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The Imperative Balance of Agonist and Antagonist for
BMP Signalling Driven Adult Tissue Homeostasis
ongoing research needs to clarify whether BMP6 is locally produced
in the liver, or whether it also derives from other sources and might
become measurable in the serum of hemochromatosis patients.
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Editorial
The human body is a complex adaptive system that has the innate
capacity to overcome changing conditions through the modularity
of signalling cues. It has been shown that the adaptability of Bone
Morphogenetic Protein (BMP) regulated adult tissue homeostasis
often disintegrates in degenerative diseases [1,2]. Thereby,
pathophysiological conditions, including impaired regenerative
diseases of the muscle, bone and adipose tissue illustrate the functional
interdependency of the BMP agonist with its antagonists [1,3]. In this
context, complimentary expression has often been suggested to be
imperative for healthy adaptability and regeneration of adult tissue
homeostasis [1-5].
Up to date, more than 15 human BMPs have been characterized, all
belonging to the TGF-β super family of metabologens that constitute
pivotal morphogenetic signals and orchestrate local and systemic
tissue homeostasis [6]. It has been shown, that BMPs take part in
basic adult tissue-physiology through the regulation of the respective
stem cell niche integrity [7]. In order to mediate it’s function, BMPs
bind distinct transmembrane BMP type I and type II receptors which
initiate intracellular SMAD and non-SMAD signalling cascades that
regulate transcriptional as well as non-transcriptional responses,
necessary for stem cell and progeny fate decisions including
proliferation, migration and differentiation [1,2,6].
The function of BMPs as determinant of intra-tissue homeostasis
has recently been broadened through the discovery that a subgroup of BMPs, namely BMP4, BMP6 and BMP9 are detectable in
the circulating system [8]. Thereby, it was shown that up to 10pg/
ml BMP6 is present in human sera of healthy individuals, suggesting
that BMPs putatively also act as endocrine factors that take part in
the regulation of inter-tissue homeostasis [9]. Indeed, an integrated
functional genomic screening program revealed that in particular the
circulating BMPs act as adipokines that take part in the regulation of
glucose homeostasis [10-12]. Since, systemic treatment of mice with
BMP9 revealed micro-vesicular changes and necrosis in the liver; it
is still under debate whether BMPs are suitable for the treatment of
diabetes [13]. Interestingly, further studies on the role of BMPs in the
liver identified that-through the recruitment of the BMP co-receptor
hemojuvelin-BMP6 becomes the key endogenous regulator of
hepcidin which in turn regulates iron metabolism [14-16]. Thereby,
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It becomes apparent, that predominantly the BMP (co)-receptors
and the extracellular BMP antagonists fine-tune the BMP signalling
cascade and thereby directly couple immediate and long-term
environmental changes with the operating mode of the cytokine
[1-3,6,17]. Based on their structural integrity, BMP antagonists are
classified into three subfamilies: (i) the DAN family; (ii) Twisted
Gastrulation and (iii) Chordin and Noggin. As secreted glycoproteins,
the BMP antagonists show distinct tissue specific expression patterns
but share functional similarity through direct association with BMPs
and prohibition of BMP binding to their cognate receptors [35]. Thereby, it is suggested that the ‘so formed’ functional inactive
complex attenuates SMAD signal transduction in order to constrain
BMP activity locally [1-5,17].
In order to understand the causal relation of how local BMP
signal adaptation affects systemic adjustments in the body it is of
value to identify common mechanism in BMP driven rare hereditary
and frequent acquired pathophysiological conditions. Here, research
on the impact of BMP regulated muscle-, skeletal- and adiposetissue homeostasis revealed that imbalanced BMP signalling is often
causative for diseases with indications in gain or loss if tissue volume
and structure, hence tissue plasticity [1-3,6].
In this context, mainly the BMP antagonist Noggin has been
characterized as crucial BMP regulatory factor [3-5]. Noggin
is a pleiotropic factor which is present during gastrulation and
tissue development. The presence of Noggin in mouse ectodermal
and endodermal tissues has been shown but its BMP/SMAD
antagonizing function has been mainly investigated in mesodermal
tissue derivatives namely bone, cartilage, muscle, fat and dermis
[3]. In Noggin null mice a series of developmental abnormalities,
including failure of neural tube formation, hair-follicle retardation,
dysmorphogenesis of the axial skeleton and joint lesions have been
described [3,18]. Counterintuitive to the proposed dogma, the
absence of Noggin in these mice did not lead to hyper-ossification
of bone due to excessive BMP signalling but rather delayed and even
abrogated bone ossifications [18]. Similarly, it has been described
that in these mice late stages of myogenesis were delayed and lead to
reduced muscle mass [18]. This is in particularly interesting since it
was recently shown that the BMP/SMAD pathway is a hypertrophic
signal in adult mice controlling muscle maintenance, growth and mass
[19]. Furthermore, it has recently been shown that higher Noggin
levels were measured in mesenchymal stem cells (MSCs) of adult
obese mice [20]. Interestingly, obese mice demonstrated a reduced
bone mineral density, suggesting a switch of MSC differentiation to
enhanced adipogenesis whereas a Noggin knockdown resulted in
increased osteogenic differentiation of adipose-derived stem cells
[21,22].
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How important Noggin is in humans has been shown
through Noggin heterozygous missense mutations which lead to
deregulation of apoptotic processes in the interphalangeal joints as
seen in proximal symphalangism (SYM1) and multiple synostosis
syndrome 1 (SYNS1) [3-5]. Besides implications in cancers such as
schwannoma or prostate cancer metastasis, current knowledge on
Noggin’s role in humans is primarily based on ex vivo cell culture
experiments [23-25]. Inconsistent with the published dogma, these
studies demonstrate that Noggin plays a key role in the process of
hMSC osteogenic differentiation, suggesting an anabolic effect of
Noggin [26]. Interestingly, elevated circulating Noggin levels in obese
humans suggest that Noggin plays a putative role in human energy
balance and body weight regulation [20]. Therefore, it has been
suggested that Noggin may serves as a novel biomarker for obesity
[20].
In conclusion, it will be of value to establish BMPs and its respective
antagonist as (i) distinct and (ii) complimentary clinical biomarkers
of the depicted adult tissue degenerative diseases to ascertain early
identification of disease onset and progression. Interestingly, the
combinational use of BMP6, Noggin and SOST (an additional BMP/
WNT antagonist) has been suggested to significantly predict the
progression of esophageal squamous cell carcinoma [27,28]. In the
future, this combinatory usage of BMP agonist and BMP antagonist
as clinical biomarkers might facilitate precise identification of onset
and progression of imbalanced BMP signalling driven disorders
such as muscular atrophy, osteopenia and obesity which might
allow for precautious intervention to acquired consecutive systemic
implications such as osteoporosis or diabetes.
References
1. Ruschke K, Hiepen C, Becker J, Knaus P. BMPs are mediators in tissue
crosstalk of the regenerating musculoskeletal system. Cell Tissue Res. 2012;
347: 521-544.
2. Hartung A, Sieber C, Knaus P. Yin and Yang in BMP signaling: Impact
on the pathology of diseases and potential for tissue regeneration. Signal
Transduction. 2006; 6: 314-328.
3. Krause C, Guzman A, Knaus P. Noggin. Int J Biochem Cell Biol. 2011; 43:
478-481.
4. Avsian-Kretchmer O, Hsueh AJ. Comparative genomic analysis of the
eight-membered ring cystine knot-containing bone morphogenetic protein
antagonists. Mol Endocrinol. 2004; 18: 1-12.

10. Chen C, Grzegorzewski KJ, Barash S, Zhao Q, Schneider H, Wang Q, et al.
An integrated functional genomics screening program reveals a role for BMP9 in glucose homeostasis. Nat Biotechnol. 2003; 21: 294-301.
11. Paralkar VM, Grgurevic L, Simic P, Ryskin M, Hong Q, Brault AL, et al. A novel
role of bone morphogenetic protein-6 (BMP-6) as an endocrine regulator of
bone and glucose homeostasis. Bone. 2010.
12. Qian SW, Tang Y, Li X, Liu Y, Zhang YY, Huang HY, et al. BMP4-mediated
brown fat-like changes in white adipose tissue alter glucose and energy
homeostasis. Proc Natl Acad Sci USA. 2013; 110: 798-807.
13. Lori KD, Mary J, Ariful Q, Sarah W, Mylene P, Steve B, et al. BMP-9 May
Promote Adverse Effects in the Livers of Insulin Resistant Mice. Diabetes.
2007; 56: 678.
14. Core AB, Canali S, Babitt JL. Hemojuvelin and bone morphogenetic protein
(BMP) signaling in iron homeostasis. Front Pharmacol. 2014; 5: 104.
15. Andriopoulos B Jr, Corradini E, Xia Y, Faasse SA, Chen S, Grgurevic L, et
al. BMP6 is a key endogenous regulator of hepcidin expression and iron
metabolism. Nat Genet. 2009; 41: 482-487.
16. Xia Y, Babitt JL, Sidis Y, Chung RT, Lin HY. Hemojuvelin regulates hepcidin
expression via a selective subset of BMP ligands and receptors independently
of neogenin. Blood. 2008; 111: 5195-5204.
17. Wharton KA, Serpe M. Fine-tuned shuttles for bone morphogenetic proteins.
Curr Opin Genet Dev. 2013; 23: 374-384.
18. Tylzanowski P, Mebis L, Luyten FP. The Noggin null mouse phenotype is
strain dependent and haploinsufficiency leads to skeletal defects. Dev Dyn.
2006; 235: 1599-1607.
19. Sartori R, Schirwis E, Blaauw B, Bortolanza S, Zhao J, Enzo E, et al. BMP
signaling controls muscle mass. Nat Genet. 2013; 45: 1309-1318.
20. Sawant A, Chanda D, Isayeva T, Tsuladze G, Garvey WT, Ponnazhagan S.
Noggin is novel inducer of mesenchymal stem cell adipogenesis: implications
for bone health and obesity. J Biol Chem. 2012; 287: 12241-12249.
21. Levi B, Hyun JS, Nelson ER, Li S, Montoro DT, Wan DC, et al. Nonintegrating
knockdown and customized scaffold design enhances human adiposederived stem cells in skeletal repair. Stem Cells. 2011; 29: 2018-2029.
22. Fan J, Park H, Tan S, Lee M. Enhanced osteogenesis of adipose derived
stem cells with Noggin suppression and delivery of BMP-2. PLoS One. 2013;
8: e72474.
23. Laurila R, Parkkila S, Isola J, Kallioniemi A, Alarmo EL. The expression
patterns of gremlin 1 and noggin in normal adult and tumor tissues. Int J Clin
Exp Pathol. 2013; 6: 1400-1408.
24. Kaneko K, Higuchi C, Naka N, Yoshikawa H. Expression of noggin, an
antagonist of bone morphogenetic protein, in schwannoma: A possible
mechanism. Oncol Lett. 2014; 8: 111-116.

5. Groppe J, Greenwald J, Wiater E, Rodriguez-Leon J, Economides AN,
Kwiatkowski W, et al. Structural basis of BMP signalling inhibition by the
cystine knot protein Noggin. Nature. 2002; 420: 636-642.

25. Schwaninger R, Rentsch CA, Wetterwald A, van der Horst G, van Bezooijen
RL, van der Pluijm G, et al. Lack of noggin expression by cancer cells is a
determinant of the osteoblast response in bone metastases. Am J Pathol.
2007; 170: 160-175.

6. Horbelt D, Denkis A, Knaus P. A portrait of Transforming Growth Factor Î²
superfamily signalling: Background matters. Int J Biochem Cell Biol. 2012;
44: 469-474.

26. Rifas L. The role of noggin in human mesenchymal stem cell differentiation. J
Cell Biochem. 2007; 100: 824-834.

7. Li L, Clevers H. Coexistence of quiescent and active adult stem cells in
mammals. Science. 2010; 327: 542-545.

27. Yuen HF, McCrudden CM, Grills C, Zhang SD, Huang YH, Chan KK, et
al. Combinatorial use of bone morphogenetic protein 6, noggin and SOST
significantly predicts cancer progression. Cancer Sci. 2012; 103: 1145-1154.

8. Herrera B, Inman GJ. A rapid and sensitive bioassay for the simultaneous
measurement of multiple bone morphogenetic proteins. Identification and
quantification of BMP4, BMP6 and BMP9 in bovine and human serum. BMC
Cell Biol. 2009; 10: 20.

28. Ten Dijke P, Krause C, de Gorter DJ, Lowik CW, van Bezooijen RL. Osteocytederived sclerostin inhibits bone formation: its role in bone morphogenetic
protein and Wnt signaling. J Bone Joint Surg Am. 2008; 90: 31-35.

9. Pauk M, Grgurevic L, Brkljacic J, Kufner V, Bordukalo-Niksic T, Jankolija M, et
al. A sensitive assay for measuring circulating BMP6. Bone Abstracts. 2013.

Austin Biomark Diagn - Volume 1 Issue 2 - 2014
Submit your Manuscript | www.austinpublishinggroup.com
Krause. © All rights are reserved
Submit your Manuscript | www.austinpublishinggroup.com

Citation: Krause C. The Imperative Balance of Agonist and Antagonist for BMP Signalling Driven Adult Tissue
Homeostasis. Austin Biomark Diagn. 2014;1(2): 2.

Austin Biomark Diagn 1(2): id1007 (2014) - Page - 02

