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Abstract: The present study was conducted to examine
the expression and localization of BRCA1 on pre-implan-
tation bovine embryos, at the 2-cell embryo, 8-cell em-
bryo, morula, blastocyst, and hatched blastocyst stages,
that were produced by in vitro fertilization of Japanese
Black cattle. Expression levels on the embryos of BRCA1
mRNA were assayed by real-time RT-PCR and did not
significantly differ among the stages. BRCA1 protein ex-
pression by immunohistochemical analysis was found
across the entire surface of the blastomeres except at
the points of contact between adjacent blastomeres at
the 2-cell, 8-cell, and morula stages. In addition, the
percentage of embryos in which BRCA1 protein was lo-
calized in the nucleus increased as embryonic develop-
ment progressed from the 2-cell to morula stages. No
expression was observed in the inner cell mass of any
blastocyst or hatched blastocyst, but BRCA1 protein was
expressed in the nucleus or cytoplasm of trophectoderm
cells. These results suggest that bovine BRCA1 may play
a role in the regulation of the cell cycle and DNA repair in
the early embryo.
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Introduction

Low conception rates in Holstein and Japanese Black
cattle in Japan have become an economic problem in
recent years [1], and while research seeking to identify
genes related to factors affecting breeding, such as hor-
mone reactivity and implantation, has been carried out as
a countermeasure, the issue has not yet been resolved [2].

The human breast cancer 1 (BRCAT) gene, which is
related to inheritable breast cancer and ovarian cancer,
has been cloned [2], and analyses in mice and humans
have shown that the BRCAT gene regulates the cell cycle
[4—6], deoxyribonucleic acid (DNA) repair [5, 7], tran-
scriptional control [8, 8], and differentiation induction in
tissues [10]. Mouse embryos that lack the Brcal gene
only survive for 6.5-7.5 days following implantation, a
phenomenon that indicates Brca? functions in cell differ-
entiation and growth related to post-implantation embry-
onic development [11].

In the early embryonic developmental stages of mam-
mals, the expression levels of genes are regulated to
increase or decrease as necessary. During periods of
genome activation or morphologic changes and pre-
implantation in particular, expression levels of genes
related to these functions are known to change mark-
edly. Wells et al. [6] analyzed the expression of genes
related to the regulation of chromosome segregation, the
cell cycle, and apoptosis during the human pre-implan-
tation embryonic developmental stages and reported
increased expression of BRCAT in 4- to 8-cell stage em-
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bryos and reduced expression in blastocysts, indicating
that the BRCAT gene is related to embryonic genome
activation. Hamatani et al. [12] produced mouse blasto-
cysts in which implantation was delayed or induced and
used them to perform comprehensive gene expression
profiling. They reported strong expression of Brcat in
blastocysts in which implantation had beed induced. Fur-
thermore, analyses of Brca1 protein expression in mouse
blastocysts in which implantation had been induced its
revealed expression in trophectoderm (TE) nuclei [13].
These results suggest that murine BRCA1 is involved in
regulatory functions from the time of blastocyst formation
to implantation.

Krum et al. presented the first analysis of the bovine
BRCAT1 gene, and a study of bovine vascular endothe-
lial cells with deletion of the BRCA71 C-terminal domain
showed that the bovine BRCAT gene regulates DNA re-
pair in the cell cycle [14]. Analyses of the expression of
various genes in early stage bovine embryos have in-
dicated that embryonic genome activation occurs at the
8-cell stage [15], and several genes that play important
roles in the formation of bovine blastocysts produced in
vitro have been reported [16]. However, the role of bo-
vine BRCAT1 in regulating morphologic changes during
the pre-implantation embryonic developmental stages,
such as regulation of embryonic genome activation or
trophectoderm and inner cell mass (ICM) differentiation,
has not yet been elucidated.

The present study was conducted to examine the ex-
pression and localization of BRCA1 during the develop-
ment of pre-implantation bovine embryos, at the 2-cell,
8-cell, morula, blastocyst, and hatched blastocyst stag-
es, that were produced by in vitro fertilization (IVF).

Materials and Methods
Oocyte collection, IVF, and embryo culture

Ovaries of Japanese Black cows were obtained from a
slaughterhouse and transported to the laboratory within

blastocyst atched blastocyst

The morphologies of the bovine embryos used in this study (Bar=50 um).

1 h. IVF and culture of embryos were performed as de-
scribed previously [17]. The cumulus-oocyte complexes
were immediately cultured for 21 h in maturation medium
(TCM-199 Earle’s salts with 25 mM HEPES [Gibco, Ther-
mo Fisher Scientific, Tokyo, Japan] supplemented with
5% heat-inactivated fetal bovine serum) and cultured at
38.5°C under 2% CO, in air. Japanese Black frozen-
thawed spermatozoa were used for IVF. At the end of
maturation culture, the cumulus-oocyte complexes were
washed by pipetting 2 or 3 times in the medium, and were
then introduced into drops of sperm suspension. With the
day of insemination considered day 0, the stages of em-
bryos used in this study were 2-cell on day 2, 8-cell on
days 3—4, morula on days 5-6, and blastocyst/hatched
blastocyst on day 8. The morphologies of the embryos
used in this study are shown in Fig. 1.

Expression of the BRCA1 gene in bovine embryos
Real-time PCR analysis was performed as described
previously [18], with slight modifications. Total RNA was
extracted from 10 or 12 embryos at the 2-cell, 8-cell,
morula, blastocyst, and hatched blastocyst stages, and
DNA was subsequently synthesized using a Cells-to-cD-
NAT™ || kit (Ambion, Austin, TX, USA). The total number
of embryos used for real-time quantitative PCR (RT-qP-
CR) in the present study was 238. RT-qPCR was carried
out in a 20-ul reaction volume using Fast-Start Essential
DNA Green Master Mix (Roche, Mannheim, Germany)
and a Light Cycler Nano system (Roche). The BRCA1
primers designed and used in the present study were
as follows: BRCA1 RTF-CAGCAGTTTATTGCTCACTG
and BRCA1 RTR-TGCCTATCCTTACATGTGCCCTTAC
(PCR product size of 135 bp). The 78S rRNA gene was
amplified as a control [18]. RT-qgPCR conditions were as
follows: 1 step at 95°C for 10 min, followed by 45 cycles
of denaturing at 95°C for 10 s, annealing at 60°C for 10 s
and extension at 72°C for 30 s. PCR products were con-
firmed using ethidium bromide staining 2% (w/v) agarose
gel electrophoresis and verified by sequencing. Standard
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in blue. Bar=50 um.

curves were generated for both the BRCA1 gene and
18S rRNA internal control gene using serial dilutions of
plasmid DNA (102-10% molecules). The procedure was
repeated four to eight times for each stage.

Data were analyzed using Light Cycler Nano system
software (Roche) using the relative quantification meth-
od. Differences in the levels of BRCAT mRNA were eval-
uated using one-way analysis of variance.

Immunohistochemical analysis of bovine embryos
Immunohistochemical analysis was performed as de-
scribed previously [13, 20] using 21, 18, 23, 17, and 12
embryos at the 2-cell, 8-cell, morula, blastocyst, and
hatched blastocyst stages, respectively. Embryos were
fixed in 3.7% formaldehyde in Ca?*- and Mg?*-free Dul-
becco’s phosphate-buffered saline (D-PBS) at room tem-
perature for 30 min, permeabilized in 0.25% Tween 20
in D-PBS for 5 min, and incubated overnight at 4°C with
a primary antibody specific for BRCA1 (Santa Cruz Bio-
technology, Santa Cruz, CA, USA). After several washes
with D-PBS, the embryos were incubated with FITC-la-
beled (MP Biomedicals, Santa Ana, CA, USA) second-
ary antibody at room temperature for 1 h. The embryos
were then stained with 5 yg/ml Hoechst 33342 (Sigma)
at room temperature for 1 h, washed, mounted on glass-
bottom dishes (Nippon Genetics Co., Ltd., Tokyo, Japan),
and observed under a confocal laser scanning micro-
scope (Leica TCS SP8, Leica Microsystems, Wetzlar,
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BRCA1 Nuclei/BRCA1

The negative control image of BRCA1 on bovine hatched blastocysts as determined by
immunohistochemical analysis. Single and Composite present, respectively, one layer
and composite confocal images generated from multiple Z-planes acquired at 3.0-um
intervals across the hatched blastocyst. Immunofluorescence localization shows nuclei
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Fig. 3. BRCA1 mRNA expression levels on bovine pre-implan-

tation embryos as determined by real-time RT-PCR.
The procedure was repeated four to eight times for each
stage (The data are expressed as mean = SEM.).

Germany). A negative control was obtained using normal
IgG instead of primary antibody at the hatched blastocyst
stage (Fig. 2).

Results

The mean values of BRCAT mRNA expression rela-
tive to the mean value for 2-cell embryos, 1.0, were as
follows: 8-cell embryos, 1.17; morulae, 0.87; blastocysts,
0.88; and hatched blastocysts, 0.20 (Fig. 3). The results
of statistical analyses revealed indicated that although
the expression level of BRCAT mRNA tended to be lower
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Fig. 4. Distribution of BRCA1 on bovine pre-implantation embryos as determined by immunohistochemical analysis. Immunofiuo-
rescence localization shows BRCALI in green and nuclei in blue. A, C, and E: BRCAL1 protein was expressed across the entire
surface of the blastomeres except at the points of contact between adjacent blastomeres. B, D, and F: BRCA1 protein was
expressed in the nucleus of some cells. Single and Composite present, respectively, one layer and composite confocal images
generated from multiple Z-planes acquired at 3.0-um intervals across the blastocyst. Bar=50 um.

in hatched blastocysts there were, no significant differ-
ences among the various stages.

BRCAT1 protein expression at the 2-cell embryo, 8-cell
embryo, morula, blastocyst, and hatched blastocyst
stages was observed by means of immunofluorescence
staining, which revealed that the protein was weakly ex-
pressed at all stages (Fig. 4 and 5). At the 2-cell embryo,
8-cell embryo, and morula stages, BRCA1 protein was
expressed across the entire surface of the blastomeres

except at the points of contact between adjacent blasto-
meres (Fig. 4A, C and E). BRCA1 protein was also ex-
pressed in the nucleus of some cells (Fig. 4B, D, and F).
The percentage of embryos in which BRCA1 protein was
expressed in the nucleus of cells increased with develop-
ment from the 2-cell to morula stages, with BRCA1 pro-
tein expressed in the cell nucleus in 28.6% of 2-cell em-
bryos (6/21), 44.4% of 8-cell embryos (8/18), and 52.2%
of morulae (12/23). No expression was observed in the
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Distribution of BRCAI in bovine blastocysts and hatched blastocysts as de-

termined by immunohistochemical analysis. Immunofluorescence localization
shows BRCAL in green and nuclei in blue. Single and Composite present, re-
spectively, one layer and composite confocal images generated from multiple
Z-planes acquired at 3.0-um intervals across the blastocyst. Bar=50 um.

ICM of any blastocyst or hatched blastocyst, but BRCA1
protein was expressed in the nucleus or cytoplasm of
trophectodermal cells (Fig. 5).

Discussion

Analyses of the expression of various genes in early
stage bovine embryos have indicated that embryonic
genome activation occurs at the 8-cell stage [15]. In the
present study, BRCA1 gene expression was detected in
bovine 2-cell embryos, 8-cell embryos, morulae, blasto-
cysts, and hatched blastocysts, but there were no signifi-

cant differences between the expression level of 8-cell
embryos and those of the other stages. These data dem-
onstrate that the bovine BRCAT gene does not play a sig-
nificant role in embryonic genome activation. Vigneault
et al. grouped the 11 transcription factors into five cat-
egories based on their patterns of gene expression; one
group exhibited a fixed level of expression in all stages,
this was considered to be of maternal embryonic origin
[15]. Similar results were obtained in the present study,
suggesting that the expression of bovine BRCAT gene
from the 2 to 8-cell stages was of maternal origin.

The expression pattern of BRCAT mRNA in 2- to 3-cell
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stage embryos, 4- to 5-cell stage embryos, 6- to 8-cell
stage embryos, 10- to 12-cell stage embryos, morulae,
blastocysts, and hatched blastocysts produced in vitro
has been studied in humans [8]. Unlike the present study,
that study found increased expression in 4- to 5-cell
embryos and further increases in expression from the
blastocyst to hatched blastocyst stages. The authors of
the human study concluded that BRCA1 functions in the
DNA repair pathway. The results of the two studies make
clear that the human and bovine BRCAT genes exhibit
different patterns of expression.

In the present study, the percentage of bovine embry-
os in which BRCA1 protein was localized in the nucleus
increased as embryonic development progressed from
the 2-cell to morula stages, and the BRCA1 protein was
expressed at the blastocyst stage and the hatched blas-
tocyst stage. These results suggest that bovine BRCA1
plays a role in the regulation of the cell cycle and DNA re-
pair in the early embryo and in embryonic development.

Furthermore, in the 2-cell embryo, 8-cell embryo, and
morula stages, BRCA1 protein was expressed across
the entire surface of the blastomeres, except at the
points of contact between adjacent blastomeres. No ex-
pression was observed in the ICM of any blastocyst or
hatched blastocyst, but BRCA1 protein was expressed
in the nucleus of trophectodermal cells. Studies of the
polarization of embryonic cells have shown that polar-
ized proteins are distributed on the surface of the blas-
tomere from the 2-cell stage to the morula stage, to the
blastocyst stage at TE, but not in the ICM [21-23]. In the
present, the BRCA1 protein showed the same or similar
distribution characteristics as the polarized protein in the
studies cited above. Accordingly, we speculate that bo-
vine BRCA1 may be associated with the polarization of
the blastomere in embryonic development.

In mice, the majority of fertilized eggs enter the uterus
at the same time and they become early stage blasto-
cysts. The blastocysts subsequently hatch from the zona
pellucida, and implantation commences with adhesion
between the trophectoderm and the endometrium [24,
25]. In bovine species, however, the trophectoderm of
the hatched blastocyst does not adhere directly to the
endometrium. Instead, as is the case with ovine spe-
cies, the spherical hatched blastocysts undergo morpho-
logic changes to become an elongated embryo that is
subsequently implanted [26—28]. It has been suggested
that bovine BRCA1 is involved in cell differentiation and
growth related to the change from blastocyst to hatched
blastocyst, because the BRCA1 protein is expressed in
the blastocyst stage and the hatched blastocyst stage.

Our previous study demonstrated Brcal protein ex-

pression in implantation-induced trophectoderm nuclei
of blastocysts in the mouse in vivo [12, 13]. Another study
found low levels of Brcal protein expression in IVF-de-
rived peri-hatching blastocysts in mice [20]. Implantation
of a blastocyst into a receptive uterus involves a series of
highly coordinated cellular and molecular events which
are directed by ovarian estrogen and progesterone [24,
25]. In the present study, we demonstrated the distribu-
tion of BRCA1 protein in bovine embryos derived from
IVF during in vitro culture. Therefore, analysis of in vivo
derived bovine embryos may help to elucidate the role
of BRCA1. Determination of the definitive role of BRCA1
during the pre-implantation period will also require fur-
ther studies involving the deletion of this gene.
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