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PERSPECTIVE

Decorin treatment for reversing 
trabecular meshwork fibrosis in 
open-angle glaucoma

In this perspective, we discuss the use of an anti-fibrotic 
agent Decorin to treat established fibrosis associated with 
glaucoma originally published by Hill et al. (2015). Glauco-
ma describes a group of progressive optic neuropathies that 
have the potential to cause irreversible blindness, for which 
it is recognized that a main risk factor is raised intraocular 
pressure (IOP). Currently, there is no precise explanation 
of why high IOP causes retinal ganglion cell (RGC) death. 
Factors contributing to IOP-related RGC death include 
compromised retrograde axonal transport of target derived 
neurotrophic factors, leading to activation of apoptosis and 
mitochondrial dysfunction after the biomechanical and isch-
emic insult of optic nerve head compression. In open-angle 
glaucoma (OAG), increases in IOP occur when aqueous 
humour (AqH) outflow through the trabecular meshwork 
(TM) is reduced, usually as a result of progressive abnor-
malities in TM cellularity and extracellular matrix (ECM) 
levels culminating in TM fibrosis (Prendes et al., 2013). 
These cellular and ECM changes (which includes upregu-
lation of collagen IV, laminin, and fibronectin) in the TM, 
together with altered TM cell contractility, result in TM 
dysfunction and ultimately loss of the tightly controlled 
AqH outflow. Currently, treatments for glaucoma are 
symptomatic and focus on the use of drugs formulated as 
eye drops to lower IOP either by reducing AqH production 
or increasing AqH outflow through non-TM pathways. Al-
ternatively, surgical insertion of shunts through the TM can 
drain AqH directly to the exterior of the eye, although these 
often become blocked. For some patients it seems that pri-
mary open-angle glaucoma is a fibroproliferative condition 
and no current treatment addresses the TM fibrosis that is 
the predominant underlying causes of TM dysregulation. 

The mechanisms that lead to TM dysfunction in OAG 
are multifactorial and may relate to dysregulated ocular 
inflammation since pathologically high levels of the pro-in-
flammatory cytokine transforming growth factor β (TGF-β) 
within the AqH and TM have been implicated. For exam-
ple, some OAG patients have elevated levels of TGF-β1 and/
or TGF-β2 in their AqH compared to age-matched patients 
with other forms of glaucoma (e.g., primary angle closure 
glaucoma and uveitis-associated secondary glaucoma) and 
with cataracts (Prendes et al., 2013). Other studies have 
shown that it is the TGF-β2 isoform that is significantly el-
evated in eyes with primary OAG compared with non-glau-
comatous eyes, and have shown elevated TGF-β1 and 
TGF-β3 isoforms in pseudoexfoliative glaucoma and in pri-
mary angle closure glaucoma (Prendes et al., 2013). TGF-β1 
and TGF-β2 are known potent fibrogenic factors and, at 
pathologically high levels in the eye, can induce the over-
expression of ECM proteins that lead to TM dysfunctions 
(Prendes et al., 2013). TGF-βs also prevent the breakdown 

of ECM by inhibiting matrix metalloproteinases (MMP) 
(Ahmed et al. 2014), creating a pro-fibrotic microenviron-
ment within the TM. TGF-β is directly implicated in the 
pathogenesis of ocular hypertension since: (1) infusion of 
TGF-β2 for 14 days in an anterior eye segment perfusion 
culture model significantly increased IOP (Battacharya et 
al., 2009); (2) adenoviral gene delivery of human TGF-β2 
into the anterior segment to the rodent eye reduced AqH 
outflow and increased IOP (Shepard et al., 2010); and (3) 
TGF-β1 gene delivery by adenovirus to the anterior seg-
ment of the rat eye increased IOP (Robertson et al., 2010). 
Thus, treatment of the TM in OAG with a TGF-β antago-
nist may help to ablate TM fibrogenesis, thereby perturbing 
the progression of OAG pathology. 

The matrikine Decorin is a small leucine-rich proteogly-
can that regulates cell proliferation, survival and differen-
tiation by antagonizing a panel of growth factors and/or 
their receptors, including TGF-β, epidermal growth factor, 
vascular endothelial growth factor, hepatocyte growth fac-
tor and insulin-like growth factor-1. Decorin also ‘deco-
rates’ collagen, interfering with collagen fibrillogenesis and 
stabilizing collagen fibres. In addition, Decorin enhances 
matrix metalloproteinases (MMP) activity by increasing 
levels of tissue plasminogen activator (tPA), thus enabling 
plasmin-dependent activation of MMP by cleavage of 
plasminogen to plasmin, and reducing levels of PAI-1 
and tissue inhibitors of MMPs, further facilitating MMP 
activation. The fibrolytic actions of Decorin have been 
harnessed to attenuate the progression of tissue damage 
in other fibroproliferative pathologies, including juvenile 
communicating hydrocephalus (Botfield et al., 2013) and 
spinal cord injury (Ahmed et al., 2014), making Decorin 
an ideal candidate for treating TM fibrosis and progressive 
RGC loss in glaucoma. 

Modelling raised IOP in OAG using intracameral (IC) 
injections of TGF-β: In the study by Hill et al. (2015), we 
used immunohistochemistry to visualize fibrosis and count 
RGCs, tonometry to measure IOP and visual evoked poten-
tials (VEP) to measure function of the visual pathway, and 
found that repeated (twice a week) intracameral injections 
of TGF-β in adult rats promoted TM fibrosis, elevated IOP 
and led to RGC death and retinal dysfunction. Consistent 
with other fibrotic models of raised IOP, our rodent model 
generated a sustained and significant increase in IOP by 14 
days compared with PBS controls. The baseline level of IOP 
(before any treatment) in our study was similar to that ob-
served previously in rats (Robertson et al. 2010). However, 
overexpression of TGF-β by gene transfer (Robertson et al. 
2010) led to greater levels of IOP (20 mmHg) compared to 
IOP levels (14 mmHg) achieved in our study, differences 
that maybe explained by the constant production of TGF-β 
through gene transcription compared with our discontin-
uous bolus regime of biweekly IC injections. One feature 
of our method was that TGF-β treatment for 17 days led 
to TM fibrosis and elevated IOP that persisted for at least 
30 days despite withdrawal of TGF-β from this time point. 
To confirm that there was no natural resolution of the TM 
fibrosis and raised IOP (due to continued ECM turnover 
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in the TM) after the cessation of TGF-β treatment we used 
a control group in which intracameral injection of TGF-β 
injections for 17 days was followed by intracameral injection 
of PBS from 21–30 days with no resolution of IOP. Thus, 
in this in vivo model of TGF-β-induced TM fibrosis, IOP 
was increased by 17 days and sustained through to 30 days, 
resulting in 42% RGC death and associated functional VEP 
deficits, consequences that were similar to those seen in oth-
er experimental models of raised IOP (Belforte et al., 2010). 

Of note, in the study of Hill et al. (2015) it was import-
ant to identify and account for any inflammatory reactions 
induced by the intracameral injections that may have per-
petuated TM fibrosis. This was addressed by counting the 
number of ED1+ macrophages situated within the proximity 
of the TM. The results showed that intracameral TGF-β and 
PBS did increase the number of macrophages in the angle 
compared with numbers in the intact control eyes. These 
results suggest that, since there were similar macrophage 
numbers in the PBS and TGF-β-treated groups, the induced 
differences between the two treatments were not a conse-
quence of post-surgical inflammation. 

Evaluating the utility of human recombinant Decorin  
hrDecorin for the treatment of OAG: Once the model was 
successfully established, hrDecorin was injected intracam-
erally after TM fibrosis was established to ascertain if the 
induced TM fibrosis and increased IOP could be resolved. 
hrDecorin significantly reduced the laminin and fibronectin 
levels within the fibrosed TM, an effect that was correlated 
with raised levels of MMP and their TIMP inhibitors. Thus, 
hrDecorin reversed the TM microenvironment back to 
MMP/TIMP ratios favourable for tissue remodelling, caus-
ing the dissolution of established ECM protein deposits in 
and around the TM, an anti-scarring response reminiscent 
of that seen to Decorin in models of spinal cord injury 
(Ahmed et al., 2013), hydrocephalus (Botfield et al., 2013) 
and conjunctival scarring for post-filtration surgery (Gri-
santi et al., 2005). 

The study of Hill et al. (2015) in the OAG model also 
showed that the anti-scarring Decorin treatment lowered 
IOP when compared with controls in vivo, with associated 
enhancement of RGC survival. Primary retinal cultures 
containing RGC demonstrated that the neuroprotective 
effects of Decorin were indirectly related to the resolution 
of TM fibrosis and lowering of IOP rather than by direct 
actions on neurons. However, other studies have shown 
contradictory results on other cell types. For example, 
Seidler et al. (2006) reported an anti-apoptotic effect of 
Decorin on cultured fibroblasts by prevention of DNA 
fragmentation. By contrast, studies using cancer cells have 
convincingly demonstrated the ability of Decorin to induce 
cell death through apoptosis (Goldoni et al., 2008). There-
fore, we suggest that the actions of Decorin are dependent 
on the cell type and their environment. 

Conclusion: Our observations show that intracameral hr-
Decorin reverses established TM fibrosis and normalizes IOP, 
indirectly protecting RGC from progressive IOP-related death. 
Further confirmatory studies will be required to understand 

the exact mechanism of Decorin’s fibrolytic actions within 
the TM but we believe that hrDecorin is an ideal candidate 
therapy to develop into a treatment for patients with OAG 
associated with TM fibrosis. 

LJH was funded by the Biotechnology and Biological Sciences 
Research Council (BBSRC), No. BB/F017553/1. 

Lisa J Hill*, Zubair Ahmed, Ann Logan

Neuroscience and Ophthalmology, University of Birmingham, 
Birmingham, UK

*Correspondence to: Lisa J Hill, Ph.D., l.j.hill@bham.ac.uk.
Accepted: 2016-06-07
doi: 10.4103/1673-5374.184489         
How to cite this article: Hill LJ, Ahmed Z, Logan A (2016) Decorin 
treatment for reversing trabecular meshwork fibrosis in open-angle 
glaucoma. Neural Regen Res 11(6):922-923.                                              
                                         

References
Ahmed Z, Bansal D, Tizzard K, Surey S, Esmaeili M, Gonzalez AM, Berry 

M, Logan A (2014) Decorin blocks scarring and cystic cavitation in 
acute and induces scar dissolution in chronic spinal cord wounds. 
Neurobiol Dis 64:163-176.

Battacharya SK, Gabelt BT, Ruiz J, Picciani R, Kaufman PL (2009) Coch-
lin expression in anterior segment organ culture models after TGFbe-
ta2 treatment. Invest Ophthalmol Vis Sci 50:551-559.

Belforte N, Sande P, de Zavalía N, Knepper PA, Rosenstein RE (2010) 
Effect of chondroitin sulfate on intraocular pressure in rats. Invest 
Ophthalmol Vis Sci.51:5768-5775.

Botfield H, Gonzalez AM, Abdullah O, Skjolding AD, Berry M, McAllister 
JP 2nd, Logan A (2013) Decorin prevents the development of juvenile 
communicating hydrocephalus. Brain 136:2842-2858.

Grisanti S, Szurman P, Warga M, Kaczmarek R, Ziemssen F, Tatar O, 
Bartz-Schmidt KU (2005) Decorin modulates wound healing in ex-
perimental glaucoma filtration surgery: a pilot study. Invest Ophthal-
mol Vis Sci 46:191-196.

Goldoni S, Iozzo RV (2008) Tumor microenvironment: modulation by 
decorin and related molecules harboring leucine-rich tandem motifs. 
Int J Cancer 123:2473-2479.

Hill LJ, Mead B, Blanch RJ, Ahmed Z, De Cogan F, Morgan-Warren 
PJ, Mohamed S, Leadbeater W, Scott RA, Berry M, Logan A (2015) 
Decorin reduces intraocular pressure and retinal ganglion cell loss in 
rodents through fibrolysis of the scarred trabecular meshwork. Invest 
Ophthalmol Vis Sci 56:3743-3757.

Prendes MA, Harris A, Wirostko BM, Gerber AL, Siesky B (2013) The 
role of transforming growth factor β in glaucoma and the therapeutic 
implications. Br J Ophthalmol 97:680-686.

Robertson JV, Golesic E, Gauldie J, West-Mays JA (2010) Ocular gene 
transfer of active TGF-β induces  changes in anterior segment mor-
phology and elevated IOP in rats. Invest Ophthalmol Vis Sci 51:308-
318.

Seidler DG, Goldoni S, Agnew C, Cardi C, Thakur ML, Owens RT, Mc-
Quillan DJ, Iozzo RV (2006) Decorin protein core inhibits in vivo 
cancer growth and metabolism by hindering epidermal growth factor 
receptor function and triggering apoptosis via caspase-3 activation. J 
Biol Chem 281:26408-26418.

Shepard AR, Millar JC, Pang IH, Jacobson N, Wang WH, Clark AF (2010) 
Adenoviral gene transfer of active human transforming growth fac-
tor-β2 elevates intraocular pressure and reduces outflow facility in 
rodent eyes. Invest Ophthalmol Vis Sci 51:2067-2076.


