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Establishment and characterization of porcine mammary gland
epithelial cell line using three dimensional culture system
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Abstract To study and validate tissue-specific promoters and vectors, it is importantto develop cell culture systems
that retain the tissue and species specificity. Such systems are attractive alternatives to transgenic animal models. This
studyestablished a line of porcine mammary gland epithelial cells (PMECs) from a primary culture based on the
cellular morphology and mRNA levels of porcine beta-casein (CSN2). The selected PMECs were stained with
thecytokeratin antibody, and were shown to express milk protein genes (CSN2, lactoferrin, and whey acidic protein).
In addition, to confirm the acini structure of PMEC932-7 in 3D culture, live cells were stained with SYTO-13 dye,
which binds to nucleic acid. The acini of these PMECs on matrigel were formed by the aggregation of peripheral
cells and featured a hollow lumens. The system was demonstrated by testing the effects of the culture conditions
to cell culture including cell density and matrigel methods of the PMECs. These results suggest that PMECs possess
the genetic and structural features of mammary epithelial cells.
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1. Introduction protein in bioreactors using lactating transgenic animal
system is the most popular strategy [1]. An advantage

Production of valuable therapeutic recombinant  of this system is that transgenic protein expression is
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often 10 - 100-fold greater than is attainable from
mammalian cell culture systems. Transgenic animal
bioreactors produce proteins with suitable structures,
stability, bioactivity and safety [2]. Several animal
models are available for transgenic protein production
with differing levels of suitability. Bioreactors system
using mice and rabbits offer several advantages such as
high fecundity and rapid generation time, but quantity
of milk produced in these animals is limited. However,
pigs offer a relatively high milk production capacity
(up to 400 L/year), short gestation period, large litter
size, and relatively small breeding area requirement,
compared with animals such as dairy cattle [3-5]. A
of

gland-specific promoters have been reported [6-8].

number transgenic  studies using mammary

During the female reproductive cycle, the mammary
gland recapitulates development (e.g., cell proliferation
and organization) and subsequent involution (e.g.,
apoptosis of certain cells) observed during puberty,
pregnancy and parturition [9]. Branching morphogenesis
of mammary glands is regulated by extracellular matrix
(ECM) and ECM-receptors, and is characterized by
epithelial invasion of adipose tissue [10].

Whereas mammary epithelial cell lines grown on
collagen gels have been studied with respect to
tissue-specific function and phenotype, in vitro culture
conditions have not generated the polarized structure of
mammary glands observed in vivo [11]. Monolayer and
two-dimensional (2D) culture are less useful for
expression of mammary gland-specific proteins [12]. It
is more favorable to employ a three-dimensional (3D)
culture system using Matrigel to provide a
microenvironment that is physiologically similar to in
vivo conditions [13]. Several studies have reported the
establishment of 3D porcine mammary gland epithelial
cell (PMEC) cultures from the mammary glands of
pigs (gilts); [14].

such as lactoferrin

female Mammary
genes (LTF),
beta-casein  (CSN2), and beta-lactoglobulin (BLG),

were shown to be expressed in PMECs following

non-parous

gland-specific

induction by lactogenic hormones. PMECs isolated

552

from lactating sows have been employed for measuring
transfection efficiency using GFP-encoding genes [15].
immortalized-PMECs

maintained for greater than 70 passages, retaining

Spontaneously have  been
epithelial lineage and capability of forming functional
structures in Matrigel [16]. However, unlike mouse
mammary epithelial cells cultured on Matrigel, acini
and luminal structures have not been definitively
reported for PMECs.

Development of a tissue-specific expression vector
is critical for production of transgenic animal platform
for biopharmaceutical production. Particularly, in vivo
validation of developed vectors containing temporal/
spatial specific promoter sequences is expensive and
time consuming process. Thus, in vitro validation using
expression system of cell lines similar to that of in
vivo tissue would be time-saving and cost-effective
way before apply for animals. In this study, we aimed
to establish a mammary gland cell line system to verify
constructed vectors that will be inserted into porcine
genome for production of recombinant proteins in

porcine milk.

2. Materials and Methods

2.1 Primary culture and colony selection

To obtain PMECs, 1 g of mammary gland tissue
was surgically obtained by excisional biopsy from
Landrace gilts during the lactation period (5 weeks post
parturition). The tissue was washed 5 times with 1x
D-PBS  (Dulbecco’s
Invitrogen, Carlsbad, CA, USA) and once with growth
media: modified
(DMEM)/F-12 (Invitrogen) supplemented with 10%
FBS (heat-inactivated fetal bovine serum; Invitrogen),
5 pg/mL insulin (Sigma, St. Louis, MO, USA), 10
ng/mL EGF (mouse epidermal growth factor; Sigma),

phosphate-buffered  saline;

Dulbecco’s Eagle’s  medium

50 units/mL penicillin and 50 pg/mL streptomycin
(Invitrogen). The tissue was cultured for one week in

75 cm’ plastic tissue culture flasks and subcultured
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using 8 um cell strainers (Sigma), (ratio of 1:2 at 3
days intervals). PMECs were grown in growth media
and incubated at 38.5°C in a humidified atmosphere of
5% CO’. After 50 passages through the subculturing
system, 10 clones with high viability were selected
using a colony cylinder (Sigma). Clones with high
CSN2 expression were seeded into 96-well plate at a
concentration of 1 cell/well and cultured for 3 days.
Colonies with high proliferation were chosen for
transfer to 24-well plates. Cells were then transferred to
a 25 cm’ flask and subsequently to a 75 cm’ flask.
This process was repeated four times. Finally, cells in
the 25 cm’ flask from the fourth repetition (named
PMEC932-7) were examined for porcine CSN2 mRNA

expression levels using quantitative real-time PCR.

2.2 Three—dimensional culture and cell
staining

Three-dimensional (3D) cultures were generated
using the Matrigel Matrix (BD Biosciences, Hamptoen,
NH, USA) following the modified instruction manual.
Matrigel was thawed at 4°C for at least for 16 h. A
confocal dish (SPL) was coated with a mixture of
serum-free DMEM/F-12 medium and matrigel at equal
volumes, and incubated at 38.5°C for 30 min. PMECs
were then seeded at a density of 2.5 x 104 cells/mL.
Growth media was changed every 3 days. After the
media was aspirated, cell masses were incubated for 10
min at room temperature with SYTO-13 dye (5 uM;
Molecular Probes, Inc., Eugene, OR, USA) in growth
media and were washed with PBS (phosphate-buffered
saline; Invitrogen). A section of Matrigel was prepared
on a slide glass with mounting solution. Fluorescence
the FV300
confocal microscope (FV-300, Olympus, Tokyo).

was visualized using scanning laser

2.3 Hematoxylin and eosin staining

Mammary gland tissue samples were collected from
Landrace pigs lactating and dry Landrace pigs,
respectively. The samples were fixed in Bouin’s

solution (75% picric acid, 10% formaldehyde, 5%
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glacial acetic acid), dehydrated through an ethanol
series (70 - 100%), cleared in xylene (Sigma), and
embedded in paraffin. All paraffin blocks were cut to
a thickness of 4 um and stained with Harris

hematoxylin solution (Sigma) and eosin (Fluka
Biochemika, Buchs, Switzerland). These samples were

observed by light microscopy.

2.4 RNA isolation

Total RNA was prepared using the RNeasy Mini Kit
(Qiagen, Hilden, according the
manufacturer’s DNA  was

removed by on-column DNase I digestion (RNase-Free

Germany) to

instructions.  Genomic
DNase set; Qiagen).

The total RNA concentration was determined using
a Nanodrop ND-1000 Spectrophotometer (Nanodrop
Technologies, Wilmington, DE, USA).

2.5 RT-PCR and quantitative real—time PCR
cDNA was synthesized from 800 ng (20 pL
reaction) of total RNA using the 1st Strand cDNA
kit RT-PCR  (Roche
Mannheim, Germany). Quantitative real-time PCR was

performed using LightCycler FastStart DNA Master

Synthesis for Diagnostics,

SYBR Green I (Roche Diagnostics) reaction mixture
with 2 pL of cDNA as template, 4 mM of MgCl,, 1
UM primer mixture, and 0.2 uM probe mixture. The
thermal profile was as follows: pre-incubation at 95°C
for 10 min, then 45-cycle amplification at 95°C for 5
s, 68°C for 5 s, and 72°C for 9 s. Melting was
conducted from 45°C to 95°C at an increment of
0.5°C/s and cooling was conducted at 40°C for 30 s.
The names of the genes evaluated and the primer
sequences used are given in Table 1. RT-PCR was
performed using the Light Cycler FastStart DNA
Master SYBR Green I (Roche Diagnostics) reaction
mix with 2 pL. ¢cDNA and 1 pM of each primer. This
step involved a denaturation program (95°C for 10
min) followed by an amplification and quantification
program repeated 45 times (95°C for 10 s, 58°C - 63°C

for 5 s, 72°C for 8 s with a single fluorescence
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Table 1. A list of 4 genes, along with their GenBank accession No, and the DNA primer sequences used for RT-PCR

and quantitative real-time PCR analyses.

Genes GenBafnk Product size Primers
Accession No
F ATC CTT ACA CCG AGC CCA TC
CSN2 NM 214434 210 bp
R GTT AGG CTC TGG CCT TCC AC
F GTG CCC AAC AGT AAT GAG AGA TAC TA
LTF M81327 328 bp
R AGT CTT TTC CGT ATC TTC CAA ACT GAG
WAP F CTC TGC TTC GAG AAA AAT GAG TG
n i . NM 213841 241 bp
(whey acidic protein) R ATG GTT TTT ATT AGC AGC AGA TAG GAG
F GGC CTC TCT CCT CCT CGC
GAPDH AF017079 159 bp

R ATT GCC CTC AAC GAC CAC

measurement), and finally a cooling step at 40°C for
30 s. GAPDH was used as a control to normalize the
results. The PCR products were identified by gel
electrophoresis on a 2% agarose gel stained with

ethidium bromide.

2.6 Immunocytochemistry

PMECs were grown to less than 60% confluence on
18 mm round cover glasses. The medium was removed
and washed with 1x PBS. Cells were then fixed for 10
min using 4% paraformaldehyde (Sigma) and were
treated with 0.3% Triton X-100 (Bio-Rad, Hercules,
CA, USA) for 20 min, followed by blocking solution
(2% bovine serum albumin in PBS) for 60 min. Cells
were subsequently incubated with primary antibody
(monoclonal mouse anti-human cytokeratin clone:
AE1/AE3; DAKO) for 60 min, washed three times
with PBS, and incubated with secondary antibody
(Anti-Mouse  IgG-FITC;

Phase-contrast and fluorescence

Sigma) for 60 min.
microscopy  was
performed with the FV300 scanning laser confocal

microscope (Olympus Optical, Tokyo, Japan).

2.7 Statistical analysis
Real-time RT-PCR data were analyzed by one-way
analysis of variance using SPSS statistical package ver.

21.0 for Windows. A t-test was performed for
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comparisons between each groups. All data are
expressed as the mean =+ standard deviation. The
hypothesis was rejected when probability was p value

< 0.05.

3. Results

3.1 Lactating mammary gland and dome
formation of porcine mammary gland
cells

To investigate the internal structure of the mammary

gland, we stained porcine mammary gland tissues
(PMGT) with hematoxylin and eosin (H&E). We found
that well-developed luminal structures surrounded by
epithelial cells were present in the H&E stained
sections of lactating PMGT (Fig. 1A), but the internal
structure were only poorly developed in the dry PMGT
(Fig. 1B). As seen in mouse mammary morphogenesis
[10], we observed formation of cell masses with a fat
pad with a reticular structure in the lactating PMGT. In
our porcine mammary gland model, after cell masses
were grown on collagen-coated dishes for 5 days we
also observed blister-like structures that became
dome-like (Fig. 1C), similar to the structures formed by
COMMA-1D cells and primary mouse mammary

epithelial cells in culture [17, 20, 21].
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Fig. 1. Morphological difference of PMGT and dome
formation of PMEC. (A, B) Comparison
between the lactation (A) and dry periods (B)
by hematoxylin and eosin staining of 4-pm
sections prepared from porcine mammary gland
tissue. It showed internal structure of mammary
gland. (C) Morphology of PMEC on coated
collagen. After five days, dome formation
appeared on collagen-coated dish. Scale bars,
200 pm.

3.2 Selection and characteristics of
PMEC932—-7
Morphologically, cells in the first passages of the
culture were heterogeneous, including fibroblast-like
cells and epithelial cells. After 50 passages through the
subculture/selection system, the PMEC932 cell clone
was selected by its epithelial-like cell type with

cobblestone morphology. To select the most suitable
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cell line clone as in vitro model for mammary gland
tissue, we quantified mRNA expression levels of a
mammary gland-specific gene, CSN2 in the PMEC932
cell clones. This clone showed an eight-fold higher
expression of porcine CSN2 than that of other
PMEC932 cell clones (Fig. 2A). To characterize
epithelial feature, we performed immunocytochemistry
in cells from different passages of PMEC932 cell line
by wusing an epithelial cell-specific cytokeratin
antibody. We observed that unselected PMECs (early
passages) were mixed with epithelial cells and other
cell types (Fig. 2B-a, b) while an epithelial cell marker,
cytokeratin was presented in the selected PMEC (Fig.
2B-c, d). Expression levels of the milk protein genes
CSN2, lactoferrin (LTF), and whey acidic protein
(WAP) were compared between selected PMEC932
cells cultured 3D culture system and PMGT. The
relative amounts of expressed CSN2, LTF, and WAP

mRNA in PMEC932-7 were not different between two

groups (Fig. 2C).

Fig. 2. Selection and verification of PMEC932-7. (A) Expression patterns of porcine CSN2 gene in PMEC932 clones.
Real-time RT-PCR showed the porcine CSN2 gene expression level in PMEC932 clones. (B) Fluorescence
microscopic analysis of early passage PMEC and PMEC932-7 cells stained with cytokeratin antibody. a,
transmission image of PMEC; b, fluorescence image of PMEC; c, transmission image of PMEC932-7; d,
fluorescence image of PMEC932-7. Scale bars, 50 um. (C) Expression of milk protein genes in PMEC93207
versus PMGT. PMEC932-7 RNA isolated from cultured cells on a Matrigel-coated dish. M, DNA ladder marker;
932-7, PMEC932-7; PMGT, porcine mammary gland tissue; CSN2, Porcine beta-casein; LF, porcine lactoferrin;
WAP, porcine whey acidic protein; GAPDH, porcine glyceraldehyde-3-phosphate dehydrogenase.
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3.3 Acinar development in 3D culture of
PMEC932-7 cells
PMEC932-7 cells were seeded on a Matrigel-coated
dish. After a cell mass was observed at 4 h, cells were
monitored with a 1 h interval during the following 16

h. PMEC peripheral cells aggregated to form acini
(Fig. 3).

Fig. 3. Formation process of acini structures at 3D
culture. PMEC932-7 cells were cultured on
Matrigel for 4 h and observed under cultured
cell monitoring system CCM-500F (ASTEC,
Fukuoka, Japan). A~P, 1-h interval; Scale bars,
500 pm.

EREEE
00000

Fig. 4. Lumen structure of the PMEC932-7 at 3D
culture. For generation of lumen structure,
PMEC932-7 was cultured for 15 days. (A)
Transmission image is showed a simple
spherical form. (B) The schematic diagrams
illustrate the position of the optical section.
Serial confocal cross sections (stained with
SYTO-13) showed a hollow lumen structure.
Scale bars, 100 pm.

These acini resembled the small units of alveolar
structures seen during mammary gland development.
To confirm the acini structure of PMEC932-7 in 3D
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culture, live cells were stained with SYTO-13 dye,
which binds to nucleic acid. We observed that
polarized cells and a hollow lumen in the PMEC932-7
cell masses after 15 days in 3D culture (Fig. 4),
that PMEC932-7

structures that possessed important characteristics of

indicating cells formed acini

glandular epithelia in vivo.

4. Discussion

Unlike most mammalian organs, the mammary gland
recapitulates certain developmental steps (e.g., cell
proliferation and involution) observed during female
puberty, pregnancy and parturition [12]. For validation
of vectors that expressed transgenes in milk-producing
animals, mammary gland cell lines should have unique
mammary epithelial cell characteristics such as
differentiation and degeneration by inductive signals.

Blister/dome-like structures formation with a fat pad
with a reticular structure in the PMEC932 are in line
with previous finding that mouse mammary
morphogenesis involves mammary gland cell invasion
of adipose tissue in response to a lactation signal [10],
because domes were generated by focal accumulation
of fluid, suggesting the development of a polarized
phenotype, and implying the capacity for transport
functions [17].

In addition, selection of a clone from PMEC932 cell
line by quantifying expression levels of mammary
gland specific gene, CSN2 is a rapid and reliable
experimental procedure because comparable levels of
tissue specific genes such as LTF and WAP were
expressed, suggesting that the selected PMEC932-7
cells possess intrinsic characteristics of mammary
epithelial cells in terms of gene expression.

Formation of acini structures in PMEC932-7 cells
suggested the cells potentially very similar to in vivo
glandular epithelia because acini structure is a
characteristic feature of mammary gland epithelial cells

cultured on Matrigel [18] and lumen is formed by
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apoptosis of the internal cells in primary mouse

mammary epithelial cells and tube elongation and

branching, resulting in tubular networks after acinus

formation [16]. Interestingly, the acini formation was

collapsed with defective lumen formation [19]. We also

observed that acini were not formed without lactation

hormones (data not shown).

In conclusion, to the best of our knowledge, this is

the first study to observe formation of acini in PMEC

cells on Matrigel occurring as a result of peripheral cell

aggregation. The genetic and structural features of the
PMEC932-7 cell line suggest the possibility of its

application as an in vitro validation system to confirm

the expression of mammary gland-specific transgenic

vectors for the generation of transgenic pigs.

(1]

(3]

(4]

(3]

(7]

References

Van Cott, K. E, W. H. Velander, “Transgenic animals as
drug factories: a new source of recombinant protein
therapeutics”, Expert Opin. Investig. Drugs, vol. 7, no.
10, pp. 1683-1690, 1998.

DOI: http://dx.doi.org/10.1517/13543784.7.10.1683

Janne, J, L. Alhonen, J. M. Hyttinen, T. Peura, M.
Tolvanen, V. P. Korhonen, “Transgenic bioreactors”,
Biotechnol. Annu. Rev. vol. 4, pp. 55-74. 1998.

DOI: https://doi.org/10.1016/S1387-2656(08)70067-X

Rudolph, N. S, “Biopharmaceutical production in
transgenic livestock”, Trends Biotechnol, vol. 17, no. 9,
pp. 367-374, 1999.

DOI: http://dx.doi.org/10.1016/S0167-7799(99)01341-4

Wheeler, M. B, E. M. Walters, “Transgenic technology
and applications in swine”, Theriogenology, vol. 56, no.
8, pp. 1345-1369, 2001.

DOI: https://doi.org/10.1016/S0093-691X(01)00635-5

Pipe, S. W, “The promise and challenges of
bioengineered recombinant clotting factors”, J. Thromb.
Haemost, vol. 3, no. 8, pp. 1692-1701, 2005.

Velander, W. H, J. L. Johnson, R. L. Page, C. G.
Russell, A. Subramanian, T. D. Wilkins, F. C.
Gwazdauskas, C. Pittius, W. N. Drohan, “High-level
expression of a heterologous protein in the milk of
transgenic swine using the cDNA encoding human
protein C”, Proc. Natl. Acad. Sci, vol. 89, no. 24, pp.
12003-12007. 1992.

Paleyanda, R. K. W. H. Velander, T. K. Lee, D. H.
Scandella, F. C. Gwazdauskas, J. W. Knight, L. W.
Hoyer, W. N. Drohan, H. Lubon, “Transgenic pigs
produce functional human factor VIII in milk”, Nat.
Biotechnol, vol. 15, no. 10, pp. 971-975, 1997.

DOI: https://doi.org/doi:10.1038/nbt1097-971

557

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Park, J. K. Y. K. Lee, P. Lee, H. J. Chung, S. Kim, H.
G. Lee, M. K. Seo, J. H. Han, C. G. Park, H. T. Kim,
T. K. Kim, K. S. Min, J. H. Kim, H. T. Lee, and W.
K. Chang, “Recombinant human erythropoietin produced
in milk of transgenic pigs”, J. Biotechnol, vol. 122, no.
3, pp. 362-371, 2006.

DOI: https://doi.org/10.1016/.jbiotec.2005.11.021

Sharp, J. A. K. N. Cane, S. L. Mailer, W. H.
QOosthuizen, J. P. Amould, K. R. Nicholas,
“Species-specific cell - matrix interactions are essential
for differentiation of alveoli like structures and milk
gene expression in primary mammary cells of the Cape
fur seal (Arctocephalus pusillus pusillus)”, Matrix. Biol.
vol. 25, no. 7, pp. 430-442, 2006.

DOI: https://doi.org/10.1016/j.matbio.2006.05.003

Fata, J. E. Z. Werb, and M. J. Bissell, “Regulation of
mammary gland branching morphogenesis by the
extracellular matrix and its remodeling enzymes”, Breast
Cancer Res. vol. 6, no. 1, pp. 1-11, 2003.

DOI: https://doi.org/10.1186/bcr634

Bissell, M. J. A Rizki, and I. S. Mian, “Tissue
architecture: the ultimate regulator of breast epithelial
function”, Curr. Opin. Cell. Biol. vol. 15, no. 6, pp.
753-762, 2003.

DOL: https://doi.org/doi:10.1016/j.ceb.2003.10.016

Bissell, M. J, “Modelling molecular mechanisms of
breast cancer and invasion: lessons from the normal
gland”, Biochem. Soc. Trans, vol. 35, no. 1, pp. 18-22,
2007.

DOI: https://doi.org/10.1042/BST0350018

Lee, G. Y, P. A. Kenny, E. H. Lee, M. J. Bissell,
“Three-dimensional culture models of normal and
malignant breast epithelial cells”, Nat. Methods, vol. 4,
no. 4, pp. 359-365, 2007.

DOI: https://doi.org/10.1038/nmeth1015

Kumura, H, A. Tanaka, Y. Abo, S. Yui, K. Shimazaki,
E. Kobayashi, K. Satama, “Primary culture of porcine
mammary epithelial cells as a model system for
evaluation of milk protein expression”, Biosci.
Biotechnol. Biochem. vol. 65, no. 9, pp. 2098-2101.
2001.

DOLI: https://doi.org/10.1271/bbb.65.2098

Sun, Y. L, C. S. Lin, Y. C. Chou, “Gene transfection
and expression in a primary culture of mammary
epithelial cells isolated from lactating sows”, Cell. Biol.
Int, vol. 29, no. 7, pp. 576-582, 2005

DOL: https://doi.org/10.1016/j.cellbi.2005.03.021

Sun, Y. L, C. S. Lin, Y. C. Chou, “Establishment and
characterization of a spontaneously immortalized porcine
mammary epithelial cell line”, Cell. Biol. Int, vol. 30,
no. 12, pp. 970-976, 2006.

DOI: https://doi.org/10.1016/j.cellbi.2006.06.023

Zucchi, 1. and R. Dulbecco, “Proteomic dissection of
dome formation in a mammary cell line”, J. Mammary
Gland Biol. Neoplasia, vol. 7, no. 4, pp. 373-384, 2002.
DOI: https://doi.org/10.1023/A:1024081914634

Debnath, J, S. K. Muthuswamy, J. S. Brugge,
“Morphogenesis and  oncogenesis of MCF-10A
mammary epithelial acini grown in three-dimensional
basement membrane cultures”, Methods, vol. 30, no. 3,
pp. 256-268, 2003.

DOI: https:/doi.org/10.1016/S1046-2023(03)00032-X




A 71E8 8] =2 A AW A0E, 2017

[19] Murtagh, J, E. McArdle, E. Gilligan, L. Thornton, F.
Furlong, F. Martin, “Organization of mammary epithelial
cells into 3D acinar structures requires glucocorticoid
and JNK signaling”, J. Cell. Biol. vol. 166, no. 1, pp.
133-143, 2004.

DOI: https://doi.org/10.1083/jcb.200403020

[20] Danielson, K. G, C. J. Oborn, E. M. Durban, J. S. Butel,
D. Medina, “Epithelial mouse mammary cell line
exhibiting normal morphogenesis in vivo and functional
differentiation in vitro”, Proc. Natl. Acad. Sci. vol. 81:
pp. 3756-3760, 1984.

DOL: https://doi.org/10.1073/pnas.81.12.3756

[21] Gordon, K. E, B. Binas, R. S. Chapman, K. M. Kurian,
R. W. E. Clarkson, A. J. Clark, E. B. Lane, J. Watson
Christine, “A novel cell culture model for studying
differentiation and apoptosis in the mouse mammary
gland”, Breast Cancer Res, vol. 2: no. 3, pp. 222-235,
2000.

DOI: https://doi.org/10.1186/bcr57

Hak-Jae Chung [Regular member]

e Apr. 1991 ~ Mar. 1993 : M.S,,
Dept. of Bio-agricultural Science,
Nagoya University, Japan

® Mar. 1993 ~ Aug. 1999 : Ph,D,,
Dept. of Bio-agricultural Science,
Nagoya University, Japan

®Jan. 2003 ~ Present : Researcher
in the National Institute of Animal
Science, Swine Science Division

<Research interests>
Animal reproductive endocrine mechanism,  Artificial

insemination, Pregnancy system

558



