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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. 
 
Keywords: Multivariate regression, AKT Kinase, Correlation, Validation. 

 

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 

IC50 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/IC50) 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 r2 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]. 

 

(R2–R0
2)/R2<0.1 or (R2–R0

2)/R2<0.1 

0.85 ≤ k ≤ 1.15 or 0.85 ≤ k’ ≤ 1.15 

 

Calculations relating to the above equations and the slopes, k and k’ 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.  

 

 
 

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/IC50)=-0.105x DIPOLE Z 

+0.063x LIPOLE X 

+0.564x KAPPA1 

-2.366x KAPPA3 

+0.352x LogP 

-0.691x Kier-chi-V1-bond 

+8.050 

r=0.71484; r2=0.511; Adj. r2; n=61    (1) 

 
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 
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Table 2: Complete set data with predicted and residual values 
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9.05
5 

23.

20

4 

10.03
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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/IC50)=-0.084x DIPOLE Z 

-0.070x LIPOLE X 

+0.595x Kappa1 

-2.357x Kappa3 

+0.680x Kier-chi-v1-bond 

+0.309x LogP 

+7.303 

r=0.7523; r2=0.566; F=13.47; 

p-value=0.282, n=51  (2) 

 

  
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 

2-9b.mol 1.823 1.760 

2-9k.mol 1.102 1.166 

1.mol 2.698 2.249 

9-l.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. 

 

 
 

Figure 3: Actual versus predicted values of validation set compounds showing r2 and r0
2 

 

 
 

Figure 4: Predicted versus Actual values of validation set compounds showing r2 and r0
2 

 

Figure 3 represents the predicted values of test set data when Equation (2) was applied and the regression coefficient (r2) was 

obtained. However, apart from r2, when the regression line passes through the origin, another regression coefficient (ro
2) 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 r2 and r’o
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. 

 

         Formula:  k =
∑         ∑          

             k’=
∑            ∑       
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Validation set 

Molecules Actual 

values 

Predicted 

values 

2-9a.mol 1.301 1.625 

2-9b.mol 1.824 1.760 

2-9k.mol 1.102 1.166 

1.mol 2.699 2.249 

9-l.mol 0.833 0.933 

9-t.mol 2.824 2.704 

Summation 10.582 10.437 
 

 
Validation set 

Molecules Predicted 

values 

Actual 

values 

2-9a.mol 1.625 1.301 

2-9b.mol 1.760 1.824 

2-9k.mol 1.166 1.102 

1.mol 2.249 2.699 

9-l.mol 0.933 0.833 

9-t.mol 2.704 2.824 

Summation 10.437 10.582 
 

            k=
               

         
=1.101           k’=

              

         
=0.986 

 

Interpretation of variables in regression equation 
 
From equation 2, it can be observed that the logP, Kappa1 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 kappa1 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, Kappa1 and Kier-ChiV bond parameters 

with decrease in diploe X component and Kappa3 index would enhance inhibitory activity against AKT. 
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