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Abstract

Rescula (unoprostone isopropyl) has been in the market as ocular hypotensive drug since 1994. There are
amounting scientific research and post-marketing clinical experiences reported in peer review journals. Yet there
seems limited understanding about its unique clinical implication associated with newly discovered molecular
mechanism (traits) of BK channel activation. Hence this review article is using a focal lens with an eye on B-K
channel activation to further delineate possible roles of rescula in modulating chronic parainflammation in the eye,
which may eventually set it apart from the rest lipid hypotensive drugs such as latanoprost that is pro-inflammatory in
nature. Cystoid macular edema and refractory glaucoma will be the key historical clinical case highlights.
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Background

Rescula (unoprostone isopropyl) was the first docosanoid lipid
hypotensive drug approved for the treatment of open-angle glaucoma
(OAG) and ocular hypertension (OH) in Japan (R-Tech Ueno Ltd) in
1994, followed by the US approval (CIBA Vision/Novartis AG) in 2000,
but it was shortly pull off the USA market by Novartis AG in 2005.
Since its first launch, there are about 6.4 million human subjects across
45 countries receiving rescula eye drops (0.12% or 0.15%, bid) for the
treatment of glaucoma and OH, in which rescula has demonstrated
excellent systemic safety and favorable ocular tolerability. Among these
6.4 million human subjects including the patients on the pivotal Phase
III trials, there were three incidences of cystoid macular edema (CME)
reported in 2002, which were seemly related to the use of rescula [1,2].
As of such, rescula has been warned with caution of causing macular
edema enlisted on the new product label (package insert) issued by the
food and drug administration (FDA) in 2012 [3]. In late 2012 when
Sucampo Pharma was about to re-launch rescula as a new B-K channel
activator for glaucoma treatment in the USA, there was a debate over
the question about whether or not rescula should be still marketed as a
subset family of prostaglandin analogues (PGAs) like latanoprost. To
answer this question, we have to first understand what B-K channel
activation exactly means in clinical disease management and
pathological process.

Rescula (B-K Channel Activator) vs Prostaglandin

Rescula or Unoprostone isopropyl belongs to the “prostone” family
of a naturally occurring unsaturated docosanoic fatty acid in the body,
its activation of B-K channel and subsequent restoring of cellular
membrane hemostasis has multiple pharmacological and clinical
implications, such as regulating vascular smooth muscle tones and
relaxing contractibility of trabecular meshwork complex, and
modulating innate inflammatory responses [4]. Decades of amounting
clinical evidences and experimental studies have led us to gain new

insight and appreciation of rescula molecular mechanism of action,
further enriched our understanding about its biological and
pharmacological behaviors, in particular of its role in the subset of
glaucoma clinical phenotypes such as normal tension glaucoma (NTG)
and refractory cases. One of the key milestone studies published in
2011 has changed our fundamental view on the difference between
rescula and PGAs [5]. This study not only has suggested that rescula
IOP lowering effect is through B-K channel activation to drive cell
membrane hyperpolarization (not depolarization), which results in
relaxation of trabecular meshwork thus an increase of conventional
outflow, but also demonstrated that unoprostone Isopropyl and its
metabolite M1 are not EP1 and EP4 receptor agonist, and has a weak
binding affinity to prostaglandin receptor (PF) in vitro (1000 times
lower than latanoprost or Xalatan), therefore, within the therapeutic
dose window rescula does not activate prostaglandin receptors at all
[5]. Apparently these evidences are pointing against the original belief
that rescula is subset of prostaglandin analogues, though they both
may share a similar downstream metabolite pathway. Of note,
endogenous prostaglandins are proinflammatory in nature. They are
the key risk factors responsible for CME in patients following cataract
surgeries [6]. There are various clinical case reports about the side
effect of synthetic prostaglandin analogues (such as latanoprost and
travaprost) suggesting a causative link between PGAs and CME in
patients, who have undergone both uneventful cataract surgeries and
routine cataract extraction [6,7]. A recent 6-month head-to-head
randomized clinical study comparing three different PGAs vs rescula
in patients with POAG or OH has strengthened the argument that
PGAs pose a potential risk of CME due to the breakdown of blood-
aqueous barrier in patients treated with travoprost, bimatoprost, and
latanoprost (but not Rescula) [8]. Based on a simple definition of cell
physiology in textbook, the activation of B-K channel accompanies by
potassium intracellular influx, which further drives cell membrane to a
resting stage, subsequently restores cell hemostasis, thus offers a nature
repairing and healing effect. The worldwide clinical experience has
clearly demonstrated that rescula by far perhaps is one of the safest
ocular hypotensive drugs despite its moderate IOP lowering potency.
Unlike beta-blocker or alpha-adrenergic agonist, there is no imbalance
of cardiovascular and respiratory safety concerns in glaucoma patients
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treated with rescula eye drops. Its ocular tolerability (hyperemia) is
largely related to the formulation (e.g. pH and preservative). As we
closely examined the details of FDA label (package insert), safety
warning of rescula on CME and other inflammatory condition seems
rootless, which is indeed contradicting with its anti-inflammatory
nature. Therefore, one of the purposes for this review is to provide in-
depth scientific analysis about the root causes of these three old CME
cases in hopes of offering evidence-based suggestion for future
consideration on FDA label amendment as appropriate, more
importantly, it may clear up the barrier to reposition rescula as a new
molecular entity (not prostaglandins) with unique therapeutic
potential for glaucoma patient care.

Revisit Rescula and CME (Adverse Event)

For the record, throughout the entire PubMed literature review and
Google Scholar search (as of August 2015) along with the pool safety
efficacy data from Phase I-IV clinical trials (US, EU, Canada, Israel,
and Japan) [9,10], there are only three reported CME adverse events
related to the use of rescula: two cases were reported by Dr. Martin
Wand in 2002 [1] and the third case was separately reported by
Watanabe K in Japan in 2003. The first patient was 82-year old male,
had multiple intraocular surgical combinations: Phaco+IOL
+trabeculectomy+mitomycin  followed by vitrectomy (due to
endophalthalmitis) with complications of posterior capsular rupture
and pupil distortion. His filtering surgery was not successful (the
“bleb” was flat and inflamed) and IOP was 27 mmHg. He was given
rescula and dorzolamide. Around 2-4 months following the latest
filtering surgery, he developed CME in a delay fashion, which was
resolved following a steroid treatment. Rescula was discontinued for a
few weeks, and then put it back. Patient did not return. The second
patient was 81-year old female, who had cataract removal and IOL
implant with vitreous gel loss and displacement to the anterior
chamber, and her pupil was distorted. She failed twice at prior
trabeculectomy and was treated with a combination of three
hypotensive drugs (rescula+timolol+dorzolamide). A few weeks later,
rescula was switched to bimatoprost, subsequently she developed
CME. Watanabe K in Japan reported the third case back to 2003. This
was another refractory glaucoma case in 71-year old female, who had
pseudophakic eyes. She was given rescula eye drops (012%, bid) for
one month, then replaced by latanoprost for another month, shortly
she developed clinically significant CME [2]. In this single case report,
Watanabe K concluded that the macular edema was related to the use
of latanoprost eye drops.

Before we dissect these cases, it is important to know that CME is a
sign of breakdown of blood retinal barrier due to intricate ocular
inflammation caused by mechanical vitreous-macula traction or
biological toxins, such as endogenous or exogenous prostaglandins,
bradykinins, and interleukins. The occurrence of CME is often
associated with various vascular-inflammatory pathological conditions
such as diabetic retinopathy, vein occlusion, uveitis, and commonly
seen following cataract surgery in a delayed response occurring
between 3-12 months. If there is a posterior capsular rupture and
vitreous loss, the incidence can reach up to 20% with clinical
significance [11]. While revisiting the above two refractory glaucoma
cases, the root causes of CME could be one or more of the intraocular
surgical complications, of which both patients had suffered, such as
posterior capsule rupture, vitreous-macula traction, inflamed flat bleb,
endophalmitis, or mitomycine C. Given the nature course of such
intractable or refractory disease process, patients usually do not

respond well to standard hypotensive medication for glaucoma. In
ophthalmology clinic, this type of patient often has a quiet
“inflammable” eye, which is at a high risk of bleb failure if opted for
trabeculectomy; if they undergo vitrectomy, they tend to have a higher
recurrence of post-Op. proliferative vitreous retinopathy and macular
edema. Such refractory glaucoma can also be seen in the middle-aged
or young healthy male with unknown immunological predisposition,
possibly associated with mutations of optineurin (OPTN) gene, which
is expressed in trabecular meshwork, retina and brain. OPTN has been
implicated in tumor necrotic factor-alpha signaling pathway [12].

In retrospect, unlike PGAs, we believe rescula might have a
therapeutic value to CME through a possible restoration of blood-
retina barrier or blood aqueous barrier. At least we now may set off the
alarm to patients who have chronic inflammation or pseudophakic
eyes that require intraocular pressure medication. Of note, back to
2002-03, there was little understanding about mechanistic difference
between rescula and the rest PGAs (latanoprost and bimatoprost).
According to Dr. Martin Wand, in those early years, rescula along with
all other prostaglandin analogues were simply categorized as lipid
hypotensive drugs. Until the recent scientific discovery of rescula as B-
K channel activator, we are able to truly differentiate rescula from the
rest PGAs at molecular basis. Further this review will revisit rescula for
refractory glaucoma management, in hopes of gaining additional
evidence-based insight of its clinical implication associated with B-K
channel activation and tissue repair.

Rescula and Refractory Glaucoma (Parainflammation)

The compass of refractory glaucoma covers a broad spectrum of
significantly challenging clinical cases, including secondary glaucoma
caused by uveitis, neovascular glaucoma derived from diabetic or vein
occlusions, traumatic glaucoma, congenital glaucoma or surgical
complication (silicon oil tamponade) as well as primary open-angle
glaucoma that was not able to be controlled by maximal tolerable
ocular hypotensive medications or at high risks of incisional surgical
failures. These visual devastating diseases often leave physicians and
patients with little choice.

In echoing of refractory glaucoma on the above CME cases, we
would like to bring two historical clinical studies about rescula in
refractory or intractable glaucoma in Japan. There were 23 eyes (n=14
patients with POAG and n=1 with OH) reported by Azuma in 1993,
and 115 eyes (64 patients with POAG) reported by Yoshida K et al. in
1998, respectively [13-14]. In both studies, rescula was used as an “add-
on” to existing glaucoma medications, for which patients failed to
respond favorably but rescula made a difference. Azuma [13]
documented some striking features of a long-term IOP lowering curve
related to rescula treatment in his report. Please see the exemplary
figure (Figure 1) attached of two individual patients, who had been
treated with two non-PGA hypotensive drugs, but their IOPs stayed as
high as 26-30 mmHg. When rescula (0.12% eye drops, bid) was added,
surprisingly their IOP lowering curve and pattern showed a very
unusual pharmacokinetic trend, suggesting a slow and winded
descending slope before reaching to its steady state at the maximal
amplitude of IOP reduction (@mid-teens) [13]. The entire course took
a prolonged period of 4-12 weeks. Whereas under a “normal”
circumstance, most hypotensive drugs (timolol, or latanoprost) are
through neuro-vascular modulation in a fast mode action, so their IOP
reduction peaks at a few hours following the first instillation, and
reaches to the steady state within a day or two and sustains for months
with no change of amplitude. Another important note is that the
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magnitude of IOP reduction in these “unusual” glaucoma patients was
unusually high (up to 35%) compared to the average of IOP reduction
(14-19% or 3-4 mmHg) found in rescula pivotal clinical trials.
Obviously such reduction amplitude (potency) is beyond the normal
performance of rescula seen in the majority of POAG or OH patients.
In this report, Azuma had observed 14 patients (21 eyes) with POAG
and one patient (2 eyes) with OH, who shared a similar pattern of IOP
lowering curve but with great variance regarding the time reaching to

steady state [13]. For example, some patients may take one month, and
others may take up to three months prior to reaching to their maximal
IOP reduction respectively. All these 15 patients (23 eyes) began to
respond to rescula within one month. Prior to rescula add-on, they
were non-responsive to conventional ocular hypotensive drugs
including beta-blockers (latanoprost was not available then), their IOP
reduction sustained for 6-12 months during the study period, and
further avoiding glaucoma surgical interventions.

Patient 1: POAG 66 yrs, Male (0S)

» 0.12% Rescula "Add-on”

Figure 1: Case example: rescula on refractory POAG and OHT (JP).
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Ref: Azuma I, J. ipn Ophthalmol Soc 97:232-238, 1993

Later in 1998, Yoshida K et al. reported [14] another retrospective
study on 64 patients (115 eyes) with refractory POAG, who had
already been treated with 2-4 different ocular hypotensive drugs, and
some even had trabeculectomy and cataract removal, but their
intraocular pressures were not under normal control (>21 mmHg).
When rescula (0.12%, bid) was added to the existing regimen, all
patients responded effectively to rescula treatment, evidenced by
incremental IOP reduction over a period of 1-6 months. The mean
intraocular pressure (standard deviation) before the addition of rescula
to the existing regimens was 21.3 + 4.4 mmHg. The values at 1 month,
3 months, and 6 months after treatment were 20.2 + 3.9 mmHg, 19.4 +
3.4 mmHg, and 18.4 + 2.5 mmHg, respectively. Majority patients had
avoided further incisional glaucoma surgeries. This is an important
clinical outcome measure as this type of refractory patient often suffers
great risks of filtering bleb failure due to chronic inflammation and
fibrosis. In the USA, many years ago Dr. E Randy Craven (now in
Johns Hopkins) had treated two glaucoma patients with uncontrolled
IOP elevation after trying three different PGAs (latanoprost,
bimatoprost, travoprost) separately, upon the switch to rescula, both
patients had dropped their IOPs to the mid-teens. These preliminary
clinical observations seem opening our eyes to see a different facet of
rescula. First, its slowly incremental increase of IOP reduction over

time, which in some cases resulted in maximal 35% reduction upon
reaching to the steady state is very different from what we know about
rescula as a moderate IOP lowering drug with a fast-mode action (3-4
mmHg or 15-20% reduction). Introducing rescula’s new mechanistic
on modulating chronic inflammation might help explain such unique
pharmacological behaviors. As such intractable glaucoma patients
often suffer intricate chronic para-inflammation due to oxidative stress
or insult within trabecular meshwork, for which the homeostatic
imbalance of cytokines and inflammatory molecules such as
endothelium (ET)-1, NF-Kappa B, interleukins, and integrin might
involve [4].

Of note, the above two long-term glaucoma clinical study reports
were not post-marketing pivotal phase IV studies, thus suffered various
historical inherited limitations, e.g. insufficient power of N, patient
drop-off during long-term follow up, randomized controls and etc. As
of such, this review does not intend to draw any affirmative conclusion
or make solid recommendation to clinical practice or regulatory
consideration but merely help enlighten a research direction or offer a
new perspective on possibilities of repurposing rescula into a subset of
glaucoma  patients, who may suffer persistent chronic
parainflammation.
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In clinic, we often say “giving the right drug to the right patient at
the right time (George Spaeth at Wills Eye Institute, PA)”. Rescula is a
drug that has not been given to the right patient at the right time,
because what we know about rescula is largely based on the pivotal
clinical trials back to more than a decade ago (1997) [9], and we do not
know that rescula has anti-inflammatory activities and acts on B-K
channel within trabecular meshwork to increase the conventional
outflow that is different from proinflammatory prostaglandin analogue
[5]. As described in above refractory glaucoma study report in 1998,
rescula was coined as a prostaglandin F2a-related compound, which
was thought to act upon uveoscleral aqueous outflow [14]. To bridge
the gaps towards clinical appreciation of its true value, it requires
across-functional disciplinary knowledge and “integration” from cell
physiology (B-K channel and hyperpolarization), pharmacology (IOP
lowering) to glaucoma pathological process (parainflammation) and
comprehensive surgical medical glaucoma/retina disease management
experience. On another note, rescula has been in the market since
1994, there are numerous publications including the most recent two
reviews [15,16]. However none of them has touched the point of its
clinical benefit that is unique to rescula as B-K channel activator; its
potential pharmacological and therapeutic implications in broad
chronic parainflammatory pathological process such as refractory
glaucoma, CME and retinitis pigmentosa (RP) is the novelty and
essence of this review. To our best knowledge, rescula by far perhaps is
the only ocular hypotensive drug that might have anti-inflammatory
activities due to its potentials of restoring cell homeostasis via B-K
channel activation.

Rescula and Neurovascular Effects

In addition to anti-inflammatory activity, rescula may also have a
role in neural protection directly or indirectly to the retinal ganglion
cell or photoreceptor cell through B-K channel driven cell membrane
hyperpolarization (resting mode). Emerging experimental studies have
provided new evidences suggesting that unoprostone isopropyl has
neuroprotective effects against endothelin-1 (ET-1) induced neuronal
cell injury during the development of normal tension glaucoma and
hypertensive glaucoma, and a possible anti-oxidative effect to
trabecular meshwork through the inhibition of ET-1, a potent vascular
constrictive peptide [5,17]. The recent Phase 2 randomized clinical
trials of unoprostone Isopropyl eye drops (0.12% bid or qid) for
retinitis pigmentosa (RP) have showed that unoprostone may have
unique visual functional benefits to patient with RP through
neurovascular modulation and ocular blood flow improvement [18].
Phase 3 randomized placebo control pivotal clinical trials for RP are
currently undertaken by R-Tech Ueno in Japan. Additionally, several
clinical studies in Japan have also suggested that rescula may have
unique roles in managing NTG through pressure independent factors,
which ultimately can help patient maintain long-term visual field
stability [19,20]. In patients with NTG, vision loss is associated with
multiple vascular imbalance and intricate inflammatory components
(e.g. ET-1 and TNF-a) other than elevated intraocular pressure alone
(M Bruce Shields, MD) [21], among which neurovascular imbalance
and ocular blood flow disregulation may play important roles in optic
nerve neuropathy and RGC cell apoptosis. This is also a very active
area in researching for new targets of neural protection across both
academic and pharmaceutical R&D sectors [4].

Conclusion and Future Prospect

That rescula unique function of restoring cell membrane hemostasis
(to a resting stage) via increasing the potassium intracellular
conductance has layout a sound biologic basis of tissue repair and
rejuvenation, which further sets apart of rescula from the rest lipid
hypotensive PGA drugs (such as latanoprost, travoprost and
bimatoprost). Endogenous prostaglandins are known to modulate
normal cell function and participate in broad intricate inflammatory
processes such as CME and uveitis [5,6]. As a B-K channel activator,
the potential benefits of anti-inflammatory and neuroprotective
functions may open up a broad therapeutic niche window to those
whose glaucoma pathological identities involve with a complex chronic
ocular inflammatory process, such as refractory glaucoma, or a
combination of glaucoma with other ocular inflammatory conditions
(uveitis).

Through this retrospective analytical review and evidence
integration, we have also come to appreciate the importance of how
post-market real world experience may reshape a drug clinical
therapeutic profile, which could be largely different from what we have
seen in pivotal Phase 3 clinical trials. Of note, this is also the first time
that we are able to bring all these important evidences together to help
put the B-K channel activation into a clinically and pharmacologically
meaningful context. At this point, there are many scientific questions
yet to be answered in terms of rescula therapeutic application in a
subset glaucoma patient population, but the most urgent and
intriguing one would be to establish the molecular link (connection)
between B-K channel activation and possible inflammatory signaling
pathways or factors (such as NF-kappaB, TNF-a, NOS, ET-1) in a
possibly small subset of refractory open angle glaucoma and NTG, for
which the later has high prevalence (25% to 40%) in Japanese
descendants according to population based studies [22]. At clinical
front, to capture the right patient population and glaucoma disease
staging that is responsive to rescula in above described
pharmacological fashion will be the key to maximize its therapeutic
potential. To this end, it is our anticipation that rescula may offer
unique benefits through modulating vascular inflammatory process
(such as ET-1 signaling inhibition) and neuroprotective signaling to
broaden the choices of glaucoma disease management algorithm,
especially when pro-inflammatory PGAs and other IOP lowering
drugs fall short at medical conditions involved with preexisting
parainflammation.
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