








364 C.J. H. Souza et al.

a

. @
BMP-2

4 |

3

2

o —_
I !

b
il A0
Z BMP-4
o 44
()]
L oia
Y
o 2 1
(0]
N
g
s O
@ 5_(C)
= BMP-6
- |
> 4
©
> 21
©
s 1
<
)
7 BMP-7

Pla Pit Cot Adr Ova F<3 F>4 The Gra CL

Fig. 1. Expression of bone morphogenetic protein (BMP) mRNA
((@) BMP-2 mRNA; (b) BMP-4 mRNA; (c) BMP-6 mRNA and (d)
BMP-7 mRNA) in sheep tissues by northern blot analysis (15 g
total RNA loaded per lane). Adr: adrenal; Cot: cotyledon; CL:
corpus luteum; F < 3: follicle < 3 mm; F > 4: follicle > 4 mm;
Gra: granulosa-> 3 mm; Ova: ovary; Pit: pituitary; Pla: placenta;
The: theca > 3 mm.

gland (Wilson et al., 2001). BMP-7, a known ligand for the mutant receptor, increases the
expression of FSHB RNA in rodent in vitro systems (Huang et al., 2001) and BMP-4 and -7
are expressed in the sheep pituitary gland (Fig. 1). Nevertheless, differences in gonadotrophin
secretion cannot account for the ovarian phenotype of the Booroola mutation.






366 C.J. H. Souza et al.

The follicles in the Booroola carrier ewes mature at a smaller diameter than do follicles
in non-carrier ewes, and influence the basal content of cAMP and gonadotrophin-stimulated
cAMP response in vitro in follicles from the early antral stage onwards (McNatty etal., 1986b).
However, the difference in second messenger activity does not seem to be related to either
FSH or LH receptor binding characteristics on granulosa or theca and luteal cells, respectively
(McNatty et al., 1986¢, 1989b). LH receptors were found in granulosa cells from follicles of
smaller diameter in carrier ewes than in non-carrier ewes (3.0-4.5 mm for BB/B+ and > 5 mm
for ++) (McNatty et al., 1986c).

Similarly, examination of expression of mRNA cytochrome P450 aromatase, 17a-
hydroxylase, inhibin a (Inha), Ba (InhB) and Bg (InhBg) subunits and LH receptor in Scottish
Blackface Merinos carrying the Booroola mutation showed that the main genotypic differences
were an increase (P < 0.001) in aromatase and Inhpa expression in medium sized follicles
of 2—4 mm in diameter (Campbell et al., 1998). However, there was also a decrease (P <
0.05) in InhBg expression in small follicles and an increase (P < 0.001) in 17a-hydroxylase
expression in small follicles of Booroola sheep. In non-oestrogenic follicles in BB ewes, InhBg
expression in granulosa was lower and expression of thecal LH receptor and 17a-hydroxylase
was higher (P < 0.05). Expression of LH receptor in the granulosa cells was not examined in
this study. Overall, these results indicate that, in addition to changes in the patterns of expres-
sion that can be attributed to precocious differentiation of the granulosa cells (aromatase and
InhBA), the FecB gene results in changes in the pattern of expression of other differentiation
markers in both granulosa and theca cells (InhBg, LH receptor, 17a-hydroxylase) which may
be involved in a common paracrine pathway to regulate follicular development.

Culture of granulosa cells in vitro from follicles at similar stages of maturation revealed no
significant differences in cAMP synthesis after stimulation with FSH, LH, forskolin, cholera
or pertussis toxin in the different genotypes and similar catabolism rate of cAMP (Henderson
et al., 1987; McNatty et al., 1989b, 1990), indicating that the Booroola mutation has no
direct influence on gonadotrophin binding and second messenger generating systems.

In follicles of > 1T mm in diameter, granulosa cells are the only source of oestradiol and
the capacity of these cells to aromatize androgens to oestradiol was at its highest in follicles
of different diameter according to the FecB genotype (3.0-3.5 mm, 3.0-5.5mm and 5 mm in
diameter for BB, B+ and ++ ewes, respectively) (McNatty and Henderson, 1987). However,
the steroid production of the theca cells, mainly androstenedione and to a lesser extent
progesterone and testosterone, was not influenced by the Booroola genotype (McNatty and
Henderson, 1987). Short-term culture (4 h) of small intact follicles, between 30 and 60% of
the putative preovulatory size (2-4 mm in ++ and 1.5-3.0mm in B+) with or without FSH
showed that the granulosa cells of mutant ewes proliferate more in the presence or absence of
gonadotrophin, whereas no differences were found in the theca cell layer. When large intact
follicles with a diameter of > 80% of the preovulatory size were cultured in a perfusion system
for 24 h, no difference between genotypes was found in the oestradiol production after FSH
stimulation (Driancourt, 1991). Granulosa cells from both genotypes cultured in vitro using a
system that prevents spontaneous luteinization show that cells from mutant ewes have higher
aromatase activity and are more responsive to FSH than cells from control ewes (Webb et al.,
1995).

The Booroola ovarian phenotype is not only restricted to the size and number of ovulatory
follicles. Histological examination demonstrated that oocytes were larger in BB versus ++
preantral follicles. Oocytes from B+ follicles gain the ability to resume meiosis at a smaller
size and a higher proportion of them reach metaphase Il, irrespective of their size when
compared with wild-type follicles. In addition, the developmental rate of eggs after [VF was
also affected by genotype: B+ oocytes originating from follicles of 1.0-3.5 mm in diameter
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of BMPR1B. Another possibility is an effect on the bioavailability and the diffusion of the
BMPs in the ovary as both the membrane bound antagonist BAMBI and Chordin are showed
by PCR to be expressed in the sheep ovary (C. J. H. Souza, A. S. McNeilly and D. T. Baird,
unpublished).

Conclusions

The Booroola mutation causes ‘precocious’ differentiation of ovarian follicles, which leads to
the production of more but smaller ovulatory follicles than in the wild type. This is reflected
in the smaller diameter that follicles attain differentiative markers, such as expression of
mRNA for P450aromatase and inhibin-BA subunit, granulosa cell LH receptors and aromatase
activity.

The available evidence strongly indicates that the FecB mutation exerts its action at the
ovary rather than through altered amounts of gonadotrophin stimulation. This is reflected by
the fact that endocrine and follicular wave growth patterns are not altered in mutants and
that differences between genotypes persist after physiological gonadotrophin replacement in
GnRH-antagonist suppressed animals. Furthermore, granulosa cells from animals carrying the
FecB mutation are more sensitive to gonadotrophin stimulation in vitro.

Finally, the BMP receptors and putative ligands are ubiquitously expressed within the ovary
and BMPs seem to be involved in the paracrine regulation of FSH action. Thus, if the mu-
tation is causing a reduction in BMPR1B signalling, it may act on an inhibitor of follicle
differentiation. Further research in this area is required to concentrate on the elucidation of
the natural ligands for the BMPR1B at different stages of follicle development and examination
of the effect of BMPR1B mutation on the downstream signalling cascade.
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