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Abstract

Proviral Integration site of Moloney (Pim) murine Leukemia virus kinases is a serine/threonine specific protein kinase.

It is largely involved in cell survival and proliferation. Pim-1 phosphorylates multiple cellular substrates to inhibit apoptosis

and promote cell cycle progression. Over expression of Pim-1 kinase is observed in a range of malignancies and various

solid cancers. High level of Pim-1 expression is seen in myeloma, acute myeloid leukemia, prostate cancer and liver

carcinomas. Hence, Pim-1 is considered as an interesting cancer target. In the present study, we have performed region-

focused CoMFA study on a series of imidazopyridazine derivatives as Pim-1 kinase inhibitors. A statistically acceptable

region-focused CoMFA model (q2=0.571; ONC=3; r2=0.909) was developed. The model was then validated using

Bootsrapping and progressive sampling. The contour map highlighted the regions favorable to increase the activity. Bulky

substitutions in R2 position of the phenyl ring could increase the activity. Similarly, small negative substitution in the R1

position of the Pyridine ring could increase the activity considerably. Our results will be useful to design novel Pim-1

kinase inhibitors of this series. 
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1. Introduction

Proviral Integration site of Moloney (Pim) murine

leukemia belongs to the family of serine/threonine

kinases. This family of kinases is composed of three dif-

ferent members (Pim-1, Pim-2 and Pim-3) belonging

to the Ca2+/ calmodulin-dependent protein kinase

group[1]. Although all 3 proteins are generally ubiqui-

tous, there are differences in their levels of expression:

Pim-1 presents higher levels in hematopoietic cells,

Pim-2 in brain and lymphoid cells and PIM3 in kidney,

breast and brain cells[2,3]. Pim-1 was expressed specifi-

cally in lymphoid tissue developed T-cell lymphoma[4].

Elevated levels of Pim-1 kinase were reported in human

myeloid and lymphoid leukemia and lymphoma

tumors[5-7], acute myeloid leukemia (AML)[8] B-cell

lymphoproliferative disorders[9,10], large-cell lympho-

mas[11].

In addition, Pim-1 was found to be expressed in solid

tumors, including pancreatic, prostate[12,13], liposar-

coma[14], bladder carcinoma[15], gastric carcinoma, col-

orectal carcinoma, liver carcinoma, and squamous cell

carcinoma[16,17]. Pim kinases are interesting targets for

new drug development because of their over-expression

in various cancers and involvement in cancer-specific

pathways, such as cell survival, cell cycle progression

and cell migration. Several inhibitors targeting PIM 1

kinases are in preclinical (SGI-1776, AR00459339) and

phase 1 clinical trials (CX-4595, CXR1002). The need

to design a potent and selective inhibitor for Pim-1

becomes highly important. Our group has reported sev-

eral research articles on various insilico techniques such

as application of molecular docking, and 3D-QSAR

studies on kinases[18-22]. In this study, we have carried

out a region-focused CoMFA study on series of imid-

azopyridazine derivatives.

2. Methodology

2.1. Data Set

A series of 36 imidazopyridazine derivatives were

reported by Ryan et al., was taken for this study[23]. All
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the reported IC50 values were converted into pIC50 val-

ues (-logIC50). The structures of the dataset were drawn

using SybylX2.1[24]. The most active compound 31 was

sketched and geometry of the molecule was optimized

using sybyl Tripos force field after which MMFF94

were applied as partial charge. The energy optimized

conformation of compound 31, was taken as the active

conformation to draw the rest of the molecules in the

dataset. The compounds taken for the study with their

pIC50 values are tabulated (Table 1).

Table 1. Structure and Biological values of imidazopyridazines derivatives as Pim-1 kinase inhibitors

Compound R1 R2 R3 pIC50

1 - - 8.658

2 - - 10.155

3 - - 6.000

4 - - 7.721

5 - - 7.252
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Table 1. Continued

Compound R1 R2 R3 pIC50

6 - Cl - 7.602

7 - - 9.638

8 - - 9.051

9 - - 9.420

10 - - 8.745

11 - - 8.824

12 - - 9.638

13 - - 9.081
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Table 1. Continued

Compound R1 R2 R3 pIC50

14 - - 9.027

15 - - 9.000

16 - - 8.119

17 - - 7.523

18 - - 8.538

19 - - 8.432

20 - - 8.699

21 - - 6.245

N
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Table 1. Continued

Compound R1 R2 R3 pIC50

22 - - 9.292

23 - - 10.208

24 - - 8.000

25 - - 10.456

26 - - 9.585

27 - - 8.131

28 - - 10.620

N
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CH3

N
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Table 1. Structure and Biological values of imidazopyridazines derivatives as Pim-1 kinase inhibitors

Compound R1 R2 R3 pIC50

29 - - 9.108

30 - - 9.409

31 - - 10.678

32 - - 10.432

33 - - 10.398

34 - - 10.222

35 - - 9.824

36 - - 9.538
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2.2. CoMFA 

CoMFA was developed by Cramer et al[25-27]. Aligned

molecules were placed in the 3D cubic lattice with the

grid spacing of 2.0 Å. Steric and electrostatic fields in

CoMFA were calculated from Lennard-Jones and Cou-

lomb potentials respectively. The fields were generated

using sp3 carbon probe atom carrying +1 charge and

van der Waals radius of 1.50 Å. The energy cut off of

30.0 kcal/mol was set to 30.0 kcal/mol to reduce the dis-

tortion due to extreme energy in the model. 

CoMFA descriptors were used as independent vari-

ables and pIC50 values were used as dependent variables

in the PLS analysis. A leave-one-out (LOO) was per-

formed to determine the cross-validated r2 (q2). The

non-cross-validated analysis was performed to deter-

mine conventional Pearson correlation coefficient (r2)

and standard error of estimate (SEE) using the ONC

previously obtained from the cross-validation method. 

2.2.1. Model Validation

The check the predictability and robustness of the

developed model, the model was subjected validation

technique such as Bootstrapping and Progressive sam-

pling. Bootstrapping of 100 runs and progressive sam-

pling of 100 samplings with 2 to 100 bins was

performed.

3. Results and Discussion

3.1. CoMFA Model

Region-focused CoMFA model was developed for a

series of imidazopyridazine derivatives. The most active

compound 31 was considered as template to sketch all

the compounds in the dataset. The dataset molecules

were aligned using alignment method based on the

common substructure. The common substructure of is

shown in Fig. 1 and the alignments of the compounds

are shown in Fig. 2. A reliable region-focused CoMFA

model for the full dataset compounds was developed

(q2=0.571, NOC=3, r2=0.909) with MMFF94 as partial

charge. The total number of compounds in the dataset

is not large. So, the data set was not divided into train-

ing and test set. Overall, the model exhibited satisfac-

tory statistical values. The detailed statistical values for

the final Region-focused CoMFA model are shown in

Fig. 1. Common Substructure from template compound 31. 

Fig. 2. Alignment of all the dataset molecules used for

region-focused CoMFA.

Table 2. Statistical summary of the developed Region-

Focused CoMFA model

Parameters CoMFA MODEL

q2 0.571

NOC 3

SEP 0.884

r2 0.909

SEE 0.386

F value 48.017

BS r2 0.929

BS SD 0.025

Q2 0.532

q2: cross-validated correlation coefficient; NOC: Number

of components; SEP: Standard Error of prediction; r2: non-

validated correlation coefficient; SEE: Standard Error of

Estimation; F value: F-test value; BS-r2: Bootstrapping r2

mean; BS-SD: Bootstrapping Standard deviation; Q2:

Progressive sampling.



J. Chosun Natural Sci., Vol. 10, No. 2, 2017

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

Table 2. The experimental and predicted activity values

of the molecules obtained for the ligand-based CoMFA

model is tabulated in Table 3. The scatter plot and con-

tour map for the same are shown in Fig. 3 and Fig. 4,

respectively.

3.2. CoMFA Contour Maps 

The contour maps were developed by using the

STDEV*COEFF field. The most active compound 31

was shown superimposed inside the contour map. The

steric contour map of the ligand-based CoMFA is

shown in Fig. 4a. The green color and yellow color con-

tours signify the sterically favorable and unfavorable

regions respectively. A green colour contour near the

NH group suggest that the bulky substitution that region

could increase the activity of the compound. The two

big yellow contours on either side of the piperidine ring

at R2 position suggest that bulky substitution at this

position could decrease the activity. This could the rea-

son for the decreased activity of compounds 24 and 27

which possess bulky substitution in that position.

The electrostatic contour map of the region-focused

CoMFA model is shown in Fig. 4b. The blue color sig-

nifies regions favor positively charged substitution and

red color signifies regions that favor negatively charged

substitution. The small blue contour seen near the R1

substitution signifies that positive substitution in that

position could increase the activity. A red contour near

the nitrogen atom of pyridine ring at R1 position sug-

gests that negative substitution favors the activity. This

could validate the reason for lower activity of com-

pounds 1 and 3 which doesn’t contain negative substi-

tution at that position. Another red color contour at R3

position near amino group of piperidine ring suggests

that negative substitution in that particular position

could enhance the activity. This could validate higher

Table 3. Actual and predicted pIC50 with their residuals of

the developed Region-Focused CoMFA model

Compound Actual pIC50

CoMFA

Predicted Residual

1 8.658 8.404 0.254

2 10.155 9.320 0.835

3 6.000 6.057 -0.057

4 7.721 8.285 -0.564

5 7.252 7.304 -0.052

6 7.602 7.581 0.021

7 9.638 9.262 0.376

8 9.051 9.291 -0.241

9 9.420 9.252 0.168

10 8.745 9.296 -0.552

11 8.824 8.589 0.235

12 9.638 9.042 0.596

13 9.081 9.348 -0.267

14 9.027 9.127 -0.100

15 9.000 8.986 0.014

16 8.119 7.878 0.241

17 7.523 7.949 -0.427

18 8.538 8.265 0.272

19 8.432 8.998 -0.567

20 8.699 8.295 0.404

21 6.245 6.086 0.158

22 9.292 9.552 -0.260

23 10.208 9.955 0.253

24 8.000 8.249 -0.249

25 10.456 10.541 -0.085

26 9.585 9.295 0.290

27 8.131 8.976 -0.845

28 10.620 10.394 0.226

29 9.108 9.443 -0.335

30 9.409 9.349 0.060

31 10.678 10.775 -0.097

32 10.432 9.998 0.434

33 10.398 9.885 0.513

34 10.222 10.157 0.065

35 9.824 10.432 -0.608

36 9.538 9.648 -0.111

Fig. 3. Scatter plot diagram for final region-focused CoMFA

model.
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activity of compounds 28, 25, 23, 33, 32, and 26 includ-

ing the most active compound 31 that contain negative

substitution at this position possess better activity. 

4. Conclusions

Pim1 kinase is an important therapeutic target due to

its critical role in leukemia and various solid cancers. In

the present study, we have taken a series of 36 imidaz-

opyridazines as potent Pim1 kinase antagonist. The

region-focused CoMFA model was developed with reli-

able statistical values. The developed model was vali-

dated using bootstrapping and progressive sampling and

found to be predicable and robust. In addition, the anal-

ysis of the contour maps generated for the region-

focused CoMFA model suggested the regions to

increase the activity of the compounds. On the whole

contour map results suggested that bulky positive sub-

stitution in R2 position could enhance the activity. Like-

wise, Small negative substitution at R1 and R3 position

could enhance the activity of the compounds. Our

results provide new insights in designing novel and

more potent inhibitors of imidazopyriazines series as

Pim1 inhibitor.
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