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Abstract—In general, serine protease chymase inhibitors readily decompose in plasma. We previously found that thiazolidine-
2,4-dione and thiadiazole derivatives are also unstable. Using a pharmacophore-based database search, we identified a benzo[b]
thiophen-2-sulfonamide derivative as a stable chymase inhibitor. Finding a lead compound with adequate activity and stability by
a pharmacophore-based approach is more efficient than modifying an unstable compound to reduce its instability without
simultaneously decreasing its inhibitory activity. Our pharmacophore model of chymase inhibitors suggests that the two hydro-
phobic interactions in the S1 and S1’ regions and the two H-bonding interactions between them play important roles in chymase

inhibitors.
© 2002 Elsevier Science Ltd. All rights reserved.

Chymase (EC 3.4.21.39) is a major chymotrypsin-like
serine protease that is expressed in the secretory gran-
ules of mast cells in many mammalian species.!~* Chy-
mase can convert angiotensin (Ang) I to Ang II more
efficiently than Ang I-converting enzyme (ACE).> The
localized production of Ang II by human chymase in
the cardiovascular system has been shown to influence
cardiovascular disease.'! IgE and mast cell chymase
have been shown to play a key role in atopic or allergic
inflammation and fibroproliferation in the skin.!?!3

Due to their lack of stability, almost all previously repor-
ted chymase inhibitors have shown no potency in vivo.
Recently, orally active chymase inhibitors have been
investigated, and they have been shown to be potent
therapeutic agents (Fig. 1).'23 While even these stable
candidates have problems regarding stability, this can be
improved by structural modification. It would be difficult
to recognize which features of peptidic-mimetics or com-
pounds identified by random screening, such as BCEAB,
make them suitable as chymase inhibitors and a great deal
of effort would be needed to determine which are stable.
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Figure 1. Reported orally active chymase inhibitors.
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Figure 2. Training set consisting of our chymase inhibitors.

We found that thiazolidine and the thiadiazole deriva-
tives shown in Figure 2 were useful chymase inhibitors,
but they were also unstable and completely decomposed
in human plasma upon incubation for 60 min at 37°C.
Although we studied further structural modifications,
we could not improve their stability without decreasing
their inhibitory activity.

To efficiently identify a stable chymase inhibitor that is
different from our unstable compounds, we generated a
pharmacophore model that described the structural
requirements of a chymase inhibitor and searched a
database using Catalyst® software.”* The pharmaco-
phore model of a chymase inhibitor was generated using
our compounds and their assay results. The training set,
consisting of 26 compounds, gave the best results with
respect to a cost analysis in Catalyst: null-fixed
cost =54.07 and null-1st hypothesis cost=36.70 (Fig. 3).
The 1st hypothesis model showed a strong correlation
with a training set consisting of the 26 compounds in
Figure 2 (r=0.8781). This model also showed a good
correlation with a test set consisting of 60 compounds
that were not wused for hypothesis generation
(r=0.7542). Since these correlations were the best
among the 10 hypothesis models examined, we used the
Ist hypothesis model for the rest of the study. This
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model consisted of two hydrophobes at both ends and
two H-bond acceptors (HBA) between them. The ACD
database (available Chemical Directory, MDL Infor-
mation Systems, Inc.; 216,599 compounds) was sear-
ched using this model, and we seclected 45 of the
retrieved compounds for screening. Of these, three
compounds showed inhibitory activity of more than
30% at 1 pM (Fig. 4). While Maybridge KM 01221 and
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Figure 3. Hypothesis model of a chymase inhibitor superimposed on
compound 2 (HBA =H-bond acceptor). The estimated activity was 34
nM and the conformational energy relative to the minimum-energy
conformer (AE) was 2.63 kcal/mol.
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Figure 4. Active compounds that showed more than 30% inhibition at 1 pM. ?Inhibitory activity was defined as percent inhibition by the test
compound at 1 uM. PStability was defined as percent remaining in human plasma after incubation for 60 min at 37°C.

Figure 5. Hypothesis model of a chymase inhibitor superimposed on
MWP 00965. Estimated activity was 6200 nM and A E was 8.41 kcal/mol.

KM 06864 were unstable, like thiazolidine derivatives,
Maybridge MWP 00965, a benzo[b]thiophen-2-sulfon-
amide derivative, showed no significant decrease over 60
min and was as potent a chymase inhibitor as the lead
compound. This compound is suitable as a starting lead
because of its simplicity and stability. MWP 00965 was
fit into the hypothesis model, and this suggested the
need for thiophen as an HBA (Fig. 5).

We also considered docking models of compound 2 and
MWP 00965 with chymase independent of the hypoth-
esis model (Fig. 6). Docking models suggested that
hydrophobic 3.11 and the aromatic ring 4.11 in the
hypothesis model would interact with the S1 and S1’
regions in chymase.?> The aryl groups in the S1 pockets
of compound 2 and MWP 00965 were similar. The sul-
fonamide of MWP 00965 would stabilize the interaction
through two H-bonds more efficiently than that of
compound 2. The important H-bond interaction with
Ser195 could be described as HBA2.11 in compound 2.
The role of thiophen in MWP 00965, which was eval-
uated as HBA2.11, was unclear. We speculated that it

could form an H-bond with Serl195. Otherwise, the
propylsulfonyl substituent of MWP 00965 would not fit
in S1’. Therefore, we identified a possible means to
improve the inhibitory activity of MWP 00965 by
modifying the substituent at the p-position of the phenyl

group.

Our hypothesis model showed an important interaction
with chymase, and that MWP 00965 was stable and
useful as a chymase inhibitor. Considering its binding
model, we found that the benzo[b]thiophen-2-sulfon-
amide moiety was useful in the S1 region of chymase.
Further modification of this benzo[b]thiophen-2-sulfon-
amide derivative is now underway.

Computational Methods
Catalyst 4.5

Conformational models were calculated using an energy
cutoff of 15 kcal for the best quality. The number of
conformers generated for each molecule was limited to a
maximum of 255. H-bond acceptor (HBA), hydro-
phobic and aromatic ring features were used for Hypo-
Gen hypothesis generation. The spacing parameter was
200 picometers. The database search was conducted
using a fast flexible search, and compounds with a fit
value of less than 10% and a molecular weight of more
than 500 were omitted from the hit list.

Insight II 2000

The crystal structure of chymase with PMSF (PDB code
IKLT)?* was used as a template. All water molecules
were removed for calculation. The chymase backbone
was fixed during calculation. A distance constraint
between C of the carbonyl on the naphthoyl ring in
compound 2 or S of the sulfonamide in MWP 00965
and oxygen of Serl95 was applied using a flat-bottom
potential with a force constant of 0.0 kcal/mol for a
distance of 0-2.5 A and 100.0 kcal/mol for longer
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Figure 6. Docking model of inhibitors with chymase (A) docking model of compound 2; (B) docking model of MWP 00965.

distances. One hundred molecular dynamics cycles,
consisting of 50 ps at 900 K in an NVT ensemble, were
performed using a cvff force field. After minimization
by a combination of steepest-descent and conjugate
gradient minimization algorithms until the maximum
rms derivative was less than 0.01 kcal/A, the lowest-
energy conformation was chosen.
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