Reprod Med Biol (2011) 10:43-49
DOI 10.1007/512522-010-0069-y

ORIGINAL ARTICLE

Effect of bovine cumulus—oocyte complexes-conditioned medium
on in-vitro maturation of canine oocytes

Mohammed A. Abdel-Ghani - Yasuyuki Abe -
Tomoyoshi Asano * Seizo Hamano -
Hiroshi Suzuki

Received: 16 June 2010/ Accepted: 1 October 2010/ Published online: 26 October 2010

© Japan Society for Reproductive Medicine 2010

Abstract

Purpose To investigate the ability of medium condi-
tioned with bovine cumulus—oocyte complexes (COCs) to
support nuclear maturation of canine oocytes recovered
from domestic dog ovaries.

Methods Cumulus—oocyte complexes were obtained from
ovaries of domestic bitches (8 months old to 7 years old),
and in-vitro maturation was evaluated in TCM-199 sup-
plemented with different concentrations (0, 20, 30 or 50%)
of bovine COCs-conditioned medium (BCM). The canine
COCs were cultured for 72 or 96 h at 38.5°C in 5% CO,,
5% O, and 90% N,. The bovine COCs-conditioned med-
ium was obtained from culture of bovine COCs with TCM-
199 supplemented with 5% FCS for 22 h at 38.5°C in 2%
COy,, 98% air.

Results The proportion of germinal vesicle breakdown
(GVBD) after 72 h was significantly higher (P < 0.05) in
medium supplemented with 30% BCM (20.7%) compared
with the control group (13.4%). The rates of GVBD-MII
stage were significantly higher (P < 0.05) when oocytes
were matured with BCM at concentration of 30% (41.5%)
compared with control (26.6%) after 72 h in-vitro culture.
After 96 h in-vitro culture, the oocytes matured in medium
supplemented with 30% BCM (5.5%) showed a significant
increase (P < 0.05) in the proportion of MII compared
with control (0.7%). However, increasing the cultivation
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time from 72 to 96 h resulted in an increase in oocyte
degeneration rate.

Conclusions The results suggested that bovine COCs-
conditioned medium supplementation significantly increased
nuclear maturation of canine oocytes.
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Introduction

Development of reproductive technologies is highly
desirable for advancement of the breeding of domestic
dogs, and for conservation programs of wild and endan-
gered canid species. However, assisted reproduction tech-
nologies (ARTs), for example in-vitro maturation of
oocytes (IVM), in-vitro fertilization (IVF), and embryo
culture, are less developed for the dog than for other
domestic livestock. Unique species-specific reproductive
characteristics substantially affect development of ARTs in
dogs. In contrast with most mammalian species, in which
the oocyte completes its first meiotic division in the pre-
ovulatory follicle and matured oocytes are ovulated and
ready for fertilization within the oviduct, the domestic
bitch ovulates immature oocytes at the germinal vesicle
stage and the oocytes undergo a 48-72-h period of pos-
tovulatory maturation in the upper regions of the oviduct,
and during oocyte maturation in vivo oocytes are exposed
to an ever-changing environment of gonadotropins, ste-
roids, growth factors, and many other factors, any or all of
which may interact to regulate maturational changes that
occur in the oocyte and its surrounding cumulus cells
during the preovulatory period [1-7]. Clearly, these factors
are assumed to be beneficial and involved in nuclear and/or
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cytoplasmic maturation of oocytes during [IVM for several
mammalian species, for example porcine [8, 9], human
[10], mouse [11], equine [12], and bovine [13]. The
peculiarities of reproductive physiology of the dog com-
plicate the definition of a culture system for IVM, which is
currently characterized by poor and highly variable results.

The first study on IVM and IVF of dog oocytes was
over 30 years ago by Mahi and Yanagimachi [14]. Since
that report, and despite numerous studies documenting
and focusing on establishing a suitable system for IVM of
canine oocytes [15-19], the efficiency is lower than for
other domestic mammalian species, for example cattle
[20, 21], sheep [22], pigs [23], mice [24], and cats [25].
Although puppies have been produced from somatic cell
nuclear transfer of in-vivo matured oocytes [26], there has
been no report of the production of live young after
transfer of in-vitro maturation and fertilization-derived
embryos [27].

Despite multiple publications discussing the addition of
chemical and hormonal compounds to the IVM medium,
for example fetal bovine serum [28, 29], estrus bitch serum
or estrus cow serum [15, 30], gonadotropins [31], steroids
[5, 32, 33], and oviductal fluid and oviductal tissue in co-
culture [34, 35], to promote GV synchronization through
meiotic inhibition or to promote meiotic resumption and
increase the percentage of oocytes which undergo GVBD,
or substances known to protect cells from oxidative dam-
age, for example f-mercaptoethanol and insulin—transfer-
rin—selenium combinations [16, 36], the meiotic response
of in-vitro matured canine oocytes is still very unpredict-
able because it is difficult to identify the components
lacking in the medium, or which compounds may be det-
rimental or suppressive [37], and which compounds in the
in-vitro maturation system support the dynamic changes
required for maturation of all components of the cumulus—
oocyte complexes (COCs) [38].

It has been reported that epidermal growth factor (EGF)
stimulates the IVM of oocytes in mice [39], cattle [40],
humans [41] and pigs [42]. Activin, transforming growth
factor beta (TGF-f), and basic fibroblast growth factors
(bFGF) have been shown to stimulate the mitotic activity
of bovine granulosa cells and/or the growth of granulosa
cells or follicles in culture [43, 44]. It has been shown that
granulosa cells of several species, for example the cow and
hamster, produce some of these growth factors [45].

In addition, during conditioning the culture secreted
embryotrophic components including proteins into the media
that support blastocyst formation in early bovine embryo
fertilized in vitro [46].

Therefore, the ability of bovine COCs-conditioned
medium to support nuclear maturation of canine oocytes
recovered from domestic dog ovaries in random repro-
ductive states was examined.
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Materials and methods

Collection and preparation of cumulus—oocyte
complexes (COCs)

Ovaries were obtained from healthy domestic bitches at
random stages of estrus cycle (8 months old to 7 years old)
undergoing routine ovariohysterectomy in local veterinary
clinics in Obihiro. The dogs were of different breeds and
the total number was 32. Both ovaries were transported to
the laboratory within 1 h in a vacuum flask containing
physiological sterile saline supplemented with 100 IU/mL
penicillin (Calbiochem, La Jolla, CA, USA) at 37°C. After
transportation, the fat, ligaments and medulla were trim-
med off carefully and discarded. The COCs were released
by repeatedly slicing the ovarian cortex with a scalpel
blade (Feather, Osaka, Japan) at room temperature. These
COCs were placed in 35-mm Petri dishes (Falcon # 3001;
Becton—Dickinson, Lincoln Park, NY, USA) containing
PB1 medium [47] supplemented with 3 mg/mL BSA
(Sigma, St Louis, MO, USA) and 100 pg/mL streptomycin
(Meiji, Tokyo, Japan), and examined under a dissecting
microscope (SMZ1500; Nikon Instech, Tokyo, Japan).
After three washes in the same medium, the COCs were
selected according to the criteria previously described by
De los Reyes et al. [18], Hewitt and England [48], and Otoi
et al. [49] under an inverted microscope (DMIR/E, Leica,
Wetzlar, Germany). The conditions were those reported to
favor meiotic competence based on the uniformity of
ooplasm and cumulus cell complement, homogeneous dark
cytoplasm with three or more layers of compact cumulus
cells, and oocytes >110 pm in diameter. The vitelline
diameter of COCs was measured using a calibrated ocular
micrometer.

Culture media

Collected COCs were cultured in TCM-199 (Earle’s salt +
2.2 g/L sodium bicarbonate, buffered with 25 mM Hepes;
Gibco-Invitrogen Life Technologies, NY, USA) supple-
mented with 10% canine serum containing 18 ng/mL
progesterone, 50 ng/mL EGF (Sigma), 10 pg/mL estradiol-
174 (Sigma), 0.1 IU/mL hCG (Sankyo, Tokyo, Japan), 0.1
IU/mL FSH (Sigma), 0.25 mM pyruvic acid (Wako,
Tokyo, Japan), 100 M f-mercaptoethanol (Sigma) and
antibiotics (12.2 mg/mL penicillin and 20 mg/mL strepto-
mycin) [50]. After preparation of TCM-199, the bovine
COCs-conditioned medium (BCM) was added. The bovine
medium was TCM-199 supplemented with 5% fetal calf
serum (Sigma) and 50 pg/mL gentamycin (Sigma). The
bovine medium was used for cultivation of bovine COCs
for 22 h at 38.5°C, in 2% CO, [51] in air, and was denoted
bovine BCM. The canine serum used for culture was
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collected from healthy bitches, heat-inactivated for 30 min
at 56°C, and stored at —78°C until it was used. The
concentration of progesterone was measured using a
BioMerieux Vidas® progesterone kit (Spotchem Vidas
sv-5020; Arkray, Kyoto, Japan).

In-vitro maturation of oocytes

To investigate the effects of TCM-199 supplemented with
different concentrations of BCM (0, 20, 30 or 50%),
COCs were allocated randomly to four treatment groups:
(A) TCM-199 (control); (B) TCM-199 + 20% BCM; (C)
TCM-199 + 30% BCM; (D) TCM-199 + 50% BCM.
The four groups of COCs were cultured for 72 or 96 h.
COCs from each treatment were placed in 35-mm Petri
dishes that contained 10 oocytes/100 pL. medium and
covered with mineral oil (Nacalai Tesque, Kyoto, Japan)
at 38.5°C in a humidified atmosphere of 5% CO,, 5% O,
and 90% N,.

Assessment of nuclear status

Cumulus—oocyte complexes were denuded by exposure to

0.1% hyaluronidase (Sigma) for 10 min with gentle

pipetting to remove cumulus cells. The denuded oocytes

were fixed and permeabilized in Dulbecco’s phosphate-
buffered saline (PBS) containing 3.7% (w/v) paraformal-
dehyde for 20 min. They were washed three times in PB1
supplemented with 3 mg/mL BSA and then transferred to

7.5 pg/mL bis-benzimide (Hoechst 33342; Sigma) for

15 min; afterwards they were washed again three times in

PB1 and placed on glass slides. The oocytes were subse-

quently overlaid with a coverslip. The chromatin state was

evaluated using a fluorescence microscope with UV light

(C-SHGI1, Nikon) to determine the meiotic stage as

described by Hewitt and England [48] and De los Reyes

et al. [18]:

1 immature or germinal vesicle (GV, Fig. 1a), when the
nuclear envelope was visible;

2 resumption of meiosis or germinal vesicle breakdown
(GVBD, Fig. 1b), when the nuclear envelope was no
longer visible and the chromatin was dispersed;

3 metaphase I (MI, Fig. 1c), when chromosomes were
condensed and present in equatorial view or when the
chromosomes were migrating to the poles; and

4  mature (metaphase II; MII, Fig. 1d), when chromo-
somes were in second metaphase with extrusion of the
first polar body.

Oocytes with loss of membrane integrity or showing
either dispersed chromosomes or unidentifiable chromatin
are counted as degenerated (Fig. le).

Statistical analysis

All COCs were randomly distributed within each experi-
mental group and each experiment was repeated at least
three times. Data were subjected to ANOVA (Statistical
Analysis System, SPSS, USA); followed by post-HOC
multiple comparisons using the least significant difference
(LSD) test. Differences of P < 0.05 were regarded as sig-
nificant. The proportions of GV, GVBD, MI, MII, degen-
erated, and GVBD-MII oocytes cultured in different media
are presented as mean =+ standard deviations.

All experiments were carried out in accordance with
the guidelines for the care and use of animals approved
by Obihiro University of Agriculture and Veterinary
Medicine.

Results

The meiotic status of canine oocytes (a total of 384 oocytes
were used from 17 bitches) cultured in medium supple-
mented with different concentrations of BCM after 72 h is
shown in Table 1. The proportion of GVBD was signifi-
cantly higher (P < 0.05) when medium was supplemented
with 30% BCM (20.7%) compared with the control group
(13.4%). Similarly, the rates of MI stage were significantly
higher (P < 0.05) when oocytes were matured with BCM
at a concentration of 30% (14.0%) compared with controls
(7.9%). Although there were no significant differences
between the experimental groups and period, the propor-
tion of MII was highest when COCs were cultured in TCM-
199 with 30% BCM. Significantly higher rates (P < 0.05)
of GVBD-MII were found in treatment with BCM at a
concentration of 30% (41.5%) compared with control
(26.6%). None of the oocytes matured to MII in 50% BCM
and overall meiotic resumption was lower in 50% BCM
than in any of the other treatment groups.

The meiotic status of canine oocytes (a total of 357
oocytes were used from 15 bitches) after 96 h of culture is
shown in Table 1. The rates of GV and GVBD did not differ
significantly for oocytes matured with or without BCM.
However, compared with control (0.5%), the inclusion of
20% (5.1%) and 30% (11.2%) BCM during IVM signifi-
cantly (P < 0.05) increased the proportion of MI. The
oocytes matured in medium supplemented with 30% BCM
(5.5%) showed a significant increase (P < 0.05) in the
proportion of MII compared with that of oocytes without
BCM (0.7%). The oocytes cultured with 50% BCM failed to
progress beyond GVBD.

Treatments with 30% BCM concentration showed sig-
nificant (P < 0.05) reduction of oocyte degeneration rate
than in other experimental groups.
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Fig. 1 Fluorescence
photomicrographs showing
chromatin configuration in
canine oocytes stained with
Hoechst 33342: a germinal
vesicle (GV), b germinal vesicle
breakdown (GVBD),

¢ metaphase I (MI),

d metaphase I (MII),

e Degenerated (x400)

Increasing the cultivation time from 72 to 96 h resulted
in a significant (P < 0.05) decrease in nuclear maturation
rates and an increase in oocyte degeneration.

Discussion

The rates of meiotic completion of canine oocytes
have varied because the oocytes used for IVM experi-
ments have been collected from different sources, and
cultured with a variety of different culture systems and
media [52].

@ Springer

Our result showed that supplementation of maturation
medium with BCM at a concentration of 30% during
IVM significantly increased the MII rate (7%) and signifi-
cantly reduced degeneration rates compared with control.
Although the percentage of MII stage in our experiment is
not higher than that achieved in some previous studies, that
ranged from 1.9 to 20% [15-19, 31, 33, 34, 53-55], it can be
argued that the presence of BCM during IVM resulted in a
higher percentage of oocytes completing MI synchronously
to reach the MII stage, and that the BCM medium was used
for the first time and might have to be modified to increase
the nuclear maturation rate.
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Table 1 Nuclear status of canine oocytes after 72 or 96 h in-vitro culture in TCM-199 supplemented with different concentrations of bovine COCs-conditioned medium

No. of oocytes examined % Meiotic stage (mean £+ SD)*

Treatment

Culture time (h)

GVBD-MII

GVBD MI MII Deg.

GV

57.04 + 14.09*°  26.62 & 13.09*°

3.09 + 5.29*

7.87 + 5.72°
11.95 + 6.51*°
13.98 & 4.08"

18.51 £ 8.27*  13.43 £ 6.04*
14.96 + 7.08*

16.10 &+ 7.84%
19.61 + 2.02*

119
112
112

TCM-1998

72

47.92 £ 11.73*  35.38 & 7.81*¢

5.07 £ 6.62%

18.07 &+ 12.77*®
20.68 + 7.26°

80%TCM-199 + 20%BCM

41.48 + 9.74°4
17.89 + 2.98"

43.65 £+ 16.23"

65.66 + 3.55*

6.82 + 7.69*

70% TCM-199 + 30%BCM
50% TCM-199 + 50%BCM

TCM-199

0.0 £ 0.0

4.88 + 0.53*

9.80 + 1.01%®

41
105

17.36 + 12.66*
20.55 + 9.25%
29.54 + 8.74°

72.75 + 10.26*

0.7 + 2.25
433 + 10.66™°

9.86 + 930  12.86 + 12.82° 0.45 & 1.43°
5.49 + 6.38°

10.28 + 10.11*
10.73 £ 7.43*

96

66.87 + 24.54%°
58.11 + 9.61°
86.75 + 5.86

5.12 + 5.66°
11.24 4+ 9.23°

15.15 + 10.53%
12.79 + 7.35%

106

101

80% TCM-199 + 20%BCM
70% TCM-199 + 30%BCM
50% TCM-199 4+ 50%BCM

6.52 + 9.22°

0.0 £ 0.0

6.52 £+ 9.22° 0.0 £ 0.0

6.71 + 3.35°

45

GV germinal vesicle, GVBD germinal vesicle break down, MI metaphase I, MII metaphase II, Deg degenerated, BCM bovine COCs-conditioned medium

A Values with different superscripts (a—d) are significantly different (P < 0.05) in the same column for each cultivation time

B TCM-199 containing 10% canine serum, 18 ng/mL progesterone, 50 ng/mL EGF, 10 pg/mL estradiol-17f, 0.1 IU/mL hCG, 0.1 IU/mL FSH, 0.25 mM pyruvic acid, 100 uM f-mercap-

toethanol, and antibiotics

Granulosa cells of the cow produce some of growth
factors, for example activin, EGF, TGF-f}, and bFGF [45].
These factors have been shown to stimulate the mitotic
activity of bovine granulosa cells and/or the growth of
granulosa cells in culture [43, 44], and in-vitro studies
showed that TGF-f stimulated oocyte maturation in rats
[56], mice [57], and pigs [58]. Furthermore, cumulus cells
of bovine [59] or human [60] COCs can secrete high
concentrations of E, and progesterone when supplemented
with fetal bovine serum or bovine serum albumin.

Kim et al. [16] and Willingham-Rocky et al. [33] have
demonstrated a positive effect of E, and progesterone on
IVM in dogs. Furthermore, cumulus cells were involved in
mediating the stimulatory effects of E, and EGF on nuclear
maturation of canine oocytes, and that E, and EGF acted to
complete oocyte meiotic maturation [61]. Thus, when canine
oocytes were cultured in BCM, secretions by BCM probably
participated in the regulation mechanism and facilitated the
maturation progress of oocytes by modulating intracellular
cooperation during IVM. It is more likely that one of these
factors, or several of them acting in concert, are responsible
for the nuclear maturation, probably through specific
receptor activation on the oocyte vitelline membrane.

Likewise, it is possible that the growth factors may play
critical roles in oocyte maturation by stimulating the pat-
tern of proteins neosynthesized during oocyte maturation
[40], and play a regulatory role in oocyte maturation in a
paracrine/autocrine manner, or it might be one of the sig-
naling factors for the resumption of meiosis in oocytes
[62]. The growth factors have been shown to accelerate
progression of meiosis [63] and the meiotic cell cycle in
bovine oocytes, possibly by increasing H1 and MAP kinase
activity during the early stages of maturation [64]. Addi-
tionally, the factors secreted by cumulus cells that regulate
the disruption of gap junction and cumulus expansion, as
shown for pig oocytes [65], may be stimulated by these
growth factors [66].

In contrast, a prolonged incubation time is associated
not only with an increased rate of degeneration of canine
oocytes but also with potential decreases in the proportion
of GVBD-MII. The detrimental effects of extending the
culture time to nuclear maturation are consistent with other
reports [30, 31, 38] that a more protracted incubation time
increases oocyte degeneration, and with reports by Otoi
et al. [67] and Suzukamo et al. [68] of a greater frequency
of nuclear maturation of oocytes when they were cultured
for 72 h. However, the optimum culture time for IVM of
canine oocytes is still controversial [27]. We speculate that
higher rates of degeneration of canine oocytes observed on
extending the culture time are particularly due to the
combined interaction of aging in oocytes and the assumed
consumption of medium nutrients such as growth factors
and serum.
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Thus, it might be important to optimize the balance
between culture system and incubation time as accurately
as possible to improve nuclear maturation and limit the rate
of degeneration.

In conclusion, the results of this study indicate that
supplementing culture medium with bovine COCs-condi-
tioned medium significantly increased nuclear maturation
of canine oocytes and presumably reduced oocyte degen-
eration compared with maturation medium alone, but the
media might have to be modified to increase the nuclear
maturation rate. Moreover, the incubation time might be an
important factor for successful nuclear maturation.
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