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Abstract: Bone morphogenetic protein belongs to the transforming growth 

factor beta superfamily, is a unique ectopic cartilage and bone inducing 

activity of acidic protein. As one of the members of BMPs family, the 

formation and development of BMP4 in many organizations. In ocular 

tissue, BMP4 not only promotes the differentiation and development of 

different eye cells, but also plays an important role in ocular diseases. In 

this study, the recent advances in the study of BMP4 in ocular tissues are 

summarized and the function of BMP4 in different developmental stages of 

eye is briefly reviewed. 
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Introduction 

Bone Morphogenetic, is an extracellular protein that 
plays a role in binding to cell surface proteins. BMP4 
can inhibit the growth (Kallioniemi, 2012) of tumor cells 
and promote lung development (Lee et al., 2014). BMP4 
can mediate apoptosis of retinal vascular endothelial 
cells and inhibit angiogenesis (Lynch et al., 2016). It has 
been found that BMP4 plays a vital role in the 
development of the eye (Boswell and Musil, 2015; 
Rubinstein et al., 2016; Huang et al., 2015). BMP4 is 
expressed in adult corneal epithelium, corneal cells and 
corneal endothelial cells. Also participated in the layered 
corneal epithelium cells, corneal epithelial cell chemotaxis 
and proliferation (Zhang et al., 2015; Sandri et al., 2016; 
Pereira da Silva et al., 2014). This article summarized 
the research progress of BMP4 in different tissues of 
the eye and briefly reviewed the role of BMP4 in 
different developmental stages. 

BMP4 with Cornea, Sclera and Ciliary Body 

Ueno et al. (2016) studied the expression of BMP2, 
BMP4 and its receptor mRNA in human corneal 
epithelial cells, BMP2 and BMP4 of corneal fibroblast 

proliferation and apoptosis is also tested. It was found 
that BMP2 and BMP4 stimulate activation of NF-κB, 
while actinomycin D and SN50 peptides inhibit such 
activation and when activation of NF-κB is inhibited, 
stimulation of the orneal fibroblasts by BMP2 and BMP4 
leads to apoptosis of these cells. Thus, the expression of 
BMP2, BMP4 and its receptor in adult corneal cells was 
demonstrated. Keratinocyte proliferation and apoptosis 
can be regulated (Lee et al., 2014). It was found that the 
expression of BMP4 in keratoconus was higher by 
identifying differentially expressed genes between 
keratoconus and normal corneal cells (Allison et al., 
2016). It is known that BMP4 mediates the apoptosis or 
alternative developmental fate of neural crest and other 
types of cells during development. Because the corneal 
cells originate from the neural crest, BMP4 stimulates 
the apoptosis of corneal fibroblasts and mediates the 
proliferation and apoptosis of corneal cells. The high 
expression of BMP4 in keratoconus indicated that BMP4 
may play a vital role in the apoptosis of keratoconus. 

The initial steps of iris development, BMP4 and 
BMP7 to regulate the expression of iris development at 
the right time and place, two genes by the tip cells in the 
optic cup neuroepithelium edge height expression. 
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BMP2 and BMP4 are closely related to (Macé et al., 
2011). Therefore, BMP4 may also promote the 
development of iris. In addition to their specific roles in 
the iris development, BMP4 also regulate the 
development of lens and ciliary epithelium. Therefore, it 
is suggested that some eye defects caused by BMP4 
mutations may be due to abnormal iris, which provides a 
new direction for the treatment of some eye diseases. 

Ciliary morphogenesis is a complex process, Chang 

(Jensen, 2005) found Bmp4 was expressed in mice 

ciliary bodies. In the C57BL/6J background, Bmp4 

heterozygous variable expression of anterior segment 

abnormalities, the most obvious features are elevated 

intraocular pressure and Shiram tube and the formation 

of ciliary body in some cases. Study on the subsequent 

Zhao (Napier and Kidson, 2007) has shown that the 

expression of Bmp4 plays an important role in the 

development of the ciliary body. Balenci et al. (2013; 

Zhang et al., 2013) found in adult stem cells in the 

human retina and the edge of the ciliary epithelium in 

rare retina can be in the absence of growth factor in the 

case of splitting all retinal cell types in vitro. BMP2, 

BMP4 and secreted coiled protein 2 are the major 

effectors of the antiproliferative effect of RSCs. Because 

of the similar induced quiescence in mice and human 

RSC in vitro, targeting these molecules can directly 

activate RSCs in the blind. 

BMP4 with Lens, Vitreous Body and Retina 

The development of vertebrate lens is a classical 

system to study the interaction of embryonic tissues. 

(Balenci et al., 2013) Found that Bmp4tm1 deficient 

mice were homozygous for the loss of lens and the loss 

of lens induced by. When cultured in vitro, exogenous 

BMP4 can be added to the optic vesicle. However, the 

use of BMP4 as an alternative to the explants in the 

culture of the optic vesicle does not lead to lens 

induction. BMP4 promotes the development of the lens, 

but it also needs to be regulated by the downstream 

genes, as a member of the multiplex signal. 

Chang (Huang et al., 2015) found that Bmp4 

deficiency (Bmp4 +) haploid mice eye analysis showed 

that in most eyes examined in the vitreous body and 

dense vitreous body in irregular white spots, retinal 

vasculature in Bmp4 + / - eyes is abnormal. Fluorescein 

angiography showed the presence of leakage in the 

vitreous body fluorescein small vascular tortuous dense 

network of vitreous body vascular anomalies lead to the 

lens and retina adhesion aggravate retinal detachment, 

thus obtains the BMP4 on the development of normal 

lens plays an important role. 
Maruyama et al. (2006) Investigated the expression 

of BMP4 in the developing retina (Mao et al., 2015). In 
E19, a very strong BMP4 Immunoreactivity (IR) was found 
in the nerve fiber layer. In P1, the inner plexiform layer 
exhibits a very strong BMP4-IR. Since then, a large number 

of BMP4 expression remained in adulthood. These results 
suggest that BMP4 plays a key role in the retinal 
development process and in the grown man population. 
(Maruyama et al., 2006) Also evaluated the role of BMP4 
signaling in the development of neural retina and Retinal 
Pigment Epithelium (RPE) by ectopic Bmp4 expression in 
the whole embryo culture system of mouse. The neural 
retina showed significant down regulation of specific 
markers, such as Vsx2 (Chx10) and Pax6. In RPE, 
pigmentation is affected in a phase dependent manner. 
When the eye tissue in the visible pigmentation stage (~ 
(SS) 30-32 somite stage) before exposure to BMP4, the 
development of pigmentation is suppressed and when the 
pigmentation after the start (~34-35ss) exposure, RPE 
showed reduced pigmentation. Further evaluation of 
ocular tissues revealed early genes (such as in the retina 
of Rx, Six3 and BMP4) treatment in the eyes of RPE in 
Wnt13, Otx2, Mitf and other downstream pigmentation 
gene expression and BSA treated eyes compared to the 
significant changes that BMP4 changes in early gene 
expression and potential role in RPE and in the 
development of retina. 

BMP4 and Early Embryonic Eye Development 

The expression of BMPs in vertebrates, suggests an 
important features of these molecules in the eye during 
the development of the BMP4, which plays an important 
role in Trousse (Huang et al., 2015) using chick embryo 
as a model system, through the optic vesicles in the local 
culture proved BMP4 adjust the back of optic cup cell 
death. Takuma (Müller et al., 2007) in the study clearly 
shows that BMP4 constitute the dorsal ventral signal 
system and control the overall development of the eye. 

BMP4 and Ocular Diseases 

BMP4 and Proliferative Vitreoretinopathy 

Hyperplastic vitreous body retina (PVR) Retinal 
Detachment (RD) is a serious complication of vision, 
which is characterized in that the formation of shrinkage 
fibrosis membrane, RPE Epithelial Mesenchymal 
Transition (EMT). Kobayashi et al. (2010) Exogenous 
BMP4 inhibits TGF-beta down regulation of epithelial 
markers and up regulation of mRNA and protein levels in 
PRE cells. Endogenous BMP4 stimulates changes in EMT 
markers. These results demonstrated that BMP4 may 
inhibit TGF-beta EMT of PRE cells and their shrinkage, 
suggesting a potential target for treatment of PVR. 

BMP4 and Glaucoma 

Glaucoma is usually accompanied by High Intraocular 
Pressure (IOP), which is caused by obstruction of 
intraocular fluid drainage. In some families, the abnormal 
development of the anterior segment contributes to 
glaucoma. In most of these families cause anterior 
hypoplasia and glaucoma genes have not been identified, 
understand the development process and affected little 
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BMPs involved in various developmental processes, such 
as Chang (Yao et al., 2016) tested the importance of 
development and developmental glaucoma gene dosage 
on Bmp4. The results showed that Bmp4 + / - mice does 
not exist or obstruction of the trabecular meshwork and 
Schlemm's canal drainage structure. With serious drainage 
the abnormal structure of more than 80% or more mice 
with elevated angle range of IOP, which proves that 
BMP4 heterozygous defects lead to anterior dysplasia and 
elevated IOP, these abnormalities and development of 
glaucoma in patients with abnormal human similarity. 
Therefore, BMP4 is a associated with glaucoma and other 
developmental conditions. 

A unique gene was developed from the Primary 

Open-Angle Glaucoma (POAG), which developed the 

genes forkhead box C1 (FOXC1), transforming growth 

factor beta2 (TGF beta2) and BMP4. But the results 

show that the above gene in the pathogenesis of POAG 

has no special role (Ito and Walter, 2014), which also 

provides a new direction for the treatment of disease. 

BMP4 and Age-Related Macular Degeneration 

Age related Macular Degeneration (AMD) is the 
leading cause of blindness in the elderly, which is 
targeted at the RPE. With the progress of AMD, it can be 
developed into two different forms of advanced AMD: 
“dry” atrophic AMD, characterized in that the RPE aging 
and RPE loss and the “wet” neovascular AMD, 
characterized by choroidal vascular abnormal growth of 
RPE activation. DanHong (Mookherjee et al., 2010) 
found that BMP4 was differentially expressed in two 
types AMD. BMP4 is highly expressed in atrophic 
AMD. In contrast, the expression of RPE in BMP4 was 
low in neovascular AMD damage. Zhu et al. (2009a) in 
vitro study revealed more detailed mechanisms involved 
in BMP4 mediated oxidative stress in RPE cell 
senescence. Under oxidative stress, RPE cells increased 
the expression of BMP4 and further activated its 
downstream signaling pathway to induce P53 and 
P21Cip1/WAF1, but inhibited phosphorylation by Smad 
and P38 MAPK pathway in Rb cells. The increased P53 
and decreased the phosphorylation of Rb triggers RPE 
cell senescence, the cell senescence of RPE BMP4 
mediated by BMP4 antagonist or P38 inhibitor partially 
blocked, may inhibition of oxidative stress and aging and 
treatment of dry AMD. BMP4 is known to participate in 
the decision of individual AMD in the form of advanced 
molecular switch, Xu et al. (2011; Zhu et al., 2009b) 
research shows that when the expression of TNF is high 
(7 days postlaser), decreased the expression of BMP4 in 
CNV damage in mice induced by laser, while reducing 
the level of TNF (14 days postlaser), re expression 
BMP4 in RPE. The BMP4 promoter and the two specific 
protein (Sp1) targets of TNF were determined. We found 
the downregulation of BMP4 expression by TNF in CNV 
and the establishment of the mechanism are helpful to 
identify the new target for AMD therapy. 

Outlook 

The latest research shows that BMP4 is associated with 

a variety of eye diseases such as: BMP4 haploid deficiency 

may be (Xu et al., 2011) causes the clinical manifestation of 

Frias syndrome; BMP4 is retinal dystrophy and abnormal 

brain main gene (Martínez-Fernández et al., 2014); BMP4 

may through the stimulation of VEGF from RPE cells in 

regulating the release and Diabetic Retinopathy (DR) 

play a role (Bakrania et al., 2008) eye associated with 

angiogenesis in. The treatment of the biological function 

of BMP4 in human congenital cleft palate, fracture, 

osteoporosis, bone defect, dental disease, congenital heart 

disease and pyloric stenosis and other diseases will have 

wide application prospect. 

Conclusion 

With the gradual maturation of the research methods 

and the increase of BMP4, the role of eye tissue gradually 

clear, with the occurrence of many eye diseases will also 

be elucidated. 
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