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BMP-6 Emerges as a Potential Major Regulator of
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Inexorable loss of kidney function in persons with chronic
kidney disease (CKD) is a major health burden, leading
to renal failure that is predictable but unavoidable despite
current therapies. Progression of tubulointerstitial fibrosis
is a core determinant of prognosis in CKD. In this sense,
CKD falls into the fibro-proliferative disorders, a group of
diseases typified by excessive scarring in one or more
organs, and which between them take an enormous toll
on human health and longevity.1

Transforming growth factor �-1 (TGF-�1) is the pro-
totypic member of the TGF-� family and is widely rec-
ognized to be a key determinant of fibro-proliferative
diseases.2 However, TGF-�1 has multiple other roles,
acting as a central orchestrator of embryonic develop-
ment, inflammation and immunity, wound healing, and
cancer. The factors governing how cells read TGF-�1
signals are thus central to understanding pathology in
many contexts.3

The TGF-� family comprises not just the isoforms of
TGF-� itself but other cytokines, including the activins,
inhibins, and bone morphogenetic proteins (BMPs). Cy-
tokines from the TGF-� family elicit their biologic func-
tions by binding to a series of structurally related type I
and type II receptors. The activated receptor complex
serine-phosphorylates receptor regulated Smad proteins
(R-Smads, the intracellular signaling molecules of the
TGF-� family). Phosphorylated R-Smads form complexes
with the co-Smad (Smad 4), accumulate in the nucleus,
and alter gene transcription. Combinatorial interactions of
type II and type I receptors occur, but the receptors—
and R-Smads phosphorylated by them—can be function-
ally grouped into “TGF-�–like” and “BMP-like.”4 The R-
Smads for TGF-� and related ligands are Smads 2 and 3,
whereas for BMP-type ligands the R-Smads are Smads 1,
5, and 8.

A major interplay occurs between TGF-� and BMP
signaling, such that cellular responses to one class of
cytokine are heavily influenced by co-exposure to the

other class. In the kidney, negative regulation of TGF-�1
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signaling by BMP-7 has emerged as a key anti-fibrotic
mechanism. BMP-7 prevents fibrosis and antagonizes
the effects of TGF-�1 in animal models, including unilat-
eral ureteric obstruction,5 nephrotoxic serum nephritis,6

collagen IV-alpha3-deficient mice (Alport syndrome),7

MRLlpr/lpr mice (lupus nephritis–like glomerulonephri-
tis),7 and nephropathy associated with streptozotocin-
induced diabetes.8 Accordingly, BMP-7 has attracted
substantial interest as a potential therapy for chronic kid-
ney disease.

Other BMPs also are expressed in the kidney, but to
date they have received surprisingly little attention as
potential modifiers of fibro-proliferative disorders. In this
issue of The American Journal of Pathology, Dendooven
et al9 have examined expression of BMP-6 in the adult
murine kidney and the effect of genetic deletion of BMP-6
on renal BMP signaling and response to renal injury. They
found BMP-6 expression in the renal cortex, predomi-
nantly the tubulo-interstitium. In BMP-6–null mice, they
found a modest reduction in intrinsic renal BMP signaling
activity and a consequent minor decrease in BMP target
gene expression without inherent change in renal histo-
logic appearances or glomerular number. These findings
suggest that BMP-6 plays a minor role in renal develop-
ment, or that its functions are easily covered in this con-
text by functional redundancy from other BMPs such as
BMP-7. This is an important difference between BMP-6
and BMP-7, in that BMP-7 null mice show major defects in
nephrogenesis.10,11

Following unilateral ureteric obstruction, significantly
more renal damage was observed in BMP-6–null mice,
compared with control animals. The major differences
were seen in the tubulo-interstitium of the obstructed
kidneys, which in BMP-6–null mice demonstrated in-
creased leukocyte influx and fibrosis. Importantly, these
effects occurred despite normal BMP-7 expression and
increased BMP-2, BMP-4, and BMP-5 expression, sug-
gesting that while functional redundancy in BMPs may
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allow for normal development and renal function in BMP-
6–null animals, functional redundancy in BMPs is not
sufficient to protect the adult animal during renal injury.

An interesting question remains regarding the mecha-
nisms by which BMP-6 deficiency augments the scarring
response to injury. Dendooven et al9 demonstrate dimin-
ished BMP signaling in obstructed kidneys, in the form of
decreased phosphorylation of Smads 1, 5, and 8 and
enhanced expression of TGF-�–responsive genes in-
cluding PAI-1, collagen, and �-smooth muscle actin.
These changes could be explained by enhanced TGF-�
responsiveness or by enhanced TGF-� synthesis in BMP-
6-null kidneys. The authors found no significant alteration
in TGF-� mRNA, but TGF-� is extensively post-transcrip-
tionally regulated,12 and thus it remains possible that
excessive synthesis of TGF-� is contributory in BMP-6–
null animals. Perhaps more likely, however, is relative
deficiency in combined BMP-6 and BMP-7, which share
extensive amino acid homology, receptors, and
R-Smads, leading to partial loss of regulation of TGF-�
signaling by BMPs. BMP-7 inhibits nuclear Smad 3 ac-
cumulation in mesangial cells13 and specifically limits
Smad 3 signaling in proximal tubular cells via mainte-
nance of SnoN expression14; it is possible that similar
mechanisms underlie the actions of BMP-6 that Den-
dooven et al9 have uncovered.

Fibro-proliferative disorders are considered to be
driven largely by fibroblasts, which are spindle-shaped,
motile, contractile cells that respond to pro-fibrotic stimuli
by synthesizing and reorganizing extracellular matrix. Fi-
broblasts may originate from proliferation of local tissue
fibroblasts, from circulating bone marrow–derived pre-
cursors (fibrocytes), and from resident epithelial cells by
epithelial to mesenchymal transition.1 Dendooven et al9

have approached the potential role of nonresident fibro-
blast precursors by studying splenic fibrocytes. They
show an increase in spleen-derived myofibroblast pro-
genitor cells in the BMP-6–null animals without apparent
incorporation into the kidney. This finding leaves open the
question of the cellular origin of fibroblasts in this context,
which is a potentially interesting avenue for future study.

Overall, Dendooven et al9 have uncovered what may
be a major role for BMP-6 in determining renal response

to injury. Future experimental studies in other models will
be of great interest, in that they will inform us of the
generality of these findings. It also would be interesting to
know whether renal physiology and function remain well
preserved in aged BMP-6–null animals.
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