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Abstract

Monopolar spindle 1 (Mpsl) is an attractive cancer target due to its high expression levels in a wide range of cancer
cells. Mpsl is a dual specificity kinase. It plays an essential role in mitosis. The high expression od Mps1 was observed
in various grades of breast cancers. In the current study, we have developed a CoOMFA model of pyridazine derivatives
as Mpsl1 kinase inhibitors. The developed CoMFA model (¢°=0.797; ONC=6; +’=0.992) exhibited a good predictive ability.
The model was then validated by Leave out five, progressive sampling and bootstrapping and found to be robust. The
analysis of the COMFA contour maps depicted favorable and unfavorable regions to enhance the activity. Bulky positive
substitution at R? position and Negative substitution in R! position is favored could increase the activity. In contrast, bulky
substitution in R' position is not favored. Our results can be used in designing a potent Mps1 (TTK) inhibitor.
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1. Introduction

Protein kinases are critical regulators of cell division.
The mitotic kinases include Polo, Aurora, Bub, NEK/
NimA, and MPSI kinases!!). The monopolar spindle
(MPS1) gene was first identified in the yeast, Saccha-
romyces cerevisiase!?. Mps1 also called as TTK kinase.
Mpsl is a dual specificity kinase that can phosphorylate
serines/threonines and tyrosines. Mps! function as the
key kinase that activates the spindle assembly check-
point (SAC)P. Along with other cellular processes,
MPSI kinases also function in multiple roles in mitosis,
including spindle pole duplication™, mitotic checkpoint
signaling, mitotic cytokinesis and the maintenance of
CINP4l, Mps1 also found be involved in the genotoxic
stress response such as DNA damage!’l.

Mps1 expression is found in proliferating cells during
mitosis. Overexpression of Mps|1 is observed in a various
cancer cell lines and and tumor types, including anaplastic
thyroid carcinoma, breast cancer, and lung cancers®™'",
Based on the role Mps1 plays in mitosis and cell division,
it is considered as one of the most promising drug targets
for cancer therapy!'”. Several compounds that have
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Mpsl inhibitory activity have been identified and their anti-
cancer activity has been studied">'¥. BAY1161909 and
BAY1217389 are the two highly selective Mps1 inhibitor
that are in phase 1 clicnical trials’®!. Our research group
has reported several review and research articles on insil-
ico techniques such molecular docking and 3D-QSAR
studies!'>!). In this study, we have performed a ligand-
based CoMFA study on series of pyridylpyrazolopyri-
dine derivatives have carried out.

2. Methodology

2.1. CoMFA Model

A series of 25 pyridazine derivatives reported by
Kusakabe et al., was taken for the study!'*l. The loga-
rithmic values of the activities were used. The co-crys-
tallized structure of compound 21 of this series was
used as a template to sketch the rest of the molecules
in the dataset. All the structures of the dataset were
drawn using sketch program of SybylX2.17%. The
geometry of the molecules was optimized using sybyl
Tripos force field and Gasteiger charges were applied.
The molecules taken for the study are shown in Table
1. The energy cut off of 30.0 kcal/mol was used and
CoMFA model! was developed for the dataset mole-
cules. A leave-one-out (LOO) PLS was performed to
determine the cross-validated #* (¢*) and the optimum
number of components and minimum standard error of
prediction (SEP) in the model.

-113 -



114 Pavithra K. Balasubramanian, Anand Balupuri, and Seung Joo Cho

Table 1. Structure and Biological values of pyridazine derivatives as Mpsl kinase inhibitors

1 1 1

R R R
LNH LNH LNH
N)\KN Y/ /N = /N
g/” 7 AN PN~
R X R® N
1-10 11-14 15-25
o) o) )
HN HN HN
R? R R?
Compound R' R? R’ X Y pICso
CH
1 A4< A*<] - - - 7.260
CH
2 A—< A{> - - - 6.745
CH
CH, CH,
3 A4< A‘< - - - 6.337
CH, CH,
CHj
4 A4< H - - - 5.602
5 i-Bu A{ - - - 7.161
6 n-Pr A{ - - - 6.310
7 i-Pr A{ - - - 6.886
8 A{ - - - 7.409
A
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Table 1. Continued

o
17 18 r—=< p-(F)Ph - - 8.252
A
o
18 ig A{I o-(F)Ph ; ; 8.181
A
(0]
19 [8 A{l o-(OH)Ph - - 8.585
A
(0]
20 [8 A{l Ph - - 7.886
A
(0]
21 [8 A{] cyclohexyl - - 8.181
A
(0]
2 (8 A% cyclohexyl - - 8276
A
o
23 ig A{] i-Pr - - 8.260
A
o
24 ig A{I +-Bu - 8.208
A
o HaC
F
25 A{I A - ; 8.553
e
A CH,
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2.2. CoMFA Validation

The developed model was validated to check its pre-
dictability using Leave-out-five, bootstrapping and pro-
gressive sampling. Bootstrapping of 100 runs and
progressive sampling of 100 samplings with 2 to 100
bins was used to validate the models.

3. Results and Discussion

3.1. CoMFA Model

CoMFA model was developed for a series of pyri-
dazine derivatives All the molecules were aligned over
the template (compound 10) using alignment method
based on the common substructure. The alignment of
the dataset is shown in Fig. 2. A reliable CoOMFA model

Y,

Fig. 1. Alignment of all the dataset molecules

Table 2. Statistical summary of the developed CoMFA
model

Parameters CoMFA MODEL
7 0.797
NOC 6
SEP 0.423
” 0.992
SEE 0.082
F value 388.471
LOF 0.812
BS »? 0.996
BS SD 0.02
0’ 0.648

q* cross-validated correlation coefficient; NOC: Number
of components; SEP: Standard Error of prediction; 7*: non-
validated correlation coefficient; SEE: Standard Error of
Estimation; F value: F-test value; LOF: Leave-out-Five;
BS-r*: Bootstrapping > mean; BS-SD: Bootstrapping
Standard deviation; Q% progressive sampling.

for the complete set of dataset compounds was devel-
oped (¢°=0.797, NOC=6, r*=0.992) using Gasteiger
charges as partial charge. The model exhibited excellent
statistical values in terms of ¢* and »* values. The total
number of compounds in the dataset is less than 30,
hence the data set was not divided into training set and
test set. The model was validated using Leave-out-five,
bootstrapping and progressive sampling methods. The
Leave-out-five value for the model was found to be
0.815. The progressive sampling (Q2) of 100 runs gave
the value of 0.648. The bootstrapping #* mean (BS-1?)
and BS- standard deviation (BS-SD) was 0.996 and
0.002 respectively. The overall quality of the model was
found to be predictable and robust. The detailed tabu-
lation of the developed model is shown in Table 2. The
experimental and predicted activity values of the mol-
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7.0 4

Predicted pIC50 value

6.0 4

5.0
5.0 6.0 70 8.0 9.0

Actual pIC50 value

Fig. 2. Scatter plot diagram of the CoOMFA model

Fig. 3. CoMFA Steric contour map. The green contours
show sterically favored regions and the yellow contours
show the sterically unfavorable regions.
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Table 3. Actual versus predicted pICs, with their residuals
values of the developed CoMFA model

CoMFA
Compound  Actual plCso Predicted Residual
1 7.260 7.185 0.075
2 6.745 6.861 -0.116
3 6.337 6.316 0.021
4 5.602 5.668 -0.066
5 7.161 7.207 -0.046
6 6.310 6.192 0.118
7 6.886 6.858 0.028
8 7.409 7.425 -0.016
9 7.456 7.416 0.040
10 7.237 7.250 -0.014
11 8.071 8.056 0.014
12 8.181 8.221 -0.040
13 8.377 8.416 -0.040
14 8.602 8.579 0.023
15 8.125 8.144 -0.019
16 8.168 8.219 -0.051
17 8.252 8.214 0.038
18 8.181 8.326 -0.146
19 8.585 8.479 0.106
20 7.886 7.891 -0.005
21 8.181 8.175 0.006
22 8.276 8.272 0.004
23 8.260 8.211 0.048
24 8.208 8.320 -0.113
25 8.553 8.402 0.151

ecules obtained for the CoMFA model is tabulated in
Table 3. The scatter plot and contour map for the same
are shown in Fig. 2 and Fig. 3 respectively.

3.2. CoMFA Contour Analysis

The contour maps for the COMFA model were devel-
oped by using standard Coefficient field type with
default 80% and 20% level contributions for favorable
and unfavorable regions in order. Compound 14, the
most active molecule in the dataset is shown superim-
posed inside the contour map. The steric contour map
of the ligand-based CoMFA is shown in Fig. 3a. The
favorable region is shown in green color contour; the
unfavorable regions are shown in yellow color contours.
A big green colour contour near the R? position indi-
cates that bulky substitution in that region could
increase the activity of the compound. Bulky substitu-
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Fig. 4. CoMFA Electrostatic contour map. The blue color
regions favor positive substituents and red color region
favors negative substitutions.

tion in this region could interact with active site residues
Lys553 and 11e663. This interaction was observed with
the co-crystallized compound 21 of the dataset mole-
cule™!. Similarly green contour near the R’ position
suggest that bulky substitution is favored in this posi-
tion. This can be seen with increase in activity of com-
pounds 13, 17, 19, 22 and 25 including the most active
compound 14 that contain bulky substitution in this
position. The yellow contours near the R! position sug-
gest that bulky substitution at this position is not
favored.

The electrostatic contour map of the CoMFA model
is shown in Fig. 4. Blue color indicates that positive
charge is favored and red color indicates that negative
charge is favored to increase the activity of the com-
pound. The small blue contour seen near the R? substi-
tution signifies that presence of positive substitution
could increase the activity. This is because, the positive
substation in that region could find into the hydrophobic
pocket of the active site and can interact with residue
Met671 and Pro673. This validates the high activity of
compounds 17, 22, 23 and 25 including the most active
compound 14 that contains positive substitution at this
position. The red contour near the NH of R! position
indicates that negative substitution in that position could
increase the activity. Negative substitution at this posi-
tion could interact with hinge region residues Gly605
and Asn606.

4. Conclusions

Due to the high expression of the Mps1 kinase in var-
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ious breast cancers, it becomes an attractive drug target.
In the current study, we have taken a series of pyri-
dazine derivatives as potent Mps (TTK) kinase inhibi-
tor. A reasonable CoMFA model was developed with
good predictive values. The developed model was sub-
jected to validation tests such as Leave-out-Five, boot-
strapping and progressive sampling. The model exhibited
excellent predictability. Moreover, the contour maps
analysis of the CoOMFA model showed the favorable and
unfavorable regions to increase the activity of the com-
pounds. The overall contour map analysis implies that
bulky substitution at R? and R® position could increase
the activity whereas; bulky substitution in R1 position
is not favored. Positive substation in R3 position and
Negative substation in R1 position is favored to increase
the activity of the compounds. The useful information
obtained in our study could be useful to design a more
potent inhibitor of pyridazine series.
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