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Abstract
The extensive critical bone defect is still a clinical problem; cytokine treatment has
become one of the hot contents in bone tissue engineering research due to its high safety
and low side effects. This paper reviewed the research progress of osteogenesis induced
by bone morphogenetic proteins (BMPs) and biglycan (BGN) two cytokines, respectively,
and discussed the osteogenesis mechanism of the joint application of BMP heterodimer
and BGN.
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1. Introduction
The cytokine treatment which applies bone morphogenetic proteins BMPs) and other osteogenic
induction factors has become one of the research hotspots in the treatment field of extensive and
extreme bone defects. Studies show that bone morphogenetic proteins can significantly promote stem
cell differentiation and bone tissue regeneration in vivo and in vitro [1-4]. According to research, it
was found that the osteogenic performance of BMP heterodimer is better than that of homodimer. In
recent years, studies have found that the position of biglycan (BGN) can be fixed in many bones,
which is involved in the regulation of bone and blood vessel generation. This paper reviewed the
related studies of BMPs and BGN in osteogenesis, and discussed the osteogenic mechanism of the
joint application of BMP heterodimer and BGN.

2. Research Progress of Osteogenesis Induced by BMPs
Bone morphogenetic protein is the member of the transforming growth factor-β (TGF-β) superfamily,
BMPs are formed by connecting two peptide chains via disulfide bond, which can form homodimer
and heterodimer. The homodimer is formed when two peptide chains are the same, and the
heterodimer is formed when two peptide chains are different [5-6]. The osteogenic ability of the
formed dimer is not only related to the osteogenic ability of the monomer itself, but also related to
the homology among the monomers [7-9], the lower the homology of the two peptide chains, the
stronger the osteogenic induction ability. The osteogenic induction effect of homodimer is lower than
that of heterodimer whose two peptide chains come from the same subclass, the osteogenic induction
effect of heterodimer whose two peptide chains come from the same subclass is lower than that of
heterodimer whose two peptide chains come from different subclasses [10]. In vitro experiments also
confirmed that BMP2/7, BMP2/6 and BMP4/7 heterodimers show stronger osteogenic activity than
their homodimers [11].
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BMPs form the ligand-receptor complex by binding serine/threonine receptors on the cell surface,
thus activating the signaling pathway of BMPs to play a role. BMP mainly interacts with 3 types of I
receptors (Alk-2 (ActR-IA), Alk-3 (BMPR-IA), Alk-6 (BMPR-IB)) and 3 types of II receptors
(BMPR-II, ActR-IIA, ActR-IIB) [12]. By interacting with different receptors, BMPs have different
activation degrees for signaling pathway and different gene expression strengths. However, the two
receptors are indispensable during signal transduction. After BMPs as ligands bind receptors, they
activate a series of signaling pathways including Smad-dependent signal transduction pathways (such
as Smad1/5/8) and Smad-independent MAPK signal transduction pathways (such as ERK, p38, JNK,
etc.). Both Smad and MAPK pathways can directly or indirectly promote the transcription of target
genes in the nucleus. The Smad pathway generally occurs in osteoblasts, chondroblasts and their
precursor cells, and is strictly regulated in these cells.
BMP homodimer has different affinities with different types of receptors. BMP2 has a high affinity
with type I receptor and has a relatively weak affinity with type II receptor, BMP7 has a higher affinity
with type II receptor and has a relatively weak affinity with type I receptors. Compared to BMP2 or
BMP7, BMP2/7 heterodimer has stronger affinity with type I and type II receptors, so the ligandreceptor complex can be formed more quickly and stably to activate BMPs signaling pathway [1314]. Koh et al. found that both BMP2 and BMP7 could slightly promote the phosphorylation level of
Smad1/5/8, but did not increase the contents of Smad. BMP2/7 could not only significantly increase
the phosphorylation level of Smad1/5/8, but also increased the contents of Smad, and its activity to
stimulate osteoblast differentiation is also enhanced [7]. Miao et al. proved that BMP can make bone
marrow mesenchymal stemcells (BMSC) of rats have obvious osteogenic effect by regulating the
ERK signaling pathway [15]. Zhang et al. found that there was difference in the osteogenic effects of
different cells induced by BMP2/7 heterodimer, this situation may depend on the different expression
levels of the ERK signaling pathway of BMP2/7 in different cells [16].
In addition, the expression of BMPs is affected by Noggin, CIZ and other negative feedback regulator
elements. Zhu et al. found through research that compared with BMP2 homodimer, BMP2/7
heterodimer not only significantly reduces the inductive formation ability of Noggin, but also may be
due to the asymmetry of the heterodimer structure, as a result, the binding ability of BMP2/7 and
Noggin is also significantly weaker than its corresponding homodimer [17]. As the negative feedback
inhibitor of the signaling pathway of BMPs, CIZ has a weaker negative feedback inhibitory effect on
the osteogenic signaling pathway induced by BMP2/7 than its homodimer, so the osteogenic effect
of heterodimer is higher than that of homodimer [18].
BMPs can also indirectly promote the differentiation and activity of osteoclast by regulating RANKL
and OPG [19], this view has also been verified in animal models [20]. Studies found that BMP2/7
heterodimer promotes osteoclast differentiation and activity induced by RANKL, and has
concentration dependence [21].

3. Research Progress of Osteogenesis Induced by BGN
Biglycan(BGN) is a member of the leucine-rich small proteoglycan (SLRP) family in the extracellular
matrix (ECM), is involved in the regulation of bone formation and bone matrix mineralization. It is
150kDa molecule composed of a~45kDa core protein and two glycosaminoglycan (GAG) chains.
BGN was first discovered in bone matrix by L W Fisher et al. in 1983 [22], with the progress of
research, BGN can be positioned in many bone areas, including articular cartilage, epiphyseal
cartilage, subchondral area, and periosteum. It also exists in non-skeletal tissues and participates in
the regulation of various biological processes, such as innate immunity, chemotaxis, angiogenesis,
and growth factor regulation [23-25].
The osteoporotic phenotype occurs in BGN-deficient mice, and the role of BGN in osteogenesis
attracted attention for the first time. Xu et al. found that BGN targeted knockout mice did not show
obvious skeletal abnormality at birth, but as they get older, lack of BGN will lead to the decrease of
growth rate and bone mass of mice. The concrete representation is multiple metabolic defects exist
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in bone marrow stromal cells, including increase of apoptosis, the decrease of the number of colony
forming unit of fibroblastoid cells(CFU-F), and the decrease of collagen production. Research results
suggest that BGN has a key role in bone development [26]. CHEN et al. further carried out bone
marrow ablation experiments, found that mice lacking BGN cancellous bone formation decreased
and are lower in bone deposition than normal mice. Osteogenesis defects of juvenile mice are
regulated by BGN and have nothing to do with change and apoptosis of the number of stem cells.
BGN plays an important role in the process of osteogenesis after bone marrow ablation, this view is
further confirmed [27].
According to research, it was found that BGN and FMOD in the SLRP family members had rich
expression and position in the articular cartilage of the mandibular condyle [28], the injection of
BMP2 accelerated the recovery of the osteogenic matrix in the condyle in the disturbance syndrome
of temporomandibular joint model of BGN and FMOD knockout mice, although BGN and FMOD
did not dominate this process, they played a significant regulation and promotion role in this process
[29].
In addition, Berendsen et al. tested the fracture healing condition of BGN knockout mice, and found
that the cartilage, woven bone, and other bone tissues formed in the BGN-deficient mice were
significantly lower than the control group. Moreover, the gene expression of vascular endothelial
growth factor A (VEGF) in BGN-deficient mice was significantly reduced, it shows that BGN has a
regulatory effect on osteogenesis process during fracture healing, and its influence on angiogenesis
may be its molecular basis [23]. BGN is needed to promote angiogenesis during fracture healing, and
the mechanism of BGN to regulate angiogenesis is related to the expression and function by inhibiting
the anti-angiogenic protein-endostatin [30].

4. Research Progress of Osteogenesis Induced Jointly by BMP and BGN
Another effective mechanism of BGN to promote osteogenesis is the ability to regulate the expression
of key factors such as BMP, transforming growth factor-β (TGF-β) and Wnt [31-34]. According to
reports, BGN promotes osteogenic differentiation of cells by regulating two important ways:
extracellular signal-regulated kinase (Erk) and Smad signaling pathway.
Prapaporn et al. synthesized various recombinant and synthetic peptides corresponding to various
domains of BGN, carried out in vitro studies, and found that the leucine rich repeat 2-3 domain
(LRR2-3) of BGN significantly enhanced the Smad1/5/8/9 phosphorylation, osteogenic gene
expression and alkaline phosphatase activity of muscle-derived C2C12 cell induced by BMP2, and
significantly promote the in vitro mineralization of MC3T3-E1 cell. It follows that BGN can enhance
the osteogenic ability of BMP2 and promote bone tissue regeneration [35]. The research of Mochida
et al. showed that BGN core protein can bind BMP2 and activin receptor-like kinase 6 (ALK6),
thereby maintaining the binding of BMP2 and ALK6, and promote osteoblast differentiation induced
by BMP2 through its specific binding. The BMP2/BGN/ALK6 complex can promote Smad1/5/8
phosphorylation and downstream signal transduction related to osteogenesis [31].
SONG et al. found that after BGN stimulated the normal valve cells of heart, the expression of bone
morphogenetic protein-2 (BMP-2) and alkaline phosphatase (ALP) in cartilage/osteogenesis markers
increased, and promoted calcium deposition. BGN can induce phosphorylation of ERK1/2,
p38MAPK and NF-κB, and inhibiting ERK1/2 can significantly reduce the up-regulation effect of
BGN on BMP2 and ALP expression, while the effect of inhibiting p38MAPK and NF-κB is weaker
[36]. CHEN et al. found in BGN knockout gene mice experiments that the lack of BGN reduced the
sensitivity of bone marrow stromal cells to transforming growth factor-β (TGF-β), resulting in the
decrease of BMP4 binding, thereby reducing the sensitivity of bone cells to BMP-4 stimulation. The
loss of sensitivity results in the decrease of Cbfa1 expression, which ultimately leads to defects of
osteoblast differentiation [33]. Mauricio et al. found that BGN can regulate BMP4 signaling pathway
by binding BMP4 and BMP4 antagonist Chordin [37]. BGN enhances the transcriptional activity of
Runx2 by activating the Erk signaling pathway, in which glycosaminoglycans (GAGs) chains play
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an important role. The research of YE et al. showed that the mutant BGN which lacks the GAG chain
reduced BGN-assisted BMP-4 signal transduction and osteoblast differentiation, and the expression
of this mutant BGN in BGN knockout skull osteoblasts could not save its differentiation defects as
effectively as wild-type (WT) BGN. These results strongly suggest that the GAG chain of BGN
promotes the function of BGN to assist BMP4.

5. Prospect
To sum up, BGN promotes the conduction and expression of BMP by regulating Smad and Erk
signaling pathways, and induces osteogenic differentiation of cells. After applying BMP homodimer
transfection in the BGN gene knockout experiment, it shows obvious advantages of osteogenic
induction. In addition, BGN show promoting and regulating effects on BMP homodimer in
chondrogenesis and osteogenesis. BMP heterodimer has lower effective concentration, better
osteogenesis effect, and small side effects, and other advantages in comparison with BMP homodimer.
At present, there is no report on the joint application of BMP heterodimer and BGN in the existing
literatures at home and abroad. Whether the joint application of BMP heterodimer and BGN can
produce the synergistic and promotion effect in inducing osteogenesis is still unclear, its internal
mechanism still needs to be explored.
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