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Fresh human breast milk consists of a heterogeneous population of cells that may offer a non-invasive source of cells for
therapeutic proposes. The aims of this study were to characterize the breast milk-derived cells cultured in vitro. To do this, the
cells from human breast milk were cultured and the expression of the CDmarkers along with the embryonic stem cell markers,
endothelial and luminal mammary epithelial cell markers was evaluated by flow cytometry and immunofluorescence. The
presence of fetal microchimerism among the isolated cells was also determined by the presence of SRY gene. They were also
differentiated into adipocytes and osteoblasts. The results showed that a remarkable number of cells expressed themesenchymal
stem cell (MSC) markers such as CD90, CD44, CD271, and CD146. A subpopulation of the human breast milk-derived cells
(HBMDC) also expressed the embryonic stem cell markers, such as TRA 60–1, Oct4, Nanog and Sox2 but not SSEA1 or 4. The
frequencies of the cellswhich expressed the endothelial, hematopoietic cellmarkerswere negligible. SRYgenewas not detected in
the breast milk isolated cells. A subpopulation of the cells also expressed cytokeratin 18, the marker of luminal mammary
epithelial cells. These cells showed the capability to differentiate into adipocytes and osteoblasts. In conclusion, these finding
highlighted the presence of cells with various sources in the breast milk. Different stem cells includingMSCs or embryonic stem
cell-like cell along with the exfoliated cells from luminal epithelial cells were found among the isolated cells. The breast milk-
derived stem cells might be considered as a non-invasive source of the stem cells for therapeutic purpose.

Keywords: cell differentiation; human breast milk; mammary gland; mammary stem cell microchimerism

Introduction

There are a lot of investigations showing the existence of
adult stem cell in various sources. Mesenchymal stem cell
derived from different sources such as bonemarrow, adipose
tissue,Wharton’s jelly, amniotic fluid, menstrual blood, etc.
have been isolated and described widely in recent years
(Kern et al., 2006; Patel et al., 2008; Ohishi and Schipani,
2010; Pirjali et al., 2013). Breast milk has been introduced as
a new source of stem cells. The immense potency of human
breastmilk and its importance for the newborn as a complete
nutrition are well known. Besides, breast milk contains a
population of heterogeneous cells and some of them have
shown stem cells properties.

The mammary gland as a dynamic organ undergoes
significant changes during pregnancy, lactation and involu-
tion (Indumathi et al., 2013). The histoarchitecture of the
mammary gland can be subjected to profound changes
throughout the reproductive life (Dontu et al., 2003). In the
premature phase, the human mammary gland epitheliums
are formed by branched ducts that invade into an adipose
tissue stromal. The epithelium consists of myoepithelial
cells, at the base, and epithelial cells, surrounding the
luminal space. During puberty, outgrowth, and branching of
the ducts under hormonal stimulation result in an increase
in the mammary gland mass volume (Hennighausen and
Robinson, 2001). During pregnancy and lactation, the
mammary gland epithelia proliferate and differentiate into

�Corresponding author: e-mail: talaeit@sums.ac.ir
Abbreviations: MSC, mesenchymal stem cell; HBMDCs, human breast milk-derived cells; MaSCs, mammary stem cells; DMEM, Dulbecco’s modified
Eagle’s medium; FBS, fetal bovine serum; KOSR, knock out serum replacement; FITC, fluorescein isothiocyanate; PE, phycoerythrin; APC,
allophycocyanin; CK18, cytokeratin 18
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the milk-secreting alveolar cells. After lactation, the alveoli,
and ducts are degenerated by massive apoptosis.

The remodeling ability of the mammary gland can be
attributed to the presence of a side population of stem cell or
progenitor cells. In the mammary gland, bi-potent stem cells
have been identified and isolated. They have the capability to
differentiate into two main mammary epithelial lineages
(myoepithelial and luminal) (Dontu et al., 2003; Villadsen
et al., 2007; Visvader, 2009; Kuroda et al., 2010). According to
evidence, mammary stem cells (MaSCs) are quiescent and
scarce in the resting breast; however, they are activated during
pregnancy and lactation, undergoing a controlled program of
proliferation, differentiation and apoptosis stimulated by
hormonally-driven cues (Hassiotou et al., 2012).

Another source of cells in the breast of parous women is
fetal microchimerism. Fetal microchimerism is defined as a
small number of fetal cells transferred through the placenta
during pregnancy and settled down in various tissues of the
mother including the breast (Eun et al., 2013). They can be
detected for several years after parturition (Lee et al., 2010).
The breast milk has been shown to contain cellular and
HLA-free antigens (Aoyama et al., 2010). It has been
suggested that breast milk contains maternal stem cells that
pass through the gut epithelia in an unknown way and enter
the newborn tissues (Dutta and Burlingham, 2010). With
regards to these considerations, we hypothesized that at least
the origin of a subpopulation of the cells present in the breast
milk would have originated from the fetal tissues migrated
through the placenta. The objectives of the current study
were to identify the cellular constituents of human breast
milk by phenotypic characterization of the cells and also
luminal epithelium and endothelial markers using flowcy-
tometry and immunocytochemistry. Besides, to examine
the pluripotency of the human breast milk-derived cells,
the isolated cells were differentiated into osteocyte and
adipocyte.

Materials and methods

Samples collection

Donors were selected from healthy mother volunteers with
the an age range of 22–30 years. All volunteers signed the
informed consent form approved by the University Ethics
Committee for providing the milk sample. Human milk
samples were collected in sterile tubes (5–50mL) manually.
The samples were collected from day 1 to 6 months after
delivery. It was transported to the laboratory in sterile
condition for cell isolation.

Cell isolation and culture
The breast milk was diluted 1:2 with Dulbecco’s modified
Eagle’s medium (DMEM) (pH 7.4, Gibco, USA), centrifuged

at 300 g for 20min at room temperature. The supernatant
was discarded, and then cell pellet was washed twice with
DMEM medium which contained 7% fetal bovine serum
(FBS) by centrifugation at 280 g for 15min at the same
temperature.The viability of the isolated cells was assessed by
trypan blue exclusion assay. Thereafter, the pellets were re-
suspended in proliferation medium consisting of DMEM/
F12 supplemented with 15% knockout serum replacement
(KOSR), 2mM L-glutamine (Gibco), 100U/mL of penicillin,
and 100mg of streptomycin (Bio Idea), 10 ng/mL basic-
fibroblast growth factor (Stem cell Technologies), 1% non-
essential amino acids (Gibco), 0.1% fangizone (Gibco), and
0.1mM b-Mercaptoethanol (Sigma). The cell cultures were
incubated at 37�C in a humidified 5% CO2.The culture
medium was refreshed every 24 h. After 2–3 days, the non-
adherent cell was removed by washing the cultures with
Phosphate Buffer Saline (PBS). To omit contaminating cells,
the adherent cells were passaged at 70–90% confluency at a
ratio of 1:2. All experiments were performed at least three
times.

Surface marker detection

Flow cytometry
To characterize the breastmilk-derived stem cells, the cells at
passages 2 were harvested by tripsin/EDTA. For each typical
surface marker, the cells at a concentration of 107 cells/mL
were fixed in 4% paraformaldehyde for 20min and then
replaced with100mL blocking buffer containing 5% goat
serum in PBS. For direct-labeled antibodies, the cells were
incubated in fluorescein isothiocyanate (FITC) conjugated
anti-human CD90, CD44, CD144, CD 271, CD123, SSEA-4
antibodies, and phycoerythrin (PE) conjugated anti CD133,
CD73, CD 106, CD146, TRA-60–1, antibodies, and also
perCP conjugated anti-human CD45, CD105, and allophy-
cocyanin (APC) conjugated anti-human CD 15/SSEA-1,
CD34 (all from MiltenyiBiotec, Germany and Abcam, UK,
Cambridge) in PBS containing 10% goat serum and 0.1%
triton X-100 for 20min on ice at dark. The dilutions of the
antibodies were 10mL /100mL with an exception for anti-
CD 144 and -CD44 (1mL/50mL) and -CD105 (2mL/50mL)
antibodies. The cells were washed by centrifugation at
1500 rpm for 5min and then re-suspended in 500mL PBS for
analysis. Data were obtained by using a FlowCytometer laser
488 nm (Becton Dickinson, New Jersey) and analyzed with
FlowJo software.

Immunocytochemistry
The expression of embryonic stem cell markers such as Oct4,
Sox2, and Nanog and that of the intermediated filaments
were found in the luminal epithelial cells, cytokeratin 18
(CK18) (Abcam). The cells were first fixed in 4%
paraformaldehyde for 20min followed by washing with
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PBS and thereafter permeablized with PBS containing 0.1%
triton X-100. The non-specific binding sites were then
blocked by PBS containing 10% goat serum. Then, the
primary antibodies were added for 1 h at room temperature
followed by the incubation with FITC/PE-conjugated
secondary antibodies.The cells were counterstained with
Hoechst whit ratio of 1:1000 (Sigma–Aldrich). The results
are shown by the fluorescent microscope (Nicon, ECLPSE
E600).

Polymerase chain reaction (PCR)

The genomic DNA from five mothers’ fresh milk samples
whose kids were male was extracted by salting-out technique
using proteinase K. The amount of DNA was assessed by
spectrophotometry. The presence of SRY gene was evaluated
by PCR. According to the primer3 and BLAST, the primer
sequences were forward primer: CAGATCCCGCTTCGG-
TACTC and reverse primer: TTTGTCCAGTGGCTG-
TAGCG. The PCR cycles were performed for 30 times
with the denaturing temperature 94�C, annealing tempera-
ture 67�C, and extending temperature 72�C each for 30 s.
The PCR products were run on 1.5% agarose gel. DNA

extraction from male blood sample was used as positive
control.

Osteogenic differentiation

The osteogenic differentiation capacity of the breast milk-
derived stem cells was evaluated by culturing the cells at a
density of 3� 104 cells/well of a 24-well plate at 37�C
overnight. The cells at 70% confluency were exposed to
osteogenic differentiationmedia (media, MiltenyiBiotec) for
30 days. The media were changed twice a week. The calcium
accumulation by the differentiated osteoblasts along with
control cultures were stained with Alizarin Red (Sigma,
USA) assay.

Adipogenic differentiation

For adipogenic differentiation, the cells were treated with
adipogenic differentiation media (StemMACSAdipoDiff
Media-MiltenyiBiotec) for 3 weeks. Medium changes were
performed twice weekly. Adipogenic-induced cells and
control cultures were stained for the confirmation of the
presence of lipid droplets using oil red O staining. The result

Figure 1 Human breast milk-derived stem cells formed small colonies along with some fibroblast-like cells (A) Some colonies appeared as
more compact cell aggregates (B). The cells expanded from the colonies and produced more fibroblast-like cells (C). Two types of individual cells,
fibroblast-like and round cells, could be observed (D).
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was checked with an inverted microscope (Olympus,
CKX41).

Result

Cell morphology

Human breast milk-derived stem cells adhered to the tissue
culture flask a day after isolation. A heterogeneous cell
population was detected in the cultures. Most of the cells
formed small colonies; however, some fibroblast-like cells
were also observed one day after cell isolation (Figure 1a).
Some colonies grew into larger cell aggregates. The number of
the individual round or fusiform cells increased gradually
(Figure 1b). As the time progressed, the colonies expanded
and produced a large number of single cells (Figure 1c and d).
After 10� 2 days, the colonies disappeared and two types of

individual cells, fibroblast-like and round cells, were
observed; however, most of the cells were fibroblast-like cells.

Flow cytometry

In order to find the cell characterization of the heterogeneous
cell population in cultures, the surface CD markers were
analyzed. Flow cytometric analysis of the expanded cells
showed that the human breast milk-derived stem cells
typically express the mesenchymal stem cells markers
such as CD90 (41.6� 0.4%), CD44 (88.3� 4.3%), CD271
(78.8� 5.8%), and CD146 (43.8� 5.8%) but not CD73
(3.8� 0.51%) (Figure 2). A low population of the cells could
express cell adhesion molecules such as CD106 (9.5� 1.4%)
but not CD105 (2.64� 0.55%). The expression level of
the hematopoietic markers, CD34 (2.7� 2.1%), CD123
(4.6� 1.1%), and CD133 (2.85� 0.65%) were also negligible.

Figure 2 Flow cytometric study showed that the human breastmilk-derived cells express themesenchymal stem cells markers such as CD90,
CD44, CD271, CD106, and CD146; however, the expression levels of the CD73 and CD105 were low

Figure 3 The breastmilk-derived cells were negative for hematopoieticmarkers such as CD34, CD133, and CD123; however, they expressed
CD45.
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However, they expressed CD45 (91.45� 0.95%) (Figure 3). A
subpopulation of the HBMDCs also expressed embryonic
stem cell markers, such as TRA 60–1 (10.55� 0.75%). They
could not express SSEA-4 (0.8� 0.2%) and SSEA-1/CD15
(1.82� 0.9%). The frequency of the cells expressed the
endothelial cell marker; CD144 (3.7� 0.95%) was also very
low (Figure 4).

Immunofluorescent staining

The expression of transcription factors that were consid-
ered as embryonic stem cell marker, such as OCT4, SOX2,
and NANOG, was also evaluated by immunofluorescent
staining. A nuclear and sometimes perinuclear localization
of OCT4, SOX2, and NANOG was observed in a
subpopulation of the breast milk-derived stem cells
(Figure 5). A subpopulation of the cells also expressed
CK18. The frequency of the CK18 positive cells was
65.33� 6.1%.

Fetal microchimerism

The data from PCR of the fresh breast milk-derived cells
from mothers whose offspring were male showed there was
no SRY gene in the genomic DNA. It indicated that there
is no cell originated from fetal tissues among the isolated
cells (Figure 6).

Osteogenic and adipogenic differentiation

To evaluate the potential of the human breast milk-derived
stem cells and to differentiate them into adipogenic and
oesteogenic lineage, they were incubated in adipogenic
and osteogenic media.

After almost 21 days, the morphology of cells treated by
adipogenic media was changed and they became round with
intra-cytoplasmic lipid droplets which were stained positive
by Oil Red O (Figure 7).

Alizarin red staining demonstrated the capability of the
cells to differentiate toward osteogenic cell lineage.
Mineralization was revealed the cells differentiated into
osteoblasts (Figure 7).

Discussion

The characterization of the cells isolated from the breast
milk led to finding a non-invasive source of cells for
therapeutic purposes. The cell population in the breast
milk derived from various sources including luminal
epithelial cells, myoepithelial cells, and MaSCs residing in
the breast (Patki et al., 2010). Fresh milk without culturing
consists of 40–60% leukocytes (Crago et al., 1979). The
presence of CD34þ, CD133þ hematopoetic stem cells
was also detected in the population of the freshly isolated
cells in the milk (Fan et al., 2010; Indumathi et al., 2013).
However, the frequency of the CD34þ cells was varied

Figure 4 Thebreastmilk-derived cells showednegative reactions to the embryonic stemcellmarkers, such as SSEA4, SSEA1/CD15 andalso to
the endothelial cell marker, CD144 However, the reaction for TRA60–1 was positive.

Figure 5 Immunofluorescence showed that the cells expressed some embryonic stem cell markers, such as OCT4, Nanog, and Sox2 A
subpopulation of the cells also expressed CK18.
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in different studies. It is expected that freshly isolated
cells from milk contain a higher population of CD34þ,
CD133þ cells than those in the cell population cultured in
adherent culture dishes because the hematopoietic stem

cells are non-adherent and are omitted during passaging.
The data from the current study showed that the
population of CD34þ, CD133þ, and CD123þ cells,
the hematopoietic stem cell markers, were negligible.
Negative reaction for CD34 was also reported previously
(Patki et al., 2010).

A remarkable population of the adherent cells in the
cultures expressed the markers of MSCs, such as CD90,
CD44, CD271, and CD146. It has been shown that the
freshly isolated cells from milk consist of 10–15% of cells
which expressed MSCmarkers. Culturing and passaging the
cells led to a significant increase in population of the cells
which expressed MSC markers (Patki et al., 2010). The
higher proliferation rate of theMSCs led to an increase in the
cell population compared to the other cell populations.
Therefore, it seems that a huge number of cells in the
cultured cells were MSCs.

Our results along with a previous report (Hassiotou et al.,
2012) showed that a subpopulation of cells isolated from the
breast milk expressed most of the embryonic stem cell
markers. Normal breast tissue in lactation phase consisted of
a population of cells which expressed embryonic stem cell
markers such as Oct4, Nanog, and Sox2 (Hassiotou et al.,
2012). The origin of the cells which expressed the embryonic
stem cell marker may be those cells named as mammary
stem cells located in both resting and lactating mammary
glands (Joshi et al., 2010). It seems that breast milk contains a
subpopulation of cells with similar but not identical
properties of embryonic stem cells along with the other
types of stem cells because they expressed a negligible
amount of SSEA1 and 4.

The presence of CD105þ cell population was reported and
it has been suggested that these cells are endothelial
progenitor cells or endothelial cells (Indumathi et al.,
2013). The data from the current study showed the presence
of a negligible cell population that expressed CD105 or
CD144. Both of them are present in the endothelial cells

Figure 6 The PCR products of the extracted DNA from breast milk-
derived cells showed they did not contain SRY gene, a gene which
is located in Y chromosome, is male specific, and is not found in
females. No fetal microchimerism was detected in any of samples (S).

Figure 7 Oil red staining (left) and alizarin red S (right) revealed that the breast milk-derived cells could differentiate into adipocytes and
osteoblasts
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(Indumathi et al., 2013). However, the CD106 expressing
cells were found in the cell population. CD106, VCAM, are
also expressed by a subpopulation of MSCs (Yang et al.,
2013). Therefore, the data of the present study showed
that the population of the endothelial cells is negligible
in the breast milk isolated cells. A subpopulation of
HBMDCs also expressed cytokeratin 18. Luminal mammary
cells are Cytokeratin 18 positive (Twigger et al., 2013). These
data showed that at least a subpopulation of the cells in
the breast milk was derived from exfoliated luminal
epithelial cells.

Bidirectionalmigration of fetal andmaternal cells through
the placenta was detected previously. These cells remain in
various fetal and maternal tissues for a long period of time
and they can proliferate and differentiate into other cell types
(Ichinohe, 2010). We hypothesized that the origin of a
subpopulation of these cells may be from fetal tissues that
reside in the breast after parturition; however, our results
indicated that there was no fetal microchimerism in the
breast milk-derived cells.

The stemness of the isolated cells was assessed by the
pluripotency capability. The data showed breast milk-
derived cells could differentiate into adipocytes and
osteoblasts. It revealed that at least a subpopulation of the
breast milk-derived cells was stem cells including MSCs or
MaSCs.

Conclusion

The cultured breast milk-derived cells contained a hetero-
geneous cell population. It seems that the most of the cells
are MSCs; however, the cells similar to embryonic stem cells
are also present among the other cell types that may be
considered as MaSCs.
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