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Generation of transgenic fibroblasts producing
doxycycline-inducible human interferon-o or
erythropoietin for a bovine mammary bioreactor
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Abstract. Interferon a (IFN-a) is a cytokine, produced
predominantly in immune cells in response to pathogens, which
interferes with viral replication in host cells. Another cytokine
hormone, erythropoietin (EPO), is synthesized in interstitial
fibroblasts of the kidney and acts as a stimulator for the produc-
tion of red blood cells. Importantly, the two cytokines have
been used in the treatment of certain hematological malignan-
cies, including renal anemia. In the production of recombinant
proteins, a transgenic expression system in bovine species is
an efficient strategy for pharmaceutical production. In the
present study, recombinant constructs capable of producing
recombinant human IFN-a and EPO proteins were established
and were generated containing the mammary gland-specific
aSl-casein promoter region (between -175 and +796 nt),
as this promoter was revealed to have the highest level of
activity in a previous promoter study. In order to minimize
developmental toxicity by constitutive exogenous expres-
sion, a doxycycline (dox)-inducible system was introduced to
the IFN-a/EPO-expressing constructs. Therefore, a unitary
tetracycline (tet)-on the IFN-a/EPO vector was established,
which combined a tet-on activator cassette controlled by the
aSl-casein promoter, with a responder cassette encoding the
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IFN-a/EPO gene, controlled by the tetracycline response
element (TRE) promoter. In these systems, the tet-controlled
transactivator is affected by mammary gland-specific
aSl-casein promoter, and binding of the transcriptional acti-
vator to the TRE results in transcription of the downstream
IFN-a/EPO genes in the presence of dox. To assess this, the
unitary tet-on IFN-a/EPO vector was introduced into a bovine
mammary gland cell line (MAC-T), and the cells were then
treated with 0.1-1 pg/ml dox. A marked increase was observed
in the expression levels of IFN-a/EPO. In addition, bovine
transgenic fibroblasts containing a mammary gland-specific
and dox-inducible IFN-a/EPO construct were generated.
These transgenic fibroblasts may provide a source for somatic
cell nuclear transfer for the generation of transgenic cattle
producing recombinant human IFN-a/EPO protein during
lactation.

Introduction

Interferons (IFNs) are glycoproteins produced by the immune
system of host cells in response to infection of pathogens (1-4).
Various forms of interferons have been evaluated as potential
therapeutics in a number of solid tumors and hematological
malignancies, including renal anemia, renal cell carcinoma,
melanoma, acquired immune deficiency syndrome-associated
Kaposi's sarcoma, follicular lymphoma, hairy cell leukemia
and chronic myelogenous leukemia (1). INF-a and INF-f
cytokines exert their antiviral function by eliciting antiviral
activity from target cells and inducing apoptosis in infected
cells. They also contribute to the immune response by activa-
tion of natural killer cells and macrophages (2-4). IFN-o was
approved by the Food and Drug Administration as a treatment
for hairy cell leukemia in 1986 (1) and, using a gene cloning
method, pure IFN has been used in clinical investigations (1).

Erythropoietin (EPO) is an acidic glycoprotein hormone
with a molecular weight of 30-34 kDa. This protein comprises
165 amino acids and contains multiple isoforms, which
differ in their carbohydrate structure (5). EPO is expressed
in the liver during the fetal stages. Following birth, it is
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predominantly synthesized in the peritubular fibroblasts of the
renal cortex (6). Under hypoxic conditions, EPO is elevated in
the plasma, and the induced EPO then stimulates the synthesis
of more red blood cells in the bone marrow and increases the
oxygen-carrying capacity of the blood (6,7). The expression
levels of EPO are inversely correlated with levels of hema-
tocrit and hemoglobin, and reflect the reciprocal association
between oxygen supply and EPO synthesis (8). EPO deficiency
is the main cause of anemia in patients with chronic kidney
disease (CKD) and contributes to anemia in patients with
chronic inflammation and cancer (8). According to a previous
study, anemia in patients with CKD or cancer may be effec-
tively corrected by treatment with recombinant EPO (9).

As cytokines, IFN-a and EPO have been used in the
treatment of certain hematological malignancies, including
renal anemia (1,8). Therefore, the production of pharma-
ceutical recombinant human IFN-o and EPO is of value.
Importantly, these recombinant proteins require activation
through posttranslational modification (PTM) for purification
and therapeutic use (10). Due to the absence of appropriate
mechanisms for the PTM of exogenous protein in prokaryotic
cells, the production of recombinant proteins using a prokary-
otic cell culture system is less effective compared with that
of recombinant proteins using transgenic animals (11), which
are termed bioreactors expressing a transgene. Milk-producing
animals, including cattle, goats and sheep, are the optimal
bioreactors as they produce large quantities of a recombinant
protein in their mammary glands (10,12,13).

Using a promoter of milk-specific proteins, including
caseins and whey acidic proteins, numerous research groups
have generated various recombinant proteins (14-17). In
bovine milk, the quantity of aS1-, aS2-, 3- and x-casein,
a-lactalbumin and p-lactoglobulin comprises ~90% of the
proteins (18). The expression and secretion of milk proteins
in the mammary gland is regulated through interactions
between particular hormone-activated transcription factors
by steroid and peptide hormones, including insulin, prolactin
and hydrocortisone (19,20). Promoters of the casein gene
have binding sites for transcription factors, including the
glucocorticoid receptor and the transcriptional activator (TA)
CCAAT/enhancer binding protein (21-24).

The unregulated expression of a target gene often produces
unexpected results through a constitutively active promoter; for
instance, overproduction of EPO results in erythrocytosis (25).
As excess production of transgene can cause stillbirths and
spontaneous abortions in animal bioreactors, a conditional
transgenic technique, the tetracycline (tet)-on system, was
used in the present study for establishment of fibroblasts with
transgenes expressing mammary gland-specific human IFN-a
or EPO. This system enables temporal and spatial regulation
of transgene expression and requires a responder construct and
activator construct in a single cell (26). The activator construct
consists of a cytomegalovirus (CMV) promoter and TA, which
induces conformational change by tet or its analog, doxycy-
cline (dox) (27). The responder construct contains the target
gene and ZsGreenl cDNA, controlled by the TA-response
element promoter. In the presence of dox, conformationally
changed TA binds to the tetracycline response element (TRE)
promoter of the responder construct. Finally, a series of these
processes induces the transcription of the target gene and a
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green fluorescent protein reporter gene, as an indicator of
expression (28).

Inthe present study, a unitary vector system was established,
combining an activator cassette with a responder cassette. The
CMYV promoter of the activator cassette was exchanged for the
bovine aSl-casein promoter, as the mammary tissue-specific
promoter. In addition, bovine transgenic fibroblasts were
generated containing a mammary gland-specific, dox-induc-
ible human IFN-a or EPO gene. These cells can be utilized
as a source of somatic cell nuclear transfer (SCNT) for the
generation of animal bioreactors, which produce large quanti-
ties of human IFN-a or EPO protein in their milk.

Materials and methods

Animal care and ethics statement. Cattle were fed a standard
commercial cow diet (Suwon Purina, Suwon, Korea) and
provided with water ad libitum in accordance with the animal
study guidelines of the Sooam Biotech Research Foundation
for Accreditation for Laboratory Animal Care and Use. All
surgery was performed under isoflurane anesthesia (3-5%;
Hana Pharm Co., Ltd., Seoul, South Korea), and all efforts
were made to minimize suffering. The current study was
approved by the ethics committee of Sooam Biotech Research
Foundation (Seoul, South Korea).

Cell culture. The MAC-T bovine mammary epithelial cell
line, was cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco-BRL, Gaithersburg, MD, USA) containing
25 mM glucose, supplemented with 10% fetal bovine serum
(FBS; Welgene, Daejeon, South Korea), 100 U/ml penicillin
and 100 pg/ml streptomycin (Welgene). Bovine fibroblasts
were obtained from a bovine fetus (Deutsche Schwarzbunte)
on day 30 of pregnancy through disaggregation by 0.05%
trypsin (Welgene) treatment, and were maintained in DMEM
containing 25 mM glucose, supplemented with 10% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin. All the cells
were grown in a humidified 5% CO, atmosphere at 37°C.

Vector construction. All restriction enzymes were obtained
from Takara Bio, Inc. The aS1-casein promoter region between
nucleotides -175 and +796 demonstrated the highest transcrip-
tional activity in a previous study (29) and were prepared by
long-range PCR using the genomic DNA of bovine fibroblasts as
the template and specific primers containing restriction enzyme
sites (Spel at the 5' end or Sacll at the 3' end), using an identical
procedure to that described above. The amplified fragments
were digested using Spel and Sacll and replaced with the CMV
promoter of the TA plasmid, pPCMV-Tet3 G, purchased from
Clontech (Mountain View, CA, USA). The human IFN-a or
EPO cDNA was prepared via PCR using cDNA amplified from
total human RNA (Clontech) as a template and was inserted
into pTRE3G-ZsGreenl, which contained the ZsGreenl
green fluorescence protein (Clontech), through either Mlul at
the 5' end or BamHI at the 3' end. The human IFN-a or EPO
expressing tTA-response region, obtained from the recombi-
nant pTRE3G-ZsGreenl-human IFN-a/EPO construct by PCR,
was then digested with either Bst11071 or Spel and combined
with the recombinant paS1P-Tet3 G vector, controlled by the
bovine aS1-casein promoter.
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Table I. Primer sequences for reverse transcription polymerase chain reaction.

Restriction
Primer enzyme Direction Sequence (5'-3")
aSl-casein promoter (-175 nt) Spel Forward GGGACTAGTTAGAACAATGCCATTCCATTTCC
aSl-casein promoter (+796 nt) Sacll Reverse CCGCGGTGTGCTGGAAAAATGCGTTT
hIFN-a Mlul Forward ACGCGTATGGCCTTGACCTTTGCTTTA
hIFN-a BamHI Reverse CCCGGATCCTCATTCCTTACTTCTTAAACTTTCT
hEPO Mlul Forward ACGCGTATG GGGGTGCACGAATGTCC
hEPO BamHI Reverse GGATCCTCATCTGTCCCCTGTCCTGCA GG
Tet-response element BstZ171 Forward GTATACCGAGGCCCTTTCGTCTTCAAGAATTC
Tet-response element Spel Reverse ACTAGTGCCGCAGACATGATAAGATACATTGA
Confirming primer a - Forward TAGAACAATGCCATTCCATTTCC
Confirming primer a' - Reverse TTTCAGAAGTGGGGGCATAG
Confirming primer b - Forward GAGGATGGAGCAGTTTGCAT
Confirming primer b’ - Reverse GCATTCCACCACTGCTCCCA
Bovine GAPDH - Forward GGGTCATCATCTCTGCACCT
Bovine GAPDH - Reverse GGTCATAAGTCCCTCCACGA
hIFN-a - Forward TCCAAAAGGCTGAAACCATC
hIFN-a - Reverse CAGGCACAAGGGCTGTATTT
hEPO - Forward TCACTGTCCCAGACACCAAA
hEPO - Reverse CACTGACGGCTTTATCCACA

hIFN-a, human interferon a; hEPO, human erythropoietin.

Establishment of transgenic cell lines. The fibroblasts
were transfected with the linearized targeting vector using
Lipofectamine™ 2000 (Invitrogen Life Technologies,
Carlsbad, CA, USA) according to the manufacturer's instruc-
tion and incubated for 4 h in a humidified CO, atmosphere
at 37°C, then the media was replaced with fresh complete
media (DMEM with 10% FBS and antibiotics). After one day,
the medium was replaced with DMEM supplemented with 10%
FBS, antibiotics and 500 pyg/ml G-418 (Roche) for 4 weeks.
The antibiotic-resistant cells were further selected using
PCR-based genotyping (cycling conditions: Denaturation at
95°C for 30 sec, annealing at 62°C for 30 sec and 30 cycles of
extension at 72°C for 2 min)with confirming primers (Table
I) to identify the integration of target genes into the genomic
DNA of bovine fibroblasts.

Genomic DNA extraction and polymerase chain reaction
(PCR). Genomic DNA from the cells was isolated using
a G-DEX™ TIc genomic DNA extraction kit (iNtRON
Biotechnology, Seoul, South Korea). Genomic DNA (0.1 pg)
was amplified in a 20 1 PCR reaction containing 1 U i-Start
Taq polymerase (iNtRON Biotechnology), 2 mM dNTPs
(Takara Bio Inc., Otsu, Japan) and 10 pmol of each specific
primer (Macrogene, Inc., Seoul, South Korea). The details of
all the primers are presented in Table I. The PCR reactions
were as follows: Denaturation at 95°C for 30 sec, annealing
at 62°C for 30 sec, extension at 72°C for 2 min and 30 cycles
of amplification were conducted. The PCR products were
then subjected to cloning processes and/or separated on
a 1% agarose gel (Roche, Indianapolis, IN, USA), stained
with ethidium bromide (Amresco Inc., Solon, OH, USA) and

images were captured and scanned under UV illumination
using a Bio-Rad GelDoc EQ System (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Transient transfection and dox treatment. Transient transfec-
tion was performed using Lipofectamine™ 2000 (Invitrogen
Life Technologies), according to the manufacturer's instruc-
tions. Briefly, 1.2x10° cells were seeded in 6-well tissue
culture plates 1 day prior to transfection. In total, 4 ug of
the recombinant constructs was transfected into the cells in
serum-free DMEM. Following incubation for 4 h at 37°C,
the medium was replaced with DMEM containing 10%
FBS, 100 U/ml penicillin and 100 pgg/ml streptomycin.
Subsequently, various concentrations (0, 0.1 and 1.0 yg/ml)
of dox were administered in transiently transfected cells for
an additional 24 h.

RNA preparation and reverse transcription (RT)-PCR. The
total RNA from the MAC-T cells was extracted using TRIzol
reagent (Invitrogen Life Technologies), according to the
manufacturer's instructions. The concentration of the total
RNA was determined by measuring the absorbance at 260 nm
using an Epoch™ Multi-Volume Spectrophotometer System
(BioTek, Inc., Winooski, VT, USA). First-strand cDNA was
prepared by subjecting total RNA (1 xg) to RT using Moloney
murine leukemia virus reverse transcriptase (Invitrogen Life
Technologies) and random primers (9-mers; Takara Bio, Inc.).
To determine the optimal conditions for logarithmic phase
PCR amplification for target cDNA, aliquots of total cDNA
(1 ug) were amplified using different numbers of cycles. The
bovine GAPDH gene was amplified as the internal control
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Table II. Transfection efficiencies of the porcine fibroblasts.
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Cell line Trials (n) G418-resistant colony (n) PCR-positive colony (n)
Recombinant hIFN-a 2 29 5
Recombinant hEPO 2 28 12

hIFN-a, human interferon a; hEPO, human erythropoietin; PCR, polymerase chain reaction.
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Figure 1. Schematic structure of the targeting vector and PCR-based confirmation of transgenic fibroblasts. The unitary tet-on system was composed of two
regions in a vector; an activator cassette and a responder cassette. The activator cassette has tet-controlled TA under the control of the bovine aSI-casein
promoter (between -175 and +796 nt). The responder cassette contained the target gene, (A) human IFN-a or (B) EPO, and ZsGreenl cDNA, expressing green
fluorescence protein, controlled by the TA-response element promoter. These unitary vectors were linearized and integrated into the genomic DNA of the
bovine fibroblasts. Genomic SDNA was isolated from the G418-resistant fibroblast colonies and was identified using specific primer sets (a, a', b and b'; Table I).
(C and D) PCR products using primer a and a' indicated the chromosomal insertion of the activator cassette. (E and F) primers b and b' were used to confirm
whether the same fibroblast colonies had the responder cassette (IFNa, 1825 bp; EPO, 1840 bp). IRES, internal ribosomal entry site; SM, size marker; NC,
negative control; PC, positive clone; PCR, polymerase chain reaction; EPO, erythropoietin; TA, tet-on transcriptional activator; IFN, interferon.

to rule out the possibility of RNA degradation and to control
for variations in mRNA concentrations. A linear association
between the PCR product band visibility and the number
of amplification cycles was observed for the target mRNA.
The bovine GAPDH gene and target genes were quantified
using 25 and 30 cycles, respectively. The PCR reactions were
denatured at 94°C for 30 sec, annealed at 58°C for 30 sec, and
extended at 72°C for 30 sec. The PCR products were then
separated on a 2.3% agarose gel and stained with ethidium
bromide. Images were then captured under UV illumination
and the images were scanned using GelDoc EQ (Bio-Rad
Laboratories, Inc.).

Results

Establishment of a unitary tet-on IFN-a/EPO expression vector
with a milk protein gene promoter. The constructed unitary tet-on
system was composed of the activator cassette and the responder
cassette (Fig. 1A and B). The activator cassette contained a TA
under the control of the bovine aS1-casein promoter (between
-175 and +796 nt), which demonstrated the highest promoter
activity in a bovine MAC-T cell line in our previous study. The
responder cassette was composed of either the human IFN-a. or
EPO gene, and linked with a gene for ZsGreenl green fluores-
cence protein. Following transcription of the TA in mammary
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Figure 2. Observation of dox-inducible green fluorescence in the (A-D) bovine fibroblasts and (E-H) MAC-T cells using transient transfection of
(A, B, E and F) pCMV-TA with pTRE-ZsGreen-IFN-o/EPO or (C, D, G and H) unitary paS1CP-TA-TRE-ZsGreen-IFN-a/EPO (magnification, x40). The Dox
concentration was increased between 0, 0.1 and 1 p¢g/ml. In the MAC-T cells, dox-inducible and mammary gland specific expression of green fluorescence
by bovine a1S casein promoter was observed. Additionally, the green fluorescence revealed a dose-dependent increase in expression as the dox concentration
increased between 0, 0.1 and 1 pg/ml. Image were captured using a bright field microscope and are representative of the cell density and degree of fluorescent
to non-fluorescent cells. CMV, cytomegalovirus promoter; TA, tet-on transcription activator; aS1CP, bovine alS casein promoter; EPO, erythropoietin; IFN-a,
interferon-a; Dox, doxycycline; MAC-T, mammary epithelial cell line.

Expression of hIFN-a in mammary gland cells
aQ

paS1CP-TA-TRE-ZsGreen-hIFN-a
Expression of hREPO in mammary gland cells

paS1CP-TA-TRE-ZsGreen-hEPO

gland cells by tissue-specific activity of the bovine aSl-casein  the human IFN-o/EPO was specifically expressed in mammary
promoter, it binds to the TRE promoter of the responder cassette  tissue and expression of the ZsGreenl green fluorescence
following conformational change by dox (26-28). In this system,  marker was observed in the presence of dox.
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Figure 3. Dox-inducible mRNA expression of human (A) IFN-a or (B) EPO in the MAC-T cells. Dox-dose dependent mRNA overexpression of IFN-a or EPO
was observed in the pPCMV-TA + pTRE-ZsGreen-IFN-0/EPO- and aSICP-TA-TRE-ZsGreen-IFN-a/EPO-transiently transfected MAC-T cells using reverse
transcription-polymerase chain reaction. EPO, erythropoietin; IFN-a, interferon-a; Dox, doxycycline.

Generation of fibroblast cell lines expressing the dox-induc-
ible human IFN-a/EPO protein. The dox-inducible human
IFN-a/EPO construct was digested and linearized using
Bst11071. These constructs were introduced into bovine fibro-
blasts using a liposomal-mediated gene delivery system. The
transfected fibroblasts were maintained in medium containing
G418 (500 pg/ml) for four weeks, and the G418-resistant and
stably cloned fibroblasts were selected. To confirm chromo-
somal integration of the targeting vector, PCR was performed
using primer sets specific for the vector (Table I). The
selected clones were amplified using a and a' primers (product
size, 1,514 bp; Fig. 1C and D). The genomic DNA extracted
from the clones expressing human IFN-a was analyzed using
b and b' primers (product size, 1,825 bp; Fig. 1E). In addition,
genomic DNA obtained from clones expressing human EPO
was evaluated using b and b' primers (product size, 1,840 bp;
Fig. 1F). Based on the results of the gene cloning, five posi-
tive clones from the 29 G418-resistant and IFN-a-transfected
clones, and 12 positive clones from the 28 G418-resistant and
EPO-transfected clones were obtained in the two rounds of
transfection, respectively (Table II). The fibroblasts from the
positive clones may serve as a cell source for SCNT for the
generation of a bovine bioreactor to produce recombinant
human IFN-a or EPO in its milk.

Observation of dox-inducible fluorescence in MAC-T
cells and bovine fetal fibroblasts. For the observation
of tissue-specific expression, transient transfection was
performed in the MAC-T bovine mammary epithelial cell line
and bovine fibroblasts. These cells were cotransfected with
pCMV-TA and pTRE-ZsGreenl-IFN-a/EPO constructs as a
positive control to confirm the activity of the dox-inducible
expression system. No fluorescence was observed in either the
untreated or dox-treated bovine fetal fibroblasts transiently
transfected with paSICP-TA-TRE-ZsGreen-IFNa/EPO as
a result of the mammary gland specific casein promoter
(Fig. 2A-D). However, in the MAC-T cells expressing
paS1CP-TA-TRE-ZsGreen-IFNa/EPO, green fluorescence
was observed, indicating the expression of dox-inducible and
mammary gland-specific IFN-a/EPO (Fig. 2E-H). Green
fluorescence was also confirmed following dox treatment in a
dose-dependent manner (0, 0.1, and 1 pg/ml).

Dox-inducible mRNA expression of human IFNa/EPO in
MAC-T cells. To evaluate the dox-inducible expression of
IFNo/EPO under the control of the aS1 casein promoter,
RT-PCR was performed using mRNA obtained from tran-
siently transfected MAC-T cells and bovine fetal fibroblasts
(data not shown). In parallel with the results observed in the
fluorescence microscopy, dox-dose dependent and mammary
gland-specific transcripts of IFNa/EPO were observed in
the MAC-T cells (Fig. 3) following dox treatment, however,
this was not observed in the bovine fibroblasts (data not
shown). In addition, the expression of IFNa/EPO in cells
transfected with pCMV-TA or pTRE-ZsGreenl-IFNa/EPO
exhibited no notable changes with or without dox. Although
the expression of IFNa/EPO in the MAC-T cells expressing
the pTRE-ZsGreenl-IFNa/EPO transgene was observed, its
level was consistently low and unaffected by dox treatment.
Factors in the transcriptional environment, which remain to
be elucidated, may control the gene expression in an in vitro
system introducing the target gene.

Discussion

IFN is an important cytokine for immune responses against
viral and bacterial infections and the mediation of anticancer
activity either indirectly, through regulation of anti-inflamma-
tory and anti-angiogenic responses, or directly, by affecting the
proliferation and differentiation of cancer cells (30). IFN-a/f3
is known to be essential in the activation of natural killer cells
and macrophages (2-4). As key cytokines, IFN-a/f links the
innate and adaptive immune systems (31,32). Another cytokine
involved in the maintenance of red blood cell mass is EPO,
which is involved in the proliferation and differentiation of
erythrocytic progenitors (8). If plasma oxygen levels are low,
EPO, which is released by the interstitial cells of the kidney,
stimulates bone marrow to produce more red blood cells and
increases the aerobic capacity of blood (6,7).

IFN-a and EPO are glycoproteins, which are major
therapeutic agents in the treatment of certain hematological
malignancies, including chronic renal anemia and other
diseases (1,8). The mass production of these therapeutic agents
is important in the pharmaceutical industry. Recombinant DNA
technology has been widely used to obtain therapeutic agents
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in eukaryotic cell-based culture systems (33,34). However, the
productivity of these systems is limited in large-scale production.
Although the productivity of a prokaryotic system is sufficient
for the generation of recombinant proteins, the functional
activity of recombinant proteins is restricted due to an absence
of protein post-translational modification (11). Therefore, it was
hypothesized that the generation of transgenic cattle, termed
bioreactors, is a more effective method for the production of
relatively large quantities of recombinant therapeutic agents.
This technology using livestock has significant potential and
economic merit in biomedicine, agriculture, human health
industries and environmental sustainability (35,36).

In the present study, bovine fibroblast cell lines expressing
human IFN-a/EPO transgenes were developed in order to
generate transgenic cattle. Milk is the easiest body fluid to
obtain from ruminants (35). The capacity for mass-production
of the mammary gland, coupled with the relative ease of
harvesting milk, means it is the organ of choice for the produc-
tion of pharmaceutical products from animals. In our previous
study, a aSl-casein promoter region spanning between
-175 and +796 nt was assessed, which demonstrated the highest
expression activity among all the assessed promoters (29).
Therefore, this promoter was applied in the present study for
the generation of bovine transgenic fibroblasts containing
dox-inducible human IFN-a and EPO genes, as a material for
SCNT procedures in the production of an animal bioreactor.

IFN-a and EPO are useful therapeutic agents, As over-
expression by constitutively active promoters may cause
unexpected side effects, including erythrocytosis involved
with the induction of EPO (25), a dox-inducible expres-
sion system was adopted in parallel with a tissue-specific
promoter in the present study. The expression of mammary
gland-specific and dox-inducible human IFN-a or EPO was
observed in an MAC-T bovine mammary epithelial cell
line, which is an immortalized epithelial cell line isolated
from bovine mammary tissue (37). Mammary epithelial
cells are the functional unit of the mammary gland. MAC-T
cells provide a useful tool in the evaluation of foreign gene
expression and the assessment of mammary tissue-specific
expression in vitro, as they retain a number of biochemical
and morphological characteristics of the mammary gland
in vivo (38). The unitary tet-on IFN-a/EPO induction system
has mammary gland-specific and dox-inducible traits. When
generating animal bioreactors, these cellular traits may reduce
rates of stillbirth during pregnancy and unwanted outcomes
caused by uncontrollable gene expression.

For the generation of transgenic cattle, these transgenic
fibroblasts may be used in SCNT, a method used to perform
sequential genetic modifications, targeted DNA insertions
and artificial chromosome transfer using long-term cultured
somatic cells. The human IFN-a/EPO-transgenic fibroblasts
established in the present study may be used for the generation
of transgenic cattle using SCNT technology. In this process,
the nucleus containing chromosomal DNA in an egg cell may
be removed and replaced with a nucleus containing genetically
modified chromosomal DNA obtained from the transgenic
fibroblast. Fusion between the enucleated egg cell and the donor
somatic nucleus creates a new cell, which gains a complete
set of chromosomes derived from the donor nucleus. The
SCNT method has several advantages in the genetic cloning of
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valuable transgenic animals. The production of live offspring
by SCNT using adult skin fibroblast cells was reported in
goats in 1999 (39) and in cattle in 2000 (40), demonstrating
the potential for use in the agricultural and pharmaceutical
industries. If the animal bioreactors in the present study are
born, they may produce recombinant human IFN-a and EPO
proteins in milk on a daily basis and serve as a promising
model for the production of recombinant therapeutic agents.
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