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Metabolomics, milk-oriented
microbiota (MOM) and multipotent
stem cells: the future of research
on breast milk
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“... divine honours cannot be given to the children of Zeus, except for those
who suck Hera’s milk; thus it is said that Hermes took Heracles, just-born
on Olympus, and put him near her breast so that he could suck. When Hera
realised this, she pushed him away and the milk spurted out abundantly to
become the Milky Way.”
Eratosthenes, Katasterismos, 44 (3™ century BC)
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Introduction

The more we learn about human milk, the
more we are forced to admit to our extraordinary
ignorance about this liquid, considered miraculous
from ancient times. The diade of the mother
breastfeeding her newborn child is a unique
model for understanding the importance of diet in
a broader sense, both in terms of prevention and
protection. Human milk is capable of preventing
many diseases. The first moments of life are
important for the destiny of an individual: normally
this is recognized for the lungs and the first breath,
but it is also true for the other organs, in particular
for the intestine (“the first meal is like the first
breath”).

From Elsie Widdowson’s studies, we know
that the duodenum of breastfed piglets gain 42%
of their initial weight in the first 24 hours of life
[1]. This element emphasizes even more the role
of absolute importance of breast milk, when it is
available, in the first moments of life. It is like the
ideal software inserted in the hardware for which it
was created. It influences the rest of an individual’s
life and activates a cascade of metabolic processes
in the organism. The epithelial mammary cell is
considered a bioreactor for complex structures
and bioengineering activities that interact in all
the physiological processes of the baby: growth
and development, microanatomy and function,
physiology and metabolism, colonization and
maturation of the gut microbiota, immunological
orientation and consolidation, setup and organi-
zation of the brain [2].

This editorial deals with three themes of great
importance today: metabolomics, milk-oriented
microbiota (MOM) and multipotent stem cells.
Perhaps from the integration of knowledge in
these three fields we could take further significant
steps towards the understanding of the miracles of
human milk.

Metabolomics of human milk and formulas

Metabolomics, also called the “new clinical
biochemistry”, is an approach based on the
systematic study of the complete set of metabolites
in a biological sample, in our case milk. It is
a “functional” technology” for identifying,
quantifying and characterizing simultaneously
hundreds/thousands of low-molecular-weight
metabolites. It is capable of producing a snapshot
of the metabolome, the entire set of these
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metabolites produced by an organism, a mirror
that reflects the physiological, evolutionary and
pathological state of a biological system. The
metabolome is so close to the phenotype that it can
be considered the phenotype itself. The metabolic
profile is a unique characteristic of all subjects,
capable of identifying them with a specificity of
100% [3, 4]. The first metabolomic study of milk
was performed by our group in 2012 [5]. With the
use of innovative technologies such as nuclear
magnetic resonance and gas chromatography mass
spectrometry, we demonstrated that human milk
presents high levels of lactose and low levels of
maltose compared to formula milk. Moreover, the
two types of milk also present different levels of
oleic and linolenic acid and this has recently been
confirmed [6]. Also present is a modification of the
panel of metabolites in relation to the maturation
of the milk. Comparing the metabolomic data of
human milk at one and four weeks, we observe
that numerous metabolites increase on progressing
towards the first month of life: for example, we
can mention oleic, linoleic and palmitoleic acids,
which increase as cholesterol decreases [7]. In
reality, new studies have made further important
contributions leading to the finding of certain
characteristics based on genetics (the so-called
“secretory” and “nonsecretory” subjects) or drug
treatments [8].

Microbiotics of human milk

Up to little more than ten years ago it was
thought that human milk was without bacterial
contamination and this was considered one of its
advantages. We can now state that human milk is
anything but sterile! Today we know that it contains
a quantity of bacteria (microbiota) of 50 genera and
200 species [9]. They come from sources inside and
outside the mammae. In particular, it appears that
the microbiota may also derive from the entero-
mammary bacterial circle (from the mother’s
intestine). The dendritic cells are apparently the
transporters of the bacteria which can open the
closed junctions and transfer the bacteria, keeping
them alive for many days in the mesenteric lymph
nodes [10]. We speak of MOM [2]. An average
breastfed baby who assumes 800 mL of breast
milk receives from 100,000 to 10 million bacteria
per day from the milk [9]. The composition of
bacteria from human milk normally includes
nine groups: Streptococcus, Corynebacteria,
Bradyrhizobiaceae, Staphylococcus, Serratia,
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Ralstonia, Propionibacterium, Pseudomonas and
Sphingomonas. Bififobacterium and Lactobacillus
are also common, but less universal. Milk
microbiota appears to be rather stable and differs
especially in women who are obese and/or quickly
gain weight during pregnancy [10]. What is most
important in determining an important difference
in MOM is the kind of delivery: caesarean or
vaginal and, among the caesareans, those that are
urgent or repeated. Mothers who have undergone
an urgent caesarean section have milk microbiota
more similar to that of mothers who have delivered
spontaneously [11].

The composition of human milk microbiota is
in fact highly individualized and unique for each
mother and can have important effects on the
colonization of the intestine and the short- and long-
term health of the child. What we know is that these
consequences for human health begin from the very
first moments of life and follow an individual’s
evolution with a triangular relationship: the guest
(the neonate), mother’s milk and MOM. When a
mother breastfeeds her child, there are two milk
consumers: the child and the child’s intestinal
bacteria (microbiota). To understand how and why
the milk influences the infantile microbiota will be
of the utmost importance in understanding all the
complex macrosystems in which food is strategic.
Some questions remain open. How can a specific
microbiota protect children and what are its weak
points? How can it educate the immune system and
present the “sterile” neonate to the real world?

Multipotent stem cells of mother’s milk

Finally, we also know that human milk contains
stem cells whose function is not yet fully known,
but it is not difficult to imagine that they may
trigger the beginning of the immune response of
the newborn organism [12, 13]. In particular, it is
thought that its cholesterol is quite rich. It appears
that the stem cells of human milk pass through
the intestinal barrier as well as that of the brain
and migrate to settle in the brain and other organs
and apparata, among which surely the thymus,
pancreas and liver. Once they reach the neonatal
tissue of destination, they appear to differentiate
to assimilate and integrate in the tissue. For
example, at the level of the brain they may
differentiate into neuronal stem cells and neurons.
Some authors [12] have tested the multipotent
potential for differentiation of human milk stem
cells and found that they can differentiate along
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adipogenic, chondrogenic and osteogenic lines
and thus potentially be “reprogrammed” for many
different kinds of human tissue. They can thus be
considered a source alternative to autologous stem
cells, although it is obvious that their role must still
be specified more precisely [13-15]. In Hosseini’s
work, stem cells from human milk have become
oligodendrocytes, astrocytes and neurons [14].

Conclusions

This editorial has presented some insights
into metabolomics, MOM and multipotent stem
cells. Perhaps from the integration of knowledge
in these three fields [16-18] we will be able to
take further significant steps towards the true
understanding of the miracles of mother’s milk.

Declaration of interest
The Author declares that there is no conflict of interest.
References

1. Ashwell M. Obituary: Elsie Widdowson (1906-2000). Nature.
2000;406(6798):844.

2. German BJ, Smilowitz JT, Lebrilla CB, Millls DA, Freeman SL.
Metabolomics and Milk: The Development of the Microbiota in
Breastfed Infants. In: Kochhar S, Martin F-P (Eds.). Metabonomics
and Gut Microbiota in Nutrition and Disease (Molecular and
Integrative Toxicology). London: Humana Press (Springer), 2015,
pp. 147-67.

3. Fanos V, Van den Anker J, Noto A, Mussap M, Atzori L.
Metabolomics in neonatology: fact or fiction? Semin Fetal Neonatal
Med. 2013;18:3-12.

4. Fanos V, Antonucci R, Barberini L, Atzori L. Urinary metabolomics
in newborns and infants. Adv Clin Chem. 2012;58:193-223.

5. Marincola FC, Noto A, Caboni P, Reali A, Barberini L, Lussu M,
Murgia F, Santoru ML, Atzori L, Fanos V. A metabolomic study
of preterm human and formula milk by high resolution NMR and
GC/MS analysis: preliminary results. J] Matern Fetal Neonatal Med.
2012;25(Suppl 5):62-7.

6.  Longini M, Tataranno ML, Proietti F, Tortoriello M, Belvisi E, Vivi
A, Tassini M, Perrone S, Buonocore G. A metabolomic study of
preterm and term human and formula milk by proton MRS analysis:
preliminary results. J Matern Fetal Neonatal Med. 2014;27(Suppl
2):27-33.

7. Villasefior A, Garcia-Perez I, Garcia A, Posma JM, Fernandez-
Lopez M, Nicholas AJ, Modi N, Holmes E, Barbas C. Breast
milk metabolome characterization in a single-phase extraction,
multiplatform analytical approach. Anal Chem. 2014;86:8245-52.

8. Urbaniak C, McMillan A, Angelini M, Gloor GB, Sumarah M,
Burton JP, Reid G. Effect of chemotherapy on the microbiota

3/4



www.jpnim.com Open Access

10.

11.

12.

13.

4/4

and metabolome of human milk, a case report. Microbiome.
2014;2:24-35.

Ferndndez L, Langa S, Martin V, Maldonado A, Jiménez E,
Martin R, Rodriguez JM. The human milk microbiota: origin
and potential roles in health and disease. Pharmacol Research.
2013;69(1):1-10.

Rescigno M, Urbano M, Valzasina B, Francolini M, Rotta G,
Bonasio R, Granucci F, Kraehenbuhl JP, Ricciardi-Castagnoli
P. Dendritic cells express tight junction proteins and penetrate
gut epithelial monolayers to sample bacteria. Nat Immunol.
2001;2(4):361-7.

Cabrera-Rubio R, Collado MC, Laitinen K, Salminen S, Isolauri
E, Mira A. The human milk microbiome changes over lactation
and is shaped by maternal weight and mode of delivery. Am J Clin
Nutr. 2012;96(3):544-51.

Patki S, Kadam S, Chandra V, Bhonde R. Human breast milk is
a rich source of multipotent mesenchymal stem cells. Hum Cell.
2010;23(2):35-40.

Hosseini SM, Talaei-Khozani T, Sani M, Owrangi B.
Differentiation of human breast-milk stem cells to neural stem
cells and neurons. Neurol Res Int. 2014;2014:807896.

14.

15.

17.

18.

Journal of Pediatric and Neonatal Individualized Medicine < vol. 4 - n. 1 - 2015

Sani M, Hosseini SM, Salmannejad M, Aleahmad F, Ebrahimi
S, Jahanshahi S, Talaei-Khozani T. Origins of the breast milk-
derived cells; an endeavor to find the cell sources. Cell Biol Int.
2015 Jan 9. [Epub ahead of print].

Bussard KM, Smith GH. The mammary gland microenvironment
directs progenitor cell fate in vivo. Int J Cell Biol
2011;2011:451676.

Cesare Marincola F, Dessi A, Corbu S, Reali A, Fanos V. Clinical
impact of human breast milk metabolomics. Clin Chim Acta.
2015 Feb 14. [Epub ahead of print].

Fanos V, Cuzzolin L. Metabonomics in neonatal and pediatric
research: studying and modulating gut functional Ecology for
optimal growth and development. In: Kochhar S, Martin F-P
(Eds.). Metabonomics and Gut Microbiota in Nutrition and
Disease (Molecular and Integrative Toxicology). London:
Humana Press (Springer), 2015, pp. 125-46.

Faa G, Gerosa C, Fanni D, Nemolato S, van Eyken P, Fanos
V. Factors influencing the development of a personal tailored
microbiota in the neonate, with particular emphasis on antibiotic
therapy. J Matern Fetal Neonatal Med. 2013;26(Suppl 2):

35-43.

Fanos



	Keywords
	Corresponding author
	How to cite
	Introduction
	Metabolomics of human milk and formulas
	Microbiotics of human milk
	Multipotent stem cells of mother’s milk
	Conclusions
	Declaration of interest
	References

