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Abstract
The BMPs compnse the largest subgroup of the TGF-~ superfamily. Various

members of the BMP family have been shown to regulate mammalian folliculogenesis by

affecting granulosa cell proliferation, steroidogenesis and by modulating the production of

various endocrine factors such as activin A, follistatin, inhibin, estradiol and progesterone.

In situ hybridization studies have shown expression of BMPR-IA, BMPR-IB and BMPR

II in the granulosa cells and oocyte of most of the follicles in the ovary suggesting that

these cells have capacity to respond to BMP signaling. In addition, the mRNA for BMP-4

and BMP-7 has been in detected in the theca layer of rat follicles. In in vitro conditions,

physiological concentrations of BMP-4 and BMP-7 enhanced and attenuated respectively,

the stimulatory action of FSH on estradiol and progesterone production. The objective of

the current study was to elucidate the role of BMP-4 in mammalian follicular

development and spermatogenesis by using mouse and sheep as experimental models.

The transition of a primordial follicle to a primary follicle is an early step in

folliculogenesis. All female mammals are born with a fixed stock of primordial

follicles and exhaustion of that stock leads to menopause or infertility. Recently,

several in vitro studies have indicated that BMP-4, BMP-7 and several other growth

factors affect the transition of primordial to primary follicles. In this study passive

immunization against BMP-4 was used to investigate the role of BMP-4 in this process

in a prepubertal mouse model. After 7 days of treatment, the weight of anti BMP-4

treated ovaries was significantly lower than the ovaries from mice treated with non

immune immunoglobulin (Ig). The number of primary follicles was lower and the

numbers of primordial follicles were higher in anti BMP-4 treated ovaries compared to

control ovaries. Treatment with PMSG showed no influence on the effects of anti
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BMP-4 on ovary. Thus the results of our study indicate that in vivo, BMP-4 acts as a

pennissive factor in the transition of primordial to primary follicles.

In another experiment, BMP-4 protein in mouse ovary, oviduct and uterus was

localized using immunohistochemistry and BMP-4 isofonns detected in mouse ovary by

western blotting. In the ovary, BMP-4 protein was detected in all the stages of follicular

development except primordial follicles. The intensity of staining was higher in healthy

follicles than atrectic follicles, with significant staining in the corpus luteum. In the uterus,

BMP-4 staining was limited to the blood vessels, endometrial gland and surface

epithelium of endometrium. In the oviduct, BMP-4 was exclusively detected in epithelium

and blood vessels. Different isofonns (apparent MW: 50,35 and 15 kDa) ofBMP-4 were

detected in nonreducing and reducing condition in mouse ovary by western blot analysis.

In male mice, in situ hybridization studies have shown the presence of BMP-2,

BMP-4, BMP-8A, BMP-8B in testis and BMP-4, BMP-7, BMP-8A in epididymis of

mice. We localized BMP-4 protein in testis, epididymis, vas deferens, seminal vesicle and

prostate of mice using immunohistochemistry and studied the role of BMP-4 in

testosterone production by passively immunizing mice against BMP-4. In 1 week old

mice, BMP-4 staining was not observed in the testis. At 2 weeks, BMP-4 specific staining

was detected in spennatocytes. BMP-4 protein expression was also observed in

spennatids of 4 wk and 7 wk old testis but was not detectable in testis fronl 9 wk old and

adult mice. In contrast, BMP-4 specific staining was detected in epithelial cells of the

epididymis at all the stages of testicular development. In the vas deferens, BMP-4 protein

expression was limited to the luminal epithelial cells. BMP-4 specific staining was also

observed in epithelial lining of the prostate gland. Treatment with anti BMP-4 decreased

and increased testosterone secretion in prepubertal and adult mice, respectively. In

addition, animals treated with anti BMP-4 and PMSG had lower testosterone
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concentrations than PMSG treated animals. However, no difference in testosterone

concentration was observed between anti BMP-4 plus PMSG and PMSG treated adult

animals. These findings indicate that BMP-4 plays an important role in initiation phase of

murine spermatogenesis and in the regulation of testosterone secretion.

Similar to the studies in mice, we investigated the expression of BMP-4 in ovary,

oviduct, uterus, pituitary,· testis and epididymis of fetal and adult sheep by

immunohistochemistry and detected BMP-4 isoforms in ovine follicular fluid by western

blotting. In fetal ovary, strong immunostaining was observed in pregranulosa cells,

oocyte, primordial and primary follicle. In adult sheep ovary, strong immunostaining was

observed in granulosa cells of preantral to late antral follicle stage of follicular

development. BMP-4 expression was also detected in oocyte, corpus luteum, ovarian

surface epithelium and, to lesser extent in theca cells but not in primordial and primary

follicle. In oviduct, strong immunostaining was observed in epithelium and blood vessels

in both fetal and adult sheep. In uterus, BMP-4 expression was observed in surface

epithelium, circular muscles and blood vessels of fetus and also in epithelium of

endometrial glands in adult sheep uterus. Strong immunostaining was observed

predominantly in basophilic cells of adult sheep pituitary. Strong expression of BMP-4

was detected in epithelial cells of epididymis but no expression was detected at any stage

of testicular development. Different isoforms (apparent MW: 100.4, 50.1, 42, 38.5, 33.5,

23.9 and 15.1 kDa) of BMP-4 were detected in nonreducing and reducing condition in

ovine follicular fluid by western blot analysis. The differences in results of

immunolocalization and western analysis studies in mice and sheep supports the view that

this protein plays a different role in monoovular and polyovular species.

BMP-4 has been shown to affect steroidogenesis in sheep follicular cells in in

vitro condition. However, role of this protein is not well understood in in vivo conditions,
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particularly in species with low ovulation rate such as sheep. Therefore, we examined the

role of BMP-4 in sheep reproduction by actively immunizing adult cyclic ewes against

BMP-4 peptide. The effect of the active immunization against BMP-4 was observed on

follicular development, ovulation rate and progesterone concentration. Active

immunization against BMP-4 resulted in decreased ovulation rate without affecting

follicular numbers (diameter ~ 3mm). In addition, progesterone concentration in plasma

of immunized animals was lower in luteal phase than control.

Overall, our studies have shown that BMP-4 plays an important role in follicular

development, estrus, and spermatogenesis In mIce and sheep.




