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TOP-N53: A Clinical Drug Candidate for
the Treatment of Non-healing Wounds

Reto Naef*, Hermann Tenor, and Guido Koch

Abstract: Chronic non-healing wounds impose a huge burden on patients and health care providers. In spite of
improvements in standards of care there are no effective and safe treatments that promote new tissue forma-
tion and wound closure in ailments such as diabetic foot ulcer, pressure ulcer, venous leg ulcer or digital ulcer in
systemic sclerosis. Endothelial dysfunction, which associates with impaired endogenous nitric oxide formation
is assumed to be a main disease mechanism in chronic, non-healing wounds in diabetic and elderly patients as
well as in digital ulcers in systemic sclerosis. Topadur Pharma has invented small molecular weight nitric oxide-
releasing PDES5 inhibitors, which by modulating a key enzyme system of intracellular signaling may address
chronic non-healing wounds. The promising first drug candidate TOP-N53 is currently in early clinical develop-
ment. Here we describe for the first time the design of TOP-N53 and the synthesis of the clinical GMP batch.
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1. Chronic Non-healing Wounds with a High Medical
Need

TOPADUR Pharma AG owns a R&D platform targeting sev-
eral aging related diseases, including new therapies for wound
healing indications. In spite of current standard of care there re-
mains a high medical need for effective drug treatment of chronic
wounds such as diabetic foot ulcer, pressure ulcer, digital ulcers
in systemic sclerosis, venous leg ulcers, dental wounds, or scars
from surgery performed on elderly patients, where wound healing
is delayed or fails.

According to the International Diabetes Federation, about 463
million adults are afflicted with diabetes mellitus; by 2045 this
number will rise to 700 million.!] According to the US CDC report
from 2020, the prevalence of type 2 diabetes (T2DM) is 10% and
that of pre-diabetes 33% in the US population.2 The WHO reports
about 60 million patients with diabetes mellitus in the European
Region. Increasing prevalence of diabetes is observed in all ages.
Diabetic foot ulcer (DFU) is considered a common and one of
the most serious complications of diabetes.3] Of individuals with
diabetes, between 19% and 34% are likely to acquire foot ulcer-
ation in their lifetime.[l Every 30 seconds, a lower limb, or part
thereof, is lost due to amputation somewhere in the world as a con-
sequence of diabetes.! Deteriorated cutaneous microcirculation
with endothelial dysfunction and impaired angiogenesis has been
described in DFU and may contribute to non-healing cutaneous ul-
cerations and tissue necrosis.[%! Endothelial dysfunction in diabe-
tes is often associated with impaired availability and functionality
of endothelial-derived nitric oxide (NO), a physiological gaseous
transmitter.l”-81 To improve cutaneous microcirculation and wound
angiogenesis, NO may be a therapeutic target in DFU (see Fig. 1).

Systemic sclerosis is a rare, debilitating autoimmune disease
of the connective tissue characterized by inflammation, vascu-
lopathy, progressive fibrosis in skin, joints, internal organs with
excessive collagen accumulation. The pooled prevalence of sys-
temic sclerosis was reported as 23 cases per 100,000 individuals./!
Digital ulcers are commonly associated with systemic sclerosis.
These are defined as a denuded area of tissue with well-demarcat-
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Fig. 1. Endothelial dysfunction and regulation of cGMP. In vascular
smooth muscle cells intracellular cGMP is controlled by the balance
between synthesis (for example by sGC) and degradation (for example
by PDE5). Endothelial dysfunction can be attributed to impaired en-
dogenous NO release from endothelial cells resulting in reduced sGC
activation and less cGMP in vascular smooth muscle cells. Finally im-
paired microcirculation may ensue. Consequently, supply of oxygen and
nutrients as well as waste elimination would be compromised that dete-
riorates tissue regeneration and delays wound healing.

ed borders, involving loss of both the dermis and epidermis often
located at the fingertips. These ischemic ulcers are very painful
and often result in impaired hand function. About half of those
afflicted by systemic sclerosis report a history of digital ulcers and
about 10% have current digital ulcers.[!% Impaired endothelial NO
production is considered a characteristic feature of vasculopathy
in systemic sclerosis, largely related to dysfunction of systemic
sclerosis endothelial cells.[1!]

For digital ulcers, curative therapies are limited to intravenous
iloprostand oral phosphodiesterase-5 (PDES5) inhibitors, while pre-
vention can be achieved with endothelin receptor antagonists.[!2]
Since reduced NO may cause decreased levels of the cellular sec-
ond messenger cyclic guanosine-3',5'-monophosphate (cGMP) in
endothelial and smooth muscle cells, (oral) phosphodiesterase-5
(PDES5) inhibitors, the soluble guanylate cyclase (sGC) stimulator
riociguat (oral), or organic nitrate esters (oral, and topical) have
been investigated in clinical trials for their potential therapeutic
benefit in secondary Raynaud’s phenomenon and digital ulcers in
systemic sclerosis(!3! (see Fig. 1).

2. Design of Dual Function NO-releasing PDE5
Inhibitors

When Topadur Pharma AG was founded in 2015, sGC and
PDES were validated targets and several drugs were on the mar-
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ket and in development based on the NO/sGC/cGMP signaling
cascade. cGMP elevating drugs impart vasodilatation but anti-
fibrotic, anti-inflammatory, anti-proliferative and anti-cancer ef-
fects have been described as well.l'4]

Despite intense R&D activities by many pharma companies
around this signaling cascade it was much to our surprise that
examples of PDES inhibitor/organic nitrate ester dual function
molecules were not known when we started designing NO-
releasing PDES inhibitors. Our hypothesis was that simultane-
ous stimulation of NO-sensitive cGMP synthesis combined with
inhibition of its degradation would result in an amplified cGMP
increase and thus translate into a new quality of cGMP medi-
ated pharmacology. Ultimately, this approach should enable to
compensate for the deficiency of endothelial NO in conditions
where NO-related endothelial dysfunction occurs exemplified
by diabetes mellitus, digital ulcers in systemic sclerosis or ag-
ing. Such bifunctional NO-releasing PDES inhibitors should be
potent and efficacious drug candidates to improve local micro-
circulation and enable wound healing in indications described

above (Fig. 2).
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Fig. 2. TOP-N53, a highly potent NO releasing PDES5 inhibitor elevates
intracellular cGMP by a synergistic interaction between an enhanced
cGMP synthesis secondary to stimulation of sGC by the released

NO, and reduced cGMP degradation caused by inhibition of PDE5 by
TOP-N53 and its active and more potent metabolite, TOP-52 in cells
where sGC and PDES5 are expressed. Both NO and TOP-52 are products
of the ‘bioactivation’ of TOP-N53.

The first step towards highly potent PDES inhibitors started
with structure-guided drug design. There were several published
X-ray structures of PDES/PDES-inhibitor complexes known.[15:16]
The catalytic center of the enzyme contains two divalent metal
ions zinc and magnesium. In contrast to the substrate cGMP all
the known inhibitors were binding via two hydrate molecules to
the active site zinc ion (Fig. 3).
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Fig. 3. Binding mode of PDES5 inhibitors to catalytic center in PDE5.

In order to increase the binding affinity of inhibitors on PDES,
we tested the idea to introduce zinc chelating functionalities. The
introduction of our newly introduced pyrrolo-triazinone hetero-
cycle to the repertoire of PDES inhibitor molecules allowed us to
attach the oxime moiety as a zinc chelating functionality (Fig. 4).
The study of the inhibitory potency of TOP-N53 as well as com-
puter modeling studies confirmed two possible binding modes
(Fig 5). Removing the water molecules prior to docking resulted
in binding where the oxime interacts with the zinc center with
a O-Zn distance of 2.98A (Fig. 5a), whereas in the alternative
binding mode, with the hydrating water layer present in the cata-
Iytic site, a different oxime orientation is observed (Fig. 5b) of
TOP-N53 with a water mediated interaction to Asp764 and an
O—-Zn distance of 7.23A.
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Fig. 4. Molecular structures of Sildenafil, TOP-N53 and TOP-52.
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Fig. 5. Docking of TOP-N53 into PDES. a) without H,O solvate b) with
H,0O solvate in the protein.

TOP-52, the active metabolite which is formed together with
nitric oxide from TOP-N53 after intracellular bioactivation is a
very potent PDES inhibitor (Table 1). The increased activity over
TOP-N53 can be explained by the additional binding interaction
with the polar residues Ser 661 and Gln 663 (Fig. 6). The intracel-
lular release of locally active nitric oxide together with the very

PDES INHIBITOR IC50 (nM)
TOP-N53 1.18
TOP-52 0.1
VARDENAFIL 0.33
MIRODENAFIL 0.56
AVANAFIL 4.45
TADALAFIL 6.35
SILDENAFIL 7.68

Table 1. Inhibition of human recombinant PDE5A1 by TOP-N53, TOP-52
and reference PDES5 inhibitors. IC50 (half-maximum inhibition) values
were calculated from concentration-dependent inhibition curves re-
corded at 0.5 pM cGMP and shown as means from at least 3 indepen-
dent experiments.
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Fig. 6. Binding of TOP-N53 to PDE5.

potent PDES inhibitor TOP-52 make Topadur’s newly invented
enzyme regulation system unique and led to unprecedented ef-
ficacy to elevate intracellular cGMP levels.

The GMP synthesis of TOP-N53 (Scheme 1) begins with the
formation of amide S from TBTU-mediated amide formation be-
tween benzoic acid 3 and aminopyrrole 4.7 Subsequent basic hy-
drolysis removes the benzoyl protection and ethyl ester to reveal
carboxylic acid 6. Carboxamide 7 is produced in a second TBTU
mediated amide formation with aqueous ammonia. Cyclisation
under basic conditions produces triazine 8. This material under-
goes reaction with acetyl nitrate and subsequently hydroxylamine
(in a two-step process) to deliver crude TOP-N53 (9). Purification
of this material by chromatography controls the overall chemical
purity and the unwanted Z oxime isomer to afford TOP-N53. A
final recrystallization from ethanol further increases the chemical
purity and produces the final TOP-N53 API (10).

TOP-N53 was a potent inhibitor of PDES reflected by an IC50
of 1.18 nM. TOP-52, its main metabolite after release of NO,
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Scheme 1. GMP synthesis of TOP-N53.

was revealed to be an even more potent inhibitor of PDES with
an IC50 of 0.1 nM. In fact, compared with a range of marketed
PDES inhibitors, TOP-52 was the most potent molecule (Table 1).

In cellular assays TOP-N53 was by far more effective than its
corresponding PDES inhibitor TOP-52 or reference PDES inhibi-
tors to increase cGMP as exemplified in washed human platelets
(Fig. 7), likely reflecting the synergism inherent in TOP-N53
(Fig. 2).
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Fig. 7. Effects of TOP-N53, TOP-52 and reference PDES5 inhibitors on
cGMP in human platelets. Results are shown as means + SEM from
platelets of three donors. cGMP was measured after a 2 h incubation
time and in presence of 1 uM riociguat and 100 nM BAY 60-7550, a
PDE2 inhibitor.

3. Product/Service and Outlook

The medicinal chemistry project resulted in a remarkably
potent and efficacious drug candidate which translated well into
efficacy in preclinical wound healing models.['8 TOP-N53 is cur-
rently embarking on clinical development as a topical treatment
for wound healing indications.

Topadur

Pharma AG O TOPADUR

Topadur Pharma AG, a clinical stage biotech company
located in Schlieren, was founded in March 2015 by experi-
enced R&D experts. The unique inventions are small molecu-
lar weight drugs, which modulate a key enzyme system of
intracellular signal processes. Topadur discovers and develops
innovative products to stimulate local blood perfusion for the
treatment of wound healing, glaucoma and other ophthalmic
indications, as well as oncology to prevent colorectal cancer.
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