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WD 2006/ 121507PCT/ US2006/ 010609 USE OF BOVI NE
LACTOFERRI N I N THE MANUFACTURE OF A MEDI CAMENT FOR
I NHI BI TI NG THE GROMH OF BACTERI A BACKGROUND OF THE

NVENT]I ON_ [ 0001] This application clains the L Of
W&?@?ﬁf{ﬂ@f’ United States 5Provisional Applicd E{l‘)&lﬁ&m&&%og

60/ 677,969 filed May 5, 2005 which is incorporated by
reference herein inits entirety. (1) Field of the

I nvention [0002] The present invention relates
generally to a use of bovine | actoferrin in

t he manuf act ure of | far | ahii 4.

o owlBE PP ABBE LG TORRFERRE THEMARDFAGTAIIE OFFA

Art [QE%EMEWRQNH‘BMNW#HE GROWDOFCBAG‘ITERM ant
is colonized b acterla W|th 6er birth. The

bact eri Um can B& - < N =2 wat er or

‘r@? né%mbﬁ%iénmsftﬁéphémgIb\éhdﬁtaifvrﬁtawtatag the

acteri al at often resjdes

wamwanonabwnampr@ow?aess flsdiMe.b B WhEAIREoTPRRALES
Z%&%Jﬁﬁérgnééhér@fn%%' Yy anaer obi ¢ Gram negative rods.
urfoer o

_ génera w h|nth|sfamly can be
cqnyi ddiield ohthednventipast i nal pat hogens, i ncl udi ng

SapBiRt eaBRavalY Roehfn FREE eferafifft B bPbGne
sactofsrivin thamanfactarieat§ arreedidamentfor h@lblwwgthe growth of

testine of warm bl ooded ani mals. As part of the
ng?eﬁi? &) ora of the hunan intestinal tract, E. coil

pl(tays Dedcrpiic offtbb Related ed di gestion by produci ng

Vi am rom st al .i.n_t.

0B s TraEstragH Fack ot B oot Splo B8 b,

Pehfdtérta Wthh rlh%u@ aﬂdr%ﬁ"th.f'me bacterium can be ingested through
foods or water or can be obtained directly from individuals handling the

infant. One bacterial family that often resides within the human Gl tract is
Enterobacteriaceae, which consists of faculatively anaerobic Gram-
negative rods. A number of genera within this family can be considered
human intestinal pathogens, including Escherichia, Salmonella, Shigella,
and Yersinia. '

[0004] Escherichia coli (E. coli) is one of the main species of bacteria
that resides in the lower intestine of warm-blooded animals. As part of the
normal flora of the human intestinal tract, E. coli plays a crucial role in food
digestion by producing vitamin K from undigested material in the large
intestine. Once established, an E. coli strain may persist in the Gl tract for
months or even years. As long as these bacteria do not acquire genetic
elements encoding for virulence factors, they remain benign commensals.
[0005] There are several subtypes of E. coll, however, that can cause
infections and illnesses of varying severity. For example, classes of E. coli
known as uropathogenic E. cofl (UPEC) can cause urinary tract infections,
the most common extra-intestinal E. cofi infection. E. coli cause about 80
percent of all uncomplicated urinary tract infections, which account for
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25nont hs or even years. As |long as these bacteria do
not acquire genetic el enments encoding for virul ence
factors, they remain benign conmensal s. [0005] There
are several subtypes of E. coil, however, that

n
VRt i ons and i || nesses of varying se\?g}rﬁ’g@".“’m“"g

For exanple, classes of E. coil known as uropathogenic

E. coil (UPEC) can cause urinary tract infections,

30the nost conmon extra-intestinal E. con infection.
coil cause about 80 percent of all unconplicated
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QIH ‘ﬁ fa rt1d infants. [0006] E. coil strains can al so
caueusYPGIBEANS i il

| nesses. For exanple, if E. coil is

t r[@086] c atr: doii Btraink I&an RRoI davBe @the?aliﬁetss{est hFaruganmle, if £.
per f.qr n the intestijne,

P eI REpRBoSted 36 tha Pattpged! Sauly it 3 BRTOation 31 tear in

C e atBStire] it Ray 6B eritdhitid) bgtteRiIyFdtalinfeeion. LB, édiom
bacterl a entering 10the bl oodstream The bacteria are

usean 2l VO CRAYFHERREES apipfgctianaviich seaiiits &rom baciakia sptering
di tﬁb%loddﬁr@ﬁh‘ the%éc?enaséfﬁmsﬁﬁl 5\‘ ﬁ?roﬁhéglﬁ)ito tﬁlé'bibod@fream

lung. There are approxi mat el cases of

s efmm@@meadlp@i infacdipn site.tsyeh Lasslhe lsﬁioev.rﬁiﬂm@r {ungi {Rheraat e

s uﬁgtﬁt tal r esear'cﬁd]g?%%rdt?%lbﬁﬁégn?'rg?%‘) ke% 'ﬁ} he Utsfiiag d
c ohainerality mie remaina betweenz2(hand:50 percsot despite wm&ivstantial
CARBR BB AAISER LRl SAnHaRf s Porcen

aI @‘cﬁe@awma\msesase due to gram negative bacteria such as E. coli.
[0007] Certain virulent strains of E. coli can also cause v\arious
diarrheal diseases. The severity of diarrheal lliness varies considerably
and can be fatal. Even when not fatal, diarrheal disease is one of the
foremost public health problems for infants and children in developing
countries, despite recent advances in understanding of underlying causes
and disease management.
[0008] Diarrhea is a particularly dangerous disease for children and
infants. It is the leading cause of death in children under 5 years of age,
accounting for 3 to 4 million deaths each year worldwide. Muiltiple
episodes of acute diarrhea or persistent diarrhea can also seriously affect
growth, nutritional status and cognition. Steiner, T.S., et al.
Enteroaggregative Escherichia Coli Produce Intestinal Inflammation and
Growth Impairment and Cause Interleukin-8 Release from Intestinal
Epithelial Cells, J. Infect. Dis. 177:88-86 (1998).
[0009] Diarrheagenic E. cofi strains have been divided into at least six
major categories based on their epidemiological and clinical features,
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di arrhea! diseases. The severity of diarrhea! Il ness
varies considerably and can be fatal. Even when not
fatal, diarrheal disease is one of the forenpst public

blems for infants and children in j
ggg%hﬂgﬁ%gs, despite recent advances in unde?§¥§%%ﬁﬁgﬁa”
of underlying causes and di sease nmanagenent.

[0008] Diarrhea is a particul arly dangerous di sease for

children and infants. It is the |eading cause of death
in children under 5 years of age, accounting for 3 to
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i nfl ammati on. 15ElI EC cl gsely reseggéécsgrbgefl a and

cafevelening powrtrige, Unlkedrlerios BleE uce no

recognizable toxins or invasion factors. Another group of E. coli strains
are EHEC, also known as Shiga toxin-producing E. coli (STEC). EHEC
excrete potent verotoxins or Shiga toxins, often causing hemorrhagic
colitis or bloody diarrhea. Lastly, EAEC, which are known for their ability

to attach to tissue culture cells in an aggregative manner, have been
associated with persistent diairhea, especially in developing countries.
[00011] The genus Shigella, also a member of the family
Enterobacteriaceae, is closely related to Escherichia, but is anaerogenic
and unable to ferment lactose. Thus, it is usually discernable from E. coli.
There are four species in the genus: S. dysenteriae, S. flexneri, S. boydii,



10

15

20

25

30

di arrhea in humans. DAEC strains are identified
according to their ability to diffusely adhere to the
surface of a cell. EPEC is the ol dest recogni zed

category of diarrheagenic E. coil and often ¢ S
bvpo%oggjé¥%tery di arrhea! di sease. EPEC is a ngijg’gf‘f’ﬁg’omw
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Calvin, et al., Structural Characterization of a Type-lif Secretion System
Filament Protein in Complex with its Chaperone, Nat. Structural & Mol.
Biol. 12:75-81 (2005).

[00014] The TTSS apparatus consists of two distinct parts: (1) an
elongated, hollow extraceliular structure, often termed the needle, and (2)
a cylindrical base, similar to the flageliar basal body which crosses the two
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cell mcrovilli. Sekiya, K, et at, Supernolecul ar
Structure of the Enteropathogenic Escherichia coil
Type 11l Secretion Systemand its Direct Interaction
with the ESpA-Sheath-like Structure, PNAS

L PYBINT11 643 (2001). The TTSS enabl es t hECT/US2006/010609

pat hogens to inject virulence proteins 25 directly
into the cytoplasm of the eukaryotic host cells they
infect. Yip, Calvin, et at, Structural
Characterization of a Type-I1ll Secretion System

Fi t tein in, Conpl ith it , . Nat .
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( N0 (EsnR)e hetem-pligamerizedniortompleres! vehials forimi pired b the

PQui@njofic tdtGet cell. These pores allows proteins to be injected into the
cytoplasmic compartment of the epithelial cells. EspB and EspD, as well
as the translocated intimin receptor (Tir), are then translocated into the
host cells. it is known that the proper function of EspB is critical for the
successful use of the type three secretory system by the pathogenic
bacteria. By introducing the bacterial proteins into the host cell, the

bacterium forces the cell to cooperate in its own infection. Additionally, as
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25eukaryotic target cell. These pores allows proteins
to be injected into the cytoplasm c conpartnent of the
epithelial cells. EspB and EspD, as well as the

ed intimn receptor (Tir), are then
M‘gﬂé{ﬁgﬁgﬂ%ed into the host cells. 1t is know!StHEEOPA60
proper function of EspB is critical for the successful
use of the type three secretory system by the

pat hogeni ¢ 30bacteria. By introducing the bacteri al
proteins into the host cell, the bacteriumforces the
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be@égcq%g%bﬁ% mkakked brick-1ike". 15[00019] EAEC
pat hogene3| s has t ree stages: (1) adherence to the

i 008191 a|EARC pathopenesishas thiree stagesd paderéncebto the

Al 85050 GG 16 8ehis FEbRETARPF S
adherent factors; (2) Increased production of mucus by the bacteria and
host celi, which is deposited as a mucus blofilm on the surface of the
enterocyte; and (3) an inflammatory response with cytokine releass,
mucosal toxicity and intestinal secretion. Huang, D.B., ef a/.,
Enteroaggregative Escherichia coli: An Emerging Enteric Pathogen, Am. J.
Gastroenterol. 99(2):383-389 (2004). EAEC include many strains of E.
coli, including E. coli 042, 04, O:H10 and 044:H18.
[00020] EAEC strains, associated with persistent diarrhea in young
children, are responsible for about 10% of the cases of diarrhea in
children. In developing countries, EAEC strains are associated with
between 8% and 32% of all acute pediatric diarrhea cases and with 20%
to 30% of all persistent diarrhea. The strains have also been associated
with traveler’s diarrhéa and acquired immunodeficiency syndrome (AIDS)-
associated diarrhea. The duration of EAEC-associated diarrhea cases in



host cell, which is deposited as a nmucus blofilmon
the surface of the enterocyte; and (3) an inflanmtory
response with cytokine rel ease, 20nucosal toxicity and

LNt j.nal secretion. Huang, D.B., et at,

E&éﬁ%&é@?egat ive Escherichia coil: An Errergipﬁamsz'm‘s‘m10'509
Enteric Pathogen, Am J. Gastroenterol. 99(2):383-389
(2004). EAEC include many strains of E. coli,

including E. coil 042, 04, 0:H10 and 044: H18. [00020]
EAEC strains, associated with persistent diarrhea in
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a é’e%{uiegfe}(ing fthél\gxafonmental iron that Is essential for the growth of
pathogenic microorganisms, human lactoferrin effectively inhibits the
growth of those microorganisms.
[00024] It is believed that human lactoferrin can also exert a
bacteriocidal activity due to its direct binding to the microbial membrane.
Human lactoferrin binds to the lipid A portion of lipopolysaccharide (LPS)
on the bacterial cell surface which disrupts the bacterial cell membrane
and alters its permeability. it is speculated that the binding of human
lactofervin to LPS can interfere with type 1l secretory machinery, causing
the secreted proteins to be released and then digested. Ochoa, T.J., et
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[ 00023] Though not w shing to be bound to this or any
theory, it is 20believed that human | actoferrin exerts
a bacteriostatic activity by depriving the
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Es | chi t | 0 . )
O 20 gl e o SRR it on
huimpair the furfction ofithertypatil saasetbnesystem in epertpathogesic £.
ex l,8, L '
r egég}r?rb’?'n lﬁ? %E%S(a%&f%{’ gf Pér réldr?g gh% ngzofg%‘.ﬁlhr?gén?m
huimepail the godvethraf EFEC.kldbwn t o be very simlar in amno
acj u at,jjive h rfi .
pelsogfflc A 20t SyBR boooRtRH 11 TR kB barl hiot
pathecidhesibhaf EPE(Y toddelbmnsélisatNascinmarito dedratjopAn et Alyman
lactoferrin n igpair the funct,ign,of t LI
sobadoBry Syt P Srulork PomRpRa.at umter Mk It o' 1,
st Adiesibrs of Emfbbaﬂibymwscrbgdiia gummaHbgaémﬂs;rBNgc di d
not I npajr t [0 of EPEC. .1d. - 1
ot MisyoBiahdin @aBLy s St fhnotaciores s ALURLST Y
t hRcRAGRA it® hhitit thBgrowh dfiehidroefidrismdlasci nent o de
Araujo, A . et al., Lactoferrin and Free S?fr etfPrCY
CoERd?ﬁth While human \asteferinannears i9have a positive eftect on the
symptoms of diarrheal diseases, some women are unwilling or unable to
breastfeed. As such, it would be useful to provide an alternative to human
milk that would be effective in preventing or eliminating diarrheal
infections. Such an altemative should also be effective in inhibiting the
growth bacterial pathogens that cause diarrheal infections.
SUMMARY OF THE INVENTION
[00028] Briefly, therefore, the present invention is directed to a novel

use of bovine lactoferrin in the manufacture of a medicament for inhibiting
the growth, In a subject, of a bacterial pathogen expressing a type iil
secrefory system. _
[00029] The present invention is also directed to a novel use of bovine
lactoferrin in the manufacture of a medicament for inhibiting the growth of
bacterial pathogens expressing a type 1ll secretory s;(stem in a subject
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15Adhesi on of Enteropat hogenic Escherichia coil to
HeLa Cells, BMC Mcrobiol. 1:25 (2001). This study did
not address the ability of human lactoferrin to

L. bi e growth of m croorganisns. [00027 '
%ﬁgf{zé%’?oferri n appears to have a positiveLg%%@s%lﬂﬁw
the synptons of diarrhea{ di seases, sone wonen are
unwi I ling or unable to 20breastfeed. As such, it would

be useful to provide an alternative to human m |k that
woul d be effective in preventing or elimnating

e ﬁ?firi‘f%v%;ﬂ'f"ﬁ??%%ﬁﬁ%? At e fbo s 550 BV pEeBA pthodert”
haie It secwtaly systhan! InlaeﬁamtembndimeM,\Mda‘éeOF
gr@é?@eqﬁﬁ%%q ?ﬁi&fq‘ggﬁph@?l % l%@ﬁ%‘bg};’ §§Kn JFﬁow ne

I aﬁmgém 'Ydrsihia, Pb@dmmﬁa%pém Escherichiedi cament for
I NNl DI

pal"HBB@ng& g rige 9@%%3&%@3“@6 rdgﬁgﬁfey ta gi%té'ﬁ(ﬁsaé of

[ O8RS 1attferBh HF FRIMARYESILIOSE 4 Medlcameht f? MBitihP tHe
novel use of bovine 30l actoferrin in the manufacture

of a@’ﬁ@@ﬁ%%fmefﬂbpathﬁgﬁf!ﬁ expiesainga @mw [pesreteny eyalemio
paﬁlﬁ}ggﬁi}ﬁeg ?[@é@l ng a type Il secretory systemin a

su and reventing or treating an infection
a[d@@a"by Tﬂ'@(ﬁ"@ﬁlﬁlim@lﬂh@ @e@@'@fﬁﬁbﬂ@ﬁ@d to aypuel|yse of
se %\ﬁﬁé’fa\‘:to‘?é(lﬁh‘?mhe ﬁﬁéﬁ Fﬁﬁﬁﬁiﬁﬁ{éﬁfcrﬁﬁéﬁ? the

ogens can be s roup consisting o
Sapmmmeareleshe gﬁESBB irva bsctnnal pmmempmswgrajtype III

R e e SR

I abaciésalipathagens brpneasing adype Hl sdcretoryesistaanent f or
oo S 38 BIABE Pheh B e oo o

[ nbmne leetofereinlis the] BAOGALUTéof o meslivament Sarrnhibiting the

PP SLob R Rl o B ey Bk A g o

c atreatiry ahinfeutionebuser bebstarmagafedatipBEl bola bact eri al

DRSS RS e B 5845 2yl e e

baricriférin nﬁﬂrtd}ﬂﬁﬁtﬁfac@@bﬁ@ friediathent i inHibiting tHecddleyence

sycs){ gr@eroaggregative E. coli to intestinal cells.
[00034] In addition, the present invention is directed to a novel enteral
formulation or infant formula comprising bovine lactoferrin which has been
isolated from whole mitk and has a low somatic cell count. In certain
embodiments, the enteral formulation further contains casein
glycomacropeptide.
[00035] Among the advantages of the present invention is that it can be
easily supplemented into an enteral composition or infant formula to
prevent the onset of or treat such ilinesses. Alternatively, the medicament
of the present invention can be administered onto the surface of food
products or intermixed with the food products to inhibit the growth of
bacterial pathogens.
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[00032] Further, the present invention is directed to
a novel use of 15 bovine lactoferrin in the
manuf acture of a medi cament for inhibiting the growh

S‘I"e@@‘%ﬁﬁ?ﬁ ggregative £ coll 1n a subject asg%}ujszoﬂaomm

or treating an infection caused b

ent er oaggregative E. coll. [ 00033] The present
invention is also directed to a novel use of bovine
| actoferrin in the manufacture of a nedi canent for
i nhi biting the adherence 20of enteroaggregative E.
coi | tomterkl Q0 t he
present inverr =

f OJOG0BE] | CFFDr@rmDr# mmmﬁmrumﬂemtm ofsihag:rdmnnt irwenﬂon

Iac %Eﬁéékqnﬁfg@ﬁg%ﬁr fgﬁ?mg ate pnégqu{egﬁlﬁ conjunction
ensbi@l@'tﬁ&ﬁ&ﬁ:mﬁdﬁ@a rdrawings or mul ation further contains

C PR LE ooy gHaee e Hagtassiath et oL F o thg erauth

ea.gfiEyEguppl emented into an enteral conposition or
nfant fornula to prevent the onset of or treat such

. | 100938k Fiwnee?r Wastrates {he hacteriostatic aifept of LFionpthe growth

presERECI nvention can be adm nistered onto the surface
of food 30products or interm xed with the food

peroéB]s tidguner Bustrates therbagtariostatis affeet ofLFn hegrawth
'Eg | PTION OF THE DRAW NGS [00036] For a nore

conpl efe under st andi ng of the present Invention,

r efd904AL e Figunechiliustrates thereftect of vasying godesrtratipns ofiel.F

L5 Bl 0 iz he sccommanyng i noe.
_ef [080d1Df FEigEredinllustﬁatga_s thstekffe_m:t obBRiEging [cO003Biatiohg of LR
or SRS BRIk A SEREG 2o T oure 5 111 st rates
t hfﬂﬂﬂdﬂ] erFigatect illostedtéethe affecbofvarying ltongentratibnd ODBLF
VP EI, POBHARR Wbl HOUEE on the i bi tion of
gr [mmhspf Egafe 7 illustrates the effect of saturating concentrations of iron

on the ability of bLF to inhibit the of growth of EPEC.

[00044] Figure 8 illustrates the effect of saturating concentrations of iron

on the ability of bLF to inhibit the of growth of EAEC.

[00045] Figure 9 illustrates the effect of saturating concentrations of iron

on the ability of bLF to inhibit the of growth of Shigella.

[00046] Figure 10 illustrates the effect of various bLF preparations on

the growth inhibition of EPEC.

[00047} Figure 11 illustrates the sffect of various bLF preparations on

the growth inhibition of EAEC.

[00048] Figure 12 illustrates the effect of various bLF preparations on

the growth inhibition of Shigelia.

[00049] Figure 13 lllustrates the adherence of EAEC to HEp-2 cells in

the absence of bL.F.
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[00041] Figure 5 illustrates the effect of varying
concentrations of bLF on the inhibition of growth of
EAEC. 15[ 00042] Figure 6 illustrates the effect of
varving concentrations of bLF on the inhibition of
&%%’PF{ $07shi gel I a. [00043] Figure 7 ill ustr RIEL2HE/010609
effect of saturating concentrations of iron on the
ability of tiLF to inhibit the of growmh of EPEC
[00044] Figure 8 illustrates the effect of saturating
concentrations of iron 20on the ability of bLF to

i np ik t f wt.h . of . EAEC, 45] . Fi 9

: m?@'?b]at ﬁgﬁfﬁe&@ﬂ?s&a"gﬂ‘%ﬁgﬁ? &%Q%go%mlc%ﬁ{e?%qe&f s of
i r EAEQtotHiBp-2alisty of bLF to inhibit the of growth of
shigella. [00046] Fi 10 il | ustrates the effect
ool O R s pterb O oG ReasTIRTaT T
EPESh oR #& a8t ]of BLE S thhibit thk ladBbrente of ERECRlKED-2Qells.

vapious. bLE preparations on the growth inhibition of
EAE@05 bodﬁ@'j"' er t‘glaraed@@ram efitge tvpedy S@ﬁ@t@ﬁ/fs&ﬁﬂe_"bf

vaFomal blifigireePrisal WestsrmBlof FBTHEOMAM hRA'STEC 9669
Shl gel | [00049] Figure 13 illustrates the

a.
adﬁ%ﬂér@@é i fhecpnesence ¢itevinecand human aotaiermiabsence of

oaosifOHBLreIIaRys ol NSRS TS 80330k (HooP ' F

Fi glone and in the presanessofibieyinefansdiundn lsetaienini ng

Fi [Q00$5)6 Reflwie_a'gmawildia rhade irwmailol thecemmiddmgnts of t!*}e

e R b Yot o Rt b e R0F

boexaraplaris provided byawawy bbexplanation of the invention, not a limitation
of the invention. In fact, it will be apparent to those skilled in the art that
various modifications and variations can be made in the present invention
without departing from the scope or spirit of the invention. For instance,
features illustrated or described as part of one embodiment, can be used
on another embodiment to yield a still further embodiment.
[00056] Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended
claims and their equivalents. Other objects, features and aspects of the
present invention are disclosed in or are obvious from the following
detailed description. It is to be understood by one of ordinary skill in the
art that the present discussion is a description of exemplary embodiments
only, and is not intended as limiting the broader aspects of the present
invention.
[00057] The term “probiotic” means a microorganism that exerts
beneficial effects on the health of the host.
[00058] The term “prebiotic”, as used herein, means a non-digestible
food ingredient that stimulates the growth and/or activity of probiotics.
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[00054] Figure 18 is a western blot of STEC TWO 8023
and C600, alone and in the presence of bovine and
hurran | actof errin. 10DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 00055] Reference now wi | |

hi Js“‘f’? Wetail to the enmbodi ments of the |nvé’ﬁ?m§?906’0106“9
one or nore exanples of which are set forth bel ow.
Each exanple is provided by way of explanation of the
invention, not a limtation of the invention. In fact,
it wll be apparent to those skilled in the art that
15 various npdifjcati ns and variati be . made i
RO oS Tartre sbblenC Means a0 emrainel it AR  RUReBo L
OlcefBin'dnibddfimbA8, tHR\GUibjdcP i in lﬁ@éd bhsfcvaaton bewéatment of
iITustrated or described as 8 odi nent ,

L 2 DEC PR DY JEHErOPaRBTaboRe & G L PEPROSDS ||
F Wb nfsg.ng@iaﬁsgem ofHePBRBhdifiHts, thé sulﬁebtrié ARGl sfhat
the pres I nvent1 on covers such 20nodi fi cations and
vamhubmm nEthegrewtheofihactarial pﬁaos%@@mswnﬁba dgpended
@%l&%ﬁ%@n@%ﬁ@é&%{ R in fb5E bf MRIbRDnSof tﬁ@ @Fdwtﬁ%f

aspects I'nvention are discl osed
OrEAER oo isvin oesd fof prevenuon ot reatmegt olaminfastion caused by

d r
STECT I Gt brioBlnferty B SahIBLART, g BF e, I Sbia" v
desabadimbnts, thio s&vb;acpisaarynnmwprtbmsmotmivy human breast
not..intended as limting the broader aspects of the
pr'BS%nt invention. [00057] The term "probiotie neans a

m 00060]9 afThe nernh4hhibiting™ mebresiel detredsee fifnicomsblock thiee

h | t 00058] The t
ea %05'0“82009,85”}%?8@%%]5 a ﬁonetrjlmgestl bl e

30[bood1 I n@ysabledteréih pthedérimittteating” mbangametidratingl/ or
acti vit

pr opj ot i
2008 B OSBOD SROER U RIOREAYMIEm &l fisease or
" sapigftiplh. neans any mammal, preferably a human. In
certain enbodi nents, the subj e IS i

X d of
pri09862k o herterm guementingomegRs %‘ﬁtngtqlr E'H"%gg ﬂéﬁ?aﬁ

Efﬂi&&@aﬁl@r %zﬂnﬁﬁﬁﬁﬁf 8dideass 8F bardition thRflRfSom@astivnal Ng a
In ot her enbodi nents, the subject is in nee

5. mpﬁﬂ i Jinederms efigetiva ameunt FRfeEiolan amayidhatiesults in
@‘i Fhiigkh &F td gro J\dh'@)f I%i’aiﬁd‘g‘éhﬁ:rorﬁm%'df%ﬁlﬁl révgnent or
ject I's Iin née I nhibi'tion of the rovvth of EAEC
or rar@edlaﬂqmstf@ @%q&eed@ﬁfde@rpr@bmmt@% ﬁ%ﬁﬂlS@ﬁsﬁﬁf condition
EAEC. In certain enbodi nents, the

%ect |sac dor infant. I n sone errbodlments t he
s u[;l]OQGG] i sTlmtermf“lafﬂctmn omeaessinvasion by énd enwltipfication et

pathogenic microorganisms in a subject's body, which may produce

subsequent tissue injury and progress to overt disease through a variety of
cellular or toxic mechanisms.

[00065] The terms “somatic cell count” mean a measure of the white
blood cell count in milk.

[00066] The terms “enteral formulation” mean a composition for enteral
administration to a subject, preferably through ingestion.

[00067] As used herein, the term “infant formula” means a composition
that satisfies the nutrient requirements of an infant by being a substitute for

12
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10m | k. [00060] The term "inhibiting" nmeans to

decrease, |imt, or block the gromh or action of one

or mor e organisrrs [ 00061] As used herein, the
term treatlng means aneliorating, inprovin

rEXBWY NG a di sease, disorder, or synptom of g"ef*%‘?%@’é@é“”

or 15condition. [00062] The term "preventing" neans to
stop or hinder a disease, disorder, or synptomof a

di sease or condi ti on through some action. [00063] The
terns "effective anmount” refer to an anount that

[ iz il A0 thd Untbd SRleQltnd BEBHAMIGheaft RAWR%EFE' ©

organi sm or an | npr ovenen
di dmed bghtlse)fendleral regulaimmtsenﬁ)rtbafat&1dtms$ecmbns 100,

condi.t d.b 00064 he, term
P AP oD 167 e WabiAfot SEPe oniaens vitaitin Riral
pathd @amrangrémenuegaa irsam offort fo stimulars the naedivnaldidcéther
subs t tissue injury and progress to
ﬁr(?pe&{j ﬂ!}'"ﬁﬂ % Krariety of 25cellular or toxic
megoms@ Msin eid&@ﬂfaﬁbe Wit thé brasentiBtidh, &Holveie Bt bop(nne

nepa e of the white blood cell count in m!|l
[ o&%%‘?mn@*fhemge manuiaciyrerd aedieanent faeinhibiting the
CogRsthidf Bhidrobadiblifieab ind @que'él ﬁa’§ bé&h diSciverstd] B&Vine
pref erably through ingestion. As used

he fasteferinig aglyaopratein hat bﬁhﬂ%l ta hﬁr‘é@m asmtep@_su tion
t h%n%"ﬁrﬁfahﬁlgsith@ |s’6l*att d ﬁahh Ry rhﬂ’m isﬁf'tpugﬁ saapt

by being a tltute uman m k.
St &P@i’on@'ﬁ@ whevents of an infant fornul a are dict at ed

[40UR0] °CBhcte AERHA IR sBffical dforBhodsbdrubeliine
rra@rrummaeiﬂ sagyendet glymﬁyla'rmmaeuemsmrw mmbmdmgg:apdcub,gm
{ n
ot HEtrep!shaovie)|Bbbierh, "AuMioR, thdfe B PlisbEea -
ac sequeniiabpcessingsteps mhftadmmﬂm’ltsolaﬂon af owred [aotoferdh

%%(&gﬁcﬁg hﬁ%%”'{'ﬂﬂ?'%b‘%’@?aieﬂﬁt he ggiggl{emlcal properties

Envptthelrasulting bovae IactofemsuﬂwpmﬁtndrasHbﬂeh athidboviner ed.

t htédc?tﬁghl 48t Esrszgr'pgcé' g’qﬁ l'ga\)écé)l#err%ge'snmt elr a |F|ties t%%inc? the
lactoferrin receptor found in the human intestine. Specifially, bovine
lactoferrin is known to have a poor ability to bind the lactoferrin receptor of
the human intestine. Bacause human and bovine lactoferrin are so
different in these respects, the results obtained in the present invention,
using bovine lactoferrin, were unexpected and surprising.

[00070] As discussed above, it was believed that the main mechanism
behind the bacteriostatic effect of human and presumably bovine
lactoferrin was iron sequestration from the pathogens. In contrast, the
present invention has shown that bovine lactoferrin’s bacteriostatic effect
is iron saturation independent. Thus, the bacteriostatic effect of bovine
lactoferrin is believed to occur through a different mechanism than that of
human lactoferrin.
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10transferrin famly. It is isolated frombovine mlk,
where it is found as a conponent of whey. [00069]
There are known to be significant differences betvveen
the am no add sequence, glycosylation patterns, an

MO ng capacity in human and bovi ne Ia&’FE‘f‘@?‘W’W“"g

Additionally, there are nultiple and 15sequenti a
processi ng steps involved in the isolation of bovine
| actoferrin fromcow s mlk which are expected to
result in physiochenical properties of the resulting

baovi ne_l actoferrin aratlon bovi

300870, £ Thermare spubof ShRs 8aing Wik B paoRsiG Sfierts
t faﬁbLFabiolr ekar@plel Sndbtidy fdimd tﬁatt EIIFehéS ] bé@l@ﬁ@étaﬂc éffemd
in human i ntestjne. Speci

2mnatbe orelifgraton sf Yatious SP@CI%%C"@SBW abm'qer yTRr894hg
the bagt ?a‘éfériogta d@ gﬁg&%f oValny h&nﬁ'}i}%fbd BVHS L &Goferrin on

Because”’ ovine lactoferrin are so different

i ﬁmhfe@meﬁ@mt@dfumrﬁowdn ﬂ@ Gut of Mica frad BavingyMillsent

[ t ted
A on: RAGHSIGOKYB01 BB POSS)] e HRIdied e o ©

be:larwmdi‘at&tbm have arhdcteripstatic effent apintastinal t he

b f

| FNELRER el e i Dormsdfn st M of F BRteNonald Boct
I rofQrafly AdtninisteredBamdeant adtofemit O WWmaéEm&awa‘Jaceae
bovi t pf in' ter.i -

RhE M Eld BRufla Bk SbRHL BRI, BIdEhbf balaBatds?”
ef(f1e94). dl‘hdg@?nfth@pi?omim Ispacle? ﬁf)Ehiemlm&h : te;nacemtlnat was
t | I en an a 0 u
| QB 7 the St s 7 Sl bk S MRy BligdnSRe
de@bmmmﬁn éﬁbcbt X arhleF b@ﬁhﬁéﬁ%& ptiherins I'ralenbLtﬁ_;e Iﬂ?rt_
exanp S u as a [ statl C
o FRER OB IR PLAecidr (o9l e Prea U B FAE Gy
gﬂ?b?z}j' tlﬁWtcbﬁ'traEEth %f&thteTaﬂ:][o@% lstﬁl@illas Sowe&ér tatmmllarly-c:onducted

acteriostatic ect o a iste vi ne
eRUaY I Pdhas LE RS 1 Gronih-SHIHAE PR Ph PRI SR BETEE.
| Nod/n esé?éﬁi ef eMarC ?.aE&ﬂ’erﬁﬁYé Providnt ExpdMiantalfEstheAehia col

M crobi ol 95). bLF has al so been

d eRigrbeadn é’lﬂeét”@dl?d@% "&f Hafpel Re%+: availabls aloct on

;
THSE AR SISO sy )

Adﬂerno astmated ngslaniicantreduetionrin the pcqumtense %ﬁ gxperimentatly-
Enf-QLORRGRhEA GF REmolytic £. coli counts in feces. Id.

[00073] Several patents also relate to the effects of bLF on various
bacteria and/or illnesses. For example, U.S. Patent App. No.
20030203839 to Kruzel, et al. relates to the use of bLF to treat the
progression of systemic inflammatory response syndrome (SIRS) into
sepsis, severe sepsis, septic shock and multiple organ failure.
[00074] U.S. Patent Apps. No. 20040043922 to Naidu and
20030229011 to Braun relate to a method for reducing microbial
contamination on food products. The method involves freating a food
product with immobilized lactoferrin, While the invention is useful in
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10of SPF M ce Fed Bovine M|k, Biosci. Biotech.
Bi ochem 58:482-487 (1994). Though the predon nant
speci es of Enterobacteriaceae that was Isolated in the

coil, the study provides no evi
t ‘g%{’?’iﬁ%ﬁ i nhi b|t| ng effect of bLF on bact e&%iﬁ?sz&smosw
pathogens having type Il secretory systens or
specific E. coil classifications such as EAEC

15[ 00072] In contrast to the above studies, however, a
SI m | arly-conducted study found that bLF had no

ovvthlnhlbltln effect on ente col I.
Jireating EPEC and Sfiool St of s Hixt B, GEfrSmi be
ﬁﬁb[ﬁg&?@j bggﬁ@&%chu a COI f D arrhea in Waned Pi gs,

I nt avail a

h{09075] mu,s} aﬁatmtdm Mot 2@@@@3!5311 e Ypadhaehang. $hah
Th&ﬂﬁefes%%c.ﬂgtj.gﬁg@qg&hag%efe@m@% \SadHinfstértiat ar GFHeGV ON

perimental’ly- 1 nduced diarrhea
orantemb bf/biFE teFa subjett. mﬁrcbng io theselerencg, thegoethag also

}%sgﬁédgcg%%%ﬁgﬁ 1R cﬁl:lﬂ{aﬁnr#eﬂaétgﬁa eNbRE BFthQEe b '—E gn

'Ta a n sSSses For exa
Pa.'em'enoép phowexer Mdisdegotedenefitsiof bk Elon hﬁct%rtal peﬂha%@,s

the use F t 5
bl 55 Pheianl R S B R RS tfos
S Qﬂﬂl&es&ﬁd eerefite pbbisk on EAEC. Thus; theaprbsant invgritionor gan
ai l ure. Q074] U.S. Patent S, 922 to
NTEICSS BUPae poefls oV BR e ies equs S MRS f or
r qdﬁsm]g M pasigllat embﬁﬂlﬁmm?xbﬂ tge pﬁése‘ng mwepucm;lma s. The
rret od i nvoJ ves treati a_fo r.Q
foepiétiarsia CArERaTRes 400 TR AN P SRoMer L ef u
IS hrlemylﬁli%@ﬂﬁéﬂtﬂéﬁfﬁﬁﬁﬁ u&a@aﬁwﬁeae?anmnﬁﬁgﬁ: and
ella spp., it requires a e l.ac n be
BfOpRIOgens %éO&fQ'E%'PPQ%’egP%‘@)g goligng Sfilg iy
NOa RSV Bdirdént 6 tva irvehasH) e/ Entétroﬁ’éctérfdoaae gaho a
de for treating bacterenia ay ad ry rHsterMéﬂ ar:].
Ot eTDpiSAL SHE B0, B Foll 943 38 ijhiqata figxpelf MRS dbe
t hardifd B B8IFE2348/0, E2IBP 42! 5+ Shigella flexneri MOOT are
important pediologically, as they cause many deleterious infections in
infants and children.
[00077] In other embodiments of the invention, the growth of bacterial
pathogens expressing a type Ill secretory system is inhibited by an
effective amount of bLF. In certain embodiments, the bacterial pathogens
expressing a type |ll secretory system can comprise Saimonella, Shigella,
Yersinia, Pseudomonas and Escherichia. In an embodiment, the
Escherichia pathogen can comprise enteropathogenic E. coll or
enterchemorrhagic E. colfi. EPEC include many strains of E. coff, including
E. coli E2348/689, 026, 055, 0157, 0111, 0114:H2, O112:H6, 0126,
0127:H6, 0128:H2 and 0142:H6. Similarly, the EHEC can comprise
strains STEC TWO 8023, STEC HW1, STEC 306-7, 0157:H7, O111:H8,
0104:H21, 0111, 026 or O26:H11.
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causes decreasing |levels of circulating bacteria. None

of these references, however, disclose the benefits of

bLF on bacterial pathogens having type Ill secretory
Simlarly, none of the references di

?%i&ﬁgﬁ%?lts of bLF on EAEC. Thus, the prese ?Th%umwwwmm

i nvention 10 provides surprising benefits over the

ref erences di scussed above. [00078] In particular

enbodi nents of the present invention, the

Ent er obact eri aceae can conprlse E. coil and Shigella.

I he enbodl 0 vention

et BB cn.f PARATAIE ShnSaimienf ol Errasrb feRtR e £

C thventioh Pravedtly @daldty 8n Efeét@h'caﬁ@éd Sbm@é.—bsacrbﬁadé@b in

15an th r_emqodi ment of the invention,
ifg&su 'a“g Wdes amyninfestipns known indpe ﬁﬂﬁg@mmged =%

28’%”?‘9’%%%2’8?%%&“59‘”%%%.*5’*‘“‘2{1 InEdof afy RIS igen

5 adetheqbio bseaysedity enjproppihpgenis & my efieroagorengtive E.
delof bR Shidiéfia 'ﬂ&(’rﬁé; P8R0 i lddb%%mt ?feeﬁq“\ OLI\FH ifi'the art to be
the 1 nven

20[ 00077]" I n ot enbo I ments o I on,
greeweed by albactesial pathpgemexressinga rtmmlra@ceetwmsuem In

o P FOEmENEAS pReceibindonih, the fifbcibn Bah it PitHary
patasb iptention pecratil meringite petitonitiseshigelimsis, syangm can
10 g @s’@ sﬁﬁél%g [‘#'ﬂ‘“ﬁgé%%l I a, Yer si ni a, Pseudo_rmn_as

erichia. odi nent, the 25Escherichia

pd00a7HIn mmmmmlmnmmpatﬂwgm thégrowah lof or

o BRI § o R e Bak s soaepsu Blssp el
81:2 ;qxirﬁh]ﬂrédh&d Bithe: HabfengO ltzcﬁ knmlhﬂ@ro@&ﬁfihiﬁﬁioﬁﬁ%% .
sy the el of aserionbioss thef Gatty shamnes: Many

15 3CHibibticRdre Khbivh toMRdresse B2 prdductiohQRDiABLIctidh éf 2 phage
present i nvention,

separ at odi nent of the
ﬁﬁl&ﬁ%‘*@m Rreme "b\fenﬁl%&ttaé syrPrisiadpthagt @ﬁ@gb@daye an
Eﬁﬁ@é@&bﬁ%ﬁél |oR €@ e plodudticr irffgt slmTfPérfeduﬁ“dDréwﬁﬁnﬁBW on.

ections known in the art to be caused

E s olhg Aresans nvaetion saninbiitdhe orarth ef pelhogeniabraie
aRditholf ﬁﬁﬂtﬁﬁﬁodémware@sﬂgtt&ﬁn BrdducloReTRIBYHE

enteropat hogeni c ‘E. coi |, enteroaggregative gp coll or

20 ghepellia discesses further inExemplefudes al | i nfections
Kneweso)n ihGerfid eh%?ﬁeﬁ@éﬁﬂe Weﬂtn?l?%gﬁ_ﬁlhagﬂagﬂgen

expreSS|ng a t Secretory
ergstRipefem whoiﬁr:@nﬂq@riwenam. qme;mmrmuments thef wdt hasa tan

| ReHi4HE call %uﬁ’carlﬁl séh@%ﬂd&&ﬁ&ﬁt%%e b'i'_m%tbac}ﬁh been Isolated

nmeni ng Itrs,
1(5@aswhgtennl§sammmS a idvesmmatnc cell diugkase. | 00079] In

25 CI0O0EN PTRAR wiShind R BYGRL 0 s blmAFREN

c hetieggpidthéi bl whichdmsdeen isalated $roaf whobsinitk aidsced by

t ibjtion is a
t DPopdFahainrsd fliboupdingh St him et hes Boen o ry

Skisnlged éom Mk powder. Additionally, it is believed that bLF with a low
somatic cell count has less initially-bound LPS. Because this form of bLF '

30 has less initially-bound LPS, more binding sites are available on its
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15anti biotics are known to increase toxin production
via induction of a phage |lytic cycle. The present

i nvention was surprising in that it did not induce an
increased | evel of toxin production during

¥®Bus growth I nhibition. Thus, the pr&&&MS2006/010609

i nvention can inhibit the growh of pathogenlc
bacteria wi thout sinmultaneously increasing toxin
production. This unexpected 20benefit is discussed
further in Exanple 4. [00080] In certain enbodi nents

ruiecs; TG 6R RLFD AR &, DB ePBERaIro,
SgﬂﬁHl;s?ue;ﬁfﬁb'tW%&lon'p‘?o@é%%e enbodi nent s, the bLF has
bot een_I'so

ated fromwhole mlk and ha

s{RO8RE cBhe bld'-otmt is mooggq?,nwﬂ@ﬁ Wrﬁﬁeﬁfo e
DRRBAGY oA oA bEPYecldI6 fibm hholb TikedrdRutasbvinksd 10w~

een ate rom whol e has | ess
| Bpwatt palboaLinir Bu evaymfsycammﬁ, |sartatale Bbﬁ ﬂﬁia\ta#ahbd‘m bLF

‘ tf%ﬁ%a*@% opE e BRIF'CRE P Mokinshiigr Rew 208fis, °00 1Y
oae@s inart érabodimentiofithi RBsaBé tveption, thegmwtdnirbiting-
B‘% 56 o1 4 dcergiGmafiRft, ASolies FEbOS i Hedeses e
Slgi'cﬁ\ﬂ&hanhlﬁitihg effecttdftivgbLF isoalad thcpdaSedn bi n}gll ng to the
ORBOBEL" “homsdiet oritient 413be BlochlthVemio, el gren-
eﬁﬂﬂﬂﬂiﬂf@&fféct@ff tHd L pisaizpehdémtuerthe @oncaniratien ahirom L F
caresert e W ouzR,oi e syttt ofedt Gtife Brslth REHERH ©
O a1 - bt o A5 o
t H@DMSehﬂhﬁrﬁre?ﬂnt Biyentien, %1%3\‘,6{%4 S'E?PH“BW"F\e‘Hng cct,tonof
t Ngachdital | §th9 lﬂﬁpﬁékféeﬂhe WP Sedrb@ngigysteorns abkdélllas EAEC
|ncrease rowthlnlbltlgeffet of the bLE

aI eseaﬁ\ﬁgerw@é@c a[tyrsollgecrsion; b BERSRREVITtA ¢
fgés?%&eé tﬂ&?ﬂha@ F It R batiehbipdthatbnelekpedssiph a

IS dep en ent on the concentratlon of II‘BP
prt&'B% Ht swebnesysmregt ismot pecessarily gpeelfic to of

c apé’@é ﬁ F2YS énli“’?lﬂ* iﬁs& gRs&ivelif lrﬁ’ﬂﬁﬁlﬁ{ %@Mﬁlbi Kon-TTSS

s af I'ng saturated iron. [00Q85]
I npath@qnse%mlgh notwishing, to 1w oung do thig poamntieanr. Bils or v

ef | - Biss éﬁEﬁEﬂ)' which
%?q?’%ﬁ?g‘ai‘ ﬁéﬁa@ns @ e\/\éﬁ#ﬂb?@@@&%ﬁ@ pll§at hogen t hat
| aadesmottglptefon‘ adhesences maybegistupted TynbLE ﬂ@e'amng with the
| nve n illu f n
bale"i1 ISUH ‘&1 m%%%@%&%%wgﬂege%p%bﬁrﬁ tégg(tfd&kg?g
Syﬁispﬁnsmib forsbLiFte efiect enEAEC adbpreoce, iocluding AR/ 111
secr ry. s m.__bLE i.s t . Ng
ar Mhﬁoth% ﬁf_l%gg D rtedtinfahtidrdth GESt estifh IOty
preventing the attachment of EAEC to intestinal epithelia and thereby
protecting it from colonization by pathogens.
[00086] In a particular embodiment of the invention, bLF can inhibit the
adherence of EAEC to intestinal cells. In this embodiment, the anti-
adherence effect is not affected by the concentration of iron present in the

intestine of the subject.
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20pat hogens. Though not w shing to be bound to this or
any theory, it is believed that the nenbrane-anchored
virul ence proteins of EAEC, which are inportant for

may be disrupted by bLF interactin
%ﬂ&?@gﬁfj r| al surface. There are several adh

proteins that could be responsible for bLF s effect on
EAEC adherence, including AAF/1 and 25 AAF/11. Thus,
bLF can protect infants from gastrointestinal

inf ection by preventing the attachnment of EAEC to

thel ia _an b ectin t from
ol TERBLL " AT Biicote wiholf of S 8 a8 I o presiitinvgnlign can
enb@betwmm atfout 0.601! nypand aboutdlo ger dayhiiRiah dnibdiment,
adher g of EA |nt nal cells. In this
o AT BTG e Hmoriot g biTE 6l B ReMarcARI Bt Mo ENd G0 g per

af d® t ichridther RenbRAREE él@bffé?étw@farﬂldlﬁﬁ OP?IQS B3 bé %M@en
i nt estl e of éhe subj ect . Eﬂ'ﬁa fective anount
[

of Alpyt 1 dPQ g8d 1500 msepqsrd@ye armtmrmmt dithaeen
abavéntibrQthe I b BdministSidddn Bﬁ?e @%!y dodbsn

enpodi rrent an effective anount can be between
a?ﬁ@!’ 88] 1 'Ayatious erobegimentsd the bufmmay derasministesed wiars |

el capsd B of baplet. CAReRTIRLGLE R HARRABLE: *, e
1j n%lﬁiﬁﬂtﬂﬂtloﬂﬁé)ebﬂﬁmdvptﬁ@ wmmammnea%: 2 tgr Ee dai Iby
00} DNy 5 DB L e
c aprlef emn;m ’heemmtﬁmtuntel_cﬁ scandicamentifob Inhibtimyrthet

of % t . 100%. 089
prEeEenf |nvent| @3@8‘3%%%%8"@%@@58 tﬁ%SLF

| aearobespraped ontotte Bnnfatﬁea@ftthe tocef oracantd iﬁmllklbdfvﬂth the
EPEC, EAEC or Shigella on a
ngltgd¥éng¥%¢tﬂg fcﬂac{)wpg - 9

fo pro hbodi nent, the bLF can be
spi08989] o1k endther smbbdinrenobt haprét IventaH) theinvention is

the [ edi ents of the food product .
12%%%%@]?9%” B RemPERBESARE ! lyomacgonsnlide and bovine
| riaemferdm whichehasibeentissiitet FroawhBleThild arPhas /4 fiw Somatic
r|5|€g casei n gl ycomacropepti de and bovi ne

in which has been isolated fromwhole mlk

arIOObaﬁ a Irh QWeﬁ%Eﬁhﬁtfﬁb'enf&H%mﬁlgwgdko 'iﬁlilli’d&s a long-

g@ he enteral formulation also Inc
rBlodyate acid (LERUF A Byitabiel LEPLFSmAyay

Suhélabé,%tkm&ﬂmﬂﬁﬂ to, a-linoleic acid, y-linoleic acid, linoleic acid,
linolenic acid, eicosapentanoic acid (EPA), arachidonic acid {ARA) and
docosahexaenolc acid (DHA). In one embodiment of the present
invention, an effective amount of LCPUFA may correspond to between
about 3 mg per kg of body weight per day to about 150 mg per kg of body
weight per day. In one embodiment of the invention, the amount is from
about 6 mg per kg of body weight per day to about 100 mg per kg of body
weight per day. In another embodiment the amount is from about 10 mg

per kg of body weight per day to about 60 mg per kg of body weight per
day.

18

H&S&OGG/OI%O!)



10

156

20

25

30

i nclude, but are not limted to, a-linoleic acid,
v-linoleic acid, linoleic acid, linolenic acid,
ei cosapent anoi ¢ acid (EPA), arachidonic acid (ARA) and

enoic acid (DHA). In one enbodi nen t
g&gg’éaiﬁéﬁventi on, an effective anount of Lcéfsg&ésh@?/”"’m
correspond to between 25 about 3 ng per kg of body
wei ght per day to about 150 ng per kg of body wei ght

per day. In one enbodi nent of the invention, the
amount is from about 6 ng per kg of body wei ght per

ar0ORRT ol sl oGt iy 7 Yonianiblie Ry per

kgprobloho dpoweirgtie ewilidayadcepBbiiih th eifboRffietd 119k

&%’7‘%@&1@%@%@8 SR%P'E?P%G@S plrssoSom the ¢rRuR cansisting of

f otatbiRiciiue ameBiAdctRackPhai IR this @hﬂ&ﬂdﬁﬁeﬁ thérbfoblotuc n
e | i

rob r} in the art will be accep n S
R saacolvs hamnastis i &Gﬁmbﬂifﬁemcteﬂu@!qm@@@ﬂﬂb

I S[00D93EN Ih AU &l | us
af}[d B??’ledobgg{%wﬁen@ "ﬁlglg‘sdg?r%%n?ﬁe&l?}m‘_aﬁe pr ob| otic

c dRMyation Maysastain amm@nm dnspreliotic &@woin the art will be
Bl ddcdpipie 'thid Briiditant Brafitcs 0 Mtile etibke HAAAG!

enbodi nent of the I nvention,
na@)lgeéaﬁc@aﬁdg, fmcéwnhgqs@ccmmeptsemammmsmmde t he

ar§oy%%+ 8@%0 ac h u Ql I%cfog )&Eb @aggﬁéam rgrgegﬁ genqtlo-
erJFQDSa@lhﬁgds&ccharl de | sorml t o- oI i gosacchari de,
« POUIRS 1 shOREPSRBBAIEHE snc, ARSI i otamh tormules
mgn]smgwblamwhlmhmasme_ediis?ted &?M\ghﬂlwemgd ardl has zliilbtw ;
ris i ch,_has been isol ate
f :%’% ﬁ%h%l"ﬂ d"@ipog'wmmgﬁﬁﬁ?qa@' SN count. The
IT rﬁlmnémpnﬂtlden}%ednfawffmnmaw?wm%@bmlﬁmm?éﬁ!%ﬁbi de.
n rnul.a ma so .conta east one
L GRREAT o YR RBb i ferans Remyrasy SoiRmAta
rrdgastmmtaq)rﬁblat‘c iamﬂat a Prgbidtico hh 8hé artite=p eriboBndtit OfhbC -
ngmtlcular 0|msnt the infant formula
o ONERF el s bgndselato e Wheleamills and
aﬂﬁs’mlwﬁsdrﬂaﬁcﬁwmbuﬁt easéin @Wﬁnacﬁ%ggﬁdb at Ieaﬂst one

X q i d at | east one east one
l&ﬁﬂgg %%’d oge prehietic, 9Rd apleast one ereb[qbeogs] The
. r[beousﬁ Ofm‘éhﬁaﬁﬁbrd#ﬁlﬁ fbrruéehﬁ tHe Fr%%@ﬁt .h?éfgﬁ%' ion is

nutritionally conplete and contal ns sul e types and
arfsttitionatly wmpﬁeaa andipYBANG suitable frpesaind amoungroHipidind

M gaRtH f

vary frygrmatgh@'&%@%?%mg{)out %eﬁ%o?betaﬁ%u%\ﬁ&ﬂ %fﬂggﬂr}f? t of
28yRicRlly an vasy fram abagh3 Wabwtﬁ'rgmroakoalt Thetammabbof 5

9/ pkBtgirkyBlcaily 85 19 1o about 1 to about 5 g/100 keal. The amount
of carbohydrate typicaily can vary fram about 8 to about 12 g/100 keal.
Protein sources can be any used in the art, e.g., nonfat milk, whey protein,
casein, soy protein, hydrolyzed protein, amino acids, and the like.
Carbohydrate sources can be any used in the art, e.g., lactose, glucose,
cormn syrup solids, maitodextrins, sucrose, starch, rice syrup solids, and the
like. Lipid sources can be any used in the art, e.g., vegstable ocils such as
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of carbohydrate typically can vary fromabout 8 to
about 12 g/ 100 kcal. Protein sources can be any used
inthe art, e.g., nonfat mlk, whey protein, casein,

hydrol yzed protein, am no acids
W%eo%%é%ﬁohydrate sources can be any used |nC?ﬁg2JOE/§10609

| act ose, glucose, 30corn syrup solids,
naltodextrlns sucrose, starch, rice syrup solids, and
the l'ike. L|p|d sources can be any used in the art,

vegetabl e oils such as palmoil, soybean oi

pga%oq T Pavean el aloisin, EpiT i e l@é'pﬁwﬁ&%dh'f%%pg'éﬂ
arrdgh blelzd SLkﬁ]gw{ef)e?Qﬁdh lélemvﬂfﬂogmrlo}i, %lnw?:ﬁﬂika.i al | Iy
av. e lntra ormula C e u . ex e,

2 PLRgEY, T Conkananth, cPITTrGRIl BraUBE iEnLIonBAAN e )
Swiged. IFoPBxampR, EhiREIl®, )Enfé\lunc@wmaﬂﬁé Formula, Enfamil®
Pre estiml and ProSobee r) (available from Mead

ﬂs &aéﬁfw% Nutragtigan®, IFsegesimilg: gnd Rrofiebess
: YBPAIRBR 61 Mééd‘.hﬁ’xﬂsbﬁ%l eo.lnﬁw Evehsiihe,: :S«IC @S@w) may be

gl yconmacropeptide, LCP roblo tic(s

prsé&ppmwgq with guliatlg levﬁlqm » 6asain gbmmiaﬁmeﬁpﬂdm

odi KQ’?? ?‘Bﬂ{%(é?\gr"gg’eﬁ’mﬁiﬁ tion, e'&tiﬁg}‘ﬂlbé’%the

ermvﬁi‘ltlﬂﬁnts within the scope of the clains herein wll

22{39?@@ e%etf&l ﬁ% é%éljné@g Tdoa riﬂ%evﬁirohs eﬁ‘fb@ iments ]pf{ Bo

ration o lon ofr prac Ice o
i rpresgntdnvengion chmnlbddéments within ihe scopenlithe didiais t he

caREbinf ko Bprate ELOK st in it o PP ST oo g
e v e Tk et
pahElinp SpeSiicaith, R ity i ebifoBa PR cdiadfed to be
Loemmiey i s i i g

S e RTAE e toow 08 AETRE o MR a0 amel Bpicantages
padreefencorhaweight babie unldss plissraiseritidisytetiens. Three
strains of bacteria were uti I|z1ed in the present

i nvention. The strains i FRBEREA STEC HWM, STEC 306-7
00981C TR Sitrple Bashibiek thé Afeterfdid ahd fetifod® necessary

different organismthat utilizes a TTSS to i nfect

c dpshowithe effaet ofhoxinedactaterrincei bactaria) nathngens haxing dvkes
nofj éébfétér?%yé‘te%%TTﬁﬁee HSindof Eaﬁéné‘\nlé?& afiliz¢8 1ﬁﬂ'lét rgéenﬁ

|nthetest|n Bacteria from overni
| Mnvalion. Hhetsalis 8o lcluer STEC: STEGUSOR T a0H SR W
I
B‘éép% Ehch STHfiedd Sfaife R LaiflrdRtbrigghishl il EW&%EZ'%%
i riﬂfﬁ@ht:%ils viherkasterish sicain260Q, 8 pathagiendbatidoga sobutilizeraed

honﬁf?%?@% g%eec!:#? %ﬁ@?ﬁ(@b@:ﬂt@g %e g(%% x gv\g?)sl hour for
[00099] Bacteria from overnight growth in Luria Broth were inoculated at
1:50 dilution in Dulbecco's maodified Eagle’s medium (DMEM) with 25 mM
HEPES, pH 7.4, and incubated at 37°C in a 5% CO- incubator without
shaking. A 5 mL aliquot was measured into labeled tubes and bacterial
growth was monitored spectrophotometrically at ODege every hour for
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seven hours. Colony formng units (cfu) were eval uated
during the logarithmc growh phase (4 hours) in all
the control sanples wi thout bLF. [000100] In order to

65‘309@5&?@ he possibility that the anti-TTSS Pqﬁl'n'}s%ut‘s%mﬂg

observe or bovine lactoferrin was due to iron
sequestration, the bovine 5lactoferrin used in this
experienent was saturated with iron through incubation
of the lactofenin with 5 tines the iron necessary to
saturate all the iron binding sites in the |lactoferrin

L,an. - ' h
o RRn oL oy K Hnd bnyEREH) N et Mot o
f dpganthmiz growth Bbamj(@}ms)ein ell thed tordred eampleadvitioit DII];
r . , repr. fing.t
e e e T e
bamnserveai)fﬂ bevine ‘rjae:](ﬁéntmguﬁult ﬁ))lgam;h(keiqge&fétio{ﬁ. tHef bo‘sih%Th
S uffer. eat.ed a r. 6, mnutes. e
o RRaferty b iviPe SBRNPMP TR SHUERbWIB B JEroWet |
phinsytative obtHf lactefbrARWith & N6k theStnlRREeshry o Satlirdth all
S% sampl e buffer, 3]_r|1d heated 15 at 100C fof 5 m nutes.
T eé"ﬂﬂg’mﬂ'%? SR dhg lactalersin pERRaRetan. sanpl e buf fer,
V000101 At 866K HEGr dUfing W BRberet b e was
el ecttoghcﬂre& S _using cust or(allrj%énet hods. e resulting
gefeniifuoscheh! 3209 ermder 48-16aniautesiie sepryateserilassediated
o T B P Ao Lol
( rassesiated rpatstial (that roleaset frenithe bagteda), wess retained dnd

o Do et an st SN SEB oVl 4 100l LR R
t hEheppetieigfson thla icastiifugation ‘a‘t\mmel:maahedat phespibﬁite y.

/ . t
i s e TSRl £3AISTY spt Bl G i
c At JOATE farifominstesl OTheysurentatants Snd Peldtspboth ingambleof

b j [ |y, the cancentrations .
Db o BBRR Xy DB RE SR SR oo
r emcustcghgr.y rﬁﬂhﬁdﬁ3]‘h@a&s|emlthgq;e¢?¥as mewam%@m a
st Latl 2Unl ess ot herw se nqQted. For
S ROl Blord GEbI R dromEblog. Ging Common
| aneﬂ)pfé:.d‘ﬁhe pmgne@ oesspﬁgm thé rsep%mafamw@_él@ub@cf proteinS)
t rence bet n e two regr essj on sl opes
oS He1e GRE Bl BrelelSe v re Stotien weyiestom
1986Hing Beihg adtibedies ¥ssdifid tbeEspBnal yzed by W coxon
REI%M I e%t for WO 2%06/ 121507PCTI US2006/ 010609
0 n this exampile, the bLF was obtained from Tatua Co-operative
Dairy Co., Ltd, Morrinsvilie, New Zealand. Unless otherwise noted, all
experiments were conducted using a concentration of 10 mg/mL (0.125
mM) or 1 mg/mL. of bL.F, which are approximately the concentrations
present in human colostrum and mature milk, respectively.
[000103] Data are expressed as mean + standard deviation (SD) unless
otherwise noted. For analysis of the growth inhibitory effect of lactoferrin,
two regression lines were calculated and the difference between the two
regression slopes were then tested using t statistics (Armitage P, 1980).
Paired data were then analyzed by Wilcoxon Rank-Sum test for
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di fferences in nmedians. For analysis of the iron
content of various |actoferrin preparations and their
gromﬁh inhibitory effect, a linear regression was

? gﬁ and expressed as R-squared for each
bacteri é Exanpl e 2 5[000104] This exanpl e FCT/US2006/010609
illustrates the effect of bovine lactoferrin on the
attachnment of bacterial pathogens to eukaryotic cells.
Specifically, this exanple illustrates the effect of
bovine | actoferrin on the protein EspB in the type I

t t 0001 t _sh [
Figareanced n PRUIEnE o BUaRAlNSIs P BerTeBronBL o HTiRG hunman
| petpémin’p ébé?ﬁtio?ﬂEF&ldfMélr @Rﬁmﬁ'ﬁﬁﬁbﬁﬁg offect|-amaedrl

represents the nol ecul ar wei ers. Lane L2 .
r EqEreasion wap galpelated q@p@ﬁf@ﬁﬁ@ﬁcﬁﬁdﬁﬁmfﬁé feiRRdIacigna.
position of this protel rE){a‘?n e Western blot. Lane L3

in each of the ¢ {JI ctu @gpresents t he amount of
EEQ0104] t This smpha E{Srtbe seldf bevingragiofegin an e 5

" Etiocufontf bhtiefaificbridto baRALGHCTCa, Speefiealy! tnis
h examplel |lustrates‘ the teffec’mﬂbnlﬂlnmtia?hfelmsow f@prgtfgv\ﬁﬁgB |"h
oferrin ane
g%?%ﬂrg&és{@?ﬁ rﬂgﬂéengfant of a2, 3, 4 or 5 hour
g {Ir/clmr:gsl] oT?%?::?n?m] bMﬂLsi::bwrchn E]gsreblé’elﬂug;rajw the effeclﬁb/ mL
PR 20 uRi 1gGremy OF STE ARCRISTERRIBT. Lane L1, |
e o ot Sy o n s ““?m‘*“‘“"'“‘*é "“r”"‘e" >
grEé\RPﬁ "?‘ﬁcqt & @PRIpRdATe P@é'@%?ﬂg\'ﬁ pr\l‘l\)/g%? lﬂ‘@'g ggtsﬂ.'ane
R D I e o g
" o Bupasoetank P BBt GRer ﬁ‘"é Kotopagep: s bt o

S Rgath W L(Hr'lbq_tllrEEi'ésJeHﬁst EsHEeh the thérﬁatahﬁoﬁb g ESI,GEODS
bLF (I anes L3 and

IEB IS not observeﬂ []'ﬁ{m
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course of production and rel ease of
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human recombinant lactoferrin. Lane L6 represents EspB supernatant of
a 2, 3, 4 or 5 hour culture of strain 306-7 which has been growing in
1mg/mL bovine lactoferrin.

[000106] The western blot shown in Figure 17 illustrates that in the
absence of bLF (lanes L.3 and L6), EspB is not observed in the
supernatant (not released from the bacteria) until after 4 hours of growth.
This illustrates the normal course of production and release of the TTSS
components during undisturbed growth of the bacteria. In contrast, in the
presence of bLF EspB is detected in the supematant earlier (3 hours,
lanes L5 and L8), than in the absence of bLf, indicating premature release
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of EspB. This finding is inportant because EspB is an
essential conponent required for successful use of the
TTSS, and premature release would Iimt the

effectlveness of the TTSS for infection. The sa
TP & 1318% 0t seen with a preparation of hun'nall’r'FTmsz‘"""’10609

| actoferrin (lanes L4 and 5L7). In addition to
premature rel ease of EspB, this experinent also
provi des evidence that bLf is acting as a protease to
degrade EspB (and therefore not allowit to be reused
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also required for induction of NF-kB activation, for interleukin-8 secretion,
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10[ 000110] This exanple illustrates the equival ent
rate of gromh of the bacteria in the presence or
absence of bovine lactoferrin when saturated with

'&89005/??19@?)“.56 t_he_ growt_h of e_ach culture in tI%%,’l%USZO%/Ol%M

expérirnent is simlar either in the presence

absence of bLf, the observed effects on EspB are due
to a novel activity of bLf and not to either growth
inhibition or iron 16sequestrati on. Exanple 4

[000111] This exanple illustrates the effect of bovine

Sb
or o5 HeRbdthelal higfa T RULROMR, B B pisteashle. On
ad’tﬂamsapﬂhehal telwtrtogbmslslanceeait eiltwhuyh &%@tmwﬂﬂﬁé diarrheal
t 0
couPot; ¥ Bl RPa R s el Careinoacp.or v roay
t heedueg or elninatetheasyfrptdms 6f diarrh8s! ddaa@ect i on of St x,

a toxin that inhibits proiein synthesis. There are two
forms of Six Sbcl, whi ch%&éﬂ&&ést identical to the

t opooom]om [Shurigedl tetrby A6 AR éxmﬁmbnt %F’th%b&.f u@‘Fé] &
res omg{erg to 60% ani no _acid

jrofy sasunatads apd b’i@rafg% acfeacg'ag \bacwnoatatically

S ettal mlllﬂBit @r@ﬂﬁﬁﬂ thed Badtérid? @’trbiﬁ¥ eqhis uk?gﬁer tWQ' ﬁP)l{ﬂ? of
é?@ bacteria residing in the intestlna

Fee-fRﬂtermaHmezfpurmdleeﬁwntanmtatbnmg the data
coloobi BRAHRb
tq“”“”"‘{'ﬁs IR g T ootV ATate J@?@ﬁé@?@
r@%?reﬁ)@sthe QEeRENGD ar absenge of bawne ﬂantofemnl whef satbrated

20ts) 13 ToneFARr e BB PoRae PR 1M PeRbteiEla st

greithen in theipsesense dr absenasi af df, the Dbsémed sffects oanspB are
bafijetiol LROAAIS hJItp’q}tf bEFSA ntﬁttﬁ gﬂﬁ ‘wfrglbpﬁﬁlon orron

mul tiple antl icsiInc
ndiEquestaation. tri net hopri nsul f amet hoxazol e, anpicillin,

fosfonycin, furazoli doneE n}'nt EQ/Ci n, cefepine, and

tetracycline are known 5 ease toxin production
vil@00Htit)c (Thimexample pha’gﬁe‘s e effexy of Bovire|aetferfin &l the

e Blor S o (R R SR ST e R oBw berer

d|$;'5%@eln amnfmeg thaweenmeretwsysew cBHecy atriink Bdvé he
Ju%ft{pn% g-qu n cﬁ:sté%fagmr r@ﬁgﬁﬁg n product In?nof
personalities. One of the major virulence factors is the production of Stx, a
toxin that inhibits protein synthesis. There are two forms of Stx: StA,
which is almost identical to the toxin from Shigefla dysenieriae type 1, and
Stx2, which shares only 50 to 60% amino acid homology with Stx1. Both
Stx1 and Stx2 have been associated with very serious disease. itis
believed that Stx, which is released by bacteria residing in the intestinal
lumen, is responsible for diarrheal disease, hemorrhagic colitis, and
hemolytic-uremic syndrome. The toxin traverses the intestinal epithelial
barrier, enters the bloodstream, and damages vascular cells of the colon,
kidneys and the central nervous system.
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10t oxi n produced under growth inhibitory conditions of
| actoferrin was determ ned and was conpared to
ci profioxacin, a known inducer of toxin production.

ence of lactoferrin or ciprofloxacin,
5@%&%?%3%%Stx toxi n produced by STEC was 3514ﬁ3ﬁ%@WFm“MM
In the presence of ciprofloxacin, the anobunt of Stx
toxi n produced was 682193ng/well, an 15i ncrease of

nearly twenty-fold. In the presence of bovine
lactoferrin, however, the ampunt of Stx toxin produced

l,act of i ke
“ﬁﬁ%@bﬁﬁ“ﬁé@%@ﬁ#ﬁf%@h&%@% afdest gptfemailen of
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cofusmmm famzbﬁdbrieaﬂﬁtﬁl‘ﬂyah wbbw Whé&‘é&i@liﬁ@ar@%ﬁﬁ
toferri e i nduction assays,

RefEle Foum BTG via eiisio ot Phage bl Fyaine Abieale

mmdgrsmm ofintcal @athdﬁu:haﬁQSu esbmat Bfch RdPhal oﬂ is
5 25[000114] This exanple

fﬁgﬁéra&oé];ﬁ@@?grétOf&e Riyoam disease.of eni n on the
or [puoA18] rdreoRb A %{d@?%ﬁlatéooﬂg% J#Ho%e%%I Bt

of bacteria were utilizé present I nven
The &Xinpregiuction. (huentgstraing 28 S E€were/st@iiod.2 The mchount of

Sh wt h
st g R PR Ag NS e
Dufielernired angdvas eampangd to spmﬂummm (DKWY induber2 s tm
Il
 rouein. e BBtercA i Mt or fira s i slgunt o
nmofitx texiapreghucedrby BIHEC mrﬂSﬂ:&hthl W‘Mbresr@'fcg dfour
f t i
PR SR O R e, o
hoincegase wf apariy hent;efuld olln thappéseacurof bovihe hictbfemnf
5 .t
oS! b Bhali oE SRR peflioeflnas Gy BEAEARIE). Tiip
Zehtb\amj lactdiéreinsurlikbenanysstheoddihts thak irfpdIEbaASd) rcWﬁhe
R T T e T ML ROk A
c onmmwease thprbcﬂmiaﬁtof taXirs BPBacteridl PathHogens WheR gréveh
mlke r ecti
under the Same condi}/rons as the bacterial pathogens having no bovine
lactoferrin. Likewise, in phage induction assays, no STEC strain could be

induced to go into & lytic cycle when grown with a wide range of bovine
lactoferrin concentrations.

Example 5
[000114] This example illustrates the effect of bovine lactoferrin on the
growth of Enterobacteriaceas.
[000115] Three strains of bacteria were utilized in the present invention.
The strains included EPEC E2348/69, EAEC 042, and Shigella flexneri
MOOT. Bacteria from overnight growth in Luria Broth were inoculated at
1:50 dilution in Dulbecco’s modified Eagle’s medium (DMEM) with 25 mM
HEPES, pH 7.4, and incubated at 37°C in a 5% CO; incubator without
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10 [000117] Data are expressed as nean standard
devi ation (SD) unl ess otherw se noted. For anal ysis of
the gromh inhibitory effect of lactoferrin, t

e
regression lines were calculated and the diff ce
B‘é‘?ﬁ%@f‘?l?%e two regression slopes were then ?ggf‘@a““’"m”

using t statistics (Armtage P, 1980). Paired data
were then anal yzed by WI coxorr Rank-Sumtest for
15di fferences in nedians. For analysis of the iron
content of various lactoferrin preparations and their
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The iron/protein ratios for the various lactoferrin
prl’gﬁlglﬁ aleo dndlicatas that blk hag a bacteriostatic, and not bacteriocidal,

effect on EPEC, EAEC and Shigella, as the bacteria returned to normal
growth after removal of bLF from the media. These results are shown in
Figures 1-3.

Example 6
[000119] This example illustrates the effect of concentration and time on
the growth inhibitory effect of bLF with regard to EPEC, EAEC and
Shigelfa. In this example, the bLF was purchased from Tatua Co-

26



5

10

16

20

15to growmh. In this exanple, a saturating anount of
iron reversed the grow h-inhibiting effect of bLF on
the bacteria (Figures 7-9). Exanple 8 [000121] This

X le lllustrates the effectiveness of bLF that has
E%‘iﬂ}?’f’ydfogt ed fromwhol e mlk and has a | ow S&iat5pe/10609

cell count versus bLF 20preparations that were

i solated from powdered m |k and do not have a | ow
somatic cell count. Conparative studies were conducted
using commercially avail able |lactoferrin preparations,

TRt SR Gor Lin, WRBREL Rov Ao e rctpae were

b LifeukattedhinADMBNM clture Rtedidf irofherpreSenttdf BLF preparations at

:\\I/g{ Hg?{lge,ln(ﬂ‘l zng/m%ggﬁag&ﬂnit IFViget.lrE:?a-é.l 4 sl%ovb thlétt %LF
inhibited EPEC, EAEC and Shigeila growth in a dose-dependent manner.
As the concentration of bLF increased, its growth-inhibiting effect also
increased.

Example 7
[000120] This example illustrates the effect of iron saturation on the
growth inhibiting effect of bLF. To compare the iron saturation of each
lactoferrin preparation, samples (10 mg/mL) were diluted in 0.1 M Tris, pH
8.5 and placed on a rotisserie for 2 hours. The iron saturation was judged
by iron content detemmination by absorbance at 465 nm (Mazurier and
Spik, 1980). The protein content was estimated by absorbance at 280 nm.
The iron/protein ratios for the various lactoferrin preparations were related
to growth. In this example, a saturating amount of iron reversed the
growth-inhibiting effect of bLF on the bacteria (Figures 7-9).
Example 8

f000121] This example illustrates the effectiveness of bLF that has been
isolated from whole milk and has a low somatic cell count versus bLF
preparations that were isolated from powdered milk and do not have a low
somatic cell count. Comparative studies were conducted using
commercially available lactoferrin preparations, shown in Table 1.
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bLF- BF20 Bovi ne Bi oferrinTM 2000 @ anbia Nutritional,
Inc, Monroe, W bLF-BFI O Bovi ne Bi of eni nThl 1000
GI anbia Nutritional, Inc, Monroe, W bLF-FD Bovi ne

F- ED donmestic | actoferr| n DMV i nt er nati onal
ﬁYH?‘%"f’?’dﬁ’Jl Del hi, New York bLF-NZMP Bovi ne FSG{f{54¥6/010609
| actoferrin NZMP Fonterra Ltd, Auckl and, New Zeal and
bLF- Si gma Bovi ne

Table 1.

Study Type Trade name Manufacture

code

bLF-Tatua | Bovine Bovine lactoferrin | Tatua Nutritionals, Tatua

Co-operative Dairy Co,
Ltd, Morrinsville, New

Zaaland

bLF-BF20 | Bovine Bioferrin™ 2000 Glanbia Nutritional, inc,

Monroe, W!

bLF-BF10 | Bovine Bioferrin™ 1000 Glanbia Nutritional, Inc,

Monroe, WI

bLF-FD Bovine LF-FD domestic . DMW international
lactoferrin nutritional, Delhi, New

York

bLF-NZMP | Bovine Bovine lactoferrin | Fonterra Ltd, Auckland,
NZMP New Zealand

bLF-Sigma | Bovine Bovine lactoferrin | Sigma ~ Aldrich CO. St
Louis, MO

[000122] These lactoferrin preparations were approximately 10-20% iron
saturated. The lactoferrin preparations were diluted in sample buffer (2-
mercapthoethanol, sodium dodecyl sufate and 0.1% bromphenol blue) at a
final concentration of 1 mg/mL.. Samples were then resoived on 10%
sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) and
stained with coomassle biue or silver stain.
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Bovine | actoferrin Sigma - Aldrich CO St Louis, MO

[ 0001221 These | actofen-in preparations were

approxi mately 10-20% iron saturated. The lactoferrin

gﬁgﬁgrations were diluted in sanple buffer (2-
#det hanol , sodi um dodecyl sufate and

br onphenol bl ue) at a final concentration of 1 ng/nL.

Sanpl es were then resolved on 10% sodi um dodecyl

pol yacryl am de gel el ectrophoresis (SDS-PAGE) and

stained with coomassi e bl ue or silver stain. [000123]
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r at rotein preparati o
¢ mewhean at M(ﬁnmmlrmntmmﬁmﬁmrgmﬂtmt)

P g ot RonBHiien o edEhnTPbied g Coparab s bir
! cnn_eEAEESEPEﬂJ arah8kigella Q'Ibwtﬂl ah@ hourse ksceppiectedathal ysi s
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:)quﬁcenéﬂtl l'.l‘$1bniabg?regrasg?fmiys?‘gngirgteﬁmgﬁiuared of
tci %mﬂo’\;‘ggéﬁéﬁ% %ggflt@psﬁ h Ocel | assay

system A sub- confl uent Esxmblecd HEp-2 cells

cel I s/ wel
WO TARIC b semivelesifatos tnecettsct o il ap FAEG aflainggnt.
apmwébmw biF wﬁro&k Eﬁm Stdchnidri mag\é%rmhwa m@HEpuze
rag§own in hours, centrif %M washed |
8% aﬁe@d A w%m@ﬁahlawo? AR gels{arpraimuely

H@ﬁﬁf‘ ceidndell, ' bi2alRaIMbIaR) Wasfected with EAEC at bacteria-to-
target ratio of approximately 100:1. Bacteria from overnight culture were
grown in bLF for 4 hours, centrifuged, washed, and resuspended in
adhesion media (DMEM, 100 mM HEPES, pH 7, with 1% D-mannose).
This bacterial suspension, with and without bLF (10, 1, 0.1, 0.01 mg/mL),
was incubated with the HEp-2 cells at 37°C in 5% CO; for 4 hours. The
monolayer was then washed vigorously to remove non-adherent bacteria.
EAEC adherence was evaluated by microscopy and cfu. For microscopy,
cells were fixed with 100% methanol and stained with crystal violet. For
cfu evaluation, HEp-2 cells were treated with Triton X-100, serially diluted
in phosphate-buffered saline (PBS) and cuitured on MacConkey plates.
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25 This bacterial suspension, with and w thout bLF
(10, 1, 0.1, 0.01 ng/nmL), was incubated with the HEp-2
cells at 37Cin 5% CO2 for 4 hours. The nonol ayer was
shed vigorously to renobve non-adherent

b@i?@ﬁa t4EAEC adher ence was eval uat ed by n]ggggg%gvmumm)
and cfu. For mcroscopy, cells were fixed with 100%
nmet hanol and stained with crystal violet. For 30cfu
eval uation, HEp-2 cells were treated with Triton
X—lOO serially di luted i n phosphat e-buffered saline
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mg/mL without iron) {p = 0.386). Thus, bLF decreases the adherence of
EAEC to tissue culture cells under non-bacteriostatic conditions and this
effect is not iron-dependent.
[000129] All references cited in this specification, including without
limitation, all papers, publications, patents, patent applications,
presentations, téxts, 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
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bacteri al pathogen expressing a type Ill secretory

system by adm nistering an effective anount of said
bovi ne |l actoferrin, wherein the bacterial pathogen

expressing a type Il secretory systemis selected
fromthe group consisting of Sal nonella, Shigella,
Yersi ni a, Pseudononas and Escheri chi a. 2. The
use according to claim1, wherein the bacteri al

pat hogen expressing a type Il|l secretory systemis
sel ected fromthe group consisting of enteropathogenic
E. coil and enterohenorrhagic E. coll. 3. The
use according to claim1, wherein the bacteri al

pat hogen expressing a type Ill secretory systemis
Shigella flexneri. 4. The use according to
claim1, wherein the effective anmount is in the range
of 0.001 ng to 100 g daily. 5. The use

according to claim1, wherein the effective anount is
in the range of 0.1 ng to 10 g daily.
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"6. The use according to claim1, wherein the effective
anount is in the range of 10 ng to 1,500 ng daily.

7. The use according to claim1, wherein the effective
anount of bovine lactoferrin is provided in at | east
three daily doses of said infant formula. 32

8. The use according to claim1, wherein the

wHARIO Y Aimed 1§f toxins by the bacterial pathogens is not

— 1 ncreased. 9. The use according to, claiml1,
wherein the subject is an infant that is not fed human
breast m | k. 10. An infant formul ation

CaNDeé f RilirktiadteRA n iSHlstel GOErWeHtié Ml hawny s Rivsamatid cell count in
fatty acid selected fromthe group consisting of DHA
the maR4factatk of@ntmfanttforonsa tohistibiofhe gaowthbio\a subjeich of @ bacteiial pathogen
isolated fromwhole mlk having a | ow somatic cell
expressing t type |Hseastonnsystant, fiyadeninistenglan effeetive amauntioh$aighbovine
an anount of bovine |lactoferrin in the range of from
lactoférridOWherginttbe baderial aathggen expressing a type Il secretory system is selected

from the group consisting of Salmonella, Shigella, Yersinia, Pseudomonas and Escherichia.

2. The use according to claim 1, wherein the bacterial pathogen expressing a type lli
secretory system is selected from the group consisting of enteropathogenic E. cofi and

enterchemorrhagic E. coli.

3. The use according to claim 1, wherein the bacterial pathogen expressing a type ||

secretory system is Shigella flexneri.

4. The use according to claim 1, wherein the effective amount is in the range of 0.001

mg to 100 g daily.

5. The use according to claim 1, wherein the effective amount is in the range of 0.1 mg

to 10 g daily.

6. The use according to claim 1, wherein the effective amount is in the range of 10 mg to

1,500 mg daily.

7. The use according to claim 1, wherein the effective amount of bovine lactoferrin is

provided in at least three daily doses of said infant formula.
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8. The use according to claim 1, wherein the production of toxins by the bacterial

pathogens is not increased.

9. The use according to, claim 1, wherein the subject is an infant that is not fed human

breast milk.

10. An infant formulation comprising at least one long-chain polyunsaturated fatty acid
selected from the group consisting of DHA, ARA and combinations thereof, and bovine
lactoferrin isolated from whole milk having a low somatic cell count in an amount sufficient to

deliver to an infant an amount of bovine lactoferrin in the range of from 0.001 mg to 100 g daily.
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