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ABSTRACT

Stem cells represent 10-15% of all cells that appear in breast milk. They participate in the mechanisms that con-

trol the homeostasis and processes self-healing of tissues in neonates. The first reports on the presence of stem

cells in breast milk appeared in 2007. Stem cells exceed the barrier in the intestine, migrate to, and integrate

with all body tissues and organs. The presence of the nestin marker may indicate that the stem cells in breast

milk influence brain development. Populations of stem cells are extremely plastic and are able to develop into

cells of all three embryonic layers (neurons, hepatocytes, pancreatic cells, osteoblasts, chondrocytes, heart cells,

and adipocytes). Stem cells from breast milk may be used in regenerative medicine due to the huge potential

of tissues from all three embryonic leaves. Stem cells from breast milk do not form tumours after implantation

into animal tissues; moreover, their collection and transportation are non-invasive, safe, and ethical.
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INTRODUCTION

The importance of breastfeeding from the very first
moments after the birth of a baby has been emphasised
for years by specialists in various fields of medicine. Ac-
cording to the Universal Declaration of Human Rights
of 1948, the mother and child are of particular concern
and attention. All children, including sick and preterm
newborns, should have the same opportunities to achieve
optimal health and development [1]. Care and awareness
of the young mother’s support is crucial for the success
of lactation, which in the first weeks of childbirth may
be associated with many difficulties and discourage the
continuation of this way of the child’s nutrition. There-
fore, it is very important to make the parents aware of
the importance of each millilitre of maternal milk for the
health of both mother and child. The World Health Or-
ganisation (WHO) and UNICEF have developed a project
based on Ten Steps to Successful Breastfeeding with the

ADDRESS FOR CORRESPONDENCE:

aim of harmonising practices related to the promotion of
breastfeeding, including the education of health profes-
sionals, the education and support of patients, and em-
phasis on exclusive breastfeeding without supplementing
with formula (formula only when medically justifiable)
[2, 3]. If the mother is unable to breastfeed, especially the
mother of premature babies, she can use a human milk
bank, a method that is becoming more and more popular
in Poland, Europe, and all around the world. Access to
natural food is of paramount importance in decreasing
neonatal mortality and incidence of necrotising entero-
colitis (NEC) [4, 5].

The recommendations about breastfeeding of the
WHO have remained unchanged for many years. It is
recommended that breastfeed be continued exclusively
until the end of the sixth month of life and then to con-
tinue breastfeeding for two years or longer [6]. Although
both the government, the Ministry of Health, non-gov-
ernmental organisations, numerous associations, support
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groups, and hospital staff and lactation consultants are
involved in promoting breastfeeding, the indicators for
breastfeeding are not optimistic: in Poland only 46% of
women are breastfeeding 6 weeks after delivery, 42% 2-6
months after delivery, and 11.9% 12 months. Only 50% of
infants immediately after delivery are exclusively breast-
fed, and in the case of preterm newborns only about 60%
are breastfed when leaving the hospital with I and II ref-
erence levels and even fewer (30%) on leaving the hospital
with III reference level [7].

It is now known that breast milk is not only a source
of food and bioactive compounds for the child [8]. To
a large extent, breast milk determines the potential and
activity of human metabolic processes [9]. It plays an
important role in infection prevention and protection
against microorganisms, and influences growth, devel-
opment, metabolism, and colonisation of microflora in
children’s intestines [10]. Natural feeding includes pre-
vention of infection and allergy in the child through cells
and proteins present in breast milk, such as: antibodies
(IgA, IgG), lymphocytes, monocytes, macrophages, lact-
albumins, casein, lysozyme, lactoferrin, and many others
[11-14]. Other bioactive components of milk are hor-
mones (leptin, adiponectin, ghrelin, resistin) that support
the proper functioning of central appetite control mech-
anisms, which not only affects feeding at a given time,
but also protects against obesity and type I and type II
diabetes in the future [15]. The benefit of natural feeding
is also a lower incidence in the child or a milder course
of such infections as respiratory tract, middle ear infec-
tion, sepsis, necrotizing enterocolitis (NEC), or bacterial
meningitis [16, 17].

In addition to the elements involved in building the
child’s immunity, there are also other cells in milk that
are important for the creation of the child’s tissues and
organs: epithelial cells (50-90%), stem cells, fatty acids,
monoglycerides, nucleic acids, and antioxidants [10,
11]. The cells can migrate from mother to child in two
ways: during breastfeeding and by transplacental passage
in pregnancy [18]. During intrauterine development,
a number of cells migrate from mother to child, and the
child’s cells together with the multipotential cells migrate
towards the mother and integrate with her tissues, such
as blood, bones, joints, liver, heart, brain (foetal-maternal
microchimerism) [11, 19].

STEM CELLS IN BREAST MILK

Stem cells represent 10-15% of all cells that appear in
breast milk. They participate in mechanisms controlling
homeostasis and self-healing processes of the organism
[20]. The first reports on the presence of stem cells in
breast milk appeared in 2007. Cregan et al. from the Aus-
tralian Breastfeeding Association reported that mamma-
ry gland stem cells are present in breast milk [21]. CK5
cytokeratin marker, mature epithelial cell markers CK14,

CK18, CK19, and nestin marker were used. CK5 (cy-
tokeratin 5) is a marker of stem and progenitor cells in
mammary gland [22]. CK14 and CK18 are markers of
specific antigens found on surfaces of two different types
of epithelial cells (myoepithelial and ductal cells) [9]. CK
19 is stained luminal epithelial cells [23]. Nestin is a well-
known marker of multipotent stem cells, being a marker
of bone and nervous system cells, pancreatic cells, and ep-
ithelial tissue. This protein appears during development of
the central nervous system [24]. It was noted that because
stem cells were previously identified and isolated from
a non-lactating gland, they should therefore be present
in breast milk [21].

Kaingade et al. noted the difference in quality between
colostrum milk and mature milk among women who had
given birth to a premature baby. In the breast milk of the
mothers of premature infants, haematopoietic stem cells,
mesenchymal stem cells, and immune cells have been de-
tected. Such a composition may have a significant impact on
the proper development of premature babies [25]. Interest-
ing conclusions were reached by Brie et al., who compared
the phenotype and genotype of milk of women giving birth
prematurely with milk of women who have a neonate born
at term. Researchers found that: 1) stem cells were present
in premature infant mother’s milk; 2) the samples of breast
milk from premature infants’ mothers and neonates differed
in expression of stem cell-specific markers; and 3) the per-
centage of expression of stem cell-specific markers differed
when comparing samples of breast milk from premature
infants and reported infants [26].

WHEN AND WHERE STEM CELLS ARE FORMED?

Maturation of the mammary gland is regulated by
hormones: oestrogen, progesterone, and prolactin. The
lactating breast consists of massive lobular epithelial tis-
sue separated by fibrous stroma [27]. The stem cells in
breast milk are mainly mesenchymal embryonic stem
cells and luminal epithelial cells. The stem cells in the
mammary gland are organised in the superficial layers of
the secretionary ducts and occur already in the embry-
onic blastocyst stage [9]. Their organisation changes with
the different phases of the nipple’s development. During
pregnancy the mammary gland proliferates and becomes
a secretory organ [19]. The environment in the nipple,
where stem cells are formed, changes during pregnancy,
which affects progenitor cells. Its embryonic origin is the
same as that of nervous system tissues [28]. The mam-
mary gland is metabolically active not only during preg-
nancy and lactation [20]. After the lactating period, both
the alveoli and ducts undergo degeneration in the process
of massive apoptosis, which is stimulated by hormones
[19]. Therefore, the extracellular matrix cooperating with
steroid hormones influences the fate of the nipple cells,
which are the precursors of stem cells [9]. In addition,
Twigger et al. [29] noted that the nipple of mothers of
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children born in time is more mature than that of moth-
ers of premature infants, and the level of nestin marker in
prematurely born mothers was lower.

STEM CELL POTENTIAL

After the first scientific reports on the presence of
stem cells in breast milk, the research was focused on the
penetration of cells into the child’s blood and on their
differentiation. The stem cells cross the intestinal barrier
and migrate with blood to all tissues of the body and in-
ternal organs. Abd Allah et al. [13] isolated the stem cells
of nursing rabbits. Using a fluorescence microscope, the
presence of stem cells in samples of tissues prepared from
various organs of young rabbits was proven: liver, muscle,
heart, and duodenum. Previously, Hassiotou et al. [30]
studied the distribution of stem cells in the body of the
fed mouse. At that time a genetically modified mouse was
created with gene coding cells that shone red in fluores-
cent light. Red cells penetrated with breast milk into the
baby and were observed in tissues such as blood, brain,
thymus, pancreas, liver, spleen, and kidneys. Hassiotou et
al. [30] demonstrated that in adult mice, mother’s milk
stem cells were still circulating three weeks after the birth
and were identified in the abdominal, thymus, and liver
walls of the young fed mice. On the basis of these reports
it can be concluded that stem cells survive in the child’s
digestive system, penetrate into the bloodstream, just like
leukocytes [31], and then integrate with the organs of the
child. The presence of the nestin marker may also indi-
cate that breast milk stem cells exceed the brain-blood
barrier, which confirms the thesis that mother’s milk has
a significant impact on brain development [8]. Stem cell
populations are extremely plastic and can be transformed
into cells of all three germ layers: ectoderms, endoderms,
and mesoderms (neurons, hepatocytes, pancreatic cells,
hearts, osteoblasts, chondrocytes, adipocytes) [30]. These
cells may also differentiate into hormones or proteins (in-
cluding insulin, albumin). Two types of stem cells have
been proven: 1) embryonic stem cells that have an ex-
traordinary ability to differentiate, and 2) mature stem
cells whose task is to produce new stem cells [32]. It is
also known that stem cells in breast milk have the poten-
tial to differentiate into two main lines of epithelial cells
(myoepithelial and luminal cells) [31].

THE USE OF BREAST MILK STEM CELLS

Breast milk stem cells can be used in regenerative
medicine due to their huge potential for tissue formation
from all three germ layers [32]. Unlike embryonic stem
cells, multipotent cells from breast milk do not form tu-
mours after implantation into animal tissues. Important-
ly, they are obtained and transported in a non-invasive,
safe, and ethical manner [13, 16, 30]. The discovery of
stem cells in breast milk is an extremely important, even

revolutionary event, both in the field of interest in regen-
erative medicine and the promotion of breastfeeding,
because it is extremely important in the context of con-
veying information about breastfeeding to future moth-
ers. Stem cells may be used as a tool to treat some of the
infant diseases [33]. However, after the first research, fur-
ther questions arise that challenge researchers in order to
fully understand the phenomenon of these cells and their
role and potential for differentiation. Questions remain
whether stem cells change during lactation, whether the
caesarean section affects their development and differen-
tiation, and whether they affect the health of pregnant
woman. It is important to define their role for the health
potential of children, but also of adults, and for the pre-
vention of chronic and autoimmune diseases [9]. It is now
known that the milk of the mothers who give birth on
time contains stem cells, and their expression varies be-
tween women. The subject will therefore be a great chal-
lenge for researchers in the coming years.

CONCLUSIONS

Breast milk, known as a biologically active, living tis-
sue, should be a natural, optimal method of feeding in-
fants. It contains thousands of active components, which
have a non-food value and cannot be produced by tech-
nological processes. The large number of breast milk in-
gredients and their multifunctionality are the subject of
intensive research. There is also no doubt that breast milk,
especially for premature babies, is treated as a medicine.
Since breast milk is a rich, easily accessible, and non-in-
vasive reservoir of pluripotent stem cells, it is becoming
an excellent candidate for use in cell therapy and regen-
erative medicine. More research and data based on the
Evidence Based Medicine principles are likely to expand
the use of breast milk, especially in the care and preven-
tion of infants.
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