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Oligossacaridos do Leite Humano

O que sao?

Como estao presentes no leite humano
Efeitos - mecanismos de accao

Estudos clinicos



Oligossacaridos do Leite Humano

* Hidratos de carbono
— Oligossacaridos — combinacao de 5 monossacaridos

e Galactose

* Glicose

* N-acetilglicosamina

* Fucose -------- Fucosilados - 35 a 50%

* N-acetilneuraminico (acido sialico)------ Sialilados
12-14% —

» Acidos ou neutros (75%)

Vandenplas Y, Berger B, Carnielli VP3 et al.Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose
(LNNT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)



Oligossacaridos do Leite Humano

* Pouco digeridos, pouco absorvido
* Produzidos na glandula mamaria
 Com pouco valor energético

* Presente em grande quantidade no leite humano (3¢
componente solido)

* |dentificados > 200 HMOs no leite humano

* Qutras espécies menor quantidade (< 100-1000x),
menor diversidade estrutural, menor fucosilacao

Vandenplas Y, Berger B, Carnielli VP3 et al.Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose
(LNNT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)
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Proteinas

Lipidos

Lactose 65g/L
HMOs 10-15g/L

Vandenplas Y, Berger B, Carnielli VP3 et al.Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose
(LNNT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)
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e Variacao ao longo da lactacao
e Colostro—20-25g/L
e Leite maduro - 10-15g/L

e Variacao ao longo do dia

Vandenplas Y, Berger B, Carnielli VP3 et al.Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose
(LNNT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)
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* Genética — Secretor/nao secretor; Lewis +/-
* Epigenética?
— Ambiente — dieta, exercicio, exposicao a toxicos?
— Doenca?
— Paridade?

Azad MB, Robertson B, Atakora F Becker AB et al. Human Milk Oligosaccharide Concentrations Are Associated with Multiple Fixed and Modifiable
Maternal Characteristics, Environmental Factors, and Feeding Practices. J Nutr. 2018 Sep 22; Vandenplas Y, Berger B, Carnielli VP3 et al.Human
Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose (LNnT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)
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 Grupo 1 - Secretor, Lewis-positivo (FUT2 e FUT3 activas)

* Grupo 2 — Nao-secretor, Lewis-positivo (FUT2 inactivo e FUT3 activo)

* Grupo 3 —Secretor, Lewis-negativa (FUT2 activo e FUT3 inactivo)
 Grupo 4 — Ndo — Secretora, Lewis-negativo (FUT2 inactivo e FUT3 inactivo)

Table 1. Diversity of human milk oligosaccharides (HMO) based on genetic background of the mother.

Gene Lewis Gene + Lewis Gene —
Lewis positive secretors Lewis negative secretors
Secretor gene + ; ;
Secrete all HMOs Secrete 2'-FL, 3'-FL, LNFP-I, LNFP-III
Lewis positive non-secretors Lewis negative non-secretors
Secretor gene — Secrete 3'-FL, LNFP-II and

I- - -
LNEP III Secrete 3/-FL, LNFP-III and LNFP-V

2'-FL: 2'-fucosyllactose; 3'-FL: 3’-fucosyllactose; LNFP: Lacto-N-fucopentaose.

Vandenplas Y, Berger B, Carnielli VP3 et al.Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) and Lacto-N-Neotetraose
(LNNT) in Infant Formula. Nutrients. 2018 Aug 24;10(9)
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HMOs, umol/mL

o
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Non-Secretors Secretors Non-Sec Sec
(n=120) (n =307) (n=120) (n=307)

Azad MB, Robertson B, Atakora F Becker AB et al. Human Milk Oligosaccharide Concentrations Are Associated with Multiple
Fixed and Modifiable Maternal Characteristics, Environmental Factors, and Feeding Practices. J Nutr. 2018 Sep 22
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Estudos em
Estudos Investigacao modelos Investigacao

observacionais basica animais clinica

LM vs FI

* Diferentes riscos

de doencas .
5 Mecanismos de

infecciosas o Seguranca

*Diferente

: : Caracterizagao da
microbiota

composicao

Eficacia

*Diferentes padrdes
de HMO com
diferentes riscos

Evolucao tecnologica




Oligossacaridos do Leite Humano

* Que funcdes conhecemos?

A Prebiotics

- HMO
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Epitélio intestinal - E. Coli, C. jejuni, H. pylori,
rotavirus, calicivirus, VIH, E. histolytica

Oro/Nasofaringe — S. pneumoniae, P. aeruginosa,
H. influenzae

Urina — E. Coli

Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology. 2012 Sep;22(9):1147-62
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* Que funcdes conhecemos?

Intestinal Epithelial Cell Modulators

- HMO + HMO
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Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology. 2012 Sep;22(9):1147-62



Oligossacaridos do Leite Humano

* Que funcdes conhecemos?

D Immune Modulators

-HMO + HMO

T cell @ T cell @
N |fnd N
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E Modulators of Leukocyte Rolling and Adhesion

- HMO +HMO

Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology. 2012 Sep;22(9):1147-62
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* Que funcdes conhecemos?

* Desenvolvimento cerebral e cognicao dependente de
glicoproteinas e gangliosidos que possuem acido sialico

F  Brain Development Nutrients

* A concentracao de acido sialico cerebral duplica nos
ultimos meses de gravidez e 19s anos de vida (> lactentes
amamentados)

 Acido sidlico é um nutriente essencial para o
desenvolvimento cerebral

 Em porcos a suplementacao com acido sialico —aumento
das capacidades aprendizagem e de memoria

Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology. 2012 Sep;22(9):1147-62
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J Pediatr. 2004 Sep;145(3):297-303.

Human milk oligosaccharides are associated with protection against diarrhea in
breast-fed infants.

Morrow AL1, Ruiz-Palacios GM, Altaye M, Jiang X, Guerrero ML, Meinzen-Derr JK, Farkas T, Chaturvedi P, Pickering LK, Newburg DS.

e OS HMOs com ligacdes 2 fucose inibem a ligacao aos enterocitos de
bactérias e virus causadores de diarreia - Campylobacter jejuni,
caliciviruses, E. Coli,...

e N=97 mae - lactente

* Em caso de diarreia - C jejuni, E coli, Shigella, Salmonella, Aeromonas,

‘ Rotavirus e Calicivirus

e 2'fucosilados —2FL; LNF-I, LDFH-I e LDFT; fucosilados noutra ligacao -
LNF-Il e 3-FL e seus percussores — LNT e LNnT.
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A Campylobacter
diarrhea

C T Moderate-to-severe

diarrhea
15

0-
10 - T low intermediate  high
2'-FL in Milk
N I 2 Fucosil-lactose
B Calicivirus
diarrhea
4
0-

low intermediate  high
2-Linked Fucosyl Oligosaccharides in Milk

Incidence of Diarrhea per 100 Child-Months

low intermediate high
LDFH-I in Milk

lacto-N-difucohexaose
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J Pediatr. 2004 Sep;145(3):297-303.

Human milk oligosaccharides are associated with protection against diarrhea in
breast-fed infants.

Morrow AL1, Ruiz-Palacios GM, Altaye M, Jiang X, Guerrero ML, Meinzen-Derr JK, Farkas T, Chaturvedi P, Pickering LK, Newburg DS.

e Baixa transmissao da infeccao por VIH pelo leite materno —
10-15%

e 81 pares mae-filho com infeccao e transmissao
e 86 pares mae-filho com infeccao sem transmissao
* 36 pares mae-filho sem infeccao

 (HMOs) > 1,87g/L — diminuicao do risco de transmissao de
VIH
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e 2°-FL— 2"Fucosil-lactose
* LNnT — Lacto-N-neotetraose
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* FDA
— GRAS — Generally regarded as safe

* EFSA

— Seguros na dose:
e 2°-FL— 2'Fucosil-lactose — 1,2 g/L
* LNnT — Lacto-N-neotetraose — 0,6g/L
* Relacao 2:1
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J Pediatr Gastroenterol Nutr. 2015 Dec;61(6):649-58. doi: 10.1097/MPG.0000000000000889.

Infants Fed a Lower Calorie Formula With 2'FL Show Growth and 2'FL Uptake Like Breast-Fed
Infants.

Marriage BJ1, Buck RH, Goehring KC, Oliver JS, Williams JA.

* Estudo prospectivo, randomizado, controlado
* 4 meses

* 4 grupos:
* Leite materno — N=84
* Férmula controle — GOS 2,4g/dl - N=70
* FE1-GOS2,2g/Le2’FL- 0,2g/L—N=72 64,3 Kcal/d|
e FE2-GOS1,4g/Le 2'FL- 1g/L— N=83
* Crescimento e tolerancia
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J Pediatr Gastroenterol Nutr. 2015 Dec;61(6):649-58. doi: 10.1097/MPG.0000000000000889.

Infants Fed a Lower Calorie Formula With 2'FL Show Growth and 2'FL Uptake Like Breast-Fed
Infants.

Marriage BJ1, Buck RH, Goehring KC, Oliver JS, Williams JA.
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J Nutr. 2016 Dec;146(12):2559-2566. Epub 2016 Oct 26.

Similar to Those Who Are Breastfed, Infants Fed a Formula Containing 2'-Fucosyllactose Have
Lower Inflammatory Cytokines in a Randomized Controlled Trial.

Goehring KC', Marriage BJ?, Oliver JS', Wilder JA3, Barrett EG3, Buck RH.
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J Pediatr Gastroenterol Nutr. 2017 Apr;64(4):624-631. doi: 10.1097/MPG.0000000000001520.

Effects of Infant Formula With Human Milk Oligosaccharides on Growth and Morbidity: A
Randomized Multicenter Trial.

Puccio G1, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout P.

e Estudo prospectivo, randomizado, controlado

* 12 meses —intervencao 6 meses
e 175 lactentes

e 2 formulas
— FC — standard
— FE-1,0g/dl 2°FL e 0,5g/dl LNnT
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J Pediatr Gastroenterol Nutr. 2017 Apr;64(4):624-631. doi: 10.1097/MPG.0000000000001520.

Effects of Infant Formula With Human Milk Oligosaccharides on Growth and Morbidity: A
Randomized Multicenter Trial.

Puccio G1, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout P.

* Peso, comprimento, PC =

e Caracteristicas das dejeccoes
— frequéncia =

— FE - menor consisténcia aos 2 meses
* Irritabilidade, flatuléncia, colicas =

— FE - < despertares noturnos aos 2 meses
— Cesariana - FE < irritabilidade e cdlicas



Oligossacaridos do Leite Humano

Abstract 3

TERM INFANT FORMULA SUPPLEMENTED WITH
HUMAN MILK OLIGOSACCHARIDES
(2’FUCOSYLLACTOSE AND LACTO-
NEOTETRAOSE) SHIFTS STOOM MICROBIOTA
AND METABOLIC SIGNATURES CLOSER TO THAT
OF BREASTFED INFANTS.

* Padrao de microbiota mais semelhante ao grupo em
AM

* > Bifidobacterium, < Escherichia and
Peptostreptococcaceae
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J Pediatr Gastroenterol Nutr. 2017 Apr;64(4):624-631. doi: 10.1097/MPG.0000000000001520.

Effects of Infant Formula With Human Milk Oligosaccharides on Growth and Morbidity: A
Randomized Multicenter Trial.

Puccio G1, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, Wernimont S, Egli D, Gosoniu L, Steenhout P.

Reported event’ ~ Control (n = 87) Test (n = 88) OR (95% Cl)
number with event' (%)
Bronchitis
0-4 mo 11 (12.6) 2(2.3) I + { | 0.16 (0.02, 0.78)
0-6 mo 19 (21.8) 6 (6.8) F g I * 0.26 (0.08, 0.74)
0-12 mo 24 (27.6) 9(10.2) I * I

LRTI (AE cluster)

|
|
|
| 0.30 (0.11, 0.73)
|
|
|
|

0-4 mo 13 (14.9) 7 (8.0) | = | 0.49 (0.16, 1.42)
0-6 mo 21 (24.1) 13 (14.8) } = | 0.54 (0.23, 1.25)
0-12mo 30 (34.5) 17 (19.3) | > - 0.45 (0.21, 0.95)

I

Antibiotics |
0-4 mo 34 (39.1) 25 (28.4) | + — 0.62 (0.31, 1.22)
0-6 mo 43 (49.4) 30 (34.1) | = | 0.53 (0.27, 1.02)
0-12mo 53 (60.9) 37 (42.0) I * {1 * 0.47 (0.24, 0.89)

I

Antipyretics I
0-4 mo 26 (29.9) 14 (15.9) | . | * 0.44 (0.20, 0.98)
0-6 mo 31 (35.6) 23 (26.1) I —— 0.64 (0.32, 1.28)
0-12 mo 35 (40.2) 28 (31.8) f ~— | 0.69 (0.36, 1.35)

0.01 0.1 1 10

Odds ratio
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Conclusoes

HMOs — 32 componente solido do leite materno

Mecanismos de accao — prebidtica, accao antimicrobiana,
imunomoduladora, importante nutriente cerebral

Diferentes padrdes de secrecao materna — diferentes riscos de
patologia (infecciosa)

A suplementacao de formulas com 2 fucosil-lactose e Lacto-N-
neotetraose é segura

Eventual diminuicao de sintomas gastrintestinais
Eventual diminuicao do numero de infeccdes

Efeitos potenciais.....
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