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What is the potential of Rho kinase
inhibitors in the treatment of glaucoma?
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Glaucoma is known to be the second most
important cause of blindness worldwide.
Moreover, it is the leading cause of irreversible blindness and therefore presents even a
greater public health challenge than cataracts. In 2010, glaucoma affected approximately 60.5 million people globally, and
with the aging of the population this number is expected to increase to up to almost 80
million by 2020 [1] . Despite this high prevalence, relatively little progress has been made
in the management of this neurodegenerative disease over the past decade. Current
treatment modalities are directed towards
the reduction of intraocular pressures (IOP)
and thus far, this is the only therapy shown
to be effective in large scale clinical trials [2] .
Pharmacological treatment with eye drops is
generally the first line therapy to reduce IOP
in glaucoma patients. IOP is determined by
the balance between aqueous humor (AH)
production and outflow. As such, current
medications can be divided into two categories; drugs that decrease AH production
(β-blockers, carbonic anhydrase inhibitors
and α-2 agonists) and those that increase
the conventional outflow via the trabecular
meshwork (TM; pilocarpine) or promote
the uveoscleral outflow (prostaglandin analogs). In humans, the main route of AH
outflow is via the conventional pathway and
the primary disease mechanism in glaucoma
patients involves increased trabecular resistance to AH outflow via this pathway, resulting in an elevated IOP. Therefore, agents that
increase AH outflow by lowering the trabecular resistance are promising targets for the
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treatment of most forms of glaucoma. Since
the declining use of cholinergic agents such
as pilocarpine, it is noteworthy that none of
the routinely used medications significantly
improve outflow facility via the TM [3] . As
such, a drug that targets this pathway could
potentially lead to advancement in the care
of glaucoma patients [4] .
Rho kinase (ROCK) inhibitors constitute a
new pharmacological class of potential drugs
that decrease IOP via direct effects on the TM
and as such increase conventional outflow
facility [5] . Experimental data indeed indicate
that ROCK inhibitors alter contractility of the
TM cells, thereby lowering IOP by facilitating aqueous outflow via relaxation of cells in
the TM [6–9] . However, preclinical and clinical studies [10,11] evaluating ROCK inhibitors
(such as Y-39883 [Novartis], AR-12286 and
AR-13324 [Aerie Pharmaceuticals], ATS907
[Altheos, Inc.], K-115 [Kowa Company, Ltd.]
and HA-1077 [Santen Pharmaceutical Co.,
Ltd.]) have reported mild to severe conjunctival hyperemia, which is caused by mechanismbased smooth muscle relaxation of conjunctival blood vessels. Therefore, a product pipeline
of soft ROCK inhibitors was developed by
Amakem Therapeutics (Belgium). In general,
soft ROCK inhibitors undergo rapid degradation towards a predefined, functionally inactive metabolite [12] . This soft principle might
reduce side effects and consequently widen
the therapeutic window of ROCK inhibitors.
AMA0076 is an example of such a soft ROCK
inhibitor. Preclinical and clinical studies
(ARVO abstract 2014) have shown that this
soft ROCK inhibitor potently reduced IOP
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without causing significant hyperemia [13] . These findings led us to expect that this compound might be a
promising candidate as a novel IOP-lowering treatment
for glaucoma.
When IOP is insufficiently controlled with the current pharmacological treatments, more invasive therapies, such as laser treatment and/or filtration surgery
need to be considered. Glaucoma filtration surgery
is indeed the most effective treatment to lower IOP.
Unfortunately, excessive postoperative wound healing
with subsequent scarring frequently leads to surgical
failure resulting in poor postoperative control of IOP
and the consequent progression of visual field loss [14] .
Therefore, extensive efforts are being made to find
novel effective antifibrotic adjunctive agents. ROCK
might represent a promising target to reduce postoperative fibrosis, since these compounds have been shown
to have anti-inflammatory, anti-angiogenic and antifibrotic properties. Indeed, ROCK inhibitors decreased
the activation of nuclear factor-κβ in stimulated
inflammatory cells and subsequently blocked the generation of proinflammatory cytokines [15] . Increased
expression of RhoA in endothelial cells significantly
promoted migration and the in vitro angiogenic
capacity. Furthermore, inhibition of the Rho/ROCK
pathway attenuated VEGF-mediated migration and
angiogenesis in vitro [16] . Finally, and importantly,
in vitro and animal studies have shown that ROCK
inhibition inhibited the activation of fibroblast into
myofibroblasts, and consequently had profound effects
on surgical outcome in a rabbit model of glaucoma
surgery. Histological examination of the filtration
blebs revealed that treatment with ROCK inhibitors
resulted in a significant lack of collagen deposition [17] .
Although these results are promising, further preclinical research is necessary to establish the potential of
ROCK inhibitors as an adjunctive to glaucoma surgery.
Elevated IOP is not the only risk factor for the development of glaucoma, since glaucoma is known to be
a multifactorial disease. Reduction of IOP can slow
down disease progression, but many patients continue
to experience progressive visual field loss despite proper
IOP control. Moreover, reduced ocular perfusion pressure has been identified as a risk factor for glaucoma
progression in several large clinical trials. Therefore,
novel treatment strategies besides the reduction of IOP
are being explored, such as neuroprotective and ocular blood flow enhancing agents. To date, no drugs
are licensed for neuroprotection in glaucoma, despite

promising results of Memantine and Brimonidine in
preclinical studies. Accumulating evidence suggests
that ROCK inhibitors are able to directly protect
retinal ganglion cells, since co-incubation with these
inhibitors significantly promoted ganglion cell survival
in deprived cellular conditions [18] . The neuroprotective effect of ROCK inhibitors was also confirmed in
vivo; they inhibited experimentally induced apoptosis
of retinal ganglion cells in several animal models for
glaucoma [19] . The underlying mechanisms responsible
for the neuroprotective properties of ROCK inhibitors are not yet fully understood and more profound
research is necessary. Interestingly, the vasodilatory
effect of ROCK inhibitors is also described at the
level of the retina. Vasodilation of retinal blood vessels
could subsequently lead to an improved ocular blood
flow, which could potentially have a protective effect
on retinal ganglion cells [20] .
Taken together, ROCK inhibitors have a broad
theoretical therapeutic potential in glaucoma. Besides
their consistently reported IOP lowering effect, experimental data suggest additional effects that may be
relevant for the management of glaucoma: neuroprotection, facilitation of ocular blood flow and prevention of filtration failure. These features make ROCK
inhibitors a promising new target for the treatment of
glaucoma. For several years ROCK inhibitors haven
been under development as a novel IOP lowering strategy in the treatment of glaucoma. Some clinical trials have already been discontinued due to undesirable
ocular complications. Indeed, hyperemia is considered
as the main dose limiting side effect. The ability to
dose sufficiently high without causing clinically significant hyperemia is critical for ROCK inhibitors to be
accepted as a novel IOP lowering strategy. Therefore,
soft ROCK inhibitors might improve the side effect
profile of this class of compounds, and consequently
broaden their therapeutic window for future treatment
of glaucoma.
Financial & competing interests disclosure
I Stalmans acts as consultant for Amakam NV. S Van de Velde
received a research grant that is partially funded by Amakem
NV. The authors have no other relevant affiliations or financial
involvement with any organization or entity with a financial
interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.
No writing assistance was utilized in the production of this
manuscript.

References
1

392

Quigley HA, Broman AT. The number of people with
glaucoma worldwide in 2010 and 2020. Br. J. Ophthalmol.
90(3), 262–267 (2006).

Clin. Invest. (2014) 4(5)

2

Weinreb RN, Khaw PT. Primary open-angle glaucoma.
Lancet 363(9422), 1711–1720 (2004).

future science group

What is the potential of Rho kinase inhibitors in the treatment of glaucoma?

3

Munoz-Negrete FJ, Perez-Lopez M, Won Kim HR,
Rebolleda G. New developments in glaucoma medical
treatment. Arch. Soc. Esp. Oftalmol. 84(10), 491–500
(2009).

12

Boland S, Defert O, Alen J et al. 3-[2-(aminomethyl)-5[(pyridin-4-yl)carbamoyl]phenyl] benzoates as soft ROCK
inhibitors. Bioorg. Med. Chem. Lett. 23(23), 6442–6446
(2013).

4

Llobet A, Gasull X, Gual A. Understanding trabecular
meshwork physiology: a key to the control of intraocular
pressure? News Physiol. Sci. 18, 205–209 (2003).

13

5

Peeters A, Webers CA, Prins MH, Zeegers MP, Hendrikse F,
Schouten JS. Quantifying the effect of intraocular pressure
reduction on the occurrence of glaucoma. Acta Ophthalmol.
88(1), 5–11 (2010).

Van De Velde S, Van Bergen T, Sijnave D et al. AMA0076,
a novel, locally acting Rho kinase inhibitor, potently lowers
intraocular pressure in New Zealand white rabbits with
minimal hyperemia. Invest. Ophthalmol. Vis. Sci. 55(2),
1006–1016 (2014).

14

Addicks EM, Quigley HA, Green WR, Robin AL.
Histologic characteristics of filtering blebs in glaucomatous
eyes. Arch. Ophthalmol. 101(5), 795–798 (1983).

15

Doe C, Bentley R, Behm DJ et al. Novel Rho kinase
inhibitors with anti-inflammatory and vasodilatory activities.
J. Pharmacol. Exp. Ther. 320(1), 89–98 (2007).

16

Van Nieuw Amerongen GP, Koolwijk P, Versteilen A,
Van Hinsbergh VW. Involvement of RhoA/Rho kinase
signaling in VEGF-induced endothelial cell migration and
angiogenesis in vitro. Arterioscler. Thromb. Vasc. Biol. 23(2),
211–217 (2003).

17

Honjo M, Tanihara H, Kameda T, Kawaji T, Yoshimura
N, Araie M. Potential role of Rho-associated protein kinase
inhibitor Y-27632 in glaucoma filtration surgery. Invest.
Ophthalmol. Vis. Sci. 48(12), 5549–5557 (2007).

18

Lingor P, Tonges L, Pieper N et al. ROCK inhibition
and CNTF interact on intrinsic signalling pathways and
differentially regulate survival and regeneration in retinal
ganglion cells. Brain 131(Pt 1), 250–263 (2008).

19

Kitaoka Y, Kumai T, Lam TT et al. Involvement of RhoA
and possible neuroprotective effect of fasudil, a Rho kinase
inhibitor, in NMDA-induced neurotoxicity in the rat retina.
Brain Res. 1018(1), 111–118 (2004).

20

Okamura N, Saito M, Mori A et al. Vasodilator effects of
fasudil, a Rho-kinase inhibitor, on retinal arterioles in strokeprone spontaneously hypertensive rats. J. Ocul. Pharmacol.
Ther. 23(3), 207–212 (2007).

6

Honjo M, Inatani M, Kido N et al. Effects of protein kinase
inhibitor, HA1077, on intraocular pressure and outflow
facility in rabbit eyes. Arch. Ophthalmol. 119(8), 1171–1178
(2001).

7

Honjo M, Tanihara H, Inatani M et al. Effects of rhoassociated protein kinase inhibitor Y-27632 on intraocular
pressure and outflow facility. Invest. Ophthalmol. Vis. Sci.
42(1), 137–144 (2001).

8

Rao PV, Deng PF, Kumar J, Epstein DL. Modulation of
aqueous humor outflow facility by the Rho kinase-specific
inhibitor Y-27632. Invest. Ophthalmol. Vis. Sci. 42(5),
1029–1037 (2001).

9

10

11

Tokushige H, Inatani M, Nemoto S et al. Effects of topical
administration of y-39983, a selective rho-associated protein
kinase inhibitor, on ocular tissues in rabbits and monkeys.
Invest. Ophthalmol. Vis. Sci. 48(7), 3216–3222 (2007).
Tanihara H, Inatani M, Honjo M, Tokushige H, Azuma J,
Araie M. Intraocular pressure-lowering effects and safety
of topical administration of a selective ROCK inhibitor,
SNJ-1656, in healthy volunteers. Arch. Ophthalmol. 126(3),
309–315 (2008).
Williams RD, Novack GD, Van Haarlem T, Kopczynski C.
Ocular hypotensive effect of the Rho kinase inhibitor AR12286 in patients with glaucoma and ocular hypertension.
Am J Ophthalmol. 152(5), 834–841 (2011).

future science group

www.future-science.com

Editorial

393

