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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 23 a 49 12/Agosto/2008
Reivindicaciones: Folios 50 a52 12/Agosto/2008
Figuras Folios 53 a 65 12/Agosto/2008

Prioridad: EP06101556.6 | 10/Febrero/2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Mezcla de oligosacaridos”.

El problema planteado en esta solicitud es la necesidad de proporcionar una mezcla
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de oligosacaridos Gtil como prebidtico y cuya composicidn sea cercana a la
composicién de oligosacaridos presente en la leche de pecho humana.

Para resolver este problema tecnico la solicitud en estudio proporciona una mezcla
de oligosacaridos que comprende 5-70% en peso de al menos un oligosacarido N-
acetilado seleccionado del grupo que comprende GaNAal, 3GalBl, 4Glc entre otros,
20-90%, en peso de al menos un oligosacarido neutro, y 5-50% en peso de al menos
un oligosacarido sialilado.

El objeto de la presente Solicitud se relaciona:con la Clasificacién Internacional de
Patentes (CIP): A23L1/29

4. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La expresion “al menos” presente en la definicion de la mezcla de oligosacaridos
reivindicada es ambigua y no permite entender el alcance de la invencién. Se
requiere eliminar dicha expresion del capitulo reivindicaterio

Las reivindicaciones 9-11 mencionan “un producto alimenticio” que se caracteriza
porque comprende la mezcla de oligosacaridos de la reivindicacidn 1, sin embargo
no mencionan cuales son los demas componentes de dicho producto, asi como
tampoco mencionan las proporciones en las que se encuentran presentes. Es
necesario modificar las reivindicaciones antes mencionadas de forma tal que el
producto alimenticio esté definido mencionando los componentes especificos que
comprende y las proporciones en las que se encuentran presentes.

5. Determinacion del Estado de la Técnica

E| Estado de la Técnica se determind con base en la fecha de presentacion de la
Solicitud de Prioridad: Febrero 10 de 2006 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Item Documento Titulo Fecha de Publicacion
C. Kunz, S. Rudioff, W. | OLIGOSACCHARIDES IN
Baier, N. Klein, and S. | HUMANMILK:

St robel. Annu. Rev. | Structural, Functional, and
Nutr. 2000. 20:699-722 | Metabolic Aspects

D1 2000

D1 folios (70-93) ensefia una mezcla de oligosacaridos comprendida en la leche humana, la cual
corresponde a una mezcla de: Oligosacaridos N-acetilados, Oligosacaridos neutros, cligosacarido
siglilado (tablas 1-3).

6. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en una mezcla de oligosacaridos que comprende: 5-
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70% en peso de al menos un oligosacéarido N-acetilado, 20-90% en peso de al
menos de un oligosacarido neutro y 5-50% en peso de al menos un oligosacarido
sialilado.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica;

Caracleristicas esenciales , D1

Ensefla una mezcla de oligosacaridos
Mezcla de oligosacaridos que comprende: | comprendida en la leche humana, la cual
corresponde a una mezcla de (tablas1-3):

5-70% en peso de al menos un

. oligosacarido N-acetilado

20-90% en peso de al menos de un
oligosacarido neutro

5-50% en peso de al menos un

| oligosacérido sialilado

Oligosacaridos N-acetilados

Oligosacéridos neutres

oligosacarido sialilado

El documento perteneciente al estado de la técnica de la invencion definida en la
reivindicacion 1 de la solicitud bajo estudio corresponde a D1 porque dicho
documento enseia una mezcla de oligosacaridos comprendida en la leche humana,
la cual corresponde a una mezcla de: Oligosacaridos N-acetilados, Oligosacaridos
neutros, oligosacarido sialilado (tablas 1-3).

La diferencia entre la invencién definida en la reivindicacion 1 y la mezcla de
oligosacaridos ensenada en D1 consiste a la mencion de las proporciones
especificas en las cuales se encuentran los oligosacaridos en la mezcla de la
presente invencion, mientras en documento D1 no menciona dichas proporciones.

El efecto técnico producto de la diferencia antes mencionada no puede ser
determinado porque no existe alguna evidencia que indique que la seleccion de las
proporciones mencionadas en la reivindicacion 1 otorgue a la mezcla de
oligosacaridos reclamada en la presente solicitud alguna ventaja técnica frente a la
mezcla ya divulgada con anterioridad por el documento D1.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion
consiste en proporcionar una mezcla de oligosacaridos tal como las ya conocidas en
el documento D1 seleccionando un rango de proporciones especifico.

Teniendo en cuenta lo anterior, la persona medianamente versada en la materia
conociendo el Problema Técnico Objetivo y las ensenanzas del documento D1,
derivaria de forma obvia la mezcla objeto de la presente salicitud, toda vez que esta
corresponde a una seleccion de las mezclas de oligosacaridos ya mencionadas en el
documento D1.

Las reivindicaciones 2-11 no mencionan alguna caracteristica que haga inventiva la
mezcla de la reivindicacién 1y por lo tanto tampoco pueden considerarse inventivas.

7. Conclusion

L.os requisitos de Patentabilidad de la presente Solicitud estan afectados asi:
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Annu. Rev. Nutr.
2000, 20:699-722

| [

Item Documento Reivindicaciones afectadas Requisito que afecta
C. Kunz, S. Rudloff, '
W. Baier, N. Klein,

D1 and S. St robel. 1-11 Nivel Inventivo

En cumplimiento del articulo 45 de |a DeC|S|0n 486 de la Comisién de la Comunidad
Andina, se le indica gue debe dar respuesta déntro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requeriMiénto, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

‘ .
Notifiquese el presente oficio conforme a lo disbyesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ

Director de Nuevas Creaciones (C)

El anterior

requerimiento fue notificado ‘por fijacion en lista, de fecha

Elaborado por: Juan Cérlos Cort’es2 garma
Revisado por: Jacqueline Alfonso Rozo
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OLIGOSACCHARIDES IN HumaN MILk:
Structural, Functional, and Metabolic Aspects
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M Abstract Research on human milk oligosaccharides (HMOQs) has received much
attention in recent years. However, it started about a century ago with the obsetvation
that oligosaccharides might be growth factors for a so-called bifidus flora in breast-
fed infants and extends to the recent finding of cell adhesion molecules in human
milk. The latter are involved in inflammatory events recognizing carbohydrate se-
quences that also can be found in human milk. The similarities between epithelial
cetl surface carbohydrates and oligosaccharides in human milk strengthén the idea
that specific interactions of those oligosaccharides with pathogenic microorganisms
do occur preventing the attachment of microbes to epithetial cells, HMOs may act as
soluble receptors for different pathogens, thus increasing the resistance lof. breast-fed
infants. However, we need to know more about the metabolism of oligosaccharides in
the gastrointestinal tract. How far are oligosaccharides degraded by intestinal enzymes
and does oligosaccharide processing (e.g. degradation, synthesis, and elongation of
core struclures) occur in intestinal epithelial cells? Further research on HMOs is cer-
tainly needed to increase our knowledge of infant nutrition as it is affected bfy complex
oligosaccharides.
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INTRODUCTION

Recently, human milk (HM), compared with milk from other species, was consid-
ered to be unique in terms of its content of complex oligosaccharides (10, 16, 17,
25, 29, 31, 56). Today, we are aware of one exception, which is the milk of ele-
phants, Tts composition and the interpretation of the data are dlscussed glsewhere
(22). For many years, oligosaccharides have been discussed only in terms of their
role in the development of a specific intestinal flora in breast-fed infants, Today,
there is striking evidence that free oligosaccharides, as well as glycoproteins, are
potent inhibitors of bacterial adhesion to epithelial surfaces, an initial stage of
infective processes. Thercfore, these oligosaccharides are considered to be solu-
ble receptor analogs of epithelial cell surface carbohydrates. Whether they also
function as ligands for selectins influencing inflammatory reactions is (;:ul:'renl]y of
great research interest as well. b

STRUCTURAL DIVERSITY OF OLIGOSACCHARIDES

Biological functions of oligosaccharides are closely related to their conformanon
The monomers of milk oligosaccharides are D-glucose (Glc), D- ga!actose (Gal),
N-acetylglucosamine (GleNAc), L-fucose (Fuc), and sialic acid {N- acety]neura—
minic acid (NeuAc)]. With few exceptions, oligosaccharides isolated so far carry
lactose at their reducing end (see Table 1). An elongation is achieved By an en-
zymatic attachment of GlcNAc residues tinked in B1-3 or in B1-6 linkage to a
Gal residue followed by further addition of Gal in a B-1-3 or 8-1-4 bond. Thus,
a large number of core structures can be formed. Further variations occur due to
the attachment of lactosamine, Fuc, and/or NeuAc residues at different positions
of the core region and of the core elongation chain (10, 50). :

The addition of Fuc is dependent on the actions of at least three different fuco-
syltranstferases in a genetically determined process. The « | -2-fucosyltransferase is
found in ~77% of Caucasians who are classificd as secretors. Thercfore, dligosac-
charides in milk from women with secretor status are characterized by the
presence of 2-fucosyllactose (Fucer1-2GalB1-4Glc), of lacto-N-fucopentaose 1
(Fuce 1-2GalB1-3GIcNAcB1-3Galf31-4Glc) (Table 1 and 2), and ofmore -complex
oligosaccharides all possessing Fuce 1-2GalB1-3GlcNAc residues.

Another fucosyltransferase that is Lewis gene dependent attaches Fuc residues
in o 1-4 linkages to a subterminal GlcNAc residue of type 1 chains. Therefore, in

gl
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1

TABLE 1 Core structures of oligosaccharides in human milk?

Component Structure
[Lactosc : Galp1-4Gle
Lacto-N-tetraose / 3Galp1-4Glc
( 1) 3GlcNAcH]
e Galp1 :
| L
Lacto-N-nco- ‘/ 3Galp1-4Gle
ietraose (lype 2) Galp1-4GleNAeBI
Lacto-N-hexaose 3Galpl-4Gle

Lacto-N-oclaose

Lacto-A-decaose

Lacto-N-dodecaose

GaiB1-3/4GIcNACpL ~

Gualp1-3/4GlcNACB 1<

3Galf 1-4GIcNACH /
Galpl-4GleNAch1 ~ 3Galpl-4Gle

3Galp1-4GIeNAChT

3GIcNAcp1”” |
Galpl”

Galpi-4GlcNAcp] )
™ 3/6Galp14Glc
Galp 1 4GIcNAepL-T !
GalBl-dGIcNAc[il\

3GKkNACP1 ~
Galpl/

3/6Galp1-4Gle

3Galp1-4Gle
3GalBl4GIcNACE!
3Galp1-4GleNAcB1

y 3GalB14GIcNAChH)

™ 3/6Galp1-4Glc
Galp1-3/4GleNAcp1-T

3Galpi-GleNAcH]
3Gaiﬂ|—4GiCNACBl s 3[66&]ﬁ14G|C
Galp1-3/4GleNACBL /|
™ 36GaIP1-4GlcNACPI
3GIcNACBL 3/6Galp1-4Glc
Galpl,” IGIcNAChL /-
Galfl/

(Galp1-4GIcNACR )y, o

™ 3/6GaIp1-4GlcNAcp1
(GaIP14GIcNACP 1)y, ‘ﬁaalm-«:lc
“6Galp1-3/4GIcNACBI
GalP1-34GIcNAcp) / i

Galp1-3/44GIcNACR1

Galf 1-4GIlcNAcp!

*Adapted trom Reference 10 by permission of the publisher.

milk of nonsecretors, the major fucosylated oligosaccharide is, lacto-N-
fucopentaose 11 (GalB1-3[Fuca 1-4]GIcNAcBI-3Gall31-4Glc; see Table 2}, which

|t

is the “Lewis a” blood group determinant. This characteristic component is found
in ~20% of the population. If both fucosyliransferases, the secretor gene and the
Lewis gene-dependent form are present, one of the major milk oligosaccharides is
lacto-N-difucohexaose 1 (Fuca 1-2GalB1-3[Fuce 1-4]GlcNAcB1-3GalB1-4Glc).

12
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TABLE 2 Oligosaccharides in term and preterm human milk

Trivial name Abbreviation Structure ,
l.actose l.ac i balﬁl—4Glc
2'-Fucosyl-lactose? 2'-Fuc-lac Fucor 1-2Galg1-4Gle
3-Fucosyl-lactose 3-Fuc-lac Galg 1-4Gle
3
I |
o 1
Fucor
¥ -Sialyl-lactosc 3'NeuAc-3-Fuc-lac NeuAca2-3Galpl-4Gic
3-fucosyl-laclose | ; 3
[ |
|
Fuco
Difucosyl-lactose® Fuey-lac Fuca 1-2Galg1-4Glc
R 3
|
1
Fuca
Lacto-N-1etraose (type 1) LNT Galf1-3GlcNAcS1-3Gals 1-4Gic
Lacto-N-neo-tetraose neo-LNT Galg 1-4GlcNAcS1 l3¢alﬁ 1-4Gle
(type 2)
Lacto-N-fucopentaose 12 LNFP | Fuce 1-2Galg 1-3GlcNAcS 1-3Gal81-4Gle
Lacto-N-fucopentaose 11 LNFP 1] GalB1-3GleNAcS 1-3GalB1-4Gle
4 I .
I
1
Fucor :
Lacto-N-Tucopentaose TH LNFP 111 Galg1-4GleNAcs1-3Galg1-4Gle
3 :
|
I
Fucer o
l.acto-N-fucopentaose V LLNFP V GalB1-3GlcNAcA 1-3Gal f1-4Glc
i 3
|
1
. Fucoer
;)
Lacto-M-difuco-hexaose [ ILNDFH 1 Fucor 1-2Galf1-3GlcNAcS1-3Galf1-4Gle
4
I
1 .
Fucer P

(Continued)
!

RS
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TABLE 2 (Continued}

Trivial name Abbreviation Structure
Lacto-N-difuco-hexaose 11 LNDFH [1 GalB1-3GlcNAcB1-3Galg1-4Glc
4 ' 3
l |
1 1
Fuce Fuce
Sialyle (2-3)lactose NeuwAca(2-3)lac NeuAca2-3Galf1-4Glc
Sialyloe(2-6)laclose NeuAco(2-6)lac NeuAca216Galg1-4Gle
Sialyl-lacto-N-tetraose a  NeuAc-LNT NeuAcar2-3Gal81-3GIcNAcA 1-3Gal 81-4Gle
{L.ST a) '
Sialyl-lacto-N-tetraose b NeuAc-LNT Galg1-3GIcNAcS 1-3Galg1-4Gle
(LST by 6 i
| H
2
NeuvAca
Sialyl-lacto-N-tetraose ¢ NeuAc-LNT NeuAca2-6Gal §1-4GicNAcA 1-3Gal f1-4Glc
{LST¢)
Sialyl-fucosyl-lacto- NeuwAc-fue-LNT 1 —b ‘ !
N-tetranse |
Sialyt-fucosyl-lacto- NewAe-fue-LNT I —b
N-tetraose [1
Disialyl-lacto- NeuAc;LNT NeuAco2-3GalB1-3GIcNAc 1-3Galg 1-4Glc
N-tetraose 6 '
I
2
NeuAca

. . . . | i
.ewis b-active components: 2 fucosyl-lnclose, difucosyl-laclose, lacto-N-fucopentaose |, lacto-N-difuco-hexaose 1.

"Not determined yet,

In ~5% of the population who belong to blood group Lewis a~ b™, a third
type of milk oligosaccharide, carrying fucose o 1-3 linked to GleNAc in type 2
chains, was found. The major oligosaccharide in the milk of these doriors is laclo-
N-fucopentaose 111 (GalB1-4[Fuce 1-3]GlcNAcB1-3Gal3t-4Glc; see Table 2).

In addition to fucosyltransferases, several sialyltransferases may add NeuAc at
different positions in milk oligosaccharides (see Table 2). The various actions of
fucosyltransferases and sialyltransferases led to the identification and subsequent
characierization of > 100 different oligosaccharide structures in HM.| |

CONCENTRATIONS OF OLIGOSACCHARIDES

Table 3 summarizes our recent results on oligosaccharides in term‘and pre-
term milk (21, 31, 33). The major components are mono- and difucosyllactose,
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TABLE 3 Oligosaccharides in human milk and cow’s milk

Amount (g/liter)

Component Human milk® Cow’s milk" W
I
Lactose 55-70 4050
Oligesaccharides
Lacto-N-tetraose 0.5-1.5 Traces
Lacto-N-fucopentaose 1 1.2-1.7 —_
Lacto-N-fucopentaosc 11 0.3-1.0 —
Lacto-N-fucopentaose 11 0.01-0.2 — |
1
Lacto-N-difucohexaose [ 0.1-0.2 —
NeuAc{e2-6)lactose 0.3-0.5 i
0.03-0.06
NeuAc(w2-3)lactose 0.1-0.3
NeuAc-lacto-N-tetraose a 0.03-0.2 Traces
NcuAc-lacto-N-letraose ¢ 0.1-0.6 Traccs L
NeuAcs-lacto-N-tetraose 0.2-0.6 Traces ‘
Oligosaccharides (1otal) 5.0-8.0 Traces

“Data are obtained fram References 17 and 31,
"Data are obtained from A Kobata (1972, Methods finzymal, 28;262) and J Parkkinen &
J Finne (1987, Methods, Enzymod, 138:289),

i
lacto-N-tetraose (LNT) (mainly type 1), and their mono- and difucosylated deriva-
tives as well as fucosylated lacto-N-hexaoses and lacto-N-octaoses. Among the
sialylated components we isolated sialyllactose, the three 1someric forms of LNT
(LST a, b, and ¢), and disialyl-LNT. Because of the fucosylation of these oligosac-
charides, there are many more components in milk that need further chdracteriza-
tion. There seem to be no differences in the qualitative or quantitative aspects of
term and preterm milk. Compositional changes of oligosaccharides in term milk
also occur during lactation with the largest amounts being found at early stages
(22; Table 4). So far, differences between term and preterm milk have not becen
cbserved.

There are also reports from other groups that show a similar trend for the total
concentration of HMO (9, 10a, 32a, 51). However, it should be mentioned that data
obtained from different groups should be compared with caution for the following
reasons. First, there is still no routine method available for investigating the pattern
or the total amount of HMOs. Each method has its own characteristic separation
behavior, which makes a direct comparison with other methods rather difficult.
Second, in some papers the exact method is not given. Therefore, I:t cannot be
evaluated whether all or at least most of the lactose has been removed from the
oligosaccharide fraction. If the quantitation is based on the dry weight of a fraction,
then the values may be far too high because of residual lactose. The same holds for
residual proteins, which may contaminate fractions with rather complex acidic and
neutral oligosaccharides. Third, the quantitation of complex components requires
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several chromatographic steps with different systems (e.g. ion-exchange chro-
matography, gel filtration, etc) leading to very distinct methodologies for different
laboratories, although they all may address the same question.

With regard to the total amount of oligosaccharides, it is lmportant that some
oligosaccharides may occur in concentrations as high as those of milk proteins
like lactoferrin, @-lactalbumin, and secretory IgA (Table 3).

The major component among complex oligosaccharides is LNT (0.5—1.5 g/liter),
followed by lacto-N-fucopentaose 1 or II. LNT and its monofucosylated deriva-
tives add up to ~50%—70% of the total complex carbohydrates. Of the sialylated
components, the content of sialyllactose (NeuAca2-6L.ac and NeuAca2-3Lac) is
highest, ~1.0 g/liter, followed by isomers of monosialylated LNT and disialylated
LNT. The total amount of complex oligosaccharides in mature milk 'is between 5
and 8 g/liter. In cow’s milk, only small amounts of oligosaccharides are detectable,
with sialyllactose being the major component. '

Breast-Fed Vs Formula-Fed Infants '

Al the beginning of this century, Tissier & Moro reported that in feces’of breast-
fed infants, unlike those of bottle-fed infants, bifidobacteria are the predommant
microorganisms (32, 52), This observation has been confirmed by severai research
groups but not by others (for a review, see 17). According to Rolles et al (41),
the normal pattern of bacterial colonization of the intestine may be more complex
than previously reported. Studies using gas liquid chromatography as !a specific
method to identify anaerobic microorganisms led to the conclusion:that neither
bifidobacteria nor lactobacilli were predominant in most normal infants born at
full term, whether they were breast-fed or bottle-fed (27). o

There seem to be several reasons why an increasing number of studles are
not confirming the presence of a specific bifidus flora in breast-fed m_fants )
methodical problems in identifying different bacterial species, for example micro-
biological assays vs gas chromatography; () environmental factors such as mode
of delivery, for example vaginal delivery vs cesarean section; (¢) treatment with
antibiotics; (¢) preterm delivery; (¢) mode of collection and storage of feces sam-
ples (considering the slower proliferation of apathogenic bifidobactéria); or ()
use of infant formulas which are in part adapted to HM. These and other factors
might explain the differing results of many reports. A thorough review of this topic
is piven by Adlerberth (1. o

N-Acetylglucosamine-Containing Oligosaccharides as
Growth Factors for Bifidobacterium bifidum -

The predominance of Bifidobacterium bifidum in the intestinal flora of breast-fed
infants led Moro in 1900 to the conclusion that HM contains a growth factor for

[ |
H



HUMAN MILK OLIGOSACCHARIDES 707

these microorganisms (32), Gyorgy et al (1954), using a “bifidum mutant” called
Bifidobacterium bifidum subspecies pennsylvanicum, which was isolatéd from fe-
ces of breast-fed infants, found that gynolactose, a mixture of ~10 oligosaccharides
containing GlcNAc, is the growth-promoting bifidus factor. However, it should be
mentioned that the bifidus strain that has been used as a laboratory strain does
not regularly occur in feces of breast-fed infants, Meanwhile, clinical studies have
also been performed to identify the components in breast milk, which stimulate the
growth of a nonpathogenic microflora. Besides a certain whey protein-to-casein
ratio, lactoferrin with and without added iron, nucleotides, and, very recently,
deglycosylated bovine whey proteins have been investigated. However, there has
been no evidence that any of these components markedly affect the intestinal flora.
The question of whether HM oligosaccharides are the responsible growth factors
cannot be answered yet, as no clinical data are available. However, such studies
can now be performed as the synthesis of at least some oligosaccharides is feasible
today. ‘

OLIGOSACCHARIDES AS NONSPECIFIC
DEFENSE MECHANISMS

There is increasing evidence that oligosaccharides and glycoconjugates in HM
have a direct inhibitory effect on certain virulence-related abilities of pathogenic
microerganisms (37, 17, 4547, 53, 57). Although the exact pathophysiological
mechanism of the genesis of diarrhea 15 not fully known vet, it seems that the
ability of microorganisms to adhere to the mucosal surface is essential for the
spreading of these bacteria (e.g. Escherichia coli, Helicobacter jejuni, Shigella
strains, Vibria cholerae, and Salmonelia species) in the duodenum (6, 30). Bac-
terial adhesion in general involves a ligand-receptor interaction between struc-
tures on the bacterial surface and complementary structures on the mucosal sur-
face of the host. Some of the best-characterized adhesins of bacteria are thosc of
E. coli, which posscsses type | fimbriac (mannose sensitive), S fimbriae (sensitive
to sialylated galactosides), or colonization factors [a heterogeneous group with
various receptor specificitics (6, 14, 24, 30, 35)]. The various ligand specificities
of E. cofi strains could explain the differences in intestinal colonization of breast-
fed versus formula-fed newborns: The free oligosaccharides and glycoproteins of
HM, which are present in large amounts and great variety, might prevent intestinal
attachment of microorganisms by acting as receptor analogs competing with ep-
ithelial ligands for bacterial binding. To illustrate the similarities between oligosac-
charides in HM and the receptors for pathogenic microorganisms, some receptor
ligands naturally occurring in term and preterm milk are listed in Table 5 (see also
Table 2). o

Good examples of the distinct specificity of microorganisms are influenza A, B,
and C viruses, which recognize either NeuAc{w2-6)Lac, NenAc(x2-3)L.ac (both
major components of HM), or the 9-O-acetylated form of NeuAca2-3R.
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|
TABLE 5 Oligosaccharides, naturally occurring in human milk, as receptors |

for microbes?

Receptors

Microorganisms :

Mannose-containing glycoproteins
Fucosylated oligosaccharides
Fucosylated tetra- and pentasaccharides
Sialyl{er2-3}lactose and glycoproteins
Sialy{w2-3}galactosides in mucins

Neutral cligosaccharides (LNT, neo-LNT)
Gal(B1-4)GlcNAc or Gal(B1-3)GleNAc

Fuce 1-2Gal epitopes
Sialyl-lactose
Sialyl-lactose

Sialyl-lactose and sialylated glycoproteing
Sialylated glycoproteins (er2-3-linked)

Escherichia coli (type 1 fimbriae)
E. coli (heat-stable entcroloxm)
E. coli |

E. coli (S-fimbriae} !
E. coli (S-fimbriae)

Streptococcus pneumoniae
Pseudomonas aeruginosa
|

Candida albicans

Helicobacter pylori |
Streptococcus sanguis |
H. pylori

Mycoplasma pnevmoniae

Sialylated poly-N-acetyllactosamine M. pneumoniae \
Sialylated (ar2-3)poly-N-acetvlactosaminoglycans Streptococcus suis
Sialyl{ee2-6)lactose Influenzavirus A
Sialyl(er2-3}lactose Influenzavirus 3 !
9-0-Ac of NeuAc(e2-3)R Influenzavirus C

"For References, sec 47, | I

About 70% of otitis media cases in ngwborn infants are caused by infections
with pneumococci or Haemophilus influenzae. In 1986, Andersson et al were
able to show that the adhesion of these microorganisms to specific ca‘rb"‘ohydrate
structures of pharyngeal or buccal epithelial cells was inhibited by HM!(3). In a
similar way, neutral oligosaccharides of HM could protect the intestinal tract of
newboms from infection by ¥ cholerae (13). . '

In 1983, Parkkinen et al showed that sialylated HM oligosaccharides abohshed
the binding activity of £ coli strains that cause meningitis and neonatal sepsis in
newbomms (36). ! t

Because S-fimbriated £. coli strains exert a receptor specificity for sialylated
galactosides, one might speculate that HM, with its high content of components
with these epitopes, is responsible for there being fewer infections observed
in breast-fed infants than in bottle-fed ones. In 1987, Ashkenazi & Mirelman
revealed that proteolytic digestion of the nonimmunoglobulin ﬁacti‘on‘t of HM
had no effect on the inhibitory activity of adherence of enterotoxigenic £. coli
strains to the guinea pig intestinal tract whereas oxidization of the ¢arbohy-
drates by sodium periodate led to a loss of inhibitory activity (5}. Although there
has been no definitive proof of an influence of HMO on microbial cell inter-
actions, it is surprising that with each suckling the infant’s orogastrointestinal

¥
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I
tract is rinsed with 100 to 500 mg of HMO, This large amount Tnakes it very

likely that HMO have local effects on the mucosal cell surface 0{' dven within

the cell.

IMMUNOMODULATORY EFFECTS OF BREAST
MILK OLIGOSACCHARIDES

Adhesion of leukocytes to the endothelium and extravasation at sites of inflam-
mation are multistep processes. Low-avidity binding by siaylated and fucosylated
oligosaccharides and members of the selectin (CD62) family resuits|initially in
slowing down (rolling) of passing leukocytes. This is then followed by firm adhe-
sion and transmigration mediated by activated ; and B. integrins and membcrs of
the immunoglobulin supergene family, particularly VCAM-1 and ICAM 1. The
migration of leukocytes such as neuirophils, lymphocytes, and monocytes to sites
of inflammaticn is therefore determined by the expression of adhesion molecules,
which in turn is regulated by signals mediated by surface costimulat(lyry molecules
and by cytokines (12, 15, 23, 48, 49, 54).

There is increasing evidence that the complex multicellular processes of inflam-
mation, hemostasis, and thrombosis are closely linked. It has been cs|tab]15hed that
inflammatory cytokines such as tumor necrosis factor alpha (TNF—a) and inter-
leukin-1 (IL-1)can induce a prothrombotic state. This results from increased mono-
cyte and endothelial cell tissue factor expression and pathway activation and from
reduced fibrinolytic activity secondary to increased levels of plasminogen activator
inhibitor 1 (38). Conversely, key components of the coagulation path;Wdys, such as
thrombin, have now been shown to contribute to inflammation by inducing release
of IL-6 and 1L-8 from monocytes and endothelial cells. |

Recently, it has become apparent that platelets are pivotal in regulating this
hemostati¢/inflammatory axis. Platelets express surface adhesion ncialecules re-
sponsible for primary hemostasis and accelerate the conversion of prothrombin to
thrombin (4). In addition, platelets can secrete proinflammatory mediators such as
IL-1 and express surface molecules capable of modulating mﬂammatory PrOCEsses
(e.g. CD40L).

The capacity for platelets to influence the hemostatic/inflammatory axis may
rely on direct contact with inlammatory cells. Heterotypic aggregation|of platelets
with neutrophils (and other leukocytes) has been observed in vitro and in blood
taken from healthy volunteers. These interactions are mediated by platelet CD62P
expression and leukocyte 8, integrins (38, 39). Indirect evidence that these com-
plexes may themselves have a physiological function is provided by studles which
have shown changes in the numbers of or capacity to form these hqte'rotyplc cell
complexes in clinical conditions, in which thrombosis and infi ammatioﬁ are promi-
nent features. How platelet-leukocyte complexes contribute to these cfor:1ditions has
yet to be elucidated.
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There is now good evidence that sialyl and fucosyl lactosamines such as sialyl
Lewis x and sialyl Lewis y are critical epitopes during lectin-ligand binding steps.
Similar carbohydrate structures or their precursors are abundant in breast milk and
may therefore influence adhesive events in vivo (13, 53). In our current studies,
all HMO samples were tested for their capacity to induce the endothelial adhesion
molecules ICAM-1, VCAM-I1, and E-selectin (15a). None was found to affect
either resting endothelial cells or TNF-stimulated cells. Also, neutral oligosaccha-
rides did not influence neutrophil adhesion at rest. However, when added to TNF-
a-stimulated human umbilical vein endothelial cells, there was a dose-dependent
inhibition of neutrophil adhesion. We did not detect any consistent changes in
lymphocyte adhesion under these conditions. Adhesion in the presence of acidic
oligosaccharides was usually minimal, although in some experiments there was
enhancement of neutrophil adhesion.

An examination of the neutrophils from whole blood stained with CD42b-
phycoerythrin and CD1 1b-fluorescein isothiocyanate allowed the detection of two
populations of cells; free neutrophils and platelet-neutrophil complexes (PNCs).
ADP stimulation increased the intensity of CD11b staining in both PNCs and free
neutrophils. Addition of defatted breast milk led to a dose-dependent increase in
PNC levels and an increase in neutrophil CD11b expression. This occurred in
the presence or absence of ADP. Experiments using HMO also showed increased
PNCs, although low levels of endotoxin were detected in the samples used. To
summarize our present studies, we observed the following:

1. This study investigated the capacity for different breast milk fractions to
influence the processes of adhesion involved in endothelial cell-leukocyte
interactions and in platelet-neutrophil complex formation. Both adhesion
models require selectins, integrins, and members of the immunoglobulin
superfamily. We found that purified neutral oligosaccharides had the
capacity to inhibit binding of neutrophils to TNF-stimulated endothelium.
The model examined adhesion under low-flow conditions. Therefore, it is
difficult to be certain exactly how these sugars were operating. It is
probable that selectin-mediated adhesion was most affected, but other
studies are required to examine this further.

2. We also found that defatted human milk and purified oligosaccharides
enhanced the formation of PNCs. Again, both selectins and integrins are
involved in PNC formation. How the oligosaccharides are mediating this
effect is unclear. They may act to bridge CD62P to its ligands on
neutrophils, but more probably, through the cross-linking of neutrophil
selectins, they activate a signaling cascade that leads to increa'seﬂ integrin
expression and activation. More work is required to understand these
processes in more detail.

3. OQur results indicate that human milk oligosaccharides can influence
cellular adhesion, but further work is required before we can be confident
that the oligosaccharides are operating alone and are not acting in concert

4\
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Renal Excretion of Oligosaccharides in Infants -

with nonoligosaccharide contaminants present in the samples as a result of
the purification process.

METABOLIC ASPECTS OF OLIGOSACCHARIDES

b
As reported above, several in vitro studies have shown that oligosaccharides are
potent inhibitors of bacterial adhesion to epithelial surfaces, an initial stage of
infective processes. A prerequisite for this mechanism to function in the urinary
tract is the intestinal absorption and renal excretion of potentially. active milk
components,

Recent data obtained by high-pH anion exchange chromatography with pulsed
amperometric detection in combination with fast atom bombardment -ass spec-
trometry (19) are in agreement with those of Lundblad, who found small oligosac-
charides in urine of breast-fed infants (26). Besides 2'-fucosyllactose, 3-fucosyl-
lactose, and difucosyllactose, other complex oligosaccharides, such as LNT,
lacto-N-fucopentaose [ and 11, difucosyl-LNT, difucosyl-lacto-N-hexaose, sialy!-
LNT, and disialy}-LNT were identified in HM-fed infants (44). Fucoéyl'ated oligo-
saccharides were virtually absent in urine of formula-fed infants, whereas sialy-
lated components occurred in both groups. These results indicate that nutrition has
a significant impact on the urinary oligosaccharide composition. Recently, Kunz
et al verified these data by orally administering ['*C]Gal to lactating women. A ficr
in vivo labeling of lactose and oligosaccharides, they demonstrated that the ['*C]
enrichment of the infants’ urine is caused by very specific milk-derived oligosac-
charides (20; see below). ‘

The presence of oligosaccharides that are typical for HM in urine of breast-fed
infants might be explained by intestinal absorption of intact oligosaccharides from
breast milk, where they occur in major amounts. Assuming that HM is the source
of specific urinary oligosaccharides, renal excretion of these componems would
account for ~1% of the daily intake.

Studies with *C-Labeled Galactose in Lactating Mothers and |
Their Infants o

As mentioned above, it seems likely that, among other components, milk oligosac-
charides play an important role in an infant’s defense against bacterial and viral
adhesion, particularly within the gastrointestinal tract (17, 21, 53, 5?). A prerequi-
site for systemic effects is that milk oligosaccharides are absorbed and distributed
via the blood to different organs and cells. The availability of suitable methods of
studying oligosaccharide metabolism in the infant would be a dlstmct advantage
in attaining our goal of increased knowledge of this process. |
Currently, a dietary influence on the biosynthesis of carbohydrates in the mam-
mary gland is not considered to be of any importance. However, we hlypothesized
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Studies with *C-labeled Monosaccharides

investigations '
1. Milk carbohydrate biosynthesis
2. Metabolism of oligosaccharides

in the infant

Glycogen
Intermediary metabolism

Figure1 Scheme of our studies with "C-labeled monosaccharides(]'*C]Gal and ['*C]Gle) to in-
vestigate questions with regard to milk carbohydrate biosynthesis and oligosaccharicﬁc hctabolism

in the infant.

that lactating women have an exogenous demand for Gal because they may pro-
duce up to several liters of milk with a high lactose and ¢ligosaccharide content
per day. One of the major constituents of these carbohydrates is Gal and not Glc

(6, 7; scc Table | and 2).

Therefore, we investigated whether an oral administration of a '}C-labeled
Gal bolus to lactating mothers leads to a specific labeling of milk lactose and
oligosaccharides in the human mammary gland (Figure 1). If the *C enrichment
of milk carbohydrates would have been high enough, we should then have been
able to follow some metabolic pathways of mitk oligosaccharides in.the infant

(22a).

|

So far, 15 breast-feeding women (third to fourth month of Iactatibnb received,
immediately after their breakfasts, an oral Gal bolus (25 g of Gal plus 2 g of
{1*C]Gal; D-Gal; 1-'*C, 99%). During the following 24-36 h, they collected
5—-10 ml of milk at each nursing as well as urine (at 4-h intervals). Most of the
mothers also collected breath at each nursing. The milk volume was det¢rmined by
weighing the infants immediately before and after suckling. We also collected urine
from two infants between 24 and 36 h after the Gal bolus was given to their mothers.

The '*C enrichment in breath, urine, and whole milk and in mitk fractions
with fat, protein, and carbohydrates was determined after total combustion by
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isotope ratio mass spectrometry (IR-MS) (Delta S; Finnigan, Bremerni, Germany).
To identify '3C-labeled components, protein- and fat-free milk was separated into
individual fractions by Sephadex G235 gel filtration chromatography and charac-
terized by high-pH anion-exchange chromatography with pulsed amperometric
detection {(HPAEC-PAD), high-performance thin-layer chromatography (silica-
HPTLC), fast atom bombardment mass spectrometry, and *C nuclear magnetic
resonance spectroscopy (18, 20, 34).

To exemplify the potential of applicating stable isotopes to lactating mothers
and monitoring the metabolic fate in their infants, we report the data from one
mother-infant pair.

IR-MS (expressed as 8''Cppg[%0]), which is the deviation from the baseline
ratio of '*C + '2C in the milk sample, corrected against the internationally used
standard Per Dee Belemmite, of whole milk from all women revealed maximal '*C
enrichment during the first 2-8 h after the oral intake of ['*C]Gal, followed by a
continuous decrease of §'3Cp55[%e]. An example is given in Figure 2, which shows
the §**Cppy values for whole milk and for the milk fat, protein, and carbohydrate
fractions of one woman. In milk, the maximum &'*Cpp,; was reached within 8 h
after administration of the Gal bolus, and the value then rapidly declined in the
following hours. The '*C enrichment observed in milk carbohydrates was highest,
followed by that in milk proteins. However, the high '*Cppg[%s] in the protein
fraction is partly caused by the residual lactose. Only a small amount of 13C
enrichment was detectable in fat. The cumulative '*C enrichment over the first
peak was about 7% of the oral 1*C dose.

To identify *C-enriched components, the carbohydrate fraction was separated
by Sephadex G25 gel filtration chromatography into individual subfractions, which
were investigated by HPAEC-PAD, silica-HPTLC, and IR-MS. As can be seen in
Figure 3, the highest '*Cppg values were found in lactose, followed by neutral and,
to a lesser extent, acidic oligosaccharides. '

13C nuclear magnetic resonance spectroscopy of the isolated lactose from milk
samples collected over a 36-h period afier the Gal intake demonstrated that a '*C
atom was present only at the C, position of Gal and at the C, position of Gle.
Moreover, in milk from some women, there seemed to be a preferential labeling
of Gal compared with Glc immediately after Gal intake. Because the orally given
['3C]Gal was labeled only at the C, atom, the data indicate that a significant part of
dictary Gal is directly transported to the lactating mammary gland without being
metabolized by the liver (6, 7).

To answer the question of whether milk oligosaccharides are absorbed in the
infant’s intestinal tract, we collected urine from five infants and analyzed it by
the method described above. In Figure 4, the '*C enrichment in the iniik of one
mother and in the urine of her infant is shown. Compared with the milk, the
maximal 8'*Cppg of the infant’s urine was delayed, with —10.7%. as the highest
13C enrichment (in mother’s milk, 34.3%),

To further investigate which urinary component contributed to the 13C enrich-
ment, deproteinated urine was separated by gel filtration into six fractions that were
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Figure2 '3C enrichment (expressed as 8'?Cppy[%o]) of whole milk and milk fractions from onc

woman during the first 36 h after administration of a single oral Gal bolus (25 g of
1*CIGal:

D-Gal; 1-13C, 99%).
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Figure3 '3Cenrichment in fractions after Sephadex G25 chromatography of milk carbohydrates.
813 Cppp values are shown from the fractions with lactose and neutral and acidic pligosaccharides
from i0 milk samples collected over a 32-h period after the Gal bolus was givenl !
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Figure d 13C enrichment in mother’s whole milk and in urine of her infant.
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then subjected to IR-MS directly or after further chromatographic purifications.
IR-MS analysis of lactose and these oligosaccharides revealed that the highest
83Cppp value was found for lactose, followed by fucosyl lactose (Fuc-Lac), LNT,
Fuc-LNT, and Fuc,-Lac (listed in order of decreasing amounts of *C enrichment).

COur data demonstrated that part of the orally administered Gal was directly
incorporated into milk lactose, neutral oligosaccharides, and acidic components.
Moreover, there seemed to be a preferential labeling of Gal compared to Gle within
the lactose moieties. The metabolic fate of in vivo-labeled lactose and oligosaccha-
rides in the recipient infant is currently being investigated. So far, by determining
the amount of specific oligosaccharides in milk and their excretion via urine in the
infant, we found that ~0.5— 1.0% of the LNT and lacto-N-fucopentaose 1 could
be detected in urine. The data confirm our previous studies comparing the urinary
oligosaccharide profiles of breast-fed and botile-fed infants (44). The conclusion
is that some milk oligosaccharides are absorbed without being digested in the
gastrointestinal tract. Hence, a variety of physiological effects of milk oligosac-
charides may be possible not only locally in the infant’s gastrointestinal tract but
also after being absorbed. Therefore, an influence of oligosaccharides on teukocyte
endothelial interactions may be of significant importance with regard to immuno-
logical reactions.

Oligosaccharides and Brain Development

The biological significance of the unique oligosaccharide composition of HM
remains to be elucidated. in addition to their possible functions in neonatal host
defense and inflammatory events, oligosaccharides, along with lactose, may play a
role in postnatal brain development (7). Many newbormn mammals undergo a period
of rapid postnatal brain development that requires large amounts of glycolipids,
which are components of the cell membranes of neurons and myelin.
Galactocerebroside, with Gal as its polar head group, is the predominant gly-
colipid in myelin. The liver may not be capable of providing all the Gal needed
by the young mammal during this period of myelination and brain development.
Thus, a possible role of milk oligosaccharides in which Gal is a main component is
ensuring that Gal levels in the infant do not become limiting during this time. A pre-
requisite for this mechanism is that oligosaccharides arc not completely excreted
via feces, but are to some extent absorbed in the digestive tract, as we discussed
above. The conclusion that can be drawn from these studies is that some oligosac-
charides were absorbed without being digested. Therefore, one cannot exclude
the possibility that beside their local action, oligosaccharides may have systemic
effects as well, c.g., on brain glycoconjugate composition. This suggestion was
confimed by Carlson & House (8), who compared the effects of intraperitoneal
and intragastric applications of NeuAc on rat brain composition. They found that
both the oral and intraperitoneal routes resulted in significantly more cerebral and
cerebellar glycolipid and glycoprotein NeuAc than did glucose injection. Further-
more, the advantage of oral dose of NeuAc-lactose, the major acidic fraction in

4%
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HM, over application of free NeuAc for brain composition in rats has been shown
by Witt et al (55). A further indication that dietary carbohydrates may be impor-
tant for normal brain composition is the observation that in patients with classic
galactosemia, exogenous Gal may be important for the maintenance of a correct
ratio of UDP-Glc to UDP-Gal in some cells (11). The impairment of UDP-Gal
concentration in affected subjects could be, in parts, responsible for the altered
biosynthesis of brain glycolipids in these subjects (40}

Because the oligosaccharide pattern in the milk of elephants is even more
complex than that of human milk, it is fascinating that the two species show
similar patterns of postnatal ontogeny; they both grow slowly, have relatively large
and highty developed central nervous systems developing mainly after birth, are
highly intelligent, and exhibit a high degree of learned behavior (22). The degree of
encephalization is considerably higher in humans and elephants than in nonhuman
primates (e.g. rhesus monkeys), reflecting the differences in milk oligosaccharide
concendrations. Thus, we speculate that lactose-derived oligosaccharides, and in
particular their Gal moieties, may play arole in the development of the infant brain.

IMPLICATIONS FOR FUTURE RESEARCH

It is well known that HM contains a variety of immunological and anti-inflammatory
components. Recent studies indicated that lactose-derived oligosaccharides could
function as protective factors on a nonimmunological basis. Although it is certainly
necessary to clearly identify the components of nonspecific immune defense, HM
oligosaccharides could have an influence through various mechanisms. First, they
affect the growth of the intestinal flora and second, they prevent the attachment
of pathogenic microcrganisms to intestinal cells by acting as receptor analogues
of mucosal adhesion molecules. In addition to this, they might function as ligands
for selectins influencing inflammatory processes by reducing leukocyte binding to
endothelial cells.

Recent results confirm that lactose-derived oligosaccharides in infants survive
the gastrointestinal passage and the absorptive processes and are excreted via urine.
Therefore, some carbohydrate epitopes from HM might circulate in the infant’s
blood for a period of time before they are excreted. Hence, the prevention of
inflammatory bowel discases or their chronic manifestation in breast-fed infants
by carbohydrate interactions with mucosal leukocytes might be possible.

Today, extensive efforts are made to develop new drugs based on carbohydrates
with nonimmunological functions. These are investigated with the aim to decrease
the interactions of, for example, leukocytes with endothelial cells, thereby prevent-
ing an overreaction during inflammation. Further studies are needed to investigate
the influence of carbohydrate epitopes from HM on the interaction of leukocytes
with endothelial cells and on the attachment of pathogenic microorganisms to the
intestinal cell. With this in mind, the current discussion on supplementation of
infant formulas with oligosaccharides could be substantiated by studies looking at
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the functions of individual components and at the metabolism of in vivo-labeled
oligosaccharides by administering stable isotopes to lactating mothers and/or their

infants.
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