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Abstract 

The development of breast cancer is closely related to Estrogen receptor alpha. ERα (ERα) 
is considered as an important target for the treatment of breast cancer, and compounds 
that antagonize ERα activity may be candidates for the treatment of breast cancer. 
Therefore, data were preprocessed: in the first step, variables that had no effect on 
biological activity were eliminated; in the second step, abnormal data were found in each 
column according to The Rajda criterion and replaced by the average value of each 
column Then based on the sample data of 1974 compounds, after processing by using 
grey correlation analysis method, get the molecular descriptor variables in the 
correlation of biological activity Finally, the relevance ranking, get 20 before the 
biological activity of the most significant effect of the molecular descriptors Finally three 
layers BP neural network is established, on biological activity value The input layer is 20 
variable indexes, the output layer is 1 biological activity index, and the adaptive chaos 
search double-particle swarm optimization algorithm is used for the key 
hyperparameters such as the hidden layer learning rate of the network. The results show 
that the neural network constructed has a good fitting degree. 
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1. Introduction 

Breast cancer is no stranger. It is one of the most common and fatal cancers in the world. The 
development of breast cancer is closely related to estrogen receptors. Research findings: Erα is 
considered as an important target for the treatment of breast cancer and antagonize Erα Active 
compounds may be candidate drugs for the treatment of breast cancer[1,2]. In order to quickly 
screen whether drugs can effectively treat breast cancer. In this paper, a neural network model 
prediction based on improved chaotic particle swarm optimization algorithm is proposed to 
screen potential active compounds and determine the selection of candidate drugs for breast 
cancer.  

2. Data Processing  

The experimental data contained 729 molecular descriptor variables corresponding to 1974 
compounds, so the data were preprocessed first. The first step: If all the data in a column were 
0, it indicated that the corresponding molecular descriptor variables in this column had 
basically no effect on biological activity, so they were removed. Step 2: Find abnormal data in 
each column and replace it with the average value of each column according to Pauta criterion[3]. 
Step 3: using grey correlation[4] to overcome the optimization scheme of subjective preferences 
influence of similarity variable nature, all based on the original sample data mining, the variable 
information to screen out the most valuable molecular descriptors, create better new bioactive 
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compounds, so as to find more suitable candidate drugs for the treatment of breast cancer. The 
flow chart of basic data preprocessing is shown in Figure 1. 

Start

Enter 729 molecular descriptor 
variable data

Discard the molecular descriptor 
variable with all zeros in each column

Grey correlation method is adopted for 
the remaining variable data

The processed data were used as the 
comparison column, and the bioactivity 

value was the reference column

Standardized processing of data

The correlation between variables and 
biological activity was calculatedSelect the top 20 variables with high 

correlation

Over
 

Figure 1: Flow chart of data preprocessing 

Using pauta criterion to remove abnormal data, we consider the abnormal situation of 1974 

data of each variable and calculate the arithmetic mean value x j  of each variable first，Then 

the residual error of each element of the two matrices is calculated according to V x x jij ij
  , 

and the standard error ( )j  of each column is calculated based on Bessel formula. Bessel's 

formula is as follows： 
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Among them, the measured value with residual error over three times standard deviation is 

called the highly abnormal outlier, that is, when | | | | 3 ( )ij ij jV jx x    , it is regarded as the 

outlier, and the outlier ijx  is set as the arithmetic mean jx , otherwise the original value is kept. 

Abnormal data are shown in Table 1. 

Table 1: Abnormal data results 

Total data of normal variables Abnormal data 

5041974=994896 13516 

First, we screened and eliminated 729 columns with zero molecular descriptor variable data 
corresponding to 1974 compounds. Obviously, these all zero variables have no effect on 
biological activity, and we call these variables abnormal variables and other variables normal 
variables. See Table 2 for specific operation results. 

Table 2 Elimination of abnormal variables 

Operating  
categories 

Exception variables The normal variable Total variable 
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Elimination of 
abnormal variables 

225 504 729 

3. Construct the grey correlation degree model 

In this paper, grey correlation analysis was used to screen the remaining 504 variables. The 
reason is that by this method, a compound of many variable value and its biological activity is 
not a simple linear relations, but highly nonlinear relationship, so the principal component 
analysis, factor analysis and other data dimension reduction method is not applicable, therefore 
choose different variables of the grey correlation analysis method and biological activity of 
relevance ranking, Then the top 20 variables with the most significant influence on biological 
activity were obtained. The specific calculation steps of grey system association analysis are as 
follows:  

(1) Determine reference sequence and comparison sequence 

The data sequence that reflects the behavior characteristics of the system is called reference 
sequence. A data sequence composed of factors that affect the behavior of a system, called a 

comparative sequence. The reference numbers in this paper are listed as 
50

pIC , the bio-activity 

value of ERα. The comparison number column contains the remaining 504 molecular descriptor 
data. 

(2) Data standardization 

Due to the different physical and chemical properties of various molecular descriptors, the units 
of measurement will also be different. In order to ensure the correct results of systematic 
analysis, it is necessary to establish a unified evaluation standard and standardize the original 
data. Data standardization usually involves two steps: centralized data processing and 
dimensionless data processing. 

Centralized data processing refers to translation transformation of data, namely: 

                                                                             *
1, , ; 1, ,x x x i I j J
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                                      (2) 
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Where, I  is the number of compounds  1974I , J  is the number of molecular descriptor 

variables and biological activities  504J , ijx  is the ith row and jth column of the matrix X  

before the transformation, 
*

x
ij

 is the data after transformation, and x
j
 is the mean value of the 

jth column of X . 

Elimination of dimension refers to the elimination of the dimensional effect of variables so that 
each variable has the same expressive force. The commonly used method to eliminate 
dimensionality in data analysis is to compress different variables so that the variance of each 
variable is 1, i.e. 
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Where S is the jth column variance of X.       

Data standardization is the simultaneous centralization and elimination of data: 
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(3) Grey correlation degree 

The bio-activity value P of the compound to ERα was taken as the reference series. 

{ ( ) | 1, 2, , } ( (1), (2), , ( ))
0 0 0 0 0

x x k k n x x x n                                       (7) 

Where ( )
0

x k  is the bioactivity value 
50
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Where ( ( ), ( ))
0

r x k x k
i

 is the correlation coefficient of x
i

 to 
0

x  in the kth compound, [0,1]   is 

called the resolution coefficient, generally speaking, the greater the resolution coefficient, the 
greater the resolution; The smaller the resolution coefficient is, the smaller the resolution is. 
Usually 0.5  . 

3.1. Calculation results  

Based on the grey correlation model and MATLAB software, the correlation degree between 
each molecular descriptor variable and biochemical activity value was calculated. The top 20 
selected molecular descriptor variables with the most significant influence on biological 
activity and their correlation are shown in Table 3.  

Table 3: Main variable screening results 

Numble variable name Variable to explain relevance 

1 minsSH Minimum atom-type E-State: -SH 0.8038 

2 minssssSi Minimum atom-type E-State: >Si< 0.7985 

3 ATSc3 ATS autocorrelation descriptor, weighted by charges 0.7974 

4 VP-6 Valence path, order 6 0.7967 

5 
minHBint9 Minimum E-State descriptors of strength for 

potential Hydrogen Bonds of path length 9 
0.7962 

6 
maxHCsats Maximum atom-type H E-State: H bonded to B, Si, P, 

Ge, 
0.7904 

7 ndO Count of atom-type E-State: =O 0.7882 

8 minddssSe Minimum atom-type E-State: -=Se=- 0.7861 

9 
maxHBint4 Maximum E-State descriptors of strength for 

potential Hydrogen Bonds of path length 4 
0.7843 

10 C2SP1 Triply bound carbon bound to two other carbons 0.7838 

11 nsssssAs Count of atom-type E-State: ->As< 0.7802 

12 SP-3 Simple path, order 3 0.7798 

13 SssO Sum of atom-type E-State: -O- 0.7784 
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14 ALogP Ghose-Crippen LogKow 0.7774 

15 SP-4 Simple path, order 4 0.7772 

16 naAromAtom Number of aromatic atoms 0.7767 

17 SaasN Sum of atom-type E-State: :N:- 0.7766 

18 nwHBd Minimum E-States for weak Hydrogen Bond donors 0.7765 

19 BCUTp-1l nhigh lowest polarizability weighted BCUTS 0.7763 

20 maxHsssNHp Maximum atom-type H E-State: >NH-+ 0.7744 

4. Compounds are predicted 

Neural network[5,6] is a neural network that simulates the human brain in the hope of realizing 
ai-like machine learning technology. Artificial neural network theory and technology have 
achieved significant development after more than 50 years of hard exploration, among which 
BP neural network[7,8] is the most widely used neural network. 
The input layer index is 20, that is, 20 molecular descriptor variables selected by the main 
variable (Table 3), and the output layer index is 1, that is, bioactivity pIC50. The constructed 
four-layer BP neural network is shown in Figure 2 

X1

X2

X3

X20

K1

K2

Kj

pIC50

Bio-activity value

Wij

Wjm

 
Figure 2 Neural network structure diagram 

1. Calculate the hidden layer and output layer 

(1) The value of jth neuron in the input hidden layer is: 

1
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                                                            (10) 

(2) The output value from the JTH neuron in the hidden layer is:  

( )
j jout inhide f hide                                                 (11) 

Among them, the most commonly used activation functions are logsig function, tansig function 
and purelin function. Tansig function is selected in the hidden layer in this paper: 
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(3) The values of the input and output layer are: 
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m j
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                                           (13) 

(4) The output value from the output layer is: 

( )
m mout inout F out                                                           
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In this paper, purelin linear function is selected as the activation function in the output layer. 

2. Calculate the total network error 

(1) Error ( )me n  of the nth sample is, and my  is the actual value of the mth indicator in the 

output layer, where: 

( )
mm out me n out y                    (15) 

(2) The total network error ( )e n is: 
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3. Calculate the corrected weight of error backpropagation 

(1) The weight correction between the hidden layer and the output layer is: 
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The corrected weight is: 

( 1) ( ) ( )jm jm jmn n n                        (18) 

Where, [0,1]  is the learning rate. In the following, we will set multiple learning rate values, 

and select   with the smallest error as the learning rate of BP neural network. 

(2) The weight between the input layer and the hidden layer is modified as follows: 
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3. Model Building 

(1) Processing the data of training set and test set 

According to variable screening, 1974 lines and 20 columns of molecular descriptor variable 
data were obtained, namely, the input layer data of BP neural network, and the output layer 
data of biological activity was 1974 lines and 1 column. In this paper, the first 1580 rows of data 
are set as the training set, the last 394 rows of data are set as the test set, the data numbered 1-
1580 are set as the training data, and the data numbered 1581-1974 are set as the test data. 
Then the data are standardized according to Formula (19). 
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(2) Determine the hyperparameters 

In this paper, the neural network model constructed by the dual-particle swarm optimization 
algorithm of adaptive chaotic search[9,10] involves four parameters: weight, number of deviation 
hidden layer elements, learning rate, iteration times and momentum factor. The optimal 
hyperparameters searched by chaotic two-particle swarm optimization are shown in Table 4. 
Fitness iteration is shown in Figure 3: 

Table 4 Abnormal data results 

The number of iterations 1614 

learning rate 0.016 

Momentum factor 0.321 

Number of hidden layer neurons 31 
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Figure 3: Chaotic two-particle swarm optimization iteration 

4.1. Model Verification  

Under the parameters determined in the previous section and the neural network completed 
by training, the data of molecular descriptor variables numbered 1581-1974 were input into 
the network to obtain the simulated value of biological activity. The correlation degree is shown 
in Figure 4, indicating that the fitting degree is good. The average error between the real value 
and simulated value of biological activity is within 0.9, and the curve of simulated value and real 
value is shown in Figure 5. 

  
Figure 4: The related degree                           Figure 5: Real and simulated curves 

5. Conclusion 

In order to accurately predict the antagonistic active factors of ERα in drugs, so as to screen out 
effective anti-breast drugs. In this paper, a BP neural network model based on the improved 
particle swarm optimization algorithm is proposed. The hyperparameters of BP neural network 
are optimized by particle swarm optimization algorithm to find the optimal solution. Finally, 
the BP neural network with the optimal hyperparameters is used to predict the antagonistic 
ERα activity factors. It effectively improves the accuracy and efficiency of neural network 
prediction. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 7, 2022 

ISSN: 2664-9640                

677 

References 

[1] JIANG X, ZHAO B. A Statistical Study on Anti-Breast Cancer Drug Screening[J]. Health Care, 2022, 
6(1):001-006. 

[2] LUO G, CHEN M, LYU W, et al. Design, synthesis, biological evaluation and molecular docking studies 
of novel 3-aryl-4-anilino-2H-chromen-2-one derivatives targeting ERα as anti-breast cancer 
agents[J]. Bioorganic & Medicinal Chemistry Letters, 2017, 27(12):2668-2673. 

[3] JIN T, HOU X, LI P, et al. A novel method of automatic plant species identification using sparse 
representation of leaf tooth features[J]. PloS one, 2015, 10(10):e0139482. 

[4] CHEN X, DING Y, CORY C A, et al. A decision support model for subcontractor selection using a hybrid 
approach of QFD and AHP-improved grey correlation analysis[J]. Engineering, Construction and 
Architectural Management, 2020. 

[5] ABIODUN O I, JANTAN A, OMOLARA A E, et al. State-of-the-art in artificial neural network 
applications: A survey[J]. Heliyon, 2018, 4(11):e00938.  

[6] WANG S-C. Artificial neural network [M]. Interdisciplinary computing in java programming. 
Springer. 2003: 81-100. 

[7] LIU L, CHEN J, XU L. Realization and application research of BP neural network based on MATLAB[C]. 
2008 International Seminar on Future BioMedical Information Engineering, 2008:130-133. 

[8] LI J, CHENG J-H, SHI J-Y, et al. Brief introduction of back propagation (BP) neural network algorithm 
and its improvement [M]. Advances in computer science and information engineering. Springer. 
2012: 553-558. 

[9] LIU B, WANG L, JIN Y-H, et al. Improved particle swarm optimization combined with chaos[J]. Chaos, 
Solitons & Fractals, 2005, 25(5):1261-1271. 

[10] TANG K, LIU B, YANG J, et al. Double center particle swarm optimization algorithm[J]. Journal of 
Computer Research and Development, 2012, 49(5):1086. 

 
 

 

 


