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Topomer comparative molecular field analysis (topomer CoMFA) is applied to the quantitative structure-activity relationship
(QSAR) study of aminomethylenethiophene (AMT) derivatives as lysyl oxidase (LOX) inhibitors. A total of thirty-six AMT
derivatives were selected to build the QSAR model. .e established topomer CoMFA model has the non-cross-validated
correlation coefficient (r2) of 0.912 and the leave-one-out correlation coefficient (q2) of 0.540, which is statistically significant. .e
theoretically predicted anti-LOX potency agrees well with the experimentally observed inhibitory activity, proving the reasonable
predictive ability of the QSAR model. .e effect of molecular field information on the LOX inhibition of substituted amino-
methylenethiophene was discussed in detail. .e structural modification of the aminomethylenethiophene scaffold was carried
out, and novel AMTderivatives with theoretically decent LOX inhibition were proposed. .e topomer CoMFA modeling could
provide a quantitative perspective into the structure-activity relationship of AMTderivatives and potentially speed up the rational
design of LOX inhibitors as antimetastatic agents for cancer therapy.

1. Introduction

Lysyl oxidase and its family members (i.e., LOXL1–4) are
amine oxidases that chemically cross-link elastin and col-
lagens in the tumor extracellular matrix [1–3]. LOX origi-
nally exists as a catalytically inactive proprotein, which is
converted to an active enzyme by proteases. LOX and
LOXL1−4 share a common catalytic domain that incorpo-
rates a lysine tyrosylquinone cofactor, where oxidative de-
amination reaction that turns peptidyl lysine residues
(H2NCH2R) into α-aminoadipic-δ-semialdehyde (O�CHR)
occurs [1]. .e resulting aldehyde residues chemically cross-
link with neighbouring nucleophilic functionalities, yielding
insoluble extracellular protein matrices.

LOX and LOXL2 play important roles in stimulating
tumor growth in various kinds of cancer [4–6]. Noticeably,
LOX has been proved to be a significant mediator of cancer
metastasis [7]. .us, therapeutic agents inhibiting the ac-
tivity of LOX are suggested as cancer treatments, particularly
against metastasis where successful therapeutic methods are
currently rare.

To date, few drug-like inhibitors of LOX have been re-
ported [8, 9]. It was published that trifluoromethyl-substituted
aminomethylene-pyridine exhibited weak inhibition against
LOX [8]. Until recently, aminomethylenethiophene (AMT)
derivatives were proved to be potent inhibitors of LOX and,
more importantly, can significantly reduce tumor growth as
well as metastatic burden in a mouse model [9, 10].
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Table 1: Molecular structures, experimentally recorded, and theoretically predicted anti-LOX potency of the substituted amino-
methylenethiophene.

H2N

S
S

O

O

R

Number R
LOX

−log (IC50)
Experimental Predicted

1t N −1.2788 −0.78

2 N −1.8513 −1.5

3 N
H

−1.4624 −1.3

4 N

O

NH2

−1.0792 −1.14

5 N OH
−0.5052 −0.66

6 N
−0.5798 −0.64

7
N

−0.2788 −0.25

8t
N

−0.4150 −0.21

9 N O −1.3522 −1.49

10 N

NH

−1.0434 −0.84

11t N
N

−0.4914 −0.46

2 Journal of Chemistry



Table 1: Continued.

Number R
LOX

−log (IC50)
Experimental Predicted

12

N

N
H
N

O

−0.3222 −0.09

13
N

N
S

O

O

0.0315 −0.02

14 −0.3222 −0.63

15 −0.2305 −0.21

16

N

−0.3617 −0.37

17
S

−0.0394 −0.41

18t −0.8062 −0.12

19 −0.6721 −0.33

20 0.1612 0.21

21
S

N
H
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O

−0.4472 −0.64

22 S

O

O

0.5850 0.39
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Table 1: Continued.

Number R
LOX

−log (IC50)
Experimental Predicted

23
S

O

O
0.4089 0.67

24t
S

O

O

−0.1461 −0.19

25 S

O

O

N 0.0362 0.04

26t
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O

O

N
0.2147 0.15
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S

O

O

N

OH

0.3768 0.52

28t S

O

O

−0.2553 0.28

29 S

OHO

O

0.5376 0.50

30
S

O

O

OH

0.3468 0.23

31
S

NO

O

0.2291 0.28
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Table 1: Continued.

Number R
LOX

−log (IC50)
Experimental Predicted

32

S

NHO

O

O

0.1427 0.05

33t
S

O

O

O

−0.2305 0.39

34

S

O

O

−0.0792 0.03

35
S

O

O

O

−0.2788 −0.14

36t

S
O

O

Si
−0.3979 −0.34

37

S
O

O

N

N −0.2305 −0.26

38

S
O

O

N
−0.1903 −0.12
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Table 1: Continued.

Number R
LOX

−log (IC50)
Experimental Predicted

39

S
O

O

0.0458 −0.16

40

S
O

O

−0.0414 −0.24

41

S
O

O

−0.5682 −0.50

42t

S
O

O

−0.8129 −0.07

43

N

S
O

O

N 0.1337 0.09

44

S
O

O

0.0942 0.17

45

S
O

O

0.0915 0.13

tTest set compound.
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.e preliminary structure-activity relationship study of
AMTderivatives has been performed, which was dictated by
chemical intuition and serendipity [9, 11–13]. Considering
the fact that we are entering the era of big data and artificial
intelligence, empirical and labor-intensive approaches are
being incrementally replaced by automatic and rational
strategies [14–17]. Consistent with this emerging trend,
sophisticated drug design method (i.e., topomer CoMFA) in
this paper is introduced into the three-dimensional quan-
titative structure-activity relationship (3D-QSAR) study of
aminomethylenethiophene derivatives, which holds great
promise for rational design of LOX inhibitors with improved
potency.

2. Materials and Methods

2.1. Substituted Aminomethylenethiophene. .e amino-
methylenethiophene (AMT) derivatives and their anti-LOX
potency are taken from the recently published literature [9].
.e LOX inhibition values of AMTderivatives, that is, LOX
IC50 (μΜ), were obtained under identical experimental
conditions [9]. .e molecular structures of AMTderivatives
and their anti-LOX potency are shown in Table 1. .irty-six
of the forty-five aminomethylenethiophene-based inhibitors
were chosen as the training set, while the remaining nine
molecules were used as the test set. During the selection of
the training and test set, great efforts were made to ensure
that the most potent, moderately active, and low active AMT
inhibitors were included in the training set to spread the
activity range. .e test set compounds were selected in such
a manner that at least one structural analog of the training
set was chosen for the test set. Each AMT derivative was
geometrically optimized by the Tripos force field under the
convergence criterion of 0.005 kcal/mol [15, 16]. .e
MMFF94 method was utilized to determine the partial
atomic charges of AMT derivatives [15, 18].

2.2. Topomer CoMFA. .e molecular modelling of 3D-
QSAR was carried out using SYBYL 8.1.1 software running
on a HP Z600 workstation. For the topomer CoMFA
method, the aim is to build a quantitative relationship be-
tween molecular field information of topomers (i.e., steric
and electrostatic fields) and LOX inhibition activity [19–21].
A topomer indicates an invariant three-dimensional rep-
resentation of the molecular fragment with absolute ori-
entation and conformation [21]. It is well known that
comparative molecular field analysis (CoMFA) is very
sensitive to the molecular alignment scheme by which the
training set compounds are superimposed over the maxi-
mum common substructure [22]. To circumvent this
problem, topomer CoMFA is invented as an alignment-free
3D-QSAR technique [19, 20].

In this paper, topomer comparative molecular filed
analysis (topomer CoMFA) is used to build the quantitative
relationship between the molecular field information and
the anti-LOX potency of aminomethylenethiophene
derivatives.

2.3. Statistical Evaluation of the QSAR Model. To avoid
overfitted 3D-QSAR model, partial least squares (PLS) is
utilized to correlate the molecular filed descriptors with the
anti-LOX potency of AMT derivatives [23].

.e predictive capability of the QSARmodel is measured
by the cross-validated coefficient (q2), which is determined
by the leave-one-out cross-validation procedure and can be
formulated as

q
2

� 1 −
 Ypred − Yactual 

2

 Yactual − Ymean( 
2,

(1)

where Ypred, Yactual, and Ymean are the theoretically predicted,
experimentally measured, and mean LOX inhibition activ-
ities of the training set, respectively.

3. Results and Discussion

3.1. Molecular Fragmentation. .e structural variation of
AMT derivatives lies in the R substitute, while amino-
methylenethiophene is the common scaffold. .us, all the
substituted aminomethylenethiophenes are fragmented into
two parts: (1) the common scaffold and (2) R substituent.
.e fragmentation pattern is shown in Figure 1.

3.2. Statistical Analysis of the QSAR Model. .e statistical
results of the topomer CoMFAmodel are presented in Table 2,
which shows the non-cross-validation correlation coefficient
(r2) of 0.912 and cross-validation correlation coefficient (q2) of
0.540. It is recognized that a 3D-QSAR model would have
decent predictive ability provided that q2 is greater than 0.5
and r2 is more than 0.6 [19, 24, 25]. As such, the resultant 3D-
QSAR model in this paper should be statistically robust. In
terms of the topomer CoMFA model, the predicted anti-LOX
potency of the AMT derivatives is listed in Table 1. .e ex-
perimentally measured LOX inhibition activities versus the
theoretically predicted values are graphically shown in Fig-
ure 2, and the data points reside closely to the diagonal line. It
is known that if the leave-one-out correlation coefficient of a
3D-QSAR model is above 0.3, the likelihood of chance cor-
relation could be less than 5% [26]. Furthermore, the corre-
lation coefficient (R2) for the test set is 0.6637, which indicates
a decent predictive power of the otpomer 3D-QSAR model.
.erefore, the built topomer CoMFA model in our paper
should be statistically significant and has sound predictive
ability, which could be used to predict and screen the untested
AMT derivatives [19, 20, 25, 27].

3.3. Topomer CoMFA Contour Analysis. Given that the R
substitute is the main factor governing the anti-LOX potency
of AMT derivatives, the molecular field contour map of the
R2 fragment is presented in Figure 3. Compound 22 with the
highest LOX inhibition was employed as the reference
molecule. Actually, Figure 3 provides hints about the pos-
sible regions for the structural modification of R2 fragments
(i.e., the blue area favors the electron-donating substituent
and the green area for steric groups, while the red area is
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favourable for electron-withdrawing substituent and the
yellow area for the less steric groups).

.e steric contour map of the R2 fragment is shown in
Figure 3(a). In Figure 3(a), large polyhedra covering the 4-
position of phenyl signify that steric hindrance at this lo-
cation may be beneficial for improving the anti-LOX po-
tency of AMT derivatives, which is convincingly confirmed
by comparing the LOX inhibition activity of compound 15
with compound 22. Due to the sole introduction of

methanesulfonyl into the 4-position of phenyl, the anti-LOX
potency of compound 22 (IC50: 0.26) is significantly im-
proved as compared to compound 15 (IC50: 1.7). .e yellow
polyhedra revolving around the 3-position of phenyl indi-
cate that sterically bulky groups at this location may exert
negative impact on the LOX inhibition of AMT derivatives,
which is unambiguously validated by the comparison of
compound 15 and compound 18; the LOX inhibition activity
of the latter molecule (IC50: 6.4) is much lower than the
former compound (IC50: 1.7) because of the addition of
benzene at the 3-position of phenyl.

.e electrostatic contour plots of the R2 fragment are
displayed in Figure 3(b). In Figure 3(b), a red contour encap-
sulating the end of methanesulfonyl moiety implies that elec-
tron-donating groups at this end disfavor the LOX inhibition,
which is clearly verified through comparing the structures and
anti-LOX potency of compound 28 (IC50: 1.8) and compounds
29–32 (IC50: 0.29∼0.72); compound 28 has a benzene substituent
(i.e., electron-donating group) at the end of methanesulfonyl
moiety, while compounds 29–32 have oxygen or nitrogen-
containing groups (i.e., electron-withdrawing groups).

4. Newly Designed Compound and Predicted
Anti-LOX Potency

Since the above 3D-QSARmodel is statistically significant, it
would be of utmost importance to theoretically design new
molecule with enhanced LOX inhibition. .e scaffold of
aminomethylenethiophene was modified by various sub-
stituents, and the anti-LOX potency of the resulting AMT
derivatives was predicted in terms of the already established
3D-QSAR model. Two of the newly designed AMT deriv-
atives with the theoretically decent LOX inhibition are
presented in Table 3. .ough the theoretically predicted
anti-LOX potency of the two novel compounds is slightly
lower as compared to compound 22, it should be noted that
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Figure 1: (a) Molecular structure of the aminomethylenethiophene derivatives. (b) .e splitting mode for the topomer CoMFA modelling
(using compound 22 as the reference).

Table 2: Statistical results of the topomer CoMFA model.

Statistical parameters
F values 62.193
ONC 5
SEE 0.180
r2 0.912
q2 0.540
F: significant test value. ONC: optimal number of components (LVs). SEE: standard error of estimate. r2: non-cross-validation correlation coefficient. q2:
leave-one-out cross-validation correlation coefficient.
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Figure 2: Experimental versus predicted anti-LOX potency. .e
training and the test set are displayed in squared (black) and circled
(red) points, respectively.
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great caution is necessary in using QSAR to make predic-
tions that extrapolate beyond the area of knowledge of the
training set [28, 29]. In addition, these two newly proposed
AMT derivatives should be synthetised to experimentally
determine their LOX inhibition activity.

5. Conclusion

In this work, the topomer CoMFA method is applied to the
quantitative structure-activity relationship study of ami-
nomethylenethiophene (AMT) derivatives as novel lysyl
oxidase (LOX) inhibitors. .e resulting topomer CoMFA
model is effective for estimating anti-LOX potency of the
AMTderivatives. Molecular field information has illustrated
the critical structural factors governing the LOX inhibition
activity of substituted aminomethylenethiophene. In terms
of the developed topomer CoMFA model, the theoretically

predicted anti-LOX potency of AMT derivatives matched
well with the experimentally measured values, indicating the
reasonable predictive ability of the QSAR model. .e newly
designed AMT derivatives with theoretically decent anti-
LOX potency have been proposed. .is study may serve as
the stepping stone for the rational design/selection of LOX
inhibitors as antimetastatic agents for cancer therapy.
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