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ABSTRACT

Background: The expansion and mucifi cation of granulosa cells of the cumulus oophorus-oocyte complex (COC) is 
observed during the oocyte in vitro maturation (IVM) as a result of the intense synthesis of extracellular matrix (ECM) 
components. These changes in cumulus aspect are indicative of maturation and may be infl uenced by oocyte-related factors 
and by IVM conditions. The objectives of the present study were (i) to assess the expression of gene transcripts that codify 
for the proteins hyaluronan synthase-2 (HAS2), link protein 1, connexin 43 and β-actin in bovine cumulus oophorus-oocyte 
complexes (COCs) before and after IVM, and (ii) to determine nuclear maturation rates of oocytes submitted to IVM.
Materials, Methods & Results: Bovine COCs obtained from abattoir-derived ovaries were analyzed and selected for mor-
phological aspects and divided in three experimental groups: G1, COCs submitted to IVM; G2, COCs submitted to IVM 
in medium supplemented with 10% fetal bovine serum (FBS); and G3, COCs submitted to IVM in medium supplemented 
with bovine serum albumin (BSA). After extraction of the messenger RNA (mRNA) of COCs, cDNA was extracted and 
fragments of the gene transcripts were amplifi ed using the reverse transcription (RT) and the polymerase chain reaction 
(PCR). The RT-PCR products were electrophoresed in agarose gels and amplifi cation intensity was quantifi ed to obtain 
the relative mRNA abundance. Part of oocytes submitted to IVM medium supplemented with FBS (G2) or BSA (G3) 
was stained with Hoechst 33342 to assess the nuclear maturation rate by fl uorescence microscopy. The results revealed 
that relative abundances of HAS (P = 0.000), link protein 1 (P = 0.001), connexin 43 (P =0.007) and β-actin (P = 0.011) 
transcripts differed between COCs submitted to IVM in FBS medium (G2) and COCs not submitted to IVM (G1) or COCs 
maturated in BSA medium (G3). When COCs submitted to IVM in FBS or BSA media are compared, no statistically 
signifi cant differences (P > 0.05) were observed in meiosis resumption (86.7% and 91.5%, respectively) or in nuclear 
maturation rates (56.1% and 58.5%).
Discussion: HAS2 is involved in the synthesis of hyaluronic acid (HA) by cumulus cells, and plays an important role in 
ECM expansion and in oocyte competence development. This protein organization of the ECM, formed by the aggrega-
tion of HA and proteoglycans, depends on link protein 1; it is also produced by cumulus cells and is implicated in COC 
expansion. Connexin 43 belongs to a protein family that establishes gap junctions that play an important role in the cellular 
communication and coordinated response processes. The role of gap junctions in bovine oocytes during IVM has been 
associated with maturation rates and cumulus expansion; this expansion of cumulus cells is accompanied by changes in 
the transmembrane channels formed by connexin 43. The higher mRNA expression of the HAS2, link protein 1, connexin 
43 and β-actin genes in bovine COCs submitted to IVM in FBS medium, in comparison with COCs before IVM or COCs 
maturated in BSA medium may be associated with FBS constituents, which would act as transcription factors for these 
genes during ECM expansion. Although the results obtained allow associating the differential expression of transcripts 
to the presence of FBS in the IVM medium, the data reveal that meiosis resumption and nuclear maturation apparently 
were not infl uenced by the protein supplementation regimens in the IVM medium, supplemented either with FBS or BSA.
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INTRODUCTION

One of the lasting challenges in reproduction 
biology is the understanding of the cellular and mo-
lecular processes defi ning oocyte quality. The acquisi-
tion of oocyte developmental competence and the role 
played by the follicle environment in the potential for 
oocyte development are some aspects that have require 
further elucidation [9]. 

The association between the oocyte and cumu-
lus oophorus cells, which form the cumulus oophorus-
oocyte complex (COC) is sustained during oocyte 
growth, differentiation, maturation and fertilization 
stages. This communication is essential both for oocyte 
growth and differentiation and for granulosa cells, 
allowing the successful oogenesis [3]. Oocyte devel-
opment competence may be determined by markers 
expressed by follicle cells that surround it [10]. In this 
sense, the gene expression profi le of cumulus cells may 
refl ect the fertilization potential of oocytes selected for 
in vitro maturation (IVM). However, the relationship 
between expression of specifi c genes during follicle 
growth and the respective capacity to defi ne embryo 
quality have yet to be investigated in more detail [10].

The objectives of this study were (i) to evaluate 
the transcript expression of genes that codify for the 
proteins hyalurone synthase 2 (HAS2), link protein 1 
(HAPLN1, hyaluronan and proteoglycan link protein 
1), connexin 43 (GJA1, gap junction protein, alpha 
1, 43 kDa) and β-actin (ACTB, actin, beta) in bovine 
cumulus oocytes complexes (COCs) non-maturated 
or submitted to IVM in media supplemented with dif-
ferent proteins, and (ii) assess the nuclear maturation 
rates of oocytes submitted to different IVM conditions.

MATERIALS AND METHODS

The chemicals tested for embryo cultivation 
used in the preparation of all CCOs manipulation 
media were purchased from Sigma1. The chemicals 
used in the reverse transcriptase technique (RT) and 
polymerase chain reaction (PCR) were supplied by 
Invitrogen2. Chemicals acquired from other suppliers 
are indicated in the text.

In vitro maturation (IVM) and assessment 
of nuclear maturation

Follicles measuring between 2 and 8 mm in 
diameter were collected by punction from ovaries dis-
sected from bovine females slaughtered in an abattoir. 

COCs were selected based on a morphological assess-
ment [16] and then transferred to a dish containing the 
manipulation medium M2 [18].

COCs selected for IVM were divided in groups 
of 8 to 10 and transferred to 100 µL droplets of TCM 
199 medium [17] containing 0.5 µg/mL FSH3, 0.1 
IU/mL LH4 and a protein source defi ned individually 
for each experimental group: 10% fetal bovine serum 
(FBS)5 or 4 mg/mL bovine serum albumin (BSA)6. 
IVM was carried out for between 22 h to 24 h in a 5% 
CO

2
 atmosphere and 100% relative humidity at 39ºC.

After IVM, COCs were incubated for 5 min 
in M2 containing 0.1% hyaluronidase. Then, oocytes 
were mechanically denuded of cumulus cells. Denuded 
oocytes were transferred to one M2 droplet supple-
mented with 5 µg/mL Hoechst 333421 and incubated 
for 3 min in a dark chamber. After incubation, oocytes 
were inspected by fl uorescence microscopy under 400 
x magnifi cation and sorted according to the following 
criteria: (i) germinal vesicle (GV), (ii) germinal vesicle 
breakdown (GVBD), fi rst metaphase plate formation, 
indicating that the oocyte reached metaphase I (MI), 
(iii) fi rst polar body (PB) extrusion, indicating meta-
phase (MII), (iv) degenerated oocytes (DEG) or (v) not 
observed oocytes (NO). Presence of GVBD, MI or MII 
was interpreted as meiosis resumption. However, only 
oocytes presenting PB extrusion (MII) were considered 
as presenting nuclear maturation. 

Extraction of messenger RNA (mRNA) 
and the RT and PCR techniques

As internal control, 0.1 pg rabbit α-hemoglobin 
(HBA)6 mRNA was added to samples containing 8 
COCs. Total RNA was extracted using TRIzol™ ac-
cording to the manufacturer’s instructions6. Total RNA 
samples were submitted to specifi c mRNA capture 
using a commercially available magnetic separation 
chemical7, as previously described [1].

The mRNA isolated from each sample was 
reversely transcripted in cDNA in a 20 µL fi nal vol-
ume solution [1]. The RT reaction was carried out by 
incubation at 37ºC for 60 min, followed by heating to 
95ºC for 10 min. At the end of reverse transcription, 
cDNA samples of COCs were diluted to a 80 µL fi nal 
volume completed with ultrapure RNase-free water 
that samples presented the equivalent to 0.1 COC in 
each 1 µL cDNA (0.1 COC/µL; COC equivalent).

PCR was conducted in a 20 µL fi nal volume 
[1] using 10 pmol of each specifi c primer6 (except 
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for link protein 1, for which 20 pmol were used) and 
0.1 to 1.0 COC equivalent (1 µL to 12 µL) cDNA of 
samples, depending on the mRNA investigated, or 1 
µL (1 pg/µL) cDNA of rabbit HBA. Negative controls 
were prepared without cDNA. PCR for the genes in-
vestigated and HBA (internal control) was conducted 
in separate tubes. For that, 0.2 COC equivalent was 
used for HAS2, 1.2 COC equivalent was used for link 
protein 1, 0.1 COC equivalent was used for connexin 
43, 0.3 COC equivalent was used for β-actin, and 1 µL 
of the reaction volume (20 µL) for rabbit HBA. Primer 
sequences and sizes of amplifi ed fragments are shown 
in Table 1.

PCR was conducted according to the following 
steps: initial denaturation at 94ºC for 2 min followed 
by 33 amplifi cation cycles at 94ºC for 1 min, 56ºC for 
1 min and 72ºc for 90 s (except for link protein 1, for 
which 35 cycles were used), and a fi nal extension cycle 
at 72ºC for 3 min.

The RT-PCR products were electrophoresed in 
agarose6 gels 2% in TBE 0.5X buffer (45 mM Trisbo-
rate, 1 mM EDTA, pH 8.3) containing 0.5 µg ethidium 
bromide/mL of gel. Gels were photographed and the 
amplifi cation intensity obtained was quantifi ed and 
analyzed using the Scion Image8 software. Relative 
mRNA abundance of the genes studies was calculated 
dividing the intensity of the band of each COC sample 
by the intensity of the band of rabbit HBA of the cor-
responding sample. 

Experimental design

The relative abundance of HAS2, link protein 
1, connexin 43 and β-actin transcripts was compared 
between bovine COCs not submitted to IVM (G1) and 

COCs submitted to IVM supplemented with 10% FBS 
(G2) or 4 mg/mL BSA (G3). Nuclear maturation rate 
of COCs submitted to IVM was also compared.

Selected COCs were evenly sorted to the three 
experimental groups. G1 included eight COCs that 
were not submitted to IVM were collected in 8 µL 
M2 and stored in a 1.0 mL cone tube containing liquid 
nitrogen. G2 was formed by eight COCs were submit-
ted to IVM in maturation medium supplemented with 
10% FBS. G3 comprised eight COCs were submitted to 
IVM in a maturation medium supplemented with 4 mg/
mL BSA. COCs of G2 and G3 were collected in 80 µL 
of the respective maturation medium, transferred to 1.0 
mL cone tubes and stored in liquid nitrogen. Relative 
abundance of studied gene transcripts was calculated 
based on eight repeats (64 COCs).

For COCs used to assess nuclear matura-
tion stage, IVM was carried out in droplets of the 
maturation medium containing 10 COCs under the 
same conditions as described for G2 (FBS) and G3 
(BSA). Nuclear maturation was evaluated based on 
10 repeats.

Statistical analyses

Relative abundance of HAS2, link protein 1, 
connexin 43 and β-actin transcripts was analyzed using 
the SPSS 159 software. Abundance data were tested for 
variance homogeneity using the Levene test and then 
compared by analysis of variance (ANOVA) followed 
by the multiple comparison test (Tukey). The results 
of the nuclear maturation evaluation were analyzed 
using the Chi-square test followed by the exact Fisher 
test, when necessary. Statistically signifi cance was 
defi ned as P  0.05.

Table 1. Primer sequences used in the RT-PCR techniques.

Genes GenBank 
accession number Primer sequences Amplifi ed 

fragment

HAS2 NM_174079 5’ GCTTGACCCAGCATCATCTGTGG
3’ CTGGTTTAACCATCTGAGATATT 403bp

HAPLN1 NM_174288 5’ GGTCTGTGCAATATCCCATC
3’ CCCACTTTAGCAATCTGAGC 232bp

GJA1 NM_174068 5’ GGGAAAGAGCGATCCTTACCACACTACCAC
3’ CCACCTCCAATGAAACAAAATGAACACCTA 516bp

ACTB NM_173979 5’ GAG AAG CTC TGC TAC GTG GC
3’ CCG GAC AGC ACC GTG TTG GC 263bp

HBA NM_001082389 5’ GCAGCCACGGTGGCGAGTAT
3’ GTGGGACAGGAGCTTGAAAT 257bp

ACTB (actin, beta): -actine; GJA1 (gap junction protein, alpha 1, 43kDa): connexin 43; HAPLN1 (hyaluronan and proteoglycan link 
protein 1): link protein 1; HAS2 (hyaluronan synthase): hyaluronic acid synthase 2; HBA (alpha-hemoglobin): alpha-hemoglobin.
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RESULTS

During the manipulation experiments in the 
collection of oocytes used in the gene expression and 
nuclear maturation analysis, a higher degree of ex-
pansion and mucifi cation of the ECM was observed 
in COCs submitted to IVM in medium supplemented 
with FBS, compared with those submitted to IVM in 
medium supplemented with BSA (data not shown).

HAS2, link protein 1, connexin 43 and β-actin 
transcripts were detected in all gels submitted to 
electrophoresis to assess the gene expression profi le. 
The analysis of gels based on band intensity of each 
cDNA fragment allowed defi ning a relative abundance 
value for each sample. Mean and standard deviation 
of relative abundance of transcripts obtained for 8 bo-
vine COCs of each of the three experimental groups 
(eight repeats) are presented in Figure 1. Statistically 
signifi cant difference was observed for the relative 

abundance of HAS2 (P = 0.000), link protein 1 (P = 
0.001), connexin 43 (P = 0.007) and β-actin (P = 0.011) 
transcripts, between the three experimental groups 
(Figure 1). The expression of all transcripts was higher 
in COCs submitted to IVM in medium containing FBS 
(G2), compared with those not submitted to IVM (G1) 
or those maturated in BSA (G3).

The assessment of nuclear maturation was 
carried out in 98 oocytes submitted to IVM in the me-
dium supplemented with FBS (G2) and in 94 oocytes 
submitted to IVM in the medium containing BSA 
(G3). Nuclear maturation data of oocytes are shown 
in Table 2. No statistically signifi cant differences 
(P < 0.05) were observed in the nuclear morphology 
of oocytes submitted to IVM in the presence of FBS 
or BSA, for meiosis resumption (86.7% and 91.5%, 
respectively) or in nuclear maturation rates (56.1% 
and 58.5%). 

Table 2. Evaluation of meiosis resumption (GVBD, MI and MII) and nuclear maturation (only MII) in bovine oocytes maturated in vitro in 
FBS and BSA media.

Protein 
source

Oocytes GV GVBD MI MII DEG NO 

n n (%) n (%) n (%) n (%) n (%) n (%)

FBS 98 1 (1.0) 22 (22.4) 8 ( 8.2) 55 (56.1) 4 (4.1) 8 (8.2)

BSA 94 3 (3.2) 20 (21.3) 11 (11.7) 55 (58.5) 1 (1.1) 4 (4.3)

GV (germinal vesicle); GVBD (germinal vesicle breakdown); MI (fi rst metaphase plate formation); MII (presence of fi rst polar body extrusion); 
DEG (degenerated oocyte); NO (not observed oocytes); P > 0.05.

Figure 1. Relative mRNA abundance (mean ± standard deviation) of HAS2, link protein 1, connexin 43 and β-actin transcripts in different bovine COCs. 
NO-IVM [G1: COCs not submitted to IVM]; IVM (FBS) [G2: CCOs submitted to IVM in a FBS medium]; IVM (BSA) [G3: CCOs submitted to IVM 
in a BSA medium]. a,b: different letters in each gene represent statistically signifi cant difference between COC groups (ANOVA) [HAS (P = 0.000), 
link protein 1 (P = 0.001), connexin 43 (P = 0.007) and β-actin (P = 0.011)].
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DISCUSSION

Research on the expression of genes associ-
ated with IVM usually addresses the expression of 
oocyte transcripts, and essentially discusses the role 
of cumulus cells in gamete development and the pro-
cesses involved in the interaction between structures 
[11,19,25]. However, cumulus cells are important in 
the oocyte maturation process. It is known that in 
vivo follicle development, maturation and ovulation 
are successful only when there is a communication 
between cumulus cells and oocyte [24]. The expan-
sion (or mucifi cation) of the COC plays a role in 
molecular fi ltration, which may concentrate signaling 
molecules produced by the oocyte and cumulus cells 
[7]. In the present study, the relative abundance of 
mRNA of the genes HAS2, link protein 1, connexin 43 
and β-actin differed between COCs before and after 
IVM, suggesting their importance in the maturation 
process. Large amounts of hyaluronic acid (HA) and 
of other proteins are secreted during oocyte matura-
tion, producing the protein ECM associated with 
the expansion and mucifi cation of COC [12, 20]. 
The protein HAS2 is implicated in HA synthesis by 
cumulus cells, and is important in the ECM expan-
sion process [11]. Additionally, it has been associated 
with oocyte developmental competence [7]. The 
protein organization of the ECM, formed by the ag-
gregation of HA and proteoglycans, depends on link 
protein 1 (HAPLN1), which is produced by cumulus 
cells [14,23] and is involved also in COC expansion 
[22,27]. The protein and the mRNA of the connexin 
43 protein are present in bovine COCs during IVM 
[4, 26]. Connexin 43 belongs to a protein family 
that establishes gap junctions that play an important 
role in the communication and coordinated response 
processes between cells. The role of gap junctions for 
bovine COCs during IVM has been linked with both 
maturation rates and cumulus expansion; the signaling 
blockade mediated by gap junctions or the reduction 
of connexin 43 levels lowers maturation rates [26], 
while the expansion of cumulus cells is accompanied 
by changes in the transmembrane channels formed 
by connexin 43 [6]. 

During IVM and subsequent embryo develop-
ment, important nuclear and cytoplasm reprogramming 
events take place requiring several chemical com-
pounds that therefore have to be present in the culture 
medium [5,19]. However, during IVM gene transcrip-

tion may be affected by a series of supplements to 
which COCs are exposed. The results show that the 
expression of all transcripts was higher in COC groups 
submitted to IVM in a FBS medium, in comparison 
with COCs before IVM or that were maturated in the 
BSA medium. Additionally, higher ECM expansion 
and mucifi cation were observed in the COCs maturated 
in the FBS medium (data not shown). These results 
may be associated with components present in FBS, 
which could act as transcription factors of the genes 
involved in both the expansion and mucifi cation of the 
ECM [6,11,22,27]. 

Additionally, in the present study, although 
differences were observed in the expression of the 
genes studied, the nuclear morphology of oocytes after 
IVM did not differ signifi cantly between COCs matu-
rated in FBS or BSA media, both in terms of meiosis 
resumption (GVDB, MI and MII) and nuclear matu-
ration (MII). It is known that IVM is a reproduction 
technology that affords to produce ex vivo maturated 
oocytes, with no need for ovarian gonadotrofi ns treat-
ments, that involve the removal of COCs from antral 
follicles and cultivation under standardized conditions 
until oocytes reach metaphase II [9]. However, even 
when nuclear maturation takes place, only a small 
number of these maturated oocytes exhibits full de-
velopment potential [21]. Cytoplasm maturation also 
has to be accomplished, at the end of which mRNAs, 
proteins and transcription factors are stored, which act 
during maturation, fertilization and the beginning of 
embryogenesis [8]. Although a considerable number 
of bovine oocytes, after they were removed from the 
follicle, spontaneously undergo meiosis resumption, 
little is known about the requirements for appropriate 
cytoplasm maturation [4].

When nuclear maturation data are compared 
with the evaluation of gene expression and ECM 
expansion and mucifi cation (data not shown), it is ob-
served that COCs maturated in FBS medium presented 
nuclear maturation rates similar to those shown by 
COCs submitted to IVM in BSA medium, in spite of 
the distinctive mucifi cation aspects and of the relative 
abundance of mRNA of the genes detected in both COC 
groups. Although it is possible to associate differential 
expression of transcripts to the presence of FBS in the 
maturation medium [6,22], nuclear maturation ap-
parently was not infl uenced by supplementation with 
protein sources in IVM.
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Even though differences were observed in the 
expression of the transcripts analyzed, gene expression 
in embryos produced by the IVM protocols adopted 
was not evaluated in the present study. Some authors 
understand that higher relative abundance of transcripts 
in bovine blastocyst produced in vitro is linked with 
the supplementation of the medium with BSA or serum 
during IVM [19,25], though other researchers have 
shown that protein supplementation with BSA or serum 
in the maturation or cultivation medium does not affect 
the mRNA abundance profi les of embryos [15,17].

Moreover, different genes exposed to the same 
set of conditions may be induced differently. Studies 
using bovine embryos [2,17] did not establish any 
signifi cant difference in mRNA relative abundance 
for IVM protocols. The reason for this may be the 
high variation across COCs samples. One possible 
explanation for the variation in the gene expression 
profi le between samples may be associated with the 
IVM protocol used. In bovines, the supplementation 
of the culture medium with serum has been associated 
with the variation in the in vitro responses of embryos 
[13], of COCs [4] and cumulus cells [1]. The data ob-

tained here show that the samples used in the several 
experimental repeats were homogeneous.

All in all, exposure of bovine COCs to different 
IVM conditions infl uenced the expression of HAS2, 
link protein 1, connexin 43 and β-actin transcripts, 
showing the increased expression of these transcripts 
when IVM was conducted in a medium containing 
FBS. However, IVM in FBS or BSA media did not 
alter meiosis resumption and nuclear maturation rates.
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