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Abstract

Introduction: Chymase is primarily found in mast cells (MCs), fibroblasts, and vascular
endothelial cells. MC chymase is released into the extracellular interstitium in response to
inflammatory signals, tissue injury, and cellular stress. Among many functions, chymase is a
major extravascular source for angiotensin Il (Ang Il) generation. Several recent pre-clinical and a
few clinical studies point to the relatively unrecognized fact that chymase inhibition may have
significant therapeutic advantages over other treatments in halting progression of cardiac and
vascular disease.

Area covered: The present review covers patent literature on chymase inhibitors for the
treatment of cardiac diseases registered between 2010 and 2018.

Expert opinion: Increase in cardiac MC number in various cardiac diseases has been found in
pathological tissues of human and experimental animals. Meta-analysis data from large clinical
trials employing angiotensin converting enzyme (ACE) inhibitors show a relatively small risk
reduction of clinical cardiovascular endpoints. The disconnect between the expected benefit
associated with Ang Il blockade of synthesis or activity underscore a greater participation of
chymase compared to ACE in forming Ang Il in humans. Emerging literature and a
reconsideration of previous studies provide lucid arguments to reconsider chymase as a primary
Ang Il forming enzyme in human heart and vasculature.
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1. Introduction

Cardiovascular diseases (CVD) remain the leading causes of death globally. CVD include
conditions that changes the structure and function of the heart, such as hypertension,
coronary artery disease (CAD, narrowing of the arteries), heart muscles disease
(cardiomyopathy), vascular disease (blood vessel disease), congenital heart disease,
abnormal heart rhythms (arrhythmias), pericardial disease, heart attack and stroke.
Hypertension, high cholesterol, smoking, obesity, and diabetes are major risk factors for the
development of CVD. Health conditions such as lifestyle, age, and family history can also
increase the risk of heart disease. While age, sex, genetic, and family history are
unmodifiable risks for CVD predisposition, its burden can be reduced by approaches
entailing implementing a diet low in fats and sodium, maintaining physical activity, and
avoiding weight gain. Diet can affect most modifiable risk factors for CVD [1], while
medicines blocking the pathological consequences of exacerbated sympathetic nervous and
renin angiotensin systems (RAS) can slow down the progression of diseases of the heart and
the blood vessels.

Although several risk factors have been identified in the progression of CVD, the precise
cellular and molecular mechanism(s) for the development of cardiac diseases remain largely
unknown [2-4]. Accumulating evidence documents mast cell (MC) chymase as one of the
key factors contributing to tissue remodeling and CVD progression [5]. MCs are best known
for their role in allergic reactions but are now also recognized for their important
contributions to a number of inflammatory conditions through the release of proteoglycans,
lysosomal enzymes, chemokines, cytokines, renin, peroxidase and a number of mast cell-
specific proteases (such as chymase, cathepsin G, tryptase, carboxypeptidase A) [6]. MCs
directly and/or indirectly contribute to the generation of vasoactive and pro-inflammatory
products which may be responsible for heart tissue fibrosis and remodeling processes. MCs
are derived from multipotent hematopoietic bone marrow precursor cells that circulate in the
blood and differentiate into mature immunologic cells until reaching the tissue or organ in
which they reside. MCs have been found to synthesize transforming growth factor-g1 (TGF-
1) and fibroblast growth factors in cardiac tissues [7].

The heart is one of the organs rich in MCs. Accumulation of MCs is observed not only in
heart failure (HF) animal models (including experimentally induced hypertension,
myocardial infarction, and chronic volume overload secondary to aortocaval fistula and
mitral regurgitation) but also in heart tissues of diseased patients [8-13]. Studies from acute
myocardial infarcted rats show a massive accumulation of MCs in the infarcted region of the
heart [14]. Increased MC density has been implicated in human cardiomyopathy [15] and
left ventricular fibrosis in hypertensive rat hearts [16]. There is increasing evidence that
cardiac MCs participate in the development of atherosclerosis, coronary inflammation,

Expert Opin Ther Pat. Author manuscript; available in PMC 2019 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahmad and Ferrario

Page 3

cardiac ischemia [17], as well as the metabolic syndrome [18]. More importantly,
immunological and biochemical studies show that human heart MCs differ from other
connective tissue MCs, such as skin MCs because the human heart MC did not respond to
morphine and substance P induced release of histamine from MC [19].

In human, MCs are classified into two types on the basis of the expression of proteases in
their granules; MCs containing tryptase only (MC) and MCs containing both proteases;
tryptase and chymase (MC+c) [5,20-23]. In humans, cardiac MCs expressed both proteases
(MCtc) [24]. In rodents, MCs can be divided into two types based on their tissue
distribution; named as connective tissue MCs (CTMC) and mucosal MCs (MMC) [21]. In
terms of tissue localization, human MC+ corresponds to rodent MMC, predominantly
located in mucosal tissues (such as intestine and respiratory tract), whereas human MCrc
corresponds to rodent CTMC and are mainly found in connective tissues, such as the skin
and peritoneal cavity [26,26]. During altered pathophysiological conditions, cellular stress
and tissue injury, chymase is released from MCs into the extracellular environment.
Chymase is synthesized as an inactive precursor (pro-chymase) in MCs. Activation of pro-
chymase in MC granules occurs by the removal of the dipeptide residue (Gly-Glu) from the
N-terminus by dipeptidyl peptidase (DPPI) [27]. Although chymase is stored in MC
granules as a fully active form, it has no functional effects. The potent protease activity is
liberated after MCs degranulate in response to the presence of inflammatory cytokines or
tissue injury.

A growing number of studies suggest a significant role of chymase in accounting for Ang 1l
formation in human cardiovascular tissue and the consequent pathological remodeling
associated with increased RAS activity [5,28-30]. Serine proteases and their inhibitors are
being extensively studied in various diseased conditions like inflammation, cancer, skin
diseases, atherosclerosis, immunological disorders and other pathologies [31,32]. In this
review, we will document in detail the specific role of MC serine protease (chymase)
including the new concept of RAS pathways in the development and progression of various
cardiac diseases. Several chymase inhibitors have been developed and tested in pre-clinical
studies using chymase-mediated diseased animal models to prevent CVD. Although pre-
clinical results are promising, only a few of them were further tested clinically. An overview
of current patents (from 2010 until present) on chymase inhibitors completes this article’s
content.

2. Tissue renin-angiotensin pathways

Ang Il is an effector molecule mainly responsible for blood pressure regulation and water
and electrolyte balance through its actions on multiple target receptors, at the cell’s surface
nuclear membranes of the vascular wall, kidney tubulo-glomerular components and the
adrenal gland. The RAS is both an endocrine and tissue paracrine/intracrine hormonal
system in which the production of Ang Il in the circulation may be primarily dependent
upon the conversion of angiotensin I (Ang I) into Ang Il by ACE (Figure 1). Research in Dr.
Ferrario’s laboratories demonstrated the existence of an alternative processing of Ang I into
the vasodilator and anti-growth heptapeptide angiotensin-(1-7) [33-36], which is generated
through the action of tissue endopeptidases such as neprilysin (EC 3.4.24.11), prolyl
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oligopeptidase (EC 3.4.21.26), and thimet oligopeptidase (EC 3.4.24.15) (Figure 1)
[30,36-38]. Further research demonstrated the existence of an exopeptidase - angiotensin
converting enzyme 2 (ACE2) - which catalyzes the metabolism of Ang Il into Ang-(1-7)
[39]. Additional recent work identified the existence of a third enzymatic pathway which is
upstream from Ang | and depends upon the conversion of the angiotensinogen (Aogen)
protein into the intermediate peptides -angiotensin-(1-25) [Ang-(1-25)] and angiotensin-
(1-12) [Ang-(1-12)] [40,41]. As documented in Figure 1, these newly identified components
of the processing cascade leading to the functional generation of the biologically active
hormones Ang Il and Ang-(1-7) is highly relevant to this paper’s theme as the enzyme
chymase (EC 3.4.21.39) appears to have a specific avidity for the catalysis of these
substrates [42].

As reviewed elsewhere [5], chymases are members of a family of serine proteases with
broad peptidolytic activity and expressed primarily in MCs, fibroblasts, vascular endothelial
cells, and granulocytes. Early studies by Cleveland Clinic investigators first demonstrated
the role of chymase as an Ang Il forming enzyme [43-45]. During the following decades
multiple lines of research confirmed and extended the importance of chymase as a legitimate
enzymatic pathway for Ang Il production [5,21,30,46-49]. Recent studies of Ang-(1-12)
processing in human and rodent hearts revealed a primacy of chymase as the Ang Il forming
enzyme from either Ang I or directly from Ang-(1-12) [28,29,50,51]. Expression of Ang-
(1-12) is significantly higher in neonatal cardiac myocytes isolated from spontaneously
hypertensive rats (SHR) pups compared to normotensive Wistar-Kyoto (WKY) pups [50].
Ang-(1-12) is highly expressed in human cardiac tissues obtained from patients undergoing
cardiac interventions for correction of resistant atrial fibrillation and normal human
ventricular tissues [28,51]. As shown in Figure 1, /n vitro studies suggest that the rate-
limiting step in cardiac tissue Ang Il generation is mediated by chymase rather than ACE
[29,42].

3. Cardiac mast cell chymases

MCs, derived from hematopoietic progenitor cells of the bone marrow, circulate in
peripheral blood or penetrate to connective or mucosal tissue where they proliferate and
differentiate into morphologically mature MCs [52]. Substantial research supports a role of
MCs in cardiac remodeling and heart failure [53]. MCs secrete mainly three types of
proteases [tryptases, chymases and carboxypeptidase A (CPA)]. Tryptases are tetrameric
enzymes having trypsin-like substrate specificity and preferentially cleaving after Lys-Arg
peptide bonds. In contrast to tryptases, chymases are monomeric serine proteases having
chymotrypsin-like specificity cleaving preferentially after aromatic amino acid residues. The
preferred cleavage site of chymase enzymes on angiotensin substrates to generate Ang Il is
the -Phe8-His®- bond. In rodents, MCs have a variety of combinations of at least ten types of
protease populations but only five of them are considered to display chymase activity. The
five MC chymases are designated in mouse as mouse mast cell proteases-1 to 5 (MMCP-1 to
MMCP-5) and in rat as rat mast cell proteases-1 to 5 (RMCP-1 to RMCP-5). Out of these
five proteases, only few of them have been purified and characterized in both models, the
mouse (MMCP-1 and MMCP-4) and the rat (RMCP-1 and RMCP-2) [21,54,55,56-60].
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Based on the structure and substrate specificity, mammalian chymases are classified into two
subgroups (a- and S-chymase) [21,47]. In the human only the a-chymase is expressed,
whereas in rodents several g-chymases are expressed in addition to the a-chymase. Details
of the chymase isoforms and preferred cleavage sites on angiotensin peptides of rat and
human are described in Table 1. Both sub-groups of chymases (a- and S-chymase) are
shown to generate Ang Il from Ang I. But in the rat one of the S-chymases (RMCP-1) is
known as an Ang |l degrading enzyme as it cleaves the -Tyr*-1le>- bond in addition to -Phe8-
His®- to generate inactive fragments [61,62]. The precise role and impact of these isoforms
in CVD and the rationale behind the existence of these isoforms in rodents remain unclear.
Because chymase plays a crucial role in the direct formation of Ang Il peptide from Aogen
precursor peptides [Ang-(1-12) and Ang I] in human heart tissues, an inhibitor may have
potential use as a treatment for chymase-mediated CVD (such as vascular wall injury,
atherosclerosis and cardiac hypertrophy).

Chymase is also involved in diverse local pathophysiological functions, including the
generation and activation of profibrotic factors, matrix metalloproteases (MMPs), and
transforming TGF-p1 [5]. The participation of chymase as a major enzyme responsible for
Ang |1 formation (80-90%) in cardiovascular tissues or cells obtained from human subjects
and animal models has been extensively documented [28,51,63-65]. Human cardiac
chymase has been shown to generate Ang Il from both Ang | and Ang-(1-12) substrates at
significantly higher rates compared to cardiac ACE [28].

Chymase has been shown to be closely associated with tissue damage although it does not
appear to directly alter the elevated blood pressure in hypertensive rat models [66-68].
Metabolism of Ang peptides in the circulation seems to be predominantly ACE-mediated
because ACE is present in the plasma and it is located in endothelial cell membranes with its
catalytic site exposed to the luminal surface. In contrast, chymase is located intracellularly
or in the interstitial spaces of the heart. Studies reported either no chymase in the plasma
[69] or its catalytic activity inhibited by various protease inhibitors present in the serum
(such as a2-macroglobulin and a1-antichymotrypsin) [70]. An early and sustained increase
in chymase activity has been reported in the hamster’s infarcted left ventricle to be present
ahead of any changes in ACE activity [71]. MC numbers are increased in patients with
gastrointestinal tract (GI) disorders (such as inflammatory bowel disease, IBD) [72].
Preclinical studies suggest that inhibition of chymase in IBD could be beneficial by down
regulating profibrotic mediators TGF-A1 and matrix metalloprotease-9 (MMP-9) [73].

4. Chymase inhibitors (therapeutic approach in cardiac disease

prevention)

A growing number of studies suggest that chymase plays an important role in the
progression and development of cardiac diseases. Chymase enzymatic activity is
significantly higher compared to ACE activity in human heart tissues [28,29,51,64,74,75].
Cardiac tissue Ang Il primarily generated by chymase may be responsible for cardiac
remodeling and disease progression. Multifunctional actions of chymase include up-
regulation of degradation of extracellular matrix proteins (direct breakdown of fibronectin,
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autophagic digestion of procollagen and vitronectin) and degradation of apolipoproteins,
activation of MMPs, TGF-p1, Interleukin-13 (IL-1/), big endothelin-1 formation and
participation in lipid metabolism [5]. These extracellular matrix proteins as well as other
molecules are important in cell adhesion, survival, functional and structural integrity of the
cardiac cells. Chymase breaks down these factors and disrupts the normal function and
structural integrity of cardiac cells. In heart tissues, 75-80% of Ang 1l is generated by
chymase rather than ACE. Cardiac membranes isolated from diseased human left atrial
appendages exhibited a 25-fold higher chymase activity compared to ACE activity [28].
Earlier studies with coronary artery homogenates from human hearts demonstrated that
chymostatin but not captopril had the capacity to reduce Ang Il formation [76]. Since MCs
are a primary source of chymase, MC stabilizers (tranilast) rather than chymase inhibitors
were first used to assess the cardiovascular effects of this approach. Tranilast proved
effective in animal models of atherosclerosis but failed in two human trials (TREAT-2 and
PRESTO) to provide any benefit in preventing neointimal formation following coronary
angioplasty [76-78]. The primary reason for failure of the MC stabilizer in both clinical
trials is that the tranilast was administered to the patients after percutaneous coronary
intervention, whereas in animal models of cardiovascular injury tranilast was given prior to
or at the time of the injury and was effective. Another drawback of tranilast is its side effects
(liver and kidney dysfunction), which occurred mainly within one month after
administration of the drug.

Several orally active chymase inhibitors (Table-2) [SUN-C8257, BCEAB, Suc-Val-Pro-PheP
(OPh),, TY-51469, NK3201 and TEI-E548] have been developed and validated in pre-
clinical models of cardiovascular disease [67,71,79-92]. Additional studies evaluated the
effects of chymase inhibition in an experimental transgenic mouse model of scleroderma
expressing the human chymase gene (Tsk mice) [80]. Since hamsters and dogs have a-
chymase in common with human, cardiac diseased models in these species are probably
more relevant than in rats and mice, which contain several S-chymases in addition to a-
chymase. Moreover, one of the rat’s form g-chymase (RMCP-1), further degrades the
biologically active Ang Il peptide to an inactive fragment. The chymase inhibitor (SUN-
C8257) was initially tested in dog models. This inhibitor has been found to prevent cardiac
fibrosis and improve diastolic dysfunction in a dog model with tachycardia induced heart
failure [93]. During grafting and balloon injury, the neointima proliferative response
associated with vascular endothelial injury or denudation is associated with increased
recruitment of MCs and concomitant chymase activation. In a canine model of vascular
injury induced by balloon injury model, the chymase inhibitor NK3201 has been found to
prevent vascular proliferation [94]. NK3201 selectively decreased chymase activity while
having no effect on ACE activity [94]. NK3201 has demonstrated beneficial effects post-
myocardial infarction in hamsters where the increased chymase activity was reduced after
treatment [71]. In another study, NK3201 treatment significantly reduced the number of
MCs recruited in grafted veins at 28 days after the operation [95]. NK3201 toxicity after oral
administration is reported to be low at doses under 100 mg/kg (for 2 weeks). Furthermore,
very promising results have been found with BCEAB, NK3201 and TEI-E548 (selective
chymase inhibitors) in dog and hamster models with myocardial infarction, cardiomyopathy
and tachycardia-induced heart failure [67,71,76,80-82,88,91,94,95]. All these studies clearly
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suggest that chymase inhibition is a novel therapeutic target to prevent cardiac diseases. As
mentioned above, studies using chymase inhibitors have been extended to address the role of
chymase blockade in collagenous diseases such as scleroderma [80] and atopic dermatitis
[84]. Positive outcomes have been obtained in these models. Based on these pre-clinical
studies in mice, Asubio Pharmaceuticals Inc. (Asubio Pharma Kabushiki Kaisha) entered
SUN13834 for phase Il clinical trials for the treatment of atopic dermatitis, a common
inflammatory skin disease regulated by genetic and environmental factors [96]. Oral
administration of SUN13834 improved dermatitis in NC/Nga mice when dosed between 15
mg/kg (bid) and 30 mg/kg (qd) [85]. The trial was discontinued in 2012 due to adverse side
effects.

As we described in Table-2, several chymase inhibitors have been tested in various cardiac
diseases as well as other diseased models in different species. Although some of the
chymase specific inhibitors works well in animal models, these drugs failed when tested in
early clinical testing. Also, some trials were discontinued due to adverse side effects. This
could be due to significant species variability in the expression of chymases genes. As
discussed above, humans have a single a-chymase gene, whereas mice and rats possess
several S-chymase genes in addition to a single a-chymase gene [97]. The species variability
might contribute to the controversy over the possible pathophysiological roles for chymase
in rodents and human subjects [98]. Species differences in Ang Il generation and
degradation by MC chymases were also reported [99]. This study demonstrates that in terms
of Ang Il generating activity, the chymases ranked as follows: dog > human > hamster >
mouse > rat, and that in terms of Ang Il degrading activity, the order was hamster > rat >
mouse > dog. Human chymase does not degrade Ang Il at all. The MC subtypes of human
and dog appear to be similar. Therefore, the functions of the dog a-chymase may closely
reflect the function of the human a-chymase. The dog may serve as good models for studies
of human MC functions and MC-related diseases.

A series of chymase inhibitors have been developed and published. The peptidyl human
heart chymase inhibitor 12h is selective against bovine a-chymotrypsin (chymotrypsin Ki =
> 100 pM) [100,101]. Chloromethyl ketone derivatives (Compound 21) is reported to be a
potent human chymase inhibitor with no inhibitory activity against human leukocyte
cathepsin G [102,103]. X-ray crystallographic structures guided the elaboration/linking of an
oxindole fragment that was >100-fold selective over cathepsin G [104]. These efforts are
augmented in the filing of several patent applications from 2010-2018 (Table 3). The
development of these small molecules/substances take advantage of known reactivity of the
selected chemical scaffolds, the structural properties of the chymase protein and substrate
recognition sites, and combinatory chemistry. Recombinant human chymase (expressed in
HEK?293 cells) or chymase purified from hamsters’ tongues is used as the enzyme source.
The substrate used for chymase activity measures is Abz-HPFHL-Lys(Dnp)-NH,. Most of
the inhibitors show good pharmacokinetic profiles to inhibit human specific chymase
enzyme (CMAL) and demonstrated quite good efficiencies with ICgg in the nanomolar (nM)
to micromolar (UM) range. In 2011, Janssen Pharmaceutical NV (United States Patent:
7,872,044) developed orally active phosphonic acid and phosphinic acid compounds (small
molecules) that can inhibit the tissue specific serine protease involved in inflammatory or
serine protease mediated disorders [105,106]. These novel compositions may be
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administered orally or by injection. Several small molecular inhibitors were patented by
Boehringer Ingelheim International GmbH (Ingelheim am Rhein, DE) in the years 2013 and
2015. These compounds are Quinazolinedione (US Patent 8,377,949), Aza-quinazolinedione
(US Patent 8,501,749), Benzimidazole (US Patent 9,150,556) and Aza-benzimidazolone (US
Patent 9,062,056) [104,107-113]. The preferred modes of administration for these small
orally active inhibitors are oral and intravenous routes. The compounds described herein
may be administered alone or in combination with adjuvants that enhance stability of the
inhibitors. Combinations with other therapeutics include but are not limited to: Ang Il
receptor blockers, ACE inhibitors, renin inhibitors, S-blockers, calcium channel blockers,
diuretics, fibrates, and vasopeptidase inhibitors. The 1Csq of these small molecules are in the
range of 7-360 nM.

In 2017, Bayer Pharma (Berlin, Germany) developed novel substituted uracil derivative
substances, which act as inhibitors of chymase and are suitable for treatment and/or
prophylaxis of cardiovascular, inflammatory, allergic and/or fibrotic disorders in humans and
animals (US Patent: 9,695,131) [114]. These compounds are also suitable for treatment
and/or prophylaxis of kidney disorders, particularly acute and chronic renal insufficiency
and acute and chronic renal failure. The novel substituted uracil derivatives inhibit the
degradation and alteration of the extracellular matrix MMPs, particularly MMP-1, MMP-3,
MMP-8, MMP-9, MMP-10, MMP-11 and MMP-13. Activation of some of these MMPs are
related to heart remodeling. Compounds in the context of the invention, which were tested in
this assay, inhibited chymase activity with an ICgg of less than 10 uM. A total of 63 novel
substituted uracil derivatives were tested for hamster chymase inhibition and the ICsg range
was 1.8 nM to 1590 nM.

Very recently (2018), an orally active chymase inhibitor “Fulacimstat” (alternative name
BAY 1142524) is currently being developed by Bayer Healthcare for the treatment of left
ventricular dysfunction after myocardial infarction [83]. Preliminary reports demonstrated
the ability of this compound to improve hamster’s cardiac function post-myocardial
infarction and cardiac remodeling in dogs [114,115]. After very promising results from 3
randomized phase | studies in healthy male volunteers which examined the safety,
tolerability, and pharmacokinetics of this specific chymase inhibitor [83], this drug has
entered into phase Il clinical trials. The results published from this phase | study shows that
BAY 1142524 could suppress the abnormal cardiac tissue remodeling after myocardial
infarction and improves cardiac function. On-going clinical trials include an evaluation of
safety and efficacy of the chymase inhibitor BAY 1142524 at a dose of 25 mg BID in
comparison to placebo using a 6 month treatment period in type Il diabetic patients with a
clinical diagnosis of diabetic kidney disease (NCT: 03412006) and a double-blind study to
investigate efficacy, safety and tolerability of BAY 1142524 in patients after acute
myocardial infarction with left-ventricular dysfunction (CHIARA MIA 2) (NCT: 02976467).

5. Concluding remarks

MCs are best known to produce immune defence mediators associated with allergic
reactions. However, MCs are also capable of producing several inflammatory and pro-
inflammatory mediators (such as chymase, tryptase and CPA), which are stored in secretory
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granules in their fully active form. After degranulation from MCs, the pre-stored proteases
are released into the extracellular environment. MC recruitment increases in response to
tissue injury contributing to induction of collagen deposition and organ remodeling. The
biological actions of chymase released by MCs critically influence the adaptation of the
heart to injury due to ischemia or changes in cardiac pre- and afterload [5]. Since cardiac
MC derived proteases directly and/or indirectly play a significant role in the development
and progression of heart disease, several other novel therapeutic strategies could also be used
(such as dual targeting of neutrophil- and MC derived proteases, and inhibition of the MC
chymase maturation process using DPPI inhibition) to reduce post ischemia reperfusion and
improve cardiac remodeling [27,116]. In keeping with this interpretation, chymase inhibitors
have demonstrated their capacity to reverse adverse cardiac remodeling in experimental
models of disease. Recent studies with orally active chymase inhibitors should pave a way to
their inclusion in the medical armamentarium.

6. Expertopinion

Although a significant number of studies underscore a role of MCs as tissue participants of
the inflammatory mechanisms involved in the development of cardiac and vascular disease,
a paucity in the availability of specific chymase inhibitors militates against progress. In
addition, consensus regarding the clinical effectiveness of therapies that focus on
suppressing the formation or activity of Ang Il is another factor accounting for the limited
appreciation of the role of chymase as a primary component of the biotransformation
processes that lead to Ang Il pathological actions. Authoritative statements [4] negating
chymase’s role as a major Ang Il-forming enzyme based on pre-selected studies are
accepted without any critical evaluation of the merits of these opinions. In accepting these
biased opinions, scientists and clinicians ignore data documenting the limited efficacy of
RAS inhibitors in reducing the risk of well-defined cardiovascular events in landmark
clinical trials [30,117,118].

The introduction of novel, orally active chymase inhibitors provides now the opportunity to
document the critical role of chymase as an Ang II-forming enzyme in human tissue. On-
going trials using BAY 1142524 could affirm these concepts.
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Article highlights

. We review the role of mast cell chymases in the progression of cardiovascular
disease in humans

. We underscore how species differences in chymase genes and hydrolytic
activity of chymase isoforms influences the actions of MC proteases.

. We document what US patents have been filed for the use of orally active
chymase inhibitors between 2010 to-date;
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Figure 1.
Schematic description of the main biochemical pathways involved in the formation of

biologically active angiotensins. Neprilysin, NEP; Prolyl oligopeptidase, POP; Thimet
oligopeptidase, TOP; Other abbreviations as in text.
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Table 1:
Mast Cell Serine Proteases in Human and Rat
Species alp- Ang NC- a b . Remarks
and Form Substrate IUBMB Ge’r\'l%NB?me Sepgldﬁe [reference]
Chymase Name Specificity Number (NC (UniPort#)
Accession#)
Human chymase (CMA1) a-form  Angl—  EC3.4.21.39 (BRENDA)  CMAL (NM_001836) S01.140 (P23946)  Ang II-
Ang 1l forming
enzyme in
human (a-

chymase) [21]

Rat mast cell protease-1 p-form Ang | — EC 3.4.21.39 (BRENDA) Mcptl (NM_017145) S01.149 (P09650)  Abundant in

(RMCP-1) Ang Il and CTMCs, Ang
Ang Il — 11 degrading
Ang-(1-4) chymase
[56,61,62]
Rat mast cell protease-2 p-form Ang | — Not yet included in NC- Mcpt2 (NM_172044) S01.141 (PO0770)  Abundant in
(RMCP-2) Ang Il IUBMB MMCs
[56,61,62]
Rat mast cell protease-3 p-form Ang Not yet included in NC-  Mcpt3 (NM_001170466) S01.012 (Q9Z1D3) Widely
(RMCP-3) substrate IUBMB expressed in
not both types of
determined MCs

(predominantly
in CTMC) [57]

Rat mast cell protease-4 p-form Ang Not yet included in NC- Mcpt4 (NM_019321) S01.005 (P97592)  Abundant in
(RMCP-4) substrate IUBMB MMCs, not
not characterized
determined at protein level
[58]
Rat mast cell protease-5 a-form Ang EC 3.4.21.B5 (BRENDA) Cmal & Mcpt5 S01.150 (P50339) Initially
(RMCP-5) substrate (NM_013092) designated as
not RMCP-3 [57]
determined
Rat vascular chymase p-form Ang | — Not yet included in NC- VCH (AF063851) S01.095 (O70500)  Expressed by
(RVCH) Ang Il IUBMB vascular
smooth
muscles cells

in
spontaneously
hypertensive
rat [59,60]

a .
NCBI GeneBank accession number

bMEROPE database of peptidase S1 family (serine endopeptidases); Ang (Angiotensin); RMCP-1 is involved in both Ang Il production and
degradation; RMCP-5 initially designated as RMPC-3, CTMCs, connective tissue mast cells; MMCs, mucosal mast cells; VCH, vascular chymase;
NC-1UBMB, Nomenclature Committee of the International Union of Biochemistry and Molecular Biology. [Adapted from MEROPS and
BRENDA enzyme data bases]
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Table 2.

Pre-clinical and Clinical Studies on Chymase specific Inhibitors
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Chymase Substrate  Species Disease Models Remarks

inhibitors Specificity

[reference]

TY-51469 [67,79] Chymase Pig and Rat Acute myocardial ischemia/reperfusion  In pig attenuates fibrosis
in pig and stroke-prone SHR induced by activated chymase

after myocardial ischemia/
reperfusion, reduce
inflammatory markers (MMP-9,
eNOS) and in rat useful for
preventing vascular remodeling
and prolonging survival.

SUN-C8257 [80] Chymase Mice Genetic mouse model for human Reduced chymase activity and
scleroderma [tight-skin (Tsk) mice MMCP-4 mRNA level, also
having widespread disorder of significantly decreased the
connective tissues] thickness of the subcutaneous

fibrous layer of Tsk mice.

BCEAB [81,82] Chymase Hamster Cardiac disease and peritoneal adhesion ~ Suppresses heart chymase,
formation cardiac fibrosis and peritoneal

adhesions.

BAY 1142524 [83] Chymase Human Heart failure, clinically stable patients Phase 2 trial, no change in
with left-ventricular dysfunction after blood pressure, drug is safe and
myocardial infarction well tolerated up to single oral

dose of 200 mg.

SUN13834 [84,85] Chymase Mice and Human  Atopic dermatitis Phase 2 trial discontinued due

to adverse side effects.

Suc-Val-Pro-PheP (OPh), [86] Chymase Hamster Cardiac adhesions formation Suppress cardiac chymase

activity and TGF-18 level in
postoperative cardiac adhesion.

NK3201 [67,81,87] Chymase Dog and Hamster ~ Balloon injury, vascular intimal Reduce chymase activity in
hyperplasia and myocardial infarction injured arteries, prevented

intimal thickening and vascular
proliferation.

TEI-E548 [88] Chymase Hamster Chymase-induced microvascular Improves survival and cardiac
leakage and coronary artery ligation hypertrophy of the post-

myocardial infarction.

RO5066852 [89] Chymase Mice Atherosclerosis ApoE(-/=) mice Therapeutic modality for

atherosclerotic plaque
stabilization, normalized the
increased frequency and size of
intraplaque hemorrhages
observed in ApoE(-/-) mice.

Y-40613 [90] Chymase Mice Atopic dermatitis Suppresses the production of

IgE and pruritus, ameliorate
symptoms of atopic dermatitis.
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Table 3:

Patents Granted on Chymase Inhibitors (2010-2018)
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Patent Year Institution Title Applications

[reference]

US 7,872,044 2011 Janssen Pharmaceutical NV Inhibitors of chymase To treat inflammatory or serine

B2 [106] protease mediator’s disorders.

US 8,377,949 2013  Boehringer Ingelheim Quinazolinedione chymase inhibitors Useful in treating various diseases

B2 [109] International GmbH and conditions involving chymase

US 8,501,749 2013  Boehringer Ingelheim Aza-quinazolinedione chymase inhibitors ~ Small molecule inhibitors of the

B2 [110] International GmbH formula (1), which are useful in
treating various diseases and
conditions involving chymase.

US 8,969,348 2015 Boehringer Ingelheim Chymase inhibitors Chronic heart failure,

B2 [111] International GmbH atherosclerosis, restenosis and
myocardial infarction.

US 9,150,556 2015 Boehringer Ingelheim Benzimidazolone chymase inhibitors Small molecule inhibitors useful

B2 [112] International GmbH in treating various diseases and
conditions involving chymase

US 9,062,056 2015  Boehringer Ingelheim Aza-benzimidazolone chymase inhibitors ~ Small molecule inhibitors of the

B2 [113] International GmbH formula (1): and the
pharmaceutical compositions
thereof and processes of making
the same. The compounds are
useful in treating various diseases
and conditions involving
chymase.

US 9,695,131 2017 Bayer Pharma Substituted uracils as chymase inhibitors Use alone or in combinations for

B2 [114] Aktiengesellschaft (Berlin, DE) the treatment of prophylaxis of

diseases
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