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Abstract—We describe the docking of selected steroidal and non-steroidal estrone sulphatase inhibitors, including the Phase I
clinical trial candidate 667COUMATE (6), into the active site of human carbonic anhydrase II (hCA II). The docking scores are
compared with the inhibition of hCA II and show good correlation with biological activity.
# 2003 Elsevier Science Ltd. All rights reserved.

Carbonic anhydrase II (CA II; E. C. 4. 2. 1. 1) is a zinc
containing metalloenzyme that catalyses the reversible
hydration of CO2 to HCO3

�.1,2 The human enzyme,
hCA II, is a 29.3 kDa protein containing a catalytic zinc
unit with tetrahedral coordination to three histidine
groups and a water molecule which is displaced by the
anionic form of an inhibitor on binding.3 The use of CA
inhibitors and their therapeutic potential has recently
been reviewed.2 Sulphonamide inhibitors of hCA II
such as acetazolamide (1) have been used clinically for
some time in ocular diseases like glaucoma where
increased intraocular pressure can damage the optic
nerve, and it has been shown that acetazolamide (1) fails
to decrease intraocular pressure in patients with car-
bonic anhydrase deficiency.4 Topiramate (2),5 an anti-
convulsant agent and RWJ-37497 (3), a related sugar
sulphamate, have also been shown to be potent inhibi-
tors of hCA II,3 although the anti-convulsant activity
exhibited by (2) and (3) is thought to be due to a num-
ber of biological effects.5,6

The crystal structure of hCA II with (3) co-crystallised,
reported recently, showed that the ligand was intact and
not irreversibly bound.3 Reversible inhibition of hCA II
by these agents is observed, followed by a therapeutic
effect unrelated to hCA II inhibition.5,6 These facts
indicate that reversible inhibition of cytosolic hCA II

may be a mechanism of delivering an agent with a
potent inhibitory effect on a different target.

Observations from immunohistochemical measurements
that show CA II is highly expressed in several tumours,
including pancreatic and gastric carcinomas and malig-
nant brain tumours.7�9 Sulfonamides and sulfonylated
derivatives as anticancer agents and the connection
between carbonic anhydrase and cancer has recently
been reviewed.10 Acetazolamide (1) suppresses the
invasion of renal cancer cells in vitro and the presence
of cytosolic hCA II in these cell lines has been shown by
immunocytochemical and Western blotting tech-
niques.11 In addition, Teicher has shown acetazolamide
(1) produces additive tumour growth delays in vivo.12

The extracellular pH in solid tumours is acidic13 and the
intracellular/extracellular pH gradient is controlled by
ion transport proteins13,14 and carbonic anhydrases.15,16

A reversible inhibitor bound to hCA II as its anion
would, in an acidic environment, be released. Therefore,
it is possible that an anti-cancer agent reversibly bound
to hCA II targeting a tumour could be delivered to its
site of action.
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A number of novel steroidal and non-steroidal sulpha-
mates, for example estrone 3-O-sulphamate, EMATE
(4), the 2-ethylestradiol bis-sulphamate (5), 667-COU-
MATE (6) and the related compound (7) have been syn-
thesised by our group as potential anti-cancer agents.17,18

In particular, (6) is a Phase I clinical trial candidate.

These compounds act by inhibiting the enzyme estrone
sulphatase (STS), which is a key therapeutic target for
estrogen dependent tumours.18 In a recent patent eval-
uation on compounds for the treatment of estrogen-
dependent illness it has been suggested that a general
class of STS inhibitors may possess an additional
mechanism of antitumour action related to CA inhibi-
tion.19 Since sulphamates have recently been shown to
inhibit hCA II3,5,19 we decided to evaluate the hCA II
inhibitory activity of our potent STS inhibitors 4–7.
This would give the first report of the hCA II inhibitory
activity of potent STS inhibitors.

Potent sulphonamide inhibitors of hCA II have been
identified by Klebe, by virtual screening of databases
with a derived pharmacophore using UNITY and
docking using FlexS.20�22 To broaden the knowledge in
this area we decided to investigate the docking of com-
pounds 4–7 in hCA II to see if our STS inhibitors would
fit into the active site of hCA II and thereby be pre-
dicted to be good hCA II inhibitors. Here we describe
the docking studies of selected sulphamate STS inhibi-

tors into two crystal structures of hCA II and compare
the in silico docking scores with the measured in vitro
inhibition of hCA II.

The crystal structures chosen for the docking studies
were from human sources and have Protein DataBank
(PDB) codes 2CBA23 with 1.54 Å resolution and 1EOU3

with 2.10 Å resolution with hCA II in complex with (3).
The PDB files were used as deposited. The docking
studies on 1, 3–7 in hCA II were performed using
FlexX24 as a fast, flexible algorithm for docking small
ligands into binding sites, using an incremental con-
struction algorithm that actually builds the ligands into
the binding site. FlexX has a scoring function, an
enhanced version by Böhm used to estimate the binding
energy and rank potential binding affinities for the
interaction of the ligands with the protein.25,26 A large
negative score may be predictive of high affinity. Com-
pounds were docked using FlexX in Sybyl version 6.8,
no torsions were included, formal charges were assigned
and the FlexX Score function was used for scoring.

The docking studies shown in Figures 1 and 2 depict
how our potent non-steroidal and steroidal STS inhibi-
tors bind to hCA II showing the sulphamate group in
the proximity of the zinc and hydrophobic residues in
the region of the lipophilic templates. Figure 1 shows
667-COUMATE (6) highlighted in green docked into
the active site of 1EOU with the coordinated zinc and
selected residues highlighted. The sulphamate moiety of
(6) is clearly in the coordination region of the zinc unit.
From this docking study hydrophobic interactions with
(6) and residues Phe131, Leu141 and Leu198 would be
predicted to improve binding.

In a similar fashion, the docking of EMATE (4) high-
lighted in green docked into 1EOU is depicted in Figure 2.

Figure 1. Figure 2.
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Compounds for biological evaluation were prepared
according to published procedures;17,18 acetazolamide
was purchased from the Sigma-Aldrich Chemical Co.
Ltd. The inhibition of hCA II was determined using a
modified colorimetric assay as described by Armstrong
et al.27 which quantifies inhibition of CAII-catalysed
hydrolysis of p-nitrophenyl acetate to p-nitrophenol.
Measurements were performed in quadruplicate in 96-
well plates and IC50 values calculated using Graphpad
Prism 3 and acetazolamide (1) was used as a positive
control. The results of the docking studies compared to
the measured inhibition of hCA II of our STS inhibitors
are depicted in Table 1.

In general, the larger the negative score the higher the
predicted affinity and the greater the inhibitory potency
of the ligand. The compounds chosen for this study all
gave negative docking scores in correlation with their
rank order of potency and with the least potent com-
pound 5 having the least negative score. Compounds 1,
4, 6 and 7 all have IC50 values <20 nM and all have
large negative docking scores which would lead one to
predict these compounds as being potent inhibitors of
hCA II. Compound (5) is a bis sulphamate and may
bind to hCA II with either sulphamate coordinated to
the zinc, this may explain why the docking score does
not correlate so well with the observed potency, as the
score represents one binding orientation. In general, the
docked sulphamates with scores more negative thanminus
10 gave good inhibition of hCA II. As a preliminary selec-
tion step to identify novel STS sulphamate inhibitors of
hCA II, compounds that dock with a score below �10
would be predicted to be good hCA II inhibitors.

In summary, we have shown that selected potent sul-
phamate inhibitors of estrone sulphatase (STS) are also
potent and reversible inhibitors vide infra of human
carbonic anhydrase II. Docking studies and scoring of
these potent STS inhibitors on crystal structures of hCA
II would lead to the prediction that these compounds
have high affinity for hCA II. This was confirmed by
biological evaluation. These studies suggest that binding
to hCA II may be in part a mechanism of delivery of
such anti-cancer agents to their site of action.
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Table 1. hCA II inhibition compared with docking scores for com-

pounds 1, 3–7

Compd Inhibition
of hCA II

FlexX scoreb

using 1EOU
FlexX scoreb

using 2CBA
(IC50, nM)

a

1 13.7 �21.7 �21.0
3 36c �22.7
4 9.0 �13.3 �13.6
5 290 �9.5 �11.9
6 17.0 �23.2 �25.1
7 15.0 �19.9 �20.1

aValues are mean of four measurements with <5% variation.
bLarge negative scores correspond to high predicted affinities.
cReported value ref 3.
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