﬂémmatory effects. This cytokine inhibits phospholipase A, thereby
decreasing monocyte production of PGE2 and collagenase (11). IF_NY ‘may -also

modulate monocyte and macrophage receptor expression for TGFf, 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



25 nonocytes (18) while effects on fibroblasts include the pronotion of
chenotaxis and 1L-6, PGE2 and col | agenase synthesis. Wiile |ocal TNFa
production;. pronotes wound healing and i nmune responses, the

di s-regul at ed s,ystem' c release of TNFa can be severely toxic with effects
such as cacWOPR029%yer and acute phase protein producti FFHEIHY Hpser ved
(19). 30 WO 03/010298 PCT/1E02/00111 -13 5 The invention will be nore
clearly understood fromthe follow ng exa_n'%_es. Exanpl.e 1: Characterisation
of bacteria isolated fromresected and washed human gastroi ntesti nal ' -

oty I RO a8

Appendi ces and QuEERt iy e and sma uman
gast roi nt est i naddminiktestion( G |1 . T.) obtained during reconstructive surgery,
were screened for probiotic 10 bacterial strains. Al sanples were stored
I medi ately after surgery at -80C in sterile containers. Frozen tissues

wer e t hawed, ' . i j . .
Wefl@f%;% ﬁ?«?uﬂaﬁﬁ%r{v RyfoXHe VIS RedibEs gﬁfﬁopﬂ@ 1684R Aridystemic

strength Ri ngers’ on. The Sanple was gently iken to renove | oosely
adhering 45 i ceffeotsgeen dummg (ah dnflasamatorysiesponse) . THEDEYtoking iy primenilyt @ monecyse
second volunme of Ringer's ti S I f L QS to
renmove tightly 4d Héaf'i'oﬁgagebgg%ée;di 5’9 ué:{r @é &ggapngfg\a®§x§lhlﬁﬁagg d@?nptK 863;ités§bl ate
ti ssue enbeddechéaaspifls) NK sellspinest cd%6 asttadyteanepitheliar eellalendothelimbgels aedl i n
a Braun bl ender (termed, -hgnogenate 'H ). he | utions were ser,jall

di luted and spr%‘&lﬂ’%‘!‘“ﬂ’t%”ﬁié@ ‘;is%ﬁ'“ﬂﬁ%‘s‘? FSNE %V\Fﬁ%“éﬁﬁ?“ﬂ%‘s?é iaaEmWXe
(reinforced cl O%Brfoﬁb@in b&kksifg the ehAdli 1St 185k SeciRE! can DelshsEiSed C Butified

acid; TPY (trypticase, ptone and yeast extract); MRS (deMann, Rogosa and
Shar pe) ; 1ROG ( dENFathes iresh obvse(veld JasalimBesgtrimaers and peritamers rwithy thedeimetig dermbf

ooy ana Tonveo g PERE he el BERD) CHER hATPRIRG: b caBi e o
extract). TPY apqdrdR sdlabRURSipesreseb@s avfirddtion apiaCriEa astisitope($2)athile weed.

Al'l agar media was supplied by Oxoid Chemicals with the exception of TPY
agar. Pl ates wemembnase beunddormps havgdiegw 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

TNFa 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,

TGF{, IL-1, IL-6, PGE2 and TNFq itself can all be stimulated upon TNFa

~ administration (16, 17). Programmed cell death (ap_optosis) 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



jars (BBL, Oxoid) using CO2 generating kits (Anaerocult A Merck). for 2-5
days at 30 37C. Gampositive, catal ase negative rod-shaped or
bi f ur cat ed/ pl eonor phic bacteria isolates were streaked for purity on to

conpl ex non- i,ve nmedia (NMS and TPY). Isolates were |
cultivated i(&kfg@%r TPY nedi um unl ess ot herw se stated atpewda@%%Z%
PCT/ 1 EO2/ 00111 37C under anaerobic conditions. Presunptive Lactobacillus

were stocked in 40% glycerol and stored af3 -20C and -80C. Seven tissue:
sections taken fromthe G I1.T. were screened for the presence of strains 5

{1 soue Sanpl es 108 SRRRGP R telfoR EREAF und a0y L pliuchl, P2 1"

sanpl es expressed as colony formng units per gram (cfu/nm) of tlssue.

(nd=not deter ed T bI Tissue Sa tion A 316 -
423 433 Mediu SHATTTSRRRE 31 Padiehs dseliSa o etested ariwashsd 03 o
X 102 TPYP0>9. Gufiivhs@sii@nsalidds DbnniRaRorof jRebibadAafif03. 1 x 1021.8 X

104ND3.0 x 10'8.0 x 102 RO&>9. 0x103>6.0x1037. 7x10' 3.8 x 1029.7 x 1014.0 x
101 TSAYEB.9 x 102>9.0 x 103>6.0 x 103NDNDNDND LLA2.5 x 102>9.0 x 103>6.0 Xx

103ND5. 3 x 102hNARGY DI Fhcdri¥ 104ND4. 8 x 1034.6 x 103 ° ' SAWMPLE

Sol uti on

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

containers.

Frozen tissues were thawed, weighed and placed in cysteinated (0.05%) one quarter
strength Ringers’ solution. The sample was gently shaken to remove loosely adhering
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 supplerhented 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



MRS1. 35x103>9. 0i c103>6. 0x1031. 66x1042. 3x102>1.0 x 1049.6 x 102 TPYP0>9.0 x
103>6.0 x 103>3.0 x 1044.6 x 10208.0 x 103 RCWb.50>9.0 x 103>6.0 x 1031.7 X
103ND1. 1x1031. 5x103 ROGL. 37 X>9. 0x103>6. 0x1034.4 x 1024.5x1031. 7x1036. 1x103
102 TSAYEL. 0 x 103NDNDNDNDND LLA6. 3 x 102>9.0 x ) .

T0aNS, O 1 ORI A ADNNDS O TOANDS1. 0 % 104D~ HOVOGRRATERAL | o1
MRS00>6.0 x 103 TPYP00>6.0 x 103 RCMb. 5002.5 x 102 ROX0>6.0 X 103 TSAYE3. 9
X 10" 0.>6.0 X 103 LLA1.9 x 1016.57 x 102=264Q x 103 RCMDOND 10 Sanples A
(ileunm) and 316 (appendix) had the | owest counts with approxi mtely 10
cell's isol ated 3pqt yab@anabrobicSorSitiods) mgmaﬁﬁv%%cm%&ﬂ&seweﬂeoéo&wllﬂ dogpsue
were recovered fromthe other sanples. Simlar nunbers bacteria were

i sol ated duri nglmod)MMQIEQat-chm -809GCT/ | E02/ 00111 the wash' and

“sanpl e’ steps with slightly higher counts in the sanple' solutions of

433 (il eal-caecal). Fermentation and grow h characteristics Metabolism of

t he car bohydr atSeveyl tissos sectionk taken fsarb sleqGAM mregwre’enecatdrdhepnésqmwdﬂeﬂrﬁns wer e

i ned ysi LKB HPX- 87H High Per f
G ot ogh aphy "EBPERE. 5 (6 LEGE B ARABSTHA BT oS o0t on PEERSUR o of

0.6 m/mn (cemaplesit Table s DeloR) shows theidbteribidobay oﬁkﬁ@ﬁséﬁ@%aﬁ 185! extprédd&ds
Prior to 10 anaIIyS|s t he ¢ol umm uf | i brated usin n1\/?C|trate 10nmv
() \M%cf mi) of tissue

gl ucose, 20 mvecolony forming umts per gram . (nd=not etermmed
Table 1
Tissue §ample No.
Isolation A 176 356 312 316 423 433
Medium
“WASH' Solution
MRS 57x102  >9.0x10° 33x10° >3.0x10* 0 32x10° 8.0x10°
TPYP 0 >9.0x10° >6.0x10° >3.0x10° 0 1.9x102 28x10%
RCM5.5 0 0 31x10° 1.8x10* ND 3.0x10' 8.0x10%
ROG 0 >9.0x10° >60x10° 7.7x10° 3.8x10° 9.7x 10' 4.0x10
TSAYE 39x10*° >9.0x10° >60x10° ND ND ND ND
LLA 25x10° >9.0x10° >60x10° ND 53x102 ND ND
RCM ND ND ND >3.0x10* ND 48x10° 4.6x10°
‘SAMPLE’ Solution
MRS 1.35x10° >9.0%x10° >60x10° 1.66x10* 23x10° >1.0x10° 9.6x 10?
TPYP 0 >9.0 x 103 >6.0 x 10: >3.0x 19“ 46x10° 0 , 8.0x 10;‘
RCM5.5 O >9.0x10° >60x10° 1.7x10° ND 1.1x10° 1.5x10
ROG 1.327 X >9.0x10° >60x10° 44x10®° 45x10° 1.7x10* 6.1x10°
10
TSAYE 14x10° >9.0x10° ND ND ND ND ND
LLA 63x10° >90x10° >60x10° 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 x10%
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



| actate and 10 nM acetate as standards. Cultures were propagated in

nodi fied MRS broth for 1-2 days at 37C anaerobically. Follow ng
centrifugation for 10 mn at 14,000 g, the supernatant was diluted 1:5
with HPLC buffer and 200 | was analysed in the HPLC. All supernatants were
anal ysed i WP P8te. 15 Biochenical and physiol ogical tPaTtEZN1YLe
bacterial isolates were determned to aid identification. Ntrate
reduction, indole formation and expressigg_of B-gal actosidase activity
were assayed. Gowth at both 15C and 45C, growth in the presence of

I ncreasi ng concentrafi an , mangd SCarAolb ! d0Etone df
gelatin were M@ﬁ?ﬂ%ngadﬁlg\%%rﬁ@h%@g@ glrélhst | gg{sgé atéhe strains in litnus
mlk were al sg33gisseadal).Approxi mately fifteen hundred catal ase negative

bacterial isolates fromdifferent sanples were chosen and characterised in
terns of their G amreaction, cell size and norphol ogy, growth at 15C and

45C and ferm%ﬂngﬂ&}-&qga@fmgﬁa&éﬂgmgl ucose 25 (data not shown). G eater
0 e | solates t

t han si xty percel [ ested were Gram positive,
honof er nent ati ve cocci (HOMO-) arranged either in tetrads, Qaai(rs or
bunches. Ei ghieteboliserafdhe cagfohydrete glucosnenskthoarhsequentRraans asid end-Bepdugts

heterof ernentative 2acid 1 kR E oy IPXL IT{% ] bgSquiivent y
xargiggcg ir{HKB Biohia Ainex HPX @Fﬁi%%ﬁoﬁﬁﬁr@ qui

two percent) e © pr m y honotf er mentative coccobacilli. Thi rtg
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di fferent tenperatures concent rataig?n«iq of, NaCl and qel att%n %ﬁgghg@kg are

recorded in TanttateanddDsuM apeipie @s stangdar 'né'é‘ﬂ%se\‘—‘ﬁrleﬁ’é agero M erature %

NaCl * Gel atin Reach QS dhfh at 37°C anaerobically. Following centrifugation for 10 min at
14,000 g, the supernatant was diluted 1:5 with HPLC buffer and 200 pl was analysed

-

in the HPLC. All supernatants were analysed in duplicate.

15
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



Pattern Profil esHydrolysislitnus m |k 15C45CpH** RED" AH102S1 ROGHOMO
+(s-3.06. 3NR AH103S1 HETERO --3.05. 2RpCp RCMb. 5 AH105S1 HOMO- 0. 84. 9RpCp
VRSP AH109S1 TPYHOMO- --5 06. ONR AH110S1 ROGHOMD --5.04.9RpCp HOMO,
honof er nen ETERO-, heterofernmentative; -, Negati Ve,
reaction/ gﬁ‘g{M&"’lﬁ Posi tive reaction/ grow h; +(s), slow &@WHOOIHEDn
Reduction; NR, no reaction; Rp, Partial reduct ion;, Cp, Partial clotting;
*Maxi mum concentration of |Na}CI in which thg strain will grow **pH after 24
h I ncubation In litmus mlk at 37C. Species identification 15 The APl 50CHL
(Bi oMeri eux SAprddudii€) ofS s te el t he
Lact obaci | | us speC| es by th%clﬁén g@?b&ﬁ?@?ﬁ%e fgk?ﬁoe%h atailyo‘?]lﬂg?eg*f %@geratures, :
Overni ght MRS cerferiations abNeClrad eelstin biydrolysie aterretarded indfabRymbel@s.uspended i n
t he suspension nedium provided with the kit. APl strips were inocul ated
and anal ysed (after 24 and 48 h) according to the manufacturers'
i nstructions. ﬂ‘dbhtz ty of the Lactobaci | I us sp. was 20 then checked by

f

SDS- Pol yacr yl a#g=¢ ° a¥eYara total cell
protein (Bruno PO, U ?V‘é"r SFERD "’tptf‘t‘%e rsoﬁﬁﬂtmcomﬁmctmahnon)

P° %‘F’gl a
Finally, 16s RNA anal ysis and T1°Bot ypigs used to Hulhelysm skitmss pllk
I dentity. The Lden | i cation of the LEEFObaRER us
i sol ates. Anal Yd182 2SI RYG t ot HPM@e| | plslot ein of Ble Lact obacil63s SPNR

(Bruno Pot, perAstioml cemmuni éatirp) by- WO 03/ 010388 - 17 PCT/ 1 EQZ/ 00}, é&
SDS- PAGE, 165 RNA angoysds and ribotyping reveal ed further informati T on
t he

AH105 81 HOMO- - - 0.8 - 4.9 RpCp
MRSP
AH109  S1TPY HOMO- - - 5.0 - 6.0 NR
AH110 S1ROG HOMO- - - 5.0 - 4.9 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 Lactobécillus Sp. was

20 then checked by SDS-Polyacrylam1de gel electrophoresis analysis (SDS-PAGE) of

" total cell proteln (Bruno Pot, University of Ghent, Belgium, personal communication).

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

The API S50CHL allowed rapid identification of the Lactobacillus isolates. Analysis
25 of total cell protein of the Lactobacillus sp. (Bruno Pot, personal communication) by



specific species. Table 3 bel ow shows the identification of the 5

Lactobacillus strains by four different techniques. 5 Table 3 Strain Sugar

Total cell protein 16s RNA Ri botyping fernentation (SDS-PAGE)*

|dent|f|cat| flles AH102 L. salivarius L. salivariussll5 %v rius L.
sal ivarius @%@8? sal ivarius subsp. salicinius AHL03 L. 17@@ 0&@ L.
salivarius L salivarius L. salivarius subsp. salivarius subsp. salicinius

AH105 L. salivarius, L. paracasei L. salivamius L. salivarius subsp.
paracasei AHI09 L. salivarius L. salivarius L. salivarius L. salivarius

subsp. salivar SB‘S-FA'@EPMSSR%CHHJI oL fiBot pmga}le{' af‘eélafup@ewrﬁal | ﬁ%:ggsthlé '

salivarius L. salivarrus 1 Pvar bep.
Activity Profi bpesificrapecien. ']ZabM 3bslbwrshc§ﬁ thistideneifixationr s LIRShAeERA sirSins

sem -quantitat .nent of constitutive enzynmes produced by
Lact obaci | | us bg? urgjngqu ﬂF%ﬁ cells fromthe late | ogarithmc grow

phase were harvested by centrlfugation at 14,000g for 10 m ns.

h

The. pel | et ed Ciﬁh’é were washed and resuspended in 50nM phosphate buffer,

pH 6.8 to the optlcal denS|ty The strlps were inocul at ed |n
accordance w SEmancaly : eI P
and col our 15 developnent recorded T act|V|ty profl es
strains AHL02, AHL03, AHLOS5 ™ AHFEY, AH%%%Q‘#? p

None of the stralns exhlbltewﬂmhpase trypS|n a- chynDtrypS|n

a- gl ucur oni daST, I 5 'a
Table 4 PCT/IE02/00111

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, a-

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

e 2/ C
y’6“f"gthe 5
r eddemifigtion n Tabl e 4 bel ow.



AH102AH103AH105AH109AH110 Al kal i ne Phosphat e33433 Esteraselllll Esterase
Li pasell111 Li pase00000 Leuci ne Aryl am dase43433 Val i ne Aryl am dase01111
Cystine Arl yam' dase55445 Trypsi n00000 a- Chynot rypsi n0O0000 Phosphat e
aci d55555 Phos dr ol ase55445 a- Gal act osi dase03433 13- si dase34454
13-4l ucurorw‘a @%‘36‘%00 a- 3 ucosi dase00000 13- d ucosi daseog% 2/001?
a- 3 ucosam ni dase00000 a- Mannosi dase00000 a- Fucosi dase00000 5 Antibiotic
_sensitivity profiles Antibiotic sensitivitjygprofiles of the isolates were
determ ned using the "disc susceptibility' assay. Cultures were grown up
in the appropriate broth nmediumfor 24- 48h spread-plated (100l) onto agar
medi a and di scs contai ni ng known concentrations 10 of the antibiotics were
pl aced onto t h&ablgd. St ral ns were exam ned for antibiotic WO 03/010298

PCT/ 1 E02/ 0011 }—3S—SeRsi=tt-v+ty "Eﬁe;_
anaer obi ¢ conditions. St ra| ns vve#mogorm S i yeAH10 fo

i nhi bi tion of "TMAN&linePHRsPHale W3 € Seen.| ANBI DT ptTcg of [iumgur c{1m gat

i mportance were_used to ascertiin the gensjitivity profiles 5 pf each of

the 5 Lactobacill usEsterag¢ ns. Hakh of the |dctobacilli testkd was sknsitive
to Esterase Lipase 1 1 1 1 1

Lipase

Leucine Arylamidase
Valine Arylamidase
Cystine Arlyamidase

Trypsin
o.-Chymotrypsin
Phosphate acid
Phosphohydrolase

o-Galactosidase

B-Galactosidase

B-glucuronidase

o-Glucosidase

B-Glucosidase

o-Glucosaminidase

o.-Mannosidase
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o-Fucosidase

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



anpicillin, anoxacillin, ceftaxinme, ceftriaxone, ciprofloxacin, cephradine,
rifarnpicin and chl oranphenicol. The antibiotic sensitivities (ug/m) of
Lact obaci | | us salivarius AM 02, AH103, AH105, AH109 and AH110 are given in
Table 5 below. WD 03/010298 -20 5 10 Table 5 PCT/I1E02/00111
AH102AH103-WRI¥HERY 00AHI10 NET 10RRRRS AMP 25SSSSS AMC 3P634ER/NKI30RRRRS
W 1. 25RRRRR TEC 30RSSRR CXM 30SSSSS CTX 30SSSSS ZOX 30SSSSR CRO 30SSSSS Cl P
5SSSSS CN- 10RRRRS MIZ 5RRRRR CE 30SSSSS RDE§SSSS V 5RNDSRR C 10SNDSSS
TE10SNDSSS E5SNDSSS NA 30RRRRR

sensitivity after 1-2 days incubation at 37°C under anaerobic conditions. Strains were

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

Antibiotics of human clinical importance were used to ascertain the sensitivity profiles

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.



R, resistant; S, sensitive; ND, not determned Gowh of |actobacilli at

| ow pH Hunman gastric juice was obtained fromhealthy subjects by aspiration
through a nasogastric tube (Mercy Hospital, Cork, Ireland). It was

i mredi at el Lfuged at 13,000 g for 30 min to renove I|d

particl es,&@g{’}{){oﬁged through 0.45 mand 0.2 gmfilters a‘%&’l&? Mg into
40 mM aliquots which were stored at 4C and -20C. The pH and pepsin activity
of the sanples were neasured prior to exp dment al use. Pepsin activity
was neasured using the quantitative haenoglobulin assay. Briefly, WO

03/ 010298 -21 d£02/ 00111 aliquots of gastric juice (1m) were added to
5 m of substrate (0.7 Murea, 0.4% (wv) bovine haenogl obulin (Sigm
Chem cal Co., |0.25 M K{ I:KHIOBUH er AH@03 2. D) AHID5 1 jculaiied al ZAHiieanp! es

were renoved ¥—GETF 6758—H)—265-aRd—B30—mHp—i-nt e.rvés.—-zea%an;/\ere
. T10. I’ "R . .
term nated by{the addi tji on of S%trlk%l oracetlgamc (TCA) angl 5 arlowed to

stand for 30 m AMPEhoyt agBt atipn. ASsay mxtwes Jere Bhen {ilteged

44!1& faYaYa) a 1 D
(What man, no. T3 et ygged— 666 ot—15—fr—apd—absorbancea

280 run was msasured One unit of pepsin lenzyme actjivity was|defihed aps
t he anmount of |endK® rfequi Red tp cauBe an| i nciRease [of OR0O0I {initssof A280

nm per m nute-a%l-%?—f' ; W—ﬁw HSHrg
haenogl obul i n[as substnate. 10 Tp detern ne vvhé{t her {growt'h of theR

Lact obaci | | us|st¥EG 35 gccurRed af | oW pH vial ueS eqli valRnt tp thdase found

in the stomaclr—cgggsgT ght cHHturps—wegeTnocugred—{tH0—gnte—+resi—MRS
broth adjuste 3.0 2D and 1.0 using INHKHC. At regular

intervals aliQudtis®30. gnl) Sere fenovi®d, dptic& defsitySat 6DOnm§ CD600)
was 15 neasur edZgEgolfony §orm g urg tsper— g ety geateptatggustng
the plate coupt___neih Gowth Was nonitd ver 24-48h ppri 03?
Survival of the ®3# ns at Pow pH inNitrd wasSi nvesti ga¥ed ubi ng Iwo
assays: (a) Ceftgpere[harvgsted| fTorg freghovgrmyit——cugtores,—waghed
44twice in phhsphate 20 buffer (pH 6 5) dnd resuspended in MRS broth
adj usted to pH 3*B103.0, 2.8, and 2B (uwifth IRHA) to B finpl S

concentrat i on[OfV@RBr oXi matgl y 108 cfgg/mi—for—{ie R R
CE 30 S S S S S

RD 5 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 5 “ND S S S

NA 30 R X R R R

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

Growth of lactobacilli at low pH

° Human gastric juice was obtained from healthy subjects by aspiration through a
nasogastric tube (Mercy Hospital, Cork, Irela.nd). It was immediately centrifuged at
13,000 g for 30 min to remdve 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,



| actobacilli. Cells were incubated at 37C and survival neasured at
intervals of 5, 30, 60 and 120 m n using the plate count nethod. (b) The
Lactobacillus strains were propagated in buffered MRS broth (pH 6.0) 25

daily for eriod. The cells were harvested, washe spended
in pH adj Givs‘f‘é‘ﬂﬁ?@ﬁ broth and survival neasured over a 2 Hcg@lﬁz{?gﬁgsi ng the
pl ate count nmethod. 30 To determine the ability of the |actobacilli to

survive passage through the stomach, an .ex-.vivo study was perforned using
human gastric juice. Cells fromfresh overnight cultures were harvested,

washed {ui ce | Midusty oigattpitfie et SRIARGBHADe SELNURA, WOLO3/ 910208,y 22

PCT/ 1E02/ 001 11 gastric juice tc¢ concentration o
dependi ng on t heviag hagmoglobglin(Sigma Geesnicad ia.,00.85 M \KCI-HCBBuff, pHIL.0) and

i ncubati on per} T, L oent perf qQr usi gastric juice
2t ph - 12 (e a2 S Rge Wiea 46,20 B I Spiad B4 S ke L
strains test edRgsotians ovena térmimtedpby Ghe addidloldf 5% tFiEA6fALAR adid ATCA)4nd
phase after 8 i t.h, a_ doupl i tinme, of 80-100 nmin. At pH 3.5 growth was
restrict tgd Wi tﬂb ol sﬁ%‘#&&é@%ﬁ‘c?’&ﬁ%t f§atPng - ?ﬁs.ay Www%gsn §Bteesdv ed
at pH 2.5 or (Whetmantdeet 83)pcenirifeged\at YAD000F £drNS nsih bad %H-‘W '
exam ned. 10 Each of ﬁ%@é’;&i ns ,g\/\b/gs ggneor)éal |y res?ﬁiab}?ﬂ?%éegﬁgzva uesas3. 5,
t

3.0, and 2.5, WpisHred |RepYn gaaymecActividy Wpa defingd @s Mielmsouat obenzyme
exhi bi ting resjeghindicd catiseRdd iferbhsé 886,801 GHis of k%%{,‘”?ﬁn pel il ?fe?rfggeb '%Egaesf-‘% It lh:at y

of the Lactobacillus strains to survive condi {1 ons encoun

human st omach, asvFGdyispluble psedusts aiking haenimgldbulin assubstratas t ested in human
gastricypuice at pH 1.2 and pH 2.5, as shown in Table 6 bel ow. The survival
is expressed at 10910 cfu/m (nd = not determ ned). Table 6 TIME (nom
STRAI NpH053060T'd detemniniae whether gipwth of the Lactobacillus strains occurred at low pH values

equivalent to those found in the stomach, overnight cultures were inoculated (1%) into
fresh MRS broth adjusted to pH4.0, 3.0, 2.0 and 1.0 using 1IN HCL At regular
intervals aliquots (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:

| (&) Cells were harvested from fresh overnight cultures, washed twice in phosphate

20 buffer (pH 6.5) and resuspended in MRS broth adjusted to pi—l 3.5, 3.0, 2.5, and
2.0 (with IN HCI) to a final concentration of approximately 10° cfu/r‘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



1.29.168. 846. 81nd AH102 2.59.499. 349. 539. 25 AH1031. 29. 178. 773. 30nd
2.59.739. 719. 509. 44 AH1051. 29. 389. 005. 87nd 2. 59. 699. 499. 629. 51

AH1091. 29. 798. 714. 20nd 2. 59. 769. 599. 689. 72 AH1101. 29. 498. 846. 81nd
2.59.779.6 9 WO 03/010298 PCT/ | E02/ 00111 -23 G owt res in
the pr esenggj%‘?o%gge Fresh cultures were streaked onto gc%%ﬁ%h lit es
suppl enented with bovine bile (B- 8381, Signa Chem cal Co. Ltd., Poole) at
concentrations of 0.3, 1.0, 1.5, 5.0 and.%2%%5 (W v) and porci ne bi | e
(B-8631, Sigma Chem cal Co. Ltd., Poole) at concentrations of 0.3, 0.5,
1.0, 1.5, 5.0 gahid j&ie ¢avaviinal RopbchiratS ef '10Qw§95§ﬂpﬁtde§e7nﬁrxgQﬁfm@@ﬁg%ob' c

conditions and _growh was recorded after 24-48 i sola
from sever al h§H%[Wab&’|aF menierad pyer 260 minineubation paiud aiéflﬁﬁ eThd Expesimenf-or

?érperll)n?ﬁn;él Bile CI Jlngorrpo i mc‘Qﬁ{c? ﬁ%ﬁ d%{uﬁgé]b\ﬁgd) &Bﬁ e@@'ﬂf%‘gfingt ooc

reverse-phase High Performance Li qui d Chromat ography (HPLC) in conbination

with a pyl sed r tr tecto ordin t he _net hod of Dekker et
al . (20). 3 PonaBat o Facs %’6@ Sifgjn fesled gt aﬂmaﬁw% 6% angd pIb ASeazching on
of 0. 3%(v/ V). stmmmmaséamlsadwuﬂsdaummgrtm HER(E1 RNAIH, %‘nﬁ;ﬁ@rs SO Ppaf ter
24 and 48 h. Human qal | ﬁ? der, e pqossesses a bile aci concentratl on of
50- 100 mM and TeSFEEHiHR dopblipg t'%‘ﬁﬁa}“FmPﬁ{'&@c‘? gl N?\/ﬁ?%’tlitﬁﬂsso‘?@meémpféﬂl%n to

5-10 nM  Furt herIGRER therdfOrdCSuraial BF HeQEthindht 1892:@’{ Whé 4l e acids are found
as sodiumsalts. Therefore, 20 cultures were screene or "growth on MRS

agar plates containing the sodiumsalt of
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 bélow. The survival is expressed at
log10 cfu/ml (nd = not determined).

Table 6
- TIME (min)
STRAIN pH 9 5 30 g0
Lactobacillus sp.
AH102 12 9.16 8.84 6.81 nd
2.5 9.49 9.34 9.53 9.25
AH103 12 9.17 877 330 nd
25 9.73 9.71 9.50 9.4
AH105 12 9.38 9.00 587 nd
~ 25 9.69 949 962 9.51
AH109 12 9.79 8.71 420 nd
25 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




each of the following bile acids (Sigma Chem cal Co. Ltd., Poole): (a)
conjugated form taurocholic acid (TCA); glycocholic acid (GCA);
t aur odeoxycholic acid (TDCA); glycodeoxycholic acid (GDCA); 25
t aur ochenodeoxycholic acid (TCDCA) and gl ycochenodeoxycholic acid EGCDCA);
(b) deconj ¥W@63¥W0398rm |ithocholic acid (LCA); chenodeoxy®&EMEQROGHL
(CDCA); deoxycholic acid (DCA) and cholic acid (CA). For each bile acid
concentrations.of 1, 3 and 5 nMwere use% G owth was recorded after 24
and 48 h anaerobic incubation. 30 . Both 7 3qualitative (agar plate) and a
guantitative ( assay were used to, determ ne deconjugation activity.
WO 03/ 010298 PSRV CHEAeHIN IODIBSCACEOLRLCAY: Al the cul tures were streaked
on MRS agar plates supplenented with (a) 0.3% (wv) porcine bile, (b) 3 nmM
TDCA or (c) 3 msfAcbifire WERRIrbARE oRd MRS aﬁé}gﬁﬁéy&?gﬁ&eﬁﬂad %ﬁ%@in%ﬁ% (Bl tate
ce Liqu Ch y

surrounding the col onies. 5 H gh Perform J r omat og;gph HPLC) :
Anal ysi s of i n838t, Sigmaihasricaldo. Lish Ropleh aiheoncesitiationsenf Ok A 0o 146210 agd h§%HPLC.

Briefly, overni gﬁs Bﬁgﬁ/ér?@%%le Kﬁ;_rsgﬂ rk?ﬁﬁ}eﬂi g&%ﬁgcgﬁf@. L'lt&‘tﬁ%d!%?e%é RERbbeati ns.of | y

suppl emrented w man ‘bl were 1ntu anaer obl
at 37C. At vari0®y9.5 1.0p1.64.6 aud 7 $% (w'v). aPlatéds wepecincubdted o 370 adef dnavtabioner e

renoved and centrjfuged,at 14 000 r for .10 n. Undiluted 10 cell-free
super nat ant (36°‘F‘$‘tl‘?ﬁg§“‘i‘ Erowth as %@@%?f&q@%ﬂﬁlaet obaci | l us salivarius
AH102, AH103, AH105, AH109 and AH110 were capable of growh (bile acid
resi stance) on _three sources of bile used. It was observed that resistance

to bovine bi | e Bilgsamples, isplaed fromnseeralbbhysaan galibladders, werecsiorgd at 188°Q before

Lact obacid | us ' regi i

ol udh i 5 o i R B ey AR E ohinpleh ot GAREEROEIRH A Solfibel &t B

i nhibitory as $é¢rofirminn Bikeicisl contpsisidien of burfarbbite WasSIeroxmingd(using revecR@hage Bl LE

0.00.3 0.5 1. 0Hl1gh5 PR Smange h?lﬁltl(? Qﬁ\%rl’l&tgfraﬁﬂf (HPLC) in combination with a pulsed

amperometric detector according to the method of Dekker et al. (20). Human bile was
added to MRS/TPY agar medium at a concentration of 0.3% (v/v). Freshly streaked

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):

(@) conjugated form: taurocholic acid (TCA); glycocholic acid (GCA);

taurodeoxycholic acid (TDCA); glycodeoxycholic  acid (GDCA);
25 taurochenodeoxycholic acid (TCDCA) and glycobhenodéoxycholic 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.



AH102++ - - - - - AHIO3++ + - - - - AHIO05++ - - - - - AHI09++ - - - - -
AH110++ - - - - - Regardless of the bile resistance profiles in the
presence of both bovine and porcine bile, each of the Lactobacillus

sal i vari uswstosaiores grew to confl uence at the physiol ogi cecT/oEO@NA1rati on
of 0.3% (v/v) human bile (data not shown). 25 WO 03/010298 PCT/ I EO02/00111
-25 Each of the Lactobacillus strains, when anal ysed specifically for its
resistance to individual bile acids, greddwell in the presence of taurine
conjugated bile acids. Isolates fromeach of Lactobacillus strain grewto
confl uence on Blgterassapcli Alhthe culiured wenegtreaket on MRS ager iplatksisgpBemnted withfa)i ne

conjugates T and .T ok t est GCDCA
was the nost @%%%%%?Qrgﬂmlw 3P%%$%f?¥g? F&W&? eﬁ%@"?ﬁ‘é’hlv&aﬁst
i nhibitory of dtiervediaes @payi precigionng sigriuading Brablonfes. t he Lact obacil | us

strains grew on agar nedi um supplenented with 5 MM GCA. This is shown in
Tabl e 8 below. 10 Table 8 BILE ACIDS ) STRAI NGCDCAI GDCAGCA 0135013 50135

kﬁi B SE iii I+I+g i HBR- PFbRrarte YLt EhFdRdiograpny T HPOEIL 05 Anblysist 68 in  vitro
deconjugation of human bile was performed using HPL.C. Briefly, overnight cultures
were inoculated (5%) into MRS broth supplemented with 0.3% (v/v) human bile and
were incubated anaerobically at 37°C. At various time intervals over a 24 h period,
samples (1 ml) were removed and centrifuged at 14,000 rpm for 10 min. Undiluted

10 cell-free supernatant (30 ul) 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



AH110++++++ -; no growth; +; 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 the presence of CA 15
was al so t shown in Table 9 below, three of the ' AH102,
AH105 and ﬁé&g@w@?ew in the presence of inM CA None of ?ﬁi}né@ogﬁﬁs grew
in the presence of 1 nmM CDCA. (data not shown). 20 WO 03/010298

PCT/ 1 E02/ 00111 -26 Table 9 STRAIN CHOLIC AAD-(m-M 0 1 3 5 Lactobacj!lus
sp. AH102 + AH103 + AH105 + AH109 + AH110 + Detection of antimcrobial
activity 5 Ant igllse 0P i%&éﬁ&yt}’ﬂﬁ Sl . f.er & hpd
(21). Indi catorE‘s&kl?Jsoegh?na the |]ni % I a g@%@g&hiﬂgsgédmg{égiﬁ&ﬁﬁrl ﬁﬁ&%utgf,ggﬁ_. b

f er ment um KLD, imlivifliid Ubiltes ecidss gremd well gothe proseBice oBrtaurink yconjupated dbile cdoidsi | | i

(MRS) were incuybated.for - .36-48 .h, respectively. Ten-fold
sorial dilutionORiE: £‘°§bfé‘§b§g|ﬁéf‘§§g‘i‘é‘ﬁoi‘ a“Brﬁ‘%‘Vl\iﬁs?"Fb’%e‘fﬁ o, A8 WEAYM
Af ter over ni ghtcontfigéiyaip torand iMchidasy Sinvhofkadhine whjugaeoTCAs TDEACndVRIDEX ed
with the indic toi:l bﬁcxerium The | ndi at&r | awn was, prepared_b

i nocul atithg a ac?fd ¢ ElycwmeLonmgatas Fﬁfe%%épp ) Wit thg mast, inhibitg GPE}yiAc‘é(%leSS
cul ture which B kdhds | ) :
The pl ates mrﬁ%ﬂ“ﬁéﬁ%ﬁ%ﬁ%@?}ﬁ?ﬁt uﬁ)r_eéf %gﬁ%??gﬁg@%gﬁr,%lga o§{s
growt h of the ithediastabeeillys siraing grav onpairgnedivm supplementedwitng rM (G{HA.biThion

zones greater thanol iiabil siRfiw/s were considered sensitive to the test

10 Table 8
BILE ACIDS (mM)
STRAIN GCDCA GDCA GCA
0 1 3 5 0 1 3 5 0 1 3 5
Lactobacillus
sp. _
AH102 + + - - |+ o+ - - + + o+ o+
AH103 + 4+ - -+ + - - + o+ + +
AH105 + 4+ - -+ + 4+ - + +  + o+
AH109 L N T I B R R S
AH110 + + - -+ o+ - - + o+ + +

-; 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 {mM CA. None of the strains gréw in the presence of
1 mM CDCA. (data not shown).

20




bacterium Inhibition due to bacteriophage activity was excl uded by
flipping the inoculated MRS/ TPY agar plates upside down and overl ayi ng
with the indicator. Bacteriophage 20 cannot diffuse through agar.

Lact obaci |l us salivarius AH102, AH103, AH105, AH109 and AH110 vvere screened
for inhi BVO®B1038% i vity using Ls. innocua, L. fermentumB4BEO yorescens
and E. coli as indicator m croorgani sns. Wien the test strains were

i nocul ated on unbuffered 25 MRS, inhibitihon of the four indicators was .
observed. Zones ranging in size from| WJP03/010298 PCT/|E02/ 00111 -27 nm
to 5 M were ,irgte?a]sgred. I nhibition of Ls. innocua by each of the

| act obaci | I'i uced the largest zones. Exanple 2: Adhesion of probiotic
bacteria to Rot1nal _eprinerra BIC Yn Assay. The
adhesion of the probiotic strains was carried out using a nodified version.
of a previo - Cco-2
cells were 10L9&%§{ fn sterile 22mr2 gl ass coverslips, which were placed
in Comng tissue ﬁ re di she at a congentration of 4 X 104 cells/ni.
Cells were fed fr di um evg_ry 2 days. After -10 days and
differentiation o nonol ayer, had occur_rl_ed the nonol ayers were washed
tw ce with Phosp uffered Sa'llne(PBS) Anti biotic- free DVEM (2n) and

2mL of - 18h Lb. sHg$@Ensi on conyai ning -109 cfu/mM were added 15 to each
dish and cells weAHumcubat ed for 2h at 37Cin a hum -dlfl ed atm)sphere
cont ai ni ng 5%5Cce: ' TeS
with PBS, fixed in nmethanol (BDH Laboratory Suppl i es, Pool e, UK) for 3
mn, Gam stained (Gam Stain Set, Merck) and exam ned ni croscopical ly
under oil i rS|toon0 For.. 3541 a i\?;ﬁf coverslip nonol ayer the nunber of
adherent bact 20 cells was counted in 10 m croscopic
fields. 5The mean and standard error of adherent bacteria per 20 epitheli al

cells was cal cul af e Each adhesi on ,assa rrie Ilc.ate I n
a second net h B“m%%éql agERY; Waj dgtectefusing ﬁ‘e%%"e‘g ahgﬂ AEGP%%‘? T3 U§esh
removed by  the initial screening were L. innocua, L. fermentum KLD, P. flourescens and E. colz
V157. Briefly, the lactobacilli (MRS) were incubated for 12-16 h and 36-48 h,
respectively. Ten-fold serial dilutions were spread-plated (100pl) 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



25 vortexing the nonol ayers rigorously in cold sterile H20. Bacterial cells
were enunerated by serial dilution in quarter strength Ringer's sol ution
(Oxoid) and incubation on MRS (Lactobacilli). Each of the 5 Lactobacill us
strains, Akbdd3010944103, AHL05, AH109 and AH110O 30 adher edpdmro2/00111
gastrointestinal epithelial cells (Fig. 1). These probiotic strains would
be WD 03/010298 PCT/ |1 E02/ 00111 -28 suitable as vaccine/drug delivery
vehicl es as they adhere to the gastrointe2linal epitheliumand therefore
interact with the relevant host tissue. Exanple 3: Determ nation of the

ef fect of eacmmftothennh aeteoimagsutedusinbibitionnet L inrociBMC eagtt afkiha dagiolediilit i on.
Peri pheral bl ood, nongn cle?r cells were isolated from healthy donors (n=19)
by density gﬂﬁﬂ?§ﬁ$8@3ﬂ¥?ﬁfﬂ8§tion. PBMCs were stimulated with the
probiotic bacterial strains for a 72 hour period at 37C. At this tinme

cul ture supernatants were collected, 10 centrifuged, aliquoted and stored

at -70C until Hginfifle 25AARGRH fr’rolbihtigbaétbri&% %Ashvoi.iltmnﬁp@bﬁuém deflyel s using
ELI SAs (Boehringer Mannhein). AH102, AH103 and AH105 stimul ated production

of IFN? §rom PBMCs (Fig. 2). 15 AH102, AHL03, AH109 and AH110 co-incubation
did not significantly alter 1L-10 levels (Fig. 3). Stinulation with AH105

significantly A %&83%& cretion of IL-10 by PBMCs. AH102, AH105, AH109 and
AH110 co-i ncubaq%‘l—orr'gr'g'ﬁff icantly upregulated IL-12 20 production by PBMCs

(Fig. 4). AH103 had no significant effect on IL-12 production. None of the
5 Lact obaci | | strains i nul.ated |1L-8 producfion in vitr from PBMCs
sol at e f r om B RyOtISh e Profiertc s WA Seted adcueing & woiid; eRiign af &
reduced (Fig. pedviowdly deAQIKE/mRRRO@2PCTihk EiihoR érk bf FAS2Exa P2 cells were
Determ pation of cytokine levelsg in an epitheli %I / PBI\/CE co-culture . nodel
fol | ow Hb i ncPBeERarednonisterilenfAmm glass Apyerslips, which were placed in Coming tissue

culture dishes, at a concentration of 4 X 10* cells/ml.  Cells were fed fresh medium
every 2 days. After ~10 days, and differentiation of the monolayer had occurred, the
monolayers 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 methano! (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 H,0.  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



The appropriate in vitro nodel wi th physiol ogical relevance to the
intestinal tract is a 5 culture systemincorporating epithelial cells, T
cells, B cells, nonocytes and the bacterial strains. To this end, human
Caco- 2 epi jal cells were seeded at 5x105 cells/m on_t i cal
surface of R@‘SH@“P answel|l inserts with a pore size of 30“9&&%203%20.
These cells were cultured for four weeks in RPM 1640, supplenented with
10% foetal calf serum glutam ne, penicilldgn and streptonycin, at 37Cin a
5% CO2 10 environnment. Culture nmedia was changed every 3 days. Wen the
epithelial cells L : It t L& YR ' I ;
nononucl ear ce%@gabﬁgﬁ/gg)%l\bvée@gﬂg ?‘g{;l tgﬂﬁﬁ% ggnm tﬁ&ge?%g?gtﬁ? gam‘d}ﬁ’@stmal
centri f ugat i onepitheliot andshereforrENEsactwiith thegelbvantbiost isswel ateral ly to the
epithelial cells and cultured with 1x107 probiotic bacteria. Controls
contai ned nmedi a alone. No direct cell-cell contact between PBMCs and 15
epi thelial cel [Exawiple poPeicbimindtiontdfithe effettlof eycl efitirenLhceslaliliiastrains on
comuni cat i on m medi at ed §O|§‘|§Y by sol uble factors. Followi ng 72 hours
of incubation Ck RTORIEUY™- cell culture supernatants were renoved,
al i quoted and stored at -70C. TNFa and |IL-8. extracellular cytokine 20

| evel s were neasured using standard ELI SA kits (R& Systens). TNFa |evels
and |L-8 | evePeripheral m@@gm@apuqle@r @aly wers isolajed; tigm y fdoners nREY| By

vol unt eers. Fol i {s ! : i jakeoed | <P = i th
probi otic bact glfﬂlﬁ‘gy %gaﬂ{ﬂg%gﬁh%'}g&- c@%ﬁd&&?g@?ﬂg{e&e@gﬁ ggg’rrn&{n(lgi {?&IE%_MI SAs
(Fig. 6). AH108trdiss for grvi2flicuaperiod at3dUS et thisdtithe owiure $upetnaginiseyese seltbced,

cort e, Vi 5a o SRt Aals Gad sV -Tond N B preasted R G0 e
system pl ays aj1gi g IFNydevels 68z ELISAB €BeebtingdragannBeich)pat hol ogy of a vast

range of human di seases. Hyper and hypo-i mmune responsiveness results in,
or 5is a conponent of, the majority of disease states. One famly of

bi ol ogical Nt i @5, Arf6f BRFARbALiIMARed Boudith b BN PEIRE! fgND). 0 the

control of inmmuné procéesses. er t ubance ese delicate cytokine
networ ks are being increasingly associated with many di seases. These

di seases_j nclu t n L mi i nfl tQr i sorder

i m‘runode]fd Ci engﬁl%?néﬁﬁﬁa%lbb BB@\E&@&%’&Q@‘%@% ﬁ%%qqélm“&%%ﬂrl&%q

cancer 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



10 (particularly those of the gastrointestinal and inmune systens),

di arrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
appendicitis, autoinmmune disorders, multiple sclerosis, Al zheiner's

di sease, rheumatoid arthritis, coeliac disease, diabetes nellitus, organ
transpl ant WP 8H01BBct erial infections, viral infections, ®§a00111

i nfections, periodontal disease, urogenital disease, sexually transmtted

- disease, 15 HV infection,- HV replicatio H V associ ated di arrhoea,

surgi cal associated trauma, surgical-indiUted netastatic disease, sepsis,

wei ght | oss, angrexi.a,, tever .control, achexia, woun eql | ul cers, gut

barrier functi AR & df}?{ergy{lm 0* @BE\“&BB" ingpn, GP&EQ?,?)P?MG&%‘E e

di sorders, cor qhédel fdlRWihg Dicibatfod with 31103 andiA¥pr1@er s of the bl ood

coagul ati on system renal disease, disorders of the central - nervous .

- system 20 hepatic disease, ischaem a, nutritional disorders, osteoporosis,
endocri ne di sorggr, I | o &H d s IRSQL 1 &S] Is The

ffects on oyt opcrppopAs o7 Dl metel QidlThyyiolbEipl i) hed P uBifiEal B2 ia

strai ns exam netlturgraystespinspipomting cipitheliat celis; & wells, Byells menceytes @nd ahe

normal i si ng an USi CWt okl { nbal ance particular.for a cifli
di sease type. 83&5&? Jé%‘l gé’é?‘ﬁ'o#%w ‘%?%dé;ﬁgg‘a% prt'cea(??'?i egltt'ﬁba:l §ﬁ]ilse§’eﬁea§f'e§§jeat 5f.x185
acconpl i shed 28llsisi ng the spitdcuiface of 25 hen patswelltinsertwith Aporé Sikedf 3naye.

| mmune Educat i Th terigc flora.is.important t vel opnent and
proper functi ogegﬁ‘tar_?'h hleﬁtc@gf ?”_ﬁ'ﬁlcult%@dif We??%%’c“g%é ﬁhgf%éuﬁa‘gﬁ%‘ﬁ’@é‘ With an
enteric flora, 100efdetal edlf kéram, pRitAtife, PLBicRIR hid HRIRNHIRUEPBEE indS5% CO,
denonstragted in germfree ani mal nodel's, and certain functional WO

03/ 01029¢ PCT/ erOgrgRent 1 Culfureredifatas changed ewerti nrlayiie dWhemdhe epjthalial cgBhage
phagocytic abi lgjehy ftﬁl}dtliiffhﬁm-i'ﬁ&ﬂ|h991(%;£gﬁ{e?ﬁ!{%ddoﬂoz(&fﬁ&ea§9éﬁs!@Eglf

G e OF
the gut flora in stinulating non- Nng i mMmune responses i s becom ng

nore evident. Tolatechby alensityi gradiant centrifegationd b0 washedoPBMOsewss égubated he

western world [.inked wit.h.an,l ncr.ea in 5. hygiene and., sanitation,
concomi tant wi ttg %?oég?%g@{ etés'!égi ?P%%léal nfﬁlrlﬁe?'“daﬁ@%f%dr:dvétho%igi nP@%qu’BugaCte“a'
chal | enges enc @ontrels adnhinet heedi® alone THNG diragtkeellfceil rooMAGt Bétwabh PBMCs Ry

al l ow t host tg react to non-pathogenic, but antigenic, agents resulting
in allergy or eﬁlﬁfei‘Fﬁ?FhﬁiW%f. pqﬂé‘gﬁ’b‘é’r pemedsh systern agf cgHular cemmygicafon was

non- pat hogeni ¢ medaiedsoEBoby stlblyfabed. eri a woul d provide the host with the
necessary and

Following 72 hours of incubation with AH103 or AH110, cell culture supernatants
were removed, aliquoted and stored at ~70°C. TNFa 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,
TNFa and IL-8 cytokine levels were examined by ELISAs (Fig. 6). AH103

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



10 appropriate educational stimuli for proper devel opnent and control of

I mmune function. Inflammation 15 Inflammation is the termused to describe
the local accumul ation of fluid, plasma proteins and white bl ood cells at
a site that _has sustai ned physical damage, infection or where there is an
ongoi ng innﬁﬁ%3py¥g nse. Control of the inflammatory respohSEIg0Z00dLerteq
on a nunber of levels (24). The controlling factors include cytokines,

hor nrones (e.g. hydrocortisone), prostaglangg, reactive internediates and
20 | eukotrienes. Cytokines are | ow nol ecul ar wei ght biologically active
proteins that aﬁﬁnuﬁéﬁﬁﬂd@ﬁgni” the generation and control of i mmnol ogi cal
and i nfl ammat ory responses, = while al so regul ating devel opnent, tissue
repair and haemat opoi esis. They provide a nmeans of comunicati on between
| eukocytes thenselves and also with other cell types. Mst cytokines are
pl ei ot rophi ¢ anThehmasitniliesysidre phiyoh SighiFRhdt Yol it the ABIIIOEY A1 afidlogyl 4SS
Cyt oki ne cascades, and nefworks, control the jnflammatory résponse rather
than the acti onvast raq8% St PYEdR ‘i‘?eaﬁ‘iﬁt Jkinse arshhypopmmyng gespensivaness ipgBts(in5or,

vani ng of sthe jsnf L AAEEREROf, B TRGERS o"f%uagessﬁtéb. '@M@fanﬁgg@@mbfog{chf&ﬁi f, the
appropriate activating signals and other Inflammatory | ACGPS ] aath g to
t he cessation ofrmek cytakingsrase pasficulady jmporiant TiFthe i controlpof/ immbune processes.

pr oi nf | ammat ory ' i 0000 L. Al e.of. 30 cvytokines and

bi ol ogi cal eff elf:“t%sﬁt"fg‘gés?g Pt @gsg ‘%eﬁéa[e%@t@%fﬁs%eﬁ%ﬁg?‘%cl’&f‘b%t"é‘?feaﬁﬁ@%?s&P%?‘egévé% s
WO 03/ 010298 PGharyEAiRdasés] MMhesSdisaabasdhcludeibutiate ddifmitdao tnflanGhdtby disiraés,used
for the treatnent of [&t{i]f.l anmat.or di eas?s” e.g. infliximb.

Pro- i nf | ammat or JPRSACGRMGEREY FiiPaps! shisgase iitably bpyelesyndromg, cancer

pat hogenegi s of (paicany thatk| ot h@ gastinksG8ASAR, imnileWdkiafhs), HArRBER! @kdasbove!
di sease (I1BD). Current the,ragi es for treating |BD are ainmed at reducing the
| evel s of t hesecBHPIONEpssQFiated ofliarrhosa; paediatiic™ idigsthoen. ngpRendigitisn dautoimanunguch

therapies may afisRddb,a¥miiplé %ietdsfsanmzhghﬁr'si Bisdale }@gﬂ%mtar iti§,y§:59FQCC
i nflammatory di seases such as rheumatoid arthritis. rritabl e bowe
syndrone (1BS) disease, diabates mgHites; organ deansplanitativing bactkrial indédtions,ivigl infedtions,

15-20% of th | ' iLr o Lif The f
Symptoms. i nel gt Brkcing oeRaiRsat AGSe WaiialdlEoly vy CERRLIEHSE,

di arrhoed5or  HIV infection, HIV réplication, 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 diéeaée, 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 developmetit 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



constipation, flatulence, and abdom nal distension. There are no sinple
tests to confirmdiagnosis, and if no other organic disorders can be found
for these synptons, 15 the diagnosis is usually IBS. Patients suffering
fromIBS represen s many as 25-50% of patients seen by
gastroenterglrpoogﬁé'izgéa Many factors are thought to be invol vEGTE28HeLt  of
synptons including e.g. bout of gastroenteritis, abdom nal or pelvic
surgery, disturbances in the intestinal bagjerial 20 flora, perhaps due to
antibiotic intake,, and enotional stress. npared with the general

re more | i kel JRacpe” e cRimtten | ShP"  SORtonkak e HEGReA, Wiyl o

are nore |ike o) ag absent anduse S
There are no einimundglabulie grasiattian @3) rEhetimpanahce of thetgyt flomda RtimaKeng non-

t her api es have included antispasnodi.c agents, anii-diarrhoeal agents,
dietary fibre sOAAENEIRmatne feRpnnses s heeoiaing Rdre oVidem | e BRERte B InEdeasei ¢

visceral per cepirdogeverityadfofiigies e adsierrt KiRFIA 128 Medn 1iWkdd RitRamNinetbadens
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I nfliximb. Cytfakéttvas and Cancer 10 The production of nultifunctional
cytoki nes across a w de spectrum of tunour types suggests that significant
i nfl amrat ory responses are ongoing in patients with cancer. It is
currently uncl egfiaphitior Ot ecti ve effect this response has against the
growth and developnent of tunour cells in vivo. However, these
I nfl ammat ory responses could 15 adversely affect the tunour-bearing host.
Conpl ex t oki ] . ' | NV.0 ' l.atlo . 1C Ki ne
oroduct i 8. and SpPREAALH BeeR Red K etEibe b 16 (BB Bt flial Bl
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 - lieukotrienes'. Cytokines are low molecular weight biolf-)gically 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 cdntrol 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



normal tissues (26, 27). It has |ong been recognized that weight |oss
(cachexia) is the single nost common cause of death in patients with
cancer and initial malnutrition indicates a poor prognosis. For a tunour
to grow and_spread it nust induce the 20 formation of new bl ood vessel s and
degrade t heWOBPRY | ular matrix. The inflammatory respon<e/THOMLy e
significant roles to play in the above nechanisns, thus contributing to
the decline of the host and progression of .4 he tunmour. Due to the
anti-inflammuatory properties of LactobacilTUs salivarius these bacteri al
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15 the diagnosis is usually IBS. Patients suffering from IBS represent as many as 25-50%

CO.

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, perhéps 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.

v 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



to antigen presentation, live bacterial vectors can produce bioactive
conpounds, such as immunostinulatory cytokines, in vivo. L. lactis
secreting bioactive human IL-2 or |1L-6 and TTFC i nduced 10-15 fol d hi gher
serumlgGtitres in mce imunized intranasally (30). However, with this

particul ar WAYUPI8| strain, the total 1gA level was 20 nSETAHRORYLd by
coexpression with these cytokines. OQther bacterial strains, .such as

Streptococcus gordonii, are also being exaﬁ_ned for their useful ness as
mucosal vaccines. Reconbinant S. gordonii®“col oni zing the nurine oral and

vagi nal cavitie | nduce h mucosal. and system.c anti body responses. to
anti gens expr eg@@dh&;&l ‘P??es gﬁé]gg? é?cfdifén{}% qupe%’tﬁea &nd r@ﬁ"ﬁ"ﬁ‘?ﬂ%}# ?é?ﬂegths u‘é’ﬁlng
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i nfection, but may replace the i munol ogical stimuli that the pathogen
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pr ebi oti cs enhimftisknabhe growth of lactic acid bacteria in the
gastrointestinal tract. Prebiotics refers to any non- viable food conponent
that is specifically fernmented in the colon by indigenous bacteria thought
to be of posit Cyekinkded Cancgr bi fi dobacteria, lactobacilli. Types of 10

pr ebi ot ;]2)5 may i nclude those that contain fructose, xylose, soya,
gal acto gl ucose and mannose. The conbi ned adm nistration of a probiotic
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_ 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 Lactopacillus bacteria in the gut could beneficially modify the levels of these

enzymes.



treating inflammation or other disorders especially those with an

I mmunol ogi cal invol venent. Such conbinations may be adm nistered in a
single fornmulation or as separate fornulations adm nistered at the sanme or
different tinmes and using the sane or different routes of 85 ni stration.
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Murine studies have demonstrated that consumption of probiotic bacteria expressing

foreign antigens can elicit protective immune responses. The gene encoding tetanus

toxin fragment C (TTFC) was expressed in Lactococcus lactis and mice were

immunized via the oral route. This system was able to induce antibody titers

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 huxhan 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. . ' :
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organism in a suitable carrier. It would be advantageous to provide a2 medium that

5 would promote the growth of these probiotic strains in the large bowel. The addition
of one or more oligosaccharides, polysaccharides, or other prebiotics enhances the

growth of lactic acid bacteria in the gastrointestinal tract. Prebiotics refers to any non-

viable food component that is specifically fermented in the colon by indigenous

bacteria thought to be of positive value, e.g. bifidobacteria, lactobacilli. Types of

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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6. Lact obacillus salivarius strain AM 10 or a nutant or variant thereof. 15
7. A Lactobacillus salivarius strain as clained in any preceding claim
wherein the mutant is a genetically nodified mutant. 8. A Lactobacill us
salivarius strain as clained in any precedi ng clai mwherein 20t he vari ant
is a natur YQP/Y8Wrring variant O Lactobacillus salivar iRE/IEGR/Q111
biologically pure culture of a Lactobacillus salivarius strain selected
~fromany of strains AH102, AH103, AH105, AH109 or AH110. A Lactobacill us
“salivarius strain as clained in any precetitg claimin the form 2510. of
viable cells. | 11. A Lactobacillus salivarius strain as clained in any
precedi ng cl ai &l3iMSt he form of non-viable cells. 30 WO 03/010298

PCT/ 1 PO2/ 00111 -40 12. 13. 5 14. 10 15. 16. 15 17. 2018. 19. 25 20. - 30

1. A Lactobacillus salivarius strain selected from any of strains AH102, AH103,
AH105, AH109 or AH110 or mutants or variants thereof.
5
2. Lactobacillus salivarius strain AH102 or a mutant or variant thereof.
3. Lactobacillus salivarius strain AH103 or a mutant or variant thereof.
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 salivariu$ 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.

. 30



A Lactobacillus salivarius strain as clainmed in any of clains 1 to 11
wherein the strain is isolated fromresected and washed hunman
gastrointestinal tract. A Lactobacillus salivarius strain as clained in any
preceding claimwherein the strain is significantly imunonpdul atory

foll owi ng SYAP¥MH8unption in hunmans. A fornul ati on whi cRCTORPIOEs” at

| east one of the strains as clained in any of clains 1 to 13. A

formul ation as clainmed in claim14 which i,jcl udes another probiotic
material. A fornulation as claimed in any of clainms 14 or 15 which includes

P TR R A A Sl LT i

whi ch i ncl udes atlo al hed in clalm 17

wher ei n the ingest afhegrsiand iseltted foneresqetedranthoashed hammby gastoiyéstibdlaracar r i er
such as a capsule, tablet or powder. A formulation as clained in claim 17
or 18 wherein the ingestable carrier is a food product such as acidified

m 1k, yoghurt, 1§81 0Z&ryeRdkils salivakiud SR as clafthéKinCATyCreéddaigeclaia eBsiRin
spreads dressings or beverages. A fornulation as clainmed in any of c|ainps

14 to 195which furt ﬂr@rstrewrﬁlgéfscaatYpmaweprﬁOMMrfOHemﬁgd%ﬁl FCH‘SHQP‘E%H! ar
prot ei ns and/ or pepf"!“g that are rich in glutam ne/glutamate, a lipid, a
carbohydrate, a vitamn, mnmineral and/or trace elenent. WD 03/010298 -41
PCT/ 1 E02/ 00111 21. A formulation as claimed in clains 14 to 20 wherein the

Lact obaci I1us gl | Yar i Us 247 ol bSmBESS Sitbad Bolk AEDALS &Y B if A0S

cfu per gramoil‘t or mu atlon as clarne ai s
14 to 21 which incl ydias 10 18dj uvant. 23. A fornulation as clainmed in clains
14 to 2210vvhi ch includes a bacterial conponent. .

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 fonnulatic‘in 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

30 element.



10 24. A fornulation as claimed in clains 14 to 23 which includes a drug
entity. 25. Afornulation as clained in clains 14 to 24 which includes a
bi ol ogi cal conpound. 15 26. A forrmulation as clainmed in clainms 14 to 25
for use in_inmmunisation and vaccination protocols. 27. A _Lactobacillus
salivarius ¥P0¥PM2%s clainmed in any of clainms 1 to 13 or FCHIEPMML: | on as
claimed in any of clains 14. to 26 for use in foodstuffs. 20 28. A
Lactobacillus salivarius strain as clai ma%lin any of clains 1 to 13 or a
formulation as clainmed in any of clains I4°fo 26 for use as a nedi canent.

29. A Lactobacillus salivarius strain as clai I n,any of cl gl 1 to 13
or a 25 for muBkt i oft %&ﬁ&?%@ﬁ ?lﬁ‘“?ﬂyfnoflaﬂsamolﬁ) tv%}é%" f"g? .a[:fgé’bfzﬁh e
prophyl axis and/ or sdingais@ain Riprésagieiaiahabloand otftheeBOIY? ofepérviram of3fe A
Lactobacillus salivarius strain as clainmed in any of clains 1 to 13 or a

fornul ation as cl ai fas@ulaiomny of clains 14 to 26 for use in the prophylaxis
30 and/or treatnent of undesirable gastrointestinal inflammatory activity
such as; WO 03/010298 PCT/IE02/00111 -42 31. 5 32. 10 33. 1534. 2035. 36.
25 37. 36 i nfl aZmmat Arfgrnpdatian adickémedinslaims 34 talowhish inchdgsan gliuyanker at i ve
colitis;

'23. A formulation as claimed in claims 14 to 22 which includes a bacterial

component.
10 24. A formulation as claimed in claims 14 to 23 which includes a drug entity.

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.
i
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;



irritabl e bowel syndrone; pouchitis; or post infection colitis. A
Lactobacillus salivarius strain as claimed in claim30 wherein the
inflammatory activity is irritable bowel syndronme. A Lactobacillus
salivarius strain as clained in any of clains 1 to 13 or a formulation as
claimed in ¥RB09%8$ains 14 to 26 for use in the prophyl axPSTIER@IYL

treat nent of gastrointestinal cancer(s) A Lactobacillus salivarius strain
as clainmed in any of clains 1 to 13 or 4anulatlon as clainmed in any of
clainms 14 to 26 for use in the prophyIaX|s and/ or treatment of systemc

Claimed in any of o ARHEmgony pyel s, R R ol dhell ot direriv e GRbE °°

clainms 14 to 26 for jugable Bowblsyhdromeypcaixshitis; o pekt difedtiopablint of aut oi mmune
di sorders due to undesirable inflammatory activity. A Lactobacillus

sal i varius straln as claimed in any of claims 1 to 13 or a fornulation as

claimed in any §f cl&i Bgeidphclifis 28uiivaFius $haiNad REiMEPPRY LRI S 30 amérah the
treat ment of cancer ue to undesirable inflammatory activity.

Lact obaci bl us sal i vainflammetoryaaativily iscitritebie bowel spadpome. cl ai ns 1 to 13 or a
formulation as claimed in any of clains 14 to 26 for use in the prophylaxis
of cancer. 1 A Lactobacillus salivarius strain as clainmed in any of
clains 1 to 13 32. a Aflaxmbhallusoralivgried siraie chs ichiraed/ imfny lofiichsmi 4 too13@r faor

use in the prophyl ax nd/ or tre trrent f.diatrhoeal. di sease due.to .
undesi rabl e i nfl amTagPHPQ}ah‘ﬁ’cﬁ ¢pimp @&8?’1 gg%ff‘%i? 9 ggtfﬂf 45 i @Flpéc’phypms
associ ated di arrhoeaandmmmnreu&f\g@staﬁm@smmnm.l E02/ 00111 -43 38. 5 39.
10 40.
33. 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 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’Lactobaciilus 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 prophjrlaxis 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



15 41. 20: 42. 25 43. , 3044. associated di arrhoea or post infective

di arrhoea or diarrhoeal disease due to an infectious agent, such as E.
coil. A Lactobacillus salivarius strain as clained in any of clains 1 to 13
or a forrrulatlon as claimed in any of clains 14 to 26 for_use in the
prepar ati onV8P¥OUAS; i nfl ammat ory bi ot herapeutic agents fRCHHEWbphy! axi s
and/or treatnent of undesirable inflammtory activity. A Lactobacillus
salivarius strain as clainmed in any of clgj%:ﬂ_s 1to 13 or a fornulation as
claimed in any of clainms 14 to 26 wherein e strains act by antagonising

and excludi ng proinfla LY .M Cro-o om t oi nt est i nal
tract. A Lactobacill} ﬂsé)m%d °ﬁ%°%?95faﬁﬁ Qgggllagfl?ﬁ?oor %qﬁﬁaﬁd{weﬁe Ugdo 81t o
13 or a fornul ati onnfe&iouk agemedushnasdyolnPf clainms 14 to 26 for use in the

preparation of anti-inflammuatory biotherapeutic agents for reducing the
level s of pro inflammatory cytokines. A Lactobacillus salivarius strain as

claimed in claigg 40 A Qhcpiltld salfSaridd’ SRAT aé bl(aﬁnéaf maﬁﬂg' of elfai:ﬁdmbqrs\/or 2
bi ot herapeutic agents for reducing the |evels Lact obaci | |

salivarius strain sdpmudatignias ghainaed inany qﬂwlmmto MQxélswn thaiprempration oﬁse

h
modi fyi ng L he | evel antEHarpibi TR ARKD BLAE FARY prinGARH drardeHepen o,

use in the prepar at iodnndesirablainflammiatdry activityor y bi ot her apeuti ¢ agents for
nodi fying the levels of TNFa. Use of a Lactobacillus salivarius strain
selected fromany of AH102, AH103, AH105, AM 09 and AH110 as
anti-infective 39t obiAOLu&obdciiRis¥alivarius strain as claimed in any of claims 1 to 13 or a

10 formulation as claimed in any of claims 14 to 26 wherein the strains act by
antagonising and excluding proinflammatory micro-organisms from the

gastrointestinal tract.

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 clai_med in claim 40 for use in the
20; - preparation of anti-inﬂammaiory 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 usé 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.



WO 03/ 010298 PCT/ | EO2/ 00111 44 45. 5 46. 1047. 48. 15 49. 20 50. 51. 25 52.
30 A nethod of treating or preventing undesirable inflamuatory activity or
i nflammat ory di sease in a subject which conprises adm nistering to the
subject the Lactobacillus salivarius strain as clainmed in any of clains 1
to 13 or aWa®MRA%tion as clainmed in any of claim 14 to BETIEQ2HKod as
claimed in claima45 wherein the undesirable inflanmatory activity is
gastrointestinal inflamatory activity. A,pethod as clained in claim45
wherein the undesirable inflammtory acfirvity is inflammatory bowel

di sease such as Crohns disease or ulcerative colitis; irritable bowel
syndrone; pouchitis; or post infection colitis. A nethod as clained in

cl ai m 45 wherejf) t hg Melediof Adating Norl prav@tiagYundesitable inflahinatdryi dotibite drovel
syndronme. A nethod of treating or preventing cancer in a, subject which
conprises adni ni stiaflamgatory diprase; i sibjeckwhich sompres pdppinistering (o the subject
salivarius as cl ai i of l%r"?zis@:l-ah L0 AR inPanky OdfNaidids | Of 85 oflaai Med
in any of claim 14%%%%@%%#& ﬁo‘d. as clal ma(cj I n cllnai ];)7’1 49 wherein tﬁea
cancer i§ gastroi ntfegnilation asgidmed 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 rtheumatoid

30 arthritis.



or cancer due to inflammtion. A nethod of treating or preventing a

system c di sease associated with inflammtion in a subject conprising

adm nistering to the subject a strain of Lactobacillus salivarius as
claimed in any of clains 1 to 13 or a fornulation as clained in any of
claim 14 t WOEOW2R npethod as clainmed in clai m51 wherei n FHEER/WMLY; ¢

di sease is rheumatoid arthritis. WO 03/010298 PCT/ 1 E02/ 00111 - 45 53. 5
54. 1055. A nethod of treating or preventi_gg_an aut oi mmune di sor.der caused
by inflammtion in a subject conprising admnistering to the subject a

o formulati on 4o ol HERSE S RGulE & pfeyBidRE! ol Dubimihe MY duddh by 0,
preventing a di arr hdaflmtaiianines subjert sothprsitg admipisiesing go tircsbjecsh etraingft 0
S A O T e

difficile associ at e¢ifiingd il@9df cBRha¥ks 26 associ ated di arrhoea, post
infective diarrhoea or diarfhoea) di sease due to an infectious agent such

as E. col$. A method as clained in claimb54 wherein the diarrhoeal disease
is Clostridi Umegy

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.

10 55. 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.



