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Abstract

Background: The porcine mammary glands share morphological and physiological similarities with human ones,
making primary porcine mammary cells (PMC) suitable for biomedical research and a potential cellular therapeutic for
breast cancer xenogeneic cell immunotherapy. Primary cells isolated from tissues remain the physiological functions of
origin tissues but their self-renewal ability is restricted and cells acquire senescence during in vitro expansion. To
overcome these drawbacks, here we sought to establish an approach to efficiently increase PMC's in vitro growth. We
studied the effects of the hepatocyte growth factor (HGF) to maintain the expansion capacity of porcine mammary cells
and identify the possible mechanisms.
Purpose: HGF could allow for the increase in vitro proliferation capacity of primary epithelial cells isolated from tissue

samples. To effectively produce cells for biomedical research and xenogeneic cell therapy, we planned to study the
effects of HGF and its potential mechanisms of action to stimulate cell growth for PMC expansion.
Methods: After HGF treatment, the growth, cell cycle, senescence and the cell marker gene expression of PMCs were

analyzed in standard 10% FBS and low serum 1% FBS containing medium.
Results: HGF significantly enhanced the cell proliferation by shifting the cell cycle population from G1 phase into S

phase to increase cell division, reduced the senescent cells and reprogrammed gene expression profiles.
Conclusion: We demonstrated that HGF could maintain the expansion capacity of PMCs by increasing cell growth and

anti-senescence capability, suggesting its potential application in optimizing the long-term culture of primary cells.
Adding a specific growth factor such as HGF in culture allows enhanced expansion of heterogeneous cell populations
from normal porcine mammary glandular tissues in vitro. We believe that this cell culture approach will efficiently
provide cells for studying mammary cell function and supply cells for therapeutic uses.

Keywords: Primary, Mammary, Xenogeneic cell, Xenoantigen

1. Introduction

P rimary cell cultures obtain cells freshly and
directly from dissected human or animal organ

tissues and maintain them for growth in vitro [1].
Primary cells most closely represent the tissue of
original sources because the cells are collected
directly and derived from tissue and cultured
without transformation and genetic modification.
Cells expanded from primary cell culture more
closely replicate the physiology of biological

systems in original tissues and contain relevant
biological functions. Consequently, they act in a
similar way to the in vivo state and exhibit normal
physiology. For this reason, primary cells offer
excellent biological model systems for studying the
normal physiology and biochemistry of cells (e.g.,
biological functions, aging, signaling and metabolic
studies), as well as the effects of drugs and toxic
compounds on the cells [2]. In addition, primary
cells, unlike immortalized cells, maintain their bio-
logical identity and can only propagate for few
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generations in vitro. For example, mammary cells
from mammary glands are used to study mammary
gland development, function and maturation as well
as breast cancer carcinogenesis. In addition, animal
cells from different tissues could also be used as a
therapeutic agent to treat degenerative disease and
cancers [3e6]. Access to human tissues for research
and product development is limited [7], but lab
animals and food producing animals are abundant
sources for tissues. Primary cells are ubiquitous
across biomedical research and have been used in
cell biology, virology, cancer research, drug
screening, toxicity testing, vaccine production, ge-
netic engineering, tissue and organ replacement,
cell therapy, and other applications.
The mammary gland consists of parenchyma

(glandular epithelial cells surrounded by myoepi-
thelial cells and duct epithelial cells) and stroma
(extracellular matrix, adipocytes, fibroblasts, im-
mune cells, and vascular endothelial cells). The
human mammary gland composes a compound
tubuloalveolar structure with luminal epithelial
cells that are surrounded by myoepithelial cells to
form an alveolus [8]. Alveoli join to form lobules
that connect through lactiferous ducts that drain
into openings in the nipple [8]. Porcine and human
mammary glands share similarities in the devel-
opment process from embryogenesis through pu-
berty and anatomical structure [9]. Therefore,
porcine mammary cells (PMC) isolated from
porcine mammary glands serve as an appropriate
in vitro model for human mammary epithelial cell
biology and pathology. PMCs closely recapitulate
the physiological state of cells in vivo and could
generate more relevant data representing living
systems for researches to understand normal and
pathological tissue development and functions.
PMC continuing growth depends on the stem and
progenitor cell population existing in the mam-
mary epithelium tissues, which are responsible for
tissue cell turnover and maintenance of injured
tissues [10]. Due to the amino acid sequence dif-
ference in homolog proteins between human and
porcine mammary cells, PMCs as xenogeneic cells
to human and mice, could be used as an immu-
notherapeutic agent to treat breast cancer [4,5]. The
results in a pre-clinical murine breast tumor model
study found that PMCs in monotherapy and
combination with chemotherapy inhibit tumor
growth [6].
Primary tissue cells like PMCs are sensitive to

environmental signals by growth factors for growth
and survival. Growth factors such as EGF, FGF and
HGF enhance cell growth in vitro. However, it is not

clearly defined whether any or all these growth
factors are also important for PMC growth. To
investigate the effect of these factors on the growth
and expansion of PMCs, we tested the effect of these
growth factors on PMC growth, cell cycle and
senescence as well as the expression level of PMC
progenitor and differentiation marker gene. We
found that Hepatocyte Growth Factor (HGF), a
pleiotropic growth factor that stimulates prolifera-
tion and migration of epithelial cells and endothelial
cell through the binding to the proto-oncogenic c-
Met receptor [11,12], increased cell growth, altered
cell division cycle, inhibited senescence and
reprogrammed the cell fates.
PMCs isolated from porcine mammary glands

and expanded in vitro provide a suitable cellular
model for studying human mammary gland biology,
physiology and pathology, an alternative approach
using animal cells to solve the scarcity of human
tissues. PMCs also provide a safe animal source for
xenogeneic cell therapy. Prolonged growth and
further expansion of these cells could be achieved
using HGF through regulating important cellular
and molecular functions.

2. Methods

2.1. Porcine mammary cells (PMC) isolation and
culture

The porcine mammary cells (PMC) were isolated
from mammary glands, which were obtained from
landrace (L), Yorkshire (Y) and Duroc (D) L-Y-D
hybrid sows (age between 9 and 12 month olds,
unpregnant). Briefly, porcine mammary gland bi-
opsy tissue was disinfected using povidone-iodine
solution washed, and glandular structures were
harvested and cut into 1e2 mm2 pieces and then
dissociated by digestion solution which contain
0.75 mg/ml collagenase D (Gibco, Carlsbad, CA,
USA) in DMEM (Dulbecco's modified Eagle me-
dium) and 1 mg/ml type IV collagenase (Gibco,
Carlsbad, CA, USA) in Hanks' balanced salt solution
(Gibco, Carlsbad, CA, USA), respectively. The
dissociated cells and tissue fragments were cultured
in DMEM/Ham's F12 medium containing 10% FBS,
10 mM HEPES and antibiotics (100U/mL penicillin,
100 mg/ml streptomycin and 5 mg/ml amphotericin
B) and incubated at 37 �C in humidified atmosphere
of 5% CO2. This initial passage of the primary cell
culture was referred to as passage 0 (P0). Dissoci-
ated cells and outgrown cells of tissue explants were
maintained in culture until they achieved 75e90%
confluence. They were then either collected and
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cryopreserved or passaged. To separate epithelial
cells from fibroblast cells, we used differential
trypsinization, which removed the fibroblasts and
enriched the strongly adherent epithelial cells
(based on the cell morphology).

2.2. PMC cell growth assay

PMCs were seeded in 96-well plates at 4� 103 cell/
well with different treatments. At the end of treat-
ments, cell proliferation of PMCs was quantified
using cell counting kit-8 (CCK-8 kits; Dojindo Mo-
lecular Technologies, Kumamoto, Japan) following
the manufacturer's protocol. The absorbance was
measured at 450 nm with a microplate reader (Mo-
lecular Devices, Sunnyvale CA, USA). The average
absorbance of the control wells (blank) was sub-
tracted from that of the test wells with cells. All the
data were then expressed as relative absorbance
using the cells at day 0 or without treatments as a
reference value. To determine the doubling time for
each passage, cell divisions per passage were calcu-
lated as n ¼ [logNelogN0]/log 2 where N is the
absorbance of cells at harvest and N0 the absorbance
of cells at seeding.

2.3. Cell cycle analysis

PMCs (1 � 105 cells) were seeded in 6-well plates
and incubated overnight. Cells were treated with
HGF for 48 h. After 48 h, cells were trypsinized and
fixed in 70% ethanol at 4 �C for 15 min. Centrifuge
ethanol-suspended cells and remove ethanol. After
two times washing with cold PBS, the cells were
stained with 300 mL of staining solution (10 mg/ml
Propidium iodide; and 5 U/mL RNaseA, BD Phar-
mingen, Franklin Lakes, NJ, USA) at 4 �C for 30 min
and analyzed by the BD FACSCanto II flow cytom-
etry (BD Biosciences, San Jose, CA, USA). Data were
then analyzed by Flowjo software.

2.4. Senescence-associated-b-galactosidase staining

Cells were plated at 5� 104 cells per well in 12-well
and treated with HGF for 3 days. Senescence-asso-
ciated-b-galactosidase (SA-b-Gal) activity was eval-
uated with a Senescence Detection Kit (K320-250)
from Biovision (BioVision, Milpitas, CA, USA)
following the manufacturer's instruction. Senescent
cells were revealed as cells that were blue-stained by
Bright-field microscopy. To determine the percent-
age of SA-bGal-positive cells, a total of 500 cells in 3
random views on each slide were counted to calcu-
late the proportion of senescent cells in each group.
Images were acquired at a magnification of 10X.

2.5. Western blot assay

PMCs were seeded on 10 cm dish and incubated
overnight and were then treated with HGF, for 3
days. After that, cells were lysis by cold RIPA buffer
containing 1 � Protease inhibitor cocktail (ab20111,
Abcam, Cambridge, MA, USA). The concentration
of total protein levels was measured by a BCA
protein assay kit (Pierce, Thermo Scientific, Wal-
tham, MA, USA). 40 mg of protein was separated by
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), transferred onto to
polyvinylidene difluoride (PVDF) membrane (Mil-
lipore) with a transfer apparatus (Bio-Rad, Hercules,
CA, USA). PVDF membranes were blocked in 5%
non-fat dry milk dissolved in TBS buffer and then
incubated with primary antibodies including mouse
p16INK4a (sc-166760, Santa Cruz, Santa Cruz, CA,
USA) and b-Actin (C4) antibody (Santa Cruz
sc47778, 1:500) overnight at 4 �C. The immunoblots
were washed three times in TBS buffer for 10 min
and then detected by the second antibody solution
containing goat anti-mouse IgG-HRP (Santa Cruz)
for p16INK4a, or goat anti-rabbit IgG-HRP (Santa
Cruz) for b-Actin for 1 h in TBS buffer. The immu-
noblotted proteins were visualized using an
enhanced Immobilon Western Chemiluminescent
HRP Substrate Reagent (Millipore, Hayward, CA,
USA) and detected by the Chemidoc XRS Chemi-
luminescent Gel Documentation Cabinet detection
system (Bio-Rad).

2.6. Quantitative real time-PCR

For qRT-PCR analysis, PMCs were seeded in 6-well
plates at 1e2x105 cell/well density and total RNAs
were extracted from cells by using Trizol Reagent
(MRC, Cincinnati, OH, USA). Isolated RNAs were
converted into cDNA by using DNA Synthesis Kit
(RR037A, TAKARA, Kusatsu, Japan) via reverse tran-
scription. PCR assays were performed using SYBR
Green Dye (QIAGEN, Dusseldorf, Germany) and a
quantitative real-time PCR cycler. The PCR cycle
conditions were set one cycle at 95 �C for 2 min, 40
cycles of 95 �C for 5 s, and 40 cycles at 60 �C for 30 s in
order and run on a BioRad CFX96 Touch Real-Time
PCR Detection System. Relative mRNA expression
was calculated relative to GAPDH reference gene
using comparative cycle threshold analysis by the 2
(�DDCT) method [13]. Primers of porcine protein C
receptor (PROCR) gene were forward 50-
GCTTACCTGAAGGAGTTCCAGG-30 and reverse
50-CTCAGGAGGCAGCTCGCA-3’. Primers of the
porcine beta casein (CSN2) gene were forward 50-
TTGATCGCCATGAAGCTCCTC-30 and reverse 50-
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AAGGCTTTCCACAGTCTCACC-3’. Primers of
porcine glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)gene, servedasanendogenouscontrolwere
forward 50-ATGGTGAAGGTCGGAGTGAA-30 and
reverse 50-CGTGGGTGGAATCATACTGG-3’ [14].

2.7. Statistical analysis

All the data are presented as mean ± standard
deviation (SD). Statistical analyses were carried out
using GraphPad Prism and differences between two
populations (vehicle group vs HGF group) were
calculated by Student's t-test. P values < 0.05 were
considered statistically significant.

3. Results

3.1. Isolation, expansion and characterization of
porcine mammary cells (PMC)

We successfully isolated PMCs from adult porcine
mammary glands using mechanic and enzymatic
processes and cultured the dissociated and explant
outgrowth cells in DMEM/F12 medium for at least
12 passages. Cells displayed a monolayer of het-
erogeneous morphologies with most cobblestone,
some oval, and luminal epithelial like shapes
(Fig. 1A). Based on the cell morphology observation,
most cells exhibit a tightly packed epithelial cell
appearance, but some cells are spindle-shaped
fibroblast like myoepithelial cells, forming islands of
monolayer cells with both luminal and myoepithe-
lial cellular appearances (Fig. 1A). PMCs were sub-
cultured before they reached confluence. The
expanded cells had an average doubling time of

about 28 h when grown in DMEM/F12 10% FBS
medium between passage 5 to 12 (Fig. 1B).

3.2. Hepatocyte growth factor (HGF) increases
PMC cell growth

To identify the growth factors that could enhance
the growth potential of PMCs, we selected several
factors which regulate the proliferation, progenitor
state, or differentiation of primary tissue cells such as
HGF. We investigated the effect of HGF and its
effective concentrations to promote the expansion of
PMCs by culturing PMCs in medium supplemented
with HGF with different concentrations for 5 days.
We found that HGF promoted the growth of PMCs
reaching amaximumeffect at 50 ng/ml (Fig. 2A). Both
the standard 10%FBS (Fig. 2B) and low serum1%FBS
(Fig. 2C) medium containing HGF could further in-
crease cell growth, but the growth effect was more
profound when cells were cultured in low serum
medium with HGF compared with cells cultured in
low serum medium only (Fig. 2C). These results
demonstrate that 50 ng/ml HGF can effectively
stimulate the growth of PMCs. Therefore, 50 ng/ml
HGF was used for the following experiments.

3.3. Cell cycle of PMCs with or without HGF
treatment in 10% and 1% FBS medium

To investigate how HGF controls PMC prolifera-
tion, cell cycle events were measured. We investi-
gated the cell cycle distribution of PMCs treated with
HGF in 10% and 1% FBS medium (Fig. 3A). The cell
cycle analysis of PMCs with different treatments re-
flected the progression of the cells through a cycle of
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Fig. 1. The morphology of porcine mammary cells (PMC) from adult porcine mammary glands and their cell doubling time in different
passages. After glandular tissue dissection, the tissues were processed by mechanical and chemical digestion into single cells and pieces of tissues. The
dissociated cell and tissue explant culture reaches 90% confluent were collected and designated as passage 0 (P0) cells. The cells were then sub-
cultured for further passages. (A) Representative phase contrast pictures of PMC cells. Typical cobblestone morphology of PMCs (black arrow).
Lumen-like structures of PMCs (black arrowhead) (200x). (B) The cell doubling time of PMCs at different passages. Error bars represent the
mean ± SD.
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division involving nuclear events influenced by the
treatments. Sum of S and G2/M phase cells was
increased by a high concentration of FBS (10% vs 1%).
The cell-cycle structure of untreated PMCs is char-
acterized as a large proportion of cells in G1 phase
and reduced S and G2/M phases, especially for cells
cultured in low serummedium. After, treatment, the
% of S phase cells was increased by HGF at both
concentrations of FBS while the fraction of cells in
the G1 phase decreased, indicating the growth

stimulatory activity of HGF by increasing S-phase
(Fig. 3B). These results showed that HGF could
enhance the proliferative abilities of PMCs during
long-term expansion.

3.4. Senescence analysis of PMCs with or without
HGF treatment in 10% and 1% FBS medium

After a certain number of cell divisions, primary
cells will stop dividing and enter into senesce, which
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Fig. 2. The effects of HGF on PMC growth in 10% FBS and 1% FBS medium. PMCs were cultured in 96 well plates with indicated treatments for
designated days before assaying for cell viability using CCK-8 assay. (A) The dose response of PMC cell growth to 0, 10, 50 or 100 ng/ml HGF in
culture medium containing 10% FBS. Cell growth curves of PMCs treated with 50 ng/ml HGF in culture medium containing (B) 10% FBS or (C) 1%
FBS. Error bars represent the mean ± SD. **p < 0.01. ***P < 0.005. vs vehicle control.
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is a built-in replicative limit, called the Hayflick limit
[15]. The Hayflick limit describes the replicative
cellular senescence that is a process affected by
chromatin state, transcriptional, proteomic, and
metabolomic alterations and characterized by an
irreversible cessation of cell division [16,17]. After
confirming that HGF promotes the growth and cell
division of PMCs, we then investigated whether
HGF could affect senescence of PMCs. To demon-
strate the anti-senescence activity of HGF, we used
senescence-associated b-galactosidase (SA-b-gal) as
a maker [18]. Staining of PMCs in 10% FBS and 1%
FBS with SA-b-gal indicated that PMCs were sub-
jected to senescence in low serum medium (Fig. 4A).
The results showed that SAb-gal-positive cells were
higher in low serum medium (1% FBS), indicating
that the withdrawal of FBS promoted senescence of
PMCs. Compared to untreated PMCs, PMCs treated
with HGF showed lower SA-b-Gal-positive cells in
low serum medium (1% FBS), but were not different
in 10% FBS (Fig. 4B). The protein expression levels
of senescence marker protein, the cyclin-dependent
kinase inhibitor p16INK4a, were analyzed using
western blotting. PMCs cultured in 10% FBS had
lower p16INK4a expression levels than that of PMCs
in low serum medium (1% FBS), in which p16INK4a
decreased sharply as the cells treated with HGF,
which was not observed in PMCs cultured in 10%
FBS medium (Fig. 4C).

3.5. Expression levels of cell marker genes affected
by HGF treatment measured by RTqPCR

To further understand the effect of HGF on PMC
cells, the RNA expression levels of the marker genes

were measured. We used RT-qPCR to monitor
progenitor or differentiation-related genes. Protein
C receptor (PROCR) gene, a novel Wnt target in the
mammary gland that is involved in mammary
epithelium cell regenerative and multiple differen-
tiation capacities into all lineages of the mammary
epithelium [19], was highly upregulated in PMCs
treated with HGF (Fig. 5A). On the other hand, the
expression level of CSN2, which is responsible for
the production of the b-casein protein by the
lactating mammary gland, a mammary cell differ-
entiation marker [20,21], decreased when PMCs
were treated with HGF (Fig. 5B).

4. Discussion

We identified HGF as an active supplement in the
culture of PMCs. HGF is able to increase cell growth
(Fig. 2) possibly due to its capacity to increase cell
cycle (Fig. 3) and suppress cell senescence (Fig. 4) as
well as shift cells into stem/progenitor population
(Fig. 5). Particularly, in low FBS environment, HGF
could have higher activity on cell growth and anti-
senescence because FBS provides a plethora of
growth factors and a host of other nutrients, which
could mask the effects of a single growth factor.
Although the comprehensive effects of FBS could
promote cell attachment, spreading, growth and
proliferation, the detailed factors that induce these
effects are not clear in FBS, causing variations in cell
culture. However, with multiple growth factors,
hormones and other biological molecules in serum,
primary cells cultured in serum could become
terminally differentiated or are outgrown by
contaminating cells like fibroblasts. Furthermore,
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the demand for serum in the cell therapy industry,
lot to lot variability and risks of various pathogen
contaminations warrant the approaches to reduce or
replace serum in cell cultures for cell expansion.
Our study could provide a solution reducing or
replacing the growth stimulating activities of FBS
with a defined growth factor like HGF sufficient to
achieve a similar cell growth.
HGF could bind to sulfated glycosaminoglycans

heparan sulfate and dermatan sulfate allowing HGF
to form a complex with c-Met that is able to trans-
duce intracellular signals leading to cell division and
cell migration [22]. In this study, we showed that
HGF/c-met signaling was able to increase PMC cell
growth with multiple actions (Fig. 2). HGF has been
also shown to promote the formation of branching
duct like structures by mammary gland epithelial
cells in vitro, acting as a cell signaling molecule of
the inducing effect of mesenchyme (or stroma) on
mammary gland development [23,24]. These results
indicate the potential use of HGF as a culture factor
to expand PMCs.
PMCs derived directly from porcine mammary

glands provide a mammary tissue specific cell
model, but can only be maintained in vitro for a
limited period of time with a finite short life span in
conventional tissue culture conditions and thus
restricted expansion capacity. Cell expansions are
essential to obtain primary tissue cells because the
primary cultures could be reestablished as second-
ary cultures that are further passaged, but eventu-
ally exhibited senescence, restricting the expansion
of primary cells. The mortality stage l (MI) mecha-
nism is activated near the end of the normal

proliferative lifespan of cells and this is the process
commonly viewed as in vitro senescence [25]. The
limited capacity of cells to divide, after which they
become senescent is known as the “Hayflick limit”
[15]. Cellular senescence is characterized by a
cessation of proliferation in response to serum
growth factors, production of protein inhibitors of
DNA synthesis and arrest in G1 [26]. Cellular
senescence is the irreversible arrest of the cell cycle
and inhibition of cell apoptosis due to the activation
of the p53 and p16INK4a/Rb tumor suppressor
pathways [27]. Furthermore, precise regulation of
p16INK4a is essential to tissue homeostasis and
upregulation expression of p16INK4a drives cells to
enter senescence [28]. Our findings demonstrated
that HGF altered the cell cycle by decreasing G1
phase and increasing S phase (Fig. 3) as well as
inhibited cell senescence possibly by repressing the
p16INK4a protein level (Fig. 4). Therefore, the use of
growth factors like HGF could suppress the cellular
senescence, which causes cells to stop cell division
and lose capacity for further cell expansion and help
improve the proliferation of primary cells like
PMCs.
It is necessary to maintain the progenitor popu-

lation of PMCs during long-term expansion to suf-
ficiently produce PMCs in quantity for research and
therapeutic purposes. We showed that HGF treat-
ment could turn on the progenitor related PROCR
gene, but inhibit differentiation marker gene CSN2
(Fig. 5) which suggests that HGF could reprogram
cell state to promote the proliferation and self-
renewal ability of PMCs by maintaining progenitor
population. Furthermore, it is possible to show a
synergistic effect of reprogramming by combining
HGF with other reprogramming chemicals factors
such as Y-27632 [29] as well as CHIR99021, 616452
and Forskolin [30]. Beside adding defined growth
factors and chemicals to expand primary cells in two
dimensional (2D) monolayer cell cultures in our
study, three-dimensional (3D) cell cultures such as
spheroids, organoids, scaffolds, hydrogels, organs-
on-chips, and 3D bioprinting systems could produce
cells and cellular structures, which better mimic in
vivo physiology [31]. Although interventions like
genetic manipulation might effectively work to
expand primary cells by immortalizing them using
exogenously expressed telomerase reverse tran-
scriptase (TERT) [32] or overexpressing Yamanaka
factors (Oct 3/4, Sox 2, Klf4, c-Myc) to induce plu-
ripotency in primary cells [33], these approaches
alter genetic compositions of cells, which could
result in mutant cells and cell phenotype changes.
Accordingly, the future direction would test the ef-
fect of HGF or other factors in 3D cell culture
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Fig. 5. Expression level of genes involved in mammary cell stemness
and differentiation in PMC cultured with or without HGF. PMCs
were treated with HGF for 3 d in 1% FBS medium and then cells were
harvested for total RNA isolation. RT-PCR was then performed in
triplicate with primers specific for porcine protein C receptor (PROCR),
porcine beta casein gene (CSN2) and the housekeeping porcine GAPDH
genes. (A) Relative PROCR and (B) CSN2 mRNA expression level. Data
represent the mean fold-increase expression in HGF treated cells ± SD
versus PMCs without treatment. * p-value <0.05; ***P < 0.005.
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technologies to generate mammary cells not only as
a new research tool in basic biomedicine researches
and drug screening, but also as potential therapeu-
tics to treat breast cancer [6].

5. Conclusion

In this study, the growth of PMC could be
enhanced by HGF in 10% FBS and to a higher de-
gree in 1% FBS medium. We identified HGF as a key
factor to expand PMCs by increasing cell cycle,
suppressing cell senescence in long-term culture of
primary cells as well as maintaining the cells in
progenitor state. Identifying the defined factors to
expand primary cells is critical in order to get
enough cells for both research and clinical applica-
tions. Our results indicate that HGF may support
the consistent and efficient growth and expansion of
porcine primary mammary cell. Due to the potential
use of primary porcine mammary cells in biomed-
ical research as well as cell-based therapy and
regenerative medicine, further research is war-
ranted to determine the factors needed to expand
the cells.
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