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Breast milk stem cells: Are they magic bullets in neonatology?
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ABSTRACT

Each mammal produces milk specific to its newborn that meets all nutritional needs. Breast
milk is not only a secretory product but is also a complex liquid containing several components
that provide enteral nutrition. The stage of lactation, the fullness of the breast, the feeding of
the baby, and the health of the mother during the breastfeeding period cause differences in
the composition of breast milk. Although the positive effects of breast milk on the physical and
intellectual development of a child in the short and long term have been known for centuries,
its mechanism has not been elucidated. Stem cells are defined as the cells that possess spe-
cific markers and have not undergone differentiation. Under suitable conditions and stimuli,
they can differentiate into desired cells. The detection of stem cells, whose exact origin is not
known, in breast milk and their demonstration in the baby’s body have prompted the necessity
of exploring the possible role of stem cells in the treatment of diseases. In this review, breast
milk-derived stem cells and their possible role in neonatology are discussed.

Keywords: Bronchopulmonary dysplasia, human breast milk, hypoxic-ischemic encephalopa-
thy, intraventricular hemorrhage, necrotizing enterocolitis, stem cell

Introduction

Each mammal produces milk that is unique for its newborn. The specific components in milk
satisfy the nutritional requirements of the newborn. Although the beneficial effects of breast
milk on the basic physical and intellectual development of a child in the short and long term
have been known for centuries, the mechanism remains elusive. The mechanism by which
breast milk consumed in the early period of life confers protection against diseases occurring
in the later period of life warrants investigation.

Breast milk is not simply a product that provides enteral nutrition for the infant but is also a
complex fluid with more than 200 well-known components (1). With advances in analytical
techniques, the number of recognized components has increased. Breast milk contains thou-
sands of cells per milliliter (2). Milk is constituted by several substances in various phases,
including solutions, colloids, membranes, membrane-bound globules, and living cells. Breast
milk composition is variable among women. The stage of lactation, the degree of breast
fullness, breastfeeding and breastmilk removal, the growth rate of the infant and its needs,
the health of the mother, and the environment cause differences in the composition of breast
milk (2,3). Milk regulates immunity in the newborn and at infancy through the inherent bio-
active and immunological components and confers protection against infections (4). Recent
studies have revealed that components in the breast milk establish communication with oth-
er cells in the development and regulation of the innate and acquired immune system (5).
Breast milk also contains certain biologically active elements, such as exosomes, that were
not previously recognized. Exosomes are small vesicles that function in intercellular signal-
ing, inflammation, cell adhesion, and immune response (6). In an in vitro study conducted by
Lanik et al. (7), the positive effects of breast milk on the proliferation and growth of mouse
and human enterocytes were shown. The symbiotic relationship between breast milk and
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its natural hosts has led fo the formulation of the notion that
breast milk is a living system or an organ (2,3). Researchers
have suggested that breast milk can be used in combination
with traditional drug therapies.

Stem Cells and Progenitor Cells of Breast Milk

Stem cells are the most versatile cells, which exhibit specific
markers and possess the ability to differentiate into lineages,
i.e., the cells and tissues of different body organs, under favor-
able conditions and stimuli. To consider a cell as a stem cell, it
is necessary that the cell fulfill the following characteristics (8):

e The ability to self-renew or to create at least one similar
cell that bears the characteristics of the original cell

e The ability to differentiate from a single cell into multiple
serial cells (multilineage differentiation)

e The dbility to perform functional reconstruction of a par-
ticular tissue in vivo

Different classifications of stem cells have been defined. The
most accepted classifications are as follows (9):

e  Embryonic stem cells
+ Non-embryonic stem cells
e Hematopoetic stem cells
e Bone marrow stem cells
e Peripheral blood stem cells
e Umbilical cord blood stem cells
e Stromal (mesenchymal) stem cells
e Other stem cells resident in organs

The cell composition of breast milk can be accurately evalu-
ated using new methods developed for the identification and
separation of biological fluids, such as multicolor flow cytome-
try. The exact source of human breast milk stem cells that can
differentiate into multilineages is unknown (2,10). Stem cells in
breast milk were first described in 2007. Cregan et al. (11) re-
ported the presence of the general stem cell marker nestin in
term breast milk, which is a neural, bone marrow, pancreatic,
and epithelial stem cell marker. Except for probiotic bacteria,
cells of eukaryotic origin found in breast milk stem cells are
examined after classification info two groups, namely blood-
and breast-derived cells. The blood-derived group includes
immune cells and hematopoietic stem cells; the breast-derived
cells include lactocytes and myoepithelial cells (12).

As expected, breast milk contains cytokeratin (CK) 18-positive
luminal epithelial cells synthesizing milk protein and beta-ca-
sein-positive lactocytes. In a healthy breastfeeding period, 98%
of the breast milk can consist of these cells (13). Along with ma-
ture epithelial cells, there are also precursors and stem cells in
breast milk. It is hypothesized that the mammary glands, which
carry the role of milk-secreting organs after a lactation-free
period, reveal hidden progenitor cells via activation of intra-
cellular signaling pathways (14). Cregan et al. (11) also reported
the stem cell marker, CK5+, in the lactating mammary gland in
a cell culture experiment.

A mammary stem cell marker, a6 integrin (CD49f), and an
epithelial progenitor cell marker, p63, were detected in cell
cultures obtained from breast milk by Sani et al. (15). In an in
vitro study conducted by Thomas et al. (16), it was reported
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that these cells not only exhibited stem cell markers but also
possessed multipotent properties, could undergo self-renewal,
and differentiated at least two epithelial lineages of cells that
produce milk proteins, such as CK18+ lumen cell or CK14+ myo-
epithelial cell (17).

The detection of the most pluripotent, multilineage human em-
bryonic stem cells in breast milk, which can differentiate into
various cell types, had a considerable impact on science (18). In
a study conducted by Hassiotou et al. (2), undifferentiated plu-
ripotent stem cells expressing SSEA4, TRA-1-60, and TRA-1-81
were detected in breast milk, and they showed that these cells
could differentiate into epithelial cells, such as lactocytes and
myoepithelial cells, and milk-secreting proteins. Sani et al. (15)
observed that mesenchymal stem cells expressed CD44, CD90,
CD271, and CD146 in the majority of cultures, and a subpopu-
lation also expressed the embryonic stem cell markers of Oct4,
Sox2, TRA 60-1, Nanog, and CK18+ lumen epithelial cells, which
can differentiate into adipocytes and osteoblasts. Similarly, in
the study conducted by Hosseini et al. (18), human breast-de-
rived stem cells expressed mesenchymal and embryonic mark-
ers.

In a study on breast milk stem cells of premature and term
babies conducted by Briere et al. (19), stem cell marker val-
ues were not significantly different between the groups, but
the stem cell markers SOX2, Nanog, CD90, and CD105 were
expressed more in preterm milk than term milk. Although the
reason is not fully explained, it is assumed that the symbiot-
ic relationship between mother and baby continues during
breastfeeding, and there are changes in stem cells and gene
expression levels according to the infant’s needs (20).

There is no evidence available on the exact origin of breast
milk stem cells. In a review authored by Hassiotou and Hart-
mann (2), the presence of CD34+ hematopoietic stem/pro-
genitor cells originating from the mother’s bloodstream has
been demonstrated in colostrum and breast milk. Similarly, few
studies suggest that blood-derived stem cell markers in breast
milk originate from hematopoietic stem cells, whereas certain
studies have reported that the origin is attributable to maternal
blood circulation (21). Human breast milk stem cells remain to
be elucidated, and the mechanisms by which stem cells exist in
breast milk in the postnatal period warrant investigation.

Breast Milk and Microchimerism

Microchimerism is the presence of a small number of cells or
DNA that originate from another individual that are genetically
distinct from the cells of the host individual (22). Maternal-fetal
and fetal-maternal microchimerism occur most commonly in
pregnancy, and it is also known to occur during breastfeeding
(22). The mechanism by which these cells affect the baby re-
main unknown. In an animal experiment, Hassiotou et al. (23)
reported that stem cells in breast milk could pass through the
infant gastrointestinal system and provided complete function-
ality in the target tissue. In another study performed by Abd
Allah et al. (24), fluorescently dyed purified milk stem cells were
shown to be present in various organs of the offspring. Aydin et
al. (25) showed that maternal cells detected in the blood and
brain of pups differentiated into glial and neuronal cell types
in the brain.
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Pregnancy-induced microchimerism cells can be detected in
the offspring’s bloodstream for several years. During the lacta-
tion period, maternal stem cells are not considered patholog-
ical by the immune system, bypass the gastrointestinal tract,
and contribute to optimizing neonatal and infant immune de-
velopment and tissue growth/repair (26). The roles of these
mysterious cells and many other unknown cells are still under
investigation.

Breast Milk Stem Cells and Their Role in the Treatment of
Neonatal Disease

Stem cells play crucial roles, such as direct differentiation into
the required cell types, paracrine function, and secretion of
factors to change the behavior of cells and repair tissue (27). In
regenerative medicine, multiple studies have been conducted
on stem cells and their effect on tissue repair, wound healing,
and cancer. There are also studies reporting that paracrine ac-
tivities of stem cells are more important for repair than their
differentiation potential (27).

Stem cells obtained from different sources and stem cell-de-
rived therapies have shown considerable potential in the treat-
ment of different diseases affecting neonates. Breast milk stem
cells are unlikely to be tumorigenic, demonstrate relatively eas-
ier accessibility, and invasive techniques are not required for
their acquisition (10).

One of the most surprising effects of breast milk stem cells has
been shown in stroke. In a review published on the application
of stem cell therapy for abrogating stroke-induced neuroin-
flammation by Stonesifer et al. (28), it was found that breast
milk stem cells differentiated into astrocytes and reduced dam-
age by stimulating the suppression of peripheral immune inva-
sion via secreting growth factors, such as vascular endothelial
growth factor and hepatocyte growth factor. In another study
conducted by Okazaki et al. (29), mesenchymal stem cells were
used within a period of 3-24 hours after stroke, and an increase
in the expression of anti-apoptotic Bcl-2 and survivin proteins
with a 50% reduction of the ischemic area was observed.

Hypoxic-ischemic encephalopathy (HIE), which is characterized
by a sudden decrease in blood flow and consequent impair-
ment in the tissue oxygenation of the brain in newborns, is one of
the conditions in which neonatologists encounter considerable
challenges. The neuroprotective approach is the most effective
strategy available in the management of HIE to protect the de-
veloping newborn brain from reperfusion damage. It is hypothe-
sized that the cytokines, bioactive molecules, and growth factors
secreted by stem cells can limit the damage indirectly via para-
crine effect, as reported in stroke studies, and can enable the
recovery of functions by increasing neurogenesis (30). In animal
models of HIE studies conducted by van Velthoven et al. (31,32),
mesenchymal stem cells were administered via different routes,
such as intravenous, intranasal, and intracranial, and a reduc-
tion in hypoxic damage was observed. Zhang et al. (33) showed
that intraventricular transplantation of umbilical cord blood
mesenchymal stem cells into rats with hypoxia-ischemia-in-
duced brain damage reduced apoptosis and improved neuro-
logical functions. Autologous umbilical cord blood has been used
worldwide in hematology, endocrinology, neurological diseases,
cerebral palsy, and treatment of HIE (34). In a study conducted

by Huang et al. (35), human umbilical cord mesenchymal stem
cell transplantation was shown to improve neurological and ex-
trapyramidal functions and emotional reaction in adult patients
with HIE. In a pilot study including six newborns with severe HIE,
umbilical cord blood was collected in the delivery room, and
umbilical mesenchymal stem cell infusion was performed along
with the continuation of therapeutic hypothermia. Neurofunc-
tional development of four babies was reported to be normal
without any impairment at 18 months of age (36). There have
been no studies conducted using breast milk stem cells in HIE
thus far. Promising results in the management of HIE, consider-
ing the importance of plasticity in newborn brains, will continue
to pave the way for conduction of further studies.

The role of stem cells is presently under investigation to develop
an alternative approach in the treatment for certain issues owing
to prematurity, such as intraventricular hemorrhage (IVH), bron-
chopulmonary dysplasia (BPD), and necrotizing enterocolitis
(NEC). In an observational study involving preterms with severe
IVH, human breast milk was provided intranasally. It was report-
ed that the need for surgical intervention because of progressive
ventricular dilatation and posthemorrhagic hydrocephalus was
less in the intranasal breast milk group, and it was effective in
limiting brain damage (37). A phase | dose-escalation clinical
trial conducted by Ahn et al. (38) on nine premature infants with
severe |VH reported that the treatment with allogeneic human
umbilical cord-derived mesenchymal stem cells via intraventric-
ular route was tolerated and safely feasible.

Bronchopulmonary dysplasia, which is a chronic lung disease,
continues to be a major cause of neonatal morbidity and mor-
tality worldwide. Inflammatory responses mediated by proin-
flammatory cytokines are crucial in the development of BPD
(39). In an animal study in which BPD was developed exper-
imentally, van Haaften et al. (40) showed that intratracheal
bone marrow-derived mesenchymal stem cells suppressed
inflammation, improved lung functions, and prevented irre-
versible hyperoxia-induced neonatal lung injury via paracrine
effect of stem cells. In a phase | dose-escalation trial conduct-
ed by Chang et al. (39), human umbilical cord blood-derived
mesenchymal stem cells were transplanted in preterm in-
fants at high risk for BPD via an intratracheal route, and the
authors found that BPD severity was markedly decreased. In
the phase Il trial of children with severe BPD, aged 0-1 years,
infravenous administration of human umbilical mesenchymal
stem cells with an additional low- or high-dose infusion along
with the traditional supportive treatments was performed. The
24-month follow-up results are expected to be published this
year (41). No studies have been conducted thus far using breast
milk stem cells directly in BPD; however, breast milk stem cells
have a potential applicability in this area.

Necrotizing enterocolitis, which is an acquired, life-threatening
disease characterized by inflammation, loss of villi and epithelial
cells, and intestinal necrosis, is one of the major issues of pre-
maturity. Although the immaturity and microbial colonization
of intestines, innate immune response, and reperfusion injury
are attributable factors, the pathogenesis of this disease is ob-
scure (42). There are several studies in the literature on breast
milk-derived exosomes that significantly decrease the incidence
and severity of experimental NEC (43). The role of mesenchymal
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Table 1. The most recent stem cell studies in the literature on newborns

Study Phase / Route Stem cell type

Disease Effect

Zhang et al. (33) | Animal/intraventricular

hUC-MSCs and cord blood | HIE
mononuclear cells

1 Cellular apoptosis, number of
activated astrocytes
Recovery of long-term spatial memory

Tsuji et al. (36) Phase Il clinical trial/ Autologous hUC-MSCs HIE Feasible and safe
intravenous
Ahn et al. (38) Phase | dose-escalation Allogeneic hUC-MSCs IVH Feasible and safe
clinical trial/intraventricular
Keller et al. (37) Phase | clinical trial/ BMSCs IVH 1 Incidence of severe
intranasal neurodevelopmental outcome
Kim et al. (46) Animal/intraventricular hUC-MSCs IVH 1 MAPK and STAT pathways
1 microglial activation during IVH
Chang et al. (39) | Phase | clinical trial/ hUC-MSCs BPD 1 BPD severity in transplant group
intratracheal
Wu et al. (41) Phase Il dose-escalation trial | hUC-MSCs BPD Feasible and safe
on children aged 0-1year for severe BPD
Moreira et al. (47) | Animal/intranasal hUC-MSCs BPD 1 Pulmonary vascularization

1 Chronic inflammation
T Tissue healing
T Alveolar development

McCulloh et al. Animal/intraperitoneal AF-MSC exosomes, NEC 11 Experimental NEC
(48) bone marrow-derived
MSC exosomes, AF-NSC
exosomes, E-NSC exosomes
Pisano et al. (45) | Animal/intraperitoneal, BMSC extracellular vesicles | NEC { Incidence and severity of
enteral experimental NEC
Borhani-Haghighi | Animal BMSCs Spinal cord | | Apoptosis and inflammation at the
et al. (49) injury site of injury

activator of transcription 1.

AF-MSC: amniotic fluid-derived mesenchymal stem cell; AF-NSC: amniotic fluid-derived neural stem cell; BMSC: breast milk-derived stem cell; BPD:
bronchopulmonary dysplasia; E-NSC: neonatal enteric stem cell; HIE: hypoxic-ischemic encephalopathy; hUC-MSC: human umbilical cord mesenchymal stem cell;
IVH: intraventricular hemorrhage; MAPK: mitogen-activated protein kinase; MSC, mesenchymal stem cell; NEC: necrotizing enterocolitis; STAT1: signal transducer and

stem cells is also being investigated in the treatment of NEC. In
an animal study conducted by Zani et al. (44), the authors re-
ported that amniotic fluid stem cells improved survival, clinical
status, and gut functions via modulation of stromal cells and
enhanced repair of the damaged intestine via paracrine effect
related to a COX-2 dependent mechanism. In a recent animal
study conducted by Pisano et al (45), the offspring were ran-
domly divided info the breastfed group without injury, the NEC
group, the group that received human breast milk-derived ex-
tracellular vesicles once intraperitoneally, and the group that
received human breast milk-derived extracellular vesicles orally
at each feed. The results showed that none of the pups fed with
breast milk had NEC, and the incidence of NEC was significantly
lower in the intraperitoneally administered group than the enter-
al group. No human studies have been conducted using breast
milk stem cells directly in NEC, although it is well known that
breast milk prevents the development of NEC.

Conclusion

Stem cells from different sources are being investigated in
many neonatal disorders, and they demonstrate promising ap-
plicability. There are many unknown aspects regarding breast
milk stem cells. With advances in technology and scientific re-
search, further data can be obtained regarding breast milk
stem cells, and they may be hopefully used in the treatment of
IVH, NEC, and HIE.
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