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T
he majority of glaucoma medications control IOP by 
three main mechanisms: (1) increasing aqueous humor 
(AH) outflow via the trabecular meshwork (TM) pathway, 
(2) increasing AH outflow via the uveoscleral outflow 

pathway, or (3) decreasing the production of AH. The TM 
pathway is believed to be responsible for approximately 85% of 
aqueous outflow.1 For the most common form of glaucoma, 
primary open-angle glaucoma (POAG), the pathology underly-
ing increased IOP resides in the TM.2 However, prior to the 
relatively recent development of Rho kinase (ROCK) inhibitors, 
few glaucoma drugs have targeted this important pathway. 
In fact, ROCK inhibitors such as netarsudil (Rhopressa, Aerie 
Pharmaceuticals) are the first to target the TM to increase aque-
ous outflow since the development of pilocarpine in the 1870s. 
A review of what is known about how current ROCK inhibitors 
work suggests possible therapeutic advances for the future.

 THE TM PATHWAY 
The TM consists of a cellular network surrounded by an 

extracellular matrix (ECM). AH outflow through the TM begins 
at the corneoscleral TM, flows to the juxtacanalicular TM, and 
passes into Schlemm canal before entering the episcleral venous 
system. ROCK inhibitors have multiple mechanisms of action 
when it comes to glaucoma management, including modulat-
ing the cells responsible for TM outflow resistance and targeting 
ECM-cell interaction. They may also decrease episcleral venous 
pressure, decrease reactive oxidative species formation, increase 
optic nerve head vasodilation, exhibit neuroprotective effects, 
and decrease fibrotic action.3-5

 GTPASES 
In order to understand ROCK inhibitors, one must first 

understand the mechanism behind GTPases,6 a large family 
of molecules to which the Rho proteins belong. The protein 
members of the GTPase family are involved in several complex 
cellular processes. A GTPase is on or active when bound to 

GTP and off or inactive when bound to GDP. When bound 
to GTP, a GTPase can bind to an effector molecule, thereby 
transmitting a signal within the cell. The interaction with the 
effector leads to the hydrolyzation of the bound GTP to GDP, 
turning the GTPase off. The GTPase can then be reactivated 
by interaction with a guanine nucleotide exchange factor that 
promotes the replacement of the bound GDP with GTP. Due 
to their on and off forms, the GTPases are sometimes referred 
to as molecular switches.

Similarly, Rho is activated by the binding of GTP, causing 
its interaction with one of several dozen effector proteins, 
including the extensively studied ROCKs. Activation of GTP-
bound Rho leads to the activation of ROCK, which, in turn, 
leads to downstream phosphorylation of various substrates, 
including myosin light chain phosphatase and LIM kinase.3 
ROCK molecules are expressed in all cellular tissues, although 
the degree of expression may vary among tissues. The ROCK 
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signaling pathway is involved in several cellular events, 
including cell adhesion, migration, differentiation, prolifera-
tion, and apoptosis. 

 
 ROCK AND THE TM 

ROCK signaling has been identified as an important regu-
lator of TM outflow. It is well known that the TM exhibits 
smooth muscle-like properties due to expression of both actin 
and myosin.7,8 ROCK has been shown to sensitize smooth 
muscle in a calcium-independent manner.9 Similarly, ROCK 
leads to contraction of the TM via phosphorylation of myosin 
light chain and LIM kinase/cofilin pathways, resulting in forma-
tion of actin stress fibers and increasing outflow resistance.4,10 
ROCK inhibitors, on the other hand, decrease the density of 
actin stress fibers, causing TM cells to relax. Intercellular space 
subsequently increases and disrupts focal adhesions in the TM 
and the inner wall endothelial lining of Schlemm canal, thereby 
increasing AH outflow and decreasing IOP.

Investigators have shown that increasing ECM production 
leads to elevated IOP.11 ROCK inhibitors have been shown to 
decrease ECM synthesis and possibly long-term ECM remodel-
ing, thereby reducing IOP.3 Recent human studies using Schiotz 
tonography have shown that ROCK inhibitors reduced episcler-
al venous pressure, a finding that suggests these drugs also work 
on the distal outflow system of the TM pathway.12 Additionally, 
ROCK signaling leads to an increase in reactive oxygen species in 
the TM, and ROCK inhibitors have been shown to suppress this 
mechanism by increasing the expression of catalase.13 

ROCK inhibitors have been shown to increase blood flow 
to the optic nerve by vasodilation.14 They may therefore slow 
the progression of glaucomatous optic neuropathy not only 
by lowering IOP but also by working directly on optic nerve 
blood vessels. Additionally, ROCK inhibitors may have neuro-
protective effects, as they have been shown to promote retinal 
ganglion cell survival and optic nerve axon regeneration after 
optic nerve damage in animal models.15 

Another way these drugs may aid in treating glaucoma is 
as antifibrotic agents in glaucoma surgery. Experiments have 
shown a reduction in subconjunctival scarring after filtration 
surgery involving the topical application of ROCK inhibitors in 
rabbits.16 Further studies in humans are required to determine 
efficacy and optimal dosage. 

 CONCLUSION 
Additional work is required to further elucidate how ROCK 

signaling is regulated and to understand the mechanisms 
behind ROCK dysregulation in glaucoma. Moving forward, 
one notable issue is the need for selective ROCK inhibitors. 
Considering ROCK inhibitors’ extensive roles in cellular function, 
increasing the concentration of a nonspecific ROCK inhibitor 
could have undesirable side effects. For example, one drawback 
to ROCK inhibitors is that they induce conjunctival hyper-
emia. Extensive dilation of conjunctival microvasculature may 

decrease the effect of concomitantly administered topical drugs 
by rapidly increasing clearance to the systemic circulation.17 

Selective ROCK inhibitors are in development,18 and tech-
nologies to make drug delivery more precise and controlled 
are under investigation.19 Further study of the multitude of 
biochemical systems taking place inside the eye is required to 
optimize glaucoma treatment. n

1. Bill A, Phillips CI. Uveoscleral drainage of aqueous humour in human eyes. Exp Eye Res. 1971;12(3):275-281.
2. Tamm ER, Braunger BM, Fuchshofer R. Intraocular pressure and the mechanisms involved in resistance of the aqueous humor 
flow in the trabecular meshwork outflow pathways. Prog Mol Biol Transl Sci. 2015;134:301-314.
3. Honjo M, Tanihara H. Impact of the clinical use of ROCK inhibitor on the pathogenesis and treatment of glaucoma. Jpn J 
Ophthalmol. 2018;62(2):109-126.
4. Moura-Coelho N, Tavares Ferreira J, Bruxelas CP, Dutra-Medeiros M, Cunha JP, Pinto Proença R. Rho kinase inhibitors—a 
review on the physiology and clinical use in ophthalmology. Graefes Arch Clin Exp Ophthalmol. In press.
5. Tanna AP, Johnson M. Rho kinase inhibitors as a novel treatment for glaucoma and ocular hypertension. Ophthalmology. 
2018;125(11):1741-1756.
6. Cherfils J, Zeghouf M. Regulation of small GTPases by GEFs, GAPs, and GDIs. Physiol Rev. 2013;93(1):269-309.
7. Lepple-Wienhues A, Stahl F, Wiederholt M. Differential smooth muscle-like contractile properties of trabecular meshwork 
and ciliary muscle. Exp Eye Res. 1991;53(1):33-38.
8. Wiederholt M. Direct involvement of trabecular meshwork in the regulation of aqueous humor outflow. Curr Opin Ophthal-
mol. 1998;9(2):46-49.
9. Somlyo AP, Somlyo AV. Ca2+ sensitivity of smooth muscle and nonmuscle myosin II: modulated by G proteins, kinases, and 
myosin phosphatase. Physiol Rev. 2003;83(4):1325-1358.
10. 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. 2001;42(5):1029-1037.
11. Oh D-J, Kang MH, Ooi YH, Choi KR, Sage EH, Rhee DJ. Overexpression of SPARC in human trabecular meshwork increases 
intraocular pressure and alters extracellular matrix. Invest Ophthalmol Vis Sci. 2013;54(5):3309-3319.
12. Sit AJ, Gupta D, Kazemi A, et al. Improvement of trabecular meshwork outflow facility by netarsudil ophthalmic solution in 
patients with primary open angle glaucoma or ocular hypertension. Invest Ophthalmol Vis Sci. 2019;5164.
13. Fujimoto T, Inoue T, Ohira S, et al. Inhibition of Rho kinase induces antioxidative molecules and suppresses reactive oxidative 
species in trabecular meshwork cells. J Ophthalmol. 2017;2017:7598140.
14. Tokushige H, Waki M, Takayama Y, Tanihara H. Effects of Y-39983, a selective Rho-associated protein kinase inhibitor, on blood 
flow in optic nerve head in rabbits and axonal regeneration of retinal ganglion cells in rats. Curr Eye Res. 2011;36(10):964-970.
15. Shaw PX, Sang A, Wang Y, et al. Topical administration of a ROCK/NET inhibitor promotes retinal ganglion cell survival and axon 
regeneration after optic nerve injury. Exp Eye Res. 2017;158:33-42.
16. 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. 2007;48(12):5549-5557.
17. Arnold JJ, Hansen MS, Gorman GS, et al. The effect of Rho-associated kinase inhibition on the ocular penetration of timolol 
maleate. Invest Ophthalmol Vis Sci. 2013;54(2):1118-1126.
18. DeLong MA, Vick K, Sturdivant J, Kopczynski C, Lin C. Anti-inflammatory activity of a new class of JAK/ROCK inhibitors for 
posterior segment disease. Poster presented at: ARVO Annual Meeting; May 1, 2019; Vancouver, Canada.
19. Pegoraro T, Tully J, Trevino L, et al. Evaluation of incorporation efficiency of dexamethasone in a polymer matrix for sustained 
release implant manufacturing. Poster presented at: ARVO Annual Meeting; April 30, 2019; Vancouver, Canada.

MEHAK AZIZ, MD
n  Ophthalmology Resident, Department of Ophthalmology and Visual Sciences, 

Vanderbilt University Medical Center, Nashville, Tennessee
n  Financial disclosure: None

RACHEL W. KUCHTEY, MD, PhD
n  Associate Professor, Department of Ophthalmology and Visual Sciences, Vanderbilt 

University Medical Center, Nashville, Tennessee
n  rachel.w.kuchtey@vumc.org
n  Financial disclosure: None

 “ A D D I T I O N A L  W O R K  I S  R E Q U I R E D  

 T O  F U R T H E R  E L U C I D A T E  H O W  R O C K  

 S I G N A L I N G  I S  R E G U L A T E D  A N D  T O  

 U N D E R S T A N D  T H E  M E C H A N I S M S  B E H I N D  

 R O C K  D Y S R E G U L A T I O N  I N  G L A U C O M A . ” 


