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The mammary gland is a specific mammalian organ that synthesizes biological fluids required for young offspring.
Milk is actively synthesized from this gland via mammary epithelial cells (MECs). In addition, breast cancer is the
most commonly diagnosed cancer worldwide. The role of MEC as an in vitro model has been accepted to
understand the mechanisms of milk synthesis and the biological mechanisms of breast cancer. This review aimed
to determine the advantages of using MECs from two different sources: mammary tissue and fresh milk. MECs
from mammary tissue contain stem cells that can be reconstituted to the mammary gland. The major MEC
population from fresh milk is the epithelial progenitor. Because the in vitro MEC culture can synthesize major milk
components; our first hypothesis is that the MEC culture can be enriched and used as a bioreactor to produce
artificial milk components. We extended the protein-producing capacity of the MEC culture to pharmaceutical
target proteins. This hypothesis based on the presence of intact posttranslation processes in MECs. Studies on
breast cancer biology and the development of target cancer therapies require appropriate mammary cell lines.
Therefore, this review provides information on the development of mammary cell lines using MECs from animals.
We focused on the senescence and transformation of MECs from various mammalian species. These
contemporary perspectives are essential for future research to enhance the well-being of the livestock, provide a
choice for recombinant proteins, and refine our understanding of breast cancer.
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INTRODUCTION

The mammary gland, a unique organ found only in mammals, produces
significant quantities of biological fluid. Milk contains all the nutrients required for
a newborn baby. It emerged as an important part of the human diet during the
prehistoric pastoral period, approximately 5,000 BC (Ramsoe et al., 2021; Gillis et
al., 2024). Currently, the global milk production has reached around 900 million
tons per year (FAO, 2023). Breast cancer is the most prevalent cancer worldwide,
and the burden is predicted to double by 2040 (Coles et al., 2021). Regarding the
origin of breast cancer, the progenitors and tumor subtypes are distinct and
apparent during the stage of ductal carcinoma in situ (Wilson et al., 2022). Thus,
mammary glands play a crucial role in both physiological and biomedical aspects,
with epithelial cells from the glands being fundamental in almost all mechanisms.

Milk synthesis and let down can be accomplished mainly by the mammary
epithelial cell (MEC) and myoepithelial cell (MC). With the formation of the fat pad
scaffold during the postnatal period, both MECs and MCs undergo morphological
and physiological changes under the programming and endocrine controls initiated
during mammogenesis, lactogenesis, galactopoiesis, and involution. The
mammary gland undergoes repeated morphological and functional changes
according to the gestation stage. The mammary parenchyma mainly consists of
mammary alveoli and a tubular system that supports its functions (milk synthesis
and let down). It is widely acknowledged that the genetic advancements in milk
production for dairy cows are facilitated through rigorous genetic selection
programs (Menchon et al.,, 2024), and the highly productive dairy cows are
distributed globally. High-potential dairy animals produce less milk in hot and
humid tropical conditions. The yield from summer lactation in dairy cows was
reported to be 16% lower than that from winter lactation (Thammacharoen et al.,
2020). These seasonal effects on lactation were also observed in dairy goats (Saipin
et al., 2020a). We have shown that high ambient temperature (HTa) influences milk
synthesis from the mammary gland via indirect and direct pathways. The direct
effect of HTa on milk synthesis is thought to be mediated partly by the activation
of heat shock protein 70 (Hsp70) and the mammalian target of the rapamycin
(mMTOR) pathway (Thammacharoen et al., 2022). Based on these findings,
understanding the cellular physiology of the MEC is essential for comprehending
the direct effect of HTa on milk synthesis. Our previous study showed that MECs
derived from fresh goat milk can successfully express lactose synthase and lactose
under in vitro culture conditions (Saipin et al., 2020b). Other studies have reported
similar findings, demonstrating the ability to form a mammary organoid using
mammary stem cells derived from mammary tissue (Shackleton et al., 2006;
Machado et al., 2013; Jamieson et al., 2017). Different sources of MECs determine
the fate of in vitro growth, leading to significant differences in the behavioral and
physiological properties of the MEC culture among these sources. This simple
hypothesis holds true and underscores the critical need for fundamental knowledge
of cellular heterogeneity, which may influence the outcome of MEC culture (Corro
et al., 2020).

In this review, we have attempted to provide details of currently used MEC
culture systems. Specifically, the contributions of two sources of MECs have been
reviewed, and specific questions have been addressed to determine the
advantages of the two culture techniques. Contemporary perspectives have been
proposed to emphasize the future directions (Figure 1) for using primary MEC
cultures and to address the physiological functions of mammary glands, the
pathological mechanisms involved in breast cancer, and the possibility of using the
MEC culture system as a powerful tool in biological mammalian cell culture.
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Figure 1 Propose contributions of the mammary epithelial cell (MECs) from dairy animal to (a)

the mammary gland and lactation physiology, (b) agricultural & (c) pharmaceutical productions

and (d) biology of cancer. This figure is original data, not previously published.
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MAMMARY EPITHELIAL CELL CULTURES
FROM TWO DIFFERENT SOURCES

The mammary gland, a unique secretory organ, comprises a secretory alveoli
and a tubular ductal system. The gland undergoes cyclical changes throughout life
based on the pregnancy status. The parenchyma epithelial cells, including the
MECs and MCs, are targets for major cellular transformation and differentiation.
During the postnatal mammogenesis and peripubertal period, the terminal end bud
(TEB) of the primary duct acts as the growing tip containing both the cap cell (outer
layer of TEB) and body cell (body mass of TEB). Differentiation of the TEB,
proliferation of the terminal differentiated cell, and apoptosis of the inner luminal
body cell are the fundamental mechanisms involved in ductal elongation and
ramification. During the pregnancy stage, the secretory alveoli are generated from
the terminal ends of the secondary side branches via another differentiation
process (lactogenesis I). At this stage, the MECs undergo a transformation step
involving organelle polarization and the expression of milk-specific enzymes. These
physiological processes indicate that the mammary gland consists of a cell
population with stem-cell-like abilities. While mammary cell lines have been
extensively used in biomedical research (Neve et al., 2006), limited information is
available regarding primary MEC cultures. To address this, we describe the
phenotypic characteristics of MECs derived from both mammary tissue biopsies
and fresh milk

MEC culture from mammary tissue

Primary MEC cultures used in most experiments were derived from
mammary tissue. Based on the physiological transformation of the mammary gland
described above, MECs from mammary tissue exhibit diverse phenotypic
characteristics. Furthermore, there is no clear evidence for the presence of tissue
stem cells, particularly mammary epithelial stem cells (MESCs; Shackleton et al.,
2006; Machado et al., 2013; Jamieson et al., 2017), or whether the stem-cell-like
activity results from the stem-cell niche within the mammary tissue (Lin, 2002;
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Mokbel, 2024). One study showed that single mammary stem cells could
reconstitute a complete mammary gland in vivo. Hematopoietic (CD45 and
TER119) and endothelial (CD31") or Lin" populations with high expression levels of
the stem-cell markers for skin (31-integrin, CD29) and neurons (heat stable antigen,
CD24), Lin'CD29"CD24*, were the putative MESCs derived from mouse mammary
tissue (Shackleton et al., 2006). Likewise, another study reported the purification of
MESCs (CD24*CD49f*) from colonies derived from mammary tissue that contained
self-renewal and differentiation properties (Sting et al., 2006). Based on the Lin’
CD29"CD24" population, the mammary organoid has been generated in vitro with
specific enhancing culture conditions (Jamieson et al., 2017). These findings
indicate the vital role of the stem-cell niche in the structural and functional
properties of the mammary gland and suggest the recapitulation of the essential
niche from mammary tissue.

Notably, mammary tissue contains a heterogeneous population of cell types.
Only a small subpopulation of MECs (approximately 0.07-0.2% of dissociated
cells) exhibits multipotent and self-renewing properties sufficient to regenerate a
complete mammary gland (Shackleton et al., 2006; Machado et al., 2013; Jamieson
et al., 2017). In rodents, each gland contains about 2 million viable MECs, among
which roughly 1,400 subpopulations may be transplantable (Sting et al., 2006). This
rarity poses a major limitation for isolating such cells from biopsy samples. MECs
obtained from fresh milk, which display pluripotent characteristics, offer an
alternative source for culture.

MEC culture from fresh milk

Previously, we have demonstrated MEC colonies in our short-term cultures
of goat raw milk. The single colony exhibited an epithelial-like cobblestone
appearance with alveoli-like structures (Figure 2). The colony-forming MECs from
our culture conditions expressed epithelial markers, such as cytokeratin 8 (CK8)
and 18 (CK18), consisted of droplet-like inclusions, and expressed the B-casein
(CNS2) gene (Saipin et al., 2018); subsequently, we demonstrated that the MECs
expressed lactogenic enzymes. High-temperature culture conditions (37°C vs.
39°C) increased the expression of Hsp70; however, it did not dramatically influence
the beta-galactosyltransferase (B-GALT) and alpha-lactalbumin (a-LA) levels
(Saipin et al., 2020b). The morphometric colony from MECs derived from this
source was a confluent monolayer with various cell shapes. Interestingly, most
cultured cells were CK18-positive (Figure 2) and CK14-negative; this was different
from cultured cells derived from the mammary tissues of dairy cows, which were
positive for both CK18 and CK14 (Diego et al., 2014). The colony-forming MECs
derived from fresh milk under our culture conditions formed a single epithelial layer
rather than an alveolar-like structure (Shackleton et al., 2006; Saipin et al., 2018),
which may be attributed to two reasons: first, it may be due to apparent differences
between alveolar (or luminal) MECs from fresh raw milk and MESCs from mammary
tissue. When the mammary cell population is enriched with mammary progenitor
cells, there is a higher chance that the colony will present with an alveolar-like
structure. Second, differences in culture conditions and growth factors are a crucial
driving force for the formation of the colony. Specifically, the organoid structure
can be generated when the culture condition contains enhancing factors, such as
Wnt3, R-spondin 2, FGF2, and heparin (Jamieson et al., 2017). These findings
indicate that MECs from mammary tissue exhibit stem-cell-like properties.
However, the identity of cells from MECs derived from fresh milk remains unclear.
Thus, it would be interesting to investigate whether MECs derived from fresh milk
exhibit progenitor or transit properties; if they did, the presence of this population
in milk during the lactation period would prove even more intriguing.

The adhesion of MECs with the extracellular matrix (ECM) is essential for
normal lactation and milk synthesis in the mammary gland. Signals from the ECM
have been demonstrated as necessary for normal physiological function and cell
death in many types of epitheliums. Loss of physical attachment between MECs
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and the ECM in the mammary gland occurs during the involution period (Pullan et
al., 1996). This apoptosis-induced loss of the MEC/ECM attachment is caused by
anoikis (Gilmore., 2005; Rutherford et al., 2021). In rodents, the normal involution
processes can be divided into two phases: the reversible phase of involution starts
within 12-48 hours when the rat undergoes natural or force weaning, following
which the loss of MEC/ECM interaction induces tissue remodeling by matrix
metalloproteinases leading to anoikis and the collapse of the alveoli (Sutherland et
al., 2007). Regenerative involution involves a different mechanism in ruminants,
with a limited degree of anoikis and MEC removal (Motyl et al., 2007). Although
MEC removal during mammary gland involution has been well studied, there is
scarce information about the detachment of MECs from the ECM during the
lactation period. However, many experiments have demonstrated that MECs are
typically detached in raw milk during lactation (Boutinaud et al., 2015; Lollivier et
al., 2015; Saipin et al., 2018). These milk-isolated MECs might be derived from two
possible sources: the epithelium of the mammary alveolus or the tubular system (or
luminal part). Interestingly, these MECs can be cultivated and exhibit a proliferative
property. At this point, it is important to establish whether MEC detachment during
lactation is associated with anoikis. The viability of milk-purified MECs has been
reported to be over 60% using trypan blue staining (Boutinaud et al., 2015).
Nonetheless, whether MEC detachment during lactation represents the normal loss
of MEC/ECM interaction and whether these cells can survive and proliferate under
the appropriate in vitro culture conditions remain unclear.

The MEC culture from fresh milk contains lactogenic enzymes that can be
transformed by lactogenic hormones. After hormone activation, MECs contain
droplets and produce lactose (Saipin et al., 2018; Saipin et al., 2020b), indicating
that fresh milk-isolated MECs might be progenitor cells that can be transformed
into alveolar epithelial cells (Figure 3). During the prepartum period, the standard
lactogenesis mechanism involves essential preparation steps such as secretory
compartment differentiation and specific lactogenic enzyme expression. Under this
natural condition, polarization of the nucleus and the Golgi apparatus constitute
the major part of organelle differentiation. The lactogenic enzymes for lactose,
casein, and lipid synthesis are expressed during the peripartum period. These
lactogenesis processes are under the hormone milieu and exhibit a chronological
pattern (Neville et al., 2002). However, how do MECs from in vitro conditions
synthesize lactose? Do they undergo compartment differentiation similar to that
during the lactogenesis processes? Are there other milk compositions synthesized
by these MECs, such as casein micelle and fat globule? These fundamental
questions are important and must be investigated to verify the fresh milk-isolated
MEC culture system and to use them as a culture system in the future.
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Figure 2 Cell morphology and characteristics of mammary epithelial cells (MECs) derived from
fresh goat milk. (upper panel) Phase contrast monitoring during MEC propagation from day 0 to
day 2. The single MEC morphology (arrow heads) could be detected a few hours after culture
start (day 0, A), cobblestone-like morphology (arrow heads) could be seen 24 hours later (day 1,
B) and the large colonies were developed after 48 hours (day 2, C), (lower panel) The
immunocytochemistry staining of MEC with cytoskeleton strained with anti-cytokaracin 18
(cyt18, D), nucleus staining with DAPI (E), and overlay 1-pm confocal micrograph of cyt18/DAPI

(F). This figure is original data, not previously published.
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Figure 3 Mammary epithelial cells (MECs) derived from fresh goat milk can be transformed into
mammary secretory cells. (upper panel) These MECs contain B-casein molecules (green, A) and
DAPI (blue, B) after 9 days of hormone induction. The merged image (C) between -casein and
DAPI immunohistochemistry. (lower panel) With a similar hormone induction, the immunostaining
signal for xanthine oxidoreductase (red, C), the crucial protein for lipid secretion, is also
expressed. Immunostaining signal of DAPI (blue, D) for the same area and merged image with
xanthine oxidoreductase signal (E). This figure is original data, not previously published.
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MAMMARY EPITHELIAL CELL CULTURE AS
THE BIOREACTOR

Cellular agriculture has the potential to promote environmental sustainability,
improve animal welfare, and enhance human health and well-being. Cultivated
meat has been actively researched over the past two decades; however, many
challenges have impeded its path into the market (Reiss et al., 2021; Olenic et al.,
2025). Because the functional nature of MEC is primarily synthetic, the bioreactor
containing MECs can be conceptualized into 2 main production pathways. Dairy
products are the first target that may support the agricultural welfare and mitigate
the issues associated with conventional dairy farming. The second involves the
production of biomedical substances, including specific target proteins.

MECs can synthesize milk

Along with genetic enhancements in dairy cows, there is growing interest in
MEC-cultured milk (Kwon et al., 2024). The term 'artificial mammary gland' used in
this review broadly refers to a bioreactor containing MECs that can produce
cultured or artificial milk. The MECs isolated from a mammary biopsy or fresh milk
can synthesize milk or major components of milk (Shackleton et al., 2006; Machado
et al., 2013; Jamieson et al., 2017; Saipin et al., 2018; Saipin et al., 2020b). This
fundamental knowledge is just a tiny light at the end of the tunnel. The MEC culture
has been used to synthesize major milk components, such as whey, caseins, and
milk fat. Currently, commercially available animal-free mozzarella and -
lactoglobulin are produced using undisclosed microorganisms and fermentation-
based techniques (Waltz, 2022). Although mammalian cells should be the ideal
bioreactor for dairy products, producing individual milk components via MEC
culture is more complicated than fermentation-based techniques due to the
specific biochemical synthesis pathways within mammalian cells. Moreover, the
production of whole milk is even more complicated due to the presence of
micronutrients in whole milk.

Resident mammary progenitor cells serve as the primary source for MEC
culture. Although Lin"CD29"CD24* MEC has been demonstrated as the candidate
mammary progenitor cell (Shackleton et al., 2006), where these cells reside in the
mammary tissue and how they can be quiescent, activated, and differentiated
temporally during lactogenesis remain poorly understood. Moreover, the protocol
to manipulate various signaling pathways involving the differentiation from the
quiescent stage to the alveolar stage remains unclear. This limitation presents an
opportunity to isolate MECs from fresh milk. Our previous reports suggested that
the MEC culture from fresh milk can potentially differentiate into alveolar cells.
Although MECs obtained from fresh milk contain basic stem cells, their primary
lineage shows a positive staining for epithelial markers (Saipin et al., 2018; Saipin
et al., 2020b), providing the opportunity to examine the appropriate protocol to
transform them into functional alveolar cells. In addition, it is possible to combine
the idea of pluripotent stem-cell induction with these MECs (Bressan et al., 2020;
Weeratunga et al., 2023) and test whether the induced pluripotent mammary stem
cells (iPSCmams) behave similarly to the mammary progenitor cells (Lin
CD29"CD24* MECs) isolated from mammary tissues. The iPSCmam hypothesis
would be valuable due to its repeatability and noninvasive nature.

Natural milk contains lactose, caseins, and lipids as the major milk
components in addition to several minor components, such as electrolytes (mainly
calcium, phosphorus, and iodine), whey proteins (a-lactalbumin, B-lactoglobulin,
and lactoferrin), and small molecules (growth factors). At present, it is not feasible
to establish a culture system that can produce all the milk components in the
precise concentrations found in natural milk. This hypothesis holds for the lipid
synthesis pathway that needs two types of cells from the mammary gland. Adipose
tissue from the mammary gland is an important source of glycerol for the mammary
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alveolar epithelium via glyceroneogenesis (Jiménez et al., 1987), and loss of the
enzyme involved in glyceroneogenesis (phosphoenolpyruvate carboxykinase;
PEPCK) leads to a reduction in lipid synthesis in MECs (Hsieh et al., 2011). The
pattern of glucose uptake is the most important limiting step in the lactose
synthesis pathway. We have demonstrated that 75% of the glucose uptake by the
mammary gland was converted to lactose in lactating goats (Chaiyabutr et al.,
1980). Glucose transporter | (GLUT1) is the primary transporter at the basolateral
membrane in bovine mammary alveolar epithelium (Thammacharoen et al., 2002;
Zhao, 2014). Interestingly, the basolateral GLUT1 can maintain the steep gradient
between plasma glucose and the intracellular compartment of the MEC (3-5 mM
and 0.1-0.5 mM in ruminants, respectively; Zhao, 2014). To our knowledge,
information about glucose uptake and the expression of GLUT1 in the MEC culture
is limited. Therefore, it is crucial to investigate whether cellular glucose uptake is
the limiting factor for lactose synthesis in the MEC culture. These findings indicate
the presence of several technical challenges for producing MEC-based culture
milk; moreover, the technoeconomic challenge is a major task for those aiming to
achieve this goal. Thus, the future goal is to establish a mammary organoid that
contains both MECs and adipocytes within the three dimensions of the culture
system.

MEC culture for mammalian protein production

In addition to the expression of B-galactosyltransferase in the lactose
synthesis pathway, we have demonstrated the presence of B-casein in MECs
(Saipin et al., 2018; Saipin et al., 2020b). Casein micelles have been demonstrated
in the secretory vesicles of cultured mouse MECs; the sizes of the micelles secreted
into the culture medium were comparable (approximately 80 nm) to those of the
natural casein micelle (Aggeler et al., 1991). Although MEC culture can secrete
casein micelles, the ability of individual MECs to synthesize casein micelles at
concentrations similar to those in natural milk remains to be investigated.
Specifically, under culture conditions, the concentration of a-casein was
approximately 0.52 g/L, much lower than that in natural milk (~13 g/L; Kwon et al.,
2024). If the capacity of the individual MEC from the culture condition were similar
to that from mammary tissue, the total number of active MECs from the culture
condition would have been the limiting factor for casein yield.

Given our understanding that the MEC culture can synthesize casein
micelles, we can generate strategies that increase the proliferation and production
of MECs (Bachhav et al., 2023), which would prove useful for synthesizing major
milk components (or cultured milk). In addition, the MEC culture can be employed
as a mammalian bioreactor for recombinant therapeutic proteins commanding high
revenue. In 1987, human tissue plasminogen activator (tPA) was the first FDA-
approved recombinant protein synthesized from immortalized Chinese hamster
ovary (CHO) cells. Since then, several candidate recombinant proteins based on
mammalian cells have been in the pipelines. Currently, the standard protocol,
involving cellular bioengineering, medium development, and selection method, can
increase production protein yield up to 4.7 g/L, with individual cells capable of
producing up to 90 pg/cell/day (Wurm, 2004). The suppression of asymmetrical
mammary cell division by xanthosine has increased the proliferation capacity in
bovine MECs (Choudhary and Capuco, 2012). The suppression of asymmetric cell
kinetics is based on suppressing p53-induced asymmetric cell division by
promoting guanine ribonucleotide formation (Lee et al., 2003). In contrast to
manipulating p53-induced cell division, ionized radiation has been shown to
promote the outgrowth of human MECs by expressing p16-dependent cell
senescence (Mukhopadhyay et al., 2010). Progress in our understanding of the cell
division control mechanisms would culminate in bottlenecks in recombinant protein
production. Our hypothesis to use MEC culture as an alternative mammalian cell
focuses on the diverse range of cellular biochemical pathways, such as the
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posttranslation processes (Bachhav et al. 2023), which is not often seen in some
protein products from common cell line lineages, such as the CHO cell.

MAMMARY ORGANOIDS AS A MODEL FOR
BREAST CANCER

Breast cancer has surpassed lung cancer (11.4%) to reign as the most
common cancer with 2.3 (11.7%) million new cases (Coles et al., 2021). Studies on
the biology of mammary cell lines are essential to understanding breast cancer and
developing new treatments. Currently, several mammary cell lines derived from the
tumor (Table 1) are available for various investigations (Sharma et al., 2024).
However, the ability of a single cell line to accurately mimic phenotypes of breast
cancer has been challenged (Keller et al., 2010). Breast cancer can be subdivided
into four types (Luminal A, Luminal B, human epidermal growth factor receptor 2
[HERZ2], and basal-like) using immunohistochemistry staining with estrogen and
progesterone receptors (ER and PR, respectively) and human epidermal growth
factor receptor 2 (HER2). Luminal A cancers contain ER- and/or PR-positive and
HER2-negative cells, whereas luminal B cancers contain ER- and/or PR-positive
and HER2-positive cells. HER2-type breast cancers consist of ER- and/or PR-
negative and HER2-positive cells, while basal-like breast cancer consists of cells
that are ER- and/or PR-negative, HER2-positive, p53-positive, and epidermal
growth factor receptor-positive.

Luminal cells have been reported to express the epithelial cell adhesion
molecule (EpCAM) with or without a6 integrin (CD49). CD24 is a cell surface marker
that involves hormone responses. Based on these three markers, human breast
tissue can be subdivided into those containing Iuminal 1 cells
(EpCAM"/CD49f/CD24*) and luminal 2 cells (EpCAM*°"/CD49f*/CD24"), basal
cells (EpCAM*°"/CD49f*/CD24"), or mesenchymal cells (EpCAM/CD49f*/CD24").
These three markers highlighted the restricted lineage profiles of breast cancer cell
lines and indicated that individual cell lines fail to reach the heterogeneity of breast
cancer cells (Keller et al., 2010). This information also supports the idea of
establishing other cellular models for studying the biology of breast cancer.

With the advancement of bioengineering methods, it is how possible to
create an appropriate cell line to study breast cancer biology. Human breast tissue
is the primary source of MECs (Bergstraesser and Weitzman, 1993). MCF10A is the
first normal human breast cell line derived from benign breast tissue and
demonstrates an immortal property (Qu et al., 2015). In addition, mammary
organoids developed using three-dimensional (3D) culture techniques based on
primary human MECs and human breast cell lines have led to a better
understanding of breast cancer biology (Rosenbluth et al., 2020; Qu et al., 2021;
Souto et al.,, 2022). The fundamental knowledge of cancer biology, including
cellular senescence and neoplastic transformation (O'Sullivan et al., 2024),
invasiveness (Shea et al. 2020), and tumor formation during xenograft (Qu et al.,
2021; Souto et al., 2022), can be understood using the mammary organoid. An
alternative source of MECs for establishing mammary cell lines can be generated
from other mammals (dairy cow, goat, or pig). Normal bovine MECs can be
transformed into immortal cell lines following microinjection with SV40 large T-
antigen (Arévalo et al., 2016; Hu et al., 2016). Most MECs collected from mammary
tissue contain both luminal and basal lineages, similar to human MECs. The
mammary biopsy is an invasive technique. Obtaining MECs from fresh milk will
eliminate this invasive technique, enhance animal welfare, and allow repeatability
(Saipin et al., 2018; Saipin et al., 2020b).
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Table 1 Selected human mammary cell lines and the characteristics.

Cell line Origin** Cellular markers*** Tumorigenicity References
BT474 IDC, LU ER*/PR*/HER2+/T53+ + [1-2]
MCF7 IDC, LU ER*/PR*/HER2/T53- +/-WT [2-4]
MCF10A F, BA ER/PR/HER2-/T53- +/-WT [5, 6]
MDAMB231 AC/iDC, BA ER/PR/HER2-/T53* +M [2, 7-8]
MDAMB468 AC, BA ER/PR/HER2-/T53* + [7-8]
SKBRS3 AC/iDC, LU ER-/PR-/HER2+/T53* + [9-10]
T47D iDC, LU ER*/PR*/HER2/T53* +M [1, 11]

*Selection criteria: mammary cell lines were selected and modified from Neve et al. (2006). The list is mammary cell lines that
are top quartile from the number of research papers searched within 10 years (2014-2024 and more than 50 articles) & without
review articles from PubMed database.

** Abbreviations of tumor type and epithelial phenotype from each immortal cell: AC, adenocarcinoma; iDC, invasive ductal
carcinoma; F, fibrocystic mammary tissue; BA, basal, LU, luminal type; WT, wild type; M, mutant;

*** Cellular marker information is modified from Lacroix et al. (2004) and Neve et al. (2006).

List of references: 1) Lasfargues et al. (1978); 2) Vikram et al. (2020); 3) Soule et al. (1973); 4) Gong et al. (2013); 5) Qu et al.
(2015); 6) Soule et al. (1990); 7) Cailleau et al. (1978); 8) Corner et al. (2024); 9) Thomson et al. (1981); 10) Shi et al. (2016); 11)
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CONCLUSION

The in vitro mammary cell culture is important in mammary gland and
lactation physiology. Additionally, it can improve our understanding of the
mechanisms involved in breast cancer development and help in the bioinnovation
of target proteins. Mammary tissue and fresh milk are the two different sources of
MECs that can be used for culture. With the recent advances in bioengineering
cells, generating appropriate strategies to improve culture density, longevity, and
productivity seems plausible. The mammary organoid or artificial mammary gland
can serve as a bioreactor for synthesizing artificial milk or its key components. Due
to intact posttranslation processes in the mammalian cells, this bioreactor can be
adapted to synthesize the target pharmaceutical proteins. Primary MECs and cell
lines induced by MECs from various animals are currently being actively researched
using 3D culture to study the breast cancer biology and treatment options
comprehensively. To achieve all of the above advantages of MEC culture, MEC
subpopulation identification and classification represent crucial information. The
collection of MECs from various mammalian species is another important goal. This
review emphasizes the significant potential for creating novel systems and models
designed to meet specific objectives.
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