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ABSTRACT

The CDK8 and CDK19 inhibition activity of pyridine derivatives has been quantitatively analyzed in terms of
Dragon descriptors. The statistically validated quantitative structure-activity relationship (QSAR) models provided
rationales to explain the inhibition activities of these congeners. The descriptors identified through combinatorial
protocol in multiple linear regression (CP-MLR) analysis for the CDKS8 inhibitory activity have highlighted the
role of 1% and 2™ order information content indices (IC1 and 1C2, respectively), 2D Petitjean shape index (PJI12),
Galvez topological charge index of 10™ order (GGI10) and 1% order mean topological charge index (IGI1) to
rationalize the activity. Atomic properties such as atomic van der Waals volumes and polarizabilities in terms of
Mv, and Moran and Geary autocorrelations (MATS3v, GATS1v and GATS3p) in addition to the number of
oxygen atoms (nO) have shown prevalence to model the CDKS8 inhibitory activity. PLS analysis has also
corroborated the dominance of CP-MLR identified descriptors. Applicability domain analysis revealed that the
suggested model matches the high quality parameters with good fitting power and the capability of assessing
external data and all of the compounds was within the applicability domain of the proposed model and were
evaluated correctly. The derived QSAR models for the CDK19 inhibitory activity have revealed that the structural
information content of 2" order neighborhood symmetry (SIC2), atomic polarizabilities weighted Geary
autocorrelations of lag 5 and 7 (GATS5p and GATS7p) and atomic masses weighted lowest eigenvalue n.2 of
Burden matrix (BELm2) played a pivotal role in rationalization of CDK19 inhibition activity of titled compounds.
Additionally, presence of H attached to CO(sp3) with 1X attached to next carbon (H-052) and CH3R/CH4 (C-001)
type structural fragment and lesser number or absence of tertiary aliphatic amines functionality (nNR2) are also
predominant to explain CDK19 inhibition actions of pyridine derivatives.

KEYWORDS: QSAR, CDK8 and CDK19 inhibitors, Combinatorial protocol in multiple linear regression (CP-
MLR) analysis, PLS, Dragon descriptors, Pyridine derivatives.

INTRODUCTION

The regulation of gene transcription in many contexts
such as stem cell function, the immune response,
inflammation, cell adhesion, the epithelial to
mesenchymal transition and development is associated to
the multiprotein assembly, the Mediator complex.'™
The kinase module of the Mediator complex is formed
by the cyclin C-dependent kinases CDK8 and CDK19
along with MED12 and MED13.%"1 CDK8 regulates
basal transcription by phosphorylation of RNA
polymerase Il and phosphorylates E2F1 that leads to
activation of WNT signaling.®® In colon and gastric
cancers CDK8 gene expression is associated with
activation of [1-catenin which is a core transcriptional
regulator of canonical WNT signaling.?®*!  The
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increased mortality in colorectal, breast and ovarian
camcers is also associated CDK8 gene expression. In
melanoma, CDK8 has overexpression and necessary for
cell proliferation.™ The location of CDKS is in the
region of chromosome 13 which is known to undergo
copy number gain in about 60 percent of colorectal
cancers. The growth of HT29 and Colo205 was reduced,
by inducible shRNA-mediated knock-down of CDK8
protein, in human tumor xenograft animal models
harboring CDK8 gene amplification.™ The implications
of the kinase function of CDKS8 in oncogenesis are due to
the fact that expression of CDKS8 transforms NIH3T3
cells into a malignant phenotype.™™ A kinase-dead
mutant is devoid of this transformation. CDK19 form
Mediator complexes and that are independent of CDK8
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but the context-dependent roles are still the subject of
further studies.[’!

The small molecule ligands for CDK8 and its paralo%
CDK19 are the steroidal natural product cortistatin A*®
and its analogst’*®, sorafenib™ and its derivatives™,
linifanib and ponatinib®!, senexin B.*Z In patent
literature other small molecule inhibitors of CDK8 are
also reported.®*?) Mallinger et al., in a cell-based
pathway screen, reported CCT251545 as a small
molecule inhibitor of WNT signaling.?® A novel series
of trisubstituted pyridine derivatives considering primary
targets of protein kinases CDK8 and CDK19 has been
reported by Mallinger et al.?? The aim of present
communication is to establish the quantitative
relationships between the reported activities and
molecular descriptors unfolding the substitutional
changes in titled compounds.

MATERIAL AND METHODS

Data-set

For present work the reported fifty five pyridine
derivatives have been considered as the data set.”” The
general structure of these compounds is represented in
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Figure 1 and structural variations are mentioned in Table
1.
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Fig. 1: General structure of pyridine derivatives.

These derivatives were evaluated for their inhibition of
CDK8 and CDKZ19. Both the inhibition activities have
also been reported in Table1.” The inhibition activity,
ICso, represents the concentration of a compound to
achieve 50% inhibition of CDK8 and CDK19. The same
is expressed as plCso on a molar basis and considered as
the dependent variable for the present quantitative
analysis. In the dataset, the initial assessment of activity
with all descriptors has suggested the compound 11 as
potential outlier. An outlier to a QSAR can indicate the
limits of applicability of QSAR models. This outlier is
not part of the data set. The data set was sub-divided into
training set to develop models and test set to validate the
models externally. The test set compounds which were
selected using an in-house written randomization
program, are also mentioned in Table 1.

Table 1: Structural variations and observed CDK8 and CDK19 inhibition activities of pyridine derivatives.
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*Referencel®”!, pICs, on molar basis, 1Cs, represents the concentration of a compound to bring out 50% inhibition of
CDK8 and CDK19; "Compound included in test set; ““Outlier” compound not included in data set; “Not reported.

Molecular descriptors

The structures of the compounds (Table 1), under study,
have been drawn in 2D ChemDraw® and were
converted into 3D objects using the default conversion
procedure implemented in the CS Chem3D Ultra. The
generated 3D-structures of the compounds were
subjected to energy minimization in the MOPAC
module, using the AM1 procedure for closed shell
systems, implemented in the CS Chem3D Ultra. This
will ensure a well defined conformer relationship across
the compounds of the study. All these energy minimized
structures of respective compounds have been ported to
DRAGON software® for computing the descriptors
corresponding to 0D-, 1D-, and 2D-classes.

Development and validation of model

The combinatorial protocol in multiple linear regression
(CP-MLR)E™*1 and partial least squares (PLS)("]
procedures were used in the present work for developing
QSAR models. The CP-MLR is a “filter’-based variable
selection procedure, which employs a combinatorial
strategy with MLR to result in selected subset
regressions for the extraction of diverse structure—
activity models, each having unique combination of
descriptors from the generated dataset of the compounds
under study. The embedded filters make the variable
selection process efficient and lead to unique solution.
Fear of “chance correlations” exists where large
descriptor pools are used in multilinear QSAR/QSPR
studies. Furthermore, in order to discover any chance
correlations associated with the models recognized in
CP-MLR, each cross-validated model has been put to a
randomization test®®* by repeated randomization of the
activity to ascertain the chance correlations, if any,
associated with them. For this, every model has been
subjected to 100 simulation runs with scrambled activity.
The scrambled activity models with regression statistics
better than or equal to that of the original activity model
have been counted, to express the percent chance
correlation of the model under scrutiny.
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Validation of the derived model is necessary to test its
prediction and generalization within the study domain.
For each model, derived by involving n data points, a
number of statistical parameters such as r (the multiple
correlation coefficient), s (the standard deviation), F (the
F ratio between the variances of calculated and observed
activities), and Q%00 (the cross-validated index from
leave-one-out procedure) have been obtained to access
its overall statistical significance. In case of internal
validation, QZLOO is used as a criterion of both robustness
and predictive ability of the model. A value greater than
0.5 of Q% index suggests a statistically significant model.
The predictive power of derived model is based on test
set compounds. The model obtained from training set has
a reliable predictive power if the value of the rre (the
squared correlation coefficient between the observed and
predicted values of compounds from test set) is greater
than 0.5.

Applicability Domain

The utility of a QSAR model is based on its accurate
prediction ability for new compounds. A model is valid
only within its training domain and new compounds
must be assessed as belonging to the domain before the
model is applied. The applicability domain is assessed by
the leverage values for each compound.“” The Williams
plot (the plot of standardized residuals versus leverage
values, h) can then be used for an immediate and simple
graphical detection of both the response outliers (Y
outliers) and structurally influential chemicals (X
outliers) in the model. In this plot, the applicability
domain is established inside a squared area within + x
(s.d.) and a leverage threshold h". The threshold h” is
generally fixed at 3(k + 1)/n (n is the number of training-
set compounds and k is the number of model parameters)
whereas x = 2 or 3. Prediction must be considered
unreliable for compounds with a high leverage value (h >
h"). On the other hand, when the leverage value of a
compound is lower than the threshold value, the
probability of accordance between predicted and
observed values is as high as that for the training-set
compounds.
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RESULTS AND DISCUSSION

QSAR results

For the compounds in Table 1, a total number of 514
descriptors belonging to OD- to 2D- classes of DRAGON
have been computed. Prior to model development
procedure, all those descriptors that are inter-correlated
beyond 0.90 and showing a correlation of less than 0.1
with the biological endpoints (descriptor versus activity,
r < 0.1) were excluded. This procedure has reduced the
total descriptors from 514 to 131 as relevant ones to
explain the biological actions of titled compounds and
these were subjected to CP-MLR analysis with default
“filters” set in it. The descriptors have been scaled
between the intervals 0 to 1 to ensure that a descriptor
will not dominate simply because it has larger or smaller
pre-scaled value compared to the other descriptors. In
this way, the scaled descriptors would have equal
potential to influence the QSAR models.

In multi-descriptor class environment, exploring for best
model equation(s) along the descriptor class provides an
opportunity to unravel the phenomenon under
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investigation. In other words, the concepts embedded in
the descriptor classes relate the biological actions
revealed by the compounds.

The 53 compounds were divided into training-set and
test-set. Sixteen compounds (nearly 30% of total
population) have been selected for test-set. The identified
test-set was then used for external validation of models
derived from remaining thirty seven compounds in the
training-set. The squared correlation coefficient between
the observed and predicted values of compounds from
test-set, r’req, Was calculated to explain the fraction of
explained variance in the test-set which is not part of
regression/model derivation. It is a measure of goodness
of the derived model equation. A high r’rq value is
always good. But considering the stringency of test-set
procedures, often r’req Values in the range of 0.5 to 0.6
are regarded as logical models. Following the strategy to
explore only predictive models, CP-MLR resulted into
03 models in two descriptors and 45 models in three
descriptors for the CDKS8 inhibitory activity. The
selected models are mentioned in Table 2.

Table 2: Highest significant models in two and three parameters derived for training set through CP-MLR for

CDKS8 inhibitory activity.

Model r s F Q% oo | rres | EQ.
E;cfgg(g.gﬂ)gc%ssel(e.zoa)no 0.770 | 0.400 | 24.878 | 0.505 | 0.574 | (1)
0ICs,= 8.042 +1.056(0.167)n0

72.054(0.245)GATS1v +1.127(0.231)GATS3p 0.873 | 0310 | 35547 | 0.690 | 0.579 | (2)
E|§586232.§§$G£.T7§f\(/0.192)66|1o+1.096(o.204)JG|17 0869 | 0315 | 33955 | 0.676 | 0560 | )
0ICs,= 9.218 +0.833(0.165)10

"1.063(0.246)MATS3v -1.880(0.264)GATS1v 0.860 | 0.325 | 31.393 | 0.667 | 0.618 | (4)
8I%;(:()Yz.f(z)?ggﬁg&o.127)PJI2+1.729(0.210)IC1- 0.857 | 0.328 | 30.626 | 0.650 | 0.528 | (5)

The signs of the regression coefficients have indicated
the direction of influence of explanatory variables in
above models. The positive regression coefficient
associated to a descriptor will augment the activity
profile of a compound while the negative coefficient will
cause detrimental effect to it. In above model Egs., (1-5),
the descriptors participated are from constitutional class
(descriptor nQO), topological class (descriptors PJI2 and
IC1), 2D-autocorrelations (GATS1lv, GATS3p and
MATS3v) and Galvez topological charge indices (GGI10
and JGI1).

The positive sign of regression coefficients of descriptors
nO (number of oxygen atoms), GATS3p (atomic
polarizabilities weighted Geary autocorrelation of lag 3),
IC1 (information content index of 1% order neighborhood
symmetry) and JGI1 (1* order mean topological charge
index) suggested that a higher value of these descriptors
would be beneficial to augment the CDKS8 inhibitory
activity. On the other hand, a lower value of descriptors
GATSL1v (atomic van der Waals volume weighted Geary
autocorrelation of lag 1), MATS3v (atomic van der
Waals volume weighted Moran autocorrelation of lag 3),

www.ejbpscom |  Vol9, Issue 10, 2022. |

PJI2 (2D Petitjean shape index) and GGI10 (10™ order
topological charge index) would be supportive to the
CDKS8 inhibition.

Considering the number of observation in the dataset,
models with up to four descriptors were explored. It has
resulted in 45 four-parameter models with test set r* >
0.50. These models (with 131 descriptors) were
identified in CP-MLR by successively incrementing the
filter-3 with increasing number of descriptors (per
equation). For this, the optimum r-bar value of the
preceding level model (=0.861) has been used as the new
threshold of filter-3 for the next generation. These
models have shared 35 descriptors among them. All
these 35 descriptors along with their brief meaning,
average regression coefficients, and total incidence are
listed in Table 3, which will serve as a measure of their
estimate across these models.
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Table 3: Identified descriptors® along with their physical meaning, average regression coefficient and incidence®,
in modeling the CDKS8 inhibitory activities.

Descriptor class Descriptor (physical meaning), avg reg coeff (incidence)

AMW (average molecular weight), 1.550(4); Mv (mean atomic van der Waals volume scaled
on Carbon atom), 0.812(8); Me (mean atomic Sanderson electronegativity scaled on Carbon
Constitutional atom), 0.966(1); Mp (mean atomic polarizability scaled on Carbon atom), 0.903(1); nAB
(number of aromatic bonds), -0.321(1); nN (number of Nitrogen atoms), -0.690(2); nO
(number of Oxygen atoms), 0.907(9)

SPI (superpendentic index), -0.968(7); PJI2 (2D Petitjean shape index), -0.303(2); IC1
(information content index of 1% order neighborhood symmetry), 1.316(9); TIC1 (total
information content index of 1% order neighborhood symmetry), 0.870(1); IC2 (information

Topological content index of 2™ order neighborhood symmetry), 0.814(5); piPC10 (molecular multiple
path count of order 10), -0455(1); T(N..O) (sum of topological distances between N..O),
0.738(1)

BCUT BEHmM3 (atomic masses weighted highest eigenvalue n.3 of Burden matrix), -1.443(7)

GGI5 (5™ order topological charge index), 0.771(1); GGI6 (6™ order topological charge
index), -0.757(2); GGI10 (10" order topological charge index), -0.872(25); JGI1 (1% order
mean topological charge index), 1.284(3)

Galvez topological
charge indices

MATS2m (atomic masses weighted Moran autocorrelation of lag 2), 1.449(1); MATS4m
(atomic masses weighted Moran autocorrelation of lag 4), 0.663(5); MATS1v (atomic van
der Waals volume weighted Moran autocorrelation of lag 1), 0.751(2); MATS3v (atomic van
der Waals volume weighted Moran autocorrelation of lag 3), -1.028(19); MATS4e (atomic
Sanderson electronegativities weighted Moran autocorrelation of lag 4), -0.848(1); GATS1v
(atomic van der Waals volume weighted Geary autocorrelation of lag 1), -1.693(27);
GATS8v (atomic van der Waals volume weighted Geary autocorrelation of lag 8), 0.515(1);
GATS3p (atomic polarizabilities weighted Geary autocorrelation of lag 3), 1.043(14)

2D autocorrelations

nCp (number of total sp3 hybridized primary carbon atoms), -0.849(3); nCaR ((number of
substituted sp2 hybridized aromatic carbon atoms), -0.444(1); nCONHR (number of
secondary aliphatic amides), 0.290(1); nCONN (number of urea derivatives), -0.438(1);
nHDon (number of donor atoms for H-bonds with N and O), 0.785(2)

Functional groups

Atom centred C-004 (CR4), 0.257(1); H-049 (H attached to C3(sp3)/C2(sp2)/C3(sp2)/ C3(sp)), 0.535(1);
fragments 0-058 (0=), 1.363(9)

*The descriptors are identified from the four parameter models for activity emerged from CP-MLR protocol with filter-
1 as 0.79, filter-2 as 2.0, filter-3 as 0.861 and filter-4 as 0.3 < q” <1.0 with a training set of 37 compounds. "The average
regression coefficient of the descriptor corresponding to all models and the total number of its incidence. The
arithmetic sign of the coefficient represents the actual sign of the regression coefficient in the models.

Following are the selected four-descriptor models for the These models have accounted for nearly 86% variance in

CDKa8 inhibitory activities emerged through CP-MLR. the observed activities. In the randomization study (100
simulations per model), none of the identified models has
plCsy = 8.072 +0.392(0.173)Mv +1.078(0.207)IC1 — shown any chance correlation. The values greater than
0.934(0.146)GGI10 —1.006(0.180)MATS3v 0.5 of Q% index is in accordance to a reasonable robust
n=37r=0.927,s=0.242, F = 48.998, Q° oo = 0.780, QSAR model. The plCs, values of training set
Q%50 = 0.789, r’1eq = 574 (6) compounds calculated using Egs. (6) to (9) have been
included in Table 4. The models (6) to (9) are validated
plCs, = 8.210 +0.755(0.152)Mv +0.707(0.167)IC2 — with an external test set of 16 compounds listed in Table
0.927(0.159)GGI10 -1.173(0.194)MATS3v 4. The predictions of the test set compounds based on
n=37r=0912 s = 0.264, F = 40.050, Q% oo = 0.747, external validation are found to be satisfactory as
Q%50 = 0.685, r’re = 0.547 (7 reflected in the test set r? (rrs) values and the same is
reported in Table 4. The plot showing goodness of fit
pICsy = 8.250 +0.943(0.146)nO —0.596(0.166)GGI10 — between observed and calculated activities for the
1.886(0.215)GATS1v +1.117(0.198)GATS3p training and test set compounds is given in Figure 2.
n=37r=0.911, s = 0.265, F = 39.523, Q° oo = 0.754,
Q%50 = 0.759, r’req = 0.613 (8)

pICso = 9.448 +0.713(0.143)n0 —0.650(0.171)GGI10 —
1.098(0.208)MATS3v —1.686(0.229)GATS1v
n=37,r=0.906,s = 0.274, F = 36.697, Q% o0 = 0.741,
Q%50 = 0.743, r’r. = 0.638 9)
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Table 4: Observed and calculated CDK8 and CDK19 inhibition activities of pyridine derivatives.

CDKS Inhibition plCsy(M)* CDK19 Inhibition plCsy(M)*
Cpd. Obs Calculated Obs Calculated
" | Eq.(6) | Eq.(7) | Eq.(8) | Eq.(9) | PLS " | Eq.(10) | Eq.(11) | Eq.(12) | Eq.(13)

1° [ 814 | 814 | 812 | 815 | 821 | 8.12 822 | 8.07 8.24 8.46 8.31
2® | 826 ] 776 | 770 | 808 | 7.03 | 7.84 8.60 | 853 8.45 8.37 8.31
3 88 | 818 | 819 | 827 | 840 | 8.26 885 | 871 8.70 8.79 8.87
4 755 | 7.76 7.75 7.68 7.74 | 7.60 - - - - -
5 | 757 ] 735 | 717 | 7.40 | 7.43 | 7.26 769 | 7.72 7.45 7.46 7.74
6 769 | 7.74 7.77 7.57 764 | 7.79 - d g - g

7 | 862 869 | 872 | 824 | 892 | 854 8.6 8.77 8.74 8.74 8.62
8 [ 862 | 853 | 864 | 859 | 862 | 859 874 | 8.46 8.57 8.73 8.62
9 8.43 | 8.0 8.51 8.50 8.53 | 8.49 - d - - d
10 [ 877 | 894 | 881 | 9.08 | 9.02 | 8.95 8.48 | 8.79 8.70 8.42 8.56
110 c c c c c c _d _d _d _d _d
12 [ 797 | 7901 | 792 | 793 | 7.91 | 7.83 8.12 | 8.05 8.09 8.29 8.19
13 | 864 | 841 | 848 | 855 | 8.46 | 8.37 8.74 | 8.44 8.44 8.59 8.55
14° 1785 | 8.10 8.23 8.16 8.17 | 8.15 - d - - -
15° [ 841 | 819 | 823 | 799 | 8.09 | 8.18 8.08 | 8.25 8.23 8.29 8.25
16 | 815 | 823 | 823 | 828 | 836 | 817 825 | 8.26 8.23 8.24 8.27
17 | 862 | 8.72 8.86 8.83 8.84 | 8.72 g d d - d
18 | 835 | 830 | 845 | 806 | 816 | 8.27 832 | 835 8.57 8.53 8.70
19° | 838 | 8.03 8.03 7.99 8.09 | 7.94 - d - - -
20 | 857 | 856 | 882 | 858 | 858 | 8.73 9 9.15 8.99 8.92 8.89
21 | 792 | 8.40 8.48 8.15 822 | 8.42 - g - - g
22 | 798| 7.71 7.78 7.71 781 | 7.79 g - g - -
23 | 743 ] 761 | 766 | 755 | 7.68 | 7.65 764 | 7.69 7.50 7.64 7.52
24 | 615 | 663 | 6.62 | 662 | 6.68 | 6.52 g d - - -
25 | 731 697 | 7.00 | 7.17 | 7.09 | 6.96 774 | 7.69 7.54 7.48 7.47
26 | 685 | 690 | 6.99 | 7.13 | 7.02 | 6.99 7.04 | 7.23 7.38 7.31 7.43
27 | 6.84 | 6.79 6.95 7.07 7.21 | 6.99 - - - - d
28° | 7.1 | 7.95 7.89 7.92 794 |7.92 - g - - g
29 | 842 | 833 | 841 | 832 | 832 | 8.37 852 | 8.60 8.57 8.83 8.60
30 | 769 | 7.68 7.50 7.66 7.61 | 755 - - - - d
31 | 837 | 827 824 | 826 8.14 | 8.17 - g - - g
32 | 783 7.98 7.89 7.86 7.80 | 8.02 - - - - d
33 | 848 | 851 | 847 | 841 | 837 | 855 872 | 8.38 8.57 8.54 8.60
34" | 748 | 766 | 752 | 764 | 751 | 7.65 811 | 7.93 8.10 8.05 8.13
35° | 83 | 818 | 807 | 817 | 814 | 821 8.46 | 834 8.39 8.50 8.31
36 | 7.79 | 819 8.13 8.28 832 |8.32 - g - - g
37 | 868 | 893 8.72 9.18 9.03 | 8.99 - - - - d
38" | 864 | 859 | 852 | 871 | 864 | 867 851 | 8.70 8.71 8.76 8.62
39 [ 802 784 | 767 | 795 | 785 | 7.81 824 | 828 8.23 8.34 8.19
40 | 872 | 856 | 853 | 868 | 849 | 854 8.68 | 8.63 8.55 8.62 8.55
41 | 855 | 821 | 815 | 829 | 829 | 822 8.48 | 8.49 8.37 8.30 8.27
42° | 848 | 850 | 841 | 853 | 845 | 855 857 | 8.83 8.71 8.86 8.60
43 | 826 | 8.43 8.23 8.49 8.29 | 8.35 I g g - g
44° | 8.03 | 7.89 7.63 7.91 771 | 8.01 - d - - g
45 | 792 ] 766 | 744 | 769 | 743 | 7.72 8.02 | 817 8.23 8.21 8.13
46 | 855 | 848 | 842 | 854 | 838 | 8.35 849 | 8.40 8.53 8.32 8.56
47 | 8.49 | 8.39 8.28 8.32 8.28 | 8.40 - - - - d

48 1 733 | 7.70 7.53 7.72 766 | 7.57 g g g - g
49 | 776 | 7.98 8.05 7.96 798 | 791 - d - - g
50 | 8.24 | 8.11 8.25 7.79 7.89 | 8.09 - - - - -
51° d d d d d d d K d d K

d d d d d

52 | 753 | 7.68 7.69 7.57 752 | 7.66 - - - - -
53 | 8.64 | 851 8.45 8.38 8.34 | 851 8.59 8.45 8.59 8.
d
d

~
o
IS
ol
»

54° | 794 | 835 | 823 | 825 | 814 |8.23
55 7.27 7.41 7.36 7.44 7.35 7.44
%ICs on molar basis, taken from reference®; "Compound included in test set; ““Outlier” compound not included in
data set; “Not reported.

of o
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Fig. 2: Plot of observed versus caculated plCs, values for training- and test-set compounds for CDK8 inhibition.

The newly appeared descriptors in above models are Mv
(constitutional class) and IC2 (topological class). Both of
these descriptors have shown positive correlation to the
activity. The signs of regression coefficients advocated
that higher values of mean atomic van der Waals volume
scaled on Carbon atom (descriptor Mv) and information
content index of 2™ order neighborhood symmetry
(descriptor 1C2) would be incremental to the activity.

www.ejbpscom |  Vol9, Issue 10, 2022. |

A partial least square (PLS) analysis has also been
carried out on the descriptors emerged in CP-MLR
identified models {Egs. (1) to (9)}, and discussed above
to facilitate the development of a “single window”
structure—activity model. For the purpose of PLS, the
descriptors have been autoscaled (zero mean and unit
SD) to give each one of them equal weight in the
analysis. In the PLS cross-validation, two components
are found to be the optimum for these 10 descriptors and
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they explained 88.26% variance in the activity. The
MLR-like PLS coefficients of these 10 descriptors are
given in Table 5.

European Journal of Biomedical and Pharmaceutical Sciences

Table 5: PLS and MLR-like PLS models from the 10 descriptors of four parameter CP-MLR models for CDK8

inhibitory activities.

A: PLS equation
PLS components PLS coefficient (s.e.)*
Component-1 0.315(0.023)
Component-2 0.111(0.032)
Constant 8.069
B: MLR-like PLS equation
S. No. | Descriptor CI:)/IeIf_flchile:ﬁb (f.c)® | Order S. No. | Descriptor c?elgf?cilelﬁb (f.c)® | Order
1 Mv 0.20 0.11 5 6 GGI10 -0.32 -0.19 1
2 nO 0.08 0.05 10 7 JGI1 0.09 0.05 9
3 PJI2 -0.12 -0.07 8 8 MATS3v -0.22 -0.12 2
4 IC1 0.21 0.12 3 9 GATS1v -0.21 -0.12 4
5 IC2 0.13 0.08 7 10 GATS3p 0.17 0.10 6
Constant = -1.475
C: PLS regression statistics Values
n 37

r 0.924

s 0.240

F 99.690

Q%00 0.817

Q’Lso 0.815

Frest 0.615

®Regression coefficient of PLS factor and its standard error. "Coefficients of MLR-like PLS equation in terms of

descriptors for their original values; °f.c. is fraction contribution of regression coefficient, computed from the
normalized regression coefficients obtained from the autoscaled (zero mean and unit s.d.) data.

For the sake of comparison, the plot showing goodness
of fit between observed and calculated activities (through
PLS analysis) for the training and test set compounds is
also given in Figure 2. Figure 3 shows a plot of the
fraction  contribution of normalized regression
coefficients of these descriptors to the activity. The PLS
analysis has suggested GGI10 as the most determining
descriptor for modeling the activity of the compounds

(Figure 3). The other descriptors in decreasing order of
significance are MATS3v, IC1, GATS1v, Mv, GATS3p,
IC2, PJI2, JGI1 and nO. All these descriptors convey
same inference in the PLS model as well. It is also
observed that PLS model from the dataset devoid of CP-
MLR identified 10 descriptors is inferior in explaining
the activity of the analogues.

0.30 -

0.20 -

0.10 -

i)

My
] n0Q0)

2
] JG19y
GATS3p(6)

0.00

-0.10 -

Fraction contribution

PIR2(8) [

-0.20 -

-0.30 -

GGI110 (1)
MATS3v (2)
GATS1v (4)

Fig. 3: Plot of fraction contribution of MLR-like PLS coefficients (normalized) against 10 CP-MLR identified
descriptors associated with CDKS8 inhibitory activity of pyridine derivatives.
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CP-MLR analysis has also been carried out for another
reported inhibition activity CDK19 using the same test
set. Following are the selected (from the 66 models,
sharing 51 descriptors) highly significant three-descriptor
models for the CDK19 inhibitory activities emerged
through CP-MLR.

plCso = 6.850 +1.500(0.154)SIC2 +0.533(0.155)GATS7p
+1.008(0.157)H-052

n=19,r=0.939, s = 0.178, F = 37.338, Q°.o0 = 0.804,
Q%50 = 0.800, r’re = 0.672 (10)

pICsy = 7.710 +0.857(0.253)SIC2 —0.572(0.185)nNR2
+0.724(0.161)H-052

n=19,r=0.933,s = 0.186, F = 33.757, Q% oo = 0.763,
Q%50 = 0.755, rPres = 0.778 (11)

plCso = 8.833-0.628(0.150)GATS5p —1.109(0.124)nNR2
+0.394(0.168)C-001

n=19 r=00931s=0.188, F = 32.867, Q° oo = 0.758,
Q%50 = 0.667, r’req = 0.593 (12)

pICso = 8.696 —0.951(0.294)BELmM2 —0.941(0.125)nNR2
+1.120(0.238)H-052

n=19,r=0.930, s = 0.190, F = 32.247, Q% oo = 0.698,
Q%50 = 0.689, 1o = 0.798 (13)

The descriptors participated in above models are SIC2
(topological class descriptor; structural information
content of 2™ order neighborhood symmetry), GATS5p
and GATS7p (2D-autocorrelation descriptors; atomic
polarizabilities weighted Geary autocorrelations of lag 5
and 7, respectively), BELm2 (BCUT descriptor; atomic
masses weighted lowest eigenvalue n.2 of Burden
matrix), H-052 and C-001 (atom-centered fragments;

European Journal of Biomedical and Pharmaceutical Sciences

representing H attached to CO(sp3) with 1X attached to
next carbon and CH3R/CH4, respectively) and nNR2
(functional group descriptor; number of tertiary aliphatic
amines).

Descriptors SIC2, GATS7p, H-052 and C-001 have
shown positive correlation to the CDK19 activity
suggesting that higher values of structural information
content of 2" order neighborhood symmetry, atomic
polarizabilities weighed Geary autocorrelation of lag 7 in
addition to presence of certain atom-centered fragments
such as H attached to CO(sp3) with 1X attached to next
carbon and CH3R/CH4 in a molecular structure will be
supportive to enhance the inhibition activity. The
negative contribution of descriptors GATS5p, BELm2
and nNR2 advocated a lower value of atomic
polarizabilities weighted Geary autocorrelations of lag 5,
atomic masses weighted lowest eigenvalue n.2 of Burden
matrix, and absence of tertiary aliphatic amine
functionality in a molecular structure will augment the
inhibition activity.

These models have accounted for nearly 88% variance in
the observed activities. The values greater than 0.5 of Q?
index is in accordance to a reasonable robust QSAR
model. The plCs, values of training set compounds
calculated using Egs. (10) to (13) have been included in
Table 4. The models (10) to (13) are validated with an
external test set of 9 compounds listed in Table 4. The
predictions of the test set compounds based on external
validation are found to be satisfactory as reflected in the
test set r’ (rres) Values and the same is reported in Table
4. The plot showing goodness of fit between observed
and calculated activities for the training and test set
compounds is given in Figure 4.

A Training set; o Test set A Training set; © Test set
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www.ejbpscom |  Vol9, Issue 10, 2022. | ISO 9001:2015 Certified Journal | 230



Sharma et al. European Journal of Biomedical and Pharmaceutical Sciences

A Training set; o Test set

~ 10

8

g 9 A

8

&

= A B

= 7

2

=

: 6 T T T 1

=)

3 6 7 8 9 10
Observed pICs,

A Training set; © Test set

~ 10

2

g° s g™

'y P

g &

= A

© 7 -

2

=

: 6 T T T 1

=)

3 6 7 8 9 10
Observed pIC;,

Fig. 4: Plot of observed versus caculated plCs, values for training- and test-set compounds for CDK19

inhibition.

Applicability domain

On analyzing the applicability domain (AD) for the
CDKS8 inhibitory actions in the Williams plot (Figure 5)
of the model based on the whole data set (Table 6), No
any compound has been identified as an obvious ‘outlier’
for the CDK8 inhibitory activity if the limit of normal
values for the Y outliers (response outliers) was set as
3x(standard deviation) units. None of the compound was

found to have leverage (h) values greater than the
threshold leverage (h*). For both the training-set and
test-set, the suggested model matches the high quality
parameters with good fitting power and the capability of
assessing external data. Furthermore, all of the
compounds were within the applicability domain of the
proposed model and were evaluated correctly.

Table 6: Models derived for the whole data set (n = 53) in descriptors identified through CP-MLR for CDKS8

inhibitory actions.

Model

r s F Q% 0o | Eq.

—0.920(0.141)GGI110 —0.913(0.174)MATS3v

pICso = 7.972 +0.457(0.158)Mv +1.086(0.190)IC1

0.893 | 0.270 | 47.247 | 0.738 | (6a)

—0.894(0.151)GGI110 —1.075(0.184)MATS3v

pICso = 8.154 +0.781(0.143)Mv +0.685(0.142)1C2

0.877 | 0.287 | 40.366 | 0.704 | (7a)

~2.032(0.209)GATS1v +0.997(0.177)GATS3p

pICso = 8.360 +0.952(0.128)n0 —0.555(0.152)GGI10

0.887 | 0.277 | 44.367 | 0.732 | (8a)

~0.988(0.180)MATS3v —1.845(0.215)GATS1v

pICso = 9.436 +0.741(0.123)nO —0.590(0.154)GGI10

0.885 | 0.279 | 43.388 | 0.726 | (9a)
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Fig. 5: Williams plot for the training-set and test-set for CDKS8 inhibition activity of compounds in Table 1. The
horizontal dotted line refers to the residual limit (£3xstandard deviation) and the vertical dotted line represents

threshold leverage h* (=0.283).

CONCLUSION

The CDK8 and CDK19 inhibition activity of pyridine
derivatives has been quantitatively analyzed in terms of
Dragon descriptors. The statistically validated
quantitative  structure-activity relationship (QSAR)
models provided rationales to explain the inhibition
activities of these congeners. The descriptors identified
through combinatorial protocol in multiple linear
regression (CP-MLR) analysis for the CDKS8 inhibitory
activity have highlighted the role of 1% and 2" order
information content indices (IC1 and IC2, respectively),
2D Petitjean shape index (PJI2), Galvez topological
charge index of 10" order (GGI10) and 1% order mean
topological charge index (IGI1) to rationalize the
activity. Atomic properties such as atomic van der Waals
volumes and polarizabilities in terms of Mv, and Moran
and Geary autocorrelations (MATS3v, GATS1v and
GATS3p) in addition to the number of oxygen atoms
(nO) have shown prevalence to model the CDK8
inhibitory activity. PLS analysis has also corroborated
the dominance of CP-MLR identified descriptors.
Applicability domain analysis revealed that the
suggested model matches the high quality parameters
with good fitting power and the capability of assessing
external data and all of the compounds was within the
applicability domain of the proposed model and were
evaluated correctly.

The derived QSAR models for the CDK19 inhibitory
activity have revealed that the structural information
content of 2™ order neighborhood symmetry (descriptor
SIC2), atomic polarizabilities weighted Geary
autocorrelations of lag 5 and 7 (descriptors GATS5p and
GATS7p) and atomic masses weighted lowest
eigenvalue n.2 of Burden matrix (descriptor BELm2)
played a pivotal role in rationalization of CDK19
inhibition activity of titled compounds. Additionally,
presence of H attached to CO(sp3) with 1X attached to
next carbon (descriptor H-052) and CH3R/CH4
(descriptor C-001) type structural fragment and lesser

www.ejbpscom |  Vol9, Issue 10, 2022. |

number or absence of tertiary aliphatic amines
functionality (descriptor nNR2) are also predominant to

explain CDK19 inhibition actions of pyridine
derivatives.
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