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PRODUCT CONTAI NI NG | NACTI VATED PROBI OTl C FOR CHI LDREN
OR | NFANTS CRCSS- REFERENCE TO RELATED PATENTS AND

Non- Provi si onal Patent Application and clains the
priority benefit of U S. Provisional Patent
Application Serial No. 60/904,122, filed February 28,
2007, which is incorporated by reference herein inits
entirety. BACKGROUND OF THE I NVENTION (1) Field of the
I nvention [0001] The present invention relates
gener@luty doeTanpn® dysdTreomb arrvengr @nebrTetimaE R | 1nzhing
at |east one inactivated probiotic. (2) Description of
the Related Art [0002] The inflammatory response is an
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anti gen chal |l enge em cal or traumatic
damage. Localized inflanmmation is contained in a
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r es PEIFELN;E e not appropriately regulated. In this
situation, the BEADKGROONDEDR VHRIMYERTION: | Mune

syst(ﬁm Cﬁ&fﬁ%?th%a}ﬁ'@e%f‘ﬁ Igo its own tissue by treating
heal is infected or abnornal.
Al t @Qﬂal i vdihg, pres‘entsheafrmm selatas genenally,to alpeodunt doabteimingr vy
res t t he threat
caugﬁﬂgﬁf@mtﬁﬁﬁf& !e%;]o% EREQSJaOeg;brX\@ &n:t he inflamuatory
r es fAins eDeseriptiom o ¢lated&mage to the body than the
age sel r
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' mmﬁﬁbﬁgisclﬁblu@ﬁﬂ rddRbS 2 RWBHISY hehOHAQRRFESand
comuni cati on ween specific i mmune cell
popmogp] onyth;Q th@ [pfammatory 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
tissue by treating healthy tissue as if it is infected or abnormal.
Alternatively, if there is an injury, the inflammateory 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.

[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 immunological and inflammatory responses



of cell types produce cytokines during inflammtory
reactions, including neutrophils, nonocytes, and
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cyt oki nes generated at inflammatory sites influence
the inflamuatory response. If a pro inflammtory
response i s not successfully countered by
anti-inflammatory cytoki nes, however, uncontrolled
system c inflammtion can occur. [0006] In contrast to
| ocalized inflammtion, systemc inflammtion is
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[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 between three and six
infections during that year alone. About 8% of infants less than one year
of age are hospitalized for lower respiratory tract infections each year in
the United States alone.
{0008] Respiratory infections and their symptoms can range from mild
to severe, depending on the type of virus and the location of the infection.
Upper respiratory infections often manifest themseives as common colds,
causing inflammation and swelling of the lining of the nose, throat and
sinuses. Influenza, commonly known as the flu, is a highly contagious
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sinuses. Influenza, commonly known as the flu, is a
hi ghly contagi ousvira! infection of the upper

chills, headache, nuscle aches, dizziness, cough, sore

throat, runny nose, nausea and di arrhea. Another upper

respiratory infection, croup, causes a very deep cough

and varying degrees of breathing difficulty, primarily

when inhaling [0009] Lower respiratory infections are

general |y considered nore serious than upper
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Bronchitis is a |lower réspiratory infection that
af f 80P E%YHk bronchi al tubes, causing narrow ng and
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by an'i'n
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.
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
for infants is pneumonia. Pneumonia is caused by an infection in the
alveoli, causing them to become filled with fluid, often of a thick purulent

nature, that interferes with proper exchange of carbon dioxide. The
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pneunonia wil! depend on the anpbunt of lung tissue

i nvol ved [ 0001 3} Mbst upper and Sower respiratory

i nfections are caused by viruses for which no specific
prevention or treatnment is currently avail able Sone
respiratory infections, including influenza, may be
prevented with a vacci nati on However, even when
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[00016] AOM can be caused by viruses or bacteria. The most common
bacterial strains that cause AOM are Strepfococcus pneumoniae (35% of
cases), Haemophilus influenzae (30% of cases) and Moraxella catarrhalis
(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 written for AOM than for any other
disease in infancy.
[00017] 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 welf known that
the mucosal surface of the intestinal tract is colonized by an enormously
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depends on the bal ance of individual mcroorgani sns
that colonize the intestinal |unmen at any particular
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intestinal tract is colonized by an enornouslyl arge,
conpl ex, and dynam c collection of m croorgani sns. The
conposition of the intestinal mcroflora varies al ong
the digestive tract as well as in different

m cro-habitats, such as the epithelial nucus |ayer

the deep nmucus | ayer of the crypts, and the surface of
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mcro ora ‘and e di verse | On
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t he Report on the Danone npos .
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in tsBvegithe igtestine microfiors apg s Kversaaanylatiop ef ealls in

Pat hqgﬁmer:mm&eeban@x e &1, FnPifb fihe Bhl ak M RIE BR
Intestinal Epithelial Cell/Leucocyte

Res%JLﬂ béf )
OGP hepiarion §f P9 ast Repgl Re e Rgnene Sigiresiym
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Epithelial CefllLeucocyte Co-Cultures, GUT 47:79 (2000); Walker, W.A,,
Role of Nutrients and Bacterial Colonization in the Development of
Intestinal Host Defense, J. Pediatr. Gastroenterol. Nutr. 30:82 (2000).
Additionally, the gut microflora has been shown to elicit specific immune
responses at both a local and systemic level in adults. Isolauri, E., ef al.,
Probiotics: Effects on Immunity, Am. J. Clin. Nutr. 73:4448-50S (2001).
[00019] The gut microflora in infants is known to 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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Probiotics: Effects on Inmmunity, Am J. din. Nutr.
73:444S-50S (2001). [00019] The gut mcroflora in

an adult. Wiile the mcroflora of the adult human
consi sts of nore than 1013 m croorgani sns and nearly
500 species, sone beingharnful and sone bei ng
beneficial, the mcroflora of an infant contains onty
a fraction of those mcroorgani sns, both in absolute
nunber but al so species diversity. Infants are born

W t hafmf&il 8Fd écﬁn@b’émg Beerigigm tHerrﬁlcrtorﬂbx%saflaﬂaAfaﬁtlceh@mfsr om
the birth canal, their initial environnment, and what

t heyPT¥yERGIORAE GsR MigRePTgRITSTE. KPP GPSCIS FHMReN ki aisg

ver )‘sp'ééléi leé@lt}} rlm%ﬂfsl afe BS@ﬂﬂihad stéﬂ;ié Qut, blit aoauieé ih&Rtinal
he i nf ant to maintain

di ff
el 105 BB AIehitE Conl i Ba iR oAt ST iesingest
bactBychase thBgat mecﬂmermpmaaorablvbrytmstﬁbaet ineatymagratal

system,to n n || 020, S, es ec al |

ol 1 it 0'%33%"9#8‘?&8[%3?%6”%#%&@3‘1’@ 'th:‘-‘HF%ﬁ tapnce”

bal aroeeeduaril a;lnfb@efé;alrtmtees thed mwelating b dbiliot erthel
a formul a-fed and breast-fed

Spec e%n Q stt g cgfﬂm onno IE
i nf ARFUNS RSP Sp1UnGY rbr}érgg fed infants contains
pr ec[atmzo;antlt ip eBpddialg bt fordonmurd-feld ifantepd oaintatithisand

b
contPAES Codip FF ahERPGFEDRRER PR LB GoBpa e pu o
nor e fdinméa-fael, anddmé axtfiednigfaBl. f Theoiband bEpieash fadhdhfants

Bac kS A5 @mMEhL eAb% T SR X AARRE, BREC! €5,

St aphy ccus I'a col di a The
var ilgdiodpritises lesis dBmmathadsatribetorainmicantrdse tee tmir@‘kooﬁ of

br e%‘ér?nu‘iaegd ?rﬂé‘ntg%r ead\f ?& b&itéu%g Eé?féfo‘i)g& A
vari et ctor cause for

t he Eiﬂcwcyd@rﬂs wallas! the n@reapaihogﬂn@mcﬁaostawlococcus
f o r RerichR dof fa‘ﬁﬁtéosthrﬂ? | ik \'}E-Qzeﬁ Hfed; Q%Q@fr Biﬁéy@%ﬁgﬁurﬁ hd

rent conposition of proteins in

| ovvéh'e SEGE phiafﬁa%t fe@nm@f@rmulwfmmtwm astwedl. |Aavagiety of
var iggdidrs %vé’lbé&x%éﬁ&'&@%b %Scauee R RNk ek feBf1Hora of

nunmer ous hunoral and cel lul ar nedi ators of 1 mmunol ogi c

f unéfgashfedpng ferasde-fed|infantagpdlyding thedeweycontepk ai ot i ¢

Bactggfeléht b@m&bﬁt&tdf rd?éiﬁgmmafn%;xkl AW phodphorus
Comment ary th Commi ttee on Nutrition,

e .
Pedicgptent '@55‘?‘?6 m"Nutf‘? larg;egvag@g of PAIQsAREhapiem . hu["@OG’?Eﬁ]
Bec ang @uibeuBihgimofdl @ﬁ@cé’lﬁlaﬂ‘ ﬁfem:hk@s Eﬁ%muﬁoﬂigtcﬁu;hcﬁloﬁ th

g? Is&}{ﬁbl f m@ﬂ d%gt’oge n? r{pfg:gncoéactena if(i] %rgg‘e caFr’rE)cliL%t f%} ein
infants: A Commentary by the ESPGHAN Committee on Nutrition, J.
Pediair. Gastro. Nufr. 38:365-374 (Apr. 2004).
[00021] Because the microflora of formula-fed infants is so unstable
and the gut microflora largely participate in stimulation of gut immunity,
formuta-fed infants are more likely to develop inflammatory ilinesses.
Many of the major illnesses that affect infants, including chronic lung
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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formula-fed infants are nore likely to devel op
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periventricul ar | eukomal aci a, neonatal neningitis,
neonatal hepatitis, sepsis, and necroti zing
enterocolitis are inflammtory in nature. Dependi ng on
the particul ar di sease, the acconpanying inflammation
canoccur in a specific organ, such as the lung, brain,
liver or intestine, or the inflamuation can truly be
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Th eS'@ﬂWﬁﬁ’ﬂs Paeft@'”hPrSCém@ﬁfW dhinfepisare gften plpced |mmedlateiy

br oaglo IRAfL ihsLBa iy, Imﬂea:.t thep rentih GRexibbdd 6 YETBLSRal
bacteria that atte to colonize the infant's

i nt PSPHIAEGNStte #bich aﬁl?élﬂﬁh' a1 ANt weidd pormafhy pe gxpased.

of t Ehig YAk 6§£‘ﬁ6¥ hﬁasm%uﬂét c@[bnlz@fs&ﬂﬁrof:é%fsmrhése ihfihker
t han not her' t hese factors. rrad%'ecause

t he %f%ﬁ'éﬂf’ﬂ%“ tj%ﬂteqﬁ’@? BroRgRe Y IMyBRIBINES iR dder 1y,
t husommissaIdbaeterip et b iitb BGohiké thetiffasal iRREMGI tract.

SyStA%ré}tE%neiﬂm Jhgmgn?snare often nourished by means of an infant
formula, rather than mother’s milk. Each of these factors may cause the
infant's gut microfiora 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
living microorganisms that exert beneficial effects on the health of the
host. Fuller, R. Probiotics in Man and Animals, J. Appl. Bacteriol. 66: 365-
78 (1989).
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col oni zati on with beneficial mcroorganisns. Probiotic
bacteria are living mcroorgani sns that exert
beneficial effects on the health of the host. Fuller,
R Probiotics in Man and Aninmals, J . Appl BacteriolL
66: 365- 78 (1989).[00025] Wile viable probiotic
bacteria nmay be effective in normalizing the gut
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pr e@btiaisdicateamt isimunv suppudsded patienés? Hostavadoied i dE8: 66—
non- \éITEE% I)]suppl enent that may treat or prevent

system c 1nflammati on A non-viable alternative to
act i[0e0as] vitads| for mrmMqupwssseQwatﬁaueoraﬁdmatm'mtfants it

en%vduédsbestli's%tﬁul?é r%v:d %91%5 v?a@ﬁé g%pbfeﬁw%n%ur egy %ad\qrabl €

robiotics are S nSI
and preisat $yptastio mﬂalmtr@twrefa‘\|ng&wable@!tematma tntagtive or wabie

Vi agiréﬂaét)és gﬁ‘{/ B&tué&?ﬁ&we‘ﬁfs%%‘%f Q%PeF Qf‘eifﬁﬁé"‘ I Acibfe

|1 C Otl clsre
non-fv m le@r%hl@t@ﬁﬁéﬁ sepsitive tq hegs rw%reoenctkghmmﬁddeaﬂy

cir Csmns %E réfhgerafee%@ ﬁatda.m.abﬁyr 084 Rlth %sélaﬁécmwng
provid product havi ng  onger shelf-1Ii

pr od%%h%fdm ofa Wé'ﬁa'tpéomt&'% r%a}w@w sheyt. r%gp%ﬁt@b@f t he
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non-vi abi e alternative to praobiotics

addidAsald F&FOW%%PHJ@”P%@&”&%R”Q?F Sh%fr'g? aE'i‘GF BiRduftcRuld
ot harerf OEIsEBIRO ALREBNS SLIRE WaTd Wah SR RéRflY amanam@

¢ hangf?tgerla ont hﬁ? ng)na-\sntagie aﬁteer)lslgtll'lvreeto prot:m:mfcsr 335‘19 agg |t|onaliy

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 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
[00027] Briefly, therefore, the present invention is directed to a novel
product comprising at least one inactivated probiotic wherein the probiotic

in non-viable but the cellular components of the inactivated probiotic retain
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adm ni stration of inactivated probiotics SUMWARY OF
THE | NVENTI ON [ 00027] Briefly, therefore, the present
invention is directed to a novel product conprising at
| east one inactivated probiotic wherein the probiotic
in non-viable but the cellular conponents of the

i nactivated probiotic retainthe same or simlar

bl ol pgksmk of SAnhd N@Io@bélfréei?:&liz@&ttrﬂ;%tés'%@&!@os%fof&m:é@!@bﬂ e
non-inactivated cells of the probiotic. [00028] in

ot hé?O”éH‘l‘ﬁ'H?tﬁ%ﬁ?”s? Of {RPTPRO¥ht i on is directed to a

met fodoZ¥] UhidtietichthodR®n®, tHEDRRnticaRdird@b et & hieBioasf of
t.cs for the sane .or siml.ar bhiol ical reactive

pr obi
bené#'i?f'gg ge PTHBOrG IngRikated Stlr"’?‘%c’fpﬂ’%bé‘?tﬁ?l? ”[‘%%ﬂ%j“ I n
ot hedi mﬂﬁfbﬂﬁhd‘@ﬂta&ctnﬁeﬁ&nbﬂ‘de@itheﬂﬂabléordlc\jré@@dtﬁcdict oa
r treating, .prevepti.n reduci ng systemi.c
T anBfo3es Jhiolits e bonFieRiin Rt B & Thar Ak & ekl
met hegitie r]ﬁueﬁtlﬁggoﬂddiﬁdiﬂgﬁdyetepﬁgaﬁdmrtrh@nsw d@amaation
t her.ap ve. anount.

ot Bt e ethed SRR e b SR | o
Vi attherapeuticallyssfizsfeldmdunt ot atdssst org inpetesied tprotiptior

ey OB B S BRIAY oSSR LPHO o' LR O

in a su ] ect er e
i nveaaduany sush distetcenhdion r@pmﬁbtyowﬂahmattoneraa ispigjgect.

pre"[ﬁb“(%doﬁ‘g R tﬁe?%%%b&s%e%%sﬁerlﬁ}eﬂ{ ik %&%é&%n{oﬁ &

subj rrsin mnisterin
su b j tesating preven%rmeozrtre@wmgyreemrram inflamenatiomin aﬁubmct theast

One thé c?bé’ r%%gpémﬁl%hﬁ m@&%& tgqﬁergﬁé?.mbﬁﬂz'e%ebtﬂle

ts via ormils use or Su treat
pr eeamaunhef aleastenginagiveies ;@ircrbmtt@r\yharﬁiﬁltmmo@wm s a

subj et fo[‘rg Otk ul kdp sgém@§atrﬁabgs}g\»éma§ 8r rebifiGnd Fé&é?%tbr?”

is directe or “reducing or preventingt
syst'@iﬁ"ﬁ“@t@ﬂé’aééu@ﬁﬂone or nore proinflammatory

Cyt qbdtRs ah oRRReBRICLARRNINR i@éﬁil&ﬁg dirb&18d 14 RRfhod for
conprising admnistering to the subject a

t hermBPanG & Rravening e sy @“ﬁr‘fﬁ‘é?ﬁe Frnger MeEPone

| na%ﬂa‘s‘rﬂﬁﬁ@ry&kfbh!n@& bEcHMYRPeE |r\| Qs@]é@rthé frikrdd compnsmg
nmbodj nent vention is ted to a neth

t r e AATHYSIERALPdRR PYRIED P ‘W%ﬁﬁ%ﬁt‘%'yﬁgﬂf%a@wﬁ? ‘Pféﬁi?éﬁ on

I N @ne inactivated probiotic.
[00032] In a particular embodiment, the invention is directed to a
method for treating, preventing or reducing systemic inflammation in a
subject, the method comprising administering o the subject a
therapeutically effective amount of at least one inactivated probiotic in
combination with at least one long chain polyunsaturated fatty acid
{(LCPUFA) and/or at least one viable probiotic. In particular embodiments,
the LCPUFA may be docosahexaenoic acid (DHA) or arachidonic acid
(ARA).
[00033] Among the several advantages found to be achieved by the

present invention, it can reduce or prevent systemic or respiratory
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subj ect, the nethod conprising admnistering to the
subject a therapeutically effective anount of at | east

one | ong chain polyunsaturated fatty acid (LCPUFA)
and/ or at |east one viable probiotic in particular
enbodi nents, the LCPUFA may be docosahexaenoi c acid
(DHA) or arachidonic acid (ARA) [00033] Anong the
several advantages found to be achieved by the present
invention, it can reduce or prevent systemc or
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cyt okl ne an 11014
Y L heBRinl ind e ans LBl Ae CNELY S B

( G?@éfh({é)j drevgdre. (G%/K@He%esmmelmmt mmtsmmalyebeusedi

to i, gﬁ?r?r?ﬁ efhg(?nfi Hnléé?g:g%f)% %ncqrﬂl%yt&?o e%rF\'/etnt YL

prev onse errous™in Ions ~or
f 1| nestapuBRIfERHoDESTRIEBIEsON OF THE DRAW NGS [ 00034]

For a or e corpl et Be4pif AL I SRARRNES esen

i nvention, referénce 1s now nade to th | ow ng
des d0oq3] e completmiindecstarslingnesttie prasent lnventlon

acc Qgi?féﬁé% %9?63\5 AMOYShe dp%%g]degér Hbifs t%kébrl ih ‘éﬁ@ﬁﬁéﬂ%ﬁ

t he active and Ina |va probi ot cs on
cyt okihike perpoadyingdemigri | chenoat t ractant-1 (ClI NG 1)

pmb@lﬁs r ‘ﬂ 5'1‘?|Ths’cr%\e£ FH% %ffe\é%f ééﬁvé“&w‘%ﬂééﬁ(?ﬁeb If%ﬁ S

nosor bent assay I nact 1 vat ed Lacto

r harﬁﬁd’é’%'n%‘%weu@rﬁhéﬁm%ﬁf%ﬂ%ﬂﬁddﬂ Niaf H&?Pt'de
pr Ol?ir&ﬂdcﬁon iShd Wé?l.l&ﬁg% @&g%ﬁ%&éé—%un&sgggﬁﬁissgy R1TEA)

illustrates the ef active and inactivated
pr oBnastivaigd baciehaqiiig ”ﬁé’ﬁloﬁ'd%GEr(b@@stﬁrbﬁi‘emﬁ*a@{ IRaftyated
usi g,gotﬁé{jcsggmésva@ém_d@ is | abel ed as "heat-LGG

[ 0003 ure illustrates the effect of active and
i nad®9 igire Billksirates Hie efesical Achwprnddeagivaad erobikcs n

t he dnumlcms EWidEblodhctionas bia¥mbeding EeisA InghRbed L&B is
"heat - LGG' 0003(%/ Figure 4 illustrates the effect of

act RSP PRAUGG at ed probi oti cs

[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-related oncogene (GRO/KC} production in the liver using a
cytokine multiplex assay. |nactivated LGG is labeled as *heat-LGG”,
[00039] Figure 5 illustrates the effect of active and inactivated probiotics
on GRO/KC production in the lung using a cytokine mulfiplex assay.
Inactivated 1.GG is labeled as “heat-LGG".
[00040] Figure 6 illustrates the effect of active and inactivated probiotics
on interleukin-13 (IL-1B) fevels in the liver using a cyiokine muitiplex assay.
Inactivated LGG is labeled as “heat-LGG".

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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the effect of active and inactivated probiotics on
GRO KC production in the lung using a cytokine

mul tipl ex assay Inactivated LGG is | abel ed as
"heat-LGG' [00040] Figure 6 illustrates the effect of
active and inactivated probiotics on interleukin-1 b
(IL-2 ) levels in the liver using a cytokine mul ti pl ex

assauodyACct Ryaicnte h&¥withd MBed Rdicas to tr%aémdments of the
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det aé)darrtpﬁa it beoveiebodl w&g (11 sxplénafza:eoﬁ tAY @B A, n@REintHation
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i nventibonmoditdatiand amd Wahﬂm azih bbhﬁad?yeﬁmrefent{m?fﬁht&?t ,
it w a arent,.to those s e | Nn. ar a
var eloub GsRRRE TEM ik Satet G SpPED thbvelliohs Eofintiahs

t he fpatesmritusiratee ot dmnkmct feopdrt ofeypa ehibodinfeng wah be usedpe

i I I ud?} EHO‘ihe? hgmiegt Ooo A SF Pfunh&S%%%%%e f eat ures

I at ed or escrl arte ot one erbodi ment ,
can [pe043 editos, misc'nmtlaretfedethmdde penénttinveptia cbvarsstuich |

Ut g IR 08 TR ok Lol drielderldhat

t he presen [ on covers such
var metmne @sd theireguiwalents hiOthariobjestsojeetunds arldeasapgientibd

cl a';ﬁ@se@x?ﬂvérﬂ?h F]Lﬁ&iy Iefs%ldQHB?aregnOiSﬁs ﬁgrh%fgliouf; tures

aspects o resent i nvention are disclosed in
OI‘ #etailed dpesuiptian. dhﬁsﬁ‘hbe tiofargapchy era wqr@dary skill in the

descarre b tﬁ@ prels&m'd%chgs.&e.slm%wneﬁgf &% efnbea;meﬂt%r y

skill 1n present discu S|on

des cﬂ’f\!Yp?F%ﬁ f@f '”@Oéﬁi) P%\W"Ué&ﬁ@ohrﬁ%m gspastsof t%ﬂeﬁ@tnot
I Nt ghdRfoms limting the broader aspects of the
present invention [00043] The foll ow ng abbreviations
ar e [QQ4$] hethei fallqwisty ahbaevialisas Are 4sed NREIMOGSE GG

L CPURobbing:- mg}ﬁh&ue@cy USRI ﬁih réhé ﬁtgﬂ{/u ﬁ'ééttﬁ’rateﬁ Rty

Ilpop0|{sacchar|d , |nterle cytoklne

i ndckd ﬁédtpPBﬂﬁqCC'ﬁ?@ﬁo'ét ey H CINC-T eﬁe#*k@mduce

gr O\Mehtrbgﬂhl&héﬂoé)tﬂﬁﬁgﬁnﬁ GF&bfk@AgroeJﬂiwmed briegEne; ELISA,
|nnunosor?ent assa

{1 arf OV BTT GOy AR eheun kTS refsrssArpmmLption-
analpesinterade ohainiraagien; AMOTAHRER of variance; SD, standard

deviation; RMS, rat milk substitute; TLRs, Toli-like receptors; Nuclear
Factor kappa B, NF-kB; EPA, cicosapentacnoic acid; DHA,
docosahexaenoic acid; ARA, arachidonic acid.

[00044] TLRs are a family of vertebrate recognition receptors. They
have evolved as key molecules in innate and adaptive immunity. They
play a crucial role in the recognition of conserved microbial componentis.
An organism’s cell wall components, DNA, and double-stranded RNA are
apparently recognized by different TLRs. These bacteriai-derived
components (whether it be LPC, peptidoglycan or CpG DNA) are natural
TLR Eigandé which retain strong immunomodulatory properties in the
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deviation; RV5, rat mlk substitute, TLRs Toll-Ilike
receptors; Nucl ear Factor kappa Bl NF-kB; EPA,

arachi dopic 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 n the recognition of conserved

m crobi al conponents An organisms cell wal

conponents, DNAland doubl e-stranded RNA are apparently

I eCopRLARbs e ﬁdtﬁcgg%ﬁ%%ngéq&%nég@%ﬁ?chbﬁ&ﬁ@fyb@bFiyq'@l‘,uit\"f?cgn

conmponent s (whet her C, peptidogl ycan “or

DNA)OgP@ bi@ﬁieil?laﬂro"f%rﬂt'?ﬂ @@ﬁ'ﬂga \Xﬁﬁ‘@ﬂ%@'ﬂ%ﬁoﬁ Bt

| MMyRRAAR R toA! @érb{erﬁie%ﬁééﬂllltﬁs Th@ bb&t@ﬁé)%@r%@né?ﬁs FyB@ally act
pat ho eanéqp%onse uences whi | Ca %F}r esul t

f r oANAG? Ma LB IIESRY5F t%ba(%é)fﬁrtf‘ﬁ@ VeSi&Q ue
destsensdd Winthe mteemnmnemédpam@tl on, barrier

per The, terl al onents typjcally act
on Hﬁ@bﬁiﬂ -%/"?e\/t %t‘cr B’?ﬁ?ﬁ% @fvga?é"%ﬁ@ bacteri a
E 88 nﬁedov@snamhsmsﬂﬁ g@jeftsbﬁeﬂeﬁmin&he ﬁmumeaﬂtmmnse
rm" robj otic" act |

Ly adP0A ¢ e iR hatregn s Tar deReibia P Taradstt B,
t he shiealatds m%gitohm b}gftbr icﬂ@glb@bro’ﬁlmgci erm 'r']pr ebi ot i Ic

on ti ood..ingredi ent t timul ates
t he (Bl h AP ettt fha B0 sreRbE I G A B0 | Ac
usedmprevieg nr reneelyingrandideiase atisondgt, oragmptoanel 4 disedseng,
| rrprcgmig remedyi ng a di sease, disorder, or synptom
of a ease or condition. [00048] The term "reduci ng"
mearj80q48] diThertersih “reducangt metns @rdirainish inextetgareeurft00049]
The dteg [ " pr eventing" neans to stop or hinder a

di sea di sorder, or synptom of a di sease or
concl00049h tThedergh psometiag tieans td S008I0} indena disane,

ai 1 SEETRG TRETRRTT ¢ ey pooBaien oy M fofth
" r edR058] orfyeiteieisystemic’,.@s usedbpieinameans idldtingdsor mean

a diaﬁg&ﬁg “Qé'? tpég&w on affecting the group of organs
responsi bl e for carrying oxygen fromthe air to the

bl o d@RASE anhherdernfsorespitgielylinfagtiopapbeaspilatoniithess” mean a
disease or infection affecting the group of organs responsible for carrying
oxygen from the air to the bloodstream and for expelling carbon dioxide.
j00052] The terms “inactivated probiotic” or “inactivated LGG” mean
that the internal metabolic activity or reproductive ability of the probiotic or
LGG organism has been reduced or destroyed. The “inactivated probiotic”
or “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
theirimmunomodulatory properties. As used herein, the term “inactivated”
is synonymous with “non-viable”™.

[00053] The terms “therapeutically effective amount” refer to an amount
that results in an improvement or remediation of the disease, disorder, or
symptoms of the disease or condition.
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[ 00052] The terms "inactivated probiotic" or
"I nactivated LGG' nean that the internal netabolic

LGG organi sm has been reduced or destroyed. The
"inactivated probiotic" or Inactivated LGG', it is
believed still retain, at the cellular level, at |east
a portion their natural TLR ligands which in turn
retain at |east a portion of their imunonodul atory
properties As used herein, the term"inactivated" is

SYNQooUBAYS MeltBrm e s ahG38R o Bétole@hdEnd of the
"therapeutically effective amount” refer to an anount

that37F*b‘§%ﬂkt‘§QPﬁa%W i mprovenent or remediation of the

di ngs 1 diTHRIERH Sinfafit” MEERS 9 BBstRitaliifhitERISRsOthan
condi ti on[ 00054] The term "pretermi neans an i nfant

bor RPR Tfe end of the 37th week of gestati on.

_[ 00@bsdsey her He&érf?ﬁ “chid’ #ans ABRARGEINDehRSENNRS adesii@BOUttthat
|slesthan out The t

ear .. [ 00056 rm
"chief '“QHE%rﬁ§ 'H&ﬁ%ﬂx a%ntshacagﬂeé bgivesp i 29es Qhd
12 weadts! aidb ydems clar uramtner&mmﬁiim@m % child &l bdtdledrsthe
bet ween {ﬂ 9{! about, 1 and 6 years old. In other
emb§AFHEASH a% #33%et wveen the ages of about 7
and [atmsypams led hefeﬁ)()@ﬁ?t]amﬁ\ﬁnﬂasia‘drdnea "ehagnstah@nipsition
" nf n, that sati sf

t he " Epi<CT Mo E RS &ren R Brd A G
sab%rlmmae rhitkr hurran m | k. [00058] In accordance vmfglrﬁ
t he |nv

ot 1BdERE N B8 Dsin T g BRI AL B o

and nmeghduoidr xmmgpa psxbldtsh bavd bdenzidcowaredf Tle product and

ther.ane cg{ gﬁadnsg el Lit‘ﬁ%ifox gf Qﬁ%‘l’:ﬂ)teu ct,ali ﬁécﬁ@ tam%[]ﬁf?t of at

i nacti robiotic an ereo
subjiesst ond lna@twa@d @Mﬁsdacraedtagmlmw@ti@umpm tq Ssudject. ln

| Nf apthe ORI RV RIS RLLGIRNS Lo effectively

e
adm ni ster 1 nactivate robiotics have net substanti al
obs{RMISEE. Areviouseiieplpts to lffegtiveliadenmister inaclivatgdl

r ep?'ﬁéb‘fiﬁlcé Rabe hb &&%‘QWEb?QQleF&'eQ%Sea@H?V inen P.

i nact1 vat ed near 40% of
supsf hserasigdipatin 2 pRBRPIrEaR éHV*ﬁ%aé@(b%?‘ﬂf@?@%e% b@@r e

di arehfA0b 6Pk RhildtePafipRindhtdd wilthRadkaRg et  of
experienced severe diarrhea. Probiotic Bacteria 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 LGG group. /d. at 225. Because diarrhea is largely associated
with inflammation, the Kirjavainen study indicates that inactivated LGG
may actually 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-
inactivated form would induce inflammatory responses and consequently
increase gut permeability.” /d. at 226. In contrast, the present inventors

have developed a novel method for treating or preventing inflammations
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viabl e LGG group. 1d. at 225. Because diarrhea is
| argely associated with inflammtion, the Kirjavainen
study indicates that inactivated LGG may actually
cause gastrointestinal inflammation. In fact, the
study notes, "the heat-inactivation process may cause
denaturation of surface peptides and expression of
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cel l'ullar and nol ecul ar properties and i nduce the sane
or d00AGYhr lbiotheogmbadifmeeﬁcthie\mcﬁi@gbm)bbﬁfp may he abody

of _thenbish 1eNBRSS L Aol AT r—“&%gﬁgbe HihachARLs KRbRA:

prObIOtICO e I nvention nma lotic or
corrtmmhq lorecisiphiirsy Lperaypotris Lkh@!ﬂﬁrfquﬁ Lt ﬁésp@ﬂts L[ 00061]

bedkl tﬁf!aﬁ%&&s Lt Bl ’ﬂagél)::?é%rﬁq_ Pér]%@hz‘&H ¢ may be

er o enus Lact obaci |l us 'For exanple, the
[ nac&aﬁﬁt édh%‘ffﬁiéﬁl&ah fé’gwﬁyf— ehnsonie l—d’ieﬁhﬁ”ﬁﬂ@f f- LPfam‘afum
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rhamimmosus, L casei
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enbé’ﬂf"ﬁ%’ﬁtséﬁ ’QCI‘{é ('3%18@ Fabetie B’Fﬁlﬁi &t P’@Vﬁﬁ]O@eB infantis

Bi f igh) baGhahds e ABbdis HNBRO ADRT®)! BSionddna BBAR A,
DN-173 010, B. aninmalis ssp. lactis (BB-12(r )Y, B.

br eVIGYAKRRY OF B, loBgEY 8BR3®70, B infantis

[00064] As noted, the inactivated probiotic may be B. animalis ssp.
factis (BB-12®), available from Chr. Hansen Biosystems, located in
Milwaukee, WI. BB-12® is a Gram-positive anaerobic rod-shaped
bacterium, which can be found in the large intestines of most mammais,
including humans.

[060065] In still other embodiments, the inactivated probiotic may be
Escherichia coli, Enterococcus faecium, Saccharomyces cerevisiae,
Lactococeus lactis, Bacillus coagulans, Pediococcus pentosaceus,
Pediococeus acidilactici, Streptococcus sanguis, or Streptococcus
thermophilus. In a particular embodiment, the inactivated probiotic may
be E. coli Nissle 1917. In another embodiment, the inactivated probiotic
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BBI, B infantis 35624, B. lactis HNO19 (DR10), B
| ongum BB46, B | ongum BBL, or B | ongum BB536 [ 00064]

ssp lactis (BB-12(r)), available from Chr. Hansen

Bi osystens, |ocated in M| waukee, W. BB-12(r) is a

Gram positive anaerobi c rod-shaped bacterium which

can be found in the large intestines of nbst nmanmal s,
i ncl udi ng humans [00065] In still other enbodi nents,

the inactivated probiotic may be Escherichia coli
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contemleal &b Rehld S:fPROMTEN, B 188G 1B may be

conbination ac Ieves nfend resu

par titiizedaln @ sepatateembodinant rdomitinasinn nﬁ@%é@mndié\ -The

or noy.8, ﬁg&rs of the genus Bifidobacterium and one
|ye nmenbers of the genus Lactobacillus, such as

BB- 10Q06Y1 arid theGethey obtbe mv'emioﬂea therapeaitieally gffective

e”b%mo%mf’m?cég%g&;ﬁuﬁﬁfoh@ ni-ng['F élelﬂ@reldﬁcé&r ) may

be utilized e |1 nventi on,
t hePsgyent $Yé@mf9m§$ﬁ1@étl¢f\/'é aaﬁ*ﬁbl@ﬁt Ofis ameunt |mﬁéttC€UeSF>0nd

Pr ol phtveeh Sbdt 127 WRE 1244 EQI é‘d?ﬁva?e‘ﬂts&?‘é?' Hg Bodf wllgRtv ent

system c inflammtion in a subject This anournt nay
cor Pe5s§hdN eeoHet slekadiragdiibe preseptnangon samiprisgs & |

eqUiadairidttaSioR 8f betBedPEBoUVBHBP End &%109 3¥Il &dquiaRkd T kg
enbodi nent, the present invention conprises

t he
admPRMS WRIght ReH dBV Beehwiihed saiediment.d arﬁaerlwee@%a I
equickmpRsdsth® aimi@tration of about 1x10° cell equivalents per kg body

weight per day. In still another embodiment, the present invention
comprises the administration of about 1x1 0'° cell equivalents per kg body
weight per day.

[0G068] in the present invention, at least one probiotic that has been
inactivated is utilized. Inactivation may occur through any method
currently known in the art or yet to be developed. The inactivation may be
accomplished, for example, via heat treatment, Iyophilization, ultraviolet
light, gamma radiation, pressure, chemical disruption, or mechanical
disruption. For example, the probiotic may be inactivated with heat
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. Alternatively, the
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body wei ght per day In yet another enbodi nent, the
present invention conprises the adm nistration of

day. In still another enbodi ment, the present

i nvention conprises the adm nistration of about 1x
1010 cell equival ents per kg body wei ght per day.
[00068] In the present invention, at |east one
probiotic that has been inactivated is utilized

i nactivation may occur through any nmethod currently
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in a sacchar anot
errb@d'l' ﬁttform%@*tﬁ M@d”ﬁh‘fﬂ@ﬁif@fl cis added to a food
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con”pl’elc safﬁower oil, and the like. The amount of protein typically may vary
from about 1 to about 5 g/100 kcal. Protein sources may be any known or
used in the art, e.g., nonfat milk, whey protein, casein, soy protein,
hydrolyzed protein, amino acids, and the like. The amount of
carbohydrate typically may vary from about 8 to about 12 g/100 kcal.
Carbohydrate sources may be any known or used in the art, e.g., lactose,
glucose, corn syrup solids, maltodexiring, sucrose, starch, rice syrup
solids, and the like.
[00071] Conveniently, commercially available infant formula may be
used. For example, Enfamil®, Enfamil® Premature Formula, Enfamil®
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contain suitable types and anmounts of |ipid,
carbohydrate, protein, vitamns and mnerals. The
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to about 7 g/ 100 kcal. Lipid sources may be any known
or used in the art, e.g., vegetable oils such as palm

oil, soybean oil, palnolein, coconut oil, nmediumchain
triglyceride oil, high oleic sunflower oil, high oleic
safflower oil, and the |like. The anobunt of protein

typically may vary fromabout 1 to about 5 g/ 100 kcal.
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EpeqraipHSs BENe R IEH(P ant AR 2R oetg ooPy 4518 ﬁifﬂf?%v
vi agh aetmn@mebemborﬂ@eauthem@ﬂaapr@buotuw BENEATPRIISE GROWI t h

t he 4 h f
ot by, ot YRRy AR beradh y 8SRTING erbbBiedy e

1x1 Vipble Rrebietnp rhat q%ﬁmfgfsa Apewt ¢ uFfuger k&QO%ngeght
per d4@y. |n another enbodi ment, the viable probiotics

ri se between about 1x1 06 and 1x1 09 cfu per
kg gg@qr;p i'gRPother ergegdiment 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
achieves the desired result. Prebiotics useful in the present invention may
include lactulose, gluco-oligosaccharide, inulin, polydexirose, galacto-
oligosaccharide, fructo-oligosaccharide, isomalto-oligosaccharide,
soybean oligosaccharides, lactosucrose, xylo-oligosacchairde, and gentio-
oligosaccharides.

[00075] In yet another embodiment of the present invention, the infant
formula may contain other active agents such as LCPUFAs. Suitable
LCPUFAs include, but are not limited to, a-linoleic acid, y-linoleic acid,
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In yet another enbodi nent, the viable probiotics may
conprise about 1x1 09 cfu per kg body wei ght per day.
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may conprise about 1x1 010 cfu per kg body wei ght per
day. [00074] I n another enbodi nent of the invention,
the at | east one inactivated probiotic my be conbi ned
with one or nore prebiotics to treat or prevent
systemc or respiratory inflammation in fornul a-fed
infants. Any prebiotic known in the art will be
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contains effective |evels of DHA a

comAIReAmaN), the Fatip dpirem aﬁautr%aw@@ogm?pm I RsecheEficHier b at
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enbakk ratats ab‘outinamresent i nvent| on, this ratio is

fr Orﬂ)(?lﬂ%n i% cgrtatnr? ealgoéll ments of the m\Yenttio %)e Fe]avel of DHA is
between about 0.0% and 1.00% of fatty acids, by weight.
[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
another embodiment, the level of DHA may be about 0.67% by weight. In
yet another embodiment, the level of DHA may be about 0.96% by weight.
In a further embodiment, the level of DHA may be about 1.00% by weight.
[00079] 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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enbodi nent, the ratio is fromabout 2 3 to about 2.1
In one particular enbodinent the ratio is about 2:1.
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ratio is about 1i 5 In other enbodiments, the ratio is
about 1 1 3 1In still other enbodinents, the ratio is
about 1 1 9 In a particular enbodinent, the ratio is
about 1.5 1 In a further enmbodinent, the ratio is
about 1.47:1 . [00077] In certain enbodi nents of the
invention, the |evel of DHA is between about 0 0% and
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[00082] If an infant formula is utilized, the amount of DHA in the infant
formula may vary from about 5 mg/100 kcal to about 80 mg/100 keal. In
one embodiment of the present invention, DHA varies from about 10
mg/100 keal to about 50 mg/100 keal, and in another embodiment, from
about 15 mg/100 keal to about 20 mg/100 keal. in a particular
embaodiment of the present invention, the amount of DHA is about 17
mg/100 kcal.

[00083] If aninfant formula is utilized, the amount of ARA in the infant
formula may vary from about 10 mg/100 kcal to about 100 mg/100 keal. In
one embodiment of the present invention, the amount of ARA varies from
about 15 mg/100 kcal to about 70 mg/100 keal. iIn another embodiment,
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enbodi nent, the anmount varies from about 15 ng per kg
of body wei ght per day to about 90 ng per kg of body
wei ght per day In yet another enbodi nent, the anount
vari es fromabout 20 ng per kg of body wei ght per day
to about 60 ng per kg of body wei ght per day. [00082]
If an snfant fornmula is utilized, the anount of DHA in
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equl va
sanfsioowed fro;ﬂgg gloglmadelt WMapiele sib rﬁHASC@(ﬁ eorfvenahsphathemf
a”‘“f}% to thﬁA el h m%%hﬁ Sth{1ge PIHA RO %

e fornula acing an equiva ent
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utilized e source RA may be any source
knoWm.n the art such as marl ne 0|I fish oil, single
cel |[096d6] qg%n%%%dld&it di thi ?és@ntlih\%'n%n %BQrcEQSf hike.

I n sone I ment and ARA a

and ARA are single cell oils as taught in U.S. Pat. Nos 5,374,567;
5,5650,156; and 5,397,591, the disclosures of which are incorporated
herein in their entirety by reference. However, the present invention is not
fimited to only such oils.

[00087] In one embodiment, a LCPUFA source which contains EPAis
used in combination with at least one inactivated probiotic. In another
embodiment, a LCPUFA source which is substantially free of EPA is used
in combination with at least one inactivated probiotic. For example, in one
embodiment of the present invention, an infant formula containing less
than about 16 mg EPA/100 keal is supplemented with at least one
inactivated probiotic and used in the method of the present invention. In
another embodiment, an infant formula containing less than about 10 mg
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sourced fromthe single cell Martek oil, DHASCO(r), or
vari ations thereof. The DHA and ARA can be in natural

does not result in any substantial deleterious effect
on the infant. Alternatively, the DHA and ARA can be
used in refined form [00086] In an enbodi nent of the
present invention, sources of DHA and ARA are single
cell oils as taught in U S. Pat. Nos. 5, 374, 567;

5, 550, 156; and 5,397,591, the disclosures of which are
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ef f eaé‘f’ge‘g%ﬁ‘gg";%feveBXFQdP‘J@%ﬁ%"l"Hgnt he ubi quitination of

I nhi[b@aas] y KB contrast, w-3 fatty acids such as DHA are thought to impart
anti-inflammatory action through altering the proeduction of pro-
inflammatory, fatty acid-derived, mediators broadly known as eicosanoids.
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 eicosanoids including the 2-series
prostanoids, such as prostaglandins, thromboxanes, and leukotrienes.
[00090] These eicosanoids are known to have a plethora of pro-

inflammatory actions in many ceil types and organs. |t is known that diets
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(I1kB) In a normal cell, 1kB binds nuclear factor-kB
(NFkB) within the cytoplasm When ubiquitination of

the cell, and activates genes that are responsible for
the inflammatory response. It is this specific
interaction and resulting alteration in gene
expression that is thought to be involved in the

nodul ation of inflammtion. It is believed that
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the tl%%éh d;ﬂerentmml chan}éms it is believed that the combination of these
components provides complimentary or synergistic anti-inflammatory
effects.
[00092] In addition, in some embodiments of the invention, at least one
viable probiotic, at least one inactivated probiotic, and at ieast one
LCPUFA are administered in combination. Because viable probiotics,
inactivated probiotics, and LCPUFAs are each believed to operate through
different mechanisms, it is believed that the combination of these
componenis provides complimentary or synergistic effects with regards to

the anti-inflammatory properties of formulations containing these agents.
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antiinflammatory effects in part through interaction
with specific receptors, known as Toll-1like receptors
(TLRs) on the surface of specific immune cells Direct
or indirect interaction between viable probiotics and
these receptors initiates an intracellular signa
transduction cascade that results in the alteration of
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milk fortifier, or any other suitable form. Additionally, if desired, the
inactivated probiotic may be administered to the preterm infant in
combination with DHA, ARA, and/or one or more viable probiotics to
create a potentially synergistic anti-inflammatory effect.

[00087] In an embodiment of the present invention, the inactivated
probiotic reduces 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
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and six years old In yet another enbodinent, the child
may be between the ages of seven and twel ve years ol d

subject is a fornmula-fed infant. I n one enbodi nent,
the infant is fornula-fed frombirth In another

enbodi nent, the infant is breast-fed frombirth until
an age which is ess than one year, and is fornul a-fed
thereafter, at which tinme inactivated probiotic

suppl enent ati on begins [00096] In a particular
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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
been shown to reduce systemic inflammation in formuia-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 inactivated probiotics.

[000101] As will be seen in the examples, inactivated probiofics have
also been shown to significantly reduce IL-8 production, decrease NF-kB
translocation, and increase kB production in the intestinal epithelium. The
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NFkB is a primary transcription factor found in all
cell types which is thought to play an i nportant role

present as a latent, inactive, inhibitory kB
(tkB)-bound conplex in the cytoplasm Wen a cel

recei ves any of a nultitude of extracellular signals,
such as from cytoki nes, bacterial antigens, or free
radi cals, NF-kB rapidly enters the nucl eus and
activates genes that are responsible for the
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%egan on day of"ﬂ%e oq the rat pups. The gastrostomy feeding tubes were

constructed from 24-cm sections of polyethylene tubing that were inserted
into the stomach of the pups. The gastrostomy placement was done under
isoflurane anesthesia. Timer-controlled syringe pumps were connected to
the feeding tubes and were set to feed the rats for the first 20 minutes of
every hour at a weight-dependent flow rate.

[000106] During a 2-day acclimation period, the gastrostomy-fed rat pups
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
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Exanpl e 1 [000104] This exanple illustrates the effect
of inactivated probiotic supplenentation on systemc

WO pfoBamisat i on in fornul a-fed neonatal rat pupsPCL/GR0OBB4717
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used as the probiotic in this exanple. Mterials &
Met hods [ 000105] In two separate experinents,
Sprague-Dawl ey (Taconic, Germantown, NY) infant rats
were random y assigned to four gastrostony feeding
groups with five rats per group: a control group (no
LPS or LG5, an LPS group, an LPS plus viable LGG
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[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).
A one-way analysis of variance between groups (ANOVA)was used to
determine whether a significant difference was presentamong all treatment
groups. The Holm-Sidak method was performed for pairwise comparisons
when the ANOVA was significant at p < 0.05.

Results & Discussion
Growth
[000410] This example illustrates the effect of probiotic administration on

the growth of pups after gastrostomy feeding. The rat pups were weighed
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0.25 and 0.5 ng/ kg/day of LPS via the gastrostony tube
starting 2 days after the initiation of artificial
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days. This dose was determined in pilot studies to
result in occasional shivering, piloerection, and poor
wei ght gain but was not associated with a significant
increase in nortality over a 6-day period. [000108] At
the end of the 6-day treatnent period, the rat pups
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liver by about 75% when compared to the LPS group. Thus, an inactivated
probictic had a significantly greater reducing effect on liver CINC-1 levels
than viable probiotics did, indicating a stronger anti-inflammatory effect.
Similarly, Figure 2 illustrates that CINC-1 levels in the plasma were lower in
the inactivated probiotic group than they were in the viable probictic group.
In the lung, both viable and inactivated probiotics reduced CINC-1 levels to
a similar degree {Fig. 3).
GRO/KC
[000114] As shown in Figures 4 and 5, the cytckine multiplex assay
showed similar reductions in GRO/KC levels in the liver and lungs. The
inactivated probiotic decreased GRO/KC levels to a greater extent than

viable probiotics in the liver, indicating a stronger anti-inflammatory effect
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extracts of whole tissues in the liver, intestine,
pl asma, and | ung Absorbance was determ ned at 450 nm

depved froma |linear standard curve [000112] As shown
in Figures 1 through 3 , ELISA results showed that LPS
increased C'NC-1 levels in the liver, lungs, and

pl asma Bot h viabl e and i nactivated probiotics
decreased LPS-induced CINC-1 production in the |iver
(Fig 1) and plasma (Fig. 2) (p<0 05), and al so showed
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m | kvase@ribied according to the manufacturer's specifications. Standard
curves for each cytokinefchemokine were generated by using the reference
concentrations supplied by the manufaciurers. Raw data {mean fluorescent
intensity) were analyzed by MasterPlex Quantitation Software (MiraiBio,
Inc., Alameda, CA, USA) to obtain concentration values.
[000118] As shown in Figure 6, IL-18 levels in the liver were significantly
higher in gasfrostomy-fed, LPS-treated pups than in control pups. Both
viable and inactivated probiotics significantly blunted the LPS induced
elevation of IL-1B. In fact, inactivated probiotics reduced IL-1 levels to a
greater extent than viable probiotic supplementation did. Inactivated

probictics lowered IL-1B expression {o a level which was similar to that of
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pups. In the lung and plasnma, inactivated probiotics
reduced CINC-1 levels to a | evel which was very
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results show that inactivated probiotics have the
ability to reduce systemc inflammation in a
formula-fed infant to a |l evel which is simlar to, and
in sone cases |lower than, that of a breast-fed infant
Cyt oki nes & Chenoki nes [000117] Vi able and inactivated
probiotics al so reduced cyt oki ne and chenoki ne | evel s
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robi otics reduced |L- level[s to a greater extent
t harﬁxﬁmﬁﬁl @@N@@l%‘!?{e@ a§dmf@*'ﬁﬁtlﬁ ation did. Inactivated
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probj otics. [0001 19] in conclusion, these results
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UV-inactivated LGG and then stimulated by Flagellin showed a significant
{p<0.05) change in IL-8, NFKB nuclear translocation, IkB, and UbQ-IkB.
The resuits 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 Viable or Inactivated Probiotic
Supplementation.

iL-8 | NFKB Translocation | kB | UbQ-kB
Flagellin alone 1 0 . ?
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i nactivated probiotic-treated group and the group
exclusively fed nother's mlk. In several instances,

inflammatory response that is very simlar to that of
the nother's mlk-fed group. Exanple 2 [000120] This
exanple further illustrates the effect of inactivated
probi oti c suppl enentation on inflammation in

formul a-fed neonatal rat pups. In this exanple, LGG

was utilized as the probiotic. [000121] Intestinal
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viable and inactivated probiotics likely operate through different

mechanisms and may have synergistic effects when administered
together.

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

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

references herein is intended merely to summarize the assertions made
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vi abl e and inactivated LGG pretreat nent (p<0.05)

Fiageilin and viable LGG i ncreased UbQ I kB (p<0.05),
waioBaodmact i vat ed LGG decreased UbQ kB. [ 00012di/US100&054717

exanple illustrates that both viable and inactivated

probiotics are effective in decreasing the production

of I1L-8, a pro inflammtory cytokine, and thereby have

an anti-inflamatory effect. Because Flagellin and the

vi abl e probiotic increased UbQ I kB, but the

I nactivated probiotic decreased UbQ |1 kB, inactivated
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t he hedingitedrie & deserntian pEthe prefersretversiprs spntanesiihergin ze
the assertions madeby their authors and no adm ssion
is made that any reference constitutes prior art.
Applicants reserve the right to challenge the accuracy
and pertinence of the cited references [000127] These
and other nodifications and variations to the present
i nvention may be practiced by those of ordinary skill
in the art, without 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
vari ous enbodi ments may be i nterchanged both in whole
or in part. Furthernore, those of ordinary skill in
the art wll
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appreci ate that the foregoing description is by way of
exanple only, and is not intended to limt the

WO p008nod3ah so further described in such appendedr/us2008/054717
clainms. Therefore, the spirit and scope of the
appended cl aims should not be limted to the
description of the preferred versions contained
therein. WHAT IS CLAIMED I'S: 1. A children's or
infant's product conprising at |east one inactivated
probi otic, wherein the product is fornulated to
del i wenntfisamametpeen about 1x1 04 to about 1x1010 cell
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vei ghiimpPigE a @8Mbindtionl ¥R 0P FHéFd mBMbElsaf melgeéﬁb'fr}qher

conprising at | east one viable probiotic .

pr odtﬁ@fObé‘F’”Lt:Sl adrAng or {oee membﬁﬁéfW%QﬂF@S VsBbarterint.s
sel ectedsfr on‘rﬁeh o&ﬁcﬁ'épclgﬁﬂ‘ﬁlwﬂe'réiﬂﬂ'@fpr&ﬂﬂ @b&%dldté@to
rhammosus GG mal | glactis ‘BB 12&r
and 9&9vRsiTieE B gert qﬁté)rug&,ﬁo to about 1x 0° cell equivalents per

body weight per day.

6. The product of claim 1, wherein the product is formudated to
deliver about 1x10° cell equivalents per kg body weight per day.

7. The product of claim 1, further comprising at least one
viable probiotic.

8. The product of claim 7, wherein the viable probiotic is
selected from the group consisting of Lactobacillus rhamnosus GG (LGG),
B. animalis ssp. lactis (BB-12®), and combinations thereof.

9. The product of claim 1, wherein the product further
comprises at least one long-chain polyunsaturated fatty acid (LCPUFA).

10.  The product of claim 9, wherein the LCPUFA is selected
from the group consisting of docosahexaenoic acid (DHA), arachidonic
acid (ARA), and combinations thereof.
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9. The product of claim1, wherein the product further
conprises at | east one |ong-chain pol yunsaturated

wo 2008106¢3 d (LCPUFA). 10. The product of cl ai nP@1/US2008/054717
wherein the LCPUFA is selected fromthe group
consi sting of docosahexaenoic acid (DHA), arachidonic
acid (ARA), and conbinations thereof.11. The product
of claim 10 wherein the ratio of ARA:DHA is between
about 2:3 and about 2 1.

11. The product of claim 10, wherein the ratio of ARA:DHA is
between about 2:3 and about 2:1.
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