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Related diseases 
• Rheumatoid arthritis
• Type 1 diabetes mellitus
• Celiac disease
• IgA nephropathy
• thyroiditis
• Lupus
• Allergies
• Asthma
• Hypercholesterolemia
• Atherosclerosis
• Congestive heart failure
• Hypertension
• Hypoglycemia
• hyperinsulinemia
• Chronic fatigue
• Fibromyalgia

• IBS
• Recurrent GI and Candida 

Infections
• GI malabsorption 
• Growth deficit
• autism
• ADD / ADHD
• Schizophrenia
• Osteoporosis
• Cancer
• Hyper- and 

hypocortisolemia
• Adrenal insufficiency
• Obesity
• Hormonal alterations 

including low levels of 
testosterone and DHEA, 
PCOS



Anti-nutrients



Anti-nutrients

The term “anti-nutrients” suggests what they are. 

Whereas nutrients are substances that nourish plants and animals to grow and live, anti-
nutrients earn their title because they can block the absorption of nutrients. 
Anti-nutrients are naturally found in animals and many plant-based foods. In plants, they 
are compounds designed to protect from bacterial infections and being eaten by 
insects.

It is not known how much nutrient loss occurs in our diets because of anti-nutrients, and 
the effects vary among individuals based on their metabolism and how the food is 
cooked and prepared. 

Many anti-nutrients like phytates, lectins, and glucosinolates can be removed or 
deactivated by soaking, sprouting, or boiling the food before eating.

1. https://www.hsph.harvard.edu/nutritionsource/anti-nutrients/
2.Schlemmer U, Frølich W, Prieto RM, Grases F. Phytate in foods and significance for humans: food sources, intake, processing, bioavailability, protective role and analysis. Mol Nutr Food Res. 2009 Sep;53 Suppl 2:S330-75.
3.Stevenson L, Phillips F, O’Sullivan K, Walton J. Wheat bran: its composition and benefits to health, a European perspective. Int J Food Sci Nutr. 2012 Dec; 63(8): 1001–1013.



Anti-nutrients
• Glucosinolates in cruciferous vegetables (broccoli, 

Brussels sprouts, cabbage)—can prevent the absorption 
of iodine, which may then interfere with thyroid function 
and cause goiter. 

• Lectins in legumes (beans, peanuts, soybeans), whole 
grains (gluten) —can interfere with the absorption of 
calcium, iron, phosphorus, and zinc.

• Oxalates in green leafy vegetables, tea—can bind to 
calcium and prevent it from being absorbed.

• Phytates (phytic acid) in whole grains, seeds, legumes, 
some nuts—can decrease the absorption of iron, zinc, 
magnesium, and calcium.

• Saponins in legumes, whole grains—can interfere with 
normal nutrient absorption.

• Tannins in tea, coffee, legumes—can decrease iron 
absorption.



Anti-nutrients
Keep in mind that anti-nutrients may also exert health 
benefits. 

Phytates, for example, have been found to lower 
cholesterol, slow digestion, and prevent sharp rises in 
blood sugar. 

Many anti-nutrients have antioxidant and anticancer 
actions, so avoiding them entirely is not recommended.

A few studies have found a small but significant increased 
risk of disease with higher intakes of glucosinolates, which 
are obtained mainly through cruciferous vegetables. 

4.Liu Z, Luo Y, Zhou TT, Zhang WZ. Could plant lectins become promising anti-tumour drugs for causing autophagic cell death? Cell Prolif. 2013 Oct;46(5):509-15.
5.Ma L, Liu G, Sampson L, Willett WC, Hu FB, Sun Q. Dietary glucosinolates and risk of type 2 diabetes in 3 prospective cohort studies. Am J Clin Nutr. 2018 Apr 1;107(4):617-625.
6.Ma L, Liu G, Zong G, Sampson L, Hu FB, Willett WC, Rimm EB, Manson JE, Rexrode KM, Sun Q. Intake of glucosinolates and risk of coronary heart disease in three large prospective cohorts of US men and women. Clin Epidemiol. 2018 Jun 
29;10:749 762

In two studies following three large prospective cohorts of 42,170 male and 168,404 female health professionals 
for several years, a higher intake of glucosinolates was associated with a slightly higher risk of heart disease 
and type 2 diabetes in men and women. Individuals with the highest intakes of glucosinolates had a 19% 
increased risk of type 2 diabetes compared with those with the lowest intakes, even after adjusting for other 
factors that can affect diabetes, such as BMI, physical activity, and smoking.





Lectins are proteins that bind to specific carbohydrates.
The Latin word legere, meaning to choose or select, is the basis
for the word lectin

The term lectin in general refers to “all sugar-specific agglutinins
of nonimmune origin, irrespective of source and blood
type specificity”

They are found in most plants, as well as in humans,
microorganisms, animals, and fish. The most concentrated
forms appear to be in edible seeds such as those found in
cereal grains and legumes.

Lectin levels in plants and food crops can vary significantly
depending on environmental conditions such as drought and
salinity.

Lectin compounds may have evolved in plants as a survival
mechanism, reducing the chance the they will be consumed in
large amounts.

.



Lectins are the most widely studied molecules in glycobiology:
they are capable of reversibly binding monosaccharides,
oligosaccharides, and polysaccharides (glycans), including
glycans found on cell walls or membranes.

These interactions can be as specific as the binding of
antibodies to antigens, or enzymes to target substrates. They are
capable of binding multiple molecules/cells, creating a clump
or mass.

Due to their biological activity, some lectins may be detrimental
(occurring as toxins in raw foods) while others may have anti-
cancer effects or act as mediators for targeted drug delivery

Potential functions of lectins:
• Carbohydrate transport
• Specific cellular recognition
• Embryonic development
• Cohesion
• Binding of carbohydrates



Sources of Plant Lectins
Lectins are found in the greatest 
concentration in raw beans and 
grains (especially wheat), followed 
by dairy, seafood, and plants in the 
nightshade family (e.g. tomato, 
potato, eggplant, bell pepper). 
Wheat germ agglutinin (WGA) is 
considered the most common food 
lectin consumed. 
Lectins exist primarily in the raw 
forms of foods. Heating and cooking 
appears to degrade most lectins, 
although pre-soaking beans is most 
effective at eliminating lectin 
activity. Dry heat or roasting may not 
be as effective at deactivating 
lectins.



• Germogli di soia

• Patate

• Melanzane

• Lenticchie

• Peperoni

• Germe di grano

• Fagioli rossi

• Piselli

• Pomodori

• Arachidi

.







WGA, wheat germ agglutinin; SBA, soybean agglutinin; PNA, peanut agglutinin; LA, lentil agglutinin; MA, mushroom agglutinin; TA, tomato agglutinin; PA, pea 
agglutinin; POT.A, potato agglutinin; KBA, kidney bean agglutinin; JBA, jack bean agglutinin. Adapted from: Lambert J, Vojdani A (2017) Correlation of Tissue 
Antibodies and Food Immune Reactivity in Randomly Selected Patient Specimens. J Clin Cell Immunol 8: 521. doi: 10.4172/2155-9899.1000521.





Adverse reactions to lectins
Pro-inflammatory activity
Lectins stimulate the synthesis of pro-inflammatory cytokines including IL-1, IL-6 and IL8 in intestinal 
and immunity cells; induce NADPH-Oxidase in neutrophils associated with "respiratory burst" which 
causes ROS release

Cytotoxicity and excitotoxicity
They are cytotoxic for both normal and cancerous cell lines, are able to induce cell cycle arrest or 
programmed cell death.

Cardiotoxicity
They enhance the action ofPECAM-1 (platelet endothelial cell adhesion molecule-1) which plays 
a key role in tissue regeneration

Alteration of endocrine homeostasis
Some lectins have an insulin-mimetic action, potentially contributing to weight gain and insulin 
resistance;
are implicated in obesity and leptin resistance by blocking the hypothalamic receptor that 
regulates the sense of satiety.
They stimulate the Epidermal Growth Factor which, upregulated, increases the risk of cancer; 
interfere with secretion of secretin by the pancreas.

Alteration of the intestinal microbiome
Growth of bacteria, such as Streptoccocus, E. Coli and L. Lactis, increase.

Induction of self-immunity
They amplify the expression of HLA in intestinal cells.
They stimulate the proliferation of T-cells. 
They induce thymic atrophy in rats and in humans it has been shown that WGAs induce the 
development of anti-WGA antibodies that cross-react with other endogenous proteins, 
contributing to the activation of self-immunity

•

(Altern Ther Health Med. 2015;21(suppl 1):46-51.)



Adverse reactions to lectins
Neurotoxicity
WGA is an excitotoxin and a neurotoxin that crosses the blood-
brain barrier through a process called "adsorptive endocytosis"; 
it has an affinity for N-acetylneuraminic acid, a component of 
neuronal membranes in the brain and for gangliosides that have 
different roles and whose dysfunction has been implicated in 
neurodegenerative disorders.
The WGA can attach itself to the myelin sheath and is able to 
inhibit the nerve growth factor, the maintenance and survival of 
certain neurons, it binds to N-acetylglucosamine, which is thought 
to function as an atypical neurotransmitter in nociceptive 
pathways.

Wheat and soy also contain very high levels of  glutamic ac. and  
Aspartic ac. which makes them all potentially excitotoxic causing 

excessive activation of CNS cell receptors and secondary 
damage to the increased membrane permeability for calcium. 

These two amino acids can contribute to neurodegenerative 
conditions such as multiple sclerosis, Alzheimer's disease, 
Huntington's disease and other nervous system disorders such as 
epilepsy, ADHD / ADHD and migraines.

Increased blood viscosity

•

(Altern Ther Health Med. 2015;21(suppl 1):46-51.)



Adverse Gut Reactions to Lectins
Researchers propose that lectins interfere with repair mechanisms at the level of the gut epithelial 
cells, leading to observed gastrointestinal symptoms.
Potential gut-specific adverse effects of lectins if eat in in large quantities

• Affect turnover and loss of epithelial cells 
• Damage luminal membranes of the epithelium 
• Interfere with digestive/absorptive activities
• Acute nausea, vomiting, diarrhea
• Stimulate shifts in bacterial flora
• Modulate the immune state of the digestive tract
• Interfere with gut hormone secretion
• Serve as potent growth factors for the small intestine (e.g. hyperplasia, hypertrophy)
• Some effects may be beneficial though human research is scarce
Some suspect that reported adverse reactions to foods in the nightshade family (e.g. tomatoes, 
potatoes, eggplant, bell pepper) may be due to the presence of lectins. Some research has 
extrapolated lectins’ affinity for specific carbohydrates to corresponding tissue, suggesting the 
potential for related adverse reactions. 





Intestinal Damage
Leaky Gut Syndrome
The Leaky Gut Syndrome or Permeable Intestinal Syndrome is a condition that 
is determined when the lectins, by binding to the carbohydrates present on the 
cells of the GI epithelium, cause their death and the loss of intestinal villi and 
microvilli, reducing the area of   absorption of the nutrients.

Furthermore, lectins can mimic the effects of epidermal growth factor (EGF) at 
the cellular level, suggesting that hyperplasia of the crypt in celiac disease 
may be due to the growth effects of some lectins.

These proteins cause cytoskeletal degradation in intestinal cells, contributing 
to cell death and increased turnover, reducing heat shock protein levels in 
intestinal epithelial cells, leaving these cells more exposed to the potentially 
harmful content of the intestinal lumen.

The damage and inflammation caused by lectins determine the dysbiosis of 
the intestinal flora and the breakage of the tight junctions.



The gaps allow the passage to potentially toxic substances such as undigested food, bacteria and metabolic waste, which 
should be limited to the digestive tract, to enter the bloodstream inducing inflammation and activation of the self and non-self
immune response

Often, the Leaky Gut Syndome is associated with inflammatory bowel diseases such as Crohn's disease and ulcerative colitis or
celiac disease, but even healthy people can have varying degrees of intestinal permeability leading to a wide variety of 
symptoms including nausea, vomiting and diarrhea.
The major problem of lectins manifests itself in people with a predisposition to autoimmune diseases or illness already in place.

Lectins are three to four times more likely to pass into the bloodstream through intestinal permeability than other dietary 
proteins, as they have small dimensions: about 36 kilodalton (the intestine allows the passage of molecules up to the size of
1000 kilodalton)

This demonstrates that maintaining the integrity of the intestinal lining is essential for keeping undigested and partially digested 
proteins, lectins and environmental toxins out of the bloodstream and thus preventing the activation of self-immunity.

Intestinal Damage
Leaky Gut Syndrome



Wheat lectin o WGA
Wheat lectin, or "wheat germ agglutinin" (WGA), is among the 
most studied lectins and is largely responsible for many of the 
adverse effects on the body. 

The WGA is higher in whole wheat, especially the sprouted one.



The proposed link between lectins and autoimmune 
reactions may lie in stimulation of class II HLA 
antigens in tissues such as thyroid and pancreatic 
islet cells.

Research suggests that cytotoxic antibodies 
associated with insulin-dependent diabetes bind a 
disaccharide (N-acetyl lactosamine) that also binds 
tomato, potato, wheat, and peanut lectins, possibly 
contributing to autoimmune attack of the islet cells. 

A link to rheumatoid arthritis may be related to an 
abnormal IgG molecule that exposes N-
acetylglucosamine to which certain lectins can bind 
(e.g. wheat lectin). Indeed, wheat ingestion appears 
to be a trigger for some with rheumatoid arthritis. 
Provision of exogenous N-acetylglucosamine may 
help to block lectin interaction and reduce 
symptoms.  



How can remove lectins from the foods

• Cooking at high temperatures

• Soaking

• Sprouting

• Fermentation

• Remove the peel from  fruits and  legumes

• Remove the seeds

Raw red beans 
contain from 20000 to 

70000 hau 
(hemoagglutinant units), 
cooked contain 200-400 

hau

Soaking or sprouting seeds 
and grains helps eliminate 

lectins and other anti-
nutrients such as phytic 

acid

Fermenting food can 
also work, providing 

good bacteria to digest 
anti-nutrients



Perspectives

• Recent studies state that changes in cell surface carbohydrates affect the metastatic behavior of cancer cells.
• Superficial cell carbohydrates influence the interactions of tumor cells with normal cells or with the extracellular matrix during metastatic diffusion and growth. These interactions can be 

mediated by the carbohydrates of tumor cells and their binding proteins known as endogenous lectins.
• Some lectins recognize the "foreing" patterns of carbohydrates on the surface of cells expressed by microorganisms and tumor cells and play a role in innate and adaptive immunity. 

Lectins have been shown to affect tumor cell survival, adhesion to the endothelium or extracellular matrix, as well as tumor vasculature and other processes that are crucial for metastatic 
diffusion and growth.

• Several lectins possess anticancer properties; they are used as therapeutic agents, preferentially binding to tumor cell membranes or their receptors, causing cytotoxicity, apoptosis and 
inhibition of tumor growth



Wheat germ agglutinin (WGA), even at low doses, demonstrated maximum toxicity 
toward acute myeloid leukemia (AML) cells. Using AML cell lines, we show time-
and dose-dependent killing by WGA. We also show that low doses of WGA kills 
primary patient AML cells, irrespective of subtype, with no significant toxicity to 
normal cells.
WGA caused AML cell agglutination, but failed to agglutinate RBC’s at this dose. 
WGA, primarily, binds to N-acetyl-D-glucosamine (GlcNAc) and is also reported to 
interact with sialic-acid-containing glycoconjugates and oligosaccharides.. These 
data indicate that WGA-induced AML cell death is dependent on both GlcNAc
binding and interaction with sialic acids. We did not observe any in vitro or in vivo 
toxicity of WGA toward normal cells at the concentrations tested. Finally, low 
doses of WGA injection demonstrated significant in vivo toxicity toward AML 
cells, using xenograft mouse model. Thus, WGA is a potential candidate for 
leukemia therapy.



Oligosaccaridi Del Latte Umano



Human Milk Oligosaccharides 

• Sugars 

• In high concentrations 

• Only in human milk.

Composition

• Specific to each mother

• Varies during the breast feeding period

The dominating oligosaccharide by 80% of the mothers is          
2'-fucosyllactose.

2'-fucosyllactose = fucose + lactose (= glucose + galactose).

HMOS = HUMAN MILK OLIGOSACCHARIDES



Composition
breast milk

Macro- and  
micronutrients

HMO in 
breast milk

HMOS Nutrients

Lactose

Lipids

HMO

2’-FL

3-FL

Water

Other
HMO

3’SL LNnT
diFL
6’SL

LnT

Proteins

✓Unique groups of oligosaccharides 
in human milk. 

✓Third most important component

✓> 200 different oligosaccharides in human 
milk, 2’‐FUCOSYLLACTOSE (2’‐FL) is the most 
common one ‐ 2,4 g / l. 

✓ Variation in function of the woman, region 
and breast feeding phase. 



Human milk 
oligosaccharide
s: Every baby 
needs
a sugar mama

Glycobiology
vol. 22 no. 9 pp. 1147–
1162, 2012 
doi:10.1093/glycob/cws
074 Advance Access 
publication on April 18, 
2012



Johansson MEV Et al.,  PNAS 2010

Mucus thickness is maintained by a balance between synthesis, secretion, 
and degradation, modulated by the microbial glycosidases and proteases 
and the mechanical shear forces of peristalsis

LO STRATO DI MUCO HA UN RUOLO IMPORTANTE NEL
MANTENIMENTO DELLA FUNZIONE DI BARRIERA INTESTINALE



The mucus becomes thicker and 
evolves from the small intestine to 
the large intestine.
Stomach and large intestine 
consist of two layers, an inner solid 
mucus and an outer loose mucus. 
However, the small intestine
consists of only loose mucus

MUCUS &
DIGESTIVE SYSTEM



The gel-forming mucins : well 
conserved during the evolution

- Secreted at the surface,  

- Forming a gel in contact with 
water 

- Giving the gel specific physical 
and chemical properties.  

MUCUS & 
MUCINS

Mucins form an entire network 

How tighter the network, how thicker 
and  more sticky the mucus 
becomes.



STRUTTURA
DELLE MUCINE

Domini ricchi di cisteina che creano 
ponti 
disolfuro e la struttura 
tridimensionale delle mucine

Domini ricchi di serina e treonina che 
servono da siti per la glicosilazione

Residi di Fucosio

Bifidobatterio

Patogeno



UN SECONDO STRATO PIÙ FLUIDO
SUL LATO LUMINALE

Strato di muco compatto
sul lato endoteliale

Enterociti

Zona sotto endoteliale

Strato di muco fluido
sul lato luminale 



IN STATO DI 
EUBIOSI
IL MICROBIOTA 
COLONIZZA LO 
STRATO
DI MUCO FLUIDO 
E RARAMENTE
RAGGIUNGE GLI 
STATI PROFONDI
E GLI ENTEROCITI



IN STATO DI DISBIOSI
IL MICROBIOTA 
COLONIZZA LO 
STRATO
DI MUCO SPESSO, 
RAGGIUNGE GLI 
ENTEROCITI, LA 
ZONA 
SOTTOENDOTELIALE 
RICHIAMANDO I 
MACROFAGI E 
ATTIVANDO LA 
RISPOSTA 
IMMUNITARIA



L’integrazione con HMO 
fornisce siti di adesione liberi 
che funzionano come “esche 
per i patogeni”

Flusso endoluminale



I patogeni legati al fucosio libero vengono trascinati 
dalla corrente endoluminale nel cosidetto “effetto 
Wash-out” 

Flusso endoluminale



MUCO INTESTINALE
Copre e protegge la mucosa intestinale

L-TREONINA
amminoacido 

essenziale

MUCINA DEL MUCO

SITO DI 
ADESIONE 

per i patogeni

Elemento 
fondamentale 
per l’aumento 
della DENSITÀ 

del MUCO 

FUCOSIO



MUCO INTESTINALE
Copre e protegge la mucosa intestinale

MUCINA DEL MUCOSITO DI 
ADESIONE 

per i patogeni

HMO MIMA L’AZIONE DELLE MUCINE INTESTINALI
POTENZIANDO L’EFFETTO WASH-OUT

MUCO LIQUIDO

MUCO DENSO DE
N

SI
TÀ

 
M

UC
O

villi intestinali
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ANTIMICROBIAL / ANTI‐ADHESIVE EFFECTS OF HMOS

Efficient protective system against pathogens - virus, 
bacteria and toxins :

• HMOs are similar to glycans (mostly used by 
pathogens for cell adherence and cell infection) 

Decoy for pathogens 

• Will use them as receptors (will not attach to the 
human cells)  

• HMOs attached to pathogens  elimination

Scientifically well described and proven



Kunz C et al. (2000) Ann Rev Nutr 20:699-722Kunz C et al. (2000) Ann Rev Nutr 20:699-722

1-3/4

ANTIMICROBIAL / ANTI‐ADHESIVE EFFECTS OF HMOS



✓ Oligosaccaride più rappresentato nel latte materno

= HMO (Human Milk Oligosaccharides)

RINFORZARE LE MUCOSE

FONTE DI FUCOSIO

MATTONE DELLE MUCINE

trisaccaride
SICURONATURALE

2’-fucosillattosio

L-treonina
✓ Amminoacido essenziale

✓ Mattone indispensabile delle mucine





Plaza-Diaz J. et al. (2018) Nutrients 10,1038

HMOs may indirectly
increase the production of
SCFA, such as n-butyrate;
this effect is mediated by
bifidobacteria.

PREBIOTIC EFFECTS OF HMOS



MODULATING EFFECT OF IMMUNITY AND 
INFLAMMATION  

• Modification of the microbiota composition : 
has a direct impact on the immune system

• HMOs modulate directly the immune and  
inflammatory response

• They can work locally, on the cells of the 
lymphoid tissues linked to the mucous 
membranes, or at a  systemic level.  

• 1% of the HMOs (2′-FL included) are absorbed 
and enter the systemic pathways (they are 
found in the  urine). 

Plaza-Diaz J. et al. (2018) Nutrients 10,1038



FUCOSYL TRANSFERASE 2 (FUT 2)
Galactoside 2-alpha-L-fucosyltransferases: 
Enzymes attaching a fucosyl group to the 
sugar chains of the mucins are fucosyl 
transferases (FUT). 
Until now, 13 fucosyl transferase genes 
were identified in the human genome. 
In the human gut, they are called fucosyl 
transferase 1 and 2 = FUT 1 and FUT 2.
Fucosylation on enterocytes is specifically 
regulated by FUT2.   



Non-secretor polymorphism affects 20% of the  
Caucasians, with a defect FUT2 
(non-sense mutation – causing a stop codon – in 
the FUT2 gene).FUT2

moderate secretor 

FUT 2-POLYMORPHISM

There also seems to be a moderate secretor 
polymorphism, with less functional FUT2 (mutation 
of the FUT2 gene modifying an amino acid) 
less abundant fucosylated glycans.

As for many enzymes, we expect that FUT2 
becomes less efficient over the years. 

Possible association with the decrease of 
bifidobacteria in seniors?



IL POLIMORFISMO 
DEL FUT2

GENE
FUT2

MUCOSA 
COMPROMESSA

SQUILIBRIO
DEL MICROBIOTA INTESTINALE

Meteorismo, gonfiori, 
diarrea/stitichezza, 

pesantezza, dispepsia,
reflusso, alitosi, ecc. 

MAGGIOR RISCHIO
DI PATOLOGIE e DISTURBI FUNZIONALI

(disbiosi intestinale)

Candidosi croniche, Celiachia, Colangite sclerosante, 
Diabete di tipo 1, Infezioni del tratto urinario, 

Enterocolite necrosante, MICI (malattia di Crohn)

*A genome‐wide association meta‐analysis of diarrheal disease in young children identifies FUT2 & provides plausible biological pathways M Bustamante et al. Human Molecular Genetics, 2016, Vol. 25
Fucosyltransferase 2: a genetic risk factor for primary sclerosing cholangitis and Crohn’s disease‐‐a comprehensive review. Maroni L et al. Clin Rev Allergy Immunol. 2015 Jun;48(2‐3):182‐91.
Fucosyltransferase 2 non‐secretor and low secretor status predicts severe outcomes in premature infants Ardythe L. Morrow et al. Pediatr. 2011 May ; 158(5): 745–751.
FUT2 Nonfunctional Variant: A “Missing Link” Between Genes and Environment in Type 1 Diabetes? Ping Yang et al. Diabetes, vol. 60, November 2011

Rinforzare la mucosa intestinale 
durante ogni terapia probiotica



Nei soggetti con 
polimorfismo 
limitante del FUT2
mancano i siti di 
adesione fucosilati 
nel muco fluido e i 
batteri raggiungono 
più facilmente gli 
strati profondi 



Bifidobacterial diversity, abundance and richness are significantly reduced in samples of 
non-secretor individuals as compared with those from the secretor individuals. 
Non-secretor individuals lacked or were rarely colonized by several genotypes related to B. 
bifidum,               B. adolescente and B. catenulatum / pseudocatenulatum. 
In contrast to bifidobacteria, several bacterial genotypes were more common and the 
abundance of dominant bacteria was higher in the non-secretor individuals than in the 
secretor individuals.
We showed that the diversity and the composition of the bifidobacterial population is 
strongly associated with the secretor / non-secretor status, which consequently appears to 
be one of the host genetic  determinant for the composition of the intestinal microbiota. 



Effects of FUT2‐gene non‐sense polymorphism in pathophysiological disorders







Intestinal epithelial cells apically express glycans, especially α1,2-fucosyl linkages, which 
work as a biological  interface for the host-microbe interaction. 
Emerging studies have shown that epithelial α1,2-fucosylation is regulated by microbes and 
by immune  cells of the mucosa. 
Dysregulation of the gene encoding fucosyl transferase 2 (FUT2), an enzyme governing 
epithelial α1,2-fucosylation, is associated with various disorders, including infections and 
chronic inflammatory diseases. 
This suggests a critical role for an interaction between microbes, epithelial cells and GALT, 
mediated via glycan residues. 



How might it impact on clinical practice in the near future? 
Directly attenuating inflammation further confirms 2’-FL HMOs as an innate immune 
system of breast milk whereby mother protects the vulnerable neonate; this supports 
universal breast feeding as a standard of care. 
2’-FL may present a novel oral prophylactic and therapeutic agent to quench mucosal 
inflammation associated with diverse inflammatory disorders of the mucosa. 



2’-FL is completely safe.

Recommended to start with a supplementation of 2’-
FL (250 mg) and to adapt in function of the clinical 
response (double or x 4).

2’-FL SECURITY

⇨ For people with intestinal dysbiosis
and/or  candidosis, chronic vaginal 
infections, urinary tract infections or 
patients with Crohn’s disease. 

⇨ For those not responding to probiotics.

⇨ Tested in clinical trials up to 20g /day







carla.lubrano@uniroma1.it



These findings demonstrate the 

This represents a novel mechanism by which HMOs protect against diarrhea. 

These findings demonstrate the protective activity of HMOs against an enterotoxin that is stable is by 
the heath of E.Coli in a human cell line and prove that the biochemical step blocked by oligosaccharides is 
STa mediated stimulation of guanylate cyclase. 
This represents a novel mechanism by which HMOs protect against diarrhea. 



The data indicate that infants born by C

Further studies with larger cohorts and especially randomized controlled intervention trials are required to build 
on these preliminary observations. 

The data indicate that infants born by C-section and having a hereditary risk for allergies might have a lower 
risk to manifest IgE associated eczema at 2 years, but not 5 years of age, when fed breast milk with FUT2-
dependent milk oligosaccharides. 
Further studies with larger cohorts and especially randomized controlled intervention trials are required to build 
on these preliminary observations. 



RESULTS: The se2 genotype of the FUT2 gene was found to confer susceptibility to Type 1 diabetes in a 

of  Japanese children. 

RESULTS: The se2 genotype of the FUT2 gene was found to confer susceptibility to Type 1 diabetes in a 
recessive effects model.
CONCLUSIONS: The FUT2 gene contributed to the development of Type 1 diabetes in the present cohort 
of  Japanese children. 



There were 410 study infants (<32 weeks of pregnancy) : 26 deaths, 30 cases of NEC (necrotizing 

2% of 248 infants with high secretor phenotype. The low secretor phenotype was associated with NEC and the 

outcomes in premature infants

There were 410 study infants (<32 weeks of pregnancy) : 26 deaths, 30 cases of NEC (necrotizing 
enterocolitis) and 96 cases of sepsis (general inflammatory response linked to a severe infection). 
The analysis by genotype showed that 13% of 95 non-secretor, 5% of 203 heterozygotes and 2% of 96 infants 
who were secretor dominant died (p = 0,01). 
The analysis by phenotype showed that 15% of 135 infants with low secretor phenotype died, compared with 
2% of 248 infants with high secretor phenotype. The low secretor phenotype was associated with NEC and the 
non-secretor genotype was associated with gram-negative sepsis. 
Conclusions – secretor genotype and phenotype may provide strong predictive biomarkers of adverse 
outcomes in premature infants. 



Effetti avversi

� Attività pro-infiammatoria
� Induzione dell’auto-immunità

� Interferenza con l’espressione genica

� Neurotossicità
� Cardiotossicità

� Citotossicità e eccitotossicità

� Aumento della viscosità del sangue
� Alterazione dell’omeostasi endocrina

� Leaky Gut Syndrome 

� Alterazione del microbiota intestinale

Effetti benefici

� Regolano l’adesione cellulare

� Regolano la sintesi delle 
glicoproteine

� Regolano i livelli di proteine 
plasmatiche

� Hanno un importante ruolo sul  
sistema immunitario innato

� Possono avere proprietà 
antimicrobiche



• Le lectine sono sono carbohydrate-binding proteins of non-immune temperament, ubiquitarie, 
considerate antinutrienti

• Hanno un importante ruolo nel sistema immunitario innato e la capacità di regolare l’adesione 
cellulare, la sintesi delle glicoproteine e i livelli di proteine plasmatiche

• In elevate concentrazioni risultano dannose per l’organismo contribuendo all’insorgenza della 
Leaky Gut Syndome, all’attivazione dell’auto-immunità e alla manifestazione di patologie 
autoimmune quali diabete mellito tipo1, artrite reumatoide, celiachia, nefropatia IgA ecc.

• Modifiche dei carboidrati della superficie cellulare incidono sul comportamento metastatico 
delle cellule tumorali, pertanto diverse lectine possono essere utilizzate come agenti terapeutici, 
legandosi preferenzialmente alle membrane delle cellule tumorali o ai loro recettori, causando 
citotossicità, apoptosi e inibizione della crescita tumorale

Conclusioni



L’ENDOTELIO INTESTINALE CREA UNA BARRIERA SELETTIVA TRA L’AMBIENTE LUMINALE E L’INTERNO GRAZIE A UN SISTEMA DI
GIUNZIONI STRETTE (TIGHT JUNCTIONS)

Giunzioni serrate

Enterociti Cellula mucipara caliciforme o goblet 
cell

LUME INTESTINALE

BARRIERA SELETTIVA

ZONA SOTTO ENDOTELIALE



Giunzioni serrate

Enterociti
Cellula mucipara caliciforme o goblet cell

LUME INTESTINALE

BARRIERA SELETTIVA

GLI ORGANISMI DEL MICROBIOTA DEVONO ESSERE
COMPARTIMENTATI NEL LUME CON ACCESSO LIMITATO
ALLA SUPERFICE DELL’ENDOTELIO



UN ALTRO ELEMENTO DELL’ENDOTELIO INTESTINALE
È LA CELLULA MUCIPARA CALICIFORME CHE SECERNE
GRANDE QUANTITÀ DI MUCINE

Forma caliciforme

Vescicole di esocitosi piene di mucine

Grande apparato del Golgi



LE MUCINE FORMANO UN PRIMO STRATO PROSSIMO
ALL’ENDOTELIO SPESSO E POCO COLONIZZATO DAI BATTERI

Strato di muco compatto
sul lato luminale endoteliale

Enterociti

Zona sotto endoteliale



DIFFERENTE DENSITÀ DEL MUCO

Strato di muco compatto
sul lato endoteliale

Strato di muco fluido
sul lato luminale 

Il muco più fluido ha 
una struttura meno 
densa di mucine e un 
maggiore contenuto 
d’acqua



Castanys-Munoz et al. Nutrition Reviews 71 (12) : 773-789 / Crane, J.K. et al. J. Nutr. 1994, 124, 2358–2364.

Glycans at the cell surface do not only 
serve as a target for the adhesion of 
pathogens, but also for microbial 
toxins. 

The by the entero-toxinogenic E. Coli 
induced toxin is also inhibited by 2-
fucosyl oligosaccharides. 

ANTIMICROBIAL / ANTI‐ADHESIVE EFFECTS OF HMOS



L’integrazione con HMO 
fornisce siti di adesione liberi 
che funzionano come “esche 
per i patogeni”



FUCOSYL TRANSFERASE 2 (FUT 2)

The importance of polymorphism identification in 
preventive and curative medicine



Nei soggetti con 
polimorfismo 
limitante del FUT2
mancano i siti di 
adesione fucosilati 
nel muco fluido e i 
batteri raggiungono 
più facilmente gli 
strati profondi 



diseases in young children from the general population. 
This genome-wide association meta-analysis suggests the implication of the FUT2 gene in diarrhoeal 
diseases in young children from the general population. 
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We demonstrated replication in an independent cohort of 1174 Crohn Disease cases and 357 controls  
between the four primary FUT2 single nucleotide polymorphisms (SNP) and CD, and even their 
association with FUT2. 
Further evidence of the relevance of this locus to the CD pathogenesis was demonstrated by the 
association of the original four SNPs and CD in the recently published CD GWAS meta-analysis. 
These findings strongly implicate this locus in CD susceptibility and highlight the role of the mucus 
layer in the development of CD.
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in the physiopathology of PSC and Crohn s disease. 

In recent years, genome-wide association studies (GWAS) identified inactivating variants at the 
FUT2 locus to be associated with primary sclerosing cholangitis (PSC),  Crohn’s disease (CD) and 
biochemical markers of biliary damage. 
These associations are intriguing given the important role of fucosylated glycans in host-microbe 
interactions and membrane stability. 
Non-secretors have a reduced fecal content of Bifidobacteria. The intestinal  bacterial composition of 
CD patients resembles the one of non secretors, with an increase in Firmicutes and decreases in 
Proteobacteria and Actinobacteria. 
Non-secretor individuals lack fucosylated glycans at the surface of the biliary epithelium and display 
a different bacterial composition compared to secretors. Notably; an intact biliary epithelial 
glycocalix is relevant for the protection against toxic effects of hydrophobic bile salt monomers. 
Here the biology of FUT2 will be discussed as well as the hypotheses to explain the role of FUT2 
in the physiopathology of PSC and Crohn’s disease. 



SELEZIONE DELLA LETTERATURA
SCIENTIFICA RILEVANTE



What are lectins?

Lectins are omnipresent proteins that play a vital function in the plants 
resistance against insect pests and have been found to be deadly to 
viruses, bacteria, fungi, insects, and prominent animals. 

Lectins are sugar-binding proteins that are extremely specific for their 
sugar molecules. 

They are carbohydrate-binding proteins of nonimmune

Temperament. 

They are considered anti-nutrients as they reduce nutrient absorption 
(Calcium, iron, phosphorus, zinc).
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Fucosyltransferase 2 gene (FUT2) potentially affects the constituent of the intestinal microbiota which play 
a crucial role in the pathogenesis of inflammatory bowel disease.  
Results: The frequency of the allele and the FUT2-genotype did not differ between ulcerative colitis  
patients and controls. The polymorphisms and FUT2 gene haplotypes are significantly associated with 
the susceptibility to CD.





Diversi HMO hanno un pronunciato effetto sulle contrazioni motorie gastrointestinali, 
come indicato da un modello di peristalsi di colon murino in vitro. 
Il 2'-fucosillattosio (2'-FL) e 3'-fuco- sillattosio (3'-FL) hanno ridotto la contrattilità in modo 
concentrazione-dipendente. 
Il fucosio e le molecole fucosilate hanno avuto l'effetto immediato di ridurre la 
contrattilità del muscolo liscio del colon entro 5-10 minuti dall'applicazione. 
È improbabile che questi effetti degli HMO avvengano mediante stimolazione dei 
bifidobatteri, ma piuttosto tramite azione diretta su complessi motori neurone-
dipendenti. 
Questi risultati suggeriscono una specifica interazione di fucosio e/o HMO fucosilati con i 
recettori dei tessuti che, a loro volta, regolano la motilità intestinale e possono anche 
dimostrare attività anti-nocicettiva. 

Queste osservazioni supportano l'ipotesi che gli HMO fucosilati possano essere utili come 
supporto terapeutico o preventivo nelle patologie di motilità intestinale e dolore 
intestinale e possano inoltre, anche avere effetti benefici sul sistema nervoso centrale.

Bienenstock J, Buck RH, Linke H et al (2013) Fucosylated but not sialylated milk oligosaccharides diminish colon motor con-tractions. PLoS ONE 8:e76236

Contrazioni motorie gastrointestinali



S Arboleya et al. / Front. Microbiol. (2016) 7:1204 



Strategies for microbiota modulation in the adults

• Nutrition

• Pro-/prebiotics

• Mucus production and mucin glycan 

modification

• Fecal transplantation

Walsh et al, 2014



Ward RE et al. (2006) Appl Environ Microbiol 72:4497-9 / Sela DA et al. (2008) PNAS 105:18964-9

PREBIOTIC EFFECTS OF HMOS
HMOHMO

• Very bifidogenic

• Get untouched in the 
colon (no production of 
fucosidases in humans) 

• Used as substrate by the 
bacteria of the 
microbiota

• Improve the variability 
and balance of the 
microbiota 



The similarities between epithelial cell surfaces and human milk oligosaccharides strengthen 
the idea that  specific interactions of those oligosaccharides with pathogenic 
microorganisms do occur preventing the attachment of microbes to epithelial cells. 
HMOs may act as soluble receptors for different pathogens, thus increasing the resistance of 
breast-fed infants.  

ANTIMICROBIAL / ANTI-ADHESIVE EFFECTS OF
HMOS


