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CROSS- REFERENCE TO RELATED PATENTS AND PATENT S5APPLI CATI ONS 10

BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present

i nvention medaneswegeneral |y to a product containi ng anscmetiosiositiizl | zi ng at
| east one inactivated probiotic. 15(2)Description of the Related Art

[ 0002] The inflanmmtory response is an attenpt by the body to restore and
mai nt ai n honeostasis after invasion by an infectious agent, antigen
chal I enge, or physical, chem cal or traumatic danage. Localized
inflammtion is contained in a specific region and can exhibit varying
20synmpt oms, incl uding redness, swelling, heat and pain. [0003]Wile the

i nfl anmat ory re?ﬁB‘ngquNé"AT@'é’f’FeF’&‘}CFVAE’EPng?%é?“"e‘G BRNERPIHY ReBEBITSe to inj ury,
the i mune system can present an undesirabl e physiol ogi cal response if

is not appropriately regulated. In this situation, the body's normally
protective i nmune WMEHEEMEWQAFEDPR$ENMAQ5’£F1/-"SEN$ by treating
healthy ti8sue as if it is infectadPACAZIONE mal. Alternatively, if there is
an injury, the inflamatory response may be out of proportion with the
threat causing the injury. Wien this occurs, the inflanmatory response can
cause nore danmage to the body than the agent itself would have produced.
30[ 0004] The i nflammatory response has been found in pad to consist of
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BACKGROUND OF THE INVENTION
(1} FEield of the Invention

[0001}  The present invention relates generally to a product containing
and method utilizing at least one inactivated 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-inflammatory and anti-inflamrmatory

cyt oki nes. Cytokines are | ow nol ecul ar wei ght, biologically active proteins
i nvolved in the coordination of imunol ogical and inflamuatory responses
and conmmuniwatéemosbst ween specific i mmune cell popul at irgnas20bsmmamber of
cell types produce cytokines during inflammtory reactions, including

neut rophil s, nonocytes, and |ynphocytes. [0005]Miltiple nmechani sns exist by
whi ch cyt oki nes generated at 5inflanmatory sites influence the inflanmtory
response. If a pro- inflammatory response is not successfully countered by
anti-inflammuatory cytokines, however, uncontrolled system c inflanmmation
can occur. [0006]In contrast to | ocal ized inflammtion, systemc

i nfl anmation i s AW deEPFEEAIOR RetwerhweEiTe HiEnuse agil PopHatonsy f@ueber nf | ammat i on
may |nc|t u(cjie 1?|h Qnaémmﬁapmameadﬁmmwaurag |rﬁI@lﬂﬁ1btfoFyCrie§dénb|%Smlgllgé‘zh mayha: Iso be
associ ated w i ncluding fever, chills,
fatigue or | oss I%Ptm}h Wnoﬂgﬁa@g%‘ﬁ?’é §s of appetite, and nuscle
stiffness. Syst d®os] i th&Mﬁmtacmimrﬁxlseadmim qytobines gerdexpdaxdat i on,

cat abol i smgand hyRerIRLAGE lnﬁtﬁgnc@%e%fﬁm%%“r%%ﬁe g pRLructure and
function of 15essential” organs, such as nuscl eart, 1mune system and
liver may be corffiPBmoaesRsS ERCHREFHISURterefbY ati-glagamatenti | ure and

nmortality. Jeschidekingt halever, intsbikdlivd AlsteentinlBemdtios c@ysdeerr ¢ | nfl ammat ory

Response to Ther, Tr 43- - 450. 200 Al t hough
enorprmus progr eémh]a @ gﬁ“%i/ﬁ’ '%C\?g%g 'Waﬁﬂ)ég?%fsﬂﬁ“ﬁ'ﬁ ?W@a?‘?@ésham srrg of
20syst eni ¢ i nf | afdsarreashihrovpiwubibe badyi. tTpisrtgteef tflamnetidnhiay intisler der r emai ns
unaccept ablpy hi @Eahz@s@ﬂﬂzﬂﬁ@iﬁﬁ'a‘f?ﬁe@.ffb,’sﬁersa&ﬁﬁa?%@?ﬁ%9&% §wfixtremel y common,

especially armns i nfI I& first fyear 0 ants are prone to
recurrent respi PEI%T 3’% SCYMPRIMBCNFIYHR eyt e daiper Pé'ﬁﬁ g between three
and si x energy, headaches, loss of appetite, and muscle stiffness. Systemic

inflammation can lead to protein degradation, catabolism and
hypermetabolism. As a consequence, the structure and function of

16 essential organs, such as muscle, heart, immune system and liver may be
compromised and can contribute to multi-organ failure and mortality.
Jeschke, ef al., Insulin Affenuates the Systemic Inflammatory Response to
Thermal Trauma, Mol. Med. 8(8):443-450 (2002). Although enormots
progress has been achieved in understanding the mechanisms of

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,

30 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 alone. About 6% of infants |ess than one
year of age are hospitalized for lower respiratory tract infections each
year in the United States al one. [0008] Respiratory infections and their
synpt ons caworzamsgessirom mld to severe, dependi ng on t hertysp@sefsrvi rus and
the | ocation of the infection. 30Upper respiratory infections often
mani f est t hensel ves as comon col ds, causing inflamuation and swelling of
the lining of the nose, throat and sinuses. I|Influenza, commonly known as
the flu, is a highly contagi ous viral infection of the upper respiratory
tract. Synptons of the flu include fever, chills, headache, mnuscle aches,
di zzi ness, cough, sore throat, runny nose, nausea and di arrhea. Another

upper respi r at or Yl ipteeliopiobike “EW%E&?"'@%%@ aYVRiPys abpiiebtly¥e and varying
degrees of br eat favargehilis fHek@athé, yﬂus5lpl%1biﬁ&rditiz}he‘£@@&1ghn§tﬁé inftght, n(rAQ09] Lower

respiratory inf elg,:tsgor%ﬁse% S 498NeL ;eré cog%s;)?d%%ﬁ% OP(,'E%E'ﬁg\ﬁrous t han upper

respiratory i nfectrons. esplra ory Y% t he nost
frequent cause ocfau'ﬁliﬁlﬁe\fﬂw@gpmlﬁ\@wV@W'aﬁl:dewwfs@(f:bneaﬁlmgﬁiffculm ants and

chil dren yosingerpifdal wheshnyiggr s of age, Van Wensel, J., at 10al., Viral
Lower Respirat orx Tract Infection in Infants and Young Chil dren, BMJ

327: 36- 40 (2003)0008ki 5 Lpwerdespatarydpriigns U Bereralin sonsifefadid'ey al | chil dren
have been i nf ectsedousithdn URBM rbspirblosy u&fgﬁioﬁé Rdspee&orybyhcpmwusnf ants and

children, RSV i z(rig\/fr% h% nﬁo%?{?%c{ygﬁt%@(se df o%/céF }egpl raﬁlélggec %Iairg: ngui shabl e

froma comon c nasal di schar ge
15and cough. [O'Gfellf@P"@fﬂiﬁré@WL@lerd@fmfﬁ@tyeﬂsvfﬁgwédavé\écebmlhl Bt and B- cell

responses, qgant i bpdyi E@W%&ﬁr&fobﬂ%c&‘|Ifggbtro@mdnfbﬂ£‘)md BSunRnlicrgs ot her immune
system responsef?qmgég g &i%%i vﬁ bacterial and viral infections. A
i nk between RS (el 561?1% &TaMeee Ve brtypwah!of recurrent
20wheezi ng, ast tmhmnamhvabemynhab@w;th RS by thdlagedf th@s. besdst Btpgest ed. Thus,
limting RSV infy . nplications
ﬁ&%ﬂ;}.@%ﬁcﬁw Ista i C?E‘r)é%@ﬁ #e@#éﬁ Hef RS sﬁhqg{ %afﬁl&

whi ch extend wel onchrti ower respiratory
infection that APMEIEFMIREOlSy dir#@#ﬁ"&lﬂattsﬂ‘é)é%ﬁa’ geflirgsagapaldisovirgey and swel | i ng
due to vir@l infhasdmhi on.

[00010}] Protection against RSV involves both T- and B- cell responses,
antibody responses (IgM, 1gG, and IgA), as well as other immune system
responses that are activated by bacterial and viral infections. A link
betwaen RSV infection in infancy and the development of recurrent
20 wheezing, asthma and atopy later in childhood has been suggested.
Thus, limiting RSV infections could prevent serious respiratory
complications which extend well into childhood.
{00011] Bronchitis is a lower respiratory infection that affects the
bronchial tubes, causing narrowing and swelling due to viral inflammation
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 inflammation of the smaller caliber tubes of the branching network
of brochi. The infection causes | abored breathing, frequent and dranmatic
coughi ng amdowhmagdismg and nmay require hospitalization, {@QQ@iakodhe | onwer
respiratory infection that is probably the nost serious 30for infants is
pneunoni a. Pneunonia is caused by an infection in the alveoli, causing them
to beconme filled with fluid, often of a thick purulent nature, that
interferes with proper exchange of carbon dioxide. The severity of the
pneunonia will depend on the anount of lung tissue involved. [00013] Mbst
upper and lower respiratory infections are caused by viruses for which no
speci fi c prevente8fitoef the pneumene wligiependramitg gmenrapl sl tissuesSone respiratory
i nfections, inclipgivag i nfluenza, nmay be prevented with a vacci nation.
However, even ccinations are devel oped for specific respiratory

i nfections, t hwﬁgl}“lé?e%Ogﬂléqp%argﬁw%&wm?@g]?%ca?rpsyartgg%s?%m e. Simlarly,
drugs to treat tvresss fomfhiahtriospscifltgrerehtiomor eehtmwatiid @lmehtivtayaimpd. ar e

expensi ve. gThus,gdnfe :’é&ﬂﬂa%nﬁﬁfe&%ﬁé,%cl@f?\?Wﬂﬂgﬂzg,em BONaRALGiR@l method for

10t he treatnment or _,E)r.eventl on of respiratory infections Tn infants. [00014]
Frequent respir a@BFRALIPR-ERWeVAR BN YRR vegeatifne are ¢eyaloraddereeniia h acut e

o:1 itis medi ad(ﬁ@éniraﬁfy&ﬂe&mﬁwme@%rdﬁ@dhs@e?aﬁ n?tﬂfnﬂ«@rfsialgrhvai@gg! :°|S dinth
characterized by, cut e, rt course i nf] anmatjon a uid in the
ni ddl e ear. Awsé@%rlg’e&r%é%ﬁ%agmeéﬁmgi?g?rﬁ?‘ﬁﬁ'i'rg'l,eg@&hahﬁy%‘g%rfﬂ, sore

15t hroat, ear acheenshgploussit would bsvdedd brwedde a naribedidinal togthotl &8s of

appetite, \pmi tinordimehsdF plGRAtorr bbb fatbry FiHibRGA ikdough a perforated
tympani ¢ menbrane i s also considered to gonstl tute A [00015] Fifty

| . 0 CO : :
percent of chi | d?®4halEaHe respiratens ectfiieetios s alengsoaitdbyittone year ~ of
age. Eighty per et ottfs radiiid ghoan, hav@ohads middleashicens, 20@pissode by their

. > 0
third birthday. cﬁgrtat\ﬁ@%d ‘B{?%n g&ﬂe,%ﬁ&f&u&%%ﬁ’ %fia:%n%a/t?o(r)\fand fluid in the
middle ear. AOM can be accompanied by rhinitis, cough, fever, sore

15 throat, ear ache, hypacusis, restlessness, irritability, loss of appetite,
vomiting or diarrhea. Purulent otorrhea through a perforated tympanic
membrane is also considered to constitute AOM.

[00015] Fifty percent of children have had at least one episode of AOM
by one year of age. Eighty percent of children have had at least one

20 episode by their third birthday. Between one and three years, 35% of
children will have had recurrent episodes of AOM.

[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 epi sodes of AOM [00016] ACM can be caused
by viruses or bacteria, The nbst comon bacterial strains that cause AOV
are Streptococcus pneunoni a& (35% of cases), Haenophilus influenza (30% of
cases) and wbrassahdsa cat an-halis 25(10% of cases). Becausmshaetarisal
strains frequently cause the infection, ACMis commonly treated through the
adm nistration of antibiotics. In fact, nore antibiotic prescriptions are
witten for AOMthan for any other disease in infancy. [00011] Oten,

whet her the cytokine response is pro- or anti- 30 inflammatory depends on

t he bal ance of individual m croorgani sns that colonize the intestinal |unen
at any particular tine. It is well known that the nucosal surface of the

i ntestinal tractlaigs. eoiplenianddytnniazpliestion pouisiogrgatismgeTheconpl ex, and dynami ¢

col | ection of m GhPELEANY Hdbntesihg nﬁ&BﬁWaSbatané‘loﬁchEBgeéhoéﬁ'éétagal m croflora
varies along the aigesé%etrac as In rent mcro-habitats,
I

such as the epit %@‘?F%b%t?“atst%ha‘é@ﬁ eRiftetid MusyRlAvesfthe he crypts, and
the surface of msepsakusdpiet bithé alptseint the shifite of pResski @pitagiansdiiz at i on depends

on externalg and 4 tEémlcoloﬁl%t%%Fpénﬂghﬁjg&é}g%la%qn%%ajl )éﬁf% yai | abl e mol ecul es,

mucus quallty, an ost-m crobra 4 interactions.
Mirch, S.H., TolirclgingAyrpingllypvatable seiecyys. Pruel ouelitgand hagtoetrobigs7: 1057- 1059

(1(2)003-_) : I[ 00018) léﬁh%ﬁ@pi{ﬂﬁ%{éﬁ@d‘@ﬁﬁérﬁﬁﬁns.%r@m SW#?IWAP%?@/ Séb:ucéﬂ ELOI |h0r a, are
actively involved wi e. i.om r nse. They intéract w e
epitheliumin c&?f&?’?ﬁ'%’ﬁ% LB‘WH&%&%@%@F&E?&I rel ationships for both
partners (symnbi d8itd$]} offhése niancrganioms wokh bekeiig the bormicdforpairé ner, w t hout

Post oM or cfament ek B Piithe LEAMEOSAN Thiy plBARGH vl 2 -1 HOW

Host - M crobi al I'nteractions r1ent I’lVI ronnent of the Mammal i an
15l ntesti ne, Anfithelgy in qqa@’tmsmmz@etbgoef cEeEynshipp for Q@ih padeRisi der abl e

e\él dence is erer(glmmg?swrcmc@hmm cﬁb@xﬁerrefagodelvaﬂhé}l @moen% ey f)lSS tal kh bet ween
the intestinal nigro ul ati s in the

i ntestinal mucosg" ”ﬁBﬁﬁP%LB@’ n};ﬁ"mérfens g Rﬁ?%@t?fﬁg%‘f’d”? s Mcro flora are
Partners for thdliPelit/duemdionpbhdpaehdgtierReEpantment of the Maamesken Synposi um

20" The | ntel | i t i 2, Am J. din.
s e78n 6167;5 (ggrg&'snb@ l:_\ﬁ@& eF@z@ Nut{‘/ﬁé gsd QO?E[%GZ? ln‘%é@%&%ﬁder%t@%l Host - Bact er | al

evidénce is emerglng which shows a strong interplay or “cross-talk”
between the intestinal microflora and the diverse population of cells in the
intestinal mucosa. Bourlioux, et al., The infestine and its Microflora are
Partners for the Protection of the Host: Report on the Danone Symposium
20 “The Intelligent Infesting,” held in Paris, June 14, 2002, Am. J. Clin. Nutr,
78:675 (2003); Hooper, L.V. & Gordon, J.1., Commensal Host-Bacterial
- Relationships in the Gut, Sci. 292:1115 (2001); Haller, et al., Non-
Fathogenic Bacteria Eficif a Differential Cytokine Response by Intestinal
Epithelial Cefil.eucoeyte Co-Culiurgs, GUT 47:79 (2000); Walker, W.A.,
25 Role of Nufrients and Baclerial Colonization in the Development of
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); Haller, et al.,

Non- Pat hogeni ¢ Bacteria Elicit a Differential Cytokine Response by
Intestinal Epithelial Cell/Leucocyte Co-Cultures, GUT 47:79 (2000); Wal ker,
WA. , 25Rol ewofoddubgsrent s and Bacterial Col oni zati on i n dchassbeveisopnent of

I ntestinal Host Defense, J. Pediatr. Gastroenterol. Nutr. 30:82 (2000).
Additionally, the gut mcroflora has been shown to elicit specific inmne
responses at both a local and systemic level in adults. isolauri, E , at
al., Probiotics: Effects on Immunity, Am J. din. Nutr. 73:444S-50S (2001).
30 [00019] The gut mcroflora in infants is known to be far | ess devel oped
than that of an adult. Wiile the mcroflora of the adult human consists of
nore than 1013 nacmbibarganins iwsinghehefigiall hy ni@@lospeendsant sai@ndei ng har nf ul

and some Dbeing Wﬁﬂ:ﬁoﬂﬁﬁ@%r&{)@g k?ﬂfsabd?tifnaa]rﬂséllﬂgﬁ% éi‘?)ﬂ{) Ans only a

fraction of those m croorganis ute nu e ut al so species
di versity. Inf arﬁp§°'%?‘3év%%tﬂn"\fﬂr¥9rﬁrab§ﬂ@fl“h pétegigout Butacadguntedingint est i nal

flora fromthe b‘lof‘etffbﬁﬁ:ﬁaealrth chmlt??nl iRitid] leBiroBRAYMI SHuvRIAL me@ngleswha}) | t hey |
ingest. 5 eca ora uatl N s v table in early
neonatal |i i E%aﬁseg?ﬁgikmémﬁopcpquwa?% EI%UHS% nP'egrydi%anr%% mai ntai n the
del i cat e bal ancélfaaéuwoétendﬁ@nihfoutheaﬂ@tbeméé meingdin hadeleriedalandrus reduci ng the

ability of the IH@M@&@@M&@%H&B&J&HQ%&@& WE'F@Jul:Mg eQBfgQl 4t 1S especially
difficult for faornula-fed infants to naintain this 10balance due to the

di fferences bet \A@@H”‘?W@ieﬁ‘a@f‘@ﬂ'%”"%@'& es in the gut of a formula-fed and
breast -fed i nfarjpoo2the itst @pkcialy dbmem&irfd‘neﬁlammﬂahts tccmaumannﬁs predom nantly

Bi f i dobact gy i um, t t Sh C il conmon
contri but oﬁs In }(% Pthrugsﬁ %td&&?e%gs egepg@e %a E’@r& ?gg%'ﬁg‘e % Qjlfnt s is nore
di verse, cont ai réifpiguii-ed geshereasfdcinfaain dha sBelof bﬂeeﬂd%dsmﬁs’fsvxel | as the nore

pat hogeni c SpeC'c@ﬁtam§br@9&ﬁﬂh&ﬁ@WH%ac@?;Qrﬂ%lh@}feﬁto%ﬂcbs and G ostridia. The
vari ed species cteriumin the stool reas% fed and

f
{or il o Fed | nf SAPEPHIIFS B CsecoEi conlgdors o AFon s 428 BPSIRASE heen proposed
as the cause f orfortnbla-fek ihfaafsémﬁnorfe&ib&l'sefdoﬂfaﬁur@anfMobaSérmﬁmhdand formul a-f ed

i nfants, ipncludi C t 20 r sition of
proteins |fr?chunaaggte}orb§? gﬁmﬁ[ﬁ\setﬁg%ﬁo%sp&@gaﬁ oer(i"tegf ?Qﬁhﬁggunﬂgh mlk, the large
vari ety of ol i g&selesius sadednd Gosiummn hwiveled e heirdfdobartaiumor al and

cel lul ar medi at g{eSst@fis df'EFEéQﬁle@gthfofn‘}m&fe'dQﬁadté‘dnﬁér{’a@%llnl\lvgnetﬁQOSt oni, et
al., Pro biotic C?cte ants: ‘A Commentary by

r r
t he ESPGHAN Comfd ‘éa"Bﬁe‘N'h'E‘PPffsﬁgﬁs ﬁ’ff Ca“f@%%fdi‘%'f’ 89"6’635{%‘{3 Hipra gyt r . 38: 365- 374
(Apr. 2004). [O0662iljfe-Baubiuseili-fed infardy, ofcluding traflokorconted-aheéd i nfants is so

unstabl e apd ¢ iy LG 5 BRI IRRRIY SHARE Brddnald Ul at i on of gut

immunity, formula-fe ants are more | I nfl ammat ory
i1l nesses. Many coftert KhUmgnanik; e leegesegety HH%"Q%E\‘&P@’@WQSHFF élﬁﬂf'}ﬂ mikacl udi ng

chronic |ung and numerous humoral and cellular mediators of immunologic function in

breast milk. Agostoni, et al., Probiotic Bactetia in Dietetic Products for
infants: A Commentary by the ESPGHAN Committee on Nutrition, J.

25 Pediatr. Gastro. Nutr. 38:365-374 {Apr, 2004),
[00021] Because the microflora of formula-fed infants is so unstable
and the gut microflora largely participate in stimuiation of gut immunity,
formula-fed infants are move fikely o develop inflammatory ilinesses.
Many of the major illnesses that affect infants, including chronic iung

30 disease, periventricular leukomalacia, neonatal meningitis, neonatal
hepatitis, sepsis, and necrotizing enterocolitis are inflammatory in nature,
Depending on the particular disease, the accompanying inflammation can
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30di sease, periventricular |eukomal acia, neonatal neningitis, neonat al
hepatitis, sepsis, and necrotizing enterocofitis are inflammtory in

nat ure. Depending on the particul ar di sease, the acconpanying inflamation
can occur woa:zass@ew fic organ, such as the |ung, brai merhisy@goeaty
intestine, or the inflammation can truly be systemc in nature. [00022] For
exanpl e, chronic |lung di sease causes the tissues inside the lungs to becone
i nfl anmed while neonatal neningitis involves 5inflammation of the |inings of
the brain and spinal cord. Periventricular |eukomalacia is caused by

i nfl ammat ory damage to the periventricular area in the devel opi ng brain.
Necrofi zing enterocolitis causes inflamation in the intestine that may
result in destrustirina efeciiaptganrsudt &s 1bé iunheraimtiestor intestnedomtemnat al

hepatitis invol W%wﬁfbtlbﬁ‘fzérﬁm%'s%leﬁmﬁ ,l;;gw%_l ver 10that occurs in early
infancy. Sepsis, also known as systemc inflammat ory response syndrone, is

a severe illnesd? %%eﬁob?‘aﬁ‘ﬁ'eowf\mé'ﬂﬁ ¢epape FREES BA Uyves WEd®| oodst r eam by
t oxi n- produci ng thekh@ tb deconte lhfhh&ddlhwmmapﬁérhﬁwgﬂ&olvée t he bl oodstream

I t fl t ti body.
T51 000231 Préormat (Ve MRl R RaEe 5P P b 08 PR, PP BN o seri ous
chall enge in teﬁwomiadetﬁeﬂagﬁﬁdﬂv@!r@ammmnﬂmaﬂez!m‘de pereesiritllang systenic

inflammation. Prgdas meQ{evélépH t&h! Meér!)ilzﬂg@%%%ﬁhtl@%@us@gt en placed
imredi ately into sterile incubators, where remai n unexposed to the

bacterial popul ARBHSIeLN iBiFstge ek mapesuk @rdﬁ?‘f%f'%{‘rﬂf PHSET A Shor nal 1y be
exposed. 20Thi s tmaiytest®leayid asoratgppapatiishevonas b miarsobt@nicztkiian process. These

nfants are al SQuAbLER hEgR At Kol GROIARRCIILATBRARLES, Wbl ch kil

commensal cteria onr ze nt's intestinal tract.
Addi tionally, trﬁ%@enserﬁwadwr@e,aa? 2 seyefeginend caviseheiarogvepdgmingof an i nf ant

formul a, rather jiéabn Hﬂh@@lbocﬁetr@&rﬁ Ky toﬁ%de‘afzmg% B&?@laf frhQtLBeqRy cause the
25i nfants gut mcrofl or yel op |rrprof{3i t hus cau5|E

o eci pit at Pho | PALSHTRIRNE ARS8 Bucke RrainateeonsS Fodeba | n recent
years, the suppltrmrmmteattodmn of probiotic bacteria into the di et of
formul a-fed inf ?ﬂfog%‘] §r‘rbgc9ﬂ§a¥ug Mf@nt?glgcgegt;:gerﬂg%g §igge gut

col oni zation w |C|a m Ccr oor acterla are
cha!ienge in terms of developing gut immunity and preventing systemic

inflammation. Preterm or critically ill infants are often placed immediately
into sterile incubators, where they remain unexposed to the bacterial
populations to which a healthy, term infant would normally be exposed.
20 This may delay or impair the natural colonization process, These infants
are also often treated with broad-spectrum antibiotics, which kill
commensal bacteria that attempt to colonize the infant’s intestinal tract,
Additionaily, these infants are often nourished by means of an infant
formula, rather than mother's milk. Each of these factors may cause the
25 infant's gut microflora 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 Aninmals, J. Appl. Bacteriol. 66:
365- 78 (1989). [00025] Wile viable probiotic bacteria may be effective
i n normal i zZwogoashessgut i croflora, there have been ver ywdmaw2@ehkdrshed
studi es assessing their safety in premature and i nmunosuppressed infants.
These speci al popul ations have an i mmature gut defense barrier that
i ncreases the risk 5for translocation of |um nal bacteria, causing a
potentially heightened risk for infections. In many cases, viable
probi otics are not recomrended for i mmunosuppressed patients, post cardi ac
surgery patients, patients with pancreatic dysfunction, or patients with
bl ood in the stod@fi2spt Wigestabeneokitdiabhctéresndydereffiedpe int rednaizagt o probi otic
suppl ement ati on 48 g@Micrdfbré, r[?\‘@ﬂé}é%%r‘?wgw'ﬁﬂg!’isﬁé&ié{%!es MaciFpoor G, etal.
ate osu

Yoghurt bi ot heragé contralndi c In 1hmu ressed patients? Postgrad
Med J. 78: 366 rsafeh i Pemate DG ImmMIKgsuPPrespeY i odhfsEeB.EBd patients or

premat ure i nf ant;&pulaﬁonmwahrbmm&eégthtdtefenwtﬁwede\aamm&ewtmhs@ suppl enent
that may treat qf % tem.c infl ama non; vi, abl e
£ 95 rtrajﬁ‘élogatlg Sﬂ %Xﬁ) gtgn Otclau%ngr?a%p er%@ﬁ thB e{\?dorﬁgl benefits

alternative to active of
such as a | ongerfosinfeftions.i meﬂanA@@ﬂeseﬂahle whkittice agrrobieotrivosndeddorsensi ti ve to

heat, noisture, .amnéguﬁmssearwtén&ea&sltxaralaemrgerpﬁatreﬁifsr,samsﬁ@w# to maintain

Vi ab| lity. Even with %(gr ecaut | ons typi cal
probiotic is r e|P§‘PFf€%fIC>¢Y§fH ipn, OAPFHSRS It load Bidhg $tetnAt PR OFY 1 ve
probi oti cs woul diegihrras bwankepdried doe cassbidtly: soﬁptqnm‘mtat:gern&tnl on and woul d

pr ovi _de a ﬁ:fOduqﬁmlﬁﬂéfduﬂggrfgseh%%%lesIﬂfrz‘ac%hegbyf(? etal 95&91%1& er%;ﬁ)”l d then be

distributed to regions teadi 'l

refrigeration. AoplGrindqatas ieingmunesupatassas aagoisobtastiracidedvb TBd36gddi t i onal | y
provide | ess rise7qiopbnt eraction with ot her food conponents, such as 25
fermentation an qu—g in the taste, xture, and frespness of the
product . Accor dilf “%I‘W‘HE’%@H@P? patients gr MBIt hod for
reduci ng or pr ewemntdbeqisefpbtb eravide ambh-aigttsugpreniemt fhatmay weat ed | nf ant s

conmpri si n%%?g O%g%ﬂgﬁgtéﬁfc uqﬂ{nﬁ{a% %Eén—ﬁbﬁe alt%Fn%pveelB h&iRre ?H%Y@RY OF THE

| NVENTI ON 3 ere rnvention is directed
to a novel prodRERPLBHPRY Ba\fﬁ@déetmaé%@@ﬂ@ﬁ@rhuaﬁ@d@nwa&f@&hﬁr dsivst i ¢ wherein

the probiotic irnrpghepoblh& Heitersiite ®HehhakiEO IRPRBN &R Rbalfyhe i nactivated

probiofic retai nhould be refrigerated to maintain viability. Even with these precautions,
the shelf-life of a typical probiotic is relatively short. A non-viable

20 alternative to live probiotics would circumvent the necessity of refrigeration
and would provide a product having a longer shelf-life. The product coutd
then be distributed to regions of the world without readily available
refrigeration. A non-viable alternative to probiotics would additionally
provide less risk of interaction with other food components, such as

25 fermentation and changes in the taste, texture, and freshness of the
product. Accordingly, it would be beneficial to provide a method for
reducing oy preventing systemic inftammation 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

8



the sane or simlar biological reactive attributes as those of the viable
or non-inactivated cells of the probiotic. [00028] In other enbodi nents,
the invention is directed to a nmethod of utilizing one or nore inactivated

strains of prohiwisrs for the same or 5sim | ar biol ogi caly/gRasikde; benefits
as the viable or live probiofic. [00029] In other enbodinents, the

invention is directed to a nmethod for treating, preventing or reducing
system c and/or respiratory inflamation in a subject, the nethod
conprising admnistering to the subject a therapeutically effective anount
of at |east one inactivated probiotic, 10wherein the probiotic inits
viable formis useful for treating, preventing or reducing such systemc
and/ or respi rat ofiy semé bagimier boivgical reactivegtigbtes OO0B0] tHerviadbteher enbodi nent s,

the invention is,gjrectad ée‘ﬂs@ftgﬁuiaﬁ’gtcf or treating, preventing or reducing

respiratory inflamation in a he met hod conpri sing adm ni stering
to the subject a[OPP@ﬂadéeﬂ"ﬁbﬁﬁq’%ﬂ'f‘éﬁ"’*ﬁ%@?|'Wé”1@5a%1‘isﬁ§ﬁt@déﬁa aethpéalst one

} nact i Vﬁt ed probiimtihgonadieio maéubﬁecpét%s@ b.@b.brbslf&rahé/saarwf clﬁ formis useful
or such trgatin entin uci r atory .inflammtion in a
subj ect . 5031] gmrlfpr %@Pﬁiéﬁ%&ﬁ ??é‘ﬁ gas Fﬁé"agﬁ h’te Pé?«f;{qilg directed to a

met hod for reduciﬂn@%r IppibeesTthodgnenteeths yretmivn ¢ dietied e oéthahier or nore pro-
20i nf | ammat ory cyéa%g Bﬁe%ea{n?shem aeanraaﬁ?fa%gﬁ@tw hiigniREROd compri sing

adm nistering to the sub a therapeutica fective anmount of at | east
one inactivated PprsHPiEtit emF@’G@S‘Z]‘PWSWgéd@ﬁfsﬁr'ﬁﬁlﬂ@athe iifsH? nent, t he
invention is dirwehpshtitly affesatdartodn0sf & leasidnd acta@d@Ribiodg or reduci ng

Pyt e < 081 SR AR B R RGP AT 1 St
i nacti vat ed probedtding sueh sy@wmlmvrooresmtw mflahalsn imaeutjeshg chai n
pol yunsat ur at edﬂ%@éa‘o}’ @ﬁbtﬁer(éﬂgb l‘:hltTFe'ﬁ‘)s tﬂ@%@@oﬁ% du@é\é‘]‘g]to%ﬁet}ébc% | e probiotic.

In particular odi hent s, ocosahexaenol ¢ acid (D -1A)
or arachl doni c atfﬁaang‘ger(e)g\%&yg or reducmg resp!ratory inflammation in a subject, the

method comprising administering to the subject a therapeutically effective

18 amount of at least one inactivated probictic, wherein the probiotic in its
viable form is useful for such treating, preventing or reducing respiratory
inflammation in a subject.

[00031] In other embodiments, the invention is directed fo a method for
reducing or preventing the systemic release of one or more pro-

20 inflammatory cytokines or chemokines in a subject, the method comprising
administering to the subject a therapeutically effective amount of at least
one 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

8



[ 00033] Anpbng the several advantages found to be achi eved by the present

i nvention, it can reduce or prevent systemc or respiratory inflammations.
The invention may al so reduce inflammation in the liver, plasm, |ungs, and
i ntestine. Addicbderably, the invention reduces or prevestguibRoEglease of
various pro-Inflammatory cytoki nes and chenoki nes, i ncl udi ng
interleukin-113 (I1L-1;3), IL-8 CNC1, and growth- 5rel ated oncogene
(GROKC) levels. As the present invention nay be used to inprove the
inflammatory condition, it nmay also prevent the onset of del eterious
infections or illnesses. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00034] For
a nore conpl ete understandi ng of the present invention, 10reference is now
made to the fol | olmgatidescFhgievepinn ravasy reduce dnipometidnom thgilivér, t he

acconpanyi ng dr apigs 1k QAA3 Ml iadioddil, U kg feligesbf ect of active and
i nactivated probiotics on C)ét oki ne i ndug;d neutro chempattractant-1

] yhi |
(CINC-1) pept i dePBYOHIBE 19575 Af erids|pr/BHanaptay Ce‘étﬁgﬂ)‘??ea-”fji nked i munosor bent
assay (ELISA). l&emagihey aichding metioldeip (ILisp)r RIS, a66g(Bs) , an exenpl ary

o el Pr2PBBnel ok R B KA bR UM bOS 2,
pepti de product i @impravelhadiampsiongomiianat map alse piesare thelcgrstios | abel ed as
"heat - LOG'. 20[ 0QQad]obk Gitchond of Ilhatséd at es the effect of active and
pectvat ed probloft o5 O ABHEHE PRGN Aabn the |una usi ng
{00034] For a more complete understanding of the present invention,
10 reference is now made to the following descriptions taken in conjunction
with the accompanying drawings.
[00035]‘ Figure 1 fliustrates the effect of active and inactivated probiotics
on cytokine induced neutrophil chemoattractant-1 (CINC-1) peptide
praduction in the liver using enzyme-linked immunosorbent 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

10



[00038] Figure 4 illustrates the effect of active and inactivated
probiotics on grow h-rel ated oncogene (GRO KC) production in the liver

usi ng a 25cytokine nmultiplex assay. Inactivated LOG is | abel ed as

"heat - LOG', wipQ0&38437Fi gure 5 illustrates the effect of @aiiMeusAG 7

i nactivated probiotics on GRO KC production in the lung using a cytokine
mul tiplex assay. Inactivated LOGis | abeled as "heat-LOG'. [00040] Figure 6
illustrates the effect of active and inactivated probiotics 300n

interl eukin-113 (I1L-1p) levels in the liver using a cytokine nultiplex
assay. Inactivated LOG is |abeled as "heat-LOG'. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [00041] Reference now wll be made in detail to
t he enbodi nent s PP04the Refaremieinow wilbbremade imodeteil oxtangrhiesinentsidiitteh are set

forth bel ow Eachy&iaiBheol Rorbethdlacbiitichak @l o Banatidn of 1 he

invention, not alimtation o e Invention. | act, It wll be apparent
to those skil | ed®EAPERRPIQYIEed Byaray of expianpinnof Higdnverioat p3admiai®nvar i at i ons
can be rr?de i N téfehin@mest. Ih WBHWH%&W&)?@QHMM%@ITHFH mghé ﬁ@g?at hedSCOpebO(r]I
spirit of the i nt | < FOr i nstance res.illustrated or described as
oort of Cone® o e ook g ah LA REI: 588t Mafe e MRS ora e ot )
furt her enbodi mewithou] oatia fronhthe score dr spititref tedmgntidnat ot hgapeesent i nventi on

covers such 10no@hiies atitRAs RRE:AHBED &L RS oRSerSii i, (b Be 2@ scope of the
appended cl ai s and ihEI r eg‘gjl val eqr;is. , gher objects, features and aspects
of the present iHVERICOHNRAENSIR Qotessa il lther erabieiyi ous from the fol | owi ng

detail ed descri podm?] [Thus, & i intebgedtngtalisironat byentfrecobrs@ueh nary skill in

the art th t he _press i i i . ripti of | ary
enbodi nment 26 150nT§C?”%§ﬁ%tsiaga ﬁag%éﬁ?ﬂﬁ% gﬁé@%?’gﬂﬁﬁ r?lcﬁenogﬂ}eha@p '%r%%gger aspects of
t he present i nveldgand hepeudpiemse Other Peioftn deatibes aviaspédnef thr e used herein:

LGG, Lact obaci | | gigsehhiaantiersars dibosckGPbfe ohvRig reRadYoRAlinunsat urated fatty
acid; LPS, i pOpd%thlgg gé:sg%{tilorq,el;t islttla‘ be w&%&%%%%% of%r!i\ilx%r% ’skil?i%ttr%kl ne induced

art that the present discussion is a description of exemplary embodiments

15 only, and is not intended as limiting the broader aspects of the present
invention.
[00043] The following abbreviations are used herein: LGG,
Lactobaciflus rhamnosus GG; LCPUFA, long-chain polyunsaturated fatty
acid; LPS, lipopolysaccharide; IL, interleukin; CINC-1, cytekine induced

20 neutrophil chemeattractant-1; GRO/KC, growth-related oncogene; ELISA,
enzyme-linked immunosorbent assay, RT-PCR, reverse franscription-
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

1



20neutrophil chenpattractant-1; GRO KC, grow h-rel ated oncogene; ELI SA
enzyne- | i nked i mmunosor bent assay; RT-PCR, reverse transcri ptionpol ynerase
chain reaction; ANOVA, analysis of variance; SD, standard deviation; RMS,
rat m |k sulstdsuvays TLRs, Toll-1ike receptors; Nucl earrdiash@iokappa B,
NF- KB; EPA, eicosapentaenoic acid; DHA, 25docosahexaenoi ¢ aci d; ARA,
arachi donic acid. [00044] TLRs are a famly of vertebrate recognition
receptors. They have evol ved as key nol ecules in innate and adaptive
imunity. They play a crucial role in the recognition of conserved

m crobi al conponents. An organism s cell wall conponents, DNA and

doubl e- stranded RNA are 30apparently recogni zed by different TLRs. These
bacteri al - der i veabsemapbiie pathofanivatohsmmuencebehitiP@ouipgplcalfogdut dam or CpG DNA)

are natural TLR jogadachbelieShkantd A04: LETHBROGUAOT y properties in

the absence of the o eni c ically result
fr om nor nal bact'BfFi”'éi‘l'a"B'P (ﬂaffﬂeéP%{WPW‘*l()dT%ﬁ ’P%@a’{'m @P@@'ﬂ%’tsdé@‘ﬁ”né@tl on, systemc

infl ﬁrmafj i on, barthesdapevematunt ré\i%anse%h@reﬁ@mgaém@da tﬁ@ﬁmh QQT&S typically aij
on the adaptive | e nse_whereas the bacteria thensel ves are 5sense
by the innate i W% é eig'ﬁag%'mrf%(s "fhe term "probiotic" neans a live,
active or vi abl d09846} oﬁhQMmémblbﬁwf mexrera lyelxetief aroisble effects on the health

of the host. [0%&@Lrgm§w%wa R bERIALIcFectdBAMNS rea udigest | bl e food
ingredient that stinulates the growh and/or activity of probiotics.

10[ 00047] As usdBOME} eiThe 9 ePrERIPR Meansa RoRgigesibinigo Wé'leid@ﬁté‘f'ﬁltng, i mpr ovi ng

or renmedying a (hns\eia&exhecbr@mnd&mra@rwtwnmmﬂcef a di sease or condition.
anount, or degree.

[ 00048] Th ter u |n an bmnis

15[ 00049] e %{4‘? révé %?d B ?Péatﬁrsm ??atgigoﬁ'e%'}sqmﬁﬁgbﬁga di sease,

di sorder, or symppi@mmmrramdqiwmtbsaase clsndiet, posyniphompofghdisseseoract i on, [ 00050]
The term "syst erdyqdiiondS used herei n, means relating to or affecti ng the

entire body. [00051] The terns "respiratory infection" or "respiratory
i1l ness" mean a I00048] The term “reducing” means to diminish in extent, amount, or

degree.
15 [00048] The term "preventing” means to stop or hinder a disease,
disorder, or symptom of a disease or condition through some action.
[00050] The term "systemic”, as used herein, means relating to or
affecting the entire body.
[00061] The terms "respiratory infection” or "respiratory illness” mean a
20 disease or infection affecting the group of organs responsible for carrying
oxygen from the air to the bloodstream 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 responsible for
carrying oxygen fromthe air to the bl oodstream and for expelling carbon

di oxi de. [00052] The ternms "inactivated probiotic" or "inactivated LGG
mean t hat twe zisgtiemmal netabolic activity or reproduct ipcgn&bickiisyi0f the
probi otic or LGG organi sm has been reduced or destroyed. The "inactivated
probiotic" 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 least a portion of their i mmunonodul atory properties. As used
herein, the term"inactivated" is synonynous with "non-viable". [ 00053]
The terns "therapeutically effective anobunt” refer to an anount 30t hat
results in an i M@r0S¢enEhe teom “pretemd insanoan infant bven bifsre disesnddif ter der, or

synpt ons of the @S82 ondition. [00054] The term"preterni neans an
i nfant born bef 03?2 thggfeé\%tag‘%ﬂt he 37th week of gestation. [00055] The term
"infant" means d4048§Sk nabatermiinant maans 4 rosinawbhuntpgrihatisdess thanyear ol d.

5[ 00056] The tempuitalehibld. means a human between the ages of about 1 and 12

years old. JIn c i dipent.s, a child is between t ages of about 1
and 6 years ol d%qtoﬁé]gt ﬁg‘ir)%gﬂg‘%&‘it Rsape e n%{”?fh?qi‘ﬁeqnéh%%qe\%@ggpoyﬁ ages of about
7 and 12 years @hdi2 years §l0005ezinembsiteterahil is bitwetethmagestdant for mul a”
nmeans a conposi LR 1184 B%ﬂﬁ?fg%ﬂrﬁ‘ﬁe"{“%%*@%@‘f"fm’d rsqgwégﬁg%nts of an infant

by being a substitute for n accordance with the
present inventi GA% & 2R EIAPABMAL Odnd met hod for using a probiotic have

been di scover edjoobby pa®ditathersn] tizRéMOThiGOMRRHUISENdINe albinbdstmhi on of a
e e Yo L0 ARl 7 A Sl A= Probi ot

for human milk,
[00058] In accordance with the present invention, a novel product and
method for using a probiotic have been discovered. The product and
method comprise the utilization of a therapeuticaily effective amount of at

15 feast one inactivated probiotic and administration thereof to a subject. In
some embodiments, the subject is an infant.
[00059] Previous attempts to effectively administer inactivated
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

13



sonme enbodi nents, the subject is an infant. [00059] Previous attenpts to
effectively adm nister inactivated probiotics have net substanti al

obstacl es. For exanple, Kirjavainen, P., etal., reported that in a

conpari son wh 2visabdses and heat-i nacti vated LGG 20near | ypc@9%:0ds/0847€ chi | dren
suppl emented wth inactivated LGG experienced severe diarrhea. Probiotic
Bacteria in the Managenent of Atopic Di sease: Underscoring the Inportance
of Viability, J. Ped. Castro. 36: 223-227 (2003). No adverse reactions were
reported in the placebo or the viable LOG group. Id. at 225. Because
diarrhea is largely associated 25w th inflammtion, the Kirjavai nen study

i ndi cates that inactivated LOG nay actual |y cause gastrointestinal

i nfl ammat i on. | nthfoggh the ehministretibp of attlesst ond ihectivedert probistctby wedanonf pr ocess nay

cause denat ur at | iAesfily SHOIRE Corkiifitd LRA ir\%@ﬂa%ﬁwo%%ﬁégn of heat - shock

protein, thus nodif 6y| ngr he 1 nmunost i nmul at or ties of LOGin such a
way that the hedP?96030 hﬁ&@@?@)ﬁvéﬁoﬂs&aﬁWﬂei’H@ inggi¥atedmat ory r esponses

and Consequentlyprb?mrbeﬁﬁa&)egmitze@&fdmabé {n:etsym hmm;laatbe:?eaaai difactgont rast, the
present inventor ve dev vel net or, tre or preventing
i nfl ammat i oﬁs %raoﬁunﬁant"ﬂ?ee g%ﬁf‘?{" gi’ {ﬁg& hug??ng‘fou@tObfa@abé/tm%ﬁéngiqﬁeacti vat ed
probiotic by rreaﬁw@ed*ﬂe Pt irekiotis. Hited thet teospradusiivepndwditer betlxet | vat ed

problotic(s). [Q%Mes-m@tlyws@&%ﬂéd W[thﬁMn@ aﬂ%%ethg'i:%%@é%rded that an
i nactivated probio i zed to achieve the same or simlar

beneficial affedt® ‘%ﬁgpx‘?ﬂﬁﬁeﬁt "M REP 5D R ERIURS aphRPleri®fan woul d obt ai n by
ingesting the samepdries@ndindvdedhd eanpr @lsindlal bologitd eaciveagspblisiirepr oduct i ve

and ot ner ALY AR e e SidebbllerSROSIR A e Rl g, or gani sm, the

i nacti vated probi ot nvent’ cellular and
mol ecul ar propertf¢ @Se"é%mﬁh%%@ RreRdotis pheorerinatipimpf agl Psbilioiosal reacti ve
responses in 1QntHeertbody of the host i ngestl ng them As such, the

i nacti vated prohiofi f the inyentjo robi oti c or conbi nation
o oy or obi ot ¢ dofesh 7% oihelreaatimants o Barivpid SRR BRLSR vent st he
i nacti vat ed pr obhether ofthy gbres dacteldoidivs. Hor heenpdre thedndctiaitabyacbidticus. For
exanple, the '”%é;)t}éad di;EEIBQ'LOB}nﬁoJo%EﬁZ A%ahcusdC oHLRR! p4S, L. anyl ovorus,

L. bul gari cus,
defbrueckﬂ L. rhamnosus L. casei, L. galiinarum, L. fermentum, L.

gasseri, L. helveticus, L. jugurti, L. johnsonii, L. leichmannii, L. plantarum,
L. reuteri, or L. salivarius. In certain embodiments, the inactivated
probiotic may be L. acidophilus LA-5®, L. acidophifus NCFM, 1.

20 acidophifus AS-1, L. acidophilus DDS-1, L. acidophitus HP10, L.
acidophilus HP100, L. acidophilus HP101, L. acidophilus HP102, L.
acidophilus HP103, L. acidophilus HP104, L. acidophilus HP15, L.
acidophilus PIM7C3, L. acidophilus SBY2082, L. casei DN-114 001, L.
casei |.C10, L. casei PIM61, L. casei 431® (CRL 431), L. casei F19, L.

25 casei Shirota, L. casel immunitass, L. crispatus BG2F04, L. delbrueckii
ssp. bulgaricus, L. delbrueckii ssp. bulgaricus 2038, L. defbrueckii ssp.
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. fernmentum L.
gassed, L. helveticus, L. jugurti, L. johnsonii, L. leichmannii, L.
plantarum L. nuted or L. salivarius. In certain enbodi nents, the

i nacti vat edwproiiioésic nmay be L. aci dophilus LA-56, L. aeidophislssNCFM L.
20aci dophilus AS-1, L. acidophilus DDS-1, L. acidophilus HP10, L.

aci dophi l us HP100, L. acidophilus HP101, L. acidophilus HP102, L.

aci dophi l us HP103, L. acidophilus HP104, L. acidophilus HP15, L.

aci dophi |l usP1M703, L. acidophilus SBT2062, L. case! DN-114 001, L. case!
LC10, L. case! PIM51l, L. easel 4310 (CRL 431), L. casei F19, L. 25case!
Shirota, L. case! immunitass, L. crispatus B&F04, L. del brueckii ssp.

bul gari cus, L. d&IOBB {(NGDa8)dsjphndpull jadicu sa/R@B8,UAC500 gl balveriki i ssp.

bul gari cus NR120ucé1ﬂpbg;Q%%g§§Jl sap. bulgaricus Pl M595, L. plantarum
29W L. routed 1063- L. nuted 11284, L. reified 5E32112, L. realer/ T-1,
L. nuted ATTC 55%@5521 L Asissliowh abogpyn 4 partipularegbedimentabtheiveption . 30r hanmosus
GG (LGE ATCC 534 Bactlvatet brbintsuay 6406, LeGidwprapisisstaRdsbiatdgd rhamosus

VR2z0, L. ol ver | SuEcp e eRTRRRES 1SS cpriondE IS Poitie L " onnsont |
La-1 L. sali van%%%&@@&@@orbm?h stdli which delgb@icbgorated ih its bramtv ®ySan. [ 00062]

As set forth ab%é%renbé‘th@reﬂﬁrﬂd@fd|r§srst§%%%mb!o%s tQgeiuention, the
i nactivated probiotic robiotic strain isolated 5from

heal t hy human .r&f%%ev%%ﬂamfﬂaa?a"e pgd %&ghﬁ.%@ﬁfdgww §'sof et ent  No.
5,032,399 to Gorlrhnmah intedtiad! fragthitabrvives foet-@idayd inevspediaded dnd upt s entirety,

by referen act b Dyt abn oPoifibls? LMo W TRAbiofRA e iy it ) 30U E | D N

presence o tac cells of the
human i nt est i nalalgorbepeficialy a@qts\ﬂwegalfwun@@spaagﬁg L-f Grivdapositedi vi dual s and up

10to 7 days in ?u@%tﬁﬂdei)ﬁgioﬁoatu&on{ymn%ﬂigﬁTﬁ@ Cufurb G198 PiHGgAL 1 on abi lity,
LGG al so benefici al I af f ecﬁﬁ‘:;%?ﬁ@ i mmune responses. LOG is deposited
an

with the deposi tBF§® PH’B?‘?’ Type Culture Col | ection under
accessi on nunber[DWBG;C 5340 8the OBEMGBHents) thetindctivetidheshicioibegibeant s, t he

I nactivat efs pr ol Qidee oYY odifis Bifidobacterium. For example, the inactivated
probiotic may be B. animalis, B. breve, B. infanlis, B. lactis, B. suis, or B.

fongum. 1n certain embodiments, the inactivated probiotic may be
Bifidobacterium animalis ssp. animalis, B. animalis DN-173 010, B.
animalis ssp. factis (BB-12®), B. breve Yakult, B. breve R-070, B. infantis

20 BBI, B. infantis 35624, B. factis HN019 (DR10}, B. longum BB486, B.
fongum BBL, or B. longum BB538,
[00064] As noted, the inactivated probiotic may be B, animalis ssp.
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 may be B. animas, B. breve, B. infant/c, B. tact/s. B. suis, or
B. lon gum In certain enbodi nents, the inactivated probiotic my be

Bi f i dobact ewiowgasanizr®l i s ssp. an/ma/is, B. aninmalis DN-ddfgufd@esBi7 ani mal s
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. longum BB536. [00064] As noted, the inactivated probiotic may be B.
animals sap. lactic (BB-128), available from Chr. Hansen Bi osystens,

| ocated in M| waukee, W. BB-120 is a G ampositive anaerobic rod-shaped
25bacterium which can be found in the large intestines of nost nmamal s,

i ncl udi ng humansmay FOBBEharbmyet cérbviged®ouladiiod. e petsnothdre i nacti vat ed

probiotic may beyfseiight Qﬁu,ﬁa&@tédpr% n%@%%ﬁm&?c%;yé@uﬁ'amchar atayces

cerevi siae, Lactococcus |actic, Bac oagul ans |ococcus
pent osaceus, 30PEHITBYSELGIMSRY te I”’&Etﬂ"laﬁ?id Pf@!"t"@ﬁ@bé%@c’ﬁé”’%ﬁ’“@al s, or
Strept ococcus t hed-aophi I us. In a particular enbodi ment, the i nacti vat ed

probi otic oi,l Ns 191 | n_anot her enbod t he
i nacti vat e pr quogqssi Ny e'Bé @@iﬁéP%W%@gn ey ey B“e’“?‘ﬁ'&f}?‘é\r dii) lye. In
yet anot her enbddvm@mmawdﬁelsemahmcvmbiediopm@badlvated pepioties it act ococcus | acti s

LIA. In a furthep, @H@%@Bdﬁﬁﬂﬁsenﬁd&@mieﬂ?&&ﬁd@%ﬁ@co%ﬁﬂ%@& hpicTBYmbe S.
t her nophi l us THAIM I n an enbodi nent of the Invention, nore than
one inactivat ed intended resuit in a partictdar embodiment, a combination may comprise

one or more members of the genus Bifidohacterium and one or more

10 members of the genus Lactobaciflus, such as BB-12® and LGG may be
utilized. In a separate embodiment, a combination of BB-12® and LA-5@
may be utilized.
[00067] In the method of the invention, a therapeutically 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 conbination of inactivated probiotics is
contenplated in this enbodi nent provided the conbi nation achi eves the
intended result. In a particular enbodi nent, a conbi nati on may conprise one
or nore nmenherwospbeirhe genus Bifidobaci eri um and one orpa@reeck@eriers of
t he genus Lactobacillus, such as BB-12(r) and LGG may be utilized. In a
separ ate enbodi nent, a conbi nation of BB-120 and LA-50 may be utilized.

[ 00067] In the nethod of the invention, a therapeutically effective anount
of inactivated probiotic is an anount sufficient to reduce or 15prevent
system c inflammation in a subject. This amobunt may correspond to between
about 1x104 and 1x1012 cell equivalents per kg body wei ght per day. In
anot her embodi meprobioticreayhedsaetitatédwitrgaimor rediaton ivedsadidtien adm kg-st rat i on of

bet ween about 1x&0g @Wué‘r ﬁo&qléo sg%égpg(gg};&eg?go}ﬁg body wei ght per day.

I'n yet another enbo L ent, resent Invention conprises the

admi ni stration of® %\‘i%utmﬂ?”“@éa@"é’lnﬁtf%ttj’ﬁlofﬂéﬁéﬁiﬁ‘é’aﬁéPf%{j’“%tﬁ‘dw wei ght per day.
In still anot herm@tﬂb@ﬁhﬂﬁ@mentl&m@ npf pise tas hdﬁga@h&m;@mng &Rstiehe

adm ni stration of t Ixl el | ent body wei ght per day.
[00068] In The pr"é@g'ggafmﬁ'\? ge ns%ﬁ'e %Bié%u?m ﬁﬁrag[?fﬂg%lnﬁ that has been
25i nactivated i s*ﬂ%m!valtettre‘dbloﬂcna@dmlmatbfedrﬁo maybjert val tabtelwy; piligh any net hod

currently known ér;aa;smn@{stca«a,ressvgacgpe O sgey sl &eﬁsdmg%ﬁetg nactivation may be
acconpl i shed, for eat treatnent, [yophilization, ultraviolet

li ght, gammma radi" ebﬁgfr“pboﬁf"é*‘é‘élﬁ?ee’“a%'ﬁ%’?ﬁ gbiolgis preapTUied IB A SHERFhani cal
di sruption. For fexangheacchiriiepirofit etotiter mpodi@entiasdtivmed gdbividie heat

30t reat meng, Vi a 54,04 ?)gago%e‘%r\@ﬁﬁﬁrgg& ?o;\%)&%%jf qrhe}oodrgr tes. The probiotic

may al so be inactiva ‘ultravr ol rra ation for 5
m nutes at a di stedeEmafbes ehitden's mitbitige! mtlcf &UWZ% a#qﬂOWAht ernatively, the

Egog g;l ?kgyﬁgl Sa‘oﬂn{b?é?b#o%b%g rfmktdévgﬁﬁg%ﬂk ay@btgf ir?igjﬁ}gg‘??g#ltfbragéﬁcﬁf ' FBO\(I)MGEB]h %he
form of adm ni st ‘8? gﬁ@%ﬂ@ ?‘Wg@t il é&r?)%'b?%‘fdie& PR"he nethod of the
i nvention i s notentgwdineo| the podldngy &s aa iffings apeativhbigaddugt, efidhaest | ve Sanount
I's adm ni siered. ik S URmuB TP AL MEN ik fohiRE: @t | east one
[00070] If the at least one inactivated probiotic is administered via an
infant formula, the infant formula may be nutritionally complete and
contain suitable types and amounts of lipid, carbohydrate, protein,
vitarning and minerals, The amount of lipid or fat typically may vary from
20 about 3 to about 7 /100 keal. Lipid sources may be any known or used in
the art, e.g., vegetable cils such as palm oil, soybean oll, paimolein,
coconut oil, medium chain triglyceride oil, high oleic sunflower oil, high
oleic safflower oil, and the fike. The amount of protein typically may vary
from about 1 to about 5 ¢/100 kcal. Protein 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®
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i nactivated probiotic is adm nistered to a subject via tablets, pills,
encapsul ati ons, caplets, gelcaps, capsules, oil drops, or sachets. In
anot her enbodi nent, the inactivated probiotic is encapsulated in a sugar,

fat, or pol wepaeenasszgle. I n yet anot her enbodi ment, i nacidywvaheseey@biotic is
10added to a food or drink product and consuned. The food or drink product
may be a children's nutritional product such as a follow on fornula,
growing up mlk, beverage, mlk, yogurt, fruit juice, fruit-based drink,
chewabl e tabl et, cookie, cracker, or a mlk powder. In other enbodi nents,
the product may be an infant's nutritional product, such as 15an infant
formula or a human mlk fortifier. [00070] If the at |east one inactivated
probiotic is admyith Isinpraetbfree®, Nuramiea®! Prégastimi® ant ReoSobéeant f ormul a may be

nutritionally CO@% GhiE fr&ﬂ%e%ﬂ%ﬁlsgn E‘&Q@ere%@ﬁﬁe A, @F(‘?Hﬁty%eo‘c lipid,

car bohydr at e, arnoun I'T'pid or fat
typically may vaﬁ?LgPD*ﬁVl@WﬁQ@éfb@UﬁblgleN@S aboaptivaredyrai@ior aad usedipi d sour ces may

be any known or Mﬁ&i@ebﬂhé h},@thagt)fth@mgant,oyeget able oils such as palmoil,
soybean oi | um cha ceri oi I, hi gh

al coconut, oi | i
o o sunt | Suer B DipRvartaria ¢GRI e irepiibel e ethe. arount. of
protein typi caI | prosiwti vegrtye chmoineditiudne’ dr ntoce mm;anrolﬁot@émakmal Protein
sources may be aﬂwve‘fnﬂ%@@mﬁ?!mﬁ%ﬁﬁg n% f@rﬁfnfani% Q\%VEQQQE biohk | K, whey

protein, casein, so rotein %/ s and t he
like. The armuntknéwﬂlf‘a‘h%@h%YB? écqe%’) '@ﬁlth‘,?r eﬁ‘ﬁ?“'i’iﬁﬁ“ﬁ‘f"l"’@ﬁi‘about 8 to about

12 g/ 100 kcal . Ca:lhia@émﬂé AlcAdSPERE In yn;&@ar@ﬂﬁaodﬁm@mra@xnaused in the art,
mal t odextrins, . .SuUcrose, starch

.g., lact
Fi e syr up Bosol T iy B e P 6n 35 ?ﬁ*ﬁ ICBRAE TSI o) PR e oi al |y
avai | abl e i nf antdidcossedhereimay be used For exanple, Enfam | (r), Enfam| (r)

Premtur e For nul gog B! 4 dd  ligic bR iERGHASRL b NiLram gen(r).

Pregestiml(r), ro o aval nson & Conpany,
Evansville, IN, 'W@%@%Pfﬂw'%@e§ﬁ’r§wf@r‘fé?ﬁ'%r°wﬂ°rm@iﬁ°ﬁ§woé fevel s of
i nactivated proliedtdessbandxusadd ixofrcarhy {éﬁmﬁgﬁ uﬁntb@cfmqiehngdbamf; the invention.

5[00072] PS one v?eri]é%?gaiarrg%{{“ in%fnotther enlwb%\éf?nr}atn vaatbl?a pr&loncg%%t one | naCt | vated

comprise between about 1x10°% and 1x10° cfu per kg body weight per day.
In yet another embodiment, the viable probiotics may comprise abaut
1x10° cfu per kg body weight per day. in a still further embodiment, the
viable probiotics may comprise about 1x10'° cfu per kg body weight per

20 day.
[00074] In another embodiment of the invention, the at least one
inactivated probiotic may be combined with one or more prebiotics to treat
or prevent systemic or respiratory inflammation in formula-fed infants. Any
prebiotic known 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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probi otic may be conbined with one or nore viable probiotics to treat or
prevent systemic inflammtion in formula-fed infants. Any viable probiotic
known in the art may be acceptable in this enbodi ment provided it achieves
t he i ntendegona@subdsss | n a particul ar enbodi nent, the vimghl@dRRESR oti c may
be selected fromany of the genera or species of probiotics discussed
herein. [00073] If a viable problotic is admnistered in conbination with
the inactivated probiotic, the anobunt of viable probiotic may correspond to
bet ween about 1x104 and 1x1012 colony formng units (cfu) per kg body

15wei ght per day. In another enbodi nent, the viable probiotics may conprise
bet ween about 1x106 and 1x106 cfu per kg body wei ght per day. In yet

anot her enbodi neiblgictabid, linoabit ecigreidobarentesoimagid (FERMIrARYearal DHALX 106 cf u per

kg body weight pgg ngﬁ}ﬂodnlngntaa@lﬁéétLatédgﬁr&?&rc 1?58?!%%5%3% co ﬁ'ﬁ\f&r@bl e

probi otics may conprise a per 20day.
[00074] In anot HEW RiMfbdairREMT sarof iment ?ﬂ/'@ﬁ‘i“i@ﬁd Pﬂoﬁéfi%ﬁ I east one

i nactivated probidafiiigtera®in ddmbRatn IBGARAL tfyQ RABotAEr dmwm@htem otics to treat

or prevent ssystgrqac?¥%dprgésglc |s?%mom5%|stl nflanrglrr%rngp?mM hhbo r%%’b‘l ed infants. Any

prebiotic Known in ment provi ded
it 25achieves t h‘é?/’d&Qmm@c!ﬁlyﬁyhitablemﬁeﬁlf@mubshailse’ﬁmhs PIHALARA, present

i nvention may i %wmgndnaﬁéryéfm be Sl ddARHAE RBRhE factivBigh| N,
pol ydextrose, gal @’A‘H‘F B@ gsaccharide, fructo-oligosacchari de,
@

i somal t 0- ol i gosd¥ us @W@&Ws@t'rﬁﬁgtﬁ’ﬂcﬁaﬁx@@@e FHP ucr ose,
xyl o- ol i gosacchailPit®, wiaghcogink lefiadtivgiesacaitaiA seisarRA3 G Badediziyn yet anot her

nmbodi t.pf t ontai n other
active agents sOurPLESERlg Y SOl oPBTinl PG RYGEON &' Moy
limted to, a-I|iaRdlLilized adheipresent inwestien.c acid, linoleic acid, linolenic

acid, ei cosapentjass mamemnf\a&h@wammm l&aan enbodi ment, an
i nacti vated probi I'n anot her

(0] .
R T R L e redviigGoRBL oAl Lon WL DNA 0 anot he
ARA. I n yet anotiffemnetiodiinfans. , n s Shivoaichdry, ateoseight edtib of ARADSIAAdM ni st er ed

in conbi nafg on w &RCQQH}m%taﬂnﬂo about 9:1. In one embodiment of the present
invention, this ratic is from about 1:2 to about 4:1. in yet another
embodiment, the ratio is from about 2:3 to about 2:1. In one particular
embodiment the ratio is about 2:1. In another particular embodiment of
the invention, the ratio is about 1:1.5. In other embodiments, the ratio is

20 about 1:1.3. In still other embodiments, the ratio is about 1:1.9. Ina
particular embodiment, the ratio is about 1.5:1. In a further embodiment,
the ratio is about 1.47:1,

[00077] In certain embodiments of the invention, the level of DHA is
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. Commercially available infant fornula that contains DHA, ARA, or a
conbi nation thereof may be supplenented with at |east one inactivated
probiotic and used in the present invention. For exanple, Enfam | (r)
LIPIL(r), whiochosciostai ns effective | evels of DHA and ARfgsT/iSeR@sIver cially
10avail abl e and may be supplenented with at | east one inactivated probiofic
and utilized in the present invention. [00076] In one enbodi nent, both DHA
and ARA are used in conmbination with at | east one inactivated probiotic to
treat systemc inflanmation in infants. In this enbodi nment, the weight
ratio of ARA:DHA 15is typically fromabout 1:3 to about 9;1. In one

enbodi nent of the present invention, this ratio is fromabout 1:2 to about
4:1. I n yet anotlkesl ocbiiddoiapeabhout H87% &y weights If aretheabmbddirderd, the about 2: 1.

| one parti cul gyt fEAbe b6 £ 8L onBlRY: aforferdrboBghficr parti cul ar

enmbodi nrent of the I nventio
enbodi ment s, t hetht SVEIPT PHASIAIRE hetween alput P.A7%ang P.48%hyweisibodi ment s, t he

ratio is about 1768080] | Ifin@udear the ekdcive SROPLLIRI in ah BRbSBIMER of S about 1.5: 1.
Inafurthe i i In certain

nt, the ratio is abput,1l.47:1. [0Q077
enbodi rrents of gpmﬁ%m\"ﬁ@'ﬁ? ’StatYPécaI"%%T' a@?”*ﬁ%qeé%%%ftt\ﬂgﬁwe'hlﬂout 0. 0% and
1.00% of fatty alﬁrdsytotaﬁbouvvéﬁ@m@ peig] @06FB}eidhtperidayeln cof DHA may be about

0.52% by wei Ght dib,c8ieh STROMISHEN, e dlfind €] 2051 By BRKy e about 0. 33% by
wei ght. I n anot her, enbodi nent, the |evel e a%out 0. 64% by

wei ght | n anot hetPdé ME19H} RREATY, f"t‘*‘Pfé‘t MeR@p PB‘fkglﬂf\WW %‘ép%ﬁ'ébt In0. 57% by

wei ght, I n yet amotheesmsdiresi nﬁmhwuﬁttmfrdrﬁumutmmw&wbb@ about 0. 96% by
wei ght. 30iH a fur. odi t i about 1.00% by
wei ght . [0?)‘879] Jf’%‘nérg FJ? gn"%"%f”‘% {’éﬁﬁrﬁ’ °r?¥/ W%ﬁhpl‘%éﬁgaﬂ 1y ‘Fe‘ of ARA is

bet ween 0. 0% an@r@tfﬁvamhﬁd*ﬂﬁmwamu@tss fragy aleit @ﬁwmgpﬁrl@mm@ enbodi ment, the

ovel, of ARA mayudigh oy BTN BTG bocy sBABigsy chod ment, the [ ovel

of ARA may be a&gﬁ& %}/ et anot her enbodi nent, the | evel of
DNA may be bet 8hodkin d&e}%ea‘?ﬂ?c@’e@@%uﬂw M?”GTW@]WH i ncl uded,

the effective artbupiesaf inldtlion 13 tarcayniod biseins mafoebkd e bpdyesagt | nvention is
Lypi cal |y 14,0m aRPHly 3 gl RS nisaly PBEK WELONL BT IndRY {0, about 150 g per

kg of body weig i'nvention, the anount

is from about 6 qijé@‘renk@ﬁes inyrotign. s aghunpeieslsym Beoukbdoume PEOB g per kg of
body wei ght per i8ydy deighPaidapto HIROGL MR Her k§6r REPWEEhtipsr d4y01R about 10 ng
per kg of body another embodiment, the amount varies from about 15 mg per kg of body
weight per day to about 90 mg per kg of body weight per day. In yet
20 another embodiment, the amount varies from about 20 mg per kg of body
weight per day to about 60 mg per kg of body weight per day.
[00082] If aninfant formula is utilized, the amount of DHA in the infant
formula may vary from about 5 mg/100 keal to about 80 mg/100 keal. In
one embodiment of the present invention, DHA varies from about 10
25 mg/100 kecal to about 50 mg/100 keal;, and in another embodiment, from
about 15 mg/100 kcal to about 20 mg/100 keal. In a particular
embodiment of 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 weight per day. In yet

anot her enbodi nent the anount is from about 15 ng per kg of body wei ght per
day to about 30 ng per kg of body wei ght per day. [00081] If included, the
ef fective awouwois0éz7ARA i n an enbodi nent of the presentpdiaveidsio®ti S
typically fromabout 5 ng per kg of body weight 15per day to about 150 ng
per kg of body wei ght per day. In one enbodi nent of this invention, the
anount varies fromabout 10 ng per kg of body wei ght per day to about 120
ng per kg of body wei ght per day. In another enbodi nent, the anount varies
from about 15 ng per kg of body weight per day to about 90 ng per kg of
body wei ght per day. In yet 20anot her enbodi nent, the anobunt varies from
about 20 ng per iﬁlamburbﬁﬂa(RMr@bFrom@bmdaﬂn‘tg(moalkeajtoﬁﬁuf@ meniokg of body

wei ght per day f ant I I g amount of DHA
in the infant fo*c%ﬁigkﬁrﬁwﬁagem%?@gﬁn hmé e'l‘ﬁ?\)%é%?nktﬁlggmou out 80 ny/ 100
kcal . I n one enbtdh mh@ut@ﬁ ntgh‘@ﬂﬂiﬁ@sent i nvent| on, DHA varies from about 10

25ng/ 100 kcal to[lgamt;ﬁﬁ;mmmukaq@hmamg.mame«,nﬂmmraysgbodl ment, from
about 15 rrg/ 100 kcal "to about In a gartl cul ar errbodl ment of

a
the present?®i nveWP'ﬁ‘ﬁe”t?%‘é'”h‘Hﬁ&H‘Etgg'f‘gBHAai"QAQﬁéﬁWQE ndRj# 100 kcal . [00083]
I f an infant formﬂnaqu%knmmlm thedrt. Fhrexanpe MHAOENJARR nay behedd'eaf ant 30

formula may varyftf.om Wre&?wﬁ%nle%glvﬁgrﬂlarr;oﬁntao}?%%al é& 00 kcal. 1n one

enbodi ment of the present ‘i nven varies from about 15
mg/ 100 kcal to a%%i%unﬁ@”wﬂ TOOA afssetin afrmda. AeBrrhiareamolet he anount of

ARA varies from tﬂ@@l!étcoﬁtgm /DmOanl@onadA th&y RRdbd &Qh@wrﬂ&é‘)b;kcal In a
particul ar rrbodrl ment % ne pr sentofl nvention, Qif A of ARA i s about
53 gl 100 Kbal - POBUNAD SEVERM AR B ERP LT SR el TR AOT I At f or mul a
may be 5suppl enmemtedt imtteHoroiulasvithountiHAanignHAHA and ARA using st andard
[00085] If utilized, the source of DHA and ARA may be any source
known in the art such as marine oll, fish oil, single cell oil, egg yolk lipid,
brain lipid, and the like. I some embodiments, the DHA and ARA are
15 sourced from the single cell Martek oil, DHASCO®, or variations thereof.
The DHA and ARA can be in natural form, provided that the remainder of
the LCPUFA source does not result in any substantial deleterious effect
on the infant. Alternatively, 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

21



techni ques known in the art. For exanple, DHA and ARA nmay be added to the
formul a by replaci ng an equi val ent anount of an oil, such as high oleic
sunflower oil, normally present in the formula. As another exanple, the

oi | s cont ai pigngeddos7and ARA may be added to the fornul apdayushtusepd;aci ng an
equi val ent anmount of the rest of the overall fat blend normally present in
the formula wi thout 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 yolk lipid, brain lipid, and the like. In some enbodi nents,
the DHA and ARA are 15sourced fromthe single cell Martek oil, DHASCO8, or
vari ations thereof The DHA and ARA can be in natural form provided that

t he remai nder of EPA40QICRUFAuppiRnTepted diith ot Inart oneipadtivatphprabipticsandst ant i al

del eterious ef f egdoq@ink A tioRloAME Preééﬂt‘ﬁfv@ﬁfthﬁNét arloftfer Blbdinéht ARA can be

used in refined form 20 0008%-‘ nt_of the present invention,
sources of DHA aftNapforgta confging lessithansbput 5489 EBAGHR kehisu. S. Pat. Nos.
5,374,567; 5, 550subbementad with 396asb& b, inddieateli otiarwne ssaafinwei ch are

I ncor por at eg herﬁ%ﬂod @t@é‘@‘o&n‘?iﬂ&énu&% yAr%)(rlerS%gé‘cErg ]’)ﬁé’rﬁmn the present
a¢ lsagionatp

invention i S not on such oi one enbodi nent, a
LCPLI FA source mq:luqﬁsgamfmtmmwnp@w@a With gival@iit h at | east one

inactivated probyesibie thdt i FRRQKF BRK t@B@Q&lbW‘&f Epd. LCPUFA source which is

bstantially fr ation th_at ieast one
oot fvat od br oHOBURL . THe PRy Bt b Lo 2 s inae! BriedsE 8% cent
i nvention, an i nhamitatéopmbibi vaihriiHE anding ARA$s0VERE hanplialeotaty k6 ng EPA/ 100
kcal i's SUI%" e héghé‘xﬁlsé{!é#%c@wh%ﬁhs?&@e aH@EIF:%&{;%StEﬁ@PJ&BR&QH ¢ and used in

t he met hod of t sent 1 nventl on n ano an i nfant
fornul a cont ai nlfﬁ@’H’@@@ eniningbrse agenteVhisrmet wishing ioate tied tatjspl ement ed wi t h
at | east one |na&bhy&h@dhéﬁ’r@hlsﬂdh@vea%tNfé@tﬂfa!eﬂ deB%ttéEﬁthﬂarﬁf t he present

than about 5 my EIRFHSDY RESH PeBLBeRaieete (e iPalon ZHEBMRe | nact | vat ed
probi otic and usddlkBh inleerobnecblb kBafinds mecgar dsdartks (W ERjtwitbin.theAnot her
embodi ment 40f  t NG LRAVENARA ubiquitination of IKB occurs, NFKB is released, enters
the nucleus of the cell, and activates genes that are responsible for the
inflammatory response. ltis this specific interaction and resulting
alteration in gene expression that is thought to be involved in the
modulation of inflammation. |t is believed that inactivated probiotics
20 prevent the ubiquitination of kB, thereby preventing the release of NFkB
and reducing or preventing inflammation.
[00089] In contrast, w-3 fatty acids such as DHA are thought to imparnt
anti-inflammatory action through altering the production of pro-
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 formula supplenmented with at | east one inactivated
probiotic that is free of even trace anmounts of EPA. [00088] It is believed
that the provision of a conbination of at |east one inactivated probiofic
wi t h DHA angbeoesARA7provi des conplinentary or 10syner gigtigsakbesis with
regards to the anti-inflammtory properties of fornulations containing

t hese agents. Wiile not wishing to be tied to this or any other theory, it
is believed that inactivated probiotics inpart anti-Inflamatory effects,
in part, by preventing the ubiquitination of inhibitorykB (1kB). In a
normal cell, 1kB binds nuclear factor-kB (NFkB) within the 15cytopl asm
When ubiquitination of IkB occurs, NFkB is rel eased, enters the nucl eus of
the cell, and acichvwatedattyemnes, uhiats BP A& amdeBipd rese tdnepetitors fohe-61 nf | ammat ory

response. 1118 bl SEREhLIF AL LASLAR: ANERRL G her ati on Tn gene

expression that Is t1on of
i nfl ammation. | tpri’”ﬁ’ﬂb’ém?@()/(ﬁﬂfeﬁtﬁaf“%a@fﬁWiWﬁlé‘ﬁ b Y Be9T8odu? event t he

ubi qui ti nation qﬁT bilsBatibhemieby- sr?ats;\/e@mtanmtgAmmhé iﬂb&&ﬁ&%oﬂfofhﬁkB_ Snd reﬁum ng
or preventing in Lon contrast, w ty aclids such as
DHA are tho§ught ?tS%’erﬁ?hﬂemQW%? pﬁ }‘ 8'1’ Vﬂﬁ? P%’ﬂ”é}"ﬂ? %ftd’é i altering the
production of pricfmidtensiatenyds fat ARAaghdsaeiialievef Didargt /A% broadl y known

as ei cosanoi ds. tﬁéwo@ B@tn&fys @&h&sbuté&ﬁﬁm%ﬁta%mﬁ@!o%d@a@e fhecated in the
phosphol i pi d poal of menbr anes, are rel'éased during the inflammatory

response and |.5@Pwt%{vf§émn86fnmv'%ews This pool of ARA is then acted
upon by two cl ags@m1pf IresstiorSn sdoOMIbaiindntdET MEINRBAGRS vigine aky Cl ooxygenases,

uhi ch Prodiipe a SREGHL SosRRELU Ol SLERaNRNdR I AR bdLAG S e 2-serl es

30pr ost anol ds, Posragrd oxanes, Sikot ri enes.
[ 00090] These e|T¢!e§amblhd®n@f@abtmtmnacmva@lwotaotwwtwvadm‘pfpw@‘f-| nf | ammat ory

actions in many c%ﬁ]bizmén‘la‘?? P&t a@tﬁ%&s witﬁ régérd%%%@aﬁthﬁﬁaﬁh@t&@ rich in co-3
fatty acids, such as E titors for w6 fafty acids in

several steps ofpr?ﬂ’*?ft@s BfﬁB ’O%‘E?“tam‘f@rt%?%ra@e“tﬁoﬂ@“ea'ioéWtsﬁ'@gEPr o-i nfl ammat ory
effects of ARA. bedied extalpt &y otter hebgf tigblagoiisticaadithaiget tblrepel ongat i on of

the w6 f a{St y a%inﬁl-ﬁwﬂimﬂkgto@%ectg Hwepairﬂﬁr%gq\%@;aicﬁ)& vﬁtfh spedific receptors,

known as Toll-iike receptors (TLRs) on the surface of specific immune
cells. Direct or indirect interaction between viable probiotics and these
receptors initiates an intracellular signéi transduction cascade that resulis
in the alteration of gene expression in these target cells. 1t is this specific

20 interaction and resulting alteration in gene expression and other cellular
effects that is thought to be involved in the modulation of inflammation.
Thus, because viable and inactivated probiotics are believed fo operate
through different mechanisms, #t is believed that the combination of these
compoenents provides complimeantary or synerdistic 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-

i nfl ammatory ei cosanoi ds from ARA. The conbi nati on of DHA and ARA,
therefore, provides distinct, but conplinentary, actions to noderate the

i nfl anmat oryoresaeanse in nultiple tissues. [00091] | n addids:@osd iy sone
enbodi nrents of the invention, viable and 10 i nactivated probiotics are
adm ni stered in conbination with one another. The conbination of viable and
i nactivated probiotics is believed to provide conplinmentary or synergistic
effects with regards to the anti-inflammtory properties of formulations
contai ning these agents. Wile not wishing to be tied to this or any other
theory, viable probiotics are thought to inpart 15anti-inflammtory effects
in part through j0nt9s) adt seme evidiinegmésod! tHeqreseodpieotia, thersaactéesin Tol | - 1 i ke

receptors, ( TLR) ol of ey sl bACRARlioR Re Blsliriol FRAEmE Rl AmabeCt o

indirect interaction betwe these receptors
initiates an i ntFhecsbipetingy b§|ab’r'%lf°ft$§ﬁ§@u@?ﬁ“6’ﬁ“@a‘§@é@iéerteﬁ?at results in the

al teration of Q%r@dimar@sahprnfewetcr@a@estaéﬂ@érs%ahkrs: likktFérs this specific
20i nteracti$)n and resul ti Fﬁ%a teration in gqe%?[g ﬁ el and ot her

cel lular effect SPRRE § FeEABAYAM S HBR P H‘aly eta Ei8dul ation of

i nfl ammat i on. Thystembédhnsation aitl reayathdrefoa deiinvated df guoblbieatrieos are bel i eved

to operate throughdif beseydechani sms, it is believed that the
conbi nati on of these conponents provi des conplinmentary or synergistic

anti - i nfl ammat orf§08Hks freeargin W@é@?]‘tsltﬁe Qa’éh"ﬁ‘ie%ﬁmbi"PF E8Y8® embodi nents of
the invention, aldnliastd @ iMe@l ehiltopreaint, Geatpbr rbmstsymm nacti vat ed

probi oti c, nd | ea ane L A ar i.ste tion. Because
vi abl e pr oloqaotl ggﬂamn?laea'g?l vat &d' é: OB o‘ﬁ ﬁam't@ @Bifé%ﬁ%oﬁe gt&gggh believed to
operate through E@edirfa’r@ﬂﬁemmmmmﬂﬁmld mey bebdieardiedgesiiiona he conbi nati on

of these COWpon%'Ej%ux%é}\!'er% FeR ARtheTBRbAIMe ! the ¥NA ety Hel tenRbhect s with
regards to the anti-inf am‘ratorswgropertl es of formulations containing

these agents. [(BOBRPSP! §4YeR ¥ffhe¥ft s of the present invention, the
subject Is in nqgeshesf trhan dmmaimeBnds the gresedit incantio themudjeeris aon of system‘ c

geneti o pr 3t spadrtae Mk of pRkedhat etk AR 0" RE%) e
For 5exanple, a W‘eti@amﬂﬂw einhedimedupe infantie dreapiffag frombijthbatilan ri sk for
system c inf | anmgtiarn %n&hsw onk BEACARN ErorRfa-tdd tRGEshelat HiGA L1 eat ment,
reduction, or preventio
time macilvated probiotic supplementation begins.
[00086] In a particular embodiment of the present invention, the method
20 comprises treating or preventing systemic inflammation in a formula-fed
preterm infant. In this method, the inactivated probiotic may be
administered to the preterm infant in the form of an infant formula, human
milk fortifier, or any other suitable form. Additionally, if desired, the
inactivated probiotic may be administered to the preterm infant in
25 combination with DHA, ARA, and/or one or more viable probiotics {o
create a potentially synergistic anti-inflammatory effect.
[00087] Inan embediment of the present invention, the inactivaied
probiotic reduces or prevents the systemic release of one or more pro-
inflammatory cytokines or chemokines. As used hergin, “pro-
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 enbodinments, the inactivated probiotic my be
adm nistered to an infant or child to prevent, treat, or reduce systemc
10 inflammation. In an enbodi nent, the infant nay be | ess than one year of

age. | n anowbenosgodzedi ment, the child nay be between thevagessets;one and
six years old. In yet another enbodinent, 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 formula-fed infant. In one enbodi nent, the
infant is formula-fed frombirth. In another enbodinent, the infant is
breast-fed frombirth until an age which is | ess than one year, and is
formul a-fed thereafter, at which tine inactivated probiotic supplenentation
begi ns. [00096] ihdude, Raktd rotiimitedesriyorfiadntp, af-6 tihe, Ipnesedt i nventi on, the
met hod 20conpri§§ﬁokﬁpating or preventing systemc inflammtion in a
formul a-fed preterminfant. In this nmethod, the inactivated probiotic may
be admi ni st er ed [PHBhe Chewrkingnarans aivvp previoiees hetangble e miglter f or mul a,

human m | k fort'Jf!e@kocyfé&fr&'ﬁ)fh@élJ?&iﬁo%‘ﬁs%%%tth@@ﬁ@ofMﬂhHa%}a||y, if desired,
tered eernglnfant in

thelnactlvted ObIO ma e adm ni

b comynat 1on: v TR CRER e PBPITR Shroie 6o FABIHeRREb bt | ca o o cat 6
a potentiall y syreltyitistliec Gaowth-élatbd amoptrer GREMM@de a clied®88Z vhich an

enbodi ment  of ”}@cr&fs%ﬁﬂ{a &Mﬁﬂhé Qs{é ofﬁdﬁﬁmhgﬁcﬁxt '|tVé‘{nS§%u859b' otic reduces or

prevents the systemc re ro-1nflammtory cytokines or

chenoki nes. As usSuderat irat Cy‘obhnﬁri”dgtiﬁdr{’fep%PWGITWFBMPIMﬁ)or chenoki nes
i nclude those knmmmaﬁbnbﬂfwywtatted@trkbanﬂeminmrdmtm the up-regul ation of

i nf | ammat o S es .inc| ur are not ed to, TNF-a,
IL-16, IL-& a@d"gf l‘BaE@H‘% CRefiRe" ‘Fg't?d@’§]’“‘i’ih‘€ﬁ?}'l¥f‘tﬁ%§’°g19 %2 group of
cyt oki nes that dfmadabantsheurrﬁogmimtnwtmfslobmmkotwmriraptoka fFkB).ood to the
tissues at the ﬁxhik ,so; pﬁﬁ&mdu%'fac@mﬁﬁh RrAdueghsihicRrcess anounts,

chenoki nes can
thought to play an lmportant role in onset of inflammation. In maost cells,

NF-kB is present as a latent, inactive, inhibitory kB (IkB)-bound complex in

15 the cytoplasm. When a cell receives any of a multitude of extracellular
signals, such as from cytokines, bacterial anfigens, or free radicals, NF-kB
rapidly enters the nucleus and activates genes that are responsible for the
inflammatory response. [t has been shown that inhibition of NFkB at the
onset of inflammation results in a decreased inflammatory response,

20 Lawrence, ef al., Possibie New Role for NFKB in the Resolution 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

translocation, and increase kB production in the intestinal epithelium. The
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healthy tissue. G owh-related oncogene (GRO KC) is a chenokine which
recruits imune cells to the site of inflammation. It is the human
counterpart to rat cytokine-induced neutrophil chempattractant (Cl NC 1),
and i s funciipaoalibs7s el ated to the interl eukin-8 fam | yperh®hARASLZ]7 I N a
further enbodi ment of the invention, inactivated problotics have been shown
to inhibit the translocation of nuclear factor-kB (NFkB). NFkB is a primary
transcription factor found in all cell types which is thought to play an
inmportant role in onset of inflammtion. In nost cells, NF-kB is present as
a latent, inactive, inhibitory kB (1kB)-bound conplex in 15the cytoplasm
When a cell receives any of a multitude of extracellular signals, such as
from cyt oki nes, ibantoss havk samptisirgiyiscomared thednactiditeigirehiott- kB rapidly enters

the nucl eus and ALY BRVIRIEURhatBhEr KEWAD Tk BrobBlcsldiiak N | ammat or y

response. It ha een Ition e onset of
i nfl anmat i on r edAPR192] Thy fdevine asewpleseraibauttiong epbedipendect B Lawr ence,

etal., Possible Mnﬁmmémrom&?l@auomﬁeh@ ﬁﬁlammbmf&n‘e ddwhé anmat i on, Nature
e e B o R R BT o oot
prevention of sw@teefrnatton mﬁpr@mmfﬁhﬁnnve[nt)@mﬁﬁclow hargih. be seen in the

exanpl es, inactiy H@dﬁ@% WnQﬂ{eHSéoﬁﬁathﬁé%e%ﬁca%@@og%h@mtﬁtﬂe E%HHF&, system c

|nflammt|on|nfor I nfants. C-1 'and vari ous, cytokine levels in
the fornul a-fed qeéio”?'?ﬁf%‘??e\ﬁé‘i’r%p'?%ﬁﬂlﬁé'dt"tt?? yeoned ®iHPIE% to that of
mot hers m | k- fednd’e&ﬁorimafr@rﬂcﬁcat@ﬂﬁbp teeLing WRiah RxXlowMhk Rxaraed. il &leed probi oti cs.

[000101] A?O W | lexgr%glgg %rf R%”?? ag%tt: %?%aqn%lg ?)e \}ﬁ_g%ggés\/sal}n%g B{h&QJ;s tics have

30al so been shown t roduct ron, decrease NF-k13
transl ocati on, dndicatadicr ease 1kB production in the i ntesti nal epi thel i um
The Inventors have surprisingly di stg;(gp.ﬁﬁi@qd that inactivated probiotics
additionally prevent the ubiquitination kB, while viable probiotics do

not. [000102] THEOWIGH diF mprenitsiraies H‘@§g??t8@"*1?5‘f”1‘te&%°b@%odl ments of the
present inventi aoppléhdredtiontbgdichiihamandtibn i férfalademenaél ratvapc] ai ms Sherein

w il be ap&arentLéé)wgsq%eégg&ﬁgbw&ig W ea{a%plerom consi deration of the

speci fication or practi as disclosed herein. [000103] It

is intended thatMaterialssfadeihedscat i on, toget her with the exanples, be
consi dered to bgosesPhaly sQitkHe e,}yeg,he,gth%pga@ggga@ga)d(ﬁgnrdt of the invention

being indicated G%¥m;rp[§wr1 LJY) nﬁ?gntvr\gtls wgrefrarlidom e o PB kot 1€
y assigned to four gastrostomy
feeding groups with five rats per group: a control group (no LPS or LGG), an
20 LPS group, an LPS plus viable L.GG group, and an LPS plus inactivated
LGG group. Mother-reared rats of the same age were used as reference
controls. Gastrostomy feeding, using the rat infant "pup-in-the-cup” model,
began on day 7 oflife of the rat pups. The gastrostomy feeding tubes were
constructed from 24-cm seclions of polyethylene fubing that were inserted
25 into the stomach of the pups. The gastrostomy placement was done under
isoflurane anesthesta. Timer-controlled syringe pumps were connecled to
the feeding tubes and were set {o feed the rats for the first 20 minutes of
every how al & weight-dependent low rale.
[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 weight basis unless otherw se
i ndi cated. Exanple 1 [ 000104] This exanple illustrates the effect of
i nacti vated probiotic supplenentation on systemc inflammtion in

formul a- f edwipeanababs rat pups. 15LGG was used as the priibogossdit his
exanple. Materials & Methods [000105] In two separate experinents,

Sprague- Dawl ey (Taconic, Germantown, NY) infant rats were randon1y assi gned
to four gastrostony f eedi ng groups with five rats per group: a control
group (no LPS or LG5, an 20LPS group, an LPS plus viable LOG group, and an
LPS plus inactivated LOG group. Mdther-reared rats of the sane age were
used as reference controls. Gastrostony feeding, using the rat infant
"pup-in-the- cup” etaidebt trebegan Asecolaygrdipedas bivérea @fpplehentraatxiptips. The

gastrostony feed - i gns of
pol yet hyl ene tub+&gp%rl@%g%}é\§eg% %@?#5@%@:&9%%%%%%@%%% t he pups. The
gastrostony pl ac@dﬁmth%be@@mlwwon of ey furea desafeedings spriinued

Ti mer - contr ol | edsesgyddy 99,@” &M@F@%st‘/&fo@rg(?&iw&%%ek@d %E’@arﬁ@%hf@of“lbes and were
set to feed the 0 mnute ’y our at a

wei ght - depe%dentfré?"}”g\ﬁﬁfgﬁriygm 0?5\9%"6‘1”“50F?’H@”ﬁ"té"’aﬁéwlﬁéﬁ "emati on period, the
gastrostony-fed qtantut}pnag:sreaﬂweomaf@dww Mhotheratanad tdts cftHesbimt agee (RMS) . After

the acclimtion period RVS fed groups was given a suppl enent of
1x108 cel |l equi v\p%ents’aspé?& CB ol er day of inactivated LOG The

LOG was i nacti vafeiovi éfPOPQ'EﬁWﬁP”fzfeﬁws) "PRASHIATENA PoIPAEORH(LEPoup was given a

suppl enent of |X‘igr@Sﬁtb\lld-m&faggsm.@?ﬁm\&@t@mv&@z&m@ﬁﬁ/a of viable LOG The
third grou type. These

tat f
f eedi ngs ng“ltl nLFé’BC?E'YBBMc?aW%’m A'IL’\ gmtrolsﬁgwy-g%g@;%&}g?e%npg%a} oups recei ved

the sane quanti tO/zscndgtmglytieg af Ftthyaithayaypstamgiubhigtaing? ¢aya  conponent  was
simlar to the Whé@h[%tg’ﬁg r{ffggn{aggqurh?g?psgge(?%%& ther-reared rats of

the sane age were use ref erence cont Li popol ysacchari de
(LPS) from Eschetprigmentaion for §daye: 1Rig dpsepes dejepmiped inpitot ﬁ@ﬁ%" MO was
di ssol ved i n watredult yocysidn@rehingring! piBerection, and poor weight gain but was not

15 associated with a significant increase in mortality over a 6-day period.
[000108] At the end of the 6-day treatment period, the rat pups were
euthanized with an overdose of pentobarbital sodium. The small intestine
was removed and separated into three parts: the iteum, jejunum, and
duodenum, stored at -80°C for enzyme assays and ELISA, or fixed in 10%

20 neutral buffered formalin for intestinal morphology. Lung, liver and plasma
were stored at -80°C for enzyme assays and ELISA
[000109] Sigmastat statistical software (SPSS, Chicago, IL) was usedto
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/mM . 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 initiation of artificial feeding. The pups were given LPS

suppl enent atgPnod/PE37® days. This dose was determ ned i np@fdQhosakiigh €s to
result in occasional shivering, piloerection, and poor weight gain but was

not 15associated wth a significant increase in nortality over a 6-day
period. (000108] At the end of the 6-day treatnment period, the rat pups
wer e eut hani zed with an overdose of pentobarbital sodium The snall
intestine was renoved and separated into three parts: the ileum jejunum
and duodenum stored at -80C for enzynme assays and ELISA, or fixed in 10%
20neut ral buf f er dally e el gaptrdstomyiferding bhdhedmpeeadid obbgyfed tefmencel | ver and

pl asma were storggdnat M&Qg fédé]mrﬁél?yr@ﬁ n%ﬁes,@y,gly%q JgLLlpgA},ea{egomw] Si gnast at

statistical software (S to analyze body weight,
ELI SA for CI NG 19335{%0%\37@6211%/%?@%9(58?}@ Oﬁmqﬂv%%wota@@w results. Al data

were reported asgaseediamy-Bt apdaretied pvpsatd anin(phve wedhyadne- way anal ysis of
vari ance begv\eencwcoyps (ANOVA) was used to determ ne whether a significant
di fference was present anong all treatnent groups. The Hol m Si dak net hod
was performed folP0@Hitl Wiakie ardrigrstivated meobistiesredused BINOvNevasindiegni fi cant at p

¢ 0.05. Results &e@nﬁﬁ%ﬁwm@@@n&%Were[o@%%wd byﬁhb&yﬁééﬂﬂh% il ustrates

the effect of probiotic adm njstration on @gps after
gast rost ony f eed Y OFHEC ARV ity r@%@F‘E’tWia@qﬁ'é’ﬂ‘:Og@&“r/@Wcﬂ $2%t he gastrost oy
feeding and conpoeses,tAmnmesdneu. fledue efgranee: sdatedlen cdher - f ed ani nmal s

grew nore gapi d'éédrga@&v}%@n&{%smﬁaksr ARt slgssfﬁag”gdm&gspups Provi di ng

vi abl e or inactivated treated pups did
not inprove wei g‘HISOE?anfﬁ* wag GpiRined éﬂ@m}?}ﬂ wrabmt@n@m\daa qalgeleied at ed

probiotics redu%ﬁg@leﬁl@u%oh@\éme& frbrA athhérﬁtraﬁ@?cmur@é]vem' on. CINC-1 levels
its for rat

wer e determ ned er Zzyne nmmunQ ric
growt h-rel at ed o‘ﬁgq;&] éﬁﬁ\‘ﬁf‘ il F@ﬁ%é})"%@@l gﬁéSAm?H“%hé‘ﬁ‘?d S Ti ssue
sanpl es were i sdhatasdd CINGR1 leedld iolitarliver, lungs, and plasma. Both viable and
15 inactivated probiotics decreased LPS-induced CINC-1 production in the liver
(Fig. 1) and plasma {Fig. 2) (p<0.05), and also showed a trend (p=0.09) in
the lung (Fig. 3).
[000113) Figure 1 illustrates that viable probiotic supplementation reduced
CINC-1 levels in the liver by approximately 50% when compared to the LPS
20 group. The inactivated probiotic, however, reduced CINGC-1 levels in the
liver by about 75% when compared to the LPS group. Thus, an inactivated
probiotic had a significantly greater reducing effect 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).
SROIKC
[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
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10extracts of whole tissues in the liver, intestine, plasma, and |ung.
Absor bance was determ ned at 450 nm and concentration was cal cul ated using
the equation derived froma |inear standard curve. [000112] As shown in
Figures 1 tWwoaughodss ELI SA results showed that LPS i ncrigasgdeshNe7l | evel s
in the liver, lungs, and plasma. Both viable and 15i nactivated probiotics
decreased LPS-induced CINC-1 production in the liver (Fig. 1) and plasm
(Fig. 2) (p<0.05), and also showed a trend (p=0.09) in the lung (Fig. 3).
[000113] Figure 1 illustrates that viable probiotic supplenentation reduced
CINC-1 levels in the liver by approxi mately 50% when conpared to the [PS
20group. The inactivated probiotic, however, reduced CINC-1 levels in the
i ver by about 76% m‘m@nthcfiatmpan@irjad:tbatedhpro[:iﬁltés gadocgy. GRYYE jevalmtd mact i vat ed

probiotic had a MQJP RtHe) reducing effect on liver CING 1
| evel s than viable i&%tl gsungggﬁé ?fndl catin stronger anti-inflammatory

effect. Similarl§0 °1Ftﬂnghé regupad GiNEvtane SRONSE %@'N@WW%W@P@W W the plasm

were lower in 2he URGinitMAGEdeMBxpetinnObdicdtd BalROsH-itfARMatAeMiceere in the
viabl e pro 'otic ar oup ihactivated probiotics

d
educed G o1 1 RRieg PRocltGerp® i dRllbriand o s e sy 0001 T] e
shown in Figur esn%ﬁmmbrﬁtﬁffe@hélr@vtbleﬂed pobiolidsti tplimstamt@aynaw@ showed sim | ar

reductions in &%’Nﬁ%la fvek, rhafch&;tehIpvo%ron@mpzlehmgnonm%cém%l vat ed
probi otic decreased l'evels to a greater extent than viable

probiotics in theeYsS/Bp leveindic yep HE}U%'YWbtﬁ@feﬁhatéﬁﬂothﬁrrﬁm'&ﬁﬁ%%r y effect
(Fig. 4). Both wuablla tt&‘lt@hgﬂdﬂaﬁtatmatlr%dtl\,{afeebrdhtoh&?redlt.&dducm 3BYKC levels to a

simlar degyee 'tE' m@wh%ﬂ%s(/é: g)"?*ﬁétﬂq 3?}16],5%1% g%‘? d CI NC 1 and

GRO KC | evel s tha e ‘opsarve nt experl ment
i ndi cate that t He%tﬁmhmihﬁtllranﬂvated)pswbeﬁdséw@ve meﬁbiith@cr@duoesse&rrm obi otics

extends to di st ghaafi@aSin a fHASe-tdd Ra@NS b Tevel which is similar to, and in
some cases lower than, that of a breast-fed infant.
Cytakines & Chemokines
15 [000117] Viable and inactivated probiotics also reduced cytokine and

chemokine levels, Multiplex bead kits were purchased from LINCO
Research, Inc. {St. Charles, MO, U3A). Cytokines/chemokines were
analyzed by a kit that included: granulocyte-macrophage colony-stimulating
factor (GMCSF), interferon-A (IFN- A}, interleukin-ta {IL-1a), iL-1B, 1L-2, 1L~

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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inflanmatory effect of inactivated probiotics is truly systemc in nature.
[000116] In the liver, inactivated probiotic supplenentation reduced Cl NCl1
| evel s to a | evel which was actually | ower than that of nother's mlk-fed
rat pups. |wotd/bésng and pl asma, inactivated probioti ggmedusgesh;Ed NC- 1

| evel s 10to a |l 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 inflammation in a fornula-fed infant to a | evel which is
simlar to, and in some cases |lower than, that of a breast-fed infant.

Cyt oki nes & Chenoki nes 15[ 000117] Vi able and inactivated probiotics al so
reduced cytokine and chenokine levels. Miltiplex bead kits were purchased
from LI NGO Reseathekontiohmips.( Bius, ik aertiesgf tHé@xpdoBaht fui@et ilstmies fiehenoki nes wer e

anal yzed by a Kki age colony-stinulatin
fact or (GV)[/:SF) it’yrs\%egﬁaé’?%LMM?QT:’ag{‘ﬁ?w'%wa%dgﬁﬁ’foﬁ&gag(| L- 1a)y CLo16, IL.3,

| L- 204, IL -5, [OPOy?®l |ipcgnciusipn, frgse [esuiespgpthalipactigtedpoiintigt e

Chlemoalttract ant Wpﬁl&ﬁbrﬁlatibn('ém&sjs)jstemd ikGmeticl FGRTNYEE)resumBBhobNF-a. The
nul tipl ex assay accor di nufact urer' s

speci fi catlgns @?‘éﬁ%ﬁ"lﬂge% %Eo{?g%s ' Ceé%lsgerw%w%nﬁa??@ﬁ%'%’ ﬁ% wer e gener at ed
by using the refisiephtea lewhobion Ilsamll@frtsﬂ‘@ucgf}braaetdedaryfavhemtanuf acturers. Raw

data (mean fluorgaeendindnl remgaégcuaemre% tﬁ:@é‘drﬁ%ﬁ%&%ﬁn Wgs er Pl ex
Quantitation Software (Mral B to obtain

concentration va’PiFéEatect%M'iﬁ]’atﬁég@%%W theOrpHREIFIES Ty fF‘i'_m?@“”lsevel s in the
liver were si gnnﬁimmdvyrahmwm@s bimigRBAtioo stitdciiatedipesbiotitNSsdits @at ed pups t han

1 CONLI 01 19D o Bl kb APl Eo RS NP YR RAPIE R Phileh | cant Y

bl unt ed the LPS i'n Vati'on: o ST NAactT vat ed
probiotics reduc#edn L-16 | evels to a greater extent than viable probiotic
suppl ementation did. Inacti vat ed prcgggag, p'er Iovvered | L- 1 p expression to a
| evel which was sinmilar to is portion of

u t hi
the experinment fIAPE1REL Tih|s|eﬁe§?ql%pggerfii|q§tre§%;§qee§ﬁeeto ¥ ?t""?“ﬁq PrSWPHft ory activity
of inactivated puptierotritation of B8HdR&on imfocacted seadatal tahepe Iheisul ts show t hat

i nacti vat eﬂseprobé ?,tn@g H?@Q%e\ﬁﬁ{&%lm%rhgb%%ces system c inflammti on.

Furt her, resu i nact'i vated probiotics reduce systemc
infl anmati on i n [PARN ntesdigal epithelial cells were pretreated with viable or UV-

inactivated LGG at 1x10° cfu/L and then stimulated by Fiageflin 500 ng/mL.
-8 production was measured by ELISA. kB and ubiquitinated-1kB (UbQ-
1kB) expression were measured by Western Blotling and
20 immunoprecipitation. NFkB localization was evaluated by
immunoflucrescence staining.
[000122] Duwring the expetiment, Flageliin induced a significant increase in
cellular {L-8 production (p<0.05). Cells pretreated with either viable LGG or
UW-inactivated LGG and then stimulated by Flagellin showed a significant
2h {p<0.08) change in IL-8, NFKB nuclear translocation, kB, and UbQ-tkB.
The results are shown in Table 1. Arrows peinting 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 described herein through conparison of the

i nactivated probiotic-treated group and the group exclusively fed nother's
m |k, In seyeradso6st ances, admnistration of inactivatwdyypaRioelics
results in 10an inflamuatory response that is very simlar to that of the
nother's ml k-fed group, WO 2008/ 106373PCT/ US2008/ 054717 Vi abl e LGG

| nacti vated LGG

Viable LGG l i 7 1
Inactivated LGG l ] T !

[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
5 LGG. In addition, cells stimulated by Flageliin showed NFKB ntuclear

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-

10 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

15 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

20 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.

25 [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

30 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 IL-8 production (p<0.05). IL-8 production
was significantly downregul ated in the presence of both viable and

i nacti vat edwbh6dgodsts addi tion, cells stinulated by Fl agellisiecslaomed NFkB
nucl ear translocation, which was prevented by both viable and inactivated
LOG Flagellin decreased I RS production, but this effect was reversed by
both viable and inactivated LOG pretreatnent (p<0,05). Flagellin and viable
LOG i ncreased UbQ I kB (p<0.05), while inactivated LOG decreased UbC) -

101 kB. [000124] This exanple illustrates that both viable and inactivated
probiotics are effective in decreasing the production of IL-8, a

pro-infl amrat or ybyti¢iokitines araine ddiméssiebys hadeshatmnparefarencafcbastitiedsor y ef f ect .
Because Fl agel | i gl kB, but the

15i nacti vat ed pr% ?%?l%‘kbﬁ%a\ﬁrtsggé ed@“«ﬁ%%rﬁﬂd &a!}éﬁg%??\%ggje%?rnobl otics likely
operate through Re¥ecrrtiileraiteheefergicevent s the ubiquitination of 1kB, while

vi abl e probi oti codi2kp| thestOanaQither ?Haumaubm éﬁd%ﬂdﬂ@h@tofthﬁ’ frognti |l ustrates

t hat V|able andlnatlvated r.obj o te through different
mechani sms and nB{FTHAVEESRRPYP ‘ﬁyct %SrefDéE'Edg’a&ﬁ’gﬁ ok Wﬁl@@gﬁed 20t oget her .
[000125] The pr e@@azﬁmm fwemeisomt freisschigeest tishyoesent iovenéahuedich frh@emat i on in the
liver, plasng, mhléﬂ?&tfd?tﬁ :Hﬂ@a%e%é‘d"‘élalh@vﬁ\rﬁahﬂ W%Mcxﬁc?bé’sed to inprove

the infl ammat ory condition, it % preven e onset of del eterious
infections or ilY{esosd thabagpeepent TV"ﬂoPS ?@?@%@aﬂ’ﬁt lBigrahangedi s

speci fi catl on, umm IUd\lhﬁg oWntrJaﬂUFurtHermméahd;s@rb:oialnbrymﬂenﬁe a@wml i cations,

pat ent s, ent resent ations, tex ranuscripts,

br ochur es ook %?tkaetghe BEPY G Lo RIT v eV |¥ c’iamé’% °|5'eyr %ddl cal's, and the
i ke, are her ebynolt mﬂﬂﬂgbﬁﬂéimédiebwen@wéwv@r flevcdbedtn sucbpepdndedation in their

entireties. The éﬁdn%@u'ﬂ%réfé}e%e Eﬁ?ﬁl a?i@%@Jp‘é%?fﬂ@%ﬁpéh@é@b!é\nis%hém ﬁd%ded merely to
summari ze the ass aut ho nd no adm ssion |Is nade

rti
that any refer erﬁ?ﬁ &?{‘F? ﬁ?ségptIB%/PUPe B?efe"eﬂﬁffﬁ'f)ﬁsa?ﬂ“?’qe@é@ﬁ)% the right to
chal l enge the accuracy and pertinence of the cited references [000127]
These and ot her nodifications and variations to the present 5invention nmay
be practiced by those of ordinary skill in the art, wthout
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departing fromthe spirit and scope of the present invention, which is nore
particularly set forth in the appended clains. In addition, it should be
understood that aspects of the various enbodi nents nay be interchanged both
in whole or in part. Furthernore, those of ordinary skill in the art wll
10appreci ate that the foregoing description is by way of exanple only, and
is not intended to limt the invention so further described in such
appended II ai 0s. Therefore, the spirit and scope of the appended clains
shoul d no *limited to the description of the preferred versions

cont ai ned 1t her ginatritiofdl @bMpositich. forugaUh irbtingNplev&AiNg @8 HdubiRg fsﬁﬂerh‘u@e in

treating, reventln red ci.ng st i nfl mmtlon I i nf ant

wher ei n°t HEERTEIME Fenaiveb0AEs NS AR B peBlosBgcor s hoa Bactvates

Lact obaci Leefsbadiasmesuns@3Eanhdiisto e dumlasdmeu i e e uhteffeotivarto prividef f ecti ve
to provid " Ui va tivate actobaci |l | us
rhamosusq@(%g&%‘@bé%ﬂe%\b h "Eg‘r Ctd’gfdt Qﬁgc’hﬁsf ﬂ’fmosuf%éfﬁ% IWutrl tional
conposi t i bpdfweightger déy tolthe lmfahl whi ch further conprises at |east one
prebiotic. 3. The nutritional conposition for use of claim1l, which
further conprises at |east one other inactivated probiotic. 4. The
nutritiondl cofpoBitiian! gaspogitien & use af eiaid), 1, winishdunther kematisdse@dsastone ot her

i nacti vat gge PfegRRliQt i ¢ conprises a conbination of one or nore nenbers of the

genus Lactobacillus and one or nore nenbers of the genus Bifidobacterium
5. The nutritional conposition for use of claim1l1, wherein the nutritional

CoNPOSi ti 8N | STHONRARHMRIMSERES foruBe BRUARPL IR LYSpiRs RUkde bet veen
1x106 to lea% cel | equivalents of inactivated Lactobaci FI us r hanmmosus GG

per kg bof{F PUH?%@W@&&P‘Q“& the infant. 6. The nutritional conposition
for use of claim1l, wherein the nutritional conposition is to be

adm ni stered I.P t effective to rovi de about 1x109 cel| equivalents
of inactiVat ed fl‘.%l'&‘f@!?é‘@P MROSHIRG A y8 &f ‘E@”&Whﬁﬁ"b’é‘aw {FEPPHE & day to the
infant. hactmleedmndamottd@naﬂngmmﬁl lighét@lﬁ of Bhe u:smor@fm@h@ergbﬂmelfguﬁm&er o
conprisin st _one vi abl e probio nutritional conposition
for use o?acg(lgbaﬁcﬁrl{% ?ncaﬂréq'%rlrﬂ“?ﬁ'?eeor\’}?eé%?féh%%'ﬁisoqE‘@%ﬁg ¢d¥Mect ed from the group
consi sting of Lactobacillus rhamosus GB, B. an/ma//s sap. lactis, and
combi nati gns t C oSl t] se of clai m1,
wher ei n the nuﬂ%eelr'ﬁﬁc')t'nog comrgggig?ﬂo(m pﬁﬂ@r“o% 8§‘u&? %’PP%%*E’

| ong- chai is tp bk pdmivterediresh draguny efieitide to ;ﬂr@wdé’bﬁwaam nxtﬂettmmm?:oemom tion for
use of cl alr0iEldlAle LOOR ARSI R ARLYLBBALIALEY BELAl deoqsploect ed from

the group nsisting o ocosa exaenol c aC| ar a and
conbi nat | ¥&dnfamter eof . 11. The nutritional conposition for use of claiml,
whi ch conprises an infant formula.

6. The nutritional composition for use of claim 1, wherein the nutritional composition
is to be administered in an amount effective to provide about 1x10° cell equivalents of
inactivated Lacfobacillus rhamnosus GG per kg body weight per day to the infant.

7. The nutritional composition for use of claim 1, further comprising at least one
viable probiotic,

8. The nutritional composition for use of claim 7, wherein the viable probiotic is

selected from the group consisting of Lactobacillus rhamnosus GB, B. animalis ssp.

lactis, and combinations thereof.
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12. Use of heat inactivated Lactobacillus rhamosus GG for the manufacture
of a nutritional conposition for the treatnent, prevention or reduction of
system c inflanmation in an infant, wherein the nutritional conposition is
to be adm nistered in an anount effective to provide between 1x104 and
1x1016 cell equival ents of inactivated Lactobacillus rhamosus GG per kg
body wei ght per day to the infant. 13. The use of claim 12, wherein the
nutritiong gROSItlon further conprises at |east one preblotlc 14. The
i m

use of cl © MarLIBhc pResHgR %L%ﬁé?'a'%wﬁ@rq'm%ww%m@aﬁw%es at

| east onefotheecornpraes baif dnplcdichbinGolyudsaturdied fatgeacaf. cl ai m 14, wherein
the at | east one other inactivated probiotic conprises a conbi nati on of one
or nore nenbers of the genus Lactobacillus and one or nore nenbers of the
genus Bi f tdobahenititonal ddnpoEhien is &sebf daiai gmﬂté’rem\nh@roegmhﬁihe nutritional

conpositi i e a e to praovjde between
1106 to Barliallep g SRSy b A PR Bl BER R R mos s, G0
per kg bodpaCdergthCIpandd‘@mhlr@tlbrttherrebant. 17. The use of claim 12, wherein
the nutritional conposition is to be adm nistered in an anount effective to
provi de about 1x106 cell equivalents of inactivated Lactobacillus rhamosus
QO per kg Thody Thengriionsksonehepition far ivee phelaint 1, whichgonptises areintaht fofraile 12,
wherein the nutritional conposition further conprises at |east one vi abl e
probiotic. 19. The use of claim 18, wherein the viable probiotic is

sel ected f#om Vﬁ%OfgP%@IH‘%&Y@?%HW%’W%%@Q% GG der themenefeotyreas a B.

ani mal i s ﬁ@tﬂnodaa@&m&osm@ﬁ%rqmmbmo?@vém%%@Feduct?d?m of Spgetire of claim 12,
wherein th osition further npri ses at | east one

nutritjonal
| ong- chai W?ﬁ’BWH%’ﬁtaﬂr"éirﬁ%‘dNF%'PW*‘%BWH*’O”%QO”*W'OOésetocPP aeiistered in @her ei n
t he | ong- ahainm elﬁ@&twum@aﬁourdauo@ﬁhe@ﬁnmm‘*Sanaellxqa@‘P el édupmdnReof HRtNtEPNSI St i ng
of docosape%a% Wf’C aci d, {3 chi EQH?,‘? aci d d conbj nations thereof. 22.
The use of?%f 3 G1aMRsYSS yr‘i"?’?'&*?&f %%Wﬁ%%i”falnﬁn conprises an
i nfant fornul a.
13.  The use of claim 12, wherein the nutritional composition further comprises at

least one prebiotic.

14.  The use of claim 12, wherein the nutritional composition further comprises at
least one other inactivated probiotic.

15. The use of claim 14, wherein the at least one other inactivated probiotic
comprises a combination of one or more members of the genus Lactobacillus and one or

more members of the genus Bifidobacterium.

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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