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ABSTRACT

The objective of this study was to investigate the 
mRNA expression and protein localization of Grb10 gene in bovine 
cumulus-oocyte complexes (COCs) from different follicle sizes. 
Firstly, it was investigated the mRNA expression to correlate with 
maturation rates. COCs from follicles at 1-3, 4-6, 6-8 and >8mm 
were used to evaluate Grb10 gene expression by qRT-PCR assay 
and nuclear maturation rates. It was observed that more competent 
oocytes (from follicles at 6-8 and >8mm; P<0.05), had lower 
Grb10 mRNA expression levels when compared to the oocytes from 
follicles at 1-3 and 4-6mm (P<0.05). After it was performed an 
immunofluorescence analysis in COCs from different follicle sizes 
(1-3, 4-6, 6-8 and >8mm) to investigate Grb10 protein localization.  
Samples were incubated with primary antibody: Polyclonal rabbit 
anti-Grb10 (1:100). Primary antibody was detected using goat 
anti-rabbit IgG antibody conjugated with Alexa Fluor 488 (1:500). 
Positive fluorescence signal was detected in all analyzed samples 
but less evident in COCs from largest follicles. These results 
characterized Grb10 gene in bovine COC and provide evidences 
for its involvement during oocyte molecular maturation.

Key words: mRNA, protein, maturation, oocyte, Grb10. 

RESUMO

O objetivo deste estudo foi investigar a expressão de 
RNAm e a localização da proteína Grb10 em complexos cumulus-
oócito (CCO), oriundos de folículos bovinos em diferentes fases de 
desenvolvimento. Primeiramente, foi investigada a expressão de 
RNAm e relacionada com as taxas de maturação. CCOs oriundos 
de folículos com diâmetro de 1-3, 4-6, 6-8 e >8mm foram utilizados 
para avaliar a expressão de RNAm por PCR em tempo real e para 
analisar os estádios de maturação nuclear. Foi observado que os 
oócitos mais competentes para a progressão meiótica (oriundos de 
folículos com diâmetro de 6-8 e >8mm; P<0.05) tiveram menor 

expressão de RNAm para Grb10, quando comparados aos CCOs 
oriundos de folículos com 1-3 e 4-6mm (P<0.05). Posteriormente, 
foi realizada a técnica de imunofluorescência em CCOs oriundos 
de folículos de diferentes tamanhos (1-3, 4-6, 6-8 e >8mm) para 
investigar a localização da proteína Grb10. As amostras foram 
incubadas com o anticorpo primário: anti-Grb10 policlonal, 
produzido em coelho (1:100). O anticorpo primário foi detectado 
utilizando um anticorpo secundário, IgG anti-coelho, produzido 
em cabra, conjugado com Alexa Fluor 488 (1:500). A fluorescência 
foi detectada em todas as amostras analisadas, porém, menos 
evidente nos CCOs oriundos dos folículos maiores. Os resultados 
apresentados neste estudo caracterizam o gene Grb10 em CCOs de 
bovinos e fornecem evidências do seu envolvimento na maturação 
molecular do oócito. 

Palavras-chave: RNAm, proteina, maturação, oócito, Grb10.

INTRODUCTION

The growth factor receptor-bound 
protein 10 (Grb10) is a member of the Grb7 family 
adaptor molecules that includes Grb10, Grb14 and 
Grb7 proteins. The structure of the Grb7 family of 
the adaptor protein is composite by a carboxyl-
terminal src-homology 2 (SH2), GM domain and a 
proline-rich region. The GM domain region has a 
sequence homology from all Grb7 family proteins 
that contains a pleckstrin homology (PH) domain, 
a Ras-association domain and a functional region 
called BPS, which is localized between the PH and 
SH2 domains. The high sequence homology and the 
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conservative molecular architecture among the Grb7 
family members allow them to participate in multiple 
cellular signal transduction pathways (HAN et al., 
2001; HOLT & SIDDLE, 2005). 

The Grb10 protein is known to have 
different isoforms that are responsible for binding 
several trans-membrane tyrosine-kinase receptors, 
including the insulin receptor (IR), the insulin-like 
growth factor receptor (IGF-IR) and the epidermal 
growth factor receptor (EGFR) (HOLT & SIDDLE, 
2005). Tyrosine kinase receptor’s residues are 
autophosphorylated upon binding to growth factors 
in their extracellular portion. Grb10 protein binding 
sites are BPS and SH2 domains, which bind to 
phosphorylated tyrosine kinase receptors. This 
mechanism inhibit Phosphatidylinositide 3-kinase 
(PI3K) and Mitogen-activated protein kinase (MAPK) 
pathways, which trigger intracellular changes in gene 
expression pattern related to metabolism control and 
cell proliferation (LIM et al., 2004). Interestingly, 
some studies about insulin-responsive tissue have 
shown the Grb10 protein involvement in tumors 
responsive to IGF-I, insulin metabolism, diabetes and 
growth abnormalities (HOLT et al., 2009; LI et al., 
2013).

Studies performed in HeLa human cell 
line, using small interfering (si)RNA, revealed that 
knockdown of Grb10 gene enhances IGF-I DNA 
synthesis by activating Akt/PKB (also called protein 
kinase B) and ERK1/2 (DUFRESNE & SMITH, 
2005). Similarly, in rats, primary adipocyte culture 
overexpressing Grb10 inhibits insulin stimulation of 
MAPK phosphorylation, suggesting that endogenous 
Grb10 inhibits insulin signaling (LANGLAIS et al., 
2004).

The oocyte maturation, including 
cytoplasmic and molecular events, occurs gradually 
and is synchronized with the follicular events 
(BEVERS et al., 1997). The relationship between 
follicular size and oocyte competence to undergo 
complete nuclear maturation has been well described 
in the cattle (LONERGAN et al., 1994; ARLOTTO 
et al., 1996).

Local growth factors such as IGF-I, EGF 
and fibroblast growth factor 10 (FGF10) added 
into the maturation medium improves the oocyte 
maturation, resulting in an increase in the in vitro 
blastocyst rate (WANG et al., 2009; ZHANG et al., 
2010). Consequently, tyrosine kinase receptors have 
important functions on oocyte molecular maturation 
during follicular development (YAMASHITA & 
SHIMADA, 2012; YAN et al., 2012). In addition, 
some events during bovine oocyte maturation 

including mitogenesis and metabolism are regulated 
by cytosolic kinase activity such as MAPK also 
called “extracellular signal-regulated kinase” (ERK) 
and maturation promoting factor (MPF).

To date, the presence of the Grb10 mRNA 
and protein have not been investigated in mammalian 
oocytes, despite the importance of growth factors 
that bind receptors with tyrosine kinase activity 
during mammalian oocyte molecular maturation. For 
this reason, the hypothesis is that Gbr10 is present 
in COCs and may have important role in oocyte 
molecular maturation. Thus, the objective of this 
study was to evaluate the Grb10 mRNA and protein 
expression in bovine COCs from follicles at different 
growing stages. 

MATERIALS   AND   METHODS

All procedures involving COCs were 
conducted in vitro with bovine ovaries collected in a 
local abattoir. 

Assessment of oocyte nuclear maturation
The COCs from different follicular size (1-

3, 4-6, 6-8 and >8mm) were cultured in a maturation 
medium for 20h at 39°C in an atmosphere of 5% 
CO2 in air with saturated humidity as described by 
STEFANELLO et al. (2006). Then, the cumulus 
cells were removed by vortexing and oocytes were 
fixed in 4% paraformaldehyde during 15 min and 
transferred to 0.5% Triton-X-100. After, oocytes were 
stained with 10µg/ml bisbezimide (Hoechst 33342) 
and analyzed under a fluorescence microscope. 
Oocyte maturation status was classified as immature 
[germinal vesicle (GV), germinal vesicle breakdown 
(GVBD), metaphase-I (M-I)] and mature [anaphase-I 
(AI), telophase-I (TI), and metaphase-II (M-II)].

Ribonucleic acid extraction and real-time RT-PCR 
Total RNA was extracted from samples 

of 30-50 COCs using Trizol protocol according to 
the manufacturer’s instructions and was quantified 
by absorbance at 260nm using a spectrophotometer 
(NanoDrop, Thermo Fischer Scientific Inc., 
Waltham, MA). The total RNA integrity was verified 
electrophoretically by ethidium bromide staining and 
purity was determined by absorption rate relationship 
of OD260/280. Only total RNA samples containing 
values >1.7 were used in this experiment.

Total RNA was first treated with 0.2U 
DNase (Promega, Madison, WI) at 37ºC for 30min 
to digest DNA, followed by heating to 65ºC for 
3min. The RNA was reverse transcribed (RT) in the 
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presence of 1µM oligo (dT) primer, 4U Omniscript 
RTase (Omniscript RT Kit; Qiagen), 0.5µM 
dideoxynucleotide triphosphate (dNTP) mix, and 
10U RNase inhibitor (Invitrogen) in a volume of 
20µL at 37ºC for 1h. The reaction was terminated by 
incubation at 93ºC for 5min.

The relative gene expression was assessed 
by real-time PCR (RT-PCR) using the StepOnePlus™ 
RT-PCR system (Applied Biosystems, Foster City, 
CA). All samples were analyzed in duplicate and 
each sample contained 12.5µl of SYBR Green PCR 
Master Mix (Applied Biosystems), 8.5µl of H2O, 1µl 
of forward primer (200nM), 1µl of reverse primer 
(200nM) and 2µl of cDNA. The reaction was carried 
out as following: 50ºC for 2min, 95ºC for 10min, 40 
cycles at 95ºC for 15sec and 60ºC for 1min. Melting-
curve analyses were performed to verify product 
identity. The variability in the amount of mRNA was 
corrected by amplification of GAPDH housekeeping 
gene, and relative expression was performed as 
recommended by PFAFFL (2001). The primers 
for Grb10 (F- GGAGATTCTGGCAGACATGA 
and R- TAATCCCAGGTGTGGGTGAT) and 
GAPDH (F- GATTGTCAGCAATGCCTCCT and 
R- GGTCATAAGTCCCTCCACGA) were designed 
using Primer Express software v 3.3 (Applied 
Biosystems) and synthesized by Invitrogen.

Immunofluorescence assessment 
Bovine follicles at different size 1-3, 4-6, 

6-8 and >8mm were isolated from the ovaries and fixed 
into a 4% paraformaldehyde solution at 4°C for 12h 
and paraffin embedded for further evaluation of Grb10 
protein. Histological sections with 5mm in thickness 
were prepared to perform immunofluorescence 
analysis. Slides were deparaffinized using xylene 
for 15min, rehydrated through a graded ethanol 
series (one time for 5min in each 100%, 90%, 80%, 
70% and 50% dilution), and rinsed for 15min in 

distilled water. Endogenous peroxidase activity was 
then blocked for 20min in hydrogen peroxide 0.3% 

and washed three times in PBS for 5min. After 
washing, the slides were carefully blotted using 
a PAP pen (Vector Laboratory, Burlingame, CA) 
around the tissue. A blocking solution (PBS with 
3% of Bovine Serum Albumin and 0.2% Tween-20) 
was used to block non-specific sites during 2h at 
room temperature in a humidified chamber. After 
washed three times in PBS(1X) for 5min, the primary 
antibody in the same blocking solution was used 
to incubate the primary Grb10 antibody (sc-1026; 
dilution 1:100; Santa Cruz Biotechnology, CA, USA) 
in a humidified chamber overnight at 5°C. After this 

incubation, samples were washed three times in a 
PBS1X containing 0.2% Tween-20 for 5min before 
being incubated for 1h at room temperature to a goat 
anti-rabbit IgG antibody conjugated with Alexa Fluor 
488 (dilution 1:500; Invitrogen). Then, slides were 
washed three times in a PBS(1X) containing 0.2% 
Tween-20 for 5min. Finally, to enable nuclear staining 
visualization, samples were incubated with 300nM of 
4’,6-diamidino-2-phenylindole (DAPI; Invitrogen) in 
PBS(1X) for 5 min at room temperature. Then, slides 
were mounted with a space between the coverslip, 
filled with 50µl drop of Aqueous Mounting Medium 
(Fluoromount) and sealed with nail polish. Laser-
scanning confocal microscopy was performed using 
a Confocal Microscope Spectral FV1000 (Olympus). 
Laser scanning microscope was equipped with two 
lasers for the simultaneous excitation of Alexa Fluor 
488 fluorescent for Grb10, and DAPI for DNA, with 
fluorescence excitation and emission of 495/518 and 
358/461nm, respectively. Image software FV-Viewer 
(Olympus) was used to obtain sample images.

Statistical analysis 
The results of gene expression were 

compared by analysis of variance (PROC GLM; 
General Linear Models Procedure). When it was 
observed the treatment effect, the means between 
the different groups were compared using the multi-
comparison of means test least squares means 
(LSMEANS). All continuous variables were tested 
for normality with the support of the Shapiro-Wilk 
test and normalized when necessary according to 
each distribution. The analysis of the percentage 
of maturation in different groups was performed 
by chi-square test, using PROC CATMOD. The 
multi-comparison among the different groups was 
performed by means of contrasts. Analyses were 
performed using the statistical program SAS and 
adopted the significance level of 5%. The results of 
gene expression were represented as mean ± standard 
error of the mean for each replication and nuclear 
maturation were represented in percentage form.

RESULTS

Grb10 mRNA expression and nuclear maturation 
rates in COCs from follicles at different stages of 
development

Confirming previous studies (MARCHAL 
et al., 2002), the oocytes from follicles with 1-3 or 
4-6mm in diameter had lower (P<0.05) maturation 
rates than those from 6-8 or >8mm in diameter (Figure 
1A). Initially, Grb10 mRNA expression was evaluated 
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in isolated oocytes and cumulus cells by RT-PCR 
assay in order to validate the model. Considering that 
Grb10 mRNA was expressed in oocyte and cumulus 
cells, COCs from different follicle sizes were used 
in subsequent experiments. The results showed that 
Grb10 mRNA expression were higher (P<0.05) in 
COCs from follicles with 1-3 and 4-6mm in diameter 
than in COCs from follicles with 6-8 and >8mm in 
diameter (Figure 1B). The Grb10 mRNA expression 
in COCs was inversely related to oocyte competence 
for meiotic progression to mature stage.

Immunofluorescence staining of COCs
Immunofluorescence confocal microscopy 

of COCs from follicles with different diameters 
revealed positive fluorescence signal for Grb10 
protein in oocyte and cumulus cells of all COCs 
analyzed (Figure 1C). Interestingly, the positive 

fluorescence signaling was less evident in cumulus 
cells from follicles of 6-8 and >8mm in diameter 
than those cells of ≤ 6mm follicles (Figure 1C). The 
negative control samples cells were stained in the 
absence of primary antibody.

DISCUSSION

In this study, it was demonstrated for the 
first time the presence of Grb10 mRNA and protein 
expression in bovine COCs. The expression of Grb10 
mRNA in COCs seems to be inversely correlated with 
oocyte capacity to progress to Metaphase II. Grb10 
protein is clearly reduced in cumulus cells of follicle 
larger than 6mm compared with those of smaller 
follicles. According to LONERGAN et al. (1994), 
oocyte competence necessary to achieve embryo 
development increases proportionally to follicular 

Figure 1- Nuclear maturation rates, mRNA expression and immunofluorescence for Grb10 in bovine COCs from different follicle sizes. 
(A) Nuclear maturation rate of oocytes from follicles at different stages of development. Data correspond to 120 oocytes (~ 30 
oocytes/treatment; mean of 15 oocytes/treatment/replication). Different letters represent significant differences between groups 
(P<0.05). This experiment was performed in duplicate. (B) Grb10 mRNA expression in immature COCs from follicles at different 
stages of development. Data correspond to 480 COCs (~120 COCs/treatment; mean of 40 COCs/treatment/replication). Different 
letters (a and b) above error bars indicate statistically differences between follicle sizes (P<0.05). This experiment was performed 
in triplicate. (C) Immunofluorescence localization of Grb10 protein in COCs derived from follicles at different size (1-3, 4-6, 6-8 
and >8mm). Oo, oocyte; ZP, zona pellucida; Cc, cumulus cells. Magnification 40x. Bars represent 50µm.
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size. For this reason, these results suggest that Grb10 
is involved in acquisition of oocyte competence 
throughout antral follicle growth.

During follicular development, COCs 
undergo extensive proliferation and differentiation 
(ARMSTRONG et al., 1996). Grb10 seems to be 
involved in these two processes through interaction 
with tyrosine kinase receptors. In mouse embryonic 
fibroblast cell lines, IGF-I-mediated mitosis is 
inhibited by Grb10 (MORRIONE et al., 1997). In 
addition, Grb10 over-expression inhibits insulin-
stimulated glycogen synthesis in rat hepatocytes 
(MOUNIER et al., 2001). Taken together with 
the results of this study, we suggest that in bovine 
COCs Grb10 is probably involved in proliferative 
events controlling tyrosine kinase receptors activity. 
However, more studies should be performed to 
confirm the functional role of this gene. 

Grb10 plays a pivotal role in multiple 
intracellular transduction pathways after binding 
to activated tyrosine kinase receptors (LUCAS-
FERNANDEZ et al., 2008). For the success of 
maturation process, changes in transcriptional activity 
are needed for oocyte fertilization and early embryonic 
development. In this context, some genes increase 
their expression levels in mammalian COCs during 
follicular development while other decrease to obtain 
optimal oocyte molecular maturation (MAMO et al., 
2011). This previous data associated with the decrease 
in the Grb10 mRNA in COCs from larger follicles 
(>6mm) showed in our results, suggest a new insight 
for future studies focusing on the capacity of the Grb10 
to modulate some signal transduction pathways. 

Mammalian cumulus cells have important 
functions during oocyte maturation process such 
as: reduction in steroidogenesis and increase in 
hyaluronic acid production for cumulus expansion 
(EPPIG, 2001). To achieve these functions, some 
genes must be down-regulated, such as Nuclear 
receptor-interacting protein 1 (Nrip1) (SUGIURA et 
al., 2010). Previous studies showed that Nrip1 plays 
an important role in controlling lipid and glucose 
metabolism (ROSELL et al., 2010). In agreement, a 
study using knockout mice with a disruption of the 
Grb10 gene was found to improve insulin sensitivity 
and to reduce adiposity (SMITH et al., 2007). 
An association of Nrip1 and Grb10 has not been 
described yet. 

Grb10 protein seems to be related as 
an imprinted gene growth suppressor in mice 
and rats. Also, the disruption of Grb10 maternal 
allele gene caused an overgrowth in mice at birth 
(CHARALAMBOUS et al., 2003) and in adult 

rats (WANG et al., 2007). Therefore, this failure 
in embryonic development may be due to lack of 
accumulated Grb10 mRNA and protein in female 
gamete. RNAs and proteins synthesized and stored by 
the oocyte are important to maintain early embryonic 
development (LONERGAN et al., 1998). Taken 
together, previous data and the characterization of 
Grb10 mRNA and protein in bovine COCs, contribute 
to study some development anomalies in in vitro 
embryo production.

In conclusion, it was demonstrated 
differential expression of Grb10 mRNA and protein 
localization in bovine COCs from follicles at different 
developmental stages. These characterization data is 
a part of a study that will provide new important data 
and some intracellular molecular pathways probably 
involved in oocyte maturation.
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