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Dr. Vicki Rosen, our Symposium Speaker on March 21, is a pioneer in the field of
Bone Morphogenetic Proteins (BMPs). This issue of the MRC Newsletter will highlight some of the BMP work being done at Washington University.
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BMP2 is expressed by vascular endothelial cells and osteoblasts. We
have observed expression in these cells, along with upregulation of
mRNA, soon after creation of a stress fracture. While BMP2 is required
for endochondral bone healing after full fracture, it is not clear if it is required for intramembranous bone formation, which is predominant in
stress fracture healing. Using Bmp2-floxed mice (V. Rosen) we have created conditional knockout (cKO) of Bmp2 in endothelial cells (VECadCre) and in osteoblasts (Osx-Cre).
Stress fracture healing is normal in
endothelial cKO mice. By contrast,
osteoblast cKO of Bmp2 results in
osteopenia and impaired bone
strength (at 12 and 24 weeks). The
decrease in bone strength is due
mainly to smaller bone size. Ongoing studies are assessing stress
fracture healing in osteoblast cKO
mice as well as the basis for the
material defect.

For more information about the MRC and the Cores, please click here:
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The bone morphogenetic proteins were originally identified for their remarkable ability to induce new bone formation. Recently, mouse genetic studies have shown that BMP signaling is essential for the formation of skeletal elements during mouse embryonic development. However, the role of BMP signaling during postnatal bone formation remains
poorly understood. To address this question, we used an inducible
mouse model system to conditionally delete Alk3 (Bmpr1a) in osteoblast-lineage cells. Unexpectedly, conditional deletion of Alk3 in osteoblast-lineage cells resulted in a dramatic increase in bone mass that
affected the majority of skeletal elements, including the long bones and
the skull (Figure 1). Histomorphometric analyses revealed that the high
bone mass phenotype in Alk3 conditional knockout mice was caused by
an increase in osteoblast numbers and function but not due to osteoclast defects. Taken together, these results suggest that BMP signaling
through Alk3 in osteoblast-lineage cells inhibits postnatal bone formation in the mouse. Ongoing experiments are designed to elucidate the
molecular mechanism underlying the unexpected negative regulation of
bone formation by Alk3 signaling.
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Figure 1. Analysis of Sp7-Cre; Alk3f/f
mice. (A) Radiograph and μCT 3-D reconstruction of Sp7-Cre; Alk3f/f mice.
Mice were fed with 50mg/L doxycycline
(2% sucrose water) from conception until
weaning stage (21 days) and were either
maintained on or off doxycycline for an
additional 12 days before analysis. (B)
Quantification of μCT parameters (*
p<0.05, n=3).
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Bmpr1a flox – since Bmpr1a is typically the most abundant type I BMP receptor in most
tissues, conditional deletion of this gene often reveals important aspects of BMP signaling.
Deletions that remove all BMP receptors in a tissue are more informative than removal of
Smad4, for instance, since BMP receptors can signal by Smad-dependent or Smadindependent pathways.
Bmpr1b germline KO – since this type I BMP receptor can be redundant with Bmpr1a,
double KOs are often needed to reveal BMP function.
Acvr1 flox – the third type I BMP receptor. Also frequently found in tissues with Bmpr1a,
where the receptors can function in a redundant manner.
Bmp4 flox – Useful in systems in which Bmp4 is the critical BMP.
Bmp7 flox – Useful in systems in which Bmp7 is the critical BMP.
Tgfbr2 flox – effective for determining whether TGF-beta signaling is important. Since
there is only one type II TGF-beta receptor, deletion of both alleles should eliminate all
TGF-beta signaling.
Bmp-Smad reporter mice (in collaboration with Ken Cho’s lab at UC Irvine) – a sensitive
reporter strain making use of a Smad-response element fused to the beta-galactosidase
gene to localize canonical BMP signaling. To date, we have only used embryos supplied
by Dr. Cho’s group.
Smad4 flox – useful for determining whether canonical Smad signaling (BMP, TGFbeta,
activin, etc.) is functioning in your system.
Smad1, 5 flox - Double conditional KOs useful for determining if Smad-dependent BMP
signaling is important in your system of interest. (Note: Smad8/9 may function in some
BMP pathways)
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