NOVEL USE The present invention relates to the use of an olicb.,0saceharide, in particular a
galactooligasacchande, in the prevention or treatment of inflammation, in particular in the prevention or
treatment of intestinal inflammation. Galactooligosaceharides are non digestible carbohydrates, which
are -resistant to mammalian gastrointestinal digestive enzymes but are fermented by specific colonic
bacteria. The human gut flora comprises pathogenic, benign and beneficial microbial genera.
10A predominance of the former can lead to intestinal Wisorders that can be both acute (eg
gastroenteritis) and chronic (eg inflammatory bowel disease and some intestinal cancers). rebiotics,
which are definwdigestible food ingredients that beneficially affect the host by selectively
stimulating the growth and/or activity of one or a limited 15number of bacteria in the colon, thereby
resulting in an improw]aEnent in Ehe Qetalth (1‘; tth h %tﬁsréao\é% ngﬁn ?apcoﬁ‘é?i o rlnavg > an lindirect protective
effect in a number of inflamma olpfc%lrﬁ)ai lons sUch as in amm§?orycbowef didease aEaD). It has been
found in some EBBtpaliigrsts thaidheéndtie ptivetifiom onecsimeahe fsnfigpenatesp onsivectdaconitrensal
intestinal tigra (56 OBME" e MRdageladanRBeshRIAG: BA8GdiID. GAHSNEIR! 1 §2003); | 7934404

20As a result, prebioties have been used to enhance beneficial gut microtiora which has helped to
prevent a relap8gsite Grbshrdysec Bish @ FedstaHS R G gost 2t nadigs566633). One group

of compounds thayiscslassified aeptabippesidectiéndSgalaciooligosaccharides. These are
galactose-containing oligosaccharides of the form Ole 131-4 [Ga] | 1-6], where n =2 5 and are

produced from lactose syrup using the transgalactosylase activity of the enzyme Nalactosidase
(Crittenden, (1999) Prblvidtiesn guCiitieabReuienyltatgaockb@igedh) broxzoll Suimokifit eness,

Wymondhﬁfn, %&é&(fnﬁ@ﬂcé 8fthe former can lead to intestinal disorders that can be both acute (eg

gastroenteritis) and chronic (eg inflammatory bowel disease and some intestinal cancers).

Prebiotics, which are defined as a non-digestible food ingredients that beneficially
affect the host by selectively stimulating the growth and/or activity of one or a limited
15  number of bacteria in the colon, thereby resulting in an improvement in the health of the
host, have been shown to have an indirect protective effect in a number of inflammatory
conditions such as inflammatory bowel discase (IBD). It has been found in some IBD
patients that the adaptive immune system is hyper-responsive to commensal intestinal flora

(sec Guarner F, Malagelada JR, Best Pract. Res. Clin. Gatroenterol., (2003); 17; 793-804).

20  Asaresult, prebiotics have been used to enhance beneficial gut microflora which has
helped to prevent a relapse in the disease (see Sartor RD., Gastroenterology, (2004), 126,
1620-1633).

One group of compounds that is classified as prebiotics are the
25  galactooligosaccharides. These are galactose-containing oligosaccharides of the form Glc
B1-4 [Gal B 1-6], where n =2 — 5 and are produced from lactose syrup using the
transgalactosylase activity of the enzyme B-galactosidase (Crittenden, (1999) Probiotics : A
Critical Review, Tannock, G. (ed) Horizon Scientific Press, Wymondham, pp 141-156).

30 EP 1 644 482 discloses a novel strain of Bifidobacterium bidifum that produces a



galactosidase enzyme activity that converts lactose to a novel mixture of galactooligosaccharides. This
mixture of galactooligosaecharides comprises disaccharides Cial (13 1-3) Cite; Gal if I-3)Gal; Gal (1) |
-6)-Gal; Gal (a 1-6)-Gal; trisaccharides Gal (0 h6)-Gal (0 1-4)-Cilc; or Gal (0 1-3)-Gall-4)-Gle;
teirasaccharide Gat (p 1-6)-Gall -6)- Gal (0 -4)-Citc or pentasaccharide Gal (p
1-6)-Gall-6)-Gall-6)-Gal1-4)-Gic and has been shown to have prebiotic properties and to increase the
population of the beneficial bacteria bilidohacteria and*lactobacilli. This mixture of
galactooligosaecharidcs is marketed commercially under the name Rimuno (Registered Trade mark)
and is availablefinteTlssaavte NNt ke grregriy jaytasg to a nyyabirEtWetia described 311 Am. |
CAM. Nutr., (|2%gﬁh&ﬁgékﬂ&%;&@é&pmgﬁmﬁﬂﬁ@émlﬁa&ﬂtgﬁiﬁm%Efﬁ@ﬁsf@ gaﬁa;&tiwrﬁiderly
persons resulted in positive effects on bot C croflora c sition and the. | ne
response. 15t ﬁék(ﬁodﬁ)oggh%h@]fﬁﬁﬁﬁ ggég@i@o a;b(gﬁg??dlé%gz\%?fgmas ib) e(Ia((il:'egsregtf:‘rlp g? *
polymerisation spfRIdp mayeciamditaiatby pdialaie itHe- it arimstahards fomse bHeah{Arihalian
s oo (B PALHEL LASIAIRR b B hlamBA N GhmersIcononseiLibe

presence of inflammatory agents. hus,. su lactooligosaccharide may be useful in treating such
intestinal inflaniscieny Sonditohavasisiansmarsgitsone fdisesa, BeRmUETRNe b Rwsfidetolitis,

pseudomembrafious colitigoiiesrative saliisiGretins Hizeasss divertiouiiscisehemia, etc. According to
thc invention there is provided a galaetooligosaccharide having a DP of 3 oy more for use in the
prevention or tr‘é‘é’f’i‘ﬁ@ﬁt"BfrﬁWﬁ%ﬁYa‘fm,r BretarmRrImn Rf@b“?&'i?&ﬂf&%dﬁﬁf@aaﬂﬁﬁéﬁ% G itSstinal
inflammatory digexderssaBsaferatidh& galaciosligosaccharide has a DP of from 3 to 5. The
galactooll 8saccharide has the formula or a trisaccharide of Gal-Gal-Gle, for a tetra:inch:nide. of
Gal-Gai-Gal-Glc or for a perttasaccharide of Gal-Gal-Gla-Gal-Glc, where 30Gal represents a galactose

residue and GIG repr&sénts.d ef abdeeriesidudntH i inike 260 thGalkiodfidesaccharides are Gal
(f31-6)- Gal (0 !tdﬂ)ﬁl&@xng @LQ&&T@és%hﬁg&%@é%hy elderly persons resulted in positive effects

on both the faecal microflora composition and the immune response.

15 It has now been found that a galactooligosaccharide having a DP (degree of
polymerisation) of 3 or more can directly modulate the inflammatory response of the
mammalian intestinal mucosa. In particular, it attenuates the pro-inflammatory chemokine
response, in the presence of inflammatory agents. Thus, such a galactooligosaccharide may
be useful in treating such intestinal inflammatory conditions as inflammatory bowel

20 disease, colitis, entero necrotizing colitis, pseudomembranous colitis, ulcerative colitis,

Crohn’s disease, diverticulitis, ischemia, etc.

According to the invention there is provided a galactooligosaccharide having a DP
of 3 or more for use in the prevention or treatment of inflammation, preferably in the
25  prevention or treatment of intestinal inflammatory disorders. Preferably the

galactooligosaccharide has a DP of from 3 to 5.

The galactooligosaccharide has the formula for a trisaccharide of Gal-Gal-Glc, for a
tetrasaccharide of Gal-Gal-Gal-Glc or for a pentasaccharide of Gal-Gal-Gla-Gal-Glc, where
30  Gal represents a galactose residue and Glc represents a glucose residue. The structures of

the galactooligosaccharides are Gal (B 1-6)- Gal (B 1-4)- Gle, Gal (B 1-3)- Gal (B 1-4)-Glc,



Gal (f11-6)- Gal (p 1-6)- Gat (13 1-4)-G1c, and Gal (p 1-6)- Gal (p 1-6)- Gal (3 1-6)- Gal (3 I-4)-G1c.
The galactooligosaccharide is preferably selected from the group CODSISthlg Of the aforementioned
galactooligosaccharides. Enterocytes four a single polarized epithelial Layer separating the luminal
environment from the host. ‘'[hey are active contributors to the host defence. Thci immune response to
any inflammatory stitnuti is primarily responsible for rapidly regenerating the barrier ainction of the
epithelium. The epithetiu DI can be induced to express pro-inflammatory cytokines and chemokirtes
that begin the process of recruiting Oinnate immune cells such as neutrophils to the damalged mucosa,

if necessary. FérbiampleCptéRinffartrabtd i theinorn&sl §idtp a4l o S tiasd dBiring all
immune responge)byepithelial.cellsi aidbiaMAackRbRass e reitbeLto phils apehRINEINS

(polymorphonuclear leukocytes) to the inflamed mucosa. Macrophage inflammatory Proteim3a

(MIP-30 or CCLBbAQ SRR EheHGIREIATBIL S the adaptive immune 15system by activating the

tytnphocyfes and dendritie cells through activation of ehemoleine receptor COLO. The 1L-8 and

MIP-3a (CgI.ZO) indugi%,%lg%()én ?%% w%{%fﬁgﬁ Igeae%gt%%z% fo%’%é r%?]t ation,chaflenge. The effect

of the galactooligorsacc?larl ein atory re _ e adult colonic cell culture
models has beenvéteriit fravatditdost Thexpectedry taatRupkyKdhsdiest epfearfraticiisinf®ttenuates

T e O Ty o e
epithelial cells, ic human enterocytes. . The galactogligosaecharide may he prepared from the
commercially alzRFRBTa REGREES 4146858 IR) JE CR i8S EﬁSth%I%ﬁ%(H%’%Géﬁﬁﬁé%ﬁon using for

example size exghisiopretirdmaiagraiyyolsiagafor dxaniitesaiBidgelnRReqoturss sfiaintaiimed at room
temperature. The sample may, be eapareq b isisqh/i the Qowder inwater 10%;,0r; and eluting at
e : - sary. For '+ &

a rate of Z{ralllmlfﬁn%?thng) eion %(la% val% er, I&B&Wéﬂ%ﬁvef ,%ﬁéggctwgc?r%éﬁﬂ of th : Bolfrru_mo mixture may
be prepared byw@axnpatio-irdlhsyedtaiodyiaibmessinghthe hphropriateisnapdalung an impRgc
galactooligosacghayideynay heiR eSRUREASR ABYAEEs & SYEHR Ak dndpeiform phasoft pastille. it may
be administered to a patient suffering from an inflammatory disorder,

(polymorphonuclear leukocytes) to the inflamed mucosa. Macrophage Inflammatory

Protein-30, (MIP-3a) or CCL20 is another chemokine that elicits the adaptive immune

15 system by activating the lymphocytes and dendritic cells through activation of chemokine
receptor CCR6. The IL-8 and MIP-3¢, (CCL20) induction indicates the degree of response

to an inflammation challenge.

The effect of the galactooligosaccharide on the inflammatory response of different
20  adult colonic cell culture models has been studied. It was found unexpectedly that at
physiologic concentrations, it attenuates the pro-inflammatory chemokine response induced

by TNF-a inflammatory stimulus in intestinal epithelial cells, ie human enterocytes.

The galactooligosaccharide may be prepared from the commercially available
25  mixture of galactooligosaccharides known as Bimuno by purification using for example
size exclusion chromatography using for example a Biogel P2 column maintained at room
temperature. The sample may be prepared by dissolving the powder in water 10% w/v and

cluting at a rate of 2 ml/min with deionised water.

30 Alternatively, the active fraction of the Bimuno mixture may be prepared by

enzymatic transgalactosylation using the appropriate enzyme.



for example an intestinal inflammatory disorder, daily in an effective dose of the active
galactooligosaecharide of from 1 to 10g, preferably from 2 to 5g, most preferably 2.75g. 5This can be
taken in one single dose or in two separate doses several hours apart. The galactooligosaceharide
powder may be added to a hot drink or sprinkled on food. The syrup can be consumed by itself or
alternatively mixed into a beverage or spread on food. The soli pastille is chewed in the mouth. In
order to prevent inflammation the galactooligosacebaritte may be administered to an individual in an

effective daily dose of Ito 10g, preferably 2 to 5g, most preferably 2.75g. According to another
aspect of the inventiorf theresopligordecha idsetodoPseuivta S P Geh RN AT HhtR 4860 °6uch as

intestinal inflammationseeMArsiHbasministeinganefastiveamorsiohagidastectigasaseiaride.
The present invention will be further described by way of referenceéo the ollog/%)? examples and
retio

Figures. 20Ft IS T¥RBR &S SH R BIBHE SR T A AN AN GESH T 9 SSL B8R W T84 cells;

Figures 2(A) anghiBloshigwdtvaeife cif dfors1GOD g prEfdfabayifiduce tb Hg; Srasich MidraBly 3eknetion in
NCM-460 cells;., . igures.3(A) and the e f 13- ssjon of 11.-.S and
MW-25 3acr§;1R Rlslrﬁz %l%—a%kt%g%egg\f&%l%égél%ﬁg;pwo %ﬁ%%%e‘&%%@)@@% é%o?/fvﬂ?he effect of
B-GOS on the itahsioebgivmcshpBl protésn i theddekleiofanirizk we steakisdion 4evl cdils; Figures

5 and 6 show the,gffect of Bazsony INRrainduces lidthsearation ip NER 448 cells raQFigures
7(p)and (B) show the effeci of B-GUS on L-6 and MIP2 secretion in DSS treated mice: Figures 8(A)

and (i) shov, the"efeltPaitditrehfivatinis Beuth.

10 In order to prevent inflammation the galactooligosaccharide may be administered to
an individual in an effective daily dose of 1 to 10g, preferably 2 to 5g, most preferably
2.75g.

According to another aspect of the invention there is provided a method of treating
15  or preventing inflammation, such as intestinal inflammation, comprising administering an

effective amount of a galactooligosaccharide.

The present invention will be further described by way of reference to the following
examples and figures.
20 Figure 1 shows the effect of B-GOS on the TNF-a induced IL-8 secretion in T84
cells;
Figures 2(A) and (B) show the effect of B-GOS on TNF-a induced IL-8 and MIP-
3a secretion in NCM-460 cells;
Figures 3(A) and (B) show the effect of B-GOS on the expression of IL-8 and MIP-
25 30 mRNA in TNF-o treated NCM-460 cells;
Figures 4(A), (B) and (C) show the effect of B-GOS on the translocation of NF-xB
p65 protein into the nuclei of TNF-a treated NCM-460 cells;
Figures 5 and 6 show the effect of B-GOS on TNF-o, induced IL-8 secretion in
NCM-460 cells;
30 Figures 7(A) and (B) show the effect of B-GOS on IL-6 and MIP-2 secretion in
DSS treated mice;
Figures 8(A) and (B) show the effect of different fractions of



galactooligosaceliarides on the production of IL-8 and MIP-3a respectively; and Figures 9(A) and
(B) show the effect OE1 the production of T.NR-a induced IL 8 and M1P-3 a respectively, when
NCM460 cells are treated with Finnuno and the DP3 and. DP>3 ‘fractions thereof 5 EXAMPLE! Effect
of galactoolignsaccharides on cytokine secretion intestinal epithelial cells were gown to confluence
in 24:well plates from an initial concentration of 5x 10 celtslial.. When the cells reached 70%
confluence, they were treated 10in quadruplicate as follows: (f) negative control, (i) TNF-a (10 ugimiL)
positive control, (iif) B-CiOS (5 g/L) and (iv) TNF-a (1 0 nent) with B-GOS (5 |a) A concentration of 5
glL of oI|gosacélqlfﬁ@@§8ﬁ&9§ﬂ‘§é‘ée§l%é‘%@ﬂ’i’@bﬁ@/@mﬁf&é’i@%?o%é i %’fa(‘)‘ﬁlgosaccharldes

found in human milk. Afiered 6(Agurs, ByREsRalaiFVese tellectrdidndstored a2 CIfos 4dd-8 and

tvliP-3a secretlon to be determl ed later % TS@IA hil wm eriment %F laced by
ILip or flagellin M ¥ - SUSHSEANSH c‘ﬁdﬁ_%\l EAR gélﬁ%tter tra |3£riltfl\3/v§a0§n RS P%I’I(gi asQ described
previously (ClotidcE@ichvidge T, Walker 2214 2003 Modulation of human intestinal epithelial cell I-8
secretion bé/ human milkfhetors. Pediedr Res 53:429-425). Briefly, each 20well of a 96-well high bond

plate (Nuncimmulon, Fisher Scientific, Middletown, VA, USA) was coated overnight with 1.00 d. 013
ktgirtiL mouse &rtdMaIHah 1L-8 monoclonal antibody, washed throe dines with 200 tiL of 1% BSA in

PBS and |ncub@ﬁ&mhﬂlQQu%h@fsmﬁﬁﬂﬁZﬁohh@@&:h@]ﬁl The wells were then washed three
times and incubated WI CLnt of |nt biotin- Iabelled ouse aﬂtlhulmam IL-8 antlboglglfor one

hour. After 25another WaSH2bSRH! g‘l Y REBRTEH WIth 1650 Bt Rorserad ef)grocglqcflase washed
again before |nconhmtmgtmntbﬂm(ﬁlcﬂminﬁutwaaemaw}hemﬂﬁﬁdr&%lomd@m tiydregentgeioixide. The

reaction Wi St%p (Blagrup 1C4TC ¢ dOS}%t%O\M Id§§ ?419990%988%%“&?1Wﬂ§/ﬂ&%%@§1me control,
(i) B-GOS (5 g/L) and (iv) TNF-0. (10 ng/mL) with B-GOS (5 g/L). A concentration of 5
g/L of oligosaccharides was used since this is the physiological concentration of
oligosaccharides found in human milk. After 16 hours, supernatants were collected and
stored at -20°C for IL-8 and MIP-3a. secretion to be determined later by ELISA. In
15  following experiments, TNF-a was replaced by IL1p or flagellin.

Quantitation of IL-8. The IL-8 concentration was measured by ELISA as described
previously (Claud EC, Savidge T, Walker WA 2003 Modulation of human intestinal
epithelial cell IL-8 secretion by human milk factors. Pediatr Res 53:419-425). Briefly, each

20 well of a 96-well high bond plate (Nunc Immulon, Fisher Scientific, Middletown, VA,
USA) was coated overnight with 100 pL of 3 pg/mL mouse anti-human IL-8 monoclonal
antibody, washed three times with 200 uL of 1% BSA in PBS and incubated with 100 pL of
samples at 37°C for one hour. The wells were then washed three times and incubated with
100 pL of 0.1 pug/ml biotin-labelled mouse antihuman IL-8 antibody for one hour. After

25  another wash, each well was incubated with 100 pL horseradish peroxidase, washed again
before incubating with 100 pL. O-phenylenediamine dihydrochloride and hydrogen
peroxide. The reaction was stopped with 100 pL 2N H2SO4 and the absorbance was read at
490 nm. The concentration of IL-8 in the samples was calculated from the IL-8 standard
curve.

30



490 rim, The concentration of 1L-8 in the samples was calculated. from the IL-S standard curve. - 6 -
Quantitation of 211,1P-3a. The amount of MIP-3ct secretion was measured by ELISA similar to IL-8,
except that the plate was coaled overnight with 100 pi- 2.01.nzinth mouse anti-htiman MIP-3a
monoclonal antibody. The deter/rim antibody, biotin-labelled mouse antihuman NIIP-au antibody, was
used as detection antibody at a concentration of 50 nginil" 5with a volume of 100 p.L. The
concentration of M1P-Su in the samples was calculatétt from the MIP-3a standard curve. (‘dl
viability assay, 11-00,S cytotoxicity was invesgigated using the trypan blue exclusion test. NCM-460

cells were grown on cQyeréiipéor 8fVAR-#itiANe BROAtAIG ot SeU R o RIS F HY LS Avere

treated in triplicatayith TBAC QSR @il 1y lontialsmeetdmy oiftght k6 haos,INC V460 celsswere
%asso L, Maiuri L,

d for cell viabili blue exclusi imondi iv
Samoro F. ToeH A AU P AL G i oD O Tt Wi moclates

Santoro F, Toet{'Al, , .Pappaco erm,lagate
the intestinal epittilliabkbafiizs fumtivodyirmahusrbas-derven mmtiitedymbe ebnPadizren e 60/30-33).

There 1was ng SlaNisnL effas Bl BrizQonendiniapiheol e relamfibis coneankationn  Effect

of B-GUS on inthietion of cytokine transcription. NCM-460 cells were grown to confluence in 6-well
plates from an tHRiMIBotEaAtRGAUBISX105 cells/nth. When the cells reached 70% confluence, they
were treated as follows in quadruplicate: (i) 20negative control, OD TNP--a or ILI or flagellin (10 ngliiiL)

positive control, and (iii) TN-F- u orll,1 r flagellin (10 nginth™) with 3-608 (5 WL). After 18 hours,
total cellular RNA Wascg()Yé‘f@ﬁ"e{fsfsﬁ?’e]féchflgég‘%m?’é’ﬂﬁg%ﬁ?‘(%%ﬁlﬁat? e %%?@3%8% “Platinum
SYBR Green OnelStep eERICREARkit] thedsnRNvg exprossibps Gfdh, a8, iihAl-SixcarthidCP-1 was

measu redl nF?;{J\éI]?Q petfrs?rIQLZ ﬁpedc%% é q{'%%?dtﬂl I %C%meéws E pljé()géOl Effect of

B-GUS on ranslocation, _ 0 cells were grown to 70% confltency on cover slips and

treated in dupliczadifor AferlShenRESVaS (B elvsy ey asgatl OTentrérbiip N R OlHRy/nth) positive

control, and (i) JNFish GkQ=Figirhwith B=RQ @ ERxdb Tharmediiswas emavadandhe cells

were fixed in 4% 30paralormaldehyde. After permea ,iIizatiz?n,yyith ‘methanol and blocking with 10%
goat bilirubin modulates the intestina

MYV, Pappacoda S, Paludetto R 2006 Unconjugate
epithelial barrier function in a human-derived in vitro model. Pediatr Res 60:30-33). There

15  was no significant effect of B-GOS on the viability of the cells at this concentration.

Effect of B-GOS on induction of cytokine transcription. NCM-460 cells were
grown to confluence in 6-well plates from an initial concentration of 5x105 cells/mL. When
the cells reached 70% confluence, they were treated as follows in quadruplicate: (i)

20  negative control, (i) TNF-a or IL1p or flagellin (10 ng/mL) positive control, and (iii) TNF-
a or IL1P or flagellin (10 ng/mL) with B-GOS (5 g/L). After 18 hours, total cellular RNA
was isolated by Trizol-chloroform extraction. Using the SuperScript III Platinum SYBR
Green One-Step qRT-PCR kit, the mRNA expression of IL-8, MIP-3a and MCP-1 was
measured on a MJ Opticon 2 and standardized to mRNA expression of GAPDH.

25

Effect of B-GOS on NF-xB translocation. NCM-460 cells were grown to 70%
confluency on cover slips and treated in duplicate for 10 or 30 minutes as follows: (1)
negative control, (ii) TNF-o, (10 ng/mL) positive control, and (iii) TNF-o, (10 ng/mL) with
B-GOS (5 g/L). The medium was removed and the cells were fixed in 4%
30  paraformaldehyde. After permeabilization with methanol and blocking with 10% goat



serum In 0.25% BSA in TBS, the cells were probed with rabbit anti-human NF-xI3 p65 potyclonal
antibody. After washing, the cells were incubated with CyTM 3-corkingated goat anti-rabbit antibody.
The cover slips were then washed and mounted on a glass slide to be visualized under the
microscope (Nikon Eclipse 1E2000-S). S Materials TNF-u, cytokine, iL1, flanellin, streptavidin-HRP
and human CCI.20-M1. EL1SA development kits (Quatitikine) were obtained from R&D Systems
(Minneapolis, MN, USA). Antihuman 1L-8 and mouse anti-human 1L-8 antibodies were obtained from
10Pierce Endogen (Woburn, MA, USA). 0-phenylenediamine tablets were obtained from Pierce

(Rockford, IL, USAN Mrivds BipekdedBSiitpegisursrs MROR Gider Ok aoSapraR - RORits and other
reagents necessansnICHRIbESRaNer & Atainad tarnirwtreaendCapmdNCA cbdpAlddMEREMT12

medium, CMRL medjum, penicillin, streptmnyein and Flepes \%Eer were obtair]ed fro

Gibco-invitrogeH (CAPRbAHINER - (&0 ERtdPHEGHid TS s%%{lgﬁ?e(alﬁ&ﬁsﬁiénetéo Bilogicals
(Lawrenceville,vizAalZ&An M3 was alotain edikoarbaiyed| TEAAPO(SAN Antonio, TX, USA). Rabbit
anti-human.NF-KB (p65) polyclonal antibody was obtained frOM Calbiochem (Gibbstown, NJ, USA).
CyTM 3- conjugated 12(ah52 fragment goat anti-rabbit IgG was obtained from Jackson
IminurioResearch (Wé&@relse, PA, (.JSA). All other reagents for immunofluorescence 20were

obtained from Vector & (Builingame: £A.HBA) shlbetheniergentsiwease otanealyticater molecular
biological grade from Sigma-Aldrich (St. Louis, MO, USA B-Galacto-aligosace a s B-GOS,

Bimuno(r) was gﬁbﬁié’&‘ﬁ%@%ﬁ@l&@ﬂ?‘ﬁhﬁﬂ K%‘&ﬁ?&%?i%{ﬁ’é.%n R&P vt BUERalzell lines. Two
adult human intestinas gpithelialeadtires models were-seddnltiteseistdiiesEbandd RGN 1-460 cells
col ultard Wsre 51 SHC AR R 62 e oh (S0 S SR A o
culture mediumPoansidteck i ® MEMSA L Prigaplervsated Withsiren(BYdjRieses Gosrstep qRT-
PCR kits and other reagents necessary for qRT-PCR were obtained from Invitrogen
(Carlsbad, CA, USA). DMEM/F12 medium, CMRL medium, penicillin, streptomycin and
Hepes buffer were obtained from Gibco-Invitrogen (Carlsbad, CA, USA). Fetal bovine
15  serum was obtained from Atlanta Biologicals (Lawrenceville, GA, USA). M3D was
obtained from Incell Corp. (San Antonio, TX, USA). Rabbit anti-human NF-kB (p65)
polyclonal antibody was obtained from Calbiochem (Gibbstown, NJ, USA). CyTM 3-
conjugated F(ab’)2 fragment goat anti-rabbit IgG was obtained from Jackson
ImmunoResearch (West Grove, PA, USA). All other reagents for immunofluorescence
20  were obtained from Vector Lab (Burlingame, CA, USA). All other reagents were of
analytical or molecular biological grade from Sigma-Aldrich (St. Louis, MO, USA).

B-Galacto-oligosaccharides B-GOS. Bimuno® was supplied by Clasado Ltd.,
Milton Keynes, UK.
25
Intestinal Epithelial Cell lines. Two adult human intestinal epithelial culture
models were used in these studies: T84 and NCM-460 cells are transformed and
untransformed colonic epithelial cells, respectively. Cells were cultured in Falcon cell
culture dishes at 37°C with 95% 02 and 5% CO2 atmosphere saturated with water vapour.
30 T84 culture medium consisted of DMEM/F12 supplemented with FBS (5%), Hepes buffer,



8 glutamine, nonessential amino acids, penicillinstreptomycin (12). NCM-460 culture medium
consisted oflv13D medium supplemented with PBS (10%), penicillin and streptomycin as described
previously (33). Statistical analysis, Induction of cytokines was standardized to the positive control with
error bats representing standard error (SE). Comparisons between groups were performed using a
two-tailed Student's s test. Gene expression data obtained by ciRT-PCR was expressed as the mean
with SE. Comparisons between groups were performedi-using Student's two-tailed r test after
logarithmic transformation. A p value <0.05 was considered 10statistically significant and indicated by
an asterisk (*), alyapailife reD;05WaY hirstedhHy Wi Hs sy gid @4 DHIE40 0o Fas indicated
by three asterisks {ii-(ResutsFaEfert-alaalasiralisnsaceharites B-GQ&Rnisyiakine secretion in

T84 cells (Figure I). TNF-a-indueed IL-8 cretlon in T84 cells was normalized to 100% to allow for
comparison beﬁﬁé@ﬁ?‘ﬂyﬂaé‘ﬁgﬁﬁgh‘f%&‘?ﬁf t5)The untreated T84 cells had a basal IL-8 secretion
at 20.5%. Upon TIST-a stimulation, IL-8 secretion was significantly increased by 4.9 fold ip< 0.001), 20

e e Sk QAR SRR EIE SHERISh AL (e dRjiheisRence o
es

galacto-thigosacchari S-{reate cells s secreted 1L-8 at 16.4%. T |s was not
significantly differérarfeobrisaspidesnenesuntadiedoT GEblemppBaASthtiiegibe ovith TNCFia, B-GUS

significantly attgpygied ki SeHEHIRDYERAB T RMP R hlSils darf aRlacipelgrsupeinarides
-COS on cytokine secretion in NCM-460 cells (Figure 2, Figure 5, Figure 6), INF-a-induced IL-8

and NI1P3a sefRyBRIFSRCHM ARSI iDaEn H‘ﬁ‘ﬁﬁ?é%fd’%‘ﬁ'f%@’ofﬁ’%ww RSFRBRHAN LS between 4
independent expamenisioHadadntreaiedrNgMithmic transformation. A p value <0.05 was considered

10  statistically significant and indicated by an asterisk (*), a p value <0.01 was indicated by
two asterisks (**) and a p value <0.001 was indicated by three asterisks (***).

Results
15  Effect of galactooligosaccharides B-GOS on cytokine secretion in T84 cells (Figure 1).
TNF-a-induced IL-8 secretion in T84 cells was normalized to 100% to allow for
comparison between 4 independent experiments. The untreated T84 cells had a basal IL-8
secretion at 20.5%. Upon TNF-o, stimulation, ITL-8 secretion was significantly increased by
4.9 fold (p < 0.001).
20
To determine the effect of B-GOS, T84 cells were stimulated with or without TNF-
a in the presence of galacto-oligosaccharides B-GOS (5 g/L). B-GOS-treated T84 cells
secreted 1L-8 at 16.4%. This was not significantly different from basal level of untreated
T84 cells. Upon stimulation with TNF-a, B-GOS significantly attenuated IL-8 secretion by
25 38.5% (p <0.001).

Effect of galactooligosaccharides B-GOS on cytokine secretion in NCM-460 cells
(Figure 2, Figure 5, Figure 6).
TNF-a-induced IL-8 and MIP-3a secretion in NCM-460 cells was normalized to

30  100% to allow for comparison between 4 independent experiments. The untreated NCM-



460 cells had a basal 1L-8 and M1P-3" secretion at 1.7% and 4.0% respectively. Upon INF- a
stimulation, 1L-8 and MIP-3a secretion was significantly increased by 58.8 fold (p < 0.001) (Figure 2A)
and 25.0 fold (p <0.001) (Figure 2B) respectively. To determine the effect 0f13-GGS, NCN1-460
cells were stimulated with or without TINF-o. in the presence of galae,to-oligosaccharides BOOS
(5B-GOS-treated NCN1- 460 cells secreted 1L-8 and M1P-3a at 1.1% and 3.9% respectively; this was
not significantly different from basal level of untreated NNCM-460 cells. Upon stimulation with TNF-a.
B-GOS significantly attenuated 1L-8 and M1P-3a secretion by 43.5% (p < 0.001) 10(Figure 2A) and
52.1% (p <0.054Figlisd2B) respBetively MiPtie swmmeamanliéls witth NoKmestvesli S wetrd Bfewashed

with B-GOS prigrte. TN atimulatian: hesseerstionofiliuwas sienificaniysiedugedby 32%
(p<0.001) even in the absence of B-GOS (Figure 6). This s@e%%ests that constituents of the 13-GOS

mixture |nteracpv99ﬁ)éﬁ}ﬂ¥é?|§ﬁﬁe9@@&6%f%@c@ R InTAE OIESPINAYYS- prevent inflammatory

stitntilation of the cell. 15 Similarly upon stlmulatlon with flagellln B-GOS S|gn|f|cantly attenuated 1L-8
secretion by 21.5% ( <0 5 ﬁg;gg ’\%A. feng (j:lrveg upon ¢ a{n&ul on WIH{IOZ To
determine if B-GOS is cy Stoxic 2 IS We?re incu ate for 16 hours with or WI ithout B-GUS.
B-GUS did not atf&et cethviploiitycasfideiermingh tpgchanden BIGOExEladioBaaSytestaedtrided in the

methods. Effect,gf galactozaligesticeharifes R:EOS/AR E¥IoHns REpESSIOR (Figse 25Total RNA of
TNF-a treated NCM460 cells was isolated and assayed for 1L-8, M1P a and N4C,P-1 naRNA

expression by gy @%W&ﬁﬁﬂl%?@hlmhﬁwﬁr%@ﬂ N ﬁﬂf@@@ﬁ’ﬂ-‘?ﬁ%‘r‘é‘by% was
significantly incneased pyGL2. &gblﬂcﬁnﬂﬁﬁﬂ&l(ﬁi&um 8A) RISk doletign 59 A0 (Pigure @)

respectlvel No_chan mgl\go g |nEN§ ession was observe'ii}r etween any of the treatment (p
0.19) (data\ ot @%Wﬁ%%(f 5 aterffin fﬁﬁ%‘%ﬁ STBIEEE RGN A6 ? 0cens’ w%‘re s?llmulated with
TNILa in the NCM-460 cells were prewashed with B-GOS prior to TNF-a stimulation, the secretion of

IL8 was significantly reduced by 32% (p<0.001) even in the absence of B-GOS (Figure 6).

This suggests that constituents of the B-GOS mixture interact with epithelial receptors such

as toll-like receptors (TLR) to prevent inflammatory stimulation of the cell.

15
Similarly upon stimulation with flagellin, B-GOS significantly attenuated IL-8
secretion by 21.5% (p<0.05) (Figure 5). No effect could be observed upon stimulation with
IL1B.
20 To determine if B-GOS is cytotoxic, NCM-460 cells were incubated for 16 hours

with or without B-GOS. B-GOS did not affect cell viability as determined by a trypan blue

exclusion assay as described in the methods.

Effect of galacto-oligosaccharides B-GOS on cytokine expression (Figure 3).

25 Total RNA of TNF-a treated NCM-460 cells was isolated and assayed for IL-8,
MIP-3a and MCP-1 mRNA expression by qRT-PCR. Upon stimulation with TNF-a, 1L-8
and MIP-3a mRNA expression was significantly increased by 12.2 fold (p < 0.001) (Figure
3A) and 99.4 fold (p < 0.001) (Figure 3B) respectively. No change in MCP-1 mRNA
expression was observed between any of the treatment (p = 0.19) (data not shown).

30 To determine the effect of B-GOS, NCM-460 cells were stimulated with TNF-q in the



presence of B-GOS (5 g/L). Galacto-oligosaccharides B-GOS significantly attenuated TM:- a-induced
IL-8 and MIP-3a mRNA expression by 5.7 fold (r.) <0.05) (Figure 3A) and 58.9 fold (p <0.05) (Figure
3B) respectively. The MCP-I mRNA expression was reduced by BGOS but did not reach significance
(p - 0.06) (data not shown). Effect of galacto-oligosaceharides B-GOS on NE-KB translocation (Figure
4) Adult colonic NCM-460 cells were treated with TN F-a (10 meiltriL) and assayed for nuclear
tratislocanon of N-xB p65 pn:nein. In the vehicle treaté® control cells (Figure 4A), staining for NE-KB

p65 was predominantly in the cytoplasm and the nucleus was free of 10p65 protein. NF-KB p65 is
clearly translocatessipto e GRREIE aftor G0asimaticssapdurstinBration SeH N2y ZBI"P

However in the preseRgiok B:AHh-INEradysed D\ B 1ranstpcation) waswanialminbiited at 30
minutes (Figure 4C&.UeEXAMPLE 2 In vivo study of the effect of 13-GOS in Dextran 6Iﬁut[:ﬁ:_'hat Sodloora

induced colitis fELEE TG NRtS P FRsarEHE!Y- ThaM drdUBB NS s8R BPAHIHEE 285116 mice
(Jackson Laboratosies:, d&dandd ashouigMicabtS Ay) ~co0ve tionadiyshaisel] (CR) and bacteria-depleted (BD)
mice, were used to induce colitis. All animals were housed within a 12-h light/dark cycle and had

access to mouse chow and water ad libitum. At 6 weeks of age, conventionally colonised mice were
housed under dbffeetriaaddctontigoasohatidenBeafdd ovatd-Brr arslopativnildtignieedh the BD group

were fed an antibiotic cagkiailddheinaiBlag IRl FQiA WesKSIKaPATEHL (8.mabn).Geptamicin
30 (0.7 mg/m1), Colistin (34,000 Uniti. Metronidawte ﬁ.S mend) and Vanacomy(i:i%r:q]e(‘%g¥8 /m1)
i

comprised the AHEI5BHREDRKER BRI it IO HERH et RAartal &L sed on
the average waiglitcontsimNekBypage grptepominantly in the cytoplasm and the nucleus was free of

10  p65 protein. NF-xB p65 is clearly translocated into the nuclei after 30 minutes upon

stimulation with TNF-a (Figure 4B).

However in the presence of B-GOS, TNF-a-induced NF-«B translocation was

partially inhibited at 30 minutes (Figure 4C).

15
EXAMPLE 2
In vivo study of the effect of B-GOS in Dextran Sulphate Sodium induced colitis
mouse model

20

Material methods

Two groups (n=24 each) of adult C57BL/6 mice (Jackson Laboratories, Bar
Harbour, ME, USA), conventionally raised (CR) and bacteria-depleted (BD) mice, were
used to induce colitis. All animals were housed within a 12-h light/dark cycle and had

25  access to mouse chow and water ad libitum.

At 6 weeks of age, conventionally colonised mice were housed under conventional
conditions with untreated water (CR group) whilst mice in the BD group were fed an
antibiotic cocktail in their drinking water for 2 weeks. Kanamycin (8 mg/ml), Gentamicin

30 (0.7 mg/ml), Colistin (34,000 U/ml), Metronidazole (4.3 mg/ml) and Vanacomycin (0.9



Al 8 weeks of age, intestinal colitis was induced by feeding 3.5% DSS (Dextran 5 Sulphate Sodium)
(NIP Biomedicals, Aurora, OH, USA) in drinking water for 5 days in all mice of both groups (CR and
BD). At 10 weeks of age, half the mice of each group started receiving Bin-limo (5 a/L) for 7 days. At
the end of week 10, the animals were euthanized and their colons were harvested for analysis.
10Cytokine measurements Murinc11.-6 and M1P-2 cytokines were analysed by EL1SA (Quant kine,
R&D Systems, MN, USA) on colon tissue homogenatés according to manufacturer's instinctions.
Briefly, the proximal colons for each group were collected and homogenised with PBS homogenising
buffer containinglo8) Fritoprixed 06 suppiemeridailyitivecaviient of probieiss TShititery cThe

homogenised spé[}éﬂpﬂémgbr&ggqygfm%@%%pgggﬁm({qyyld@g@muﬁnd the supernatants were
separated into aliquots and stored at, -70C. Results 20The capacity of Bin-iuno to reduce the injury

and inflammation of DSS colitis in both groups of mice (CR. and BD) compared to the control mice (no
13imuno administratiox) Swas kede sgunackstinal cditieormsandioealbl &ESditreattdd miSeCkktbrand MIP-2

secretion was significantly .25i by 2.2 (p <0.000 .3 fold.(p <0.00 espectively. Bim
significantl;?a atfeég‘péﬁé%%%ww I%—%r%é%crael |’oAnulr)(§/r86. <%U§6% §rrl1 %‘?’8?? ?é)jo% %)T)?ﬁ-) In lé%n[())
DSS-treated mioéelbf®dhdriRm R reidilyad sigriftcinty dee beldHsy6op ¢peachomod) #tited7.2 fold
(p - 0.0005) respeqtyel BN sigfionaily e RARHHy & BI5eREliRR R hifhie:s0,0001)

M1P-2 secretion was reduced by fold but thiswas - 12 - found to be not significant= 0.126),
and their colons were harvested for analysis.

10 Cytokine measurements
Murine IL-6 and MIP-2 cytokines were analysed by ELISA (Quantikine, R&D
Systems, MN, USA) on colon tissue homogenates according to manufacturer’s instructions.
Briefly, the proximal colons for each group were collected and homogenised with PBS
homogenising buffer containing 1% Triton X-100 supplemented with a cocktail of protease
15  inhibitors. The homogenised solutions were centrifuged at 12,000 rpm for 10 min, and the

supernatants were separated into aliquots and stored at -70°C.

Results
20 The capacity of Bimuno to reduce the injury and inflammation of DSS colitis in
both groups of mice (CR and BD) compared to the control mice (no Bimuno

administration) was determined.

In conventional DSS-treated mice, IL-6 and MIP-2 secretion was significantly
25  induced by 2.2 (p <0.0001) and 8.3 fold (p <0.0001) respectively. Bimuno significantly
attenuated IL-6 and MIP-2 secretion by 6.6 (p <0.0001) and 5.5 fold (» <0.0001).

In BD DSS-treated mice, IL-6 and IP-2 secretion was significantly induced by 6.2
(p <0.0001) and 27.2 fold (p = 0.0005) respectively. Bimuno significantly attenuated IL-6
30  secretion by 3.6 fold (p <0.0001). MIP-2 secretion was reduced by 1.3 fold but this was



in summary, conventional DSS-trcated mice developed colitis compared to the untreated group.
DSS-treated conventional mice supplemented with Bimuno had 5sit-mil-Mandy reduced markers of
inflammation (H and MIP-2) and alleviated symptoms of colitis. 'The same effect was obsetved in
bacteria-depleted DSS-treated mice. This implies that the observed reduction in inflammation due to
Himuno is not only mediated through the microflora. Bimuno has a direct immune-modulatory effect on
the intestinal epithelium in DSS 10 EXAMPLE The effekt of fractions of Biome galactooligosaccharide
mixture on the production of MIP-3n and IL-8 eytokines in the presence of the inflammatory cytokine
TNF-a 15 MatefialglandemethisiEia@sfraetidns collection from Bimuno mixture in order to separate
and collect the different fractions of galactooligosaccharides 20(DP2 deprived of lactose, DP3 and
DP>3), the size exclusion chromatography with a Blogel P2 column (100cm x 5cm) (Phaima.cia, UK)
maintained at room tefh{EPEHRe WALCHUNH! RPThicalsthpiss dosrloBrdtedi coPuta st ® Mfimin with
deionised watet@ngtategeotpormiesekhy d arRdntatsaiocd GifphmedbedatiBsewasa@moved from
fraction DP2 through the 13-galactosidase BIOLACTA oV by TENNOJ1-KU aka,
Japan). Thg hy(su1 ylscfié1 @Vggdggﬁ%ﬁgﬁe( 3?%8@%?%3%@5%@4@8?&%%8%%%% C sr}ﬁé%tl)leg)solution as
buffer, and 1mMifeblisigCliR ssncafiietbwFlbscartsonydritaactnmeist d? Easlaiesotiens wassanalysed by

ion exclusion apg jan exehARGE.APRIAIRARNS AR MBS MMQNRSAS GHARIDES: Rezex HPLC

column equipped with LaChrom RI Detector L7490 MERCK). The oligosacchaddes were eluted in
deionised wateF5R¥Es thamifsclosogaimeno fuspdiiggdmmune-modulatory effect on the intestinal

epithelium in DSS colitis.

10
EXAMPLE 3
The effect of fractions of Bimuno galactooligosaccharide mixture on the production of
MIP-30 and IL-8 cytokines in the presence of the inflammatory cytokine TNF-o.

15

Materials and methods

GOS fractions collection from Bimuno mixture
In order to separate and collect the different fractions of galactooligosaccharides
20  (DP2 deprived of lactose, DP3 and DP>3), the size exclusion chromatography with a
Biogel P2 column (100cm x 5cm) (Pharmacia, UK) maintained at room temperature was
used. All the samples were eluted at a rate of 2 ml/min with deionised water and were
monitored by 132RI detector (Gilson). The lactose was removed from fraction DP2
through the B-galactosidase BIOLACTA FNS provided by TENNOJI-KU (Osaka, Japan).
25  The hydrolysis was conducted at 40°C, at pH 6.4, using 100mM sodium phosphate solution
as buffer, and 1mM of MgCL,; as cofactor. The carbohydrate content of each fraction was
analysed by ion exclusion and ion exchange chromatography on a RCM-
MONOSACCHARIDES Rezex HPLC column equipped with LaChrom RI Detector L-
7490 MERCK). The oligosaccharides were eluted in deionised water at 0.5 ml/min at
30  84.4°C.



The NCM460 cell line, derived from normal human colon mucosal epithelium, was provided by Meat
CORPORATION LLC and it was maintained in h43Base medium (INCELL
CORPORATIONsupplemented with 10% [viv] foetal bovine serum at 5370C M 95% air, 5% CO2
humidified environment. Measurement of cytoktue production by NCN1460 cultures NCM.460
cells, in concentration of 5 105 cells/nth were plated on 24-well plates and incubated at 37C in 95% air
and 5% CO2. After 24 hours of incubation, 10correspoading to 70% of confluence, the cells were
treated in triplicate with INF-a (.:Ong/En!) (Recombinant Human INF-rdINFSF1A R&D SYSTEMS),
fractions of galactooli§adewdhaddes (0.135g/m1 cif DP2; 0.049g/m1 of DP3; 0.041g/rd of DP>3), and

mixture of INF-a and egehragiian.cihe SoeHalconsisiee afeails aauninctis spadiums The cells were
then incubated at 37C in 95% air, 5% CO2 for 16 hours. Following the 15incub5afion, gle supernatant

was collected aPfgEAe iINSifddot B 5dotd QAL bt Tedg WAL Ce A G&TE A48 g for 5
minutes. The cqNOERLBHNPRAIGRAOKIOBIS] (M R:pplcmpotdd +B)wES neastiraad byvilel SAvmsgay using the

kit QUANTIg(INBI%Dé)riO\Q' d ltgyﬁ&t%sl){%ﬁ%eg\gy v’irloJSAelitzo Results and discussion The 3
different fractions, coflected using thé size exclusionchromatography,had the following amount of

galactooligosaccharides: a) Fraction DP2 contained 90% of galactedisaecharides and the

remaining 10% 25was,gonghtvies: By PR 988 b Rchgislfk) trisaceharides (2%) and
pemaoligosaccharides gl\%)é b) Fraction DP3 contained 97% galactotrisacchatide and 3% of DP4

ohgosaccharides' N OpsehlstiBrreses diimAined Y595 b1 GhiRcis SrirdRthanaEdWith DP41 and
30DP5, and 4% af gelastesligosacehesidas withsBR30,. After 24 hours of incubation,

10  corresponding to 70% of confluence, the cells were treated in triplicate with TNF-a
(10ng/ml) (Recombinant Human TNF-o/TNFSF1A — R&D SYSTEMS), fractions of
galactooligosaccharides (0.138g/ml of DP2; 0.049g/ml of DP3; 0.041g/ml of DP>3), and
mixture of TNF-a and each fraction. The control consisted of cells grown in the medium.
The cells were then incubated at 37°C in 95% air, 5% CO, for 16 hours. Following the

15  incubation, the supernatant was collected and frozen in aliquots of 200pl, and, before
testing, was centrifuged at 400 x g for 5 minutes. The concentration of cytokines (MIP-3a
and IL-8) was measured by ELISA assay using the kit QUANTIKINE, provided by R&D
Systems (MN, USA).

20
Results and discussion
The 3 different fractions, collected using the size exclusion chromatography, had the
following amount of galactooligosaccharides:
a) Fraction DP2 contained 90% of galactodisaccharides and the remaining 10%
25  was constituted by monosaccharides (1%), lactose (6%), trisaccharides (2%) and
pentaoligosaccharides (1%);
b) Fraction DP3 contained 97% galactotrisaccharide and 3% of DP4
oligosaccharides;
) Fraction DP>3 contained 96% of galactooligosaccharides with DP4 and
30 DP5, and 4% of galactooligosaccharides with DP3.



-14 - The effect of the fractions on the production of 1L4i and 1' P-3a is shown Figure 8(A) and
(B), respectively. For both experiments, the fraction DP3 and DP>3 decreased the secretion of
5eytokines: a)DP3 reduced the 11,8 production by 34% and MIP-3a production by 25% when
compared to the INF-a alone; h)for the fraction DP>3, the reduction was 35% and 51A for LEA and
MIP-3a, respectively. 10 The results for the fraction DP2 were not clear. The reduction for IL-8
secretion was 49%, but this fraction did not have any &ffect on the MIP-3a production. 15 EXAMPLE 4
The effect of fractions of Bin-nano galactoollgosaecharide mixture on the production of 1L-8 and
MIP-3u, cytokines in theepsiéss nééofinsionfiamitrarsrgusieolan &ThmBNBisdfelarithDimon 20
Materials and methedg GUR figctiapsiyerg prepared from Birnuno as described in Example 3., Cell
CU itures 25Cell cultures of the NCM460 cell line were obtained from the same source as Example 3
and maintained in the same manner.

For both experiments, the fraction DP3 and DP>3 decreased the secretion of

5  cytokines:
a) DP3 reduced the IL-8 production by 34% and MIP-3a production by 25%
when compared to the TNF-a alone;
b) for the fraction DP>3, the reduction was 35% and 51% for IL-8 and MIP-3a,
respectively.
10
The results for the fraction DP2 were not clear. The reduction for IL-8 secretion

was 49%, but this fraction did not have any effect on the MIP-3a production.

15 EXAMPLE 4
The effect of fractions of Bimuno galactooligosaccharide mixture on the production of
IL-8 and MIP-3a cytokines in the presence of the inflammatory cytokine TNF-a

compared with Bimuno
20  Materials and methods
GOS fractions were prepared from Bimuno as described in Example 3.

Cell cultures
25 Cell cultures of the NCM460 cell line were obtained from the same source as

Example 3 and maintained in the same manner.

Measurement of cytokine production by NCM460 cultures
NCM460 cells, in concentration of 5 x 10> cells/ml, were plated on 24-well plates

30  and incubated at 37°C in 95% air and 5% CQ,. After 24 hours of incubation,



Measurement of eytokine production by NCM460 cultures NCN4460 cells, in concentration of 5
x 105 cells/ii, were plated on 24 -well plates 30and incubated at 37C, in 95% air and 5% CO2. After 24
hours of incubation, -5 - corresponding to 70% of confluence, the cells were treated in triplicate with
TNF-- Ong/m0 (Recombinant Human TNIF-P, /TN-I:SF IA - R&D Systems), and mixture of TN. Fa and
Dimuno (0.1g/m1), TNif-a and the DP-3 fraction ((Hglm21) of BiTIRMO or TNIa and the DP:>3. fraction
(thiglini) of Bimuno, The control consisted of cells growh-in the 5medium. The cells were then
incubated at 37C in 95% air, 5% CO2 for 16 hours. Following the incubation, the supernatant was
collected and freszesaniendinguiot20ds oOennflegnge sbtsidlievtisdrodirkitathsai§ettat A0 £ g for 5 minutes,

The concentratjop,gfRytakiBgsHiMF Rranthie) nasmeaswas byELEA Assakusing therkit
QUANTHUNE, provided by R&D Systems( Iﬁgsullﬁ%_ he. 2 differ rlﬁfr%gtions collﬁltgd EllJnsajng the e
exclusion chrorﬂ&[@glf’élﬁh‘gpﬁgd%ﬁ/‘omaﬁ?\@ S _ozf%%ﬁgg{’o Ii]z%f@ ethafites: B) Fraction DP3

contained b) Fractiop-DRa3dicodiped) ti@effect dfithecaatd ctovligosatetagdeviractitons and Bimuno

on the prodg,ucti%)nrz3 9 and MIP-3a is.sh 5%5@1%@2 ﬁﬂ%&?b@%gqg\%l&s!:m Figures 9(A)

. 1I1r%oul" € were%?e u%\e/l\‘ndigt
and (B) it can be Seen that the fraction Bw\’g reduced the production of 1L-8 by 35% more when

compared with Bitinurieg Théncatieiieio hinsnmnaens rseirsisaisd 2B ros g Barbausstay $HBHDP3 fraction

when compared LB 2SI IHATIREUPRDR 175 Db FaductioR i henadalion of 11-8

compared with Hirano was 40 reater, and the reduction in MIP-3a producti 0h greater.
P cytokines (MIP-3 an% 1L-8) was measured by ELISA assay us?ng t%e ﬂﬁ 88AV¥\?ISIE§[\{IQ:,9

provided by R&D Systems.

10
Results
The 2 different fractions collected using the size exclusion chromatography had the
following amount of galactooligosaccharides:
15
a) Fraction DP3 contained
b) Fraction DP>3 contained

The effect of the galactooligosaccharide fractions and Bimuno on the production of
20  IL-8 and MIP-30 is shown in Figure 9(A) and (B) respectively. From Figures 9(A) and (B)
it can be seen that the fraction DP3 reduced the production of IL-8 by 35% more when
compared with Bimuno. The reduction in MIP-3a. production was 37% greater using the

DP3 fraction when compared with Bimuno.

25 With the fraction DP>3 the reduction in the production of TL-8 compared with

Bimuno was 40% greater, and the reduction in MIP-3a production was 55% greater.

Conclusion

30 When fractions DP3 and DP>3 are present in amounts equal to the total



Conclusion - 16 - galactooligosacc laride mixture imam()) the protective effect against flan mation is
significantly higher, - 17 - CLAIMS 1. A galactooligosaecharide having a degree of polymerisation of
3 or more which is selected from the group consisting of trisaccharkles (dal (p 1-6) - Gal (Il 1-4) - Glc,
and Gal 5(f3 1-3) - Gal ( 1-4) - Ole, tetraseceliaride Gal (p 1-6)- Gal W 1-61 - Gal( 1-4) - Ole and
pentasaccharide Gal g3 1-6) - Gal (13 1-6) - Gal (p 1-6) - Gat al 1-4) - Ole when used in prevention of
an intestinal inflammatory disorder. 2. The galactooﬁdésaccharide according to Claim 1 when used in
the prevention of 10colitis, entero-necrotizing colitis, pseudomembraiums colitis, ulcerative colitis, Cats
disease, divertisdREE G MR GH BENEHRA LR PRoteHy rffsetdatige<ademmdgen is
according'JaiClspifificapesesiad as a powder, a syrup or in the term of a soft pastille. 15 4. The
galactortligosacellaride according to Claim 3 wherein from 1 to | Og of the galactooligosacellaride,
preferably 2 to Sg of the galactooligosaecharide, most preferably 2.75g of the gabctooligosaccharide
are used daily to prevent the inflammatory disorder.



205.Use of a galactoollgosaticharide having a degree of polymerisation of 3 or more which is selected
from. the group consisting of trisaceharides Gal (0 1-6) - Gal (131-4) - Ole, and Gal (p 1-3) - Gal (13
1-4)retrasaccharide Gal (13 1-6) Gal (p 1-6) - Gal (0 1-4) - otc, and pentasaccharide Gal (13 1-6) - Gal
(3 1-6) - Gal (p 1-6) - Gal1-41-- Ole in the preparation of a medicament :for the prevention of an
intestinal inflammatory disorder( 25 6.A method fbr the prevention olan intestinal inflammatory disorder
comprising orally administering to a mammal an effective amount of a galactooligosaceharide having a
degree of polymerisation of 3 or more which is selected from the group consisting of trisaccharides Gal
(f3 1-6) - Gal (0 1-4) (3tc, and Gal W 1-3) - Gal (0 3-4) - 30tetrasaceharido Gal ( 1-6) - Gal W -6) - Gal
03 1-4) - Ght and pertasergharide Gal (p 1-6) Gal al 1-6) 6131 (i 1-6) - Gal (p 14) - Ole. 7,The method
according to Cairn 6 wherein the inflammatory disorder is colitis, entero-necrotizingcolitis,
psendornerribranous colitis, ulcerative colitis, Crohn's disease; diverticulitis, or hiflatrnatory bowel

disease. 5/3, The mathod AAAHMRYERSEIEARIB RS R4S PhERAMSTIR o9 Aormase Tk b thod
according to Claim 6ctiet dionthie: galactooligngatthaxiderdideadiai(istejedadspal powdier a@ Sgtup or in the
form of a soft pastillgy 1L0sIhe methed rding. I, 6. wherein. the tive dei se oith
active IactooBgoacémha?i?]llo(?‘ol:?%rles)entin’q‘gt\tﬁgS inflgrtﬁcr%n%g@] é%%vmrﬁlr? glfgfm 15@3 1§ gj%gae%grably 2g to
59, most preferablyW.‘IE?@??hari e Gal ( 1-6) - Gal (B 1-6) - Gal (B 1-6) - Gal (8 1-4) - Glc when used in

prevention of an intestinal inflammatory disorder.

2. The galactooligosaccharide according to Claim 1 when used in the prevention of
10 colitis, entero-necrotizing colitis, pscudomembranous colitis, ulcerative colitis, Crohn’s

disease, diverticulitis, or inflammatory bowel disease.

3. The galactooligosaccharide according to Claim 1 or Claim 2 presented as a powder,
a syrup or in the form of a soft pastille.

15
4, The galactooligosaccharide according to Claim 3 wherein from 1 to 10g of the
galactooligosaccharide, preferably 2 to 5g of the galactooligosaccharide, most preferably

2.75g of the galactooligosaccharide are used daily to prevent the inflammatory disorder.

20 5. Use of a galactooligosaccharide having a degree of polymerisation of 3 or more
which is selected from the group consisting of trisaccharides Gal (B 1-6) - Gal (B 1-4) - Glc,
and Gal (B 1-3) - Gal (B 1-4) - Glc, tetrasaccharide Gal (B 1-6) - Gal (B 1-6) - Gal (B 1-4) -
Glc and pentasaccharide Gal (8 1-6) - Gal (B 1-6) - Gal (8 1-6) - Gal (B 1-4) — Glc in the
preparation of a medicament for the prevention of an intestinal inflammatory disorder.

25
6. A method for the prevention of an intestinal inflammatory disorder comprising
orally administering to a mammal an effective amount of a galactooligosaccharide having a
degree of polymerisation of 3 or more which is selected from the group consisting of
trisaccharides Gal (B 1-6) - Gal (8 1-4) - Glc, and Gal (8 1-3) - Gal (B 1-4) - G,

30  tetrasaccharide Gal (B 1-6) - Gal (B 1-6) - Gal (B 1-4) - Glc and pentasaccharide Gal (B 1-6)
- Gal (B 1-6) - Gal (B 1-6) - Gal (B 1-4) - Glc.
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7. The method according to Claim 6 wherein the inflammatory disorder is colitis,

diverticulitis, or inflammatory bowel disease.
8. The method according to Claim 6 wherein the mammal is a human.

9. ‘The method according to Claim 6 wherein the galactooligosaccharide is

administered as a powder, a syrup or in the form of a soft pastille.

10.  The method according to Claim 6 wherein the effective daily dose of the active
galactooligosaccharide for preventing the inflammatory disorder is:from.I1g to- 10g,
preferably 2g to 5g, most preferably 2.75g.



