creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Master's Thesis

Cell synchronization by rapamycin
Improves the developmental

competence of porcine SCNT embryos

Hyuk Hyun

Department of Biotechnology
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

June, 2016



gtsputol Aol & AE 57157}

AANEEAEE A= 9F S

o]

i

& olgt Aty =EoE A

2016 6 ¢

4 9 o3 HAsty =BG AET

49931 !/ﬂ@w

9

e

o

s

AF oot o8

20164 6 ¥




Cell synchronization by rapamycin improves the
developmental competence of porcine SCNT

embryos

Hyuk Hyun

(Supervised by Professor Se-Pill Park)

A thesis submitted in partial fulfillment of the requirement

For the degree of Master of Science
June, 2016

This thesis has been examined and approved.

Chairperson of the supervising committee

Professor Key-Zung Riu, Ph.D., College of Applied Life Sciences,Jeju National University

Professor Tatsuya Unno, Ph.D., College of Applied Life Sciences,Jeju National University

Professor Se-Pill Park, Ph.D., College of Applied Life Sciences,Jeju National University

Department of Biotechnology
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



CONTENTS

CONTENTS ..o [
LIST OF FIGURES.........co e, ii
LIST OF TABLES. ... iii
ABSTRACT ... ————— 1
1. INTRODUCTION.....cc oot 2
2. MATERIALS AND METHODS.......oooiiieeeeceeeeeee e 5
2.1. Oocyte collection and in vitro maturation............c.ccceeveveiieeve s 5
2.2. Donor cell preparation and rapamycin treatment...........cccceveverenenenenennns 5
2.3. Somatic cell nuclear transfer and in vitro culture ...................oooiiiins 6
2.4, FIOW CYIOMEIIY . ...ttt ettt et eet e e e e eneens 5
P TV I - 1 |V PR 7
2.6. TUNEL 8SSAY.....eiitiiiiiiiiiiiiiesiieie ettt 8
2.7. Real-time RT-PCR with SYBR Green..........ccooviiiiiiiiiiiiieee, 8
2.8. Statistical analysiS..........cooovriniiii 11
3. RESULT S iiiiiiiiiiiieiiientteientcennstessnsscsssscsniasscsnsermmmans 12
3.1. Rapamyecin induces cell cycle arrest at Go/G1phase.,,,.......cceovrvereierenennnns 12

3.2. Rapamycin maintains the quality of porcine fibroblasts,......................14

3.3. Rapamycin down-regulates nutrient transporter expression.....................16

3.4. Rapamycin improves the quality of SCNT embryos............................ 18
4. DISCUSSION. ....ooiiiiiiii et 21
REFERENCGCES........co ot s 27
ABSTRACT IN KOREAN......ooiiii et 35
ACKNOWLEDGEMENT ...ttt e 36



LIST OF FIGURES

Figure 1. The effect of rapamycin treatment on cell synchronization at Go/G; phase.

Figure 2. The effect of rapamycin treatment on cell proliferation, relative cell proliferation,
and cell viability.

Figure 3. Relative mRNA expression of glucose transporter (SLC2A2 and SLC2A4) and
amino acid transporter (SLC6A14 and SLC7A1) genes in cells treated with 1 M rapamycin
for 1 day and 3 days.

Figure 4. Evaluation of the morphology, total cell number, and percentage of apoptotic cells
in blastocysts derived from SCNTP31R embryos at day 7.

Figure 5. Relative mRNA expression of developmental (CDX2 and CDH1) and pro-
apoptotic (FAS and CASP3) genes in blastocysts derived from SCNTP*1R embryos.

Figure 6. Mechanism of action of rapamycin.



LIST OF TABLES

Table 1. Primers used for real-time PCR

Table 2. In vitro development of SCNTP*1? embryos

Table 3. Full term development



ABSTRACT

The cell cycle stage of donor cells influences the success of somatic cell nuclear transfer
(SCNT). This study investigated the effects of rapamycin treatment on the synchronization
of porcine fibroblasts, in comparison with control and serum-starved cells, SCNT donor cell
viability, and SCNT-derived embryo development. Porcine fibroblasts were treated with 0.1,
1, 10, and 100 uM rapamycin for 1 or 3 days. The proportion of cells in Go/G; phase was
significantly higher among cells treated with 1 uM rapamycin for 3 days (D3-1R) than
among control and serum-starved cells (P < 0.05). In comparison with control cells,
rapamycin-treated cells exhibited reduced proliferation, similar to serum-starved cells. The
viability (as assessed by the MTT assay) of D3-1R-treated cells was good, similar to control
cells, showing their quality was maintained. To confirm nutrient regulation by rapamycin
treatment, we checked the transcript levels of nutrient transporter genes (SLC2A2, SLC2A4,
SLC6A14, and SLC7AL). These levels were significantly lower in D3-1R-treated cells than in
control cells (P < 0.01). We performed SCNT with D3-1R-treated cells (SCNTP3*IR) to
confirm the effect of cell cycle synchronization by rapamycin treatment. Although SCNTP*
IR embryos did not have an increased fusion rate, their cleavage and blastocyst formation
rates were significantly higher than those of control embryos (P < 0.05). Regarding embryo
quality, the numbers of total and apoptotic cells per blastocyst were increased and decreased,
respectively, in SCNTP*IR blastocysts. The mRNA levels of developmental (CDX2 and
CDH1) and pro-apoptotic (FAS and CASP3) genes were significantly higher and lower,
respectively, in SCNTP3IR plastocysts than in control blastocysts (P < 0.05). These results
demonstrate that rapamycin treatment affects the cell cycle synchronization of donor cells
and enhances the developmental potential of porcine SCNT embryos.

Key words: cell cycle synchronization, porcine, rapamycin, SCNT
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1. INTRODUCTION

Somatic cell nuclear transfer (SCNT) is a valuable technique for cloning livestock and
transgenic animals (Francois et al., 2012). Pigs (Hammer et al., 1985), sheep (Campbell et al.,
1996), cattle (Yoko et al., 1998), mice (Wakayama et al., 1998), and goats (Alexander et al.,
1999) have been produced by SCNT. Transgenic animals have also been generated such as a
human a-lactalbumin-expressing goat (Feng et al., 2015) and an enhanced green fluorescent
protein-expressing pig (Hyun et al., 2003) and cow (Sezen et al., 2001) by SCNT. Although
SCNT has successfully been used for cloning, its efficiency is low.

Many studies attempted to improve the in vitro development of SCNT embryos via
various approaches such as cell synchronization (Hayes et al., 2005), use of different donor
cell types (Rosen et al., 1999; Li et al., 2013; Pan et al., 2015), and treatment of donor cells
with a histone deacetylase inhibitor (Zhao et al., 2010). The cell cycle stage of donor cells is
one of the most important considerations. Its importance has been noted since the first SCNT
animal (Dolly) was produced using a donor cell in Go phase (Campbell et al., 1996). Only
nuclei in Gy (David et al., 1999) or Gi (Zou et al., 2002) phase of the cell cycle can be
transplanted into enucleated metaphase 11 (MII) oocytes. Several methods have been used for
synchronization at Go/G; phase of the cell cycle such as serum starvation (Yin et al., 2007)
and contact inhibition (Sun et al., 2008).

Additionally, mimosine (Vackova et al., 2003), roscovitine (Park HJ et al., 2010), and
cycloheximide (Goissis et al., 2007) can synchronize porcine cells at Go/G; phase. Mimosing,
a non-protein plant amino acid, reportedly blocks cell cycle progression in late Gi phase
prior to the onset of DNA synthesis (Lalande, 1990; Krude, 1999). Roscovitine, an inhibitor
of Cdk2 and maturation-promoting factor, effectively arrests human fibroblasts in Go/G;

phase of the cell cycle and, following its removal, cells arrested in Go/G;1 resume cycling and
2



enter S phase as expected (Alessi et al., 1998; Sun et al., 2008). Cycloheximide, a protein
synthesis inhibitor, was reported to effectively induce activation of porcine MIl oocytes
when combined with electric stimulation (Mario et al., 2003).

Rapamycin is a bacterial macrolide with antifungal and immunosuppressant activities
(Dumont et al., 1990). It forms a complex with FK506-binding protein 12 and then binds to
mammalian target of rapamycin (mMTOR), selectively inhibiting its kinase activity and
function related to acquire by a gain-of-function mechanism (Guertin et al., 2007).
Rapamycin reportedly has an array of effects that suggest it could be a useful antitumor
agent (Guertin et al., 2007). It inhibits the proliferation of many cancer cell lines grown in
culture (Sarbassov et al., 2006).

Rapamycin suppresses progression of the cell cycle from G; to S phase by blocking and
inhibiting several transduction pathways downstream of growth factor-induced activation of
mTOR (Sehgal et al., 1998). Rapamycin mimics a starvation signal. Rapamycin treatment
and amino acid deprivation both down-regulate genes involved in protein synthesis, turnover,
and folding (Tao et al., 2002). By contrast, they have opposing effects on the regulation of
genes involved in amino acid biosynthesis, amino acid transport, and tRNA synthesis (Tao et
al., 2002), with rapamycin treatment and amino acid/glucose deprivation inhibiting and
increasing their function, respectively (Tao et al., 2002).

The objective of this study was to investigate the effects of treatment with various
concentrations of rapamycin for 1 or 3 days on the cell cycle synchronization and quality of
donor cells. To understand how rapamycin treatment induces arrest at Go/G; phase, we
examined nutrient transporter gene expression in cells treated with 1 uM rapamycin for 3
days (D3-1R). Furthermore, the developmental competence of reconstructed SCNT porcine

embryos was analyzed. We hypothesize that rapamycin treatment improves synchronization



of the donor cell cycle and the developmental competence of SCNT blastocysts. This study

may enhance donor cell quality and the efficiency of SCNT embryo development.



2. MATERIALS & METHODS

2.1.0ocyte collection and in vitro maturation

Pre-pubertal porcine ovaries were collected from a local slaughterhouse and transported
to the laboratory in saline supplemented with 75 mg/mL penicillin G and 50 mg/mL
streptomycin sulfate within 2 h at 32-35°C. Cumulus-oocyte complexes (COCs) were
aspirated from follicles of 2-8 mm in diameter with an 18-gauge needle and a disposable 10
mL syringe. COCs were washed three times in tissue culture medium (TCM)-199-HEPES
containing 0.1% (w/v) bovine serum albumin (BSA). Groups of 50 COCs were matured in
500 puL of TCM-199 (Gibco, Grand Island, NY, USA) containing Earle’s salts, 0.57 mM
cysteine, 10 ng/mL epidermal growth factor, 0.5 ug/mL follicle-stimulating hormone, 0.5
pg/mL luteinizing hormone, and 10% (v/v) porcine follicular fluid under mineral oil for 38 h

at 38.8°C in 5% CO2 and air.

2.2. Donor cell preparation and rapamycin treatment

Donor fibroblasts for SCNT were derived from a Jeju Black Pig. Cells were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM) containing 10% fetal bovine serum (FBS;
HyClone, Logan, UT, USA), 0.1 mM B-mercaptoethanol, 1% nonessential amino acids, and
1% penicillin/streptomycin. Cells at passage 10-12 were cultured for 2-3 days until they
reached confluency and expanded by passage at 38.8°C in 5% CO, and humidified air for
further use. Rapamycin (Santa Cruz, CA, USA) was added to the culture medium at a
concentration of 0, 0.1, 1, 10, and 100 uM (0, 0.1, 1, 10, and 100 R, respectively) for 1 or 3

days (D1 and D3, respectively). Rapamycin-treated cells were compared with control cells in



DMEM containing 10% FBS and positive control cells cultured in DMEM containing 0.5%

FBS (0.5 F, serum starvation). Media were replaced with the same media at day 2.

2.3. SCNT and in vitro culture

Following maturation, cumulus cells were removed by gently pipetting in the presence of
1 mg/mL hyaluronidase for 2-3 min. After recovery for 30 min, the first polar body and
nucleosome were removed using a 20 pum glass pipette in HEPES-buffered TCM-199
supplemented with 0.4% (w/v) BSA and 7.5 ug/mL cytochalasin B (CB) with the Oosight
imaging system. The donor cell was inserted into the perivitelline space adjacent to the
cytoplasm. The karyoplast-cytoplast complexes were fused in fusion medium containing 0.3
M D-mannitol, 0.5 mM HEPES, 0.05% fatty acid-free (FAF)-BSA, 0.05 mM CaCl;, and 0.1
mM MgSO.. Inserted donor cells were aligned to the northern wire in a fusion chamber
(Lf201, Nepagene, Chiba, Japan) with a direct current impulse of 110 V/cm for 60 psec.
After fusion, reconstructed embryos were activated in 7.5 pg/mL CB for 3 h. SCNT embryos
were transferred to PZM-5 medium supplemented with 0.4% FAF-BSA. On day 4, the media
was replaced with 10% human adipose tissue-derived mesenchymal stem cell bioactive
material medium (Park et al., 2013). On days 2 and 7, the cleavage and blastocyst formation
rates were recorded. The cleavage rate was counted by the number of 2- to 4-cell embryos
derived from the fused embryos at day 2 post SCNT. The blastocyst formation rate was
calculated by the number of blastocysts produced from the cleaved embryos at day 7 after

SCNT.



2.4. Flow cytometry

Cells were seeded at a density of 1 x 108 cells in 100 mm? culture plates. The following
day, 1 x 10° cells were treated with test compounds or 0.1% dimethyl sulfoxide (DMSO).
After incubation for 24 h, the cell culture supernatant and centrifuged at 2,000 rpm for 2 min
at room temperature. The supernatant was discarded and pelleted cells were washed twice by
repeated suspension in phosphate-buffered saline (PBS) and were centrifuged at 2,000 rpm
for 2 min at room temperature. Pelleted cells were carefully suspended in 500 pg/mL RNase
A and 50 pg/mL propidium iodide (Sigma, St. Louis, MO, USA) at 37°C for 45 min. Fixed
cells were analyzed on a FACS Calibur (Becton Dickinson, San Jose, CA, USA) flow
cytometer until 20,000 cells were counted. The cell cycle distribution was analyzed using

WinMDI 2.9 software.

2.5. MTT assay

Cell death was measured using the MTT cell viability assay with a slight modification
as described previously (Mossman, 1983). Porcine fibroblasts were plated in triplicate in 96-
well plates at a density of 1 x 10° cells/well in 200 uL of DMEM. After treatment with
rapamycin for D1 or D3, metabolically active cells were detected by adding MTT to a final
concentration of 0.5 mg/mL and incubation for another 4 h at 37°C. DMSO was added (200
uL/well) and mixed to solubilize the purple product. Optical densities were read using a
microplate reader (Bio-Rad Laboratories, Hercules, CA, USA) at a reference wavelength of

590 nm (Kim et al., 1999).



2.6. TUNEL assay

To detect fragmented DNA, 14 blastocysts control and D3-1R treated group, respectively,
were fixed with 4.0% (w/v) paraformaldehyde prepared in PBS overnight at 4°C and then
incubated with 0.1% Triton X-100 at 38.8°C for 30 min. Blastocysts were incubated with
fluorescein-conjugated dUTP and terminal deoxynucleotidyl transferase (In Situ Cell Death
Detection Kit, Roche, Manheim, Germany) in the dark for 1 h at 38.8°C. The total numbers
of mitotic and apoptotic cells were scored. Nuclei were stained with Hoechst 33342 (1
pg/mL) for 30 min, and embryos were washed with PBS containing 0.1% BSA. Blastocysts
were mounted onto glass slides and examined under an inverted Olympus IX-71 (Japan)

microscope. At least ten blastocysts were examined per group.

2.7. Real-time RT-PCR with SYBR Green

For real-time reverse-transcriptase-PCR analysis, mRNA was prepared from blastocyst using
magnetic beads (Dynabeads mRNA Purification Kit; Dynal, Oslo, Norway) according to the
manufacturer’s instructions. For each treatment group, 15 in vitro-produced, Day 7
blastocyst were resuspended in 100 pL of lysis/ binding buffer (100 mMTris-HCI, pH 7.5,
500 mMLICI, 10 mM EDTA, pH 8.0, 1% LiDS, and 5 mM DTT) and vortexed at room
temperature for 5 min to lyse the tissue. A 50-uL aliquot of an oligo-(dt)-25 magnetic-bead
suspension was added, and the samples were incubated at room temperature for 5 min. the
hybridized mRNA and oligo-(dT) beads were washed twice using wash buffer A (10
mMtris-HCI, pH 7.5, 0.15M LiCl, and 1 mM EDTA). mRNA was eluted from beads in 15
uL of double-distilled, DEPC- Treated water (Lee et al., 2014).

Extraction of mRNA was performed as described above, and standard cDNA was



synthesized using an oligo-(dT) primer and SuperScript Reverse Transcriptase (Invitrogen,
Carlsbad, CA). Real-time RT-PCR was performed using the primer sets listed in Table 1 in a
Step One Plus Real-time PCR System (Applied Biosystems, Warrington, UK) with a final
reaction volume of 20 pL containing the SYBR Green PCR Master Mix (Applied
Biosystems). The PCR conditions were as follows: 10 min at 94°C, followed by 39 cycles of
30 sec at 60°C and 55 sec at 72°C, and a final extension of 5 min at 72°C. Samples were then
cooled to 12°C. Relative gene expression was analyzed by the 2-22“method (Livak et al.,

2001) after normalization against the GAPDH mRNA level.



Table 1. Primers used for real-time PCR

Annealing  Product
GeneBank
Gene Primer sequence* temperature size
accession no.
(°C) (bp)
GAPDH AF017079 F:GGGCATGAACCATGAGAAGT
54 230
R:AAGCAGGGATGATGTTCTGG
SLC2A2 EF140874.1 F:CTCTCATTAGTTGGAGCTCTCT
54 92
R:TAGAGTCCTGATATGCCTCTTC
SLC2A4 NM_001128433.1 F.CTTCTTCATCTTCACCTTCC
54 82
R:.TGCTCTAAAAGAGAGGGTGT
SLC6A14 NM_001166042.1 F:GGGTGGTTTAGTTGCTCTATC
54 89
R:CACACTAGTAAGGCAGTTTGTC
SLC7A1 NM_001012613.1 F:GAACGTCTATCTCATGATGC
54 99
R:TAGATGAAGAAGCCTATCAGC
CDX2 AM778830 F:AGCCAAGTGAAAACCAGGAC
60 178
R:TGCGGTTCTGAAACCAGATT
CDH1 EU805482 F:CTGTATGTGGCAGTGACTAAC
55 174
R:AGTGTAGGATGTGATCTCCAG
FAS AJ001202 F:AAGTTCCCAAGCAAGGGATT
60 207
R:AATTTCCCATTGTGGAGCAG
CASP3 NM_214131.1 F:AAGTTCCCAAGCAAGGGATT
55 93

R:ACAAAGTGACTGGATGAACC

10



2.8.Statistical analysis

The general linear model procedure within the Statistical Analysis System (SAS User’s
Guide 1985, Statistical Analysis System Inc., Cary, NC, USA) was used to analyze data from
all experiments. A paired Student’s t-test was used to compare relative gene expression. P-

values of < 0.01 and 0.05 were considered significant.
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3. Results

3.1. Rapamycin treatment induces cell cycle arrest at Go/G; phase

To determine the optimal concentration of rapamycin for cell synchronization, porcine
fibroblasts were cultured with 0.1 R, 1 R, 10 R, 100 R, 0.5 F, or control for D1 or D3. We
performed fluorescence-activated cell sorting to confirm the effect of rapamycin on the cell
cycle (Figure 1A). M1, M2 and M3 indicated that Go/G1 phase, G2/M phase and S phase
respectively. The percentage of Go/G; phase synchronization following treatment for D1 was
as follows: 0.1 R, 84.9 + 2.5%; 1 R, 83.8 £ 1.3%; 10 R, 80.0 £ 3.5%; 100 R, 52.6 + 1.5%;
05 F, 859 = 2.6%; and control, 56.2 + 1.6%. The percentage of Go/G: phase
synchronization following treatment for D3 was as follows: 0.1 R, 79.3 + 2.1%; 1 R, 93.6 +
1.9%; 10 R, 58.0 + 3.8%; 100 R, 60.5 + 1.5%; 0.5 F, 82.0 = 3.2%; and control, 61.0 + 2.2%).
At D1, there were significantly higher proportion of Go/G; phase cellsin 0.5 F, 0.1 R, 1 R,
and 10 R treated cells than that of control cells (Figure 1B) (P < 0.05). At D3, the proportion
of Go/G1 phase cells in 1 R group was the highest among treatment groups and 0,5 F and 0.1
R treatment groups were also significantly higher proportion of Go/G: phase cells than

control or other higher R treated cell group (P < 0.05).
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uM rapamycin; 10 R, 10 uM rapamycin; and 100 R, 100 uM rapamycin; M1, Go/G1 phase;
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M2: G./M phase; M3: S phase.The percentages of cells in GO/G1 phase were calculated by
the WinMDI 2.9 software. Significant differences from the control are indicated (***P <

0.05). Values are means + standard error of the mean of independent experiments.

3.2. Rapamycin treatment maintains the quality of porcine fibroblasts

To investigate the effect of rapamycin treatment on cell proliferation and viability, cell
counting and the MTT assay were performed. The numbers of cells in each group are shown
in Figure 2A. At D1, the number of cells did not vary among samples treated with 0.1 R, 1 R,
10 R, 100 R, and 0.5 F, but was higher in the control group (3.333 £ 0.572, 3.433 + 0.351,
2.927 + 0.411, 2.773 = 0.337, 4.013 £+ 0.311 vs 5.687 + 0.300, respectively). At D3, the
number of cells was higher in samples treated with 0.1, 1, and 10 R than in those treated with
100 R and 0.5 F, but was highest in the control sample (14.500 + 0.572, 13.850 = 0.577,
12.217 £ 0.723, 7.447 + 0.561, 4.440 £ 0.699 vs 27.133 + 0.441, respectively; Figure 2A). In
Figure 2B, cell proliferation was normalized against that of control cells at the same time
point. The relative proliferation rate of cells treated with 0.1 R, 1 R, 10 R, 100 R, and 0.5 F
was significantly lower than that of control cells (set to 1) at D1 (0.415 + 0.056, 0.489 +
0.068, 0.416 + 0.100, 0.360 + 0.044, and 0.676 + 0.087, respectively) and D3 (0.467 + 0.008,
0.549 + 0.016, 0.475 £ 0.031, 0.311 = 0.010, and 0.161 + 0.047, respectively, Figure 2B) (P
< 0.05). At D1, the proliferation of cells treated with 0.1, 1, 10, and 100 R was similar. The
proliferation of cells treated with 1 R was sustained at D3 in comparison with D1. At D1,
cell viability did not differ among the groups, as assessed by measuring absorbance at 590
nm (control, 0.201 + 0.011; 0.5 F, 0.146 + 0.005; 0.1 R, 0.151 + 0.016; 1 R, 0.179 * 0.013;
10 R, 0.176 + 0.012; and 100 R, 0.177 + 0.002; Figure 2C). At D3, however, as assessed by

14



measuring absorbance at 590 nm, the viability of 1 R-treated cells (0.281 + 0.016) was
similar to that of control cells (0.269 + 0.008) in comparison with cells treated with 0.5F, 0.1,
10, and 100 R (0.146 + 0.001, 0.203 + 0.004, 0.224 + 0.000, and 0.210 + 0.011, respectively;

Figure 2C).
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Figure. 2. The effect of rapamycin treatment on cell proliferation (A), relative cell

proliferation (B), and cell viability (C). In (B), data are normalized against those of control
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cells (set to 1) at the same time point. Cell viability (C) was analyzed by MTT assay. The
value of absorbance means live cells. Con, control; 0.5 F, serum starvation; 0.1 R, 0.1 uM
rapamycin; 1 R, 1 uM rapamycin; 10 R, 10 uM rapamycin; 100 R, 100 uM rapamycin; D1,
day 1; and D3, day 3. Significant differences from the control are indicated (***P < 0.05).

Values are means + standard error of the mean of independent experiments.

3.3. Rapamycin treatment down-regulates nutrient transporter expression in fibroblasts

To investigate the mechanisms underlying the beneficial effect of rapamycin, we assessed
MRNA expression of glucose and amino acid transporter genes in porcine fibroblasts by real-
time guantitative RT-PCR (Figure 3). mRNA expression of glucose transporter (SLC2A2 and
SLC2A4) and amino acid transporter (SLC6A14 and SLC7A1) genes was significantly down-
regulated in cells treated with 1 R for D1 and D3 in comparison with control cells (Figure 3A

and 3B) (P < 0.01).
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3.4. Rapamycin treatment of donor cells improves the quality of SCNT embryos

SCNT was performed with D3-1R-treated cells (SCNTP3IR) to confirm the effect of cell
synchronization by rapamycin treatment. We analyzed SCNTP*IR embryo development
(Table 2). The fusion rate did not differ between SCNTP3R and control embryos (71.1 + 9.2%
and 69.9 + 6.9%, respectively). The cleavage rate of SCNTP3*R embryos was significantly
higher than that of control embryos (61.7 + 1.8% and 40.0 £+ 3.3%, respectively) (P < 0.05).
The blastocyst formation rate of SCNTP3*IR embryos was significantly higher than that of
control embryos (46.6 + 2.2% and 20.3 = 1.0%, respectively) (P < 0.05).

The morphology of blastocysts developed from SCNTP3IR embryos was better than that
of blastocysts developed from control embryos (Figure 4A, a and b). The total cell number
per blastocyst was significantly higher in SCNTP3IR blastocysts than in control blastocysts
(69.8 £9.33 and 48.3 £+ 7.04, respectively; Figure 4A, a’’ and b’’; and Figure 4B) (P < 0.05).
Relative MRNA expression of genes important for development was quantified by real-time
PCR (Figure 5). Expression of development-related genes (CDX2 and CDH1) was
significantly higher in SCNTP31R plastocysts than in control blastocysts (P < 0.05).

When genomic DNA fragmentation was measured in individual embryos using the
TUNEL assay, the index was significantly lower in SCNTP*!® embryos than in control
embryos (5.4% = 1.2% and 11.8% = 2.1%, respectively; Figure 4A, a’ and b’; and Figure 4C)
(P < 0.05). mRNA expression of pro-apoptotic genes (FAS and CASP3) was significantly

lower in SCNTP3IR plastocysts than in control blastocysts (P < 0.05).
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Table 2. In vitro development of SCNTP*R embryos (r = 3)

No. (%) of embryos

Group No. of No. (%) of
nuclear transfer fused oocvtes
oocytes Yy Cleaved Developed
at day 2 atday 7
Control 229 160 (69.9 + 6.9) 64 (40.0+ 3.3) 13 (20.3+1.0)
SCNTPS-IR 235 167 (71.1+£ 9.2) 103 (61.7 + 1.8)* 48 (46.6 + 2.2)*
*P < 0.05.
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Figure. 4. Evaluation of the morphology (A), total cell number (B), and percentage of

apoptotic cells (C) in blastocysts derived from SCNTP*!R embryos at day 7. Con, control;
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SCNTP*IR SCNT embryo with D3-1R-treated cells; a and b, morphology of blastocysts; a’
and b’, TUNEL assay; a’’ and b”’, Hoechst staining; and a’’>’ and b’”’, merge. Significant
differences from the control are indicated (*P < 0.05). Values are means + standard error of

the mean of independent experiments. Bar, 100 um.
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Figure. 5. Relative mRNA expression of developmental (CDX2 and CDH1) and pro-
apoptotic (FAS and CASP3) genes in blastocysts derived from SCNTP3R embryos. Con,
control and SCNTP*1R SCNT embryo with D3-1R-treated cells. Significant differences from
control blastocysts are indicated (*P < 0.05). Values are means * standard error of the mean

of independent experiments.
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4. DISSCUSTION

In the present study, we investigated whether rapamycin treatment of donor porcine
fibroblasts is useful for cloning. Our data show that rapamycin treatment of donor cells
induces cell cycle arrest at Go/G1 phase and maintains cell quality. Nutrient transporter gene
expression(SLC2A2, SLC2A4, SLC6A14, and SLC7A1) was down-regulated by rapamycin
treatment. SCNTP3R embryos had significantly improved cleavage and blastocyst formation
rates.

D3-1R treatment effectively induced cell cycle arrest at Go/G1 phase. For successful
reprogramming, donor cells must be in Go/G: phase when transferred into matured oocytes
(Sugimura et al., 2010). Use of donor cells in Go/G: phase reduces the possibility of
chromosomal aberrations during development of nuclear-transplanted cells and can improve
SCNT embryo development (Hayes et al., 2005). Synchronization reagents such as
roscovitine (Naresh et al., 2012) and mimosine (Vackova et al., 2003) have been widely used
to induce the arrest of donor cells at Go/G: phase. Roscovitine blocks the proliferation of
vascular smooth muscle cells (Zhang et al., 2014) and causes little apoptosis in porcine fetal
fibroblasts (Park et al., 2010). Mimosine, as a cell cycle blocker, inhibits the proliferation of
carcinoma cells and causes little apoptosis in rat cells (Stephen et al., 1996). Rapamycin
suppresses progression of the cell cycle from G; to S phase by blocking and inhibiting
several transduction pathways (Sehgal et al., 1998). It triggers phosphorylation-mediated
activation of phosphatases or kinases through mTOR. This action of rapamycin may regulate
cell proliferation (Sehgal et al., 1998). In the present study, the quality of D3-1R-treated cells
was maintained similar to control cells. Rapamycin was previously reported to block
apoptosis driven by known death inducers (Calastretti et al., 1999; Johnson and Lawen, 1999)

or to not affect cell survival (Marx and Marks, 1999; Minshall et al., 1999). Although
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rapamycin only slightly reduces the cell culture growth rate, it maintains cell viability at a
higher level than that of control cultures by delaying cell death (Robert et al., 2001; Lee et al.,
2012). Our results show that rapamycin treatment induced cell synchronization and
suppressed cell proliferation, and that the quality of D3-1R-treated cells was maintained
similar to control cells. Therefore, we suggest that rapamycin treatment arrests the cell cycle
at Go/G; phase without having harmful effects.

A previous study indicated that rapamycin mimics the nutrient starvation signal (Diane
et al., 2004), however, it synchronizes the cell cycle via a completely different mechanism to
serum starvation. Rapamycin-induced cell cycle arrest at Go/G: phase occurs via inhibition
of nutrient transporter genes. Recently, rapamycin has been known the inducer of autophagy
(Li et al., 2013). Autophagy could increase production of nutrients from intracellular stores
in removal of nutrient transporter genes (Chang et al., 2009). Coupling of autophagy and
ubiquitin-proteasome system also reduced cell death through protection of ER (Endoplasmic
Reticulum) stress and ER decompensation (Ding et al., 2007). In nutrient starvation
conditions, such as glucose and amino acid deprivation, these genes are expressed normally
(Tao et al., 2002). However, rapamycin treatment inhibits expression of the glucose
transporter genes SLC2A2 (Michau et al., 2013) and SLC2A4 (Furuya et al., 2013) and the
amino acid transporter genes SLC6A14 (Elina et al., 2003) and SLC7A1 (Wang et al., 2014).
Based on the phenotype of the knockout animal, Slc2a2 is a contender for the P cell glucose
sensor (Efrat, 1997). The Slc2a4 gene encodes an insulin-responsive glucose transporter
protein in Xenopus oocytes (Birnbaum, 1989). The Slc6al4 gene encodes a Na- and ClI-
dependent membrane protein that transports neutral and cationic amino acids across the
plasma membrane in Xenopus oocytes (Sloan et al., 1999). Certain amino acids, such as
glutamine and arginine, are important precursors for nucleotide synthesis and are essential
for tumor growth (Senthil et al., 2011). SLC7AL encodes a high-affinity cationic amino acid
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transporter (CAT1), which facilitates uptake of arginine and lysine in mammalian cells
(Hatzoglou et al., 2004). These genes are responsible for uptake of glucose and amino acids
by cells. Nutrient uptake occurs under appropriate conditions in untreated cells; however, it
is suppressed via down-regulation of nutrient transporter genes in rapamycin-treated cells
(Tao et al.,, 2002). Our results indicate that rapamycin triggered repression of SLC2A2,
SLC2A4, SLC6A14, and SLC7A1 expression in comparison with control cells. We performed
Real-time RT PCR at three times. Although we didn’t show the protein levels, the relative
expressions ofthe transporter geneswere significantly down regulated (3 to 4 folds)in D3-1R
treated group than in control group. Moreover, there was little standard deviation among the
repeat experiments. Therefore, it would be the reasonable result for rapamycin treatment
trigger repression of transporter gene expression. Taken together, these results suggest that
D3-1R-treated cells are arrested at Go/G; phase via inhibition of nutrient transporter gene
expression.

We performed SCNT using D3-1R-treated donor cells. Although the fusion rate was not
affected in SCNTP*!R embryos, the cleavage and blastocyst formation rates were
significantly increased. Furthermore, the total cell number per blastocyst was higher in
SCNTP2R plastocysts than in control blastocysts. The total number of cells in an embryo is
an important measure of embryonic development and quality (Hao et al., 2004). Blastocysts
containing many cells are more likely to successfully implant and give rise to live offspring
(Van et al., 1997). Relative mRNA expression of CDX2 and CDH1 was also increased in
blastocysts developed from SCNTP3*IR embryos. Cdx2 plays a key role in embryo placental
development and mouse early embryo development, and determines the level of
trophectoderm differentiation induced by Oct3/4 (Chawengsaksophak et al., 1997). E-
cadherin (CDH1) functions in the establishment and stabilization of cellular junctions in
armadillo embryos (Aberle et al., 1996). CDH1 is a marker for evaluating nuclear
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reprogramming in cloned porcine embryos (Lee et al., 2006; Wolf et al., 2011). Collectively,
these results indicate that rapamycin treatment improves the embryonic developmental
competence of porcine SCNT oocytes.

Apoptosis is generally defined as programmed cell death that is an indicator of
abnormal embryo development and stress. In the present study, DNA fragmentation was
significantly decreased in blastocysts developed using rapamycin-treated donor cells. We
investigated relative mMRNA expression of the pro-apoptotic genes FAS and CASP3. FAS is a
ligand that induces apoptosis in normal cells. When it binds to death receptors such as CD95
and TNFRSF6, apoptosis is dependent on caspase 8 (Wiley et al., 1995; Almasan et al.,
2004). CASP3 is a member of the caspase family that plays an essential role in the initiation
of apoptosis (Alan et al., 1999). In this study, MRNA expression of pro-apoptotic genes was
decreased in blastocysts developed from SCNTP3R embryos, showing that apoptosis was
decreased in these blastocysts. Thus, the quality of blastocysts derived from SCNTP3IR
embryos was enhanced.

In conclusion, our results show that rapamycin treatment of porcine fibroblasts
induced cell cycle arrest at Go/G; phase while maintaining the quality of donor cells.
Through the optimized rapamycin treatment, cell proliferation was inhibited via down-
regulation of nutrient transporter gene, but cell viability was similar to control cells.
However, this function is very complicated and it needs to investigate more profound
activity forthe rapamycin treated cells as further study. This study demonstrated that the
quality of blastocysts derived from SCNTR-P® embryos was improved, with effects on the
developmental rate, total cell number per blastocyst, and expression of the developmentally
important genes CDX2 and CDH1. SCNT!RD3 plastocysts exhibited decreased DNA
fragmentation and decreased expression of the pro-apoptotic genes FAS and CASP3. Thus,
rapamycin is a useful chemical for donor cell synchronization and these findings may be
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applicable to improve the efficiency of SCNT for the production of cloned animals.In the
future, the expression of transporter gene, SLC2A2, SLC2A4, SLC6A14, SLC7AL in
protein-level will be confirmed by western blot analysis. Besides, we hope to better
understand the relationship (Figure 6, Stanislaw MS) between positive or negative effect of
rapamycin and cell cycle progression and to move further downstream to determine how

MTOR couples these fundamental biological processes.
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Figure. 6. Mechanism of action of rapamycin (Rapa). Although the pre-drug rapamycin
binds to FK506-binding protein (FKBP, which is the same molecule that is bound by FK506),
the complex that is formed between SRL and FKBP binds to the mammalian target of
rapamycin (MTOR). The SRL-FKBP-mTOR complex inhibits biochemical pathways that
are required for cell progression through the late G1 phase or entry into the S phase of the
cell cycle. Thus, unlike cyclosporine (CsA) and FK506 (which block the production of
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cytokines), SRL blocks cytokine signal transduction. SRL is thought to target: (1) the 70-kD
S6 protein kinase p70S6K; (2) the eukaryotic initiation factor elF-4F; (3) the G1-controlling
cyclin-dependent kinase (cdk) proteins, such as the D2 cycline cdk2, the D2 cycline cdk6 or
the E cycline cdk2 and (4) the kinase inhibitory protein Kipl (p27kip), which blocks cell
progression to the S phase. Abbreviations used: p34cdc2 = a kinase; PTKs = protein tyrosine

kinases.

26



REFERENCE

Aberle H, Schwartz H and Kemler R. (1996). Cadherin—catenin complex: protein
interactions and their implications for cadherin function. Journal of cellular biochemistry. 61.
514-523.

Alan GP and Reiner UJ. (1999). Emerging roles of caspase-3 in apoptosis. Cell death and
differentiation. 6. 99-104.

Alessi F, Quarta S, Savio M, Riva F, Rossi L, Stivala LA, Scovassi Al, Meijer L and
Prosperi E. (1998). The cyclin-dependent kinase inhibitors olomoucine and roscovitine arrest
human fibroblasts in G1 phase by specific inhibition of CDK2 kinase activity. Experimental
cell research. 245. 8-18.

Alexander BEB, David TM, Julie SP, Margaret MD, Christine C, Jennifer LW, Scott DN,
Catherine AP, Patricia M, Monica JP, Sandra LA, Richard SD, Michael LH, Carol AZ,
Harry MM, Robert AG, William GG, Eric WO and Yann E. (1999). Production of goats by
somatic cell nuclear transfer. Nature biotechnology. 17. 456-461.

Almasan A and Ashkenazi A. (2004). Apo2L/TRAIL: apoptosis signaling, biology and
potential for cancer therapy. Cytokine & growth factor reviews. 14 (3—4). 337-348.

Birnbaum MJ. (1989). Identification of a novel gene encoding an insulin-responsive
glucose transporter protein. Cell. 57. 305-315.

Calastretti A, Rancati F, Vigano S, Canti G, Schiavone N, Capaccioli S and Nicolin A.
(1999). Taxol-induced apoptosis and bcl-2 degradation inhibited by rapamycin. Clinical
cancer research. 5 (supplement). 14S.

Campbell KHS. Ritchie MWA and Wilmut 1. (1996). Sheep cloned by nuclear transfer

from a cultured cell line. Nature. 380. 64-66.

27



Chang YY, Juhasz G, Pankuri GH, Andrew MA, Daniel RM, Laura KM and Thomas PN.
(2009). Nutrient-dependent regulation of autophagy through the target of rapamycin pathway.
Biochemical society transactions. 37 (1).

Chawengsaksophak K, James R, Hammond VE, Kontgen F and Beck F. (1997).
Homeosis and intestinal tumors in Cdx2 mutant mice. Nature. 386. 84-87.

David NW, Pavla MM and Robin T. (1999). Production of cloned calves following
nuclear transfer with cultured adult mural granulosa cells. Biology of reproduction. 60 (4).
996-1005.

Diane CF and John B. (2004). Target of rapamycin (TOR): an integrator of nutrient and
growth factor signals and coordinator of cell growth and cell cycle progression. Oncegene.
23. 3151-3171.

Ding WX, Ni HM, Gao W, Yoshimori T, Donna BS, David R and Yin XM. (2007)
Linking of autophagy to ubiquitin-proteasome system is important for the regulation of
endoplasmic reticulum stress and cell viability. The american jounal of pathology. 171 (2).

Dumont FJ, Staruch MJ, Koprak SL, Melino MR and Sigal NH. (1990). Distinct
mechanisms of suppression of murine T cell activation by the related macrolides FK-506 and
rapamycin. The journal of immunology. 144. 251-258.

Efrat S. (1997). Making sense of glucose sensing. Nature genetics. 17. 249-250.

Elina SLJO, Miina O, Rita M.C, Martin R, Tiinamaija T, Jaakko K, Aila R, Pertti M,
Pekka J, Erkki V, Kaisa S, Riika K, Veikko S, Leif G, Kimmo K, Leena P and Paivi P.
(2003). The SLC6A14 gene shows evidence of association with obesity. The Journal of
clinical investigation. 112 (11).

Feng X, Cao S, Wang H, Meng C, Li J, Jiang J, Qian Y, Su L, He Q and Zhang Q. (2015).
Production of transgenic dairy goat expressing human alpha-lactalbumin by somatic cell
nuclear transfer. Transgenic research. 24 (1). 73-85.

28



Francois MAS, Hans N, Linda S and Volker G. (2012). The pig: a model for human
infectious disease. Cell. 20 (1). 50-57.

Furuya DT, Neri EA, Poletto AC, Anhe GF, Freitas HS, Campello RS, Reboucas NA and
Machado UF. (2013). ldentification of nuclear factor-kappaB sites in the Slc2a4 gene
promoter. Molecular and cellular endocrinology. 370 (1-2). 87-95.

Goissis MD, Caetano HVA, Marques MG, De Barros FRO, Feitosa WB, Milazzotto MP,
Binelli M, Assumpcao MEOA and Visintin JA. (2007). Effects of serum deprivation and
cycloheximide on cell cycle of low and high passage porcine fetal fibroblast. Reproduction
in domestic animal. 42 (6). 660-663.

Guertin DA and Sabatini DM. (2007). Defining the role of mTOR in cancer. Cancer cell.
12 (1). 9-22.

Hammer RE, Pursel VG, Rexroad Jr CE, Wall RJ, Bolt DJ and Ebert KM. (1985).
Production of transgenic rabbits, sheep and pigs by microinjection. Nature. 315. 680—683.

Hatzoglou M, Fernandez J, Yaman | and Closs E. (2004). Regulation of cationic amino
acid transport: the story of the CAT-1 transporter. Annual review of nutrition. 24. 377-399.

Hao Y, Lai L, Mao J, Im GS, Aaron B and Randall SP. (2004). Apoptosis in
parthenogenetic preimplantation porcine embryos. Biology of reproduction. 70 (6). 1644-
1649.

Hayes O, Ramos B, Rodriguez LL, Aguilar A, Badia T and Castro FO. (2005). Cell
confluency is as efficient as serum starvation for inducing arrest in the GO/G1 phase of the
cell cycle in granulosa and fibroblast cell of cattle. Animal reproduction science. 87. 181-192.

Hyun SW, Lee GS, Kim DY, Kim HS, Lee SH, Nam DH, Jeong YW, Kim S, Yeom SC,
Kang SK, Han JY, Lee BC and Hwang WS. (2003). Production of nuclear transfer-derived
piglets using porcine fetal fibroblasts transfected with the enhanced green fluorescent protein.
Biology of reproduction. 69 (3). 1060-1068.

29



Johnson KL and Lawen A. (1999). Rapamycin inhibits didemnin B-induced apoptosis in
human HL-60 cells: Evidence for the possible involvement of FK506-binding protein 25.
Immunology and cell biology. 77. 242-248.

Kim JH, Han JS and Yoon YD. (1999). Biochemical and morphological identification of
ceramide-induced cell cycle arrest and apoptosis in cultured granulosa cells. Tissue & cell.
31 (6). 531-539.

Krude T. (1999). Mimosine arrests proliferating human cells before onset of DNA
replication in a dose-dependent manner. Experimental cell research. 247. 148-159.

Lalande M. (1990). A reversible arrest point in the late G1 phase of the mammalian cell
cycle. Experimental cell research. 186. 332-339.

Lee E, Lee SH, Kim S, Jeong YW, Kim JH, Koo OJ, Park SM, Hashem MA, Hossein MS,
Son HY, Lee CK, Hwang WS, Kang SK and Lee BC. (2006). Analysis of nuclear
reprogramming in cloned miniature pig embryos by expression of Oct-4 and Oct-4 related
genes. Biochemical and biophysical research communications. 348. 1419-1428.

Lee SE, Sun SC, Choi HY, Uhm SJ and kim NH (2012). mTOR is required for
asymmetric division through small GTPases in mouse oocytes. Molecular reproduction and
development. 79 (5). 356-366.

Lee SE, Kim EY, Choi HY, Moon JJ, Park MJ, Lee JB, Jeong CJ and Park SP. (2014).
Rapamycin rescues the poor developmental capacity of aged porcine oocytes. Asian
australasian journal of animal sciences. 27 (5). 635-647.

Li Z, Shi J, Liu D, Zhou R, Zeng H, Zhou X, Mai R, Zeng S, Luo L, Yu W, Zhang S and
Wu Z. (2013). Effects of donor fibroblast cell type and transferred cloned embryo number on
the efficiency of pig cloning. Cellular reprogramming. 15 (1). 35-42.

Livak KJ and Schmittgen TD. (2001). Analysis of relative gene expression data using
real-time quantitative PCR and the 2-42¢T method. Methods. 25. 402-408.

30



Li X, Wu D, Shen J, Zhou M and Lu Y. (2013). Rapamycin induces autophagy in the
melanoma cell line M14 via regulation of the expression levels of Bcl-2 and Bax. Oncology
letters. 5. 167-172.

Mario AMD, Masami S, Masumi K, Koji | and Yoshiyuki T. (2003). Effects of
cycloheximide treatment on in vitro development of porcine parthenotes and somatic cell
nuclear transfer embryos. Veterinary research. 50 (4). 147-155.

Marx SO and Marks AR. (1999). Cell cycle progression and proliferation despite 4BP-1
dephosphorylation. Molecular and cellular biology. 19. 6041-6047.

Michau A, Guillemain G, Grosfeld A, Vuillaumier-Barrot S, Grand, Keck M, L'Hoste S,
Chateau D, Serradas P, Teulon J, De Lonlay P, Scharfmann R, Brot-Laroche E, Leturque A
and Le Gall M. (2013). SLC2A2: Mutations in SLC2A2 gene reveal hGLUT2 function in
pancreatic B cell development. Journal of biological chemistry. 288 (43). 31080-31092.

Minshall C, Arkins S, Dantzer R, Freund GG and Kelley KW. (1999).
Phosphatidylinositol 38-kinase, but not S6-kinase, is required for insulin like growth factor-I
and IL-4 to maintain expression of Bcl-2 and promote survival of myeloid progenitors. The
journal of immunology. 162. 4542-4549.

Mossman T. (1983). Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. Journal of immunological methods. 65.
55-63.

Naresh LS, Monika S, Mushariffa M, Krishnakanth G, Ambika PS, Manmohan SC,
Radheysham M, Prabhat P, Pavneesh M and Suresh KS. (2012). Roscovitine treatment
improves synchronization of donor cell cycle in GO/G1 stage and in vitro development of
handmade cloned buffalo (Bubalus bubalis) embryos. Cellular reprogramming. 14 (2). 146-

154.

31



Park HJ, Koo OJ, Kwon DK, Kang JT, Jang G and Lee BC (2010). Effect of roscovitine-
treated donor cells on development of porcine cloned embryos. Reproduction in domestic
animals. 45 (6). 1082-1088.

Park HY, Kim EY, Lee SE, Choi HY, Moon JJ, Park MJ, Son YJ, Lee JB, Jeong CJ, Lee
DS, Riu KJ and Park SP (2013). Effect of human adipose tissue-derived mesenchymal-stem-
cell bioactive materials on porcine embryo development. Molecular reproduction &
development. 80. 1035-1047.

Robert RB and Gregory S. (2001). Rapamycin reduces hybrdoma cell death and enhances
monoclonal antibody production. Biotechnology and bioengineering. 76 (1). 1-10.

Rosen JM, Wyszomierski SL and Hadsell D. (1999). Regulation of milk protein gene
expression. Annual review of nutrition. 19. 407-436.

Sarbassov DD, Ali SM, Sengupta S, Sheen JH, Hsu PP, Bagley AF, Markhard AL and
Sabatini DM. (2006). Prolonged rapamycin treatment inhibits mTORC2 assembly and
Akt/PKB. Molecular cell. 22 (2). 159-168.

Sehgal SN. (1998). Rapamune® (RAPA, rapamycin, sirolimus) mechanism of action
immunosuppressive effect results from blockade of signal transduction and inhibition of cell
cycle progression. Clinical biochemistry. 31 (5). 335-340.

Senthil K, Sabarish R, Veena C, Selvakumar E, Ellappan B, Sudharsan PT, Ashish G,
Jaya PG, Nagendra S, Patricia VS, Puttur DP, Muthusamy T and Vadivel G. (2011).
SLC6A14 (ATBO,+) protein, a highly concentrative and broad specific amino acid
transporter is a novel and effective drug target for treatment of estrogen receptor-positive
breast cancer Journal of biological chemistry. 286 (36). 31830-31838.

Sezen A. Jacek R, John G, Miyoshi K and Steven LS. (2001). Production of transgenic
Bovine Embryos by Transfer of Transfected Granulosa Cells into Enucleated Oocytes.
Molecular reproduction and development. 60. 20-26.

32



Stephen E and Farinelli LAG. (1996). Cell cycle blockers mimosine, ciclopirox and
deferoxamine prevent the death of PC12 cells and postmitotic sympathetic neurons after
removal of trophic support. The journal of neuroscience. 16 (3). 1150-1162.

Sugimura S, Yamanaka K, Kawahara M, Wakai T, Yokoo M, and Sato E (2010). Early
metaphase Il oocytes treated with dibutyryl cyclic adenosine monophosphate provide
suitable recipient cytoplasm for the production of miniature pig somatic cell nuclear transfer
embryos. Animal science journal. 81 (1). 48-57.

Sun XZ, Wang SH, Zhang YH, Wang HP, Wang LL, Ying L, Li R and Li N. (2008).
Cell-cycle synchronization of fibroblasts derived from transgenic cloned cattle ear skin:
effects of serum starvation, roscovitine and contact inhibition. Zygote. 16 (2). 111-116.

Sloan JL and Mager S. (1999). Cloning and functional expression of a human Na+ and ClI
dependent neutral and cationic amino acid transporter BO+. Journal of biological chemistry.
274. 23740-23745.

Tao P, Todd R and David MS. (2002). The immunosuppressant rapamycin mimics a
starvation-like signal distinct from amino acid and glucose deprivation. Molecular and
cellular biology. 22 (15). 5575-5587.

Vackova I, Engelova M, Marinov | and Tomanek M. (2003). Cell cycle synchronization
of porcine granulosa cells in G1 stage with mimosine. Animal reproduction science. 77 (3-4).
235-245.

Van SA, Ysebaert MT and Kruif A. (1997). Relationship between timing of development,
morula morphology and cell allocation to inner cell mass and trophectoderm in in
vitro-produced bovine embryos. Molecular reproduction and development. 47(1). 47-56.

Wakayama T, Perry AC, Zuccotti M, Johnson KR and Yanagimachi R. (1998). Full-term
development of mice from enucleated oocytes injected with cumulus cell nuclei. Nature. 394.
369-374.

33



Wang X, Frank JW, Xu J, Dunlap KA, Satterfield MC, Burghardt RC, Romero JJ,
Hansen TR, Wu G and Bazer FW. (2014). Functional role of arginine during the pre-
implantation period of pregnancy. Il. Consequences of loss of function of nitric oxide
synthase NOS3 mRNA in ovine conceptus trophectoderm. Biology of reproduction. 28 (7).
2852-2863.

Wiley S, Schooley K, Smolak P, Din W, Huang C, Nicholl J, Sutherland G, Smith T,
Rauch C and Smith C (1995). Identification and characterization of a new member of the
TNF family that induces apoptosis. Immunity. 3 (6). 673-862.

Wolf XA, Serup P and Hyttel P. (2011). Three-dimensional localisation of NANOG,
OCT4, and E-CADHERIN in porcine pre- and peri-implantation embryos. Developmental
dynamics. 240. 204-210.

Yin XJ, Lee HS, Kim LH, Shin HD, Kim NH and Kong IK (2007). Effect of serum
starvation on the efficiency of nuclear transfer using odd-eyed white cat fibroblasts.
Theriogenology. 67 (4). 816-823.

Yoko K, Tetsuya T, Yusuke S, Kazuo K, Kato J, Hiroshi D, Hiroshi Y and Tsunoda Y.
(1998). Eight calves cloned from somatic cells of a single adult. Science. 11 (282). 2095-
2098.

Zhang SS, Wang W, Zhao CQ, Xie MJ, Li WY, Xiang I, Lv JG, Dumont FJ, Staruch MJ,
Koprak SL, Melino MR and Sigal NH. (2014). Inhibitory effects of roscovitine on
proliferation and migration of vascular smooth muscle cells in vitro. Journal of huazhong
university of science and technology. 34 (6). 791-795.

Zhao J, Hao Y, Ross JW, Lee S, Walters EM, Samuel MS, Rieke A, Murphy CN and
Prather RS. (2010). Histone deacetylase inhibitors improve in vitro and in vivo
developmental competence of somatic cell nuclear transfer porcine embryos. Cellular
reprogramming. 12. 75-83.

34



Zou XG, Wang Y, Cheng Y, Yang Y, Ju H, Tang H, Shen Y, Mu Z, Xu S and Du M.
(2002). Generation of cloned goats (Capra hircus) from transfected fetal fibroblast cells, the

effect of donor cell cycle. Molecular reproduction and development. 61. 164-172.

35



ABSTRACT IN KOREAN

3 ol

Ay
e

A A

e

Aol sko

s °l

%

]

3l o
o
=

A Al 32

3

121 419

ol i3

AT

al

2t

i

)

S
=i

YAE B e ATk daEn g

S =
S

A (reprogramming )<

A2lste] A4

o
=

2t wlo] Al (rapamycin)

= o] =
OO] N]\L_

e 7]

7] 29 A

= Go/Gi 7
1€

71
o] A

A3

Ay
s

Al

e

Njo

7|8,

-
X

Fol Al

5]

3o

aL
[}

= Go/G1 T71°l A &7]3tE

Flvk 1 Ad, gl Al

23

dgs o

=13
=

4 9)

s

o

o
L

vk 2tapvtol il AelE FolA

|

=
=

! (SLC2A2, SLC2A4, SLC6A14, SLC7A1)

frelH o v

HH Z
l

s

Al
&

Z 9 o

A Al

3L =
jL__Ex_

=13
=

wote] o

o] 4

Ay
-

N%o AR Wl AA
2 julol 2l AelE FolA

pA

& wolrt o)

g Mg

hyA
-

AeAow gjulol

.

B
file)

~
Njo

36



ACKNOWLEDGEMENT

e

-

pa—

N

3
el

o

I
o=

%
‘_Ir._yl
ﬁo
B

o)

s

S5 AN E

X

=13
=

o

~NH

W

;O.w
ze]
aig

gl 7)o

A

A A= G,

g

18 A

A8

’

FIEARPS PURE

o]
Mo

T
il

N

37



	CONTENTSi
	LIST OF FIGURES.
	LIST OF TABLES.
	ABSTRACT.
	1. INTRODUCTION.
	2. MATERIALS AND METHODS
	2.1. Oocyte collection and in vitro maturation
	2.2. Donor cell preparation and rapamycin treatment.
	2.3. Somatic cell nuclear transfer and in vitro culture
	2.4. Flow cytometry...
	2.5. MTT assay..
	2.6. TUNEL assay.
	2.7. Real-time RT-PCR with SYBR Green.
	2.8. Statistical analysis.

	3. RESULTS.
	3.1. Rapamycin induces cell cycle arrest at G0/G1phase.,,,.
	3.2. Rapamycin maintains the quality of porcine fibroblasts,
	3.3. Rapamycin down-regulates nutrient transporter expression
	3.4. Rapamycin improves the quality of SCNT embryos

	4. DISCUSSION.
	REFERENCES
	ABSTRACT IN KOREAN.
	ACKNOWLEDGEMENT


<startpage>8
CONTENTSi
LIST OF FIGURES. ⅱ
LIST OF TABLES. ⅲ
ABSTRACT. 1
1. INTRODUCTION. 2
2. MATERIALS AND METHODS 5
 2.1. Oocyte collection and in vitro maturation 5
 2.2. Donor cell preparation and rapamycin treatment. 5
 2.3. Somatic cell nuclear transfer and in vitro culture 6
 2.4. Flow cytometry... 5
 2.5. MTT assay.. 7
 2.6. TUNEL assay. 8
 2.7. Real-time RT-PCR with SYBR Green. 8
 2.8. Statistical analysis. 11
3. RESULTS. 12
 3.1. Rapamycin induces cell cycle arrest at G0/G1phase.,,,. 12
 3.2. Rapamycin maintains the quality of porcine fibroblasts, 14
 3.3. Rapamycin down-regulates nutrient transporter expression 16
 3.4. Rapamycin improves the quality of SCNT embryos 18
4. DISCUSSION. 21
REFERENCES 27
ABSTRACT IN KOREAN. 35
ACKNOWLEDGEMENT 36
</body>

