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[0001]  This application is a Non-Provisional application and claims the
priority benefit of U.S. Provisional Patent Application Serial No.
60/904,122, filed February 28, 2007.
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BACKGROUND OF THE INVENTION
(1)  FEield of the Invention
[0002]  The present invention relates generally to a method for treating

or preventing systemic inflammation.

15 (2)  Description of the Related Art
[0003]  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.

[0004] 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 immune 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 occurs, the
inflammatory response can cause more damage to the body than the
agent itself would have produced.

30 [0005]  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 immunological and inflammatory responses
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Jeschke, et al., Insulin Attenuates the Systemic Inflammatory Responss to
Thermal Trauma, Mol. Med. 8(8):443-450 (2002). Aithough enormous
progress has been achieved in understanding the mechanisms of

20 systemic inflammation, the mortality rate due to this disorder remains
unacceptably high.
[0008]  Often, whether the cytokine response is pro- or anti-
inflammatory depends on the balance of individual microorganisms that
colonize the intestinal lumen at any particular time. It is well known that

25 the mucosal surface of the intestinal tract is colonized by an enormously
large, complex, and dynamic collection of microorganisms. The
composition of the intestinal microflora varies along the digestive tract as
well as in different micro-habitats, such as the epithelial mucus layer, the
deep mucus layer of the crypts, and the surface of mucosal epithelial cells.

30 The specific colonization depends on external and intemal factors,
including luminally available molecules, mucus quality, and host-microbial



conprom sed and can contribute to nulti-organ failure and nortality.
Jeschke, of al., Insulin Attenuates the System c inflarnmatosy
Response to Thermal Traunma, Mi, Med. 8(4443-450 (2002). Although
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Pathogenic Bacteria Elicit a Differential Cytokine Response by Intestinal
Epithelial Cell/Leucocyte Co-Cultures, GUT 47:79 (2000); Walker, W.A.,
Role of Nuirients and Bagterial Colonization in the Development of

20 Intestinal Host Defense, J. Pediatr. Gastroenterol. Nutr, 30:S2 (2000).
Additlonally, the gut microflora has been shown to elicit specific immune
responses at both a local and systemic level in adults. Isolaun, E., et al.,
Probiotics: Effects on Immunity, Am. J. Clin. Nutr. 73:444S8-50S (2001).
[00010] The gut microflora in infants is known to be far less developed

25 than that of an aduit. While the microflora of the adult human consists of
more than 10" microorganisms and nearly 500 species, some being
harmful and some being beneficial, the microflora of an infant contains
only a fraction of those microorganisms, both in absolute number but also
specles diversity. Infants are born with a sterile gut, but acquire intestinal

30 flora from the birth canal, their initial environment, and what they ingest.
Because the gut microflora population is very unstable in early neonatal
life, it is often difficult for the infant’s gut to maintain the delicate balance
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[00013] For example, chronic lung disease causes the tissues inside
30 the lungs to become inflamed while neonatal meningitis involves

inflammation of the linings of the brain and spinal cord. Periventricular
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[00015] 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
living microorganisms that exert beneficial effects on the health of the
25 host. Fuller, R. Probiotics in Man and Animals, J. Appl. Bacteriol. 66: 365-
78 (1989).
[00016] While viable probiotic bacteria may be effective in normalizing
the gut microflora, there have been very few published studies assessing
their safety in premature and immunosuppressed infants. These special
30 populations have an immature gut defense barrier that increases the risk
for translocation of luminal bacteria, causing a potentially heightened risk

for infections. In many cases, viable probiotics are not recommended for

5



i mrunosuppressed patients, post cardiac surgery patients, patients

w th pancreatic dysfunction, or patients with blood in the stool. At
| east one death has been reported due to probiotic supplenentation in
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bi ot herapy: contraindicated i n hnaunosuppressect patients? Postgrad
Med J. 76: 366367 (2002). 1000171 Thus, for inmmunosuppressed patients
or premature infants, it would be useful to provide a non-viable
suppl ement that nmay treat or prevent systemc inflammation. A

non-vi able alternative to |ive probiotlos 10may have additi onal
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rovide a netho revent.l n tion in
Pormul o feq | AraerCovalsits Porfalinl SHATyeEE AAFPERE.P 1A RicBHE oo
probl ot 18s. SuivARYe GHdifiddal b&NAENTILCN ap Q0GR sidxli-ldé | Yive plobicditor e, t he
present inven ating,
preventing ortaeggﬂ’éﬁlxgt S@ega{tqﬁ?%tﬁ maﬁcimta{ﬁg?ﬁ&oaﬂyéﬂ {!)jggct t he net hod
conpri si ng admfriggtieditmgatntait Mieb#ybjEven wih theee apeatiaal thy sbéif-ect i ve
amount of ina Hé’faattgﬂ %TEerI&QQ&é%lv%lgsﬁ&rpeA &g Hlle'HRQFnﬁuvet §ve

lnvention Is I rect I 0cess manu acturi ng I canment for
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subj ect q5char f%\/rf;t{e'sg dbtggkgﬁ%a% ef f-lf?éat‘ﬂge?}g?lm%ulh’ﬂi'en% and 1 ki

Ow cel | equi v [ inactivated
Lact obaci | | us df g urdi@® qf L"&B)/Ofl W'@l’@éHTGQQ"Yaa\fé‘H%ﬁ'ﬁfﬁf'ﬂﬂ%@floéalA active

subst ance. non-viable altemative to probiotics would additionally provide less risk of
interaction with other food components, such as fermentation and
changes in the taste, texture, and-freshness of the product. Accordingly, it
20 would be beneficial to provide a method for reducing or preventing
systemic inflammation in formula-fed infants comprising the administration
of inactivated probiotics.
SUMMARY OF THE INVENTION
[00018] Briefly, therefore, the present invention is directed to a novel
25 method for treating, preventing or reducing systemic inflammationin a
subject, the method comprising administering to the subject a
therapeutically effective amount of inactivated LGG.
[00019] In other embodiments, the invention is directed to a process for
manufacturing a medicament for treating, preventing or reducing systemic
30 inflammation in a subject, characterized in that at least between about
1x10* and 1x10™ cell equivalents per kg body weight per day of



[ 000201 in other enbodinents, the invention is directed to a novel
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docosahexaenoi € 24¢} rygy r TS Wle 0 écrd % (10519352? Anong
t he sevdPal acdairtisiegés tb thenshibjext béhaaatevbvally elfyctiveenprues@nt | nventi on,
it reduces or il BV I§G¢t§yst em c inflammation, The invention may

reduce inflammtron in the liver, plasma, lungs, and intestine.
Addi tional |y, [@0(22] nvenntétber emelehdiasntothe praseetingentibre corapisesa of _

P T i T T
As the presentmathndermmpisinguygniydstadratotiice sunincd o dharareutiedlly ifaeliver y

15 amount of inactivated LGG. Further, the present invention may comprise
a method for decreasing NFkB translocation in a subject, the method
comprising administering to the subject a therapeutically effective amount
of inactivated LGG.
[00023] In a particular embodiment, the invention is directed to a

20 method for treating, preventing or reducing systemic or respiratory
Inflammation in a subject, the method comprising administering to the
subject a therapeutically effective amount of inactivated LGG in
combination with at least one LCPUFA and/or at least one viable probiotic.
In particular embodiments, the LCPUFA may be docosahexaenoic acid

25 (DHA) or arachidonic acid (ARA).
[00024] Among the several advantages found to be achieved by the
present invention, it reduces or prevents systemic inflammation. The
invention may reduce inflammation in the liver, plasma, lungs, and
intestine. Additionally, the invention reduces or prevents the release of

30 various pro-inflammatory cytokines and chemokines, including interleukin-
1B (IL-1B), IL-8, CINC-1, and growth-related oncogene (GRO/KC) levels.
As the present invention may be used to improve the inflammatory
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condition, it may also prevent the onset of deleterious infections or
i1l nesses. MEE DESCRI PTI ON OF THE DRAW NGS [ 00025] For a nore

conpl ete understandi ng of the present Invention, reference i s now
made to t heof0ishomng descri ptions taken in conjuncti orpcaidshoosies7io
acconpanyi ng draw ngs, [00026] Figure 1 Illustrates the effect of
live and Inactivated LOG on cytoki ne i nduced neutrophil
chenoattractant4 (DI NC-1) peptide production In the liver using
enzyme- | i nked irnmunosorbent assay (ELISA), 10inactivated LOG is

| abel ed as teat-LOG, [000271 Figure 2 illustrates the effect of live
and i nacti vat edndi@®, dmayalek preeertricicrett ndeletehuslinfettensat t r act ant - 1
(C NG 1) pept“\n%gsé%r oduction in plasma using enzynedi nked

i mrunosor bent assay (ELI SA), Inactivated LOGis |abeled as
"heat-L(366. 15] 00028] FBRJEF@ESGRIPTIQN efdsit ABAKIINGSt of |ive and

i nadi vat ed L t f 1

(NG 3) ©pept TETES YK o Rorebip e RAEEERII o HE HRRLIARDAM.

i r nnunos@r bentrefgsway iy MysMpde tm@etfwlmrmﬂeﬁmptms fekpe Ineapniisciitineat - LGT.

(00029] Fi gur q,rﬁl,thé lab'c%HJj% fect of live and inactivated LOG
e g

on 20growt h-rel ated onc C) production in the liver using a
cyt oki ne nul t i[pPQAe) as@aly‘e 1Il les dhheeffachds live and nsckwtesL e an- LOT.

(00030] Figure ?f@ginlallﬁbﬁfcé&‘h@? &g@ﬁcﬁérﬁ@&t&a&&ntk'(&%@ﬂfﬁé&ﬁﬁ“Vat ed LOG

on growth-rel a oncogene roduction in e | un&ltéa ng a
cyt oki ne mul t iPpPdBRtieRk be"\fe\wélnwaw lirdsed ingmpagrsThant agsay BeldBAL.OG .

25 [ 00033 Fi gq,ﬁ&t@atbatg@,g@é@{gdtggehggmm of live and inactivated LOG
on IL 1p levels in the |iver usi nglra cyt oki ne mul tipl ex assay.

I nactivated LERIGH]| dogyred istrales QE@‘ of live apg-meci et DEXERNPTI ON OF
THE PREFERRED cﬁmﬂ@luﬁ\dﬁb@@né&%ﬁ%haﬁéﬁﬁ@d}@rﬂ-1r(@\rw®nb befiBemade in
\(/jﬁtm | to the e gcrodé pgz%n?f the i nver] l( cgl one orr rr\mrtg e{é I es of
ich are set PFHUCHOHB) SR RSBGPS aRs ttﬂ?
expl anatl on ofindduieatef Y el ik (ibelddQis “RedtitBdd at i on of the invention. In
Fact, i t15WI H [8(?02%?pal-£ige§rte 3tiﬁ)usttrgt%§?hes !e(#felclt gﬂlve and mac?vattec} L&E on
cytokine induced neutrophil chemoattractant-1 (CINC-1) peptide
production in the lung using enzyme-linked immunosorbent assay
(ELISA). Inactivated LGG is labeled as “heat-LGG".
[00029] Figure 4 illustrates the effect of live and inactivated LGG on
20 growth-related oncogene (GRO/KC) production in the liver using a
cytokine multiplex assay. Inactivated LGG is labeled as “heat-LGG”.
[00030] Figure 5 illustrates the effect of live and inactivated LGG on
~ growth-related oncogene (GRO/KC) production in the lung using a
cytokine multiplex assay. Inactivated LGG is fabeled as “heat-LGG”.
25 [00031] Figure 6 illustrates the effect of live and inactivated LGG on IL-
18 levels in the liver using a cytokine multiplex assay. Inactivated LGG is
labeled as "heat-LGG".
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00032] Reference now will be made in detail to the embodiments of the
30 invention, one or more examples of which are set forth below. Each
example is provided by way of explanation of the invention, not a limitation
of the invention. In fact, it will be apparent to those skilled in the art that
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various nodifications and variations can be nade in the present

I nvention wi thout departing fromthe scope of the invention. For

i nstance, features illustrated or described as part of one

enbodi nentwocens/im7used on anot her enbodi nent to yi el d PETALSROU8/054710
further enbodi ment, [000331 Thus, it is intended that the present

i nvention covers such nodifications and variations as cone within the
scope of the appended clains and their equivalents. Oher objects,
features and aspects of the present Invention are disclosed in or are
obvious fromthe follow ng detailed description. It is to be

under st ood by verieusohodificatinas ndskariationsrcante @ it thehpreser éventaent

di scussion is L Pt | ary [VABS d is not
i ntended as Iiﬁhg%b%@ébg@ggh%rg gspects §m§ﬂ+é’ pr eéeF(r% h?étna\?g'ti on.

[ 000341 The f dedtowe lystealbd evdesciiogtsaspat ofswe dverodinpent cag,be used

Lact obaci | | us ' Lengs ifhdaphepdinsat urated fatty
15aci d; LPS, |°§$?g@‘|§§§'§3c aﬁbgg;y%ﬁ? iﬂ?gﬁﬁm n; CINC-1, cytokine

i nduced Reut r dRHI] cHéwsait isriendast that thERESRUT, inpndon PRVEE Bichd -
oncogene; ELI %diﬁam%ﬂd'%h%nbmﬂﬁé%mﬁﬂhe 8§AYof thRagpfeRded €Ver se

transcri ptionpol ynerase chain reaction; ANOVA anal ysis of variance,
SD, standard claims gedihairieguivalepta) Sther gblestsi featiysand appects of fag,

Tol | -1i ke recepdRnsivdNseh 8 diddbxatiobr £aRIBAI0Es frithd Bi&kiAg

ei cosapent aenoj ¢ _aci d; DHA, docosahexaenol c acid; ARA sg_r achl doni ¢
acid. [000351 dpided despgpliotadt isVaPRENGeIBPSPY 8% P! aHiRRYiStAiRieLOG mean
t hat thgonet akelth# te€ ble¥bhtiRisdi@PE adisstbiiptien abekdnplarg knibbeainhebl ot i c

D1 obi ot 1 € o PR PGHEBAR SRS fiR PAC PP LB RISSGRL  he
cel lul ar | evelinveatiod.east a portion their biological glycol- pr otein
o R TR i e el i B Eg Vated 1s
five, active dactobadiie rm'mmowsgmmiLem.lFmatongacaaiPspolyelmftq:raiedlfatej fects
o e 0B b 8% b, PR PR RSP MR BB o7
activity of omebtrathilchemogi80E6Y1; BROEEL glvatieratgted hecagenenEli®at i ng
g?rgts o?nng:‘ ! gr %}n@@ﬁ%—&ﬁ@ﬁ@ﬁﬁﬁ?:%o?%%r{t%Q?a% h‘?’%(ﬁ?.%\%‘?@éﬁansgl'iﬁﬁﬁger , or
polymerase chain reaction; ANOVA, analysis of variance; SD, standard
deviation; RMS, rat milk substitute; TLRs, Toll-like receptors; Nuclear
20 Factor kappa B, NF-kB; EPA, eicosapentaenoic acid; DHA,
docosahexaenolc acid; ARA, arachidonic acid.
[00035] The terms “inactivated probiotic” or “inactivated LGG” mean
that the metabolic activity or reproductive ability of the probiotic or LGG
organism has been reduced or destroyed. The "inactivated probiotic® or
25 “inactivated LLGG" do, however, still retain, at the cellular level, at least a
portion their biological glycol-protein and DNA/RNA structure. As used
herein, the term “inactivated” is synonymous with “non-viable”.
[00036] The term “probiotic® means a live, active or viable _
microorganism that exerts beneficial effects on the health of the host.
30 [00037] The term “prebiotic means a non-digestible food ingredient that

stimulates the growth and/or activity of probiotics.



[won] The term "reducing' neans to dimnish in extent, anount, or
5degree. [0004-0] The term ' preventing' nmeans to stop or hinder a

di sease. disorder, or synptom of a disease or condition through sone
action. [0004d44s/1Gd3&2 t erm "system c”, as used herein, nEaOTLSE@ISALL7ING
to or affecting the entire body. 10[00042] The terns "therapeutically
effective anounr refer to an anmount that results In an inprovenent or
remedi ati on of the disease, disorder, or synptons of the di sease or
condition. [00043] The term "preternm neans an infant born before the

end of the 37t k of tati 5{,000441 The term Inf ant" neans a
noman that o DRUBF Skl he Waieh® iering GogaeaiBraBom - chi | d-
means a human ihplowegbr teheedgigg 2 ddeaabalidorderasrdyhtoneaf s diskake dn
certain enbodi men{érf a child is between the ages of about 1 and 6
years old. In I enbodi ments, a child is between the 20ages of
about 7 and 1206088t s Tokdern] 0804610 Amansedihiaiséiimextehie atneun, 8¢ nf ant
formul a' znean onposition thht satisfies the nutrient requirenents
of an m?ant tssjjyaTbgl ng a substitute for human m | k. (00041 In
accordance w 1100&4!0]3 prhesemt "preveeatitg” organa toddoebr eddraeddieaset r eat i ng or

preventi ng oIt o AhABIL QiR DSt 3RS Sslye Tt hod

conpri ses admni's e’rl n erapeutr ca e anount " of
i nactivat ed LED®GA] a Thelgrocisystemicsasaisetrbedinpeweass ralatingdabj ect i s an

i nfant, [0004 ts to effectively adm nister
. ; S&rng\fﬁé) ir@ﬁé]oyrp )

inactivated 3 i CS met substantial obstacles. For
exanpl e]OKi rj §0Q042] er, heltermSéthesapeuticgdinetfwve hetounty referctorapaanicgioh  of

|ive and heat ‘tl&d?%!ft%@{aﬁﬁjgb@em@@r¥mé&a/ﬂ&fof diﬁ&kéed&@ er

suppl enented with i experience Sevet e ar’rohea.
Probi cti c Bactgnplanmsef thecdisgasagenwnsitioo At opi ¢ Di sease: Under scori ng

the | Wpo”anc%od&a%\’:f%'téw?re’c%( i3 q{aﬁ@%ﬁﬁﬁant%@m B3 e%RZ eﬁ%ﬁﬂtﬁ%

adverse reactions re report pl acebo or t e via
group. ld. at 3Z¥ovessigeselion arrhea is largely associated with

inflampgion, [ddiRai rin@\@eRart He¥nd é‘ﬁhrﬁéﬁ fat khads thmssamtysgr LGG

may act uaI |y cause gastrointestinal 1nflanmmtion. fact, the study
notes, 'the h&&t-Inactivation process nmay cause denat uration of

surface pepti ¢ep48d @XKEBSShRN nsa‘ansa%nﬁh%lwéémﬁ@bges &fmﬁ%utrmdl fying
thelrmunostlrrulator properties of i n such hat th

heat - i nacti vatégd ! ?dﬁ?ﬁs\ﬂ&]l'@lC?L'@?"haﬁ‘@@d'mmsaﬂﬁ'ﬂlddﬁ PSW@B&P%%@S&M
consequent |y iaB6itelRsRI Gars old. In other embodiments, a child is between the

20 ages of about 7 and 12 years old.
[00046] As used herein, the term “infant formula®” means a composition
that satisfies the nutrient requirements of an infant by being a substitute
for human milk.
[00047] In accordance with the present invention, a novel method for

25 treating or preventing systemic inflammation has been discovered. The
method comprises administering a therapeutically effective amount of
inactivated LGG to a subject. In some embodiments, the subject is an
infant.
[00048] Previous attempts to effectively administer inactivated

30 probiotics have met substantial obstacles. For example, Kirjavainen, P., et
al., reported that in a comparison of live and heat-inactivated LGG, nearly
40% of the children supplemented with inactivated LGG experienced
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perneability. Id. at 226. In contrast, the present inventors have
devel oped a novel nethod for treating or preventing systemc

i nfl ammati on through the adm nistration of inactivated LOG (000491
LOG i s a pwolbmwatioe7strain i sol ated from heal thy human irdmes2003ak4710
15flora. It was disclosed in U S Patent No. 5,032,399 to Gorbach, at
at, . LOG
is resistant to nost antibiotics, stable in the presence of acid and
bile, and attaches avidly to nuns& cells of the human intestinal
tract. It survives for 1-3 days in nost individuals and up to 7 days
in 30% of subjse¥ars diarieaoZauiiatic fecteda in Ge dansarpantiodAloalsi Disasse: LOG

al so benef i ci alldkrBbAHREMS IMPGRSES of VEHT L FR00sER, 3bQ3siH7deposi t ed
with the depositoly authority American ture Coll ection under

accessi on nuntyef0SATHE adsares réqchiopopre rwomé "p)ﬂ@st&aﬁeb@ AviBAvadie LOG

that has been ue@grtouyaw@t b5, Lﬁédaugé?@iarrlﬁé@ﬁtlérgjél?'a%bc@éﬂ Wigcur through
any met hod currentl 26t he art  or be devel oped. The

i nact i vat’i on t@@c@‘ﬁ[ﬁ'q%’ﬁ'@ﬁ" sfugy "‘@%Fﬁﬁ that igacivaiacht-G5rBaY nent |
i yophi l i zati oractuullg ER)k Qabiroihte @il infanmatidradindidtORe smayeﬁ@tué e‘the
chem cal disr '1"1§ LJ {llo mechani cal di srupti on. r rfexaé’%gﬁ
may be inacti VAP a¢VatoThRIGEeSS AV GAURR dgnauEon 86%' BE} °38p and
100t for 10 menpreeson dhieedt Shnaxayotainsub encafiiing ¢id |mmgstwamditory f
ul traviol et ht V|a| iation tes,.a stance of 5 cm
froma 30 vt CrBstie b B lih S Pel ey hehed s Belo B WoBR ey vio
2008/ 10687 2PaiiridB2e bdlammeatbry varpedsasi ank cgasempentiydinatehomnguti a irradiation
with 2 kg-Ga n@% Si BI -5 g nce of 20 cm
hons? 13 Chakabibils BB eR? BeliSRahudRhencr, of, 20,
anount of i nadevalopesda h@@! metiad fentmating sufreventiegsystemiceduce or
prevent syste nt may
correspond to%ﬂ%{ﬂ\/@%@ﬂ%@ﬁéf?@ ﬂ“&%miﬁ%iﬁ&@lgﬁdq'eawul val ents per kg
body wei ght p&§#0049] LGGisa pl'ObIOtIc strain isolated from healthy human intestinal
15 flora. It was disclosed in U.S. Patent No. 5,032,399 to Gorbach, et al.,
. LGG s
resistant to most antibiotics, stable in the presence of acid and bile, and
attaches avidly to mucosal cells of the human intestinal tract. It survives
for 1-3 days in most individuals and up to 7 days in 30% of subjects. In
20 addition to its colonization ability, LGG also beneficially affects mucosal
immune responses. LGG is deposited with the depository authority
American Type Culture Collection under accession number ATCC §3103.
[00050] In the present invention, LGG that has been inactivated is
utilized. Inactivation may occur through any method currently known in
25 the art or yet to be developed. The inactivatiors may be accomplished, for
example, via heat treatment, lyophilization, ultraviolet light, gamma
radiation, pressure, chemical disruption, or mechanical disruption. For
example, the LGG may be inactivated with heat treatment via storage
between 80°C and 100°C for 10 minutes. The LGG may also be
30 inactivated with ultraviolet light via irradiation for 5 minutes at a distance of
5 cm from a 30 Watt UVC lamp. Alternatively, the inactivated LGG may
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day. in another enbodi ment, the present invention conprises the

adm ni stration of between about |x105 and 1x10e cell equival ents per
kg body wei ght per day, In yet another enbodi nent, the present

i nventi on Wocomméses the adm nistration of about |x1 CGk8/wsebds/ns4710
equi val ents per kg body wei ght per day, [00052] in some enbodi nents
of the present invention, the subject is in need of the treatnent,
reduction, or prevention of systemc inflamation. The subject may be
at risk for systemic inflammtlon due to genetic 15predi sposition,
diet, lifestyle, diseases, disorders, and the like. For exanple, a
preterrn or i rminagivgipd 88k gdmima mdiationyia freadietion Métk 2fkgrGray dk@ii c

i nfl amat i ogr q_;gﬂ.l %?baﬁt%'%%g%‘éﬁbcﬁstbﬂce%%g ff such treatnent,

r educti on, 1 on n certain enbodi nents, the
i nacti vat ed LQ@W}} be tixomdinodiod theriaention, @thﬁPalﬂitcaH)feftﬂﬁ'YQj to

prevent, treatan iy bEANATaSY S ERTeGriMAATTRIGS (0 HuBDoRgBRd et

the inf ant may ess than one year of age. In another enbo i ment,
the chil @ may etepia Wé%ﬁ“@‘llf@ ig Gesibiset. oHés amedimanceFesPeIddo | n yet

anot her enbodi en 4p36t ﬁhb*Qndmﬂd@%céwqmm@n&%rﬁgsmmeugﬁ\p@n and

twel ve years o 25(000 formof admnistration o
i nactivated LGBYi i endharembedinsintithe Prasoaiifyeston compsisegthe i cal , as

long as a thera%mm&t\réi@hwba&vfe@ﬁbb&ﬂ 1R 1lx$o°6délmeau|saieme@er ka1 sone
embodi nents, inactivated LOG is adnini steﬁ@p to a Séfjeﬁct Vi a

tablets, pill 00%MelhbRarsiayotsyet@apingt embeplpgntythe 'I"é%“mBl I

drops, o sach®hprisédtht AimirfstREeh BEMoue fix 10R eelnfunebntaperikgaety vat ed
LOG suppl enment be ingested in combination with other nutrient

suppl enents, SYROMRE A% anins, or in conbination with a LGPUFA
suppl ement, syobosmy DH/éom@eﬁmmmérﬂ@eaﬁa; pleeatrintdneion, enboutijeat atin t he

Ve o L RSRRTH R Bl Da oo S Bip O RRR 2
drink product 'Etmhm}en&uayable affhek fbmyﬁtem]c wamiapioroduectd geaytibe a
o oAy P 8 el BB TR, O
chewabl e t abl eﬁxamptmlalpmtemr achkerynosupraesset knfapdwkyrbeoat risk&rpr oduct may
PSonnc) ) ooy DALy USRS ol el Ol
reduction, or prevention.
[00053] In certain embodiments, the inactivated LGG may be
20 administered to an infant or child to prevent, treat, or reduce systemic
inflammation. In an embodiment, the infant may be less than one year of
| age. In another embodiment, the child may be between the ages of one
and six years old. In yet another embodiment, the child may be between
the ages of seven and twelve years old.
25 [00054] The form of administration of inactivated LGG in the method of
the invention is not critical, as long as a therapeutically effective amount is
administered. In some embodiments, inactivated LGG is administered to
a subject via tablets, pills, encapsulations, caplets, gelcaps, capsules, oil
drops, or sachets. In this embodiment of the method, an inactivated LGG
30 supplement may be ingested in combination with other nutrient
supplements, such as vitamins, or in combination with a LCPUFA
supplement, such as DHA or ARA.
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invention is nutritionally conplete and contains suitable types and
10amounts of |ipid, carbohydrate, protein; vitamns and mnerals. The
anmount of lipid or fat typically may vary from about 3 to about 7 000
kcat. The wonwsto®f2z protein typical & may vary from abowcTiusSc@saboud
500 kcal . The amount of carbohydrate typically nmay vary from about 8
to about 12 gin() kcal. Protein sources may be any used in the art,

e, g., 15 nonfat mlk, whey protein, casein, soy protein, hydrolyzed
protein, amno acids, and the |ike. Carbohydrate sources may be any
used in the art, e.g., lactose, glucose, corn syrup solids,

mal t ocl ext ri n40O0GSEEr ds encthegrobydimectetheymasfivated L3S, is anchpshletddiike,

Li pid sources i h Ll,s such
asppal m oi |, sagg}%ae'gﬁat'm ﬁ’?w%gﬁ%rh‘?ﬁ%‘%’e’ﬁﬁ’,g ( éc%oé@er{%{" bgﬁﬁ?e%gﬁ%acg?'%%jchai n
triglyceride ¢i3G iskidded ti @feedsndfibiopreduadiahd consyimedl dihe feet ¢ dinsr oi |,
and the |iKke, i s (o i D i nf ant
formul a may b&‘%@%*ﬁ%%@@r@%%ﬂﬁ@%ﬁ %:taslul:%ﬁgéﬁ‘ﬂ!oﬁp remat ure

For mul a, SEnf ar@rmue) guwiving ip owk, bexereoe.rmeib yoguriNimit iiosi Geihbased
Pregestimle, val I e f ’bﬁ&f‘

Corrgany, Evang\ﬁﬁﬁlcgéﬁ?iﬂl;pﬁﬁ?eg%o%%h%&%g’ ft?p%@r_éﬁ% gg;@\n’gt suﬁlf&t abl e

l evel s  of i nactanherasdniedts awdtienséarorvctpiust s @a Igantfagnti@t hod of the

| nvent i on. - [ 0GBk I M AR &rfbBBRAMNTEAS infilnt joifulYERLTIRthe drodh! vat ed

LUG may be conbi ne | one or nore via C I nact 1 vat ed
orobl oti os t o Rvestan ip pulsienallicompietesndccaniansariable 8Pe RNt or nmul a- f ed

I nfant s10Any lahb@inRlof N CddrvcHy Bt HRREIRL ViBniROMA rhifefalle Tt .May Dbe
acceptable in this enbodi nent provided it achi eves the_intended

restht. In a SERHRLATITGH or GHYRAEREY Verdrom abul 34 abert 71 kopht ed
L
may correspondbbgt 12ef/VeEetah bRwtein xldbsandy Hedlylikeaoh MRYarf 8Jgi Ng uni ts
() PSR <0, Do Yl BR el SAA R AR, Bkt oy
wei ght per daygcidsrangdhe ot Cerbolemibxie soreods mahee hnyweseqario thecdrt,cs may
conpri se abou'[e.dﬁ%&gse?%fﬁcgseé clél% s@?udpyso%si, gnhatltoﬁ)é%&rin%?gmrose, starch,
rice syrup solids, and the like. Lipid sources may be any used in the art,
e.g., vegetable oils such as palm oil, soybean oil, palmolein, coconut oil,
20 medium chain triglyceride oil, high oleic sunflower oil, high oleic safflower
oil, and the like.
[00057] Conveniently, commercially available infant formula may be
used. For example, Enfamil®, Enfamil® Premature Formula, Enfamil®
with Iron, Lactofree®, Nutramigen®, Pregestimil®, and ProSobee®
25 (available from Mead Johnson & Company, Evansville, IN, U.S.A.) may be
supplemented with suitable levels of inactivated LGG and used in practice
of the method of the invention.
[00058] In one embodiment of the invention, inactivated LGG may be
combined with one or more viable and/or inactivated probiotics to treat or
30 prevent systemic inflammation in formula-fed infants. Any live or
inactivated probiotic known in the art may be acceptable in this
embodiment provided it achieves the intended result. In a particular
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10[ 00060] I n anot her enbodi nent of the invention, inactivated LOG may
be conmbined with one or nore prebiotics to treat or prevent systemc
inflammation in fornula-fed infants, Any prebiotic known in the art

wi || be acwepbahbbes7tn t his enbodi nent provided it achi ecaarshévg/oss71o
desired result. Prebiotics of the present invention may include
tactul ose, gal acto- 150l igosaccharide, fructo-oligosaccharide,

i somai t o- ol i gosacchari de, soybean oligosaccharides, |actosticrose,
)cyl c- ol i gosacchai rde, and genti ool i gosaccharides. [000611 In yet
anot her enbodi ment of the present invention, the infant fornula my

contai n ot her SRR gléA vgble AaR/oa darivairy RRBIPHC BEpeIspiesather at ed
fatty acids (W&)ﬂslsﬁ% B?Mc%bbéﬂ?z}é':a‘r\%l BfﬁlﬂbH&@nmﬁUt are not limted

to, a- Ilnolelc acid, ¥ inoleic acid, linoleio acid, linolenic acid,
B

ei cosapent anoilB00RS1 g If BB Propwric irgmiipteredin semBiABRA Wibribe

i nacti vat ed !—Gﬁédﬂ&at@@'ﬁ]’dﬂcﬁ’beth@drﬂoﬂnmm mbbﬁamuyhbrra%nd f anot her
enbodi nent, i tivat ed ‘i m nistered in conbjnation wth ARA.
Hi’h‘lo ap é&q

25l n yet anot Vel feraning B“'@cﬁﬁ#’h??tkgrbé’ﬂyl n
combi nati on ww&gih@bhd%anskhu%mmimaﬁcmalnwp@mtubealhhfsc(srﬁé@ét

f | a that gd_ CO { er ma
sﬁggre?rent gd 0 “rﬁi’&'n DP\A}QPea"CL&% 05 Al H?EEQJEP?EV ‘f’%@htd’reé £/ )étlent i on,
For exanpl e, Enbther biaboditett, the Ivbipedbiation traly R mefifesiduy ¢x10éwm gerof

D-1A and 30A i,S.CO rcially available and may be suppl enent ed
Wi th inactivat g °Ewe"§ﬁgeﬂt4alyl zed in the present invention.
10 [00060] [n another embodiment of the invention, inactivated LGG may

be combined with one or more prebiotics to treat or prevent systemic
inflammation in formula-fed infants. Any prebiotic known in the art will be
acceptable in this embodiment provided it achieves the desired result.
Prebiotics of the present invention may include lactulose, galacto-

15 oligosaccharide, fructo-oligosaccharide, isomalto-oligosaccharide,
soybean oligosaccharides, lactosucrose, xylo-oligosacchairde, and gentio-
oligosaccharides.

[00061] In yet another embodiment of the present invention, the infant
formula may contain other active agents such as long chain

20 polyunsaturated fatty acids (LCPUFA). Suitable LCPUFAs include, but
are not limited to, a-linoleic acid, y-linoleic acid, linoleic acid, linolenic acid,
eicosapentanoic acid (EPA), ARA and DHA. In an embodiment,
inactivated LGG is administered in combination with DHA. In another
embodiment, inactivated LGG is administered in combination with ARA.

25 In yet another embodiment, inactivated LGG is administered in
combination with both DHA and ARA. Commercially available infant
formula that contains DHA, ARA, or a combination thereof may be
supplemented with inactivated LGG and used in the present invention,
For example, Enfamil® LIPIL®, which contains effective levels of DHA and

30 ARA, is commercially available and may be supplemented with inactivated
LGG and utilized in the present invention.
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[ 00062] I n one enbodinment. both DI-1A and ARA are used in conbination
with inactivated LOGto treat systemic inflammation in infants. In
this enbodinent, the weight ratio of ARA.DHA is typically from about
1: 3 to abowb Moslpssrn one enbodi nent of the present i nvextryudBoosioki7so
ratio is fromabout 1:2 to about 4:1, In yet another enbodi nent, the
ratio is fromabout 2:3 to about 2:1, In one particul ar enbodi nent
the ratio is about 2:1. In another particul ar enbodi nent of the
invention, the ratio is about 1:1.5. in other enbodinents, the ratio
is about 11.3. In still other enbodinents, the ratio is about 1:1.9.
in a parti cul gooesthodinrmmntembiodiench, ot DHAIasd alfousreiséd i | n a furt her

of ‘the 1 nvent | e bl B K6 o g el b B iR 0o of

fatty adds, byinWes ginbodiin@o) 64 weigie rattn/tB‘IARﬁ DBRNAs typigallyereabelodut 0. 32% by

i ght . baut 3% b
wel ot 1n 15 A SRRt G Tond ofibdiEht 3 Ind B ERA B el 1o Lo
by wei gh® in aron heaut didodibaetrtt 1. mh@tamxwemmmwenmpe trdiodblborn 0. 67%
by weight. in ygt:R8¢ %’lﬁfutgg?qg émcﬁlgeerht%h\ﬂ%?rﬁfthe]qgﬁ? %ﬁ? about

0,95% by weight. In a |rrent eve may be
about 1.00% by? {eingmothep partiggar qmbq:s#merdlofrmwavqaﬂon liee iafio sratiosh, t he

level of ARA igq bew\&ﬁ&e%%d%(erﬂ@%&r%% éﬁouft Tty 1ﬂ%h|P'éthePy wei ght .

I n anot her enbodi nent, | evel 7% by wei ght .
In anot her entSEehodERaNts, ttfPﬁafaF'@!ﬁeﬂbOé? 1 AIQA "ﬁrﬂyPaH@U@b@BPOQJmE% B¢ wei ght .

In yet agot herraw’e%bmrm tm@fdrtﬁ&@émséda% MeYalsis Bgdweedy: pbout
0,47% and 0, 48% ﬂ) ég@ht [ 000661 | nc ef fecti ve anount of DHA in an
@\%‘5‘% r

enbodi ment of ﬁf‘aiQGFWO@'mei"&‘Pfthe nygtiens e levelgrhRifbist a ng

per kg of bodmew&mbonmo%ahdtmmb@ﬂfanﬂaadmywwfg of body wei ght
per day. in o giodl nment 'BL‘PHﬁe I nvention, the anmount is from about

6 ng per kg of ve1ggRYe A% RS 29ut0- 3260 Ve IFEr I body
wei ght per dawmbmum fﬂ%’le@é‘l’@ﬂDHﬁﬁﬁéyE@@bcﬁﬁD@B%bﬁNél?ﬁ%mlrﬁbOUt 10 ny

k bod d b h
er day 151 ny anoEwb enbdiRgb v o HeA iRt ¢ BBt aR iy per
Iég of ngdy ﬁleagmbmepgnthbdﬂmehptrﬁ?aém oBDHAm\agﬁfe Koubd.epRdy W@;%rﬁgtn rpgrent
a un ve anou s
|n¥ent| on is tyﬁﬁ‘i“&@‘ﬁff;?“? ARV {eg%é b MRy %?g%gﬁ&%\@éb‘ﬁ?'g r day
:ﬁ' about 1t50 ﬂgaﬂmthd&gnﬂ)bgibmdythHembeHA nolayhe aitmutJllleo%Efxrﬂ;(x(lletflglj\”gn'Ej of

is inventio o

wel ght "per dayP P08t d0EHBog Rd nd BRRE e Kiel G bl Al
anot her 2@nbod|0rﬁé’/btand0t6§‘7auﬁfawaam be svefghb ninabother érﬁbmgnpﬂtrtﬂeg of body
e O P O eePoARN nag DRG0 L9 iRy UL AL LN, ! Vet

anot her enbodi nent ROUNE VAr| &S g of body
wei ght per dayewebOMmasmerQOMS%@yweIMdy\m@agrbthermmqulmyent(00068)

The anmount of yDHA &0 bRfaRL {,Qﬁgiwgout B@,& o‘h?%%%«{(b‘ﬁ%%g%eﬁ%ﬁt 80

invention typically varies ¥toma
rrig/ 100 kcal J00GH6H n el heraiediivesamount of !BléApn asembodimeatimfitonpreBA vari es

from abegt 10 ot her
enbodi mgaﬁt fr"gurlﬁ/na out "*rg?@%guﬁ gsgout 28\’ r@?%’l&%ggl In a
particul ar 15&RBedi5emg P@Tkgtﬁéoﬁlf@@éhtquﬁ@bnh%ﬁ embpdiregmaftheof DHA
is about 17 nodLAfork e ambHRGR-Im TBSutaTRY Pér 1Qf of ARAY WQilghﬂ”He?'aEy {oor mul as

&
for use with the resent i nvention tg |caP ) vari es om about
ng/ 100 kcal t@baﬁblﬂo m@eerrhgg?fke@vwe's qfﬁ'abnl@ %Wﬁt?ﬂ?'ﬁﬁﬁ‘ﬂ'méﬂtthﬁe

present i nventaniint khenPaBIuN10 Rlg pRRRY of body weight per day to about 60 mg
30 per kg of body weight per day. In yet another embodiment the amount is
from about 15 mg per kg of body weight per day to about 30 mg per kg of
body weight per day.
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20varies from about 15 ng/ 100 kcal to about 70 ng/100 kcal. In

anot her enbodi nent, the anobunt of ARA varies from about 20 ng/ 100
kcal to about 40 ng/ 100 kcal. in a particular enbodi nent of the
present i nwerthesang37i he anount of ARA is about 34 ni g/ 10@Tkesabos/obiomd
The infant fornula supplemented with oils containing DHA and 25ARA
for use with the present invention my be nmade using standard
techni ques known in the art. For exanple, they nay be added to the
formul a by replaci ng an equi val ent amount of an oil, such as high
oleic sunflower oil, normally present In the fornula. As another

exanpl e, the dPPSTEorhaieHRAlyeOHROWH AT ARA imay ehBodaBtrfihe PReeHor nul a
by repl acing Wu&qyw&lawmoﬁmmsmg dehRg bEsdd Qfe@hﬁemﬁ?&@' | fat

bl end nornal | y pr esent th r rTuj Wi t hou 00071]
The source of BRl kﬁ&?bsgvyﬁgq Lisddae I{‘r%?mat??dirﬂ@ thu%uch as
matzll i nﬁ oi | . fliﬁ}énﬁcbﬂ the%rﬁtglnevﬁﬁésl fréh bbo&9g m@belk k]lcgldvbddy\béngmtgpegl plh d,
and the Like, e|n tur or rovi ded that
t he remarnder d@ﬁ? %"%@Uﬁﬂ%ﬁ?@& 'ﬂ'gf’e?‘g@’ull? aiihehy subst ant i al
ﬂel et e(r]I i ous e;efnwwdm?dmt theamatistnariedNrorarabadt 1\ﬁehgpe|tkg]?oflbﬁldéy aBidhARA can
e used In refin 0 00072],in..a t the resent
i nvention, solPft gyt8 Bﬁéodﬂ%pﬁkﬂ %’beorag%ﬁ@%g e‘ﬁ’- 8’I¥e§"38% ught in
U.S. Pat. Nos.enthodifdenh i ahoOatiedfromratho &, Z8A7g p&lkgldiHodpweight t he
present invent] . [00073] In one
enbodi nment , ﬁgpgﬂﬁ_’ agﬁﬁt églur%égp%ﬁfaq%ﬁk%ﬁﬁﬁwﬁr%agnot her enbodi nent,
t he LOPUBA soqomssi s Telstcant 0ADHM) i ngat bfmaRAfdFose aith i presdém one

B et o O GRS Pl o DR R kLTS g ) o1 1

| ess than about
kcal. In one embodiment of the present invention, DHA varies from about

10 mg/100 keal to about 50 mg/100 kcal, and in another embodiment,
from about 15 mg/100 kcal to about 20 mg/100 kcal. [n a particular
15 embodiment of the present invention, the amount of DHA is about 17
mg/100 kcal.
[00069] The amount of ARA in infant formulas for use with the present
invention typically varies from about 10 mg/100 keal to about 100 mg/100
kcal. In one embodiment of the present invention, the amount of ARA
20 varies from about 15 mg/100 kcal to about 70 mg/100 kcal. In another
embodiment, the amount of ARA varies from about 20 mg/100 kcal to
about 40 mg/100 kcal. In a particular embodiment of the present
invention, the amount of ARA is about 34 mg/100 kcal.
[00070] The infant formula supplemented with oils containing DHA and
25 ARA for use with the present invention may be made using standard
techniques known in the art. For example, they may be added to the
formula by replacing an equivalent amount of an oil, such as high oleic
sunflower oil, normally present in the formula. As another example, the
oils containing DHA and ARA may be added to the formula by replacing
30 an equivalent amount of the rest of the overall fat blend normally present
in the formula without DHA and ARA.
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enbodi nent led i than about 10 ng EPAP100 kcal ; and in yet another
enbodi nent | ess than about 5 ng EPA/ 100 kcal . One particul ar

enbodi nent contains substantially no EPA. Anot her enbodinent is free
of EPA i n Wwoabosewenztrace anmounts of EPA are absent fr aordseodsosdmd a:
20[ 00074] It is believed that the provision of the conbination of

i nactivated WO with DHA and/ or ARA provides conplinmentary or
synergistic effects with regards to the anti-inflammtory properties
of formul ations containing these agents. Wile not wishing to be tied
to this or any other theory, it is believed that inactivated LOG

i mparts anti - ifadd7almeT ey souedd @EiHR andARA Mgy Bryarprsevesthogn inftke
ubiquitinatio hi bi t ory- | k . .cell.. .l.ke Dbjnds
nucl ear fact O{b_rf%:cb ﬁl?@”nﬁioﬁhlsﬁoﬁ’ Sé@“@?%‘ﬁ?'@?ﬁﬁ%@ﬁ??ﬂiﬁ"%ﬁ" i i on of
| kB occurs, NRkdlikes Thel BldA add ABAtcan detiteatncat Fems pofidedthatttel , and
activates gen I | ' response.
It is this spg;é:ﬁnfgﬁgarl ﬁtt@? g@??gﬂ§gﬁh@gé§%ﬁt!?§sgdltg$ % @’rg@%%h“?'n gene
expressi 6n t hakelatericggefecighithe bfdné Aaroativety, the RHeambaBAaeh ba of

i nfl ammati on. i £l d that inactivated LOG prevents the
ubl qui tinati onuls%)? hfrkeﬁ, é"’tﬁ\ér{r%'eby preventing the rel ease of NFkB and

reduci ng or pri@WERT i nlg anrdmbadimsnt ohthe pfEBOYTIBvamiosceurcas of DHA3 fatty
aci ds such as a%‘A'lﬁ\ ereesiryd@éﬁmﬂsﬁ tdugﬂﬁﬁtu.?“ﬁ’ét.‘ N&d lsapmEery action
uc o- I nf y

through altering the pro tion of p ammat ory, fatt

aci d- deri ved, 5‘%& ‘H6oprd BB8AEPY known as eicosanoids. w6 fatty

aci ds, gpch as ARA, which are |ocated Lpyihs, RO BRRBA hhHoPR Mot OF
f 3

cell nmenbranes, are rel eased during the inflanmatory response and
liberate a podMitgd tg pRlgsYYOISTHi s pool of ARA is then acted upon by

two classes ofjo@1ay mais onk REWAdARNL HROXYOSPASEScaBshi&NE EPAXYgenases,
whi ch produce a specific spectrum of eicosanoids includin he

. | t
2-series prosttRABEHSMbediprnh ded G iflypouier subsatshhB AT Aand
I Fu{(ﬁt ri enfes. Fbeb%}ggl?lé,anBhe&mbeama%fqhéipreaém iméa_mm fhe idﬁweda
pl ethorg_of pro- inflanmmfory actio in n e, i pes and organs.
P& o kelBan © AGmUR arEaps foRs thanabastie g ERAMOICat e BBREPA and- DHA,
arg cogpet :c t oremb‘odrmérm&s'ftlgﬁntaboacjui??iEnPNﬁO(BKdal; a]!citﬂ (170} 34 Géotg% S Er ocess
and, therefore erate the pro-in ef.f ect . For
exanpl e, w3 FH%R%@H%%]%?SMH%Q%& T@t%(g%%’ét %’B%p@'ﬁc‘ﬁ?fe w6 fatty
aci ds i nto ARAmHokiEnémcontpios atbstantialy ARAPANroothbeeraieddimartibframe
phosphol i pi d r e oduct i on i nf | 0 )
ei cosanoitis ?)?ghh&ﬁ%dat%p%n @%%ngﬁoqggf%%@bgﬂg?% ef‘ﬁ@r“@@f ore,
provi de20di st i[0@174] but isdeiipled i theer yrovisioh iobtie dombimatier aftieadtibveted

st o eSSBS e AR SR 1

sone enbodi ment’s 0O ive an
admi ni st er ed withgegdrds & fthe anthnfiamoaéona pepkdies oTfeengetdiisaniagningf | i ve

and | nacti vat I i k: i .
synergi stic e?‘?e eég??e\bmﬁt ﬁﬁb’!§§§?%‘§h@8% ﬁéhgﬁoﬁﬂmﬁflﬁaM? 2%58% I(t)'ﬁ'erti es
of fornul ati oslieusdttantinanyvateebeCagpatsantivhfigramatory elfests ngparobps be
tied tosghis QfeaRYn fh'%?ifbﬁhﬂﬁ&ﬁ&%of'idh\é:?tfog{;@tlfeé)'. %a%n{?ﬁbl%@ﬂ,ﬁ@ are

thought to inpart anti-inflanmatory ef ts'in part rough
i nteraction wbindsspeepr fagtor«B8dPE WRlwvithithbaeyplason |Wherkiebig eor s

(ThRs) on the o8 We &e8rO NFREQGElehsed, BRBREHESlULRYs B theedi, @hg | ndi rect
interaction between five LOG and these receptors initiates an

i ntracel | ul ar 3&tvfiRE o¢nesiiat e esppreiscian e intammpaiaty regponse. Itis

this specific interaction and resulting alteration in gene expression that is

30 thought to be involved in the modulation of inflammation. It is believed
that inactivated LGG prevents the ubiquitination of kB, thereby preventing
the release of NFkB and reducing or preventing inflammation.
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30in the alteration of gene expression in these target cells. It is
this specific interaction and resulting alteration in gene expression
and other cellular effects that is thought to be involved in the
nodul at i onwar200amézaemat i on, Thus, because |ive and | nativs2b@ehs4706G
are believed to operate through different mechanisns, it is believed
that the conbination of these conponents provides conplinmentary or
synergistic anti-inflanmatory effects. W)78] In addition, in sone
enbodi ments of the invention, live LOG inactivated LOG and at | east
one LCPUFA are adm nistered in conbination. Because |ive LOG

i nactivated LAGO0Zd IhCRuFas, @ridatnatidheichasdtHA aredpeudaht t impadugh
different nmec i s 1 ; i aae ion of these
conmponents pr qhé\ﬂ}?'dgﬁsm’k"&éthf":a}éﬁf?@y@%%@ﬁ%?gﬁ@?@ g@%(’:t S with
regards to thengaematam. isrderived, oprstiators roslyikhownlagtsieasanoids.

contai ni ng thege @@LMds, s(GPNY RRAI Whian%@%&iﬂmiﬁme Sosbh&ipRy gt

invention, the subject I's a formula-fed infant. In one enbodi nent,
the infam is ¢feehrembrangst #erpiBRsaduring herdplamratemssanansaandt he

infant is breaglrdies phbiiBk MRA, Urtid bodkBf ARREShYREEEd sk B fvd han one
year, and is fornmula-fed thereafter, at which ti i nacti vated LOG

suppl enent at i oH29583PHRNYINEBIBOYN 35 “iawa?'iaseaﬁaﬁ' € 95HERES. diMidhhe

present i nventprofucetdépetiit BpstteanBrdiceandidsiatiudgy Bfe Paaieent i ng
system c inflammtiqon in a fornu erminfant. In this

|l a-fed pre
met hod, i nact i /GBI TSP B’é?s‘éa'ﬁf‘ﬂl‘§tt'§’P OXRReSARECWOMEEFn | nf ant
in the figr m of joanre] nf Risefeiiobh@dDare xAYWO td1RIve SUIétAblatf bay-m

iU O = IR X Lot R Tt A

probiotios to rohemtues tattpatidntsuah by EPPEIIdIA, iace esrhpetitort fanwrgt or y

ef fect . [00081) 0 MRL0GH Hlpd HERPEREN ardHRRIbR mobBAR! hyat ed LOG
pro-inflammatory effects of ARA. For example, w-3 fatty acids modulate

15 the elongation of the w-6 fatty acids into ARA, the incorporation of ARA
into the cell membrane phospholipid pool, and the production of pro-
inflammatory eicosanoids from ARA. The combination of DHA and ARA,
therefore, provides distinct, but complimentary, actions to moderate the
inflammatory response in multiple tissues.

20 [00077] In addition, in some embodiments of the invention, live and
inactivated LGG are administered in combination with one another. The
combination of live and inactivated LGG is believed to provide
complimentary or synergistic effects with regards to the anti-inflammatory
properties of formulations containing these agents. While not wishing to

25 be tied to this or any other theory, live probiotics such as LGG are thought
to impart anti-inflammatory effects in part through interaction with specific
receptors, known as Toll-like receptors (TLRs) on the surface of specific
immune cells. Direct or indirect interaction between live LGG and these
receptors initiates an intracellular signal transduction cascade that resuits

30 in the alteration of gene expression in these target cells. It is this specific
interaction and resulting alteration in gene expression and other cellular
effects that is thought to be involved in the modulation of inflammation.
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or prevents the system c rel ease of one or nore pro-inflamuatory

cyt oki nes or chei noki nes. As used herein, "pro-infiammtory"

cyt okl nes or chernokines include those known in the art to be

i nvol ved iwotbuwg/104372 PCT/US2008/054710
-regul ation of inflamuatory reactions. Exanples include, but are not
limted to, TIV-a, 1L-6, |L-5,1L-18, and GRO KG 30[ 00082] Chenoki nes
are a group of cytokines that enable the mgration of |eukocytes from
the blood to the tissues at the site of inflammtion. Wen produced

i n excess annunts chernoklnes can lead to danage of healthy tissue.

G owt h-r el at ed 'YAdsgaNS Iverod mchﬁe%L@ﬁéﬁ%?P'f%’em ereratadhPd i mune

cells to the Sdnﬁeeerﬂfmécnéh@mhb%hevlea thet th\@rivieian @pthater part to rat
cyt oki ne-i nduced neutro

P cher noat t rachant (Cl NG, mggd IS
functional |y r@MRPeY's 8 WW@S CATBIMRIRY (Fr Synesgipticantyi oYn a
further enbodigfests. of the invention, inactivated LOG has been shown
to inhibiit th sl oc on , of nucl ear fact S (NF Fke is a
primary tr ansipé% or{"ﬁaelk'%'? 7 8MG Smrodiments& |th9c’pb%‘§'°uﬁf"eﬂr‘h’l|f§ t hought
to EI ay an i npeactianéd L?GeanmanawbneLCPmFAamﬂmmrsterbm mmgt bce| ljs,
NF-ke is present . as.a t ent i n E9- boun
conplex in thé’owwp%l @% us%\{ﬁrréé 'B??t'v?tggé'l% éﬂrg%b‘%a Ul titude
of extracel | uleach bélgnad & osumth tasudhr differept nkéhaesmshih &t eieadd taat | gens,
or free radic tivates
genes that ar @?%J@Fﬂ@ﬂl Zﬂi@g?%ﬁgs&ﬁsf é@ﬁg%]%&"%@é%éahgp It has been
shown tHat i nisyhérgistreftdetdviithategatle totheantiaffianmmidtammpatpeoiesredsul ts in a
decreased i nfl ence, et at, Possible New Rol e
for NekB the AOuIBnY el BaRARee R R0 ire NS 7. 1291 (2001).
Thus, the inhil@Q79bn lofnNFedineant bhtae prasanidovents), dopplidentistaat i on in
the present '@f.ﬁ%&? uﬁsﬂs I Pn%@r%b&ﬂméﬁf tHenBht IQ'%&Th BRLel ol Systemc

i nfl anmati on e seen Ih the e I nacti vat ed
LOG has been @Uﬁhdmn@tbelr@rumc@msrysmemfantiimbueaﬁh-fa@ frem hlrfth gH Al a- f ed

I nfant s,15C1 NCole lé! fé% tHén dﬁiétsyggﬂ Bfd ls‘%ﬁhﬁa $dd th&i8afk Mierf ed rat

infants were réduce eve imlar to that ot nothers mlk fed

rat infants whEWR Iawm@%mmqwngw begins.

[00080] In a particular embodiment of the present invention, the method
comprises treating or preventing systemic inflammation in a formula-fed
preterm infant. In this method, inactivated LGG may be administered to

20 the preterm infant in the form of an infant formula or any other suitable
form. Additionally, if desired, inactivated LGG may be administered to the
preterm in combination with DHA, ARA, and/or one or more live probiotics
to create a potentially synergistic anti-inflammatory effect.
[00081] In a method of the present invention, inactivated LGG reduces

25 or prevents the systemic release of one or more pro-inflammatory
cytokines or chemokines. As used herein, “pro-inflammatory” cytokines or
chemokines include those known in the art to be involved in the up-
regulation of inflammatory reactions. Examples include, but are not
limited to, TNF-q, IL-18, IL-6, IL-8, IL-18, and GRO/KC.

30 [00082] Chemokines are a group of cytokines that enable the migration
of leukocytes from the blood to the tissues at the site of inflammation.
When produced in excess amounts, chemokines can lead to damage of
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(000851 As will be seen in the exanples, inactivated LOG has al so
been 25shown to significantly reduce |IL-8 production, decrease NF-KB
trarislocation, and increase |ite production in the intestinal

epi t hel i unwobBbe/iogsyent ors have surprisingly di scover ed HdTaS2008/054710

i nactivated LOG additionally prevents the ubiquitination of IKke,
while Iive LOG does not [000861 The foll ow ng exanpl es descri be
various enbodi nents of the 30present invention. O her enbodi nents
within the scope of the clains herein will be apparent to one skilled
in the art fromconsideration of the specification or practice of the
i nvention as dieginossde heravih-related ogcegened@BP/KEhaE chpmokine which

speci ficati On’reErgﬁ’ﬁl[llhﬁ}!] evxeseﬁcugtathg ﬁéﬁﬁhaﬁﬁmaf?&\ QPRIAIRGRSh to be

exenpl ary only, e 1 nvention being indicated by the

cl ai ms whi ch faeHNewartie rebedipsinedndused Reutesphfshegoatipgtaidednthges are

given on_a weigtis Raglichaiehisd @tth@frﬁér@ﬁkh@faﬁﬁiyed SExanpl e |
(000871 This exa%I e illustrates the effect of inacti vat ed LGG on

systenicdinfld onniafurtpranbedisnt aEbgdpventipmingstiyded ke depal s &

Met hods (000881 n sRodives ﬁﬁBﬁEr@ttﬁén@%Qﬁfdan?ﬂh&learﬁﬁét@%B'(maNQ)eWFkB
(Taconic, 10Cer mant own, infant rats re an om %}Sgﬁ d to

four gastrost df APIPEEHTaNge @G&Ct%ff"l'f‘dfm Qei‘)lﬁ! °contro|
group (no LPS g4 érﬁﬁiponaﬁtr&e&arﬁmafmmmaﬁaml|u8ndstm1su®c3kar@up, and

o s A S b G kLB SR i b, e °
i nfant ™pup- i reytdpeasal pVhema ekl receives any of a multitude of extracellular
signals, such as from cytokines, bacterial antigens, or free radicals, NF-kB
rapldly enters the nucleus and activates genes that are responsible for the
inflammatory response. It has been shown that inhibition of NFkB at the
onset of inflammation results in a decreased inflammatory response.

15 Lawrence, et al., Possible New Role for NFkB in the Resolution of
Inflammation, Nature Med. 7: 1291 (2001). Thus, the inhibition of NFkB
via-inactivated LGG supplementation in the present invention aids in the
reduction or prevention of systemic inflammation.

[00084] As will be seen in the examples, inactivated LGG has been

20 shown to reduce systemic inflammation in formula-fed infants. CINC-1
and. various cytokine levels in the formula-fed rat infants were reduced to
levels similar to that of mother's milk fed rat infants when supplemented
with LGG.

[00085] As will be seen in the examples, inactivated LGG has also been

25 shown to significantly reduce IL-8 production, decrease NF-kB

| translocation, and increase IkB production in the intestinal epithelium. The
inventors have surprisingly discovered that inactivated LGG additionally
prevents the ubiquitination of IkB, while live LGG does not.

[00086] The following examples describe various embodiments of the

30 present invention. Other embodiments within the scope of the claims
herein will be apparent to one skilled in the art from consideration of the
specification or practice of the invention as disclosed herein. Itis intended
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| 5 began on day 7 of life of the rat pups. The gastrostorny feeding
tubes were constructed from 24-cm secti ons of pol yethyl ene tubing
that were inserted into the stomach of the pups. The gastrostony

pl acement wasockowes7einder i sof | urane anest hesi a. Ti ner - canyvs2bdsad4710
syringe puinps were connected to the feeding tubes and were set to
feed the rats for the first20 m nutes of 20every hour at a

wei ght - dependent flow rate. (000891 During a 2-day acclimation
period, the gastrostony-fed rat pups were fed with rat mlk
substitute (RMS). Ater the acclimation period, one of the RVS fed

gr ouF])s was gi vthattaespléuiﬂ@nmttogy‘the%nﬂm&h@@ldmrﬁéw'buabmwae@&fbdm body
wei ght per day_of inactiva vate

25| et hal heat ?’fegﬁ‘!%ﬁ?'y' hbtgséﬁ?}’egr oup V\/Qg%p',al"\‘/vgﬁ ?JB%I”@W@L??’ of

I X108 cfu/ L. peythkgiabegyhickif@btv theexaayenfinltheexdn@Rs, Fhpetcantadegr oup

was fed RVS w h LOG suppl nt at i These feedi ngs
conti nued for %E)?E onﬁ\flelglﬁb?an% é&???@?ﬁg?ﬁwpé%egr oups received the
sanme quariity of fat and carbohydraEgsmpladid t he protein conponent was
simlar to the tity [ 0, er-reared
rats of the sawgblgﬁe 3\%? g%@@%ﬁu&?ﬂ;e %e gﬁ%@t%%@%%@?‘%%%m

Upopol ysacchar $ystesiq inEShmaticonn Esthiarfed heenatabidt pog7: BB (LPS; Si gna,
St. Louis, M) i in water by vortexing at a concentration
of 2 ingi rr1 X‘f@ﬁalg&ﬁﬁ Mgg-fed tab were given between 0.25 and 0,5
nmg/ 4May of LPJ00088]t his tyasepasstewxpgrinants SptagreOnyley (Hagepicaft er t he
inifiati of i

Sti ppl eront at | SRS AL BTy ASkRedlorel dag&g*?w
studies to resipdinggroersout aantsoRr revn: ﬁgconmhgwpde@mﬁor e [goor

wei ght gai n bui g
mortal i Uy over & & day s R b A S A T S

treat nent peri@aup-tMel ?faﬁeafﬁﬂﬁéts\%ﬂ’@ Sﬁméli‘ﬂﬁ%fez‘&?d\ﬂstr?fe@ﬁc%ver dose of

pent obarbi tal spdby WeaItP&t&ngaiebduh@memb Rt fRnt P HefeNF mepar at ed
into three parts: the il uodenu;}% stored at -80C

e
for enzyhe as s%“&ﬂ&aEz |°§}&e o{)lhefqt)pgas |TF919§‘%V?Fé?H‘ edipg f4heP &8re om nkt

for int estlnalcdﬁernmfedfﬂwzmwmﬁdds\&pol lgMeasiivy thaf werdliefed at - 80C
for enzyne ass,

and E 1510 mast t stati stl cal software
(K1 5 Tht cagoniones Somacthe b Doy Sy QRsgiant it 1 yi
CI NG . 1, anddqyéﬂakana@hsmémlérmgr-mﬂtrfoueﬂ gnn@mypsrmu chmect@dlto flat a
were reporte st andar a al ysi s
of variance be@ﬁé%ﬁﬁ‘éi ?‘?Atfgé kf?éaﬁﬂ)tﬂ%ﬁé% Wa%ﬁ@? her a
significant diddeeyiencet mmgpﬂt@em!enaﬂmmgtal | treatnent 20groups. The
Hol m Si dak net s~perfo d for paim.s 0 riso n the
ANOVA v s gricpading Dafere2 DEgR Tl HiroE (P ERgbap Tod BFButs
were fed with rat milk substitute (RMS). After the acclimation period, 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
25 lethal heat treatment. A second group was given a supplement of 1x10°
cfu/L per kg body weight per day of live LGG. The third group was fed RMS
without LGG supplementation of any type. These feedings continued for 6
days. All of the gastrostomy-fed groups received the same quantity of fat
and carbohydrates, and the protein component was similar to the quantity
30 required for normal growth. Mother-reared rats of the same age were used
as reference controls.
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Gowh [00093] This exanpie illustrates the effect of LOG on the
growt h of pups 25after gastrostorny feeding. The rat pups were

wei ghed daily after the gastrostoiny feeding and conpared to

not her - f edwoeb@riessece ani mal s. Mot her-fed ani mal s grew maorasc@piosi7yo
than the LES-treated, gastrostonyfed pups. Providing live or

i nactivated LOG to gastrostony-fed, LPS treated pups did not inprove
wei ght gain. 30@NO1 [00094] Live and Inactivated LOG reduced
CINC-1 levels in the present invention. 01W1 | evel s were determ ned
by TiterZyme Enzyme |mmunornetric Assay Kits for rat 9rowth rel ated

oncogenei C NC1404%8E s dypopalypagisgarida (kP Al i ES‘?W&"’”’WF%”SQ]@ S8ipTes were
i sol ated fromgighd, lstéLbu|§><rMo;1%§di@§olmcrh walel BpUR@xing at fe | iver,

intestine, plasng, and n was determ ned at 450

and concent Pat"PB‘F‘P%@"@é?@&/@meﬁﬁﬁﬁ??%ééwéﬂeﬁg'&%}%%%ew r [)Imma

i neia[ st anda(rﬁsflaﬁmpmémgﬂﬁﬁbﬂ%ﬁﬁm&ﬁodﬁml Bs séhrttnblrzcdag_ 3] 3I ELSA
results showe evels i.n iver, lungs,
and pl as BA I tﬁ?ﬂth Eﬂwr}ﬁﬂﬁa'ﬁf@%?e%c[ﬁf‘@&vﬁ&%%‘ lIt]?P%l nduced )

Cl QC- I1 pr oﬂuctsléppﬂeméhthﬂ;a fod &vedys( Fhig,dode wamdetﬁinammlz n(pfotgtuds td p<O. 0?)
and al so showe tren | re
iilustrates tﬁ%ﬁ " Wf’@gﬁﬁ ’@n%'ﬁ’? %a?(g%q(%gg'gg@%gl PI n the
liver by appr caxsouﬁtaﬂmfi(ﬁ’/sngﬂnﬁnantmmeasad micotalith evdr RS-dayorgpiod.l nact i vat ed
L&D, however N Y/ 5% when
conpared to tf{é&@gg g%‘ﬁl? % @d%afé%t%gﬁgahq_%@%%&ﬁ%%%g

signi fi éant | y egtheaized wnreaiucvem@sefdf pentolgmibital sceliun@ N@ dmalentestimet han

| ive LOG did, v&a@‘?é@&}ﬁd{}ﬁd%eﬁ rafet #t Pﬁ%;k?ésnﬁw%z i ééil[lr}/un‘?fafnﬁ(:t

Simlarly, Figure stra I'n t'he plasm were
| ower in the |dna@enuva5t9cedLa©EBC§qurertzmaassawameﬁldSAmrtfmd nitgee LOG

In th 1
Pevers to a sieifdpuigtd fé"'e""gfw%m%@ E%i@ﬁaé@g*’m%? n
Fi gures 4 and Ysre sthed @) 1e0kE fre enainis gsaye asddySAhowed sini | ar

reducti @gs in [%,ECS%&H thts'td?isﬁ&%?sdfMé?é (54, bHEQ%aILT%s'uE@&tB' vat ed

LOG decr eased great er ext ent five LOGin the
liver, indicatnazabalymeighbELE for CHG-dnsnst iojinefeherppkipemyltiplay,  Bot h
25live and i nagdvahiid, hPath Qe RpoE R KbedR\bdtandard deVidtiBh (). degr ee

in the
A one-way analysis of variance between groups (ANOVA) was used to

determine whether a significant difference was presentamong all treatment
20 groups. The Holm-Sidak method was performed for pairwise comparisons

when the ANOVA was significant at p < 0.05.

Results & Discussion

Growth

[00093] This example illustrates the effect of LGG on the growth of pups
25 after gastrostomy feeding. The rat pups were weighed daily after the

gastrostomy feeding and compared to mother-fed reference animals.
Mother-fed animals grew more rapidly than the LPS-treated, gastrostomy-
fed pups. Providing live or inactivated LGG to gastrostomy-fed, LPS treated
pups did not improve weight gain.

30 CINC-1
[00094] Live and inactivated LGG reduced CINC-1 levels in the present
invention. CINC-1 levels were determined by TiterZyme Enzyme
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lungs (FIg. 5). [00098] The reduced CINC-1 and GRO KC | evel s that
were observed in the lung in the present experinent Indicate that the
anti-inflammatory effect of inactivated LOG extends to distal organs.
Thus, t heywanbissibgst anmat ory 30effect of inactivated LO@TS20081ky710
system c in nature. [00099] In the liver, inactivated LOG

suppl ementati on reduced G NC-1 levels to a | evel which was actually

| ower than that of nother's mlk-fed rat pups, in the |lung and

pl asma, inactivated LOG reduced CINC-1 levels to a | evel which was
very simlar to that of nothers mlk-fed rat pups. These results show
t hat | nacti vatlednunOGetrmsAsshekitsion ratgrowﬂa-ra@mcw@e/@m@hmﬁaamt i on
ina formula-f f K in sone
cases | ower th%%s n’? hgﬂt“]i A#b%r EI‘IE)’r el"fféue‘f‘;’g BJlg ;W% réfs%!e@érloﬁbﬁg@é}d

Cherml dnes 0002084t bf weola issuen ighe (er defestine B!P@Da 8dir8d cyt oki ne and
cher noki ne | evﬁésﬁma%wgé’h&énﬁﬁ@odat‘%b%ﬂ‘%ﬁéc%ﬁ?ﬁ%ﬁd:a%bﬁl&&lbfe&'co
Resear ch, Inc MO, USA), Cyt oki nesi cher noki nes were

anal yzed Sy a ueing the aguation dervsd dam @H%DF@B%’@EWH% ophage

col ony-sti mul apbiukyf ags Qﬁov&uﬁVE%E)es 1 tHFo%bﬁ 8! E[lsA réduﬁé\lshcﬁ)ed that LPS
interleukin-la (IL-1411- 11- 6,

| L- 12p70, I\/bnodwféa%ﬁféﬂﬂ&{)\e&?!% nripe WPBMQ&%"%W%)BOW@/%@ (rat

tClh NC- 1), fan? TiN&tiQated hGG@EcEéa@é@KP@-ﬁféi@Med/\@mmﬁpfddemd iP@Eaveti Ng to
e manufacturers ecifications curves' for
Cytol dnet cher e ACARRRSTERIRL: 81 G30B. el AgS Phaveridt Bingfas oo
concent rat | onsthgumgl(ﬁgde,)by t he manufacturers. Raw data (nean
fl uorescent ens ty) were ana b sterPl e an i tatl
Sof tware (M r %'8“"3 Wl‘éﬁt@{%%ha& ey'éﬁf"me%@ r %ﬁ‘é@hﬁ"?@n on
val uefs. (00?1011&\(]&6 Iﬁ'ﬁth@'ﬁﬁbﬂb? apprguimetefy, 50I°/Lwﬂ16n bafmﬁrad fonhd kRS | i ver were
significantly 20hi gher t.reat.e than in
control pups. qgggq]glpg%a%dq_%% F\owe VEr, reé ced dﬂ&é 1levels'in %e%grsn

about 75% when compared to the LPS group. Thus, inactivated LGG had a

15 significantly greater reducing effect on liver CINC-1 levels than live LGG did,
indicating a stronger anti-inflammatory effect. Similarly, Figure 2 illustrates
that CINC-1 levels in the plasma were lower in the inactivated LGG group
than they were in the live LGG group. In the lung, both live and inactivated
LGG reduced CINC-1 levels to a similar degree (Fig. 3).

20 GRO/KC
[00097] As shown in Figures 4 and 5, the cytokine multiplex assay
showed similar reductions in GRO/KC levels in the liver and lungs. The
inactivated LGG decreased GRO/KC levels to a greater extent than live
LGG in the fliver, indicating a stronger anti-inflammatory effect (Fig. 4). Both

25 live and inactivated LGG reduced GRO/KC levels to a similar degree in the
lungs (Fig. 5).

[00098] The reduced CINC-1 and GRO/KC levels that were observed in
the lung in the present experiment indicate that the anti-inflammatory effect
of inactivated LGG extends to distal organs. Thus, they anti-inflammatory

30 effect of inactivated LGG is truly systemic in nature.

[00099] In the liver, inactivated LGG supplementation reduced CINC-1
levels to a level which was actually lower than that of mother's milk-fed rat
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and inactivated LOG significantly blunted the LPS i nduced el evati on
of IL-1p. In fact, inactivated LOG reduced IL-1D levels to a greater
extent than live LOG supplenentation did. inactivated LOG | owered

| L- 1p expressiooamotmza | evel which was sinmlar to that afctidseosesiziel
pups. Thus, this portion of the experinent further illustrates

i nactivated LGGs system c anti-Inflammatory activity. [000102] In
concl usion, these results show that inactivated LOG suppl enentati on
reduces systemc inflammtion, Further, the results show that

I nactivated LOG reduces systemc inflammation in fornmula-fed infants

_C%Pl to a Ie\ée! yu‘p'ﬁph\thélu?j;ahg lasing, hhaivated _LGG&é@ticeﬁﬁnlNC-l’lflé\re_lﬁo aTh;s Ihs
illustrated in the results descr erein throu conpari son of the
i nacti vat ed Lgﬁ’eﬁ Whigh wgs &?%ﬁﬁ“"ﬁﬁtﬁ’qﬁ%é’ BP%BS @B'é%.‘?g?%p? ? é%sem)t her's
ml k. |n severm@kultsishow acmactivathai UGG hasithe abiitpto iedact syeirdel LCG
results in an infl ammatory respons at, | e imlar t hat of
the nother's ﬁPfﬁ?E"P “&%YP&““%E}S? WE ngpoza level W¥"05¥s(%®gaf(5§fn%ﬁl s exanpl e
further i8 | ustsmateamsédiewer thew tthatfof & heeasi-fedinéhtLGG on 5i nfl ammation in
formul a-fed negﬂaﬁgl g;ét;e Bg@ﬁ 10001041 Intestinal epithelial cells
were pretreat i nactivated LGG at | x103 cfu/L and

t hen stirnul at[@60199] Rriegmid inactS@ed h§id aldo redliced cptobide and omemekéne

et s b W R R e v

measured by Western n _ '
| ocal i zat i on wakarles,AMQAISA). Bytokinesichemakbeewersranelyzedhi kiythatt 0001051

col 1 u'ar L 5 e ué‘éf?gﬁ*jﬁ@%@ ARy B RGBT Rer 11 ve
LGG or UV- i nadledamed (FESAhintertehsn-1st(iLied.dk-48 by, B detd ilbdhdued a
SR e . SOREDSER, hEEndpe PRk o { pRgsipcer | o
upwar dl y i ndi caRe/Kn(ratiidiealsand I Nfng phg miRIer assghivee PFBRE poi nt i ng
downwar dl y i ndi&alifgdo fRThARERNrErd dpecif@tiane tRandal@Blreslior &¢Rr €ssi on
Changes Due to Live or Inactivated LGG . A
15 cytokine/chemokine were generated by using the reference concentrations
supplied by the manufacturers. Raw data (mean fluorescent Intensity) were
analyzed by MasterPlex Quantitation Software (MiraiBio, Inc., Alameda, CA,
USA) to obtain concentration values.
[000101] As shown in Figure 6, IL-18 levels in the liver were significantly
20 higher in gastrostomy-fed, LPS-treated pups than in control pups. Both live
and inactivated LGG significantly blunted the LPS induced elevation of IL-
1B. In fact, inactivated LGG reduced IL-1P levels to a greater extent than
live LGG supplementation did. Inactivated LGG lowered IL-18 expression to
a level which was similar to that of the control pups. Thus, this portion of
25 the experiment further illustrates inactivated LGG'’s systemic anti-
Inflammatory activity.
[000102] In conclusion, these results show that inactivated LGG
supplementation reduces systemic inflammation. Further, the results show
that inactivated LGG reduces systemic inflammation in formula-fed infants
30 to a level which is similar to that of breast-fed infants. This is illustrated in
the results described herein through comparison of the inactivated LGG-

treated group and the group exclusively fed mother’s milk. In several
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20Suppl enment at i on. "Hegel lin stone [ Live LOG Ft
| nacti vated Lee
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instances, administration of inactivated LGG results in an inflammatory
response that is very similar to that of the mother's milk-fed group.
Example 2
[000103] This example further illustrates the effect of inactivated LGG on
5 inflammation in formula-fed neonatal rat pups. .
[000104] Intestinal epithelial cells were pretreated with live or UV-
inactivated LGG at 1x108 cfu/L and then stimulated by Flagellin 500 ng/mL.
IL-8 production was measured by ELISA. kB and ubiquitinated-tkB (UbQ-
IkB) expression were measured by Western Blotting and
10 immunoprécipitation. NFKkB localization was evaluated by
immunofluorescence staining.
[000105} During the experiment, Flageflin induced a significant increase in
cellular IL-8 production (p<0.05). Cells pretreated with either live LGG or
UV-inactivated LGG and then stimulated by Flagellin showed a significant
15 (p<0.05) change in IL-8, NFkB nuclear translocation, kB, and UbQ-IkB.
The results are shown in Table 1. Arrows pointing upwardly indicate an
increase in the parameter, while arrows pointing downwardly indicate a
decrease in the parameter.

Table 1. Expression Changes Due to Live or Inactivated LGG
20 Supplementation.

IL-8 | NFkB Translocation | kB | UbQ-1kB
Flagellin alone 1 T 3 T
Live LGG- l l T )
Inactivated LGG ) l i 3 1

[000106] 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 downregulated in the presence of both live and inactivated
25 LGG. In addition, cells stimulated by Flagellin showed NFkB nuclear
translocation, which was prevented by both live and inactivated LGG.
Flagellin decreased IkB production, but this effect was reversed by both
live and inactivated LGG pretreatment (p<0.05). Flagellin and live LGG
increased UbQ-IkB (p<0.05), while inactivated LGG decreased UbQ-lkB.
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(0001061 As shown in Tabie 1, :,:agen induced a sqniticant increase
inintestinal ,:pithelial coiiular IL-S production (0<0.05), ;L-8
production was siqgnicantiy downregulated in the presence of both live
and i nact i wat2ee/8&k0G in addition, cells stinulated byoragebisiosszio
showed NEkB nucl ear

[000107] This example illustrates that both live and inactivated LGG are
effective in decreasing the production of IL-8, a pro-inflammatory cytokiné,
and thereby have an anti-inflammatory effect. Because Flagellin and live
LGG increased UbQ-1kB, but inactivated LGG decreased UbQ-IkB,

5 inactivated LGG likely operates through a mechanism that prevents the
ubiquitination of kB, while live LGG likely does not. Thus, this example
further illustrates that live and inactived LGG likely operate through
different mechanisms and may have synergistic effects when administered
together.

10 [000108] 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 ilinesses.

[000109])

15

The discussion of the

references herein is intended merely to summarize the assertions made

20 by their authors and no admission is made that any reference constitutes
prior art. Applicants reserve the right to challenge the accuracy and
pertinence of the cited references
[000110] These and other modifications and variations to the present
invention may be practiced by those of ordinary skill in the art, without

25 departing from the scope of the present invention, which is more
particularly set forth in the appended claims. In addition, it should be
understood that aspects of the various embodiments may be interchanged
both in whole or in part. Furthermore, those of ordinary skill in the art will
appreciate that the foregoing description is by way of example only, and is

30 not intended to limit the invention so further described in such appended
claims. Therefore, the spirit and scope of the appended claims should not
be limited to the description of the preferred versions contained therein.
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transl ocation, which was prevented by both [ive and inactivated LOG
Fgein de. att.:NA:Ft, ikE production, but this ene Cot was reversed
by both live and inactivated 1G6 pretreatnent (p<0,05), Fiageflin and
live LOG increased UbCl- 1kB (p<0.05), while inactivated LOG decreased
LteQ i kB, [000107] This exanple illustrates that both Iive and
i nactivated LOG are effective in decreasing the production of IL-8, a
pro-inflanagkﬁhgicytokine, and t hereby have an anti-inflammatory
ef fect Becalse ageltin and live LOG increased UbCk-IkB, but
i nacti vat ed decreased Li bi.C2-1kB,. i nactivated. LOG | i kely operates
t hrough a rrehﬁ%f“é%“f’ﬂajt“”ﬂﬁ’%%}té‘?ﬂ for Py BBV HE hﬁ‘iti“&rﬁ’r&?‘f“ﬁl{‘ﬁéﬁ“gﬁi}cl e
live LOG |'i kelfan@Qeisnmok chilhstSnfahhltSmpxaaipinectivdied TREobhdilad mmak@ssitshat
l'ive and inactived LOG |ikely operate through differept nmechani sns

g

h
and may have G@Wé\nmptef&mi&wrm%beéwﬁ@m?we%@dlth8 &¢lhequivalents per
10[ 000108] TQ? bpa;e@ag{u \Pg?ﬁ?%%fiﬁ&til@ﬁ‘éd g‘a‘ftﬂb&%ﬁ%&;ﬂn&% U56.

i nflammation 'n t'he asma, an ungs, t he present
invention may be used to inprove the inflammtory condition, it may

al so prevent .t onset of del eteeripus. ipfecti.ons or illnesses.
0001667 |15 he e ioaflse ipElife ofdfio LBRtR IRaMoupl SRR Aieg
merely to sump@bbzellsheoasses GEBsuiadet 20pvidaebtivean t A’ an@nd 0ell
adm ssion is made that any reference constitutes prior art.
Appl i cant s r 88BYaIts P keivgAY Weshtrdid¥nge the accuracy and pertinence
of the cited references [000110] These and ot her nodifications and
variations to the present invention may be practiced by those of

ordi nary ski Bl The nuhigicapkcomgiosiionpf dBide parhithmrtheomnhisscydeasoéne diker

pr esent inveﬂk&%ﬂﬁew@jcgiés nore particularly set forth in the
appended cl ai 1rs. |ﬁ‘hgﬁ| i'on, it should be understood that aspects of

the various enbodi nents may be interchanged both in whole or in part.

Furthernore, thgose of ordinary skill in the art will appreciate that
the foregoi ng désaripionalfompopyionalclaim b é‘r@ﬁ‘l PORiHEs ?tgeaSt one

viable probiotic.

5. The nutritional composition of claim 4, wherein the viable probiotic comprises

viable Lactobacillus rhamnosus GG.

6. The nutritional composition of claim 1 for use in treating or preventing systemic

inflammation in formula fed infants which further comprises at least one prebiotic.

7. The nutritional composition of claim 1, which further comprises at least one long-

chain polyunsaturated fatty acid.
8. The nutritional composition of claim 7, wherein the long-chain polyunsaturated
fatty acid is selected from the group consisting of DHA, ARA and combinations

thereof.

9. The nutritional composition of claim 8, which comprises an infant formula.
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30not intended to limt the invention so further described in such
appended cl ains. Therefore, the spirit and scope of the appended
clains should not be limted to the description of the preferred
ver si ons contai ned therein. . Anutritional conposition Ka use In
prevenl :ng, treating or reducing systemc inflammation in a child or
infant, eonpris 1g inactivated Lactobacillus rhamlosus GC in an
anount effectj to.provide, bet,we 104 an 101 cel ui val ents
per kg body \t%%?{gﬁ?t"?b@F tl‘(’laé%/flé‘?c?qbﬂg‘z@f '\1/1%( e”g‘vlffagpé%)é%elr?q?g kqgfu?% cus
CC, 2. The nutitibhal oo@positiutplos plevemingf trekiag 6t fedusifgsBiemit hflaaimativh iof
i nacti vated Lac bac%llu?ﬁrhannacus, is sufficient to grovide

bet ween 1x108HteRIanp e the Uirjiand rowPpaHokePBRITSS Wer'gitedper day,
3. The nutri vhQoRcilbR RO dskOG®n M dMdunt ¥WRicEile IdPrblide betGRBP1 & RESn@t
| east one o inactivated PFObIOtIe, 4. The nutritional conposition
owhi ch furt héxlOcombraquivelents peekgbrdywapt@epdayifondcsvated Lacrpfencillus
nutritional ﬁﬁﬁﬂgﬁktb of claim4, wherein the viable probiotie
conprises viable Lactobacillus rhamosus: GO. 6. The nutritional
conposition of claiml for use in treating or preventing systemc
inflammation jn . formula fed infants which further ris at | east
one. prebi ot 1 &1 Ty S Bk Rh. B he ABiogtcitohashueE Pt T hproves
Thrt her conpGiGsiesufficich€@$roadebdt@dér chaf EhchllY)ﬂééipéqﬁ[@Ieﬂfé gefkb Yodei d.
8. The nutritional conposition of clam 7, wherein the |ong-chain

pol yunsat ur atV8@htR&rd9y-aci d is selected fromthe group consisting of
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