PRODUCT CONTAI NI NG | NACTI VATED PROBI OTl C FOR CHI LDREN
OR | NFANTS CROSS- REFERENCE TO RELATED
PATENTS AND PATENT 5APPLI CATI ONS 10
BACKBREGIND OF THE | NVENTION Fi el d of the | nventioQms/oss717
[ 0001] The present invention relates generally to a
product containing and nethod utilizing at |east one
i nactivated probiotic. 15(2)Description of the Rel ated
Art [0002] The inflanmmatory response is an attenpt by
the body to restore and maintain honmeostasis after
i nvasi on by an infectious agent, antigen chall enge, or
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&esponse i s general |y caticinensa heal thy response to
injury, the imune system can present an undesirable
physi ol ogi cal response if it is not appropriately
regulated. In this situation, the body's normally
protective i mmune system causes damage to its own
25tissue by treating healthy tissue as if it is
4d nfected or abnornal. Alternatively, if there is an
injury, the inflammatory response nmay be out of
proportion wth BNeKGROEWD OFalit INVENFON nj ury. Waen

th|s(gccqﬁ§doﬁmgkwgﬁk§nnatory response can cause nore
damage gent itself would have

the body fhan
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f ounand mepd utilzing @B ast bn®ihactivatad probiotic.
15 2) Description of the Related Ant
[0002] The inflammatory response is an attempt by the body to restore

and maintain homeostasis after invasion by an infectious agent, antigen
challenge, or physical, chemical or traumatic damage. Localized
inflammation is contained in a specific region and can exhibit varying

20 symptoms, including redness, swelling, heat and pain.

[0003]  While the inflammatory response is generally considered a
healthy response to injury, the immune system can present an undesirable
physiological response if it Is not appropriately regulated. In this situation,
the body's normally protective immuna system causes damage to its own

25 tissue by treating healthy tissue as if it is infected or abnormal.
Alternatively, if there is an injury, the inflammatory response may be out of
proportion with the threat causing the injury. When this oceurs, the
inflammatory response can cause more damage to the body than the
agent itself would have produced.

30 [0004]  The inflammatory response has been found in part to consist of
an increased expression of both pro-inflammatory and anti-inflammatory
cytokines. Cytokines are low molecular weight, biologically active proteins
involved in the coordination of immunoloegicat and inflammatory responses



an increased expression of both pro-inflammtory and
anti-inflanmmtory cytokines. Cytokines are | ow
nol ecul ar wei ght, biologically active proteins
mrovmhs/mes7Bn t he coordi nation of i nmunol ogi cabcmoghoosos4717
i nfl ammat ory responses and conmuni cati on between
specific imune cell populations. A nunber of cel
types produce cytokines during inflamatory reactions,
i ncl udi ng neutrophils, nonocytes, and |ynphocytes.
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20 systemic inflammation, the mortality rate due to this disorder remains

unacceptably high. |

[0007]  Respiratory tract infections are extremely common, especially

among infants. In the first year of life, infants are prone to recurrent

respiratory tract infections, often experiencing betwsen three and six

25 infections during that year alone. About 6% of infants less than one year
of age are hospitalized for lower respiratory tract infections each year in
the United States alone.
100081 Respiratory infections and their symptoms can range from mild
to severe, depending on the type of virus and the location of the infection,

0 Upper respiratory infections often manifest themselves as common colds,
causing inflammation and swelling of the lining of the nose, thrpat and
sinuses. Influenza, commonly known as the flu, is a highly contagious
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25 infections during that year al one. About 6% of
infants | ess than one year of age are hospitalized for
| oner respiratory tract infections each year in the
g bavel1dBBBt es al one. [ 0008] Respi ratory i nf ectcooszoaundariy
their synptons can range frommld to severe,
dependi ng on the type of virus and the |l ocation of the
i nfection. 30Upper respiratory infections often
mani f est thensel ves as common col ds, causing

i nflammati on and swelling of the Iining of the nose,
throat and sinuses. |Influenza, comonly known as the
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bronchial tubes, causing narrowing and swelling due to viral inflammatio

25 Bronchiolitis is similar to bronchitis, but occurs primarily in infants. Itis an
inflammation of the smaller caliber tubes of the branching network of
brochi. The infection causes labored breathing, frequent and dramatic
coughing and wheezing and may require hospitalization,

[00012] The lower respiratory infection that is probably the most serious

30 for infants is pneumonia. Pnelmonia is caused by an infection in the
alveoli, causing them to become filied with fluid, often of a thick purulent
nature, that interferes with proper exchange of carbon dioxide. The
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25Bronchiolitis is simlar to bronchitis, but occurs
primarily in infants. It is an inflanmmation of the
smal | er cal i ber tubes of the branching network of
woedosiosThe i nfection causes | abored breat hi rgr/usze080s4717
frequent and dramatic coughi ng and wheezi ng and nay
requi re hospitalization, [00012] The | ower respiratory
infection that is probably the nost serious 30for
infants is pneunoni a. Pneunonia is caused by an
infection in the alveoli, causing themto becone
filled with fluid, often of a thick purul ent nature,
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[000168] AOM can be caused by viruses or bacteria. The most common
bacterial strains that cause AOM are Streptococcus pneumoniae (35% of
cases), Haemophitus influenzae (30% of cases) and Moraxella catarrhalis
25 (10% of cases). Because bacterial strains frequently cause the infection,
AOM is commonly treated through the administration of antibiotics. In
fact, more antibiotic prescriptions are writlen for AOM than for any other
disease in infancy,
[00017] Often, whether the cylokine response is pro- or antj-
30 inflammatory depends on the balance of individual microorganisms that
colonize the intestinal lumen at any particular time. It is well known that
the mucosal surface of the intestina! tract is colonized by an enormously
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children will have had recurrent episodes of AOM

[ 00016] ACM can be caused by viruses or bacteria, The
nost conmon bacterial strains that cause AOM are

Si¢ apt/acoacus pneunoni ae (35% of cases), HaepopbsdovgosiTiy
i nfl uenzae (30% of cases) and Mraxella catan-halis
25(10% of cases). Because bacterial strains frequently
cause the infection, AOMis comonly treated through
the adm nistration of antibiotics. In fact, nore
antibiotic prescriptions are witten for AOMthan for
any other disease in infancy. [00011] Oten, whether
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Intestinal Host Defense, J. Pediatr. Gastroenterol. Nutr. 30:82 (2000).
Additionally, the gut microfiora has been shown to elicit specific immune
responseas al both a local and systemic level in adulls. isolaun, E., st al.,
Probiotics: Effects on Immunity, Am. J. Clin. Nulr. 73:4448-508 (2001).
30 [60018}  The gut microflora in infants is known {o be far less developed
than that of an adult. While the microflora of the adult human consists of
more than 10" microorganisms and nearly 500 species, some being
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Rel ati onships in the Gut, Sci. 292:1115 (2001);

Hal |l er, et al., Non-Pathogenic Bacteria Elicit a
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30di sease, periventricul ar | eukomal aci a, neonat al
meni ngitis, neonatal hepatitis, sepsis, and
necrotizing enterocofitis are inflammtory in nature.
Dapmogdiongyzon the particul ar di sease, the acceopasyisngs7i7
i nflammati on can occur in a specific organ, such as
the lung, brain, liver or intestine, or the

i nflammation can truly be systemic in nature. [00022]
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29act efRfadBfimicrofiora to develop improperly, thus causing or precipitating
life-threatening systemic inflammation.
[00024]  In recent years, the supplementation of probiotic bacteria into
the diet of formula-fed infants has been suggested in order to encourage
gut colonization with beneficial microorganisms. Probiotic bacteria are
30 living microorganisms that exert beneficial effects on the heaith of the
host. Fuller, R. Probiotics in Man and Animals, J. Appl. Bacteriol. 66:; 365-
78 (1989).



30living mcroorgani snms that exert beneficial effects
on the health of the host. Fuller, R Probiotics in
Man and Animals, J. Appl. Bacteriol. 66: 365- 78
W®8@)/1063300025] Whi | e vi abl e probiotic bact ecrasymyfos4717
be effective in normalizing the gut mcroflora, there
have been very few published studies assessing their
safety in premature and i nmunosuppressed infants.
These special popul ations have an i mmature gut defense
barrier that increases the risk 5for translocation of

| um nal bacteria, causing a potentially heightened
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probi otic whereln robirotic 1 n non-via but the

cel | uPiafuct offiserEls't W‘P”"i’ Prebensficd! te/ripude Hrshirefac

r et ai ®ducing or preventing systemic inflammation in formula-fed infants
comprising the administration of inactivated probiotics.
SUMMARY OF THE INVENTION
30 [00027] Briefly, therefore, the present invention is directed to a novel
product comprising at least one inactivated probiotic wherein the probiotic
in non-viabie but the cellular components of the inactivated probiotic retain
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the sane or simlar biological reactive attributes as
those of the viable or non-inactivated cells of the
probi otic. [00028] In other enbodinments, the invention
wodekeeted to a nmethod of utilizing one or WRE&IS2008/054717
i nactivated strains of probiotics for the sane or
5sim | ar biological reactive benefits as the viable or
live probiofic. [00029] In other enbodi nents, the
invention is directed to a nethod for treating,
preventing or reducing system c and/or respiratory
inflammation in a subject, the nethod conprising

adm nitee sameny stnolat hieogedbjeactive attitueasap ¢huise obthé yiable or

ef f ect o} a2 ié@tceﬁgofmetﬁr&ﬁoik one inactivated

probiotic, wherein t robiotic inits viable form
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met hodresmpesrewnm% @fdémanggfsﬁénmgarﬁa%rtr%%.raw.,ﬁrahne.non

therapeutical ly fectiv I"east
i nact V&b EEch ST EhpoompriEiReadinipisierngrte Biesubiectian it s
vi abl endrgemidaby aftefivelanfont o3 4aBast mahadﬁ%e@;ﬁremem ing or

1{ 888%' g ﬁ\etﬁfhrrgggpc It‘!s 9%!%% ogm tssltu%gfultﬁ téer?? ?%Hrevgntmg or
dir ectr@iﬂmm@swhmtema aﬁdjpr reeraenrigflagmagdiceinensubiegt t he
syst efgdpase! ﬁmacﬁr?er @{?b&ﬁtﬁeﬁg R ¥enBébs d&%éaft!: amé;erfyr

cytoklnes or Ines in a subject,
conpr "R %ngsqfé?q“ﬁ'ﬁg fe§PiFaay @ﬂ%]“@&ttondn a subject, the
t her ammoﬂ camprisirgfddeniistarig &nbe Bibjeat a merdpeata:‘aumﬂcnve

1;5%? ' lﬁ%fé}iealg 8ne| Gt!‘LaQOOOpggAdOHJCnW aeng { 1S pL pro rﬁilf i 'ﬁ for

I on 1's irec
t r eat Mﬁgle fqmrnewaﬁfut fvgsmh tneemernger&%@remL@mg mgspatant i on

in a ZasHRbRStin a kh§edret hod conprising adm nistering to
ect a therapeutically effective anount of at

t he sub
| east QS"H%*I. n’a@éﬁevswgad'fa?%.”&m‘@nwﬁ\ is grRsiadde A ORIRHIH at
| east redineind angevehiirignhpoispimnsalaseadf ede bandry paci d
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docos atieiRiisre] fo tarcsubect therapeuseally leﬁ%CIW%I@ﬁﬂ@t alt cpast

30( ARbve inactivated probiotic.
[00032] In a particular embodiment, the invention is directed fo &
method for treating, preventing or reducing systemic inflammation in a
25 subject, the method comprising administering to the subject a
therapeutically efiective amount of at least cne inactivated probiotic in
combination with at least one long chain polyunsaturated fatty acid
(LOPUFA} and/or af least one viable probiotic. In paricular embodiments,
the LCPUFA may be docosahexaenoic acid (DHA) or arachidonic acid
30 (ARA).
100033) Among the several advartages found to be achieved by the
present invention, it can reduce or prevent systemic or respiratory
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[ 00033] Anpbng the several advantages found to be
achi eved by the present invention, it can reduce or
prevent systemic or respiratory inflamrations. The
iwgenisiian7amay al so reduce i nflanmmati on in thecivsgsosari7
pl asma, lungs, and intestine. Additionally, the

i nvention reduces or prevents the rel ease of various
pro- 1 nflanmat ory cyt oki nes and chenoki nes, i ncl uding
interleukin-113 (1L-1j3), I1L-8 CINC1, and grow h-
5rel at ed oncogene (GRO KC) |evels. As the present

i nvention may be used to inprove the inflanmtory
condi tigmmatienarere ilvediop rmay elsp radbee offsertatiof in the liver,

del et Iés%stui&&%ﬁ lhtgﬁﬁﬂeOﬁddlﬂrdnaﬁs%%veﬁﬁh%uwl PTI ON
OF TH re conplete

under SYHREE M§ rB'Fa*ieH’é ‘iﬂ‘-’@% @Jﬁtf”qaﬁmw BACKINEBPRE er ence i s
now netembkineshiecifidid istesiaugind@SILFIRtIL-ONGINCaK emi growth-

nj u a
00345 1e8 Bt (RRARGIRARE A ko ehilton ra be e
i nact it¥ Epeseye Sreobienimaiay sendiipn dMT‘%eaqum%b@éHh%@mﬂet@‘phl I
chenpafkelet=AgiARfcibné 6 iNessk:. pepti de production in the

151 nact vated (A0CEBERCTIRION RETRa N o | ™Y

exenplieog4l néoctd mare edmpletehin dérstandingoflifabet sdt :amnt:on

jgheat -, %ca ik 9891??19114:‘0 e ,H&&é&p‘iéﬂs ‘ﬁéhr?co%@ tStIﬁ)geof

active |nact|vate pro 1 CS on
pr odu&ﬂfhgﬁ’ﬁcﬁowaaﬁfﬁ%d@%”% ELI SA. | nacti vat ed LOG is

| abel ¢gboas) " h@ﬁﬂéﬂ Lifdirate 2Pk BFELS 61 ki@ imhctiatddTroAdties

ane et HtuBPo P Re o L0 hgepiB n
| nact presltigtion O&e iher Lidizedregnainket darbuio@@bent assay (ELISA).

15 Inactivated Laclobacillus rhamnosus GG (LGG), an exemplary inactivated
probiotic, fs labeled as “heat-LGG".

[00036] Figure 2 illustrates the effect of active and inactivated probiotics
on CINC-1 peptide production in plasma using ELISA. Inactivated 1.GG is
labeled as "heat-LGG".

20 [00037) Figure 3 illustrates the effect of active and inactivated probiotics
on CINC-1 peptide production in the lung using ELISA. Inactivated LGG is
labeled as "heat-LGG".

[00038] Figure 4 illustrates the effect of active and inactivated probiotics
on growth-relaied oncogene {GRO/KC) production in the liver using a

25 cytokine multiplex assay. Inactivated L.GG is labeled as “heat-L.GG",
[00039] Figure 5 Hlustrates the effect of active and inactivated probiotics
ot GROMKE production in the lung using a cytokine muliiplex assay.
inactivated LGG is labeled as "heat-LGG".

[00040] Figure 6 illustrates the effect of active and inactivated probiotics

30 on interteukin-1p (11.-1B) levels in the liver using a cytokine multiplex assay.
[nactivated LGG is labeled as "heat-LGG".

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[00038] Figure 4 illustrates the effect of active and
i nacti vated probiotics on grow h-rel ated oncogene
(GRO KC) production in the liver using a 25cytoki ne

b bdoph@xz7zassay. | nactivated LOG is | abel ed a&1/us2008/054717
"heat-LOG', [00039] Figure 5 illustrates the effect of
active and inactivated probiotics on GRO KC production
in the lung using a cytokine nultiplex assay.
Inactivated LOG is | abel ed as "heat-LOG'.

[00040] Figure 6 illustrates the effect of active and

i nacti vated probiotics 30on interleukin-113 (IL-1p)
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of t hévithpnt dearting fropythd seope of spinikpl the ingerdipp alf erinstance,
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and varlatbons nmade pr esent I nventi on
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i nvenqyoond2] Fonusi nstiaaaed tiae e yraasntinventshicatedsdseh

1tges cr 'n%%ﬁl rr@%a?ﬁ{d vaﬁ%tlogg &5 ?Jmeo\gi{hmetﬁ% SL%O%Q ?HR? a Se%geuo n

anot her e
embodicledis and WWMQ‘]’aiqTﬁ% sOthpt objests; ispleregand esnectsohibe

pr esepfeskViRBftioR ArC@icRissd MU BreldduBel ﬁdne ﬁ‘i%'f&lﬁﬁvm@n d
vari at,i ons cone ope of

VP e Bl RRaBhoTe gtk boherEtops AR e ot SR e

and aspdet the pfestitelispusspent a dmmirbn ofexamgladi estodigedtsi N

1323 2{ ?B’? Pa\gh %’yfott fnlfeﬂg%ot gkgtmfﬁm oV Dehdgl Ak %glhe rese

der ¥ ey voone of 57l nary
ski | | InveiticRe art that the present discussion |s a

descr ybin e @Wﬂé' a%bbévﬁfﬁ?@@kémg& ferbMONGY, apd Ihs
oo b seht el e bR R PP Sl bR ol ons
are ueecﬂ; Lh?@r ipiopolyda@GBarida dlt, obexteikih; UBNE€-H atyrkos bsluGa
o or SRR NI BRBNY LR LR AT
| nducé’é?yme i;nked immunosorbent assay, RT-PCR, reverse transcnptlon-
polymerase chain reaction; ANOVA, analysis of variance; SD, standard
deviation; RMS, rat milk substitute; TLRs, Toll-like recepiors; Nuclear
Factor kappa B, NF-kB; EPA, eicosapentaenoic acid; DHA,
25 docosahexaenoic acid; ARA, arachidonic acid,
[00044] TLRs are a family of vertebrate recognition receptors. They
have evolved as key molecutes in innate and adaptive immunity. They
play a crucial role in the recognition of conserved microbial componenis.
An organism’s cell wall components, DNA, and double-stranded RNA are
30 apparently recognized by different TLRs. These bacterial-derived
components (whether it be LFC, peptidoglycan or CpG DNA) are natural
TLR iigandé which retain strong immunomoduiatory properties in the
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20neut rophil chenpattractant-1; GRO KC, grow h-rel at ed
oncogene; ELISA, enzyne-I|inked i mmunosorbent assay;

RT- PCR, reverse transcri ptionpol ynerase chain
veaedos/@e373ANOVA, anal ysis of variance; SD, stand8fwsosi7iy
deviation; RMS5 rat mlk substitute; TLRs, Toll-Iike
receptors; Nucl ear Factor kappa B, NF-KB; EPA,

ei cosapent aenoi ¢ aci d; DHA, 25docosahexaenoi c aci d;
ARA, arachidonic acid. [00044] TLRs are a famly of
vertebrate recognition receptors. They have evol ved as
key nolecules in innate and adaptive imunity. They
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absen{®044] t Hee tpant rohenic onema s depiectve sr villeh woul d

typi calidrdorgRnt that %08 ROEAR) AL SIth@hedth 8} b REAL T ON

(diarrhea,"tissue destruction, systemc Inflammti on,

bar ri E100r nERfIRIN tPyBPiotiTHEeans & nap-igestiblsiprstegiedent that

t ﬁpi gaﬂimwatggﬂwegmmﬂliﬁwdaﬁaﬂtvitwﬁ pi"dﬁﬂﬂﬁ@br esEon_se wher eas
e ia,thensel ves are .bsense the innate

1?)mmng0%?gépoﬁ%'é§e 8%?&?4319?%‘5%%'%"'Epﬂf%ﬁi‘%'ﬁf%““@neans a

li ve, inseovingeor camadiyiab b disedssr disordeindrspmptaetof e Xseas or

benef p&igfbnef fects on the health of the host. [00046]

The term "prebiotic" neans a non-d%ﬁgesti bl e food

i ngr eHI08#R1 ¢ Hgtterdn roryriag’ deeanpio AMBiRD K Bfeph GMobRl o'vi ty
of predédre@d.i cs. 10[ 00047] As used herein, the term

=t reati.no. ans aneliqratin I proving or. remedyi ng
15 o o588 FRIEFEERnG mEs 8 O & it dieth

condi tisgrer, pEYOABIN of haliseagermr torgittivo it ghrrema sctia.

i m Njodbsgr " FHENEIH oy AMENEs uh nORAT REansTekARAFS] The
term " preventing ans to stop or hinder a‘di sease,

di sor g#getingipe eRthp b of a di sease or condition through

sone AebsNN, THA8RR0lesfiRtor Bfedlions ¥iStRprdory ilAsssUHmesh a
2B B B0 g U8 g B4 b BB B
" r es pbryasofrym thelaitds e bimedaiream and for expelling carbon dioxide.
[00052] The terms “inactivated probiotic” or “inactivated LGG" meaan
that the infernal metabolic activity or reproductive ability of the probiotic or
LGG erganism has been reduced or destroyed. The "inactivated probiotic”
25 or “inactivated LGG”, it iz believed still retain, at the cellular lavel, at least a
portion their natural TLR ligands which in turn retain at least a portion of
their immunomoddlatory properties. As used herein, the term "inactivated”
1S SYNONYIMOUS with "non-viable”,
[00053] The terms “therapetically effective amount” refer fo an amount
30 that results in an improvement or remediation of the disease, disorder, or
symptoms of the disease or condition,
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20di sease or infection affecting the group of organs
responsi ble for carrying oxygen fromthe air to the
bl oodstream and for expelling carbon di oxi de. [00052]
TWe2d@roos3” i nacti vated probiotic” or "inacti yatecobddsiry
mean that the internal netabolic activity or
reproductive ability of the probiotic or LGG organi sm
has been reduced or destroyed. The "inactivated

probi otic" 25or "inactivated LGG', it is believed
still retain, at the cellular level, at least a
portion their natural TLR ligands which in turn retain
at | e[9054 pUetteon'potertheians aminfag moitetr@ihy end of the
prope herein, the term™"inactivated” is
synongmﬁéem&tﬁe%ﬁ%n vi abl e" 00053] The terns

"t her é)ﬁ@%ﬁh cHIel tomeriaad trepes apesipatal huppe fnat ig lesh tharount
30t hatbduesigdrsidi n an i nprovement or renediation of the

B omar Togse] SRSy 4B af efhen MeddRec ahout it ant
bor n bef Gryeatsiodd. énqermfn dgntedB@nts, avelalk :s{ﬁet\gmtim agen of
[ 00055]4iTPgnd & é&"és@faﬂ%ther@m%%%g izﬂ whdH@RE that

is less than about year e term
" chi Iiﬂes%%‘%\amwaﬁé’ﬂ%en the ages of about 1 and
12 yepossl das Used BEERhahE tepAbiaRhieiusa” rasdd baingosition

TR L SN R e L

a_nd 1f2r jusagngnitsl d. [ 00057] As used herein, the term
i nf agbodeP’ MHh&ordXRENSitANS In'ifé |Bn ]aQLOIU@ rcﬁl@&t‘a?‘ng' es
the nutrient requirenents of an |n bei ng

subst PEedoF ByingrupraRIOtF haxe bTe(B‘G’GFSB‘]eW% Tae @Eﬂdél%fr@ﬁ% with
t he pnaﬁantommvembluanatm dlaverafeueancifeane aumadaf or

éJS' ngle%n Qrée R.lac%%tgd ga%t)/ ﬁir r;]a %'m‘f’ gt\(oﬁrig?req-[o ] stﬂajecg uic
t her a@@mqﬁ@m’ﬂwn@f me@t@m@ﬁélsa?m'uﬁmt of at 15l east one
'sﬂgjc { pgtu@sfd FRERIs At rfipta Rk ROV Sk ndhdr fcthiagreof to a
probiotics have met substantial obstacles. For example, Kirjavainen, P,
ef al., reported that in a comparison of viable and heat-inactivated LGG,
20 nearly 40% of the children supplemented with inactivated LGG
experienced severe diarrhea. Probiotic Bacleria in the Management of
Atopic Disease: Underscoring the Importance of Viability, J. Ped. Gastro.
36: 223-227 (2003). No adverse reactions were reported in the placebo or
the viable L.GG group. /d. at 225. Because diarthea is largely associated
28 with inflammation, the Kirjavainen study indicates that inaclivated LGG
may aclually cause gastrointestinal inflammation. In fact, the study notes,
“the heat-inactivation process may cause denaturation of surface peptides
and expression of heat-shock protein, thus modifying the
immunostimulatory properties of LGG in such a way that the heat-
30 inactivated form would induce inflammatory respanses and consequently
increase gut permeability.” 1. at 228, In contrast, the present inventors
have developed a novel method for freating or preventing inflammations
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sonme enbodi nents, the subject is an infant. [00059]
Previous attenpts to effectively adm nister
i nacti vated probiotics have nmet substantial obstacles.

Fop 2exepize, Kirjavainen, P., etal., reportegctrhdiooktsarr
a conparison of viable and heat-inactivated LGG
20nearly 40% of the children supplenented with

i nacti vated LGG experienced severe diarrhea. Probiotic
Bacteria in the Managenent of Atopic D sease:
Underscoring the Inportance of Viability, J. Ped.

Castro. 36: 223-227 (2003). No adverse reactions were
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bulgaricus MR120, L. delbrueckii ssp. bulgaricus PIM69S, L. plantarum
290V, L. reuteri 1083-8, L. reuterd 11284, L. reuleri 82112, L. reuleri T-1,
L. reuteri ATTC 85730, L. reuteri SD2112, L. reuteri RC-14®, L.

30 rhamnosts GG {LGG)Y ATCC 53013, L. rhamnosus GR-1®, L. rhamnosus
LB21. L. rhammnosus R-011, L. rhamnosus R-048, L. rhamnosus M1, L.
gasseri ADH, L. helveticus MR220, L. helvelicus NCK388, L. johnsonii
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del brueckii, L. rhamosus, L. case!, L. gallinarum L
fermentum L. gassed, L. helveticus, L. jugurti, L.
johnsonii, L. leichmannii, L. plantarum L. nuted or
bwo sabiosarsi us. I n certain enbodi ments, the ipactuswat/edr
probiotic may be L. acidophilus LA-56, L. acidophilus
NCFM L. 20aci dophilus AS-1, L. acidophilus DDS-1, L.
aci dophi l us HP10, L. acidophilus HP100, L. aci dophilus
HP101, L. acidophilus HP102, L. acidophilus HP103, L.
aci dophi l us HP104, L. acidophilus HP15, L.

aci dophi | usP1Mr03, L. aci dophilus SBT2062, L. case!
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L. rhamosus rhaimmosus LB21, . rhamosus
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ADH, bumbreinteetinatts:t MRR 2 Qveslior Taedayein o indI4388 andup

ohns 0
00T B0t by bt sie R h AR i b |
San. PlEobewficiay affiests Mepashl MBIV respensgs. plsﬁ@ iscigpenited

embodiviie deﬁostt&? aliRY@PhmeRbantiyse CRFS CHRERA uR§GDI ot i C
0 |ot| c strain isolated 5from

healtﬁ?mﬁﬂﬂﬁmfﬁ%ﬁégﬁ¢ﬁ flora. It was disclosed in
U S. Fd083it INatill @hEa3b8Ghehis, thivhbetvhted ptodlotic By Ibda i S

1gerei %eh@%‘&@%@%% §sdBﬂfn.ribba{:t§?L§rm ror 8%9@{3!? Yhe iﬁe; €

Phe stabl e
in t herobw@%@mlae Bfanigealies Bahesveil. éfanindb. éﬁctf%é?h@@? avBdl y
to rrumgm Bebhsin %b&d'}ﬁer’fw ﬁ!‘%ﬂnécﬂ&a@éﬂbr@lﬁbndrﬁ .t

sur Vi ndj vi. d up 10to
! iy B Popaglsei an ity sshy i, o3 BIE o
col onbzeradseaap.ddmiti (BB 2@) 3 tadve Y akeh) 8f breveaki0yo, aa‘ fnéoitis

20UCOS g BTHHAA 3’5%5{’%“%"@3 HMES ( !?épfge%ﬂg{;ﬁzds the

depository author rican ure ‘ection
underfoa@t"fé%wﬁBdeﬁ?&s@rB&‘éﬁ@c 53103. [00063] In still

ot her jpeo®di AR, tHeaclR@Gldrtidie thap be !l atiineisBy. be a
lactis (BB-12®), available from Chr. Hansen Biosystems, located in
Milwaukee, Wi. BB-12® is a Gram-positive anaerobic rod-shaped

26 bacterium, which can be found in the large intestines of most mammals,
including humans.
[00065] In still other embodiments, the inactivated probiotic may be
Lscherichia coll, Enferococcus faecium, Saccharomyces cerevisiae,
Lactococcys lactis, Bacifius coagulans, Pedioceccus pentosaceus,

30 Pediococcus acidilactici, Streptococeus sanguis, or Streploceccus
thermophilus. In a particular embodiment, the inaciivated probiotic may
be £. coli Nissle 1917. in another embodiment, the inactivated probiotic
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15menber of the genus Bifidobacterium For exanple,
the inactivated probiotic nay be B. anims, B. breve,
B. infant/c, B. tact/s. B. suis, or B. lon gum In

oRo b@akmesensbodi nents, the inactivated probi ot ipgrhBYoohess17
Bi fi dobacteriumanimalis ssp. an/ma/is, B. animalis

DN-173 010, B. aninmals ssp. lactis (B8-120), B. breve
Yakult, B. breve R-070, B. infantis 208131, B.
infantis 35624, B. testis HNOL9 (DR10), B. tenpin
BB46, B. |ongurn BBL, or B. |ongum BB536. [00064] As
noted, the inactivated probiotic may be B. aninals
sap. IneytbedatBBrDRBYS ceavaidedipiuiardiy tym Bhyet andthesen

Bi osyglBBE mehtoﬁl@‘ir%gtn)aféd MHDWU ﬁ%? be Wact%c@gb& 2ud 812 1n

Gramp03|t|ve anaer obi c acterlum whi ch
can bé [EFhEMPefines thaipadivitad ee 'Pﬁ*f‘e@albl?e SRR S,
i ncl udHag®humans. [00065] In still other enbodiments,
he i vag ed i Ot Esche ichia c
nt er S00881 SRR Rirh s e for O Hharf el agefeted
Lact opmbivtis mlaﬁbe bged. Bay tdnhhirsationelgodctiveded Pelditos sccus
pent Oééﬂ&Haateé’? HRAD ARG ﬁﬁld% hé%th!nauoﬁta'bﬁQ\Fe%‘it% cus

son gals or Streptococcus thernop
parti ftanded sl dn ﬁé’ﬁf“cmi‘fﬁé”qoﬁ'ﬁ@f‘? 9&?'@6’“6%51%@'@%’?@
be E. og®dd mdve sahedkdl the geiusafialoh edteriodione bt morehe

ihnact ac I C revisiee

Pooul SEAPFS FH@ YRl (ool P R R HUA o G b

i nact Milizeddn @ﬁ@mr@ﬁeuembnwewea Cerahinsdion oURB-11 2R andsL A3,

I n a Wzbggﬁ;,zg@rbodl ment, the inactivated probiotic my
er mophi | us THA1M 5[00066% In an _enbodi ment of

the i HPAM; off, INiapBOq HARF iprRaioh 4 dheransuiicplly effective

amount of inactivated probiotic is an amount sufficient to reduce or

15 prevent systemic inflammation in a subject. This amount may correspond
to between about 1x10* and 1x10* cell equivalents per kg body weight
per day. In another embodiment, the present invention comprises the
administration of between about 1x10° and 1x10° cell equivalents per kg
body weight per day. In yat another embodiment, the present invention

20 comprises the administration of about 1x10° cell equivalents per kg body
weight per day. In still another embodiment, the present Invention
comprises the administration of about 1x10"° cell equivalents per kg body
weight per day.
[0C0BB] In the present invention, at least one probiolic that has been

25 inactivated is utilized. Inactivation may ocour through any method
currently known in the art or yet to be developed. The inactivation may be
accomplished, for example, via heat treatment, lyophilization, witraviolet
light, gamma radiation, pressure, chemical disruption, or mechanical
disruption. For example, the probiotic may be inactivated with heat

30 treatment via storage between 80°C and 100°C for 10 minutes. The
probiotic may also be inactivated with ultraviolet light via irradiation for 5
minutes at a distance of 5 cm from a 30 Watt UVC lamp. Aliernatively, the
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probi otic may be used. Any conbi nation of inactivated
probiotics is contenplated in this enbodi nent provided
t he combi nati on achi eves the intended result. In a

peo tésogrdears enbodi ment, a conbi nati on may conMpEirat2@Ees47i7
or nore nenbers of the genus Bifidobacieriumand one
or nore 10nenbers of the genus Lactobacillus, such as
BB-12(r) and LGG nay be utilized. In a separate

enbodi nent, a conbi nati on of BB-120 and LA-50 may be
utilized. [00067] In the nethod of the invention, a
therapeutically effective anpbunt of inactivated
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embod PAY¥AE er‘%bﬁ@%ﬁ?’e @macwﬁvemwc@dﬁﬁ*ﬁ?ﬂsg'é@fmsugar
adm nifstt or ablyciectefidablaybt dnsthed émigmirent taciateaishigiels kg

1800 WRLAND 2R o Bl PR bLMIE PLERERE: diflyent T on.

at | east one probro al hactiVated is
utili E@\SFUCHW@?@\FHNFW Prtiond eraduetiskeluaga fakow-oret hod

curre mrJnMia Koy h;f‘mmh ﬁe@’ré eOfilRy ?59 ubtOr8uice Yrﬁllt pRed. The
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ganmaembdiiaéintg e podesmaebe ahiefahtadutriosd pmﬁu@mu_ciﬁ) s
18ECagh il MhANARLd AlhvarfiRl GHAIP! € the probiotic may

be i nacti vat eat nent via stor age
bet weEROBUC Hthe allvat oneinadiyaled nipbistc is Frminjstests! \da 8 may

al SO peark Raslih i ;ﬁ@nmmwﬂnw &ymhs@hauy 'c&h&lefé'aﬂd
irradi ati.on n cmfroma

o oL e e R AN e Lo
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28 Kg- GBQRY 3 (o R f ce
8% R e et
i nact Fr\?é‘ft_e%IQpYQSB aBleicks $4§h ep eaifethrnibesn ol raimeleiant i on
i S nokodshitioil oaéd;una&aimn@y@ad@oat high asﬁ@léhm%m high
ef f ectll ve @gmu ta ﬁ]ezg p i ster egl ¢ Q spne._
erbodf &7 g I% gfi %t amount of protein typically may vary
from about 1 to abouf 5 g/100 keal. F’rote:n sources may be any known or
25 used in the ari, e.g., nonfat milk, whey pretein, casein, soy protein,
hydrolyzed protein, amine acids, and the ike. The amount of
catbohydrate typically may vary from about 8 to about 12 ¢/100 kocal.
Carbohydrate sources may be any known or used in the art, e.g., lactose,
glucose, corn syrup solids, maitodextring, sucrose, starch, rice syrup
30 sofids, and the like.
[00071] Conveniently, commercially available infant formula may be
used. For exampie, Enfamil®, Enfamil® Premature iFormula, Enfamil®

17



I nactivated probiotic is admnistered to a subject via
tablets, pills, encapsul ations, caplets, gel caps,
capsul es, oil drops, or sachets. In another

apboshkimnis, the inactivated probiotic is encapsukaigekiri
in a sugar, fat, or polysaccharide. In yet another
enbodi nent, inactivated probiotic is 10added to a food
or drink product and consunmed. The food or drink
product may be a children's nutritional product such
as a followon fornula, growing up mlk, beverage,
mlk, yogurt, fruit juice, fruit-based drink, chewable
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[ 00071]° Conveniently ty avai |l abl e i nfa

f or mul"4!Cnaky PREFAROEY We'SBfrPeéﬁ%Vnﬁ” %5 ’éH‘F'EﬁF'F’P?Cj'me”t e

Enf amvible broBioersarhay @nipasenatoat 100 aiulper kd fody welyhtt fer

bron éﬁctofree(r) Nutram gen(r), Pregestiml(r), and
roSoB e(r) (avail able from Mead Johnson & Conpany,

Evans{dopr4d, in Nnolbl?@ﬂ%bO)i!mmyOf tiee invepfvre terpt edsteing h
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practice of of the invention. 3%@ P
e e RSEEAENFCBTE QIR FBREVTIE bt aa'ﬁeAnv
i nact praibitknown in the art will be acceptable in this embodiment provided it
25 achieves the desired result. Prebiotics useful in the present invention may
include lactulose, gluco-cligosaccharide, inutin, polydexirose, galacto-
oligosaccharide, fructo-oligosaccharide, isomaito-oligosaccharide,
soybean oligosaccharidas, laclosucrose, xylo-cligosacchairde, and gentio-
oligosaccharides.
30 [00075] In yet another embodiment of the present invention, the infant
formula may contain other active agents such as LCPUFAs. Suitable
LCPUFASs include, but are not limited to, a-linoleic acid, y-lincleic acid,
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probiotic may be conmbined with one or nore viable
probiotics to treat or prevent system c inflanmation
in formula-fed infants. Any viable probiotic known in
twWe2088/i06f@y be acceptable in this enbodi ment pps@¥iod@eksr17
it achieves the intended result. In a particular
enbodi nent, the viable 10probiotic may be sel ected
fromany of the genera or species of probiotics

di scussed herein. [00073] If a viable problotic is
adm ni stered in conbination with the inactivated
probiotic, the anpbunt of viable probiotic may
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between about 0.0% and 1.00% of fatly acids, by waight.

25 [00078] The level of DHA may be about 0.32% by weight. In some
embodiments, the level of DHA may be about 0.33% by weight. In
another embodiment, the level of DHA may be about 0.64% by weight. In
ancther embodiment, the level of DHA may be about 0.67% by weight. In
yet another embodiment, the fevel of DHA may be about 0.96% by weight.

30 In a further embodiment, the tevel of DHA may be about 1.00% by weight.
000791 In embodiments of the invention, the level of ARA is between
0.0% and 0.67% of fatty acids, by weight. In another embodiment, the
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ARA. Commerci al ly available infant fornula that
contains DHA, ARA, or a conbination thereof may be
suppl enented with at | east one inactivated probiotic

and 2823730 the present invention. For exanplpeisrusio08/0s4717

Enfam | (r) LIPIL(r), which contains effective |levels
of DHA and ARA, is commercially 10avail able and may be
suppl enented with at | east one inactivated probiofic
and utilized in the present invention. [00076] In one
enbodi nent, both DHA and ARA are used in conbination
wth at | east one inactivated probiotic to treat
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per kgneddid@d ¥t the present invention, the amount of DHA is about 17
mg/ 100 keal,
{00083} I aninfant formula is utilized, the amount of ARA in the infant
30 formula may vary from about 10 mg/100 keal to about 100 mg/100 keal, In
one embodiment of the present invention, the amount of ARA varies from
abott 15 mg/100 keal to about 70 mg/100 keal. in another embodiment,
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10wei ght per day to about 60 ng per kg of body wei ght
per day. In yet another enbodi nent the anount is from
about 15 ng per kg of body wei ght per day to about 30
o pek/1degr30f body wei ght per day. [00081] |f ppekiid@ekriy
the effective anount of ARA in an enbodi nent of the
present invention is typically fromabout 5 ng per kg
of body wei ght 15per day to about 150 ngy per kg of
body wei ght per day. In one enbodinment of this

i nvention, the anmount varies from about 10 ng per kg
of body wei ght per day to about 120 ng per kg of body
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for mul enent ol I's contal ni ng
and Amt@gqfﬁr@ g.{tqmqjuaglﬂ the DHA and ARA can be used in refined
form.
20 {00086] In an embodiment of the present invention, sources of DHA

and ARA are single cell oils as taught in U.S. Pat. Nos. 5,374,567,
5550,156; and 5,397,581, the disclosures of which are incorporated
herein in their entirety by reference. However, the present invention is not
fimited to only such oils.

25 [000871  In one embodiment, a LCPUFA source which contains EPA s
used in combination with at least one inactivated probiotic. In another
embodiment, a LCPUFA source which is substantially free of ERPA is used
in combination with at ieast one inactivated probiotic. For example, in one
embodiment of the present invention, an infant formula containing less

30 than about 16 mg ERPA/100 keal is supplemented with at least one
inactivated probiotic and used in the method of the present invention. In
another embodiment, an infant formula containing less than about 10 mg
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techni ques known in the art. For exanple, DHA and ARA
may be added to the fornula by replacing an equi val ent
anmount of an oil, such as high oleic sunflower oil,
neo ALy esent in the fornula. As anot her egxanRb®Rsose717
the oils containing DHA and ARA nmay be added to the
formul a by 10repl aci ng an equi val ent anount of the
rest of the overall fat blend nornally present in the
formula without DHA and ARA. [00085] If utilized, the
source of DHA and ARA may be any source known in the
art such as marine oil, fish oil, single cell oil, egg
yol k 15RVH0 kbalad supplepenied withdatidast driekractivatedgoehgotic and
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inflammatory, fatty acid-derived, mediators broadly known as eicosanoids.

25 w-6 fatty acids, such as ARA, which are located in the phospholipid pool
of cell membranes, are released during the inflammatory response and
liberate a pool of free ARA. This pool of ARA is then acted upon by two
classes of enzymes, known as lipoxygenases and cyclooxygenases, which
produce a specific spectrum of eicosanolds including the 2-series

30 prostanoids, such as prostaglandins, thromboxanes, and leukotrienes.
fob090]  These eicosanoids are known to have a plethora of pro-
inflammatory actions in many cell types and organs. it is known that diets
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i ncludes an infant fornula supplenented with at | east
one inactivated probiotic that is free of even trace
anounts of EPA. [00088] It is believed that the
pvoviosk@srsof a combi nation of at | east one i pasiusyasedr17
probi ofic with DHA and/or ARA provides conplinentary
or 10synergistic effects with regards to the
anti-inflammatory properties of formul ations

contai ning these agents. VWile not wishing to be tied
to this or any other theory, it is believed that

i nactivated probiotics inpart anti-Inflammtory

ef f ectish iniun3 fraty ticidd) pughraasEPA dnd dOHA) ereudoimgetitérs fmtd-®n  of

i nhi bighory, @ln%l@{ie@l hkgof\mgw&&@és a‘ﬁﬁ eiherg ol‘eBkaPQgé thp\/\he 0

nucl ear fac hin 't cyt opllasm

ubi unfUI”'ﬁW%ﬁio%Pffﬁf“keB’fé\f@urF 81 exqER. W fp @%é@du'@m ers

the ngel @dﬂgawn of the u;@kdﬁy a@ﬁ@hnﬁ@tﬁﬁ/ﬁie%ogﬁm%n bfhfﬂiﬁe ﬁr e
| S 'S

h
Sron IR oL Perntre e e RR b anh TR PRSIt Piol gone
expr eg¥aomattyaticosgoidsdigghiRA. ol Heesomhinetioned DHA antl ARA,

nmodul gletdible (Hrodlcféfs LRFRLLODmplitehis beﬁ%&r%\{@ thobta the
i nacti vat ed probiotics ZOEr event l'ty“he ubi quitination of

| kB, {HRPEBPYIPHPEH: I AYytPkdistUeFease of NFKB and
reduci [00Qa1]r Praayvies, lrﬂ@nieﬁ:f‘dbamhﬂs @nthe [rIOABA] vidoie and

ontr . as_ DHA a to
Brpar DeieEe PrepPhind ORI Bl bR ¢BAtHRM o
pr odudhé eambuiatipr of-viadfel mmmptmagﬁd pfcmottlys inbeftverbioipvayile

medi ab&‘ﬁﬁ rﬂ%fé?y(ﬂr eﬁéct@xhaﬁﬂ%@d?@é Hhe a?ﬁ‘%f@mﬁr?aﬁ&ry

aci d F{;& are |ocated in the
phos pH@P?rB?so" ;SS%‘I“ E?"Sé@““ﬁ‘”'ﬁ%?ﬂ?ﬁ%\ﬁ@’é‘ts éﬂ”@'er“@i Vagldigto
dur i nbe tidwetoittid dreanprather tiedng Yok peohinlick drk legites @npaaol

?f fr i %m%%%ﬁ&? h 9 tl'ﬁ\%éh m%r%ii%ﬂwﬂﬁéee@.ré‘%%ﬁptgéé

as Ses
cycl o@)@@éﬁé@%&ke rmptsnhs @ #Bﬁlméheastgfp@wffsp@clf@p@wa@m of

ei cosadnei dfedt Bﬁhdln‘ébﬂﬂeia%n%eﬁn%h Qﬁbigg%%és&iﬁ@'t}%e such

C DoDoBT e DUl e AU e A0 RAnsarlobSHrens BESrelhor a

of pr n-thendlesatiombigeye aqiréssios in theseetargeioelld. (tiy pésspanitc

29r ganﬁ‘lteréc'ﬁ%ﬁ %d&%ﬁﬁlﬁg%@eﬂw r?geche erxgr‘%gblérpanﬁ%tr% ]‘:&LEY

SucC tors or W 6
f at t yetiastsdbatisihaughite & inyolersin gre mm@ﬂbm pidefagraaien.
t her ei‘mrsebeoau@exaa;te%nﬂh%cmw MH:@&%%&%VS& fo&ﬁob&at@f

61 onghti R BFRpftedpatra iy BeUE St e SRRARI G hese
i ncor ponEheds pr@ﬁtdﬁRﬂ)mphmentary or synergistic anti-inflammatory
25 effects.
{000921 In addition, in some embodiments of the invention, at least one
viable probiotic, at least one inactivated probiotic, and at least one
LCPUFA are administered in combination. Because viable probiotics,
inactivated probiotics, and LCPUFAs are each believed {o operate through
30 different mechanisms, it is believed that the combination of these
components provides complimentary or synergistic effects with regarde to
the anti-inflammatory properties of formutations containing these agents.
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5into the cell nenbrane phospholipid pool, and the
production of pro- inflanmmtory eicosanoids from ARA
The conbi nati on of DHA and ARA, therefore, provides

dv S tdofyedsa7sbut conplinmentary, actions to nodepai@siobgosir
i nflammatory response in nmultiple tissues. [00091] In
addition, in sone enbodi nents of the invention, viable
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conmbi nation with one another. The conbi nati on of
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30 inflammatory” cytokines or chemokines include those known in the art to

be involved in the up-regulation of inflammatory reactions. Examples
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[00094] In certain enbodinents, the inactivated
probiotic my be adm nistered to an infant or child to
prevent, treat, or reduce systemc 10 inflanmation.
Wo sos/ersbadi ment, the infant may be | ess t hapcomeroueair17
of age. In another enbodi nent, the child may be
bet ween the ages of one and six years old. In yet
anot her enbodi nent, the child may be between the ages
of seven and twelve years old. [00095] In an
enbodi nent of the present invention, the subject is a
15 formul a-fed infant. In one enbodi nent, the infant

i s foimiwkia-tlhieste howimitbd tot MNF-bNLapotisen-enbutjenent , t he
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| ess than one year, and is fornul a-fed thereafter, at
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2BMOUNE Syre GREMKT AES RN B 1o} RERANBRERE  tion of
Inflammation, Nature Med. 7; 1291 (2001). Thus, the inhibition of NFkB
via inactivated probiotic supplementation in the present invention aids in

the reduction or prevention of systemic inflammation.

[000100] As will be seen in the examples, inactivated probiotics have

25 been shown to reduce systemic inflammation in formula-fed infants.
CINC-1 and various cytokine levels in the formula-fed rat infants were
reduced fo levels simiiar to that of mother's milk-fed rat infants when
supplermented with inacltivated probiotics,

[000101} As will be seen in the examples, inactivated probiotics have

30 also been shown to significantly reduce {L.-8 production, decrease NF-«B
franslocation, and increase kB production in the intestinal epithelium. The
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healthy tissue. G owh-related oncogene (CROKC) is a
chenoki ne which recruits imune cells to the site of
inflammation. It is the human counterpart to rat

ayd alok/m@siznduced neutrophil chenpattractant eEr/ub¥seskdsarir
and is functionally related to the interl eukin-8
famly. 10[00099] In a further enbodi nent of the

i nvention, inactivated problotics have been shown to
inhibit the transl ocation of nuclear factor-kB (NFkB).
NFkB is a primary transcription factor found in all
cell types which is thought to play an inportant role
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[000106] During a 2-day acclimation period, the gastrostomy-fed rat pups

30 were fed with rat milk substitute (RMS). After the acclimation pericd, one of
the RMS fed groups was given a supplement of 1x10° cell equivalents per
kg body weight per day of inactivated LGG. The LGG was inactivated via
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10exanpl es, all percentages are given on a wei ght
basis unl ess otherw se indicated. Exanple 1
[ 000104] This exanple illustrates the effect of

i@ &dok/Y@bRd probiotic suppl enentation on syspeSosnsaris
inflammation in fornmul a-fed neonatal rat pups. 15LGG

was used as the probiotic in this exanple. Materials &
Met hods [ 000105] In two separate experinents,

Spr ague- Dawl ey (Taconic, Germantown, NY) infant rats
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LPS orethABgsat tréasim@flL RSe@ho yup s difed aplupiseniérabl &10°0G

group ’cfuﬁ.gpge %%bc}dg%eﬁkt;b%{ #@%‘f 51531'@{_(?& JI‘h(g‘:fhigc[ %H\%} was fed
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gast r QstQ¥d N @RAIENLWEs done under isoflurane

anest hesi a. %msr contro 1 ed syringe punps were

conne 98407 ol ipgnelysaselfride (LPSbeaM Gpriyerasiacod @27t (ER%d

t he ' t@tggaafgrrwulgamb Wi iBIve .nwb@smofort@u@r.—;fahour at a
g e

B P e BRI ot TS o R B s e b Bert
30wer €.2baokd dWb trig/kgiatty ofiLPR v@mitﬁsgalsircustmy(t%)artmgﬂ?toeys t he
accl i Qﬁér'tr%nnnlﬂl%ﬁ A rtif ?5\ ?ee‘&fngt Iﬁ?ﬁ pﬁ}@w&%&w@ﬁ pPERsS Was kg

gi ven a supp equi val ents per

body frAPgAeNEEN f@feﬁy"%? Thiedoss vat datermingd inmifat SLL@@Was

i nact resalt igdcaatianal slhn&Inhgfﬂp!ich@a’thort Bl@ﬁioﬂﬁmélghft Q?Iﬁ eaQRd not
roup n a.s ment. of u

8oy AEpgrE W= HarteBR ezst i Hored e B B oup v

fed REBOYRS] h‘htdlme ¢n0@f tha Pplag reatherntt ipenivdothe et puisyees  These

feedi Q&ﬁan‘}‘z@mvlﬂ%’r?&ef'o%e ggﬁﬁﬂﬁ’arblél %] odffn. tTRE smai intestine

gastrostony-fed groups received e same quantity of
fat aWge @&Dﬁ@wa P%Raé%ed igiRdrehRAnSr Bt WU EBRYBIABAL  was
si m | agiodbRunt, I@arsmaarmrct jor ErzGink hdysf MH BLEAYSL fixgd PVHH.

2Ot DL SAL B! B RaiRle LISy BANEORISRLS HAPd Afeema Lo

f r om Feeleradahit’ Cior énzpne FesaBHndERSA. Si gma, St. Loui s,
MO WadoflioP SQhn{seht bRHMRL ShiVe ($PEL QiAo 3L) viis used to
analyze body weight, ELISA for CINC-1, and cytokine/chemokine multiplex
assay results. All data were reported as means + standard deviation (SD}.
25 A one-way analysis of variance betwaen groups (ANOVA) was used fo
determine whether a significant difference was presentamong all treatment
groups. The Holm-Sidak method was performed for pairwise comparisons
when the ANOVA was significant al p < 0,05,
Results & Discussion
30 Growth
(0001107 This example illustrates the effect of probiotic administration on

the growth of pups after gastrostomy feaeding. The rat pups were weighed
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10concentration of 2 ng/m . The gastrostony-fed rats
were given between 0.25 and 0.5 ng/ kg/day of LPS via
the gastrostony tube starting 2 days after the

I Wbhb@hb@m of artificial feeding. The pups We g @bMEM4717
LPS suppl enentation for 6 days. This dose was
determned in pilot studies to result in occasiona
shivering, piloerection, and poor weight gain but was
not 15associated with a significant increase in
nortality over a 6-day period. (000108] At the end of
the 6-day treatnent period, the rat pups were
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[ 0001 he effect

ustr at es 0
o on Ltba T B SHERmILCsts TRoppLS Sl RSt Sisinse st s
gast r osteasad GiEEdilngls ifhe liveglunpsi ped pasmea. Eotiglisde ardali | y

1%f ter irntapﬁ/atg@grgnﬁ‘aﬁ %ggreaf\s%g g{@—%d%@l Cﬁﬁ&ﬂgbrdp%‘act ol |r| the ||ve

m)r e it oAng Hasae F!ﬂe?) mﬁ@ﬂﬁ)r angt 2, Shg\a%&af@@“tddmﬂ%@
pups. th@n@ﬁgl(ptfrm vi abl e or inactivated probiotics to

gastr PS treated pups di ve
ot o OOBEH FEes tabsteteedin foud PP ath el RR (vt
pr obi CiNG$ lerasglindedive W@pﬂmktmmelyﬁo%mﬁah eopesEnthe LPS

ZEnven aloﬁ;? Trei r%cc‘fv]ateld%@lo%c \‘Pﬁwg\rse}g?éc%{: ?lﬁl‘é “HXV -IE. ih Bl Zyme

Fow h-T el at ed
oncog@z‘ﬁ*é?’ﬁbﬁd@@%( %@%‘é?m%g‘i’ tgrike LRAhgoun: b7%'l=IS apfnectivited sue
sanpl g@biseyHdasYnAtety e B@lclng leBsct on liver CINC-1 levels

than viable probiotics did, indicating a stronger anti-inflammatory effect.
Similarly, Figure 2 flustrates that CINC-1 levels in the plasma were lower in
25 the inactivated probiofic group than they were in the viable probiotic group.
In the lung, both viable and inactivated probictics reduced CINC-1 levels to
a similar degree (Fig. 3).
BROMKC
[000114] As shown in Figures 4 and 5, the cylckine multiplex assay
30 showed similar reductions in GRO/KC levels in the liver and lungs. The
inactivated prohiotic decreased GRO/KC levels to a greater exdent than

viable probiotics in the liver, indicating a sfronger anti-infliammatory effect

28



10extracts of whole tissues in the liver, intestine,

pl asma, and | ung. Absorbance was determ ned at 450 nm
and concentration was cal cul ated using the equation
des booeshgh:om a |i near standard curve. [000112&vMS82008/054717
shown in Figures 1 through 3, ELISA results showed
that LPS increased CINC-1 levels in the liver, |ungs,
and plasma. Both viable and 15i nactivated probiotics
decreased LPS-induced CINC-1 production in the |iver
(Fig. 1) and plasma (Fig. 2) (p<0.05), and al so showed
atrend (p=0.09) in the lung (Fig. 3). [000113] Figure
1 i1 §Sgriat Bgh vikiae anvd indeliatqainodiotits edeaep RO tora
reducegl. he |iver by approximately
50% \/\E@rﬁlgco eb ”4 tﬁé(%h&g (E§ EEPS 20 The inacti vated
pr obi §4408151h Umé‘i’cﬁd FE¥Yut aep @F‘Rl%cle‘{e@\ﬂéﬁt wetepbsaneed|in v er
by a?w:u@ﬂ/m%w@erﬁ@mamg& :rtdﬁbafehl%]lttEI‘B%n?lrnﬂé*ﬁmat&Pléﬁectan
i.nact i a ni fican eat er

|5 educPY' CZY%tgd&’:Rr&&ﬁ'C? ?’f’eéﬁ CK% % gla@%el %ea%' Wi abl e

pr obi mﬂammatdrycbffewt nbinactivatetprebigics gk systemic in nature.
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illustrates NC-1 levels in P asna were
| oner Tilgyels o '@Y?éwf‘ ﬁ'é‘é‘?% W&H%‘?féﬁné‘ﬂﬁté BeteRip il Ehey
wer e pipst ethi iuab bed e, Phitatgd BroPlotick Reduti® AINOY leveRt h

1\5' abI % e?lg\(}jel bv”?)%;% I‘y asgmlfal: {é)RIze&toJf Cg’tg%r%%%d@ P”E%)(])Tdfi%]
As s h camna ahowrgun@wvaaecmmp]@ms bave theyabiilyite ednael systpiiex

assay mﬂé”r@mﬂbﬂ\{}ﬁdfoﬁmﬂa fed Enférﬁ%%é\}e@ﬂﬁcﬂ i8 sifAR 1k Gnd pvel s
in the |liver an The i nact| vated probiotic

decr eﬁ%’%’ﬂca@?&?%th%%ﬁ%ofﬁareésﬁ?‘é‘ﬁfaétr extent than
vi abl evipkiedi HChedsokings t he |iver, indicating a stronger

1B hact DY B TREE Vel Hhes it Gl b ohgl e
si i | elempisige teuels. Meliniex hepd) Sts(WRrapurGpsed fB00ANGP The

r educ ReseatcNGnd (Qtn&a@%jr\/f@l}s@\y &lykihEdheBEifesRper ved in
the | u in theg,tsat ﬁgt experinment indicate that the

anti - e 16 ¥ IBBFOIBRS PR BT Bt g
ext enﬁkstot (BMIESF), dhtertrgan@EN- KD iserletitie 1 @dfit-1a), IL-18, 1L-2, IL-

20 4,1l -5, 116, L.-8, IL-10, IL-12p70, IL-18, Monocyte Chemoattractant
protein-1 (MCP-1), GRO/KC {rat CINC-1), and TNF-. The mulliplex assay
was performed according to the manufacturer's specifications, Standard

curves for each cyiokine/chemokine were generated by using the reference
concentrations supplied by the manufacturers. Raw data {mean fluorescent
25 infensity) were analyzed by MasterPlex Quantitation Sofiware (MiraiBio,
Inc., Alameda, CA, USA) to obtain concentration values.
(000118} As shown in Figure 8, 1L-1 levels in the liver were significantly
higher in gastrostomy-fed, LPS-treated pups than in control pups. Both
viable and inactivated probicfics significantly blunted the LPS induced
30 elevation of IL-18. In fact, inactivated probiotics reduced iL-13 levels to a
greater extent than viable probiotic supplementation did. Inactivated
probiotics lowered IL-18 expression to a level which was similar to that of
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inflammatory effect of inactivated probiotics is truly
systemic in nature. [000116] In the liver, inactivated
probi oti c suppl enentation reduced CINCL |evels to a

Ivey edosdsbgh was actually | ower than that of mwokkefiesesar1r

mlk-fed rat pups. In the lung and plasma, inactivated
probiotics reduced CINC-1 levels 10to a | evel which
was very simlar to that of nothers mlk-fed rat pups.
These results show that inactivated probiotics have
the ability to reduce systemc inflamation in a
formula-fed infant to a level which is simlar to, and
i n sortes gasd pupsovibus, thspestioh lnithe eXpedmbnt Gatber-ifusthtesthant .
Cyt okigy ﬁ%l@amﬁ%z{?ﬁ aét?n[m %éi@tey bdhbes and
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The results are shown in Table 1. Arrows pointing upwardly indicate an
increase in the parareter, while arrows pointing downwardly indicate a
decrease in the parameter.

Table 1. Expression Changes Due to Viable or Inacfivaied Probiotic
30 Supplementation.

iL-8 | NFkB Translocation | ikB | UbQ-IkB
Flagellin alone 1 1 . 0
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infants to a level which is simlar to that of
breast-fed infants. This is illustrated in the results
descri bed herein through conparison of the inactivated
RYOBi0tdserst reat ed group and the group excl usipwel¥zobshiriy
nother's mlk, In several instances, adm nistration of

i nactivated probiotics results in 10an inflamatory
response that is very simlar to that of the nother's

m | k-fed group, WD 2008/ 106373PCT/ US2008/ 054717

Vi able LGG | nacti vated LGG
Viable LGG l l T T
Inactivated LGG l l T l

10

16

20

30

[000123] As shown in Table 1, Flagellin induced a significant increase in
intestinal epithelial cellular iL.-8 production (p<0.08). 1L-8 production was
significantly downregulated in the presence of both viable and inactivated
LGG. In addition, cells stimulated by Flagellin showed NFKB nuclear
transiocation, which was prevented by both viable and inactivated 1.GG.
Flagellin decreased kB production, but this effect was reversed by both
viable and inactivated L.GG pretreatment (p<0.05). Flagellin and viable
LGG increased UbQ-1kB (p<0.05), while inactivated LGG decreased UbQ-
IkB.

[000124] This example illustrates that both viable and inactivated
probiotics are effective in decreasing the production of IL-8, a pro-
inflammatory cytokine, and thereby have an antl-inflammatory effect.
Because Flagellin and the viable probiotic increased UbQ-IkB, but the
inactivated probiotic decreased UbQ-1kB, inactivated probiotics likely
operate through a mechanism that prevents the ubiquitination of 1kB, while
viabte probiotics likely do not. Thus, this example further illustrates that
viable and inactivated probiotics likely operate through different
mechanisms and may have synergistic effects when administered
together.

[000125] The present invention has been shown to reduce inflammation
in the liver, plasma, and lungs. As the present invention may be used to
improve the inflammatory condition, it may also prevent the onset of
deleterious infections or illnesses.

[000126] All references cited in this specification, including without
fmitation, all papers, publicalions, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
postings, journal articles, periodicals, and the like, are hereby incorporated
by reference into this specification in their entireties. The discussion of the

references herein is intended merely to summarize the assertions made
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[000123] As shown in Table 1, Flagellin induced a
significant increase in intestinal epithelial cellular
| L-8 production (p<0.05). 1L-8 production was
si@miod/ieent |y downregul ated in the presence @trRQindswssrir
vi abl e and inactivated 5LOG In addition, cells

stinmul ated by Flagellin showed NFkB nucl ear

transl ocati on, which was prevented by both viable and
i nactivated LOG Flagellin decreased I RS production,
but this effect was reversed by both viable and

i nactivated LOG pretreatnent (p<0,05). Flagellin and
Vi abl éytieRauthorseas ed athi€yidkiB n{aasthabany, refeteinbeconstitutes
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pr obi %\l’tl&:ﬁar‘y &6 ¥n PRSY HpBnderc F}Hﬂ{ IR/ a%%a@k dtt:l'éat

prevents the ubiquitination
pr obi SPFFECH] g aﬁp%féf Héte VHWmQOH'P?“E%WE@WGW%fﬁéﬁ*
I || ustbbldtieghdidatin paralf@thandrd, fred bf\/cﬁ:ﬁ:ﬁaiy grlpibmtamu

| k | h h djff
Bave SoREFEBLE: bOLO e Bl LA R RALO 0P B0 s
[ 000125f] intgpdede beibthe inventien s¢ tinthéraiestyivethinsiyoweppended

r educ@jajnnf |ﬁ@?§ﬁ§fé e delt érthescbbé/ @frthe éﬂp@ﬁd@ cladsHouiagRt
th resent vent %ﬁ@ ed to i nprove

As t he
infla ‘PB?‘V"&? F?’!%‘H‘ of e "%‘1 ‘é%s'?ﬂséﬁ?'ét Ateq W%feﬁhset
of deleterious infections or illnesses. 25[000126] All
references cited in this specification, including
without Ilimtation, all papers, publications,

pat ents, patent applications, presentations, texts,
reports, manuscripts, brochures, books, internet
postings, journal articles, periodicals, and the |iKke,
are hereby incorporated by reference into this
specification in their entireties. The discussion of
the 30references herein is intended nerely to
sunmari ze the assertions nmade by their authors and no
adm ssion |s made that any reference constitutes prior
art. Applicants reserve the right to challenge the
accuracy and pertinence of the cited references
[000127] These and other nodifications and vari ations
to the present 5invention nmay be practiced by those of
ordinary skill in the art, w thout
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departing fromthe spirit and scope of the present
invention, which is nore particularly set forth in the
appended clainms. In addition, it should be understood
that aspects of the various enbodi nents may be

I nterchanged both in whole or in part. Furthernore,

those of ordinary skill in the art will 10appreciate
CIt hat the foregoing description is by way of exanple
=88, and is not intended to limt the invention so
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bady evergint pértdayathedafaplosi ti on conpri ses heat i nacti vat ed
Lact obaci | | us rhammosus GG and is to be adm ni stered
in an anount effective to provide 1x104 and 1x10" cel
2.equi Vel retrttignaicompegitianfat ese afatairaehich iistheheammises allSst
orfeerets@icdbody wei ght per day to the infant. 2. The
nutritional conposition for use of claim1, which
further conprises at |east one prebiotic. 3. The

3.Nut ridel RAMbnA LERPSifidraBr HY of $Rfn f whibRFUMhds chBri%Bs at least
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cel | d Lact obaci
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6.1 ur tThemuiGaRA camnesitian fhreusstof slalm . witrreingheitdtidne! congrosition
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wherein the viab probiotic is selecte rom:t
inagtivripd é%qt%t?@tﬂyﬁ fj’aﬂt”OE‘a%@@tP&é kg bedy weighhiss day *@Bhe Bfant
an/ma//s sap. lactis, and conbi nations ther eof 9.
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vighle prewistic.one | ong- chai n pol yunsaturated fatty acid.
10. The nutritional conposition for use of claim?9
wherei n the | ong-chain polyunsaturated acid is
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12. Use of heat inactivated Lactobacillus rhamosus GG
for the manufacture of a nutritional conposition for
the treatnment, prevention or reduction of systemc
inflammation in an infant, wherein the nutritional
conposition is to be adm nistered in an anount
effective to provide between 1x104 and 1x1016 cell
eqU| al ent s of i nacti vat ed LactobaC|IIus rhammosus GG
%per ﬁ&%{% RGOS foruse Aslamd. Whersinithe nytgtionpheonipgsition
futifercomipfisesZat |OM3E6RI IBnd-bigaim pbiyidshrabd BapRegi ti on
further conprises at |east one prebiotic. 14. The use
of claim 12, wherein the nutritional conposition
1. ur tHernutrdiopaliceaposition feasse mfm@nmighﬂferéln&@tlbngaﬁ@ﬂh

f at _ .

PRREHEI s sol R PR Fr P sbhting M it aoa
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Bi fi dobacterium 16. The use of claim 12, wherein the
Thut riheirstrdiond samesesitiaroar use af slaine Tadhichconprised annfamt formula.
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oy ap Bfast.athegrin fisortritipralegmpepitionig e bapdninisteed in an
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r da nf an use of claim
e T T A e A R LS
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16, The use of claim 12, wherein the nutritional composition is to be administered in
an amount effective to provide between 1x10° to 1x10° cell equivalents of inactivated
Lactobacillus rhamnosus GG per kg body weight per day to the infant.

7. The use of claim 12, wherein the nutritional composition is to be administered in

an amount effective to provide about 1x10° cell equivalents of inactivated Lactobacillus

rhamnosus GG per kg body weight per day to the infant.
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18. The use of claim 12, wherein the nutritional composition further comprises at

least one viable probiotic.

19. The use of claim 18, wherein the viable probiotic is selected from the group
consisting of Lacfobacillus rhamnosus GB, B. animalis ssp. lactis, and combinations

thereof.

20. The use of claim 12, wherein the nutritional composition further comprises at

least one long-chain polyunsaturated fatty acid.

21. The use of claim 20, wherein the long-chain polyunsaturated acid is selected
from the group consisting of docosahexaenoic acid, arachidonic acid, and combinations

thereof,

22. The use of claim 12, wherein the nutritional composition comprises an infant

formula.
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