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ABSTRACT

The objective of this study was to analyzed pattern of proteins expression abnormally in cloned bovine placenta.
TIMP-2 protein whose function is related to extracellular matrix degradation and tissue remodeling processes was one
of differentially up-regulated proteins in SCNT placenta. And one of down-regulated protein in SCNT placenta was
identified as vimentin protein that is presumed to stabilize the architecture of the cytoplasm. The expression patterns
of these proteins were validated by Western blotting. To evaluate how regulatory loci of TIMP-2 and vimentin genes
was programmed reprogramming in cloned placenta, the status of DNA methylation in the promoter region of TIMP-2
and vimentin genes was analyzed by sodium Bisulfite mapping. The DNA methylation results showed that there was
not difference in methylation pattern of TIMP-2 and vimentin loci between cloned and normal placenta. Histone H3
acetylation state of the nucleosome was analyzed in the cloned placental and normal placenta by Western blotting.
A small portion of the protein lysates were subjected to Western blotting with the antibodies against anti ace-
tyl-Histone H3. Overall histone H3 acetylation state of SCNT placenta was significantly higher than those of normal
placenta cells. It is postulated that cloned placenta at the end of gestation seems to be unusual in function and
morphology of placenta via improper expression of TIMP-2 and vimentin by abnormal acetylation states of cloned

genome.
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INTRODUCTION

Cloning animals by somatic cell nuclear transfer (SC-
NT) has been hampered by severe problems including
abortion before still birth and growth abnormalities of
cloned offspring (Hill et al, 2000; Wakayama ef al,
2001). Currently, the cause of difficulties for the deve-
lopmental failure of cloned animals has been suggested
to be related with the inappropriate reprogramming of
somatic nucleus (Han er al, 2003; Reik ef al, 2003).
Epigenetic reprogramming is a necessary feature of nor-
mal development and is associated with the epigenetic
modifications (Oswald ef al, 2000). A major epigenetic
modification in mammals is the addition of a methyl
group to the 5' position in the symmetrical CpG dinu-
cleotide and histone acetylation in nucleosome. Altera-
tion of the 5-methylcytosine content of specific regions
of the genome is thought to be important in contro-

lling gene expression that must undergo radical chan-
ges in both normally fertilized embryos and those re-
constructed by SCNT. Evidence for abnormal gene ex-
pression patterns by insufficient imprinting or methy-
lation of genes in reconstituted embryos with SCNT
were reported (Young et al, 1998). Also, the abnormal
gene regulation of SCNT embryos was an association
of unsuitable remodeling of chromatin on developmen-
tally specific genes by histone acetylation (Cezar ef al,
2003; McGraw et afl, 2003). Appropriate genetic repro-
gramming of donor nuclear materials is prerequisite for
successful cloning by somatic cell nuclear transfer. How-
ever, reprogramming errors on the nucleus of donor
cell during SCNT process have occurred with most
case studies. These errors lead to incomplete gene ex-
pression and could arise at any of the levels at which
regulation of gene expression occurs, including the or-
ganization of the nucleus, chromatin structure and the
accessibility of regulatory molecules. For this reason,
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recently abnormal expression levels of genes derived
by epigenetic errors were reported at the mRNA levels
by ¢DNA microarrays (Humpherys et al, 2002; Sue-
mizu ef al, 2003). The differential protein profile of bo-
vine cloned placenta derived from SCNT has been ana-
Iyzed and compared with normal placenta in our la-
boratory (Kim ef al, 2005). Even though various inves-
tigations about reprogramming error in cloned animals
have been reported, clear diagnosis for complete repro-
gramming has not been reported yet. Even though it is
not achieved reprogramming process has to be under-
stood to solve the abnormality of cloned animals.

The objective of this study is to confirm whether dis-
crepancy of epigenetic programming in nuclear transfer
causes abnormal gene expression. The status of DNA
methylation modifications of TIMP-2 and vimentin ge-
ne-locus is investigated. In addition, histone H3 acety-
lation state of the nucleosome is analyzed in the SCNT
placenta and normal placenta cells.

MATERIALS AND METHODS

Placental Samples

Protein patterns of 2 placentae derived from SCNT
of Korean Native calves died suddenly at two months
after birth and 2 normal placentae obtained from after-
birth of Al-derived fetuses were analyzed. The two
SCNT-derived samples were collected in March 2004 in
Hankyong National University, and normal placentae
were obtained from Hankyong National University in
June 2004. Placental samples were stored in liquid
nitrogen just after collection until use.

Extraction of Solubilized Proteins from Bovine Pla-
centae

Soluble proteins were extracted as previously descri-
bed, with some modifications (Kim et al, 2005). Briefly,
lysis buffer A containing 1% SDS, 1 mM PMSF, pro-
tease inhibitor cocktail (Roche Diagnostics, Germany),
and 100 mM Tris-HCl, pH 7.0 was applied to placenta
samples at an equal volume to tissue weight (e.g. 100
ul buffer / 100 mg wet weight), and samples were so-
nicated for 15 sec and then chilled on ice. Lysis buffer
B containing 7 M urea, 2 M thiourea, 4% CHAPS, 0.1
M DTT, 1 mM PMSF, protease inhibitor, and 40 mM
Tris-HCl, pH 7.0, was applied to the sonicated samples
with the same volume of lysis buffer A. The samples
were shaken gently for 1 hr at room temperature, and
the insoluble material was removed by centrifugation
(15,000 xg, 20 min, 4C). The resulting supernatant was
treated with 100 units/ml endonuclease (Benzonase; Sig-
ma, catalog No. E8263, USA) for 1 hr at 30C. The so-
lubilized protein extracts were quantified by Bradford

protein assay (Bio-Rad, CA, USA) and the protein sam-
ples were stored at —70C until use.

2-D Gel Electrophoresis, MALDI-TOF MS and Protein
Identification

Placental proteins were separated by 2-D gel elec-
trophoresis (2-DE) as previously described (Kim et al,
2005), and the resulting gels were stained using coll-
oidal coomassie brilliant blue G-250. The stained gels
were scanned at an optical resolution of 63.5 um/pixel
using a G5-710 calibrated densitometer (Bio-Rad, USA),
and the Melanie III software (GE Healthcare Bio-Scien-
ces, Sweden) was used to search for protein spots hav-
ing differential intensities. Spots were manually excised,
digested with trypsin and analyzed using a Voyager-
DE STR MALDI-TOF-MS apparatus (Applied Biosys-
tems, USA). Peak data were searched manually using
the DataExplorerTM (Applied Biosystems, USA) and
spectra were saved as peak table files and used to
search against web-based non-redundant protein sequ- -
ence databases (SWISS-PROT and/or NCBInr (2006/ 11/
03) Data Bank).

Genomic DNA Isolation and Bisulfite Treatment.

Placental samples were incubated overnight at 607
in 500 pl of extraction buffer (1 M Tris-HCl, pH 8.0, 5
M NaCl, 0.5 M EDTA), 125 ul 20% SDS (sodium
dodecylsulfate) and 5 pl Proteinase K (Qiagen GmbH,
Germany). The samples were extracted twice with phe-
nol : chloroform (1:1) and precipitated with one volu-
me of ethanol. Following a wash with two volumes of
70% ethanol, the DNA was resuspended in 500 pl of
diluted water. Purified genomic DNA (1 pg) was trea-
ted with sodium bisulfate solution by using a one day
MSP kit (In2Gen Co., Ltd. Seoul, Korea). After treat-
ment, DNA was purified by using a one day MSP kit,
precipitated with ethanol, and resuspended in 20 ul of
diluted water.

PCR Amplification and Sequencing of the Bisulfite-
Treated Genomic DNA

The 5 UIR region of TIMP-2 was amplified by PCR
with specific primers 5-TIT AGA GIT AAG AAA
GIT TGT GTG G-3and 5-CCC AAC AAC AAA AAA
CAA AAC-3 during which cytosine was converted to
uracil. Also, for amplification of the promoter region of
vimentin gene, a set of primers, 5-GGA AAG TIT
TTG AAA GIT TTA GIT TAG TT-3and 5-AAA TAA
AAA AAT TCC CTC CCA CTA C-3, were used. DNA
fragments were amplified using ExTaq Hot start ver-
sion (Takara, Japan) for 35 cyce under the following
condition: 94°C for 30 sec, 57°C for 45 sec, 72 for 1
min. The PCR product was ligated into T-plasmid by
using the pGEMP™ T easy vector systems (Promaga,
USA). Twenty subclones were pocked and sequenced
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using automatic sequencer (Applied Biosystems, PRISM
377, USA) by Macrogen.

Western Blot Analysis

Briefly, lysates containing 30 ug of protein were re-
solved using 12% SDS-PAGE gels. After SDS-PAGE,
gels were transferred electrophoretically onto PVDF mem-
branes (Bio-Rad lab, USA) and blocked for 1 hr at
room temperature with TBS containing 5% skim-milk.
Subsequently, the membranes were incubated for 1 hr
with anti-acetyl-Histone H3 rabbit polyclonal antibody
(Upstate, Catalog No. 06-599, USA), mouse monoclonal
anti-TIMP-2 (Abcam; Catalog No. ab1828, UK), mouse
monoclonal anti-vimentin (Santa Cruz Biotechnology; Ca-
talog No sc-6260, USA), or anti-beta-actin rabbit po-
lyclonal (Abcam; Catalog No. ab8227, UK). The blot
was than washed six times for 10 min with TBS-T
buffer and incubated with 1:5,000 or 1:10,000 dilution
of HRP-conjugated anti-mouse antibody (for anti-TIMP-
2 and anti-vimentin) or HRP-conjugated anti-rabbit an-
tibody (for anti-actin, anti-acetyl-Histone H3). The detec-
tion procedure was carried out in a dark room by us-
ing an ECL kit (GE Healthcare Bio-Sciences, Sweden).
The detection reagent was poured onto the membrane
and incubated for 1 min. The detection reagent was
drained off and the membrane was exposed with a
sheet of diagnostic film in the film cassette.

Statistical Analysis

All experiments were repeated at least three times.
Data are presented as means + SEM. A p value of less
than or equal to 0.05 was considered statistically signi-
ficant. The statistical significance of the results was
assessed by ANOVA followed by ttest, using Microsoft
Excel.

RESULTS

TIMP-2 Expression in SCNT Placentae

We previously used 2-DE and mass spectrometry to
identify proteins showing differential expression bet-
ween SCNT cloned and normal bovine placentae (Kim
et al, 2005). A total of 33 spots that displayed to be
up-regulated in SCNT against normal placentae were
detected. One of these spots was putatively identified
as matching to TIMP-2, which has been previously
associated with extracellular matrix (ECM) degradation
and remodeling (Fig. 1A). The TIMP-2 was detected as
a protein band of approximately 24 kDa in size (Fig.
1B). Fig. 1B confirmed that TIMP-2 protein expression
in SCNT placenta increased compared with that in
normal placenta (Fig. 1). To examine whether abnormal
TIMP-2 gene expression in cloned placenta is related to

the status of DNA methylation in the promoter region
(214 bp) of TIMP-2 gene including 26 CpG sites were
investigated by Bisulfite mapping (Fig. 2A). Bisulfite
treatment causes deamination of unmethylated cytosi-
nes to uridine, thereby allowing discrimination between
unmethylated and methylated cytosine residues throu-
gh sequencing analysis. The Fig. 2 shows the methyla-
tion profiles of TIMP-2 promoter locus in the SCNT
and normal placentae. Most CpG sites of TIMP-2 locus
were hypomethylated in cloned placenta and normal
placenta. Any significant difference in methylation sta-
tus was not detected between normal and SCNT pla-
centae.

Vimentin in SCNT Placentae
We identified a total of 27 spots were identified to
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Fig. 1. Expression of TIMP-2 in SCNT and normal placentae. (A)
Up-regulation of TIMP-2 in SCNT versus normal placentae, as
shown on 2-DE gels. (B) Western blot analysis showing high-level
expression of TIMP-2 in SCNT and normal bovine placenta, with B
-actin detected as a loading control. (C) Densitometric quantifi-
cation of protein levels in normal and SCNT placenta, normalized
against the levels of B-actin protein using the NIH Image software.
TIMP-2 protein levels are presented as the ratio of band intensity
in SCNT versus normal placenta samples (*p < 0.05).
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Fig. 2. Methylation patterns at the TIMP-2 promoter region. (A)
Positions of the CG dinucleotides up to the 214 bp upstream region
of the TIMP-2 gene are indicated (Arrow is primer region). (B) A
total of 26 are present in the upstream region from the transcription
initiation site. The methylation status of 10 clones obtained Normal
placenta and NT placenta DNA is shown. Open circle, un-
methylated; closed circle, methylated. Percentage in parentheses
indicated the proportion of methylated CpG sites relative to the
whole CpG island examined.

be down-regulated in SCNT versus normal placentae in
the previous report (Kim ef al, 2005). One of the do-

wn-regulated proteins in SCNT placenta was vimentin .

protein that is presumed to stabilize the architecture of
the cytoplasm (Morishima et af, 1999). The 2DE-gel ima-
ge of vimentin protein in the normal and SCNT pla-
centae were shown in Fig. 3A. Western blot analysis
revealed a significant decrease in vimentin protein level
in SCNT placenta compared with normal (Fig. 3B). Vi-
mentin protein was detected as a band of approxima-
tely 57 kDa in size in the blot. A short 5 UIR region

of vimentin gene about 390 base-pair region upstream

of the first exon was cloned in order to examine
methylation pattern in placental samples. The surroun-
ding sequence showed a characteristic typical of CpG
island in vimentin promoter locus which is contains a
total 33 CpG dinucleotides. For methylation analysis,
genomic DNA was isolated from the placenta, and
treated with bisulfite followed by amplication of the
target sequence by PCR. A 180-bp fragment (including
a set of primers) of PCR product contained 10 CpG
sites (Fig. 4A). The most CpG sites were hypomethy-
lated in cloned and normal placenta (Fig. 3B).

Overall Histone H3 Acetylation State of SCNT Placenta
Based on the above results, to evaluate whether his-
tone modification is associated with aberrant gene ex-
pression in cloned placenta, histone-H3-acetylation state
of the nucleosome in the SCNT placenta and normal
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Fig. 3. Expression of vimentin in SCNT and normal placentae. (A)
Down-regulation of vimentin in SCNT versus normal placentae, as
shown on 2-DE gels. (B) Western blot analysis showing down-
regulation of vimentin in SCNT and normal bovine placentae, with
p-actin detected as the loading control. (C) Densitometric quan-
tification of protein levels in normal and SCNT placenta, norma-
lized against the levels of B-actin protein using the NIH Image
software. Vimentin protein levels are presented as the ratio of band
intensity in SCNT versus normal placental samples (*p < 0.05).

placenta was analyzed. Thirty microgram of the pla-
cental protein lysates were subjected to Western blo-
tting with the antibodies against anti acetyl-histone H3.
The acetyl-histone H3 was detected as a protein band
of roughly 17 kDa (Fig. 5A). The overall histone H3
acetylation of SCNT placenta cells was significantly hi-
gher than in those of normal placenta cells (Fig. 5B).
These results showed that differential gene expression
between SCNT and normal placentae is closely corre-
lated with overall histone H3 acetylation state.

DISCUSSION

In this study, two proteins that differentially expre-
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Fig. 4 Methylation patterns at the vimentin promoter region. (A)
Positions of the CG dinucleotides up to the 180 bp upstream region
of the vimentin gene are indicated (Arrow is primer region). (B) A
total of 11 are present in the upstream region from the transcription
initiation site. The methylation status of 10 clones obtained from
normal placenta and NT placenta DNA is shown. Open circle,
unmethylated; closed circle, methylated. Percentage in parentheses
indicated the proportion of methylated CpG sites relative to the
whole CpG island examined.

ssed in SCNT placenta including TIMP-2 and vimentin
were confirmed with Western blotting. Level of TIMP-2
protein in SCNT placenta was increased compared with
that in normal placenta, while level of vimentin protein
was decreased in SCNT placenta. Previous research
reported that the TIMP expression level was decreased
at the end of pregnancy when the number of binu-
cleate cell was lowered (Walter ef al, 2001). And the
loss of binucleate giant cells is necessary for the release
of fetal membranes and discharge of placenta at the
preparation period of parturition that is dependent on
enzymatic extracellular matrix degradation (Williams et
al, 1987). The reduction in TIMP-2 release may be one
of the several changes necessary for placental detach-
ment and successful labor. For this view point, abnor-
mal expression of TIMP-2 in the SCNT placenta may
be the cause of placental abnormality and dysfunctional
placenta.

Vimentin, a major component of intermediate fila-
ment, is degraded in response to apoptotic inducers
(Van Engeland ef al, 1997; Hashimoto et al, 1998; Pra-
sad ef al, 1998). The cleavage of vimentin by caspases
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Fig. 5. Overall histone H3 acetylation in SCNT placentae. (A)
Western analysis of protein extracts from SCNT and normal
placental tissues using Acetyl-Histone H3 (Ac-H3) and B-actin
antibodies. (B) Relative histone acetylation level by a ratio of band
intensity in placental samples. Acetyl Histone H3 protein levels are
presented as the ratio of band intensity in SCNT versus normal
placenta samples (*p < 0.05).

probably results in disruption of its filamentous struc-
ture, which may facilitate nuclear condensation and sub-
sequent fragmentation (Morishima, 1999). It has been
demonstrated that proteolysis of vimentin promotes a-
poptosis by dismantling intermediate filaments and am-
plifying the cell death signal via, pro-apoptotic clea-
vage products (Byun et a/, 2001). Reduced level of
vimentin is known to be accompanied with remarkable
reorganization of the cellular matrix followed by ce-
Hular disintegration and morphological changes (Mori-
shima et al, 1999). Our findings suggested that the
reduced level of vimentin in the cloned placenta might
be involved in the morphological alterations.

During development of embryo, appropriate gene ex-
pressions were achieved epigenetic reprogramming of
genome by histone modifications and DNA methylation
(Jenuwein et al, 2001; Jones et al, 2001). DNA methy-
lation is one of the best studied epigenetic reprogra-
mming of DNA (Kang ef al, 2002). To elucidate whe-
ther the abnormal expression of TIMP-2 and vimentin
proteins in cloned placenta is related with epigenetic
reprogramming, DNA methylation of TIMP-2 and vi-
mentin loci and histone acetylation pattern were ana-
lyzed. In this experiment, there was no difference in
methylation status between normal and SCNT placen-
tae, suggesting that methylation status did not critically
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affect aberrant TIMP-2 and vimentin gene expression at
the SCNT placenta, and methylation pattern of TIMP-2
and vimentin locus might be correctly reprogrammed
in SCNT bovine placenta. In general, acetylation of his-
tone H3 is correlated with gene activation, while deace-
tylation is related with gene silencing (Fry et al, 2001).
In this experiment, histone _acetylation difference bet-
ween cloned and normal placenta may result in di-
fferential gene expression involved TIMP-2 and vimen-
tin between SCNT and normal placenta. However, to
elucidate the role of histone modification in differential
gene expressions of TIMP-2 and vimentin, histone ace-
tylation state of each differential gene in the SCNT pla-
centa has to be analyzed. In conclusion, failure of re-
programming in SCNT could result in abnormal gene
expression of placental genes and aberrant placental

phenotype.
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