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ABSTRACT

AKT as a result of inactivation of tumor suppressor PTEN has been found in a variety of human tumors. AKT has long been
considered an attractive target for the treatment of cancers. A computational multivariate regression was carried out on a set of 61
pyridine based analogs to study the influence of physico-chemical properties on AKT inhibition. A regression model was generated
by dividing the complete set as a 51 molecule training set and a 6 molecule validation set based on selection criteria after rejecting
outliers from the data set. The generated equation when applied on test set molecules suggested predictive ability. The model can be
utilized to study the efficacy of AKT inhibition based on the properties evaluated.
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INTRODUCTION

Activation of oncogenes, such as Ras, ErbB-2, and Src or loss of tumor suppressor genes, such as PTEN, can lead to aberrant
signaling in the PI3K/AKT signal transduction pathway [1]. Three isoforms of AKT kinases are known, such as AKT1 (PKBa),
AKT2 (PKBb) and AKT3 (PKBc). All three are up-regulated in different types of cancers including NSCLC (non-small cell lung
carcinoma), breast and prostate cancers, making them potential oncology targets. Several small molecule AKT inhibitors have
recently been reported [2,3]. Kinase selectivity is important because long term inhibition of off-target kinases may cause undesired
side effects and toxicity.

Protein kinases are a large family of diverse but related enzymes that regulate nearly all aspects of cell growth, differentiation, and
division. Dys-regulation of one or more protein kinases has been associated with a wide spectrum of human cancers. Clinical success
of Gleevec (inhibitor of BCR-ABL, PDGFR, and c-Kit), as well as Iressa (EGFR inhibitor) resulted in a search for small molecule
inhibitors of protein kinases as anti-cancer chemotherapeutics [4,5]. Among the superfamily of protein kinases, protein kinase B, also
called AKT, is a pivotal component of the phosphatidylinositol 30-kinase/Akt signal transduction pathway that regulates many
processes crucial to carcinogenesis [6].

AKT as a result of, for example, inactivation of tumor suppressor PTEN has been found in a variety of human tumors [7,8].
Therefore, AKT has long been considered an attractive target for the treatment of cancers. There have been a number of small
molecule inhibitors that partially target AKT. While the majority of these inhibitors are ATP-competitive, Lindsley et al. reported a
series of selective allosteric and non-ATP-competitive diphenylquinoxaline- and diphenylpyridine-based inhibitors of AKT that
target the Pleckstrin Homology (PH) domain of the protein kinase [9].

In view of the above, computational multivariate regressions were carried out on a set of 61 pyridine based analogs to study the
influence of physico-chemical properties of side chain groups of these congeneric series of compounds.
MATERIALS AND METHODS

Data set

A dataset consisting of selective AKT inhibitors with experimental biological activity were considered from literature having
oxindole-pyridine and 2,3,5-trisubstituted pyridine moieties [10,11]. The inhibitory activities of these derivatives reported in terms of
ICsq in micromolar were transformed into their corresponding logarithmic values in order to overcome overlapping data.
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Therefore, to obtain linear distribution of data, the inhibition converted to negative logarithmic values was used for subsequent
analysis. The structures were sketched using ISIS Draw 2.3 software and the descriptors were calculated.

Multivariate regression analysis

Regression models were built on complete and training sets, respectively.

The relationship between dependent variable (log 1/ICs) and independent variables was established by linear regression analysis.
Significant descriptors were chosen based on the statistical data of analysis. Statistical quality of the generated regression equation
was judged based on the parameters like correlation coefficient (r), F-value, cross-validation r? etc.

Descriptors for regression

Nearly 30 descriptors which represent physico-chemical properties of chemical compounds obeying drug likeness parameters based
on Lipinski rule of 5, such as molecular weight, hydrogen bond acceptors, hydrogen bond donors, logP, number of rotatable bonds
and other parameters such as Dipole, lipole, 5, 6-membered aromatic rings, molecular surface area, and molecular volume, indices
such as Kier, K Alpha, Randic, Balaban, Weiner are considered.

Validity of regression equation

Predictive validity of the regression model was estimated externally by predicting the activities of validation set. Apart from this,
another criterion was proposed [12] which are based on the regression of observed activities against predicted activities and vice
versa for validation set, if the following conditions are satisfied [13].

(R-RA)/R*<0.1 or (R-R,?)/R%*<0.1
0.85<k<1.150r0.85<k’<1.15

Calculations relating to the above equations and the slopes, k and &’ are based on regression of observed values against predicted
values and vice versa.
Outliers standardized residuals

A standardized residual is a ratio: The difference between the observed values and predicted values and the standard deviation of the
predicted values. The standardized residual is a measure of the strength of the difference between observed and expected values.

Residual i

Standardized Residual i = — - -
Standard Deviation of Residual i

Standardized residuals greater than 2 and less than -2 are usually considered large [13]. Outliers should be removed in order to obtain
the best statistical result [14].

RESULTS AND DISCUSSION

Multivariate regression analysis using regress It add-in Excel program resulted in few influential parameters displayed significant
positive and negative contribution towards biological activity of AKT inhibitors. Equation 1 given below represents the regression
model from a complete set of 61 AKT inhibitors. The complete data set along with independent variables is presented in Tables 1
and 2. A plot of actual values versus predicted values from Equation 1 was given in Figure 1. In order to produce better predictive
values, outliers should be analyzed in data and should be removed from analysis. Therefore, standardized residuals were calculated
and data was presented.

Complete set

Log (1/1Cs5)=-0.105x DIPOLE Z
+0.063x LIPOLE X
+0.564x KAPPAL
-2.366x KAPPA3
+0.352x LogP
-0.691x Kier-chi-V1-bond
+8.050
r=0.71484; r’=0.511; Adj. r*; n=61 @

Complete Set, n=61
y =0.5108x + 0.7789

5.000
R*=0.5108

3.000
1.000

-1.000 ‘

4
'3-0002.4)00 0.000 2.000  4.000 6.000

Predicted Data

Actual Data

Figure 1: Actual vs. predicted activities of complete dataset (n=61)
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Table 1: Complete set data with predicted and residual values: Outliers calculated by Standardized residuals, highlighted in color

Mol | Acti | Predi Residuals standardize | Mole | Moel | To | To | Molec | Ka Ka Ka | Ra | Bal | Wein 5- 6-
No. vity | ctions dresiduals | cular | cular | tal | tal ular ppa | ppa | ppa | ndi | aba er me | mem
Surf | Volu | Di Li Refra 1 2 3 c n mb bere
ace me pol | pol | ctivity ere d
Area e e d RIN
RI GS
NG
S
2.17 | 3.00 | 2.378 0.622 0.768 438.1 | 3459 | 35 | 6.7 | 1359 | 26.2 | 116 | 581 | 17. | 0.93 | 4390 3 3
A.mo 0 17 70 50 | 65 83 34 23 4 547 8
|
2.17 | 3.09 | 2.250 0.847 1.047 4385 | 3482 | 25 | 59 | 1359 | 26.2 | 116 | 581 | 17. | 0.94 | 4416 3 3
B.mo 7 75 57 11 | 97 83 34 23 4 547 0
|
2.17 | 3.00 | 2.609 0.391 0.483 4353 | 3481 | 1.8 | 56 | 1359 | 26.2 | 116 | 5.67 | 17. | 0.94 | 4387 3 3
C.mo 0 90 29 41 | 84 83 34 23 3 564 2
|
2.18 | 209 | 2.439 -0.342 -0.422 4224 | 3365 | 15 | 95 | 1335 | 25.2 | 11.3 | 557 | 17. | 0.94 | 4050 3 3
A.mo 7 43 41 45 | 38 62 88 96 9 153 7
|
218 | 1.88 | 2425 -0.539 -0.666 4243 | 3362 | 6.1 | 98 | 1335 | 252 | 11.3 | 557 | 17. | 0.94 | 4050 3 3
B.mo 6 53 28 51 | 02 78 88 96 9 153 7
|
2.18 | 2.00 | 2412 -0.412 -0.509 4244 | 336.2 | 6.0 | 10. | 133.2 | 25.2 | 11.3 | 557 | 17. | 0.94 | 4050 3 3
C.mo 0 62 30 47 | 23 38 88 96 9 153 7
| 3
2 2A | 0.90 | 1.664 -0.761 -0.941 3400 | 2743 | 1.4 | 35 | 107.3 | 20.2 | 966 | 533 | 13. | 1.08 | 2136 1 3
.mol 3 92 46 01 | 02 71 80 7 1 187 2
2 9. | 1.30 | 1.589 -0.288 -0.356 4148 | 3327 | 23 | 54 | 1321 | 246 | 118 | 6.22 | 16. | 1.07 | 3402 1 4
mol 1 74 72 43 | 15 67 84 23 8 170 7
2 9. | 182 | 1.715 0.109 0.134 4284 | 3409 | 15 | 27 | 1338 | 256 | 12.0 | 6.29 | 16. | 1.10 | 3637 1 4
mol 4 38 91 07 | 61 61 41 30 7 581 0
29c | 110 | 1.128 -0.025 -0.031 4258 | 340.7 | 23 | 22 | 1338 | 256 | 12.0 | 647 | 16. | 1.08 | 3664 1 4
mol 2 55 50 12 | 49 61 41 30 8 564 4
2.9d. | 0.30 | 1.033 -0.732 -0.905 4242 | 3400 | 28 | 15 | 1338 | 256 | 120 | 6.47 | 16. | 1.08 | 3691 1 4
mol 1 92 97 27 | 48 61 41 30 8 564 6
2 9. | 1.00 | 1.342 -0.342 -0.423 467.3 | 3547 | 29 | 3.1 | 1386 | 26.6 | 126 | 6.53 | 17. | 1.11 | 3906 1 4
mol 0 48 44 31 | 18 30 01 98 3 119 7
2 9f. | 2.00 | 1.581 0.419 0.519 4351 | 3488 | 21 | 3.0 | 1340 | 26.6 | 122 | 653 | 16. | 1.11 | 3904 1 4
mol 0 95 40 37 | 46 77 01 40 3 974 3
2.9g. | 1.20 | 1.947 -0.747 -0.923 4497 | 356.6 | 30 | 3.7 | 1342 | 275 | 124 | 6.60 | 17. | 1.12 | 4173 1 4
mol 1 22 80 09 | 81 94 63 53 5 385 4
2 9h. | 252 | 1.526 0.997 1.233 464.4 | 3579 | 22 | 47 | 1386 | 26.6 | 122 | 653 | 16. | 1.11 | 3904 1 4
mol 3 39 89 30 | 72 65 01 40 3 974 3
2 9. | 010 | 1.712 -1.609 -1.990 3951 | 3185 | 23 | 16 | 1245 | 23.7 | 111 | 581 | 15. | 1.07 | 3143 2 3
mol 2 46 48 63 | 51 58 28 60 4 670 1
2.9j. | 200 | 1.712 0.288 0.356 3949 | 3185 | 23 | 16 | 1245 | 23.7 | 11.1 | 581 | 15. | 1.07 | 3143 2 3
mol 0 26 29 62 | 52 58 28 60 4 670 1
2 9. | 1.10 | 1.130 -0.027 -0.034 4049 | 3356 | 27 | 24 | 1310 | 23.7 | 111 | 581 | 15. | 1.07 | 3143 2 3
mol 2 93 86 98 | 55 01 28 60 4 670 1
2.9l | 1.30 | 1.372 -0.071 -0.088 409.2 | 3303 | 20 | 20 | 1311 | 23.7 | 11.1 | 581 | 15. | 1.07 | 3143 2 3
mol 1 61 70 77 | 19 23 28 60 4 670 1
29m | 1.82 | 1.785 0.039 0.048 4025 | 3204 | 18 | 3.1 | 1268 | 23.7 | 11.1 | 581 | 15. | 1.07 | 3143 2 3
.mol 4 51 47 23 | 49 03 28 60 4 670 1
2 9N - - 0.303 0.375 428.0 | 3365 | 22 | 91 | 1314 | 260 | 11.8 | 749 | 15. | 1.21 | 3484 1 3
.mol | 1.02 | 1.325 31 42 65 | 20 65 74 23 2 782 9
1
290 | 0.14 - 0.589 0.728 4239 | 3257 | 21 | 99 | 1271 | 251 | 126 | 7.01 | 15. | 1.19 | 3256 1 3
.mol 3 0.446 74 57 22 | 78 64 04 30 4 635 1
2 9P. | 3.00 | 2.456 0.544 0.672 429.7 | 3384 | 24 | 6.6 | 1357 | 25.2 | 11.3 | 557 | 17. | 0.94 | 4050 3 3
mol 0 10 51 06 | 28 66 88 96 9 153 7
2.9Q | 3.09 | 2.397 0.700 0.865 469.1 | 353.7 | 1.1 | 46 | 1409 | 26.2 | 11.6 | 5.67 | 17. | 0.96 | 4323 3 3
.mol 7 01 95 25 | 96 16 34 23 3 564 4
1mol | 2.69 | 2.276 0.423 0.523 3700 | 2787 | 31 | 9.0 | 1178 | 21.8 | 10.2 | 533 | 14. | 0.95 | 2868 1 4
9 24 92 22 | 73 04 25 92 3 759 8
11A. | 248 | 3.103 -0.622 -0.769 4113 | 3157 | 32 | 6.2 | 1271 | 234 | 101 | 485 | 16. | 0.84 | 3662 1 3
mol 1 75 35 96 | 44 36 02 66 7 153 8
11B. | 2.22 | 1.606 0.623 0.771 4298 | 3421 | 34 | 82 | 1398 | 26.2 | 12.0 | 596 | 17. | 0.84 | 4628 1 4
mol 9 24 65 54 | 46 83 34 27 1 653 1
1lc. | 045 | 1.317 -0.864 -1.068 466.3 | 376.0 | 3.7 | 12. | 1494 | 28.1 | 124 | 6.27 | 18. | 0.85 | 5330 1 4
mol 3 91 89 09 | 97 93 35 75 8 458 0
1
11D. | 1.98 | 1.809 0.174 0.215 4288 | 338.7 | 40 | 44 | 1376 | 26.2 | 12.0 | 596 | 17. | 0.84 | 4628 1 4
mol 3 50 64 64 | 69 95 34 27 1 653 1
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11E. | 1.98 | 1.618 0.369 0.457 4246 | 3395 | 22 | 42 | 137.3 | 26.2 | 12.0 | 596 | 17. | 0.84 | 4628 1
mol 7 43 15 58 54 54 34 27 1 653 1
11F. | 2.82 | 2.283 0.540 0.668 417.0 | 3298 | 21 | 58 | 136.2 | 25.2 | 11.3 | 557 | 17. | 0.84 | 4282 1
mol 4 11 97 21 75 36 88 96 9 153 5
11G. | 0.18 | 1.915 -1.735 -2.145 430.4 | 3359 | 29 | 12. | 1352 | 25.2 | 11.3 | 557 | 17. | 0.84 | 4282 1
mol 0 46 71 54 28 05 88 96 9 153 5
1
11H. | 2.08 | 1.511 0.575 0.711 4316 | 355.3 | 28. | 83 | 1421 | 26.2 | 11.6 | 5.67 | 17. | 0.85 | 4597 1
mol 6 65 40 72 13 31 34 23 3 564 0
0
11lm | 292 | 2.271 0.650 0.804 4188 | 3233 | 4.1 | 11. | 1350 | 25.2 | 11.3 | 557 | 17. | 0.84 | 4282 1
ol 1 52 53 74 84 19 88 96 9 153 5
2
11J.. | 0.81 | 1.955 -1.140 -1.409 4756 | 3678 | 28 | 51 | 1509 | 27.8 | 123 | 581 | 19. | 0.78 | 5682 2
mol 5 14 63 96 | 05 70 10 13 9 136 2
11K. | 2.14 | 2.605 -0.462 -0.572 418.0 | 326.7 | 3.6 | 6.6 | 1322 | 25.2 | 11.3 | 557 | 17. | 0.84 | 4282 2
mol 3 25 29 30 | 48 84 88 96 9 153 5
11L. | 1.39 | 2.250 -0.852 -1.053 490.7 | 380.7 | 4.7 | 46 | 1543 | 29.0 | 12.7 | 6.08 | 18. | 0.85 | 5686 2
mol 8 75 84 13 | 46 52 89 01 0 923 8
11M. | 3.04 | 1.759 1.286 1.591 429.6 | 340.2 | 21 | 47 | 138.7 | 25.2 | 11.3 | 557 | 17. | 0.84 | 4282 2
mol 6 15 95 61 | 42 17 88 96 9 153 5
1IN. | 3.77 | 2.312 1.458 1.803 4211 | 3280 | 3.3 | 47 | 1322 | 252 | 11.3 | 557 | 17. | 0.84 | 4282 2
mol 0 13 84 08 98 74 88 96 9 153 5
110. | 3.15 | 2.069 1.086 1.342 439.2 | 3404 | 3.1 | 6.1 | 1374 | 26.2 | 11.6 | 581 | 17. | 0.84 | 4627 2
mol 5 31 39 89 15 23 34 23 4 547 3
11P. | 2.00 | 2.230 -0.230 -0.285 458.7 | 3535 | 1.9 | 6.2 | 1424 | 27.1 | 11.8 | 5.89 | 17. | 0.84 | 4975 2
mol 0 07 64 24 55 64 84 52 8 958 6
9a.m | 2.26 | 1.390 0.877 1.085 3542 | 286.1 | 83 | 3.2 | 1153 | 20.8 | 10.0 | 525 | 14. | 1.10 | 2352 2
ol 8 89 93 83 31 08 78 80 8 349 0
9b.m | 0.31 | 1.289 -0.977 -1.208 355.8 | 286.7 | 6.7 | 3.3 | 1153 | 208 | 10.0 | 525 | 14. | 1.10 | 2352 2
ol 2 23 02 00 21 08 78 80 8 349 0
9c.m | 1.38 | 2.777 -1.390 -1.718 351.2 | 2826 | 6.4 | 3.9 | 109.0 | 208 | 10.0 | 525 | 14. | 1.12 | 2352 2
ol 7 09 29 66 74 35 78 80 8 349 4
9d.m - 0.658 -1.302 -1.610 379.7 | 3020 | 55 | 10. | 1173 | 21.8 | 10.2 | 550 | 14. | 1.12 | 2587 1
ol 0.64 71 78 25 60 62 25 92 7 742 5
3 5
9e.m | 249 | 0.824 1.671 2.066 3458 | 2955 | 47 | 6.7 | 1173 | 21.8 | 10.2 | 550 | 14. | 1.12 | 2587 1
ol 5 44 22 59 | 05 62 25 92 7 742 5
9F.m | 1.00 | 0.838 0.166 0.205 3723 | 2977 | 6.0 | 11. | 1157 | 21.8 | 10.2 | 550 | 14. | 1.12 | 2587 1
ol 4 65 60 09 32 88 25 92 7 742 5
9
9g.m | 0.74 | 1.295 -0.548 -0.678 3512 | 2988 | 69 | 85 | 1181 | 22.7 | 105 | 539 | 15. | 1.14 | 2803 1
ol 7 18 03 39 | 47 50 76 08 9 170 0
9H.m | 2.18 | 1.378 0.809 1.000 386.5 | 3138 | 55 | 11. | 1216 | 23.7 | 11.1 | 564 | 15. | 1.14 | 3050 1
ol 7 31 47 73 25 85 28 60 4 708 8
0
9l.mo | 0.83 | 0.894 -0.062 -0.076 3704 | 3224 | 68 | 7.1 | 126.2 | 246 | 11.8 | 6.04 | 16. | 1.15 | 3329 1
| 3 18 05 27 | 05 05 84 23 9 208 0
9J.m | 0.39 | 0.894 -0.502 -0.620 3701 | 3224 | 6.8 | 7.1 | 1262 | 246 | 118 | 6.04 | 16. | 1.15 | 3329 1
ol 3 86 11 27 | 05 05 84 23 9 208 0
9K.m - 0.333 -1.649 -2.039 376.6 | 3226 | 54 | 7.2 | 1262 | 246 | 118 | 6.04 | 16. | 1.12 | 3389 1
ol 1.31 13 83 27 66 05 84 23 9 208 0
6
9L.m | 213 | 1.168 0.963 1.190 366.0 | 297.3 | 6.6 | 9.1 | 1138 | 21.8 | 10.2 | 550 | 14. | 1.12 | 2587 1
ol 1 81 16 17 90 38 25 92 7 742 5
9M. 2.36 | 0.872 1.495 1.848 346.6 | 301.3 | 59 | 34 | 1202 | 21.8 | 10.2 | 550 | 14. | 1.12 | 2587 1
mol 7 08 02 81 96 81 25 92 7 742 5
9N.m - - -0.773 -0.955 3605 | 3064 | 56 | 89 | 1194 | 227 | 10.0 | 5.74 | 15. | 1.13 | 2824 1
ol 1.19 | 0.420 59 22 98 33 87 76 92 2 056 0
3
90.m | 1.62 | 2.388 -0.768 -0.950 361.1 | 3213 | 46 | 48 | 126.4 | 23.7 | 103 | 532 | 15. | 1.15 | 3021 1
ol 0 71 48 94 73 38 28 18 7 503 8
9P.m | 2.39 | 1.582 0.816 1.009 3505 | 308.0 | 47 | 58 | 1219 | 227 | 105 | 539 | 15. | 1.14 | 2803 1
ol 8 55 42 56 94 37 76 08 9 170 0
9Q.m | 1.09 | 1.372 -0.275 -0.340 364.2 | 3216 | 47 | 53 | 1265 | 23.7 | 11.1 | 564 | 15. | 1.14 | 3050 1
ol 7 63 49 33 59 38 28 60 4 708 8
9r.mo - 0.142 -0.151 -0.186 496.6 | 3758 | 5.6 | 11. | 1466 | 27.1 | 13.1 | 6.84 | 18. | 1.03 | 4591 1
| 0.00 35 90 55 19 33 84 09 0 226 6
9 5
9s.m | 1.27 | 1.141 0.137 0.170 4278 | 3336 | 55 | 11. | 1316 | 246 | 11.3 | 5.87 | 16. | 1.15 | 3299 1
ol 8 41 54 92 | 01 96 84 73 8 081 9
0
9T.m | 2.82 | 2.595 0.229 0.283 3838 | 3183 | 6.7 | 89 | 1173 | 23.7 | 103 | 532 | 15. | 1.15 | 3021 1
ol 4 02 66 28 39 30 28 18 7 503 8
Standard
Deviation:
0.809
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Table 2: Complete set data with predicted and residual values

. . . Kier . .
Molec Rota | Dipol | Dipol | Dipol . . . - Kier | Kier | K
Mol ular HB HB table | e e e Lip | Lip | Lip | Chiv Chi Chi Al KAIp | KAIlp
- Accep | Don | logP ole ole ole 0
No. Weigh tors ors Bon | mom | mom | mom X v 7 atom V1 V2 ph | ha2 ha3
t ds entX | entY |entZ s bond | path | al
- - 23,
2LIA- 1 4157 | 5 3 |43 14 2048 | 1532 | : 538 | 381 | 146 | 1958 | 116 1892 11" | 9815 | 4742
mol 8 1251 | ¢ 9 3 6 66 | 8 1
- - 23,
2_17B. 439 - 1.02 | 1958 | 11.6 | 8.92
= 48157 | 5 3 8 7 1843 | ] o, | 0.124 3.13 2.91 7 5 e | 8 4111 9812 | 4.742
- 23,
2_17C. 439 - - 1.04 | 1958 | 11.6
= 48157 | 5 3 8 7 0.545 | | ocg | 0.051 421.78 289 | 3 5 2> | 89 4111 9812 | 4.623
- 22.
2_18A. 3.70 - - - 327 | 19.15 | 11.4 | 8.63
ot 46457 | 6 3 s 7 0414 | [ eci | 1339 2.69 816 | 5 s 26 | 7 g4 9.812 | 4.653
- - 22.
2_18B. | 46457 | 6 3 341 1 5777 | 1663 | -13 | 231 | 822 | 480 | 1915 | 114 1865 | g4 | gg15 | 4653
mol 2 2 5 16 | 9
3 5 8
- - 22.
2_18C. | 46457 | 6 3 334 14 4648 | 3622 | 136 | 2.13 | gee | 200 | 1915 | 1141863 | o) | 9815 | 4653
mol 6 8 5 26 | 7
3 6 8
2 2A. 3.68 - - 0.18 | - 1522 | 9.01 18.
ol 358.48 | 4 2 3 6 0713 | 0964 | 0.724 §.33 1 513.04 2 3| 674 | 3 | 8308 | 4441
- 21.
2_9am 5.30 - - 5.06 1.06 | 1853 | 11.1 | 8.26
o 43458 | 4 2 1 7 1544 | 0753 | 1598 | & é.sg 2 2 o1l 3 s7a7 9.97 | 5.066
2_9b.m 5.01 - 275 | 023 | 1890 | 11.2 | 841 | 22. | 10.16
o 45058 | 5 3 7 7 1056 | o9, | 0728 | ] 4 g.oo 2 als 89 g | 5139
2 9c.m 5.01 - 217 | 047 | 1890 | 11.2 | 844 | 22. | 10.16
o 45058 | 5 3 7 7 1113 | 0578 | 1942 | ¢ 5 g.zs 2 5 | 8 89 g | 5293
2_9d.m 5.01 - 137 [ 020 [ 068 | 18.90 | 11.2 [ 844 | 22. | 10.16
o 45058 | 5 3 7 7 La7p | 0461 | 2.369 | ¢ 7 1 2 35 | 4 89 g | 5293
N 23,
2 9e.m 5.04 - 1.14 | 2,58 19.86 | 11.6 | 8.59 10.80
o 46461 | 5 2 9 8 1047 | 5 opy | 0708 | 1 613.32 3 3|8 24 4| 5367
N 23,
2.9tm | yeoer | s 3 515 | 0157 | 11 | 1806 | 302 | 024 | o5, | 1920 | 113|855 | 7' | 1034 | ..,
ol 7 8 4 5 2 41 |9 5 9
N N 24,
2 9g.m 5.29 - 3.73 1950 | 11.4 | 8.68 10.53
o 486.56 | 5 3 H 7 193 | 0997 | 2.088 | - g.39 3.42 3 a6 | 1 gs 4| 5402
2 9h.m 5.53 - 469 | - 11.7 | 9.03 | 24. | 1057
5 48502 | 5 3 s 7 0.073 | | 104 | 1925 | g 023 | -0.8 | 20.02 a9 | 1 12 5| 548
5
. 21.
2_9im - - 1.13 17.78 | 105 | 7.87
5 42454 | 5 2 425 |7 0835 | 1404 | 1708 | 04 | ¢ 113 | ¢ g5 | 5 33 9477 | 4771
. 21.
2_9ji.m - - 0.40 | 113 17.78 | 105 | 7.87
5 42454 | 5 2 425 |7 0834 | 1402 | 1708 | { 5 113 | ¢ g5 | 5 33 9477 | 4771
21.
2 9k.m 459 - . 145 | 058 | 1.89 | 18.66 | 11.5 | 8.89
ol 4406 | 4 2 3 ! 0381 | 0064 | 271 |4 |2 |8 36 | 9 80 | 9723 | 49
21.
2 9l.m 482 - 1.40 1.37 | 1866 | 115 | 875
o 4406 | 4 2 9 7 0.g4g | 169 [ 086 | o 044 | 5 8 o1 | 3 6730 9.723 | 4.921
21.
2_9m. 4.07 . . - 144 | 234 | 1787 | 106 | 7.98
ol 42356 | 4 3 ) 7 0461 | 3077 | 1307 | 1583 | 1 1 7 o0 | 1 és 9477 | 41M1
- 23,
29N 1 44059 | 5 3 | 387 |9 | 1618|1393 [0754 | -17 | 8% | gp5 | 1909 | 1099870 | g | 1016 1 g0
mol 6 7 4 2 14 | 6 3 1
- 22,
2.90. 3.63 - 9.83 18.00 | 106 | 7.67 10.85
ol 42656 | 5 3 5 10 162 | 107 | (geg ‘1‘.68 3 015 | 5 103 24 | 5838
- - 22.
2 9P. 4.25 - 19.28 | 115 | 8.78
ol 46358 | 5 3 9 7 1451 | 1381 | | 409 421.97 g.oe 164 | ¢ 66 | 3 23 9615 | 4.541
2.9Q. | 47761 |5 3 4271 |7 1.035 | - - - - 142 | 2020 | 11.9 | 916 | 23. | 9.853 | 4.646
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mol 3 0388 [0207 | 432 |15 |1 |8 % |2 a7
4 |8 7
3.86 - 3.36 | p 1645 | 998 | 748 | 1%
Lmol | 39451 | 4 2 86 | g 1146 | 1363 | 336 | g30 | 141 | 1& : 48 | 35" | 8652 | 4323
8 2,564 6 |30 3% s 7 2 :
20.
11Am 2.97 - 162 | 555 | 2.33 | 1825 | 114
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New regression model-training and validation sets

A new regression model was attempted by dividing the complete set as training and validation sets based on selection criteria after
rejecting outliers from the data set. The selection of molecules in the training set was made according to the activity data, so that
representatives of a wide range of structures with different substituents, atoms and activity were included. The distribution of activity
values for the validation set follows the similar distribution of the activity values for the training set [15].

Training set

A 61 molecule complete set was divided into 51 molecule training set and a 6 molecule validation set after rejecting 4 compounds as
outliers. Several runs were performed on training set by varying the number of independent variables. After each analysis, the
obtained equation was applied on validation set and graphs were plotted. Once the equation predicts activity of validation set then the
predictive validity of the model was estimated (Figure 2).

Log(1/1Cs)=-0.084x DIPOLE Z
-0.070x LIPOLE X

+0.595x Kappal
-2.357x Kappa3
+0.680x Kier-chi-v1-bond
+0.309x LogP
+7.303
r=0.7523; r’=0.566; F=13.47;
p-value=0.282, n=51 (2)
Training Set, n=51
4 y =0.5658x + 0.7244
s @R%.=0.5658
38 2 L4
el
3
: *
9 °*
a -2 T T T 1
-2 0 2 4 6
Actual Data

Figure 2: Actual versus predicted values of training set comprising of 51 compounds
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Table 3: Validation dataset of 6 molecules

Mol Actual Predicted
2-9a.mol 1.301 1.625
2-9h.mol 1.823 1.760
2-9k.mol 1.102 1.166
1.mol 2.698 2.249
9-1.mol 0.832 0.933
9-t.mol 2.823 2.704

Validation of regression equation

After obtaining the regression model, it is important to determine the reliability and significance. These can be used to check if the
size of the model is appropriate for the quantity of data available, as well as to provide some estimate of how well the model can
predict the activity for new molecules.

One such validation procedure is dividing the set as training and test set and then applying training set equation on test set data. This
will ensure applicability of the equation to ascertain values on external dataset. The above equation (2) was applied on test set
molecules and the data is shown in Table 3 and the graphs are given in Figures 3 and 4, respectively.

3.0 4 Validation Set
2.5 Actual Vs Predicted %
2.0 -

=
©
[a)
T 15 - * y =0.7622x + 0.3952
5 A
£ 10 R?=0.9369
a y = 0.950x
0.5 1 RO? = 0.868
0.0 . . .
0.000 1.000 2.000 3.000

Actual Data

Figure 3: Actual versus predicted values of validation set compounds showing r2 and ry?

3.500 - Validation Set
3.000 - Predicted Vs Actual ®
£ 2500 -
a i
= 2.000 y =1.2293x- 0.3746
g 1.500 - ’ R?=0.9369
< 1.000 - y =1.037x
0.500 - R0O2=0.911
0.000 T T T ! ! '

0.000 0.500 1.000 1.500 2.000 2.500 3.000
Predicted Data

Figure 4: Predicted versus Actual values of validation set compounds showing r?and r,?

Figure 3 represents the predicted values of test set data when Equation (2) was applied and the regression coefficient (r?) was
obtained. However, apart from r?, when the regression line passes through the origin, another regression coefficient (r,%) was plotted
and it was observed that this value is also within the limits.

Alternatively, Regression plot between actual vs. predicted values of compounds from validation set justifies the predictive ability of
regression model. However, a reverse graph, viz., Regression plot between predicted vs. actual values of compounds needs to be
plotted in order to assess the predictive ability. Figure 4 represents predicted vs. actual values of test data set where r? and r’,2
suggests the predictive validity of Equation (2).

Predictive validity

When analysis is run with varied independent variables, the validation set reported valid results by passing all the conditions set. The
calculations are given below.

Calculation of 'k and k’: All values of k are within the defined limits.

K _Y.actual x Y, predicted k,_E predicted x Y, actual

Formula: -
predicted? actual?
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Validation set Validation set
Molecules Actual Predicted Molecules Predicted Actual
values values values values
2-9a.mol 1.301 1.625 2-9a.mol 1.625 1.301
2-9h.mol 1.824 1.760 2-9b.mol 1.760 1.824
2-9k.mol 1.102 1.166 2-9k.mol 1.166 1.102
1.mol 2.699 2.249 1.mol 2.249 2.699
9-1.mol 0.833 0.933 9-1.mol 0.933 0.833
9-t.mol 2.824 2.704 9-t.mol 2.704 2.824
Summation | 10.582 10.437 Summation 10.437 10.582
:10.582x10.437:1.101 k’:10'437 x10.582:0.986
(10.4372) (10.5822)

Interpretation of variables in regression equation

From equation 2, it can be observed that the logP, Kappal index and Kier ChiV1 properties on these inhibitors have positive
contribution towards AKT inhibition. On the other hand, negative contribution of dipole X component and Kappa3 renders better
AKT inhibition. The Kappa index [16] is a molecule shape index based on the assumption that the shape of a molecule is a function
of the number of atoms and their bonding relationship. Kappa 1 shows the degree of complexity of a bonding pattern. Kappa 2
indicates the degree of linearity of bonding patterns. Kappa 3 indicates the degree of branching at the center of a molecule, larger for
predominantly linear molecules with branching at the ends. Equation 2 suggests that a high value of kappal and a low value of
kappa3 indices are favorable for activity.

CONCLUSION

AKT inhibitors have been widely studied in cancer progression and disease. Hence, an attempt made to evaluate the influential
descriptors for AKT inhibition has been studied using multivariate regression analysis. Predictive validity of the model was
estimated. The analysis resulted in few parameters displayed significant positive and negative contribution towards activity of AKT
inhibitors. A regression model attempted by dividing the complete set (n=61) as a 51 molecule training set and a 6 molecule
validation set resulted in a regression model.

The generated equations when applied on test set molecules resulted in better predictive values. Hence, designing or screening
compound libraries for new compounds or analogs with possible increase in logP values, Kappal and Kier-ChiV bond parameters
with decrease in diploe X component and Kappa3 index would enhance inhibitory activity against AKT.
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