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Abstract 

Fertility in females is totally dependent on the growth and proliferation of primordial follicles 

to mature into Graafian follicles. Several factors are involved in the regulation of ovarian 

follicle development from the follicle recruitment to ovulation. Among these regulatory 

factors is the bone morphogenetic protein family (BMP). 

BMPs are a group of proteins that belong to the transforming growth factor-β super family 

(TGF-β). The stimulatory role of BMP-4 in primordial follicle recruitment has been 

confirmed in passively immunized mice (Tanwar et al., 2008) and a mutation in the gene 

encoding bone morphogenetic protein receptor-1B (BMPR-1B) has been linked with 

increased ovulation rate in Booroola sheep. The aim of this study was to further investigate 

the effect of immunization against BMP-4 and BMPR-1B on ovarian follicle development 

and atresia as well as to study the long-term effect on ovarian gene expression in mice. The 

features examined in this study were the number of primordial, primary and developing 

follicles in mice. In addition transcription levels of Bmp2, Bmp4, Gdf9, Amh, Amhr2, 

Bmpr1a, Bmpr1b, Bmpr2, Acvr1a, Acvr1b, Acvr2a and Acvr2b RT-qPCR measured during 4, 

5, 9, 13 and 25 weeks of age.  

We studied the effect of four different concentrations of equine chorionic gonadotropin 

(eCG) on follicle recruitment in female Swiss mice, which demonstrated that there were 

significant differences in regard to the number of primordial, developing and atretic follicles 

with different doses of eCG administered.  

In vivo immunization against BMP-4 in immature mice increased the number of primordial 

follicles and significantly decreased Amh transcript levels and increased the expression of 
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Acvr1c compared with the control group. In addition, anti-BMPR-1B treatment increased the 

number of primordial follicles and significantly decreased the mRNA expression of Bmp2, 

Bmp4, Bmpr1a, Bmpr1b and Acvr1a in contrast with the control group. At 25 weeks, the 

mRNA expression of Bmp2, Bmp4, Gdf9, Amh, Amhr2, Bmpr1b, Bmpr2 Acvr1a, Acvr1b and 

Acvr2b were significantly reduced in untreated mice compared with the 5 week old untreated 

mice. Immunization against BMP-4 and BMPR-1B significantly decreased the mRNA 

expression levels of Amh, Amhr2 and Bmpr1b at 5 weeks old compared with the control 

group. At 9 weeks anti-BMP-4 and anti-BMPR-1B immunization significantly decreased the 

mRNA expression of Bmp4, Gdf9, Bmpr1a, Bmpr1b, Bmpr2, Acvr1a, Acvr1c, Acvr2a and 

Acvr2b compared with the control group. There was no significant effect on the transcription 

levels of Bmp2, Bmp4, Gdf9, Amh and Bmpr1b while there was a significant increase in the 

mRNA expression level of Amhr2 in anti-BMP-4 and anti-BMPR-1B treated groups at 13 

weeks of age. In addition, the mRNA expression of Bmp4, Bmpr1a, Bmpr1b and Bmpr2 was 

significantly increased (P < 0.05). However, the expression of Amhr2, Acvr1b and Acvr2b 

was significantly decreased in anti-BMP-4 and anti-BMPR-1B treated groups compared with 

the control group at 25 weeks of age.  

Six months after treatment, our data shows that in vivo immunization against BMP-4 and 

BMPR-1B had no significant effect on body mass, ovaries, oviduct, uterus, spleen, kidney, 

liver, adrenal gland and heart, in comparison with control groups. Histological examination 

of tissues exhibited normal structure in immunized mice. The immunization against BMP-4 

in sheep in early life did not have a significant effect on the total number of primordial 

follicles in both Booroola and Merino ewes. 




