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Abstract—11p-Hydroxysteroid dehydrogenase (11B-HSD) enzymes catalyze the conversion of biologically inactive 11-ketosteroids
into their active 11B-hydroxy derivatives and vice versa. 113-HSD1 has been studied as a potential treatment for metabolic disease
such as diabetes and obesity. To find correlation between 113-HSD1 and inhibitors, three-dimensional quantitative structure—activ-
ity relationship (3D-QSAR) studies were performed on 70 inhibitors, based on molecular docking conformations obtained by using
FlexX-Pharm. The studies include comparative molecular field analysis (CoMFA) and comparative molecular similarity indices
analysis (CoMSIA). Based on the docking results, highly predictive 3D-QSAR models were developed with ¢* values of 0.543
and 0.519 for COMFA and CoMSIA, respectively. A comparison of the 3D-QSAR field contributions with the structural features
of the binding site showed good correlation between the two analyses. Therefore, these results should be useful to the prediction of

the activities of new 11p-HSDI inhibitors.
© 2008 Elsevier Ltd. All rights reserved.

The metabolic syndrome is increasingly recognized as a
major cause of cardiovascular disease and type 2 diabe-
tes. Recently, 11p-Hydroxysteroid dehydrogenase type 1
(11B-HSD1) has attracted significant attention from the
pharmaceutical research as a target for the treatment of
metabolic disease'™ and the significance of 118-HSDI
in metabolic diseases such as type 2 diabetes and obesity
has been demonstrated in various rodent studies.* ® The
enzyme 11B-HSDI1, which is mainly expressed in liver
and adipose tissue, plays a central role in regulating
intracellular concentrations of glucocorticoids by con-
verting inactive cortisone to the metabolically active
hormone cortisol. The type II isoform (11B-HSD2) is lo-
cated primarily in the kidney and catalyzes the inactiva-
tion of cortisol. Therefore, inhibitors of 113-HSD1 are
being examined as the potential treatment for metabolic
syndrome, diabetes, obesity, and other indications.

In this paper, we carried out molecular docking study
and then 3D-QSAR models were constructed by using
approaches of comparative molecular field analysis
(CoMFA) and comparative molecular similarity analy-
sis (CoMSIA) using the docking results. So it is possible
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to get new insights into the relationship between the
structural information of the series of 70 compounds.

A set of 70 compounds, which covered 4 log orders
(pICsop =4 ~ 8) for their enzyme inhibitory activity,
was selected from among published 113-HSD1 inhibi-
tors.” '3 The dataset of 70 compounds was grouped into
training set and test set containing 50 and 20 com-
pounds, respectively. Both the training and the test sets
were divided according to a representative range of bio-
logical activities and structural variations. These com-
pounds’ inhibitorial activities were converted into the
corresponding plCsg(—log ICsg) values in the COMFA
and CoMSIA analyses. These inhibitors were con-
structed by using molecular modeling software package
Sybyl7.3.1'* and energy minimizations were carried out
using Tripos force field'> and the Gasteiger—Huckel
charge with a distance-dependent dielectric and conju-
gate gradient method.

FlexX-Pharm!® employed a fast algorithm for flexible
docking of small ligands into fixed protein-binding site
using an incremental construction process. This pro-
gram was interfaced with Sybyl 7.3.1 and was used for
docking of all of the 113-HSD1 inhibitors at the active
site. To understand the binding mode of 1lrbeta-
HSD1 inhibitors, we analyzed all the known crystal
structure including cortisol. As shown in Figure 1, two
extension directions, which are hydrophobic pocket 11
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Figure 1. The superposition of the known inhibitors extracted from X-
ray co-crystallized structure. The extension direction of inhibitors
based on the hydrophobic pocket I is considered as two parts, one is
hydrophobic pocket II, the other is the solvent exposed region.

Figure 2. The 3D superimposed structures of the used compounds.

and solvent exposed region, are considered as the bind-
ing mode of its inhibitors against 11rbeta-HSD1. The X-
ray crystal structures of 3 human 11rbeta-HSD1 com-
plexes with ligands were retrieved from the PDB (PDB
entry; 2BEL, 2IRW, 2ILT). The active site was defined
as including all atoms within a 6.5 A radius of the
cocrystallized ligand (PDB ID:2ILT)!” and NADP was
mentioned in order to obtain the appropriate bioactive
conformation of the ligand within the active site. For
docking with FlexX-Pharm, the most critical interac-
tions between ligands and 11rbeta-HSD1 were mapped
in crystal structures. The default SYBYL/FlexX param-
eters were used.

All the molecules in a database containing both training
and test sets were docked into the active site, and 30 con-

formations were obtained through FlexX-Pharm for
each ligand. The conformation was selected as the most
probable binding conformation. These conformations
were aligned together inside active site and used directly
for COMFA!® and CoMSIA !° analyses.

The steric and electrostatic interactions for CoMFA
were calculated using the Tripos force field with a dis-
tance-dependent dielectric constant at all intersections
in a different grid taking a sp> carbon atom as steric
probe and a +1 charge as electrostatic probe. In CoM-
FA, when the grid spacing changed, a shift in the r* val-
ues is observed. So in this paper we used the different
grid boxes with 1.0, 1.5, and 2.0 A grid spacing, respec-

Figure 3. The docking of active compounds (7-8, 23, 42, 52, 56, 60)
compared with X-ray crystallized structure. Green colored compound
is the reference structure deposited in the protein data bank, 2ILT.
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Figure 4. D_Score obtained for 32 compounds in active site of 11p-
HSDI.



J. H. Lee et al. | Bioorg. Med. Chem. Lett. 18 (2008) 2479-2490 2481

Table 1. Structures of 11b-HSDI1 inhibitors used in this study

Compound Structure pICso
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Compound Structure pICso
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Compound Structure pICso
N
X1
H,NOC .., S
Xy
N—
43 O@Br 8.22
N—
44 o) CN 7.55
as
N—
45 o N o 7.36
N\ 7/ '\
N— —
46 0 N NMe 6.73
N\ 7 \__/
N= N
47° o N 8.30
)
N—
48" 7.85
CN
)
—N
49 733
N 0
N\ 7/ \__/
—N /
50 N 7.54
N\ /
N o
1%,
o}
X X5
51 COOH H 7.41
52 CONH, H 8.30
53 COOH 2-Cl 8.10
54 COOH 3-Cl 7.82
55 COOH 4-Cl 7.66
56 CONH, 4-Cl 8.22
57 CONH, 4-OCH, 8.22
0
58° NN J\ 4-Cl 7.80
I N
N\N
0
59 HzN\H/\NJ\ 4-Cl 7.92
o)
60 CH,OH 4-Cl 8.05
61 CH,OCH,CO,H 4-Cl 6.96
N
7
62 N 2-Cl4-F 7.96

N—N



J. H. Lee et al. | Bioorg. Med. Chem. Lett. 18 (2008) 2479-2490 2485

Table 1 (continued)

Compound Structure pICso
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tively, were used for the CoMFA calculations. The influ-
ence of the different grid spacing on the CoMFA model
is shown in Table 3. The cutoff was set to 30 kcal/mol.
With standard options for scaling of variables, the
regression analysis was carried out using the full cross-
validated partial least-squares (PLS) method of LOO
(leave-one-out). The minimum-sigma was set to
2.0 kcal/mol to improve the signal-to-noise ratio by
omitting those lattice points whose energy variation
was below this threshold. The final model was developed
with the optimum number of components to yield a
noncross-validated +* value. In CoMSIA, a distance-
dependent Gaussian-type physicochemical property
has been adopted to avoid singularities at the atomic
positions and dramatic changes of potential energy for
those grids in the proximity of the surface. The steric,
electrostatic, hydrophobic, hydrogen-bond donor and

hydrogen-bond acceptor potential fields were calculated
at each lattice intersection of a regularly spaced grid of
2.0 A. The probe atoms with radius 1.0 A and +1 charge
with hydrophobicity of +1 and hydrogen-bond donor
and hydrogen-bond acceptor properties of +1 were used
to calculate five fields. Gaussian-type distance depen-
dence and the default value of the attenuation factor
(o0 =0.3) were used.

In order to determine the probable binding conforma-
tions of these inhibitors, we used FlexX-Pharm pro-
gram. The docking reliability was validated using the
known X-ray structure (PDB ID:2ILT) of 11B-HSDI
in complex with a small molecular ligand NN1. The li-
gand was re-docked to the binding site of protein and
the docked conformation corresponding to the lowest
free energies was selected as the most probable binding
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Figure 5. Correlation between actual pICsy and predicted pICs from
training (blue square) and test set (red triangle) (a) CoMFA; (b)
CoMSIA.

Table 2. Experimental activities (pICsy) and predicted activities with
residual by COMFA and CoMSIA studies

Table 2 (continued)

Compound plICsg CoMFA CoMSIA
Predicted Residual Predicted Residual
1 432 435 —0.03 4.28 0.04
28 4.64 5.876 —1.24 5.38 —0.74
3 5.05  5.00 0.05 5.12 -0.07
4 7.28 7.18 0.10 7.33 —0.05
5¢ 796  7.621 0.34 7.68 0.29
6" 7.14 7.541 —0.40 7.65 —0.51
7 8.30 8.14 0.16 8.23 0.07
8 8.70  8.73 —0.03 8.74 —0.04
9 8.40 836 0.04 8.36 0.04
10 8.59 8.45 0.14 8.43 0.16
117 8.07  8.237 -0.17 7.62 0.45
12 8.03  8.01 0.02 8.09 —0.06
13 7.66  7.58 0.08 7.62 0.04
14 8.01 8.00 0.01 7.91 0.11
15 8.14  8.09 0.05 8.37 -0.23

Compound plICs, CoMFA CoMSIA
Predicted Residual Predicted Residual
16* 8.70  8.147 0.55 8.25 0.45
17* 8.28  7.811 0.47 7.92 0.36
18* 8.33  8.579 -0.25 8.17 0.17
19 7.70 7.84 —0.14 7.68 0.02
20 8.39 848 —0.08 8.27 0.12
21 8.31 8.36 —0.05 8.31 0.00
22% 8.38  8.286 0.09 8.44 —0.06
23 8.72 8.57 0.15 8.78 —0.06
24 7.64 7.0 —0.06 7.46 0.18
25 7.01 7.01 0.00 6.87 0.14
26 6.79 6.75 0.04 6.75 0.04
27 7.06 6.94 0.12 7.05 0.01
28 7.36  7.36 0.00 7.30 0.06
29 7.21 7.10 0.11 7.19 0.02
30 7.89 7.82 0.07 7.92 —0.03
31° 7.66 8.056 —0.40 8.00 —0.34
32 8.30 843 —0.13 8.38 —0.08
33 7.60 8.323 —0.72 8.35 —0.75
34 782 7.82 0.00 7.82 0.00
35 7.96 8.06 —0.10 8.02 —0.06
36 6.98  7.01 —0.03 7.07 —-0.09
37 7.41 7.50 —0.09 7.34 0.07
38 7.35  8.045 —0.70 7.76 —0.41
39 7.39 7.04 0.35 7.45 —0.06
40 7.05  6.96 0.09 7.06 —-0.01
41 7.46  6.995 0.47 7.94 —0.48
42 8.00 7.93 0.07 8.04 —0.04
43* 8.22 7.976 0.24 7.68 0.55
44 7.55  17.76 —0.21 7.49 0.06
45 7.36  7.26 0.10 7.39 —-0.03
46 6.73  6.73 0.00 6.73 0.00
47* 8.30 7.923 0.38 8.40 —0.10
48 7.85  8.201 —0.35 8.45 —0.60
49 7.33  7.39 —0.06 7.43 —-0.10
50 7.54  7.46 0.09 7.60 —0.06
51 741  7.56 —0.15 7.68 -0.27
52 8.30 8.25 0.05 8.17 0.13
53 8.10 8.12 —0.02 8.07 0.03
54 7.82  7.61 0.21 7.76 0.06
55 7.66  7.94 —0.28 7.77 -0.11
56 8.22 8.17 0.05 8.28 —0.06
57 822 8.8 0.04 8.17 0.05
58* 7.80  8.244 —0.44 8.33 —0.53
59 7.92  8.01 —0.09 8.00 —0.08
60 8.05 8.04 0.01 7.89 0.16
61 6.96 7.04 —0.08 6.77 0.19
62 7.96 7.79 0.17 8.08 —0.12
63 5.10  5.25 —0.15 5.25 -0.15
64° 597  6.69 —0.72 6.30 —0.33
65 596  5.87 0.09 6.07 —0.11
66" 5.80 6.718 —0.92 6.62 —0.82
67 7.85  8.02 —0.17 7.90 —-0.05
68 642 646 —0.04 6.29 0.13
69 7.30  7.40 —0.10 7.28 0.02
70% 6.74 7.082 —0.34 7.07 —0.33
@ Test set.
conformation. The root-mean-square  deviation

(RMSD) of the docked conformation to the experimen-
tal conformation was 1.18 A, suggesting that a high
docking reliability of FlexX-Pharm in reproducing the
experimentally observed binding mode for 11B-HSDI
inhibitors and the parameter set for the FlexX-Pharm
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simulation is reasonable to reproduce the X-ray struc-
ture. The FlexX-Pharm method and the parameter set
could be extended to search protein-binding conforma-
tion for other inhibitors. In this study, for FlexX-Pharm
constraints, four residues (SER170, TYR177, VALI180,
and TYRI183) were selected. The H-bond donor of

phenyl_center of TYR 177 and TYR 183 and ch3_phe
of VALI180 were set as optional. Thirty-two compounds
in the training set considering structural varieties were
chosen to decide the docking conformation using the
above-mentioned docking strategy. In Figure 2, the re-
sult of docking study was shown. The * value of 0.56

SER170 was set as essential constraint, while the was obtained and thus we used the docked conforma-

Figure 6. CoMFA contour map displayed with the compound 23 and superimposition in the active site residues of 113-HSDI1 for (a) steric contour
map; (b) electrostatic contour map.

Table 3. Summary of CoMFA and CoMSIA results for various models

Component CoMFA CoMSIA

SE SEDA SEE"D'A'HF
Grid spacing (A) 1 1.5 2 2 2 2
7 0.536 0.543 0.418 0.481 0.488 0.519
NOCP 5 5 6 6 6 6
% 0.985 0.987 0.991 0.975 0.986 0.988
SEE? 0.118 0.110 0.090 0.154 0.117 0.105
F 573.372 654.615 824.504 276.991 487.312 598.511
Field contribution (%)
Steric 36.5 33.9 36.8 24.8 11.7 7.9
Electrostatic 63.5 66.1 63.2 75.2 39.3 28.3
Donor — — — 27.6 24.2
Acceptor — — — 21.4 16.2
Hydrophobic — — — — 234
red 0.764 0.829

#CV correlation coefficient.
® Number of components.

¢ Correlation coefficient.
dStandard error of estimate.
¢ F-ratio.

fCorrelation coefficient of test set.
£ Steric field.

" Electrostatic field.
"H-bond donor field.
JH-bond acceptor field.

X Hydrophobic field.
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Figure 7. CoMSIA contour map displayed with the compound 23 and superimposition in the active site residues of 113-HSD!1 for (a) steric contour
map; (b) electrostatic contour map.

Figure 8. CoMSIA contour map displayed with the compound 23 and superimposition in the active site residues of 113-HSD1 for (a) hydrophobic
contour map; (b) hydrogen-donor contour map; (c) hydrogen-acceptor contour map.
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tions as the initial conformations for 3D-QSAR studies.
The alignments of the used molecules obtained from the
docking study are represented in Figures 3 and 4. Spe-
cially, in Figure 4, docking conformations of active com-
pounds (7-8, 23, 42, 52, 56, 60) are compared with X-ray
crystallized structure (green color). Totally, the align-
ments from docking study corresponded with the be-
fore-mentioned binding mode in Figure 1 (see Table 1).

For training set, PLS analysis results are listed in Table
3, which show a CoMFA model with a cross-validated
g° of 0.543 with a grid spacing 1.5 A. The noncross-val-
idated PLS analysis with the optimum components of 5
revealed a conventional > value of 0.987, F = 654.615,
and an estimated standard error of 0.110. The steric field
descriptors explain 33.9% of the variance, while the elec-
trostatic descriptors explain 66.1%. Figure 5a shows cor-
relation between the actual values and the predicted
values and the calculated results are also listed in Table
2. The CoMFA contour plots of steric and electrostatic
interactions are shown in Figure 6. To aid in visualiza-
tion, the most active compound (23) is displayed with
green color in the map. The green contour near

Tyr 183

Tyr 183 .
Leu 217
Fi
Gly 216 Ser170@y

Tyr183 indicates that more bulky substituents in these
positions could significantly improve the molecular bio-
logical activities. Thus, compounds 23 and 52 with bulk-
ier substituents such as CF; or adamantane at this
position are more active. The electrostatic contours, in
which blue color represents regions where an increased
positive charge is favorable for inhibitory activity and
red color(represents) regions where an increased nega-
tive charge is favorable for the activity, are shown in
Figure 6b. Figure 6b shows that there is a red-colored
region situated close to Serl77, that is to say, the
Ser177 acts as hydrogen donor so that the negative sub-
stituents should strengthen the binding of the inhibitors.

CoMSIA analysis computed the steric and electrostatic
field, as in CoMFA, but it also computes additional
hydrophobic, hydrogen-bond donor, and hydrogen-
bond acceptor fields. The CoMSIA results are also
summarized in Table 3. The CoMSIA model showed
leave-one-out cross-validation ¢> and conventional r
values of 0.519 and 0.988 when all the five descriptors
were used. The F value and standard error of estimation
are 598.511 and 0.105, respectively. These data indicate

),

Figure 9. The subsites are labeled, the broken lines represent hydrogen-bonding interactions. The figure was drawn using the program LIGPLOT.*
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that a reliable CoMSIA model was successfully con-
structed. Figure 5b shows correlation between the actual
values and the predicted values and the calculated re-
sults are also listed in Table 2. The steric and electro-
static contour maps from the CoMSIA analysis
(Fig. 7) are generally in accordance with the field distri-
butions of COMFA maps (Fig. 6). Thus, the discussion
of the CoMSIA result would be focused on hydropho-
bic, hydrogen-bond donor, and acceptor interactions.
Figure 8a shows a superimposition of the hydrophobic
CoMSIA field with the active site. Yellow contours refer
to areas where the hydrophobic substituents are favor-
able to improve inhibitor activities, while the white con-
tours indicate the area where hydrophilic substituents
are favorable to increase inhibitory activity. The yellow
contour is surrounded by the hydrophobic pocket
formed by Leul26, Vall80, and Tyr183. Figure 8b and
¢ shows a superimposition of the hydrogen-bond donor
and acceptor CoOMSIA field with the active site. In Fig-
ure 8c, contour map for the hydrogen-bond acceptor
properties highlighted in magenta represents regions
where hydrogen-bond donors are expected on the recep-
tor site. This is satisfied by the presence of Ser170 near
the magenta maps. To clarify the ‘favorable’ binding be-
tween 11B-HSD1 and compound 23 shown Figures 6-8,
2D schematic representation using LIGPLOT? pro-
gram is given in Figure 9.

In this work, using the alignment scheme generated from
the docking study, highly predictive CoOMFA and CoM-
SIA models were developed on 11B-HSD1 inhibitors.
The satisfactory models of CoOMFA and CoMSIA were
obtained with leave-one-out (LOO) cross-validated ¢°
values of 0.543 and 0.519, respectively, and the non-
cross-validated PLS analyses with the optimum compo-
nents of 5 and 6 having conventional »~ values of 0.987
and 0.988, respectively. These models match well with
the 3D topology of the binding site of 113-HSD1 and
both models showed similar predictive capabilities.
According to this study, we have established the 3D-
QSAR models for 113-HSDI1 inhibitors and the built
model will be used for virtual screening to find 11 B-
HSD1 inhibitors.
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