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Abstract: Down syndrome (DS) affects approximately one in 700 live births and it is considered as the most 

prevalent cause of intellectual disability (ID). DS is caused by the presence of an extra copy of the human 

chromosome21 (Hsa21) and has been investigated on protein levels by using the Ts65Dn mouse model. For 

the treatment of DS, many efforts have been made for developing drugs to rescue learning performance. In 

this paper, we apply forward feature selection method to identify the important proteins in which 

memantine and GABAA alpha5 receptor inverse agonist- RO4938581 drugs affect. Identifying these gene 

products will help researchers to determine the molecular pathways which play key roles for rescuing 

performance in DS. Analyzing these pathways helps us to not only understand the learning process but also 

to contribute the new drug design for the treatment of DS. 
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1. Introduction 

DS is caused by trisomy of Hsa21 and the increased expression, due to dosage, of some subset of the 

encoded genes [1]. The overexpression of genes encoded by the extra copy of Hsa21 in DS is believed to be 

sufficient to perturb many different biological processes and pathways, such as affecting brain development 

and causing learning and memory deficits [2]. Individuals with DS show some level of ID and delay in motor 

skill development. Most individuals achieve major life skills on their own developmental course, and show 

communicative intent, regardless of limitations in their verbal ability [3], [4].  

There are no pharmacotherapies for learning deficits in DS. Due to the severity and the high incidence 

rate of DS, researchers have used mice for the development of cure for DS. However, DS is challenging to 

model in mice as orthologs of Hsa21 genes map to segments of three mouse chromosomes, indicated as 

Mmu16, Mmu17, and Mmu10. The Ts65Dn mouse type is the first viable segmental trisomy mouse model 

for DS. It is trisomic for 55% of Hsa21 orthologous protein-coding genes and is also trisomic for a large 

number of genes that are not orthologs of Hsa21 proteins. The Ts65Dn displays many features relevant to 

DS, including abnormalities in neuronal number and morphology in some brain regions and deficits in 

learning and memory (L/M) [5], [6].  

Over the last few years, numerous drugs and small molecules have been shown to rescue one or more 

abnormalities in the Ts65Dn [7]-[15]. Untreated Ts65Dn mice fail to learn but if they are first injected with 

drug, they can learn successfully, i.e., learning is rescued. These successes have led to considerable 

enthusiasm for clinical trials to develop drugs. One of the drugs is memantine and it is currently in use for 
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treatment of learning deficits in DS to rescue performance in several L/M tasks. While memantine is known 

to modulate excitatory neurotransmission through antagonizing activity of Nmethyl-D-aspartate (NMDA) 

receptor, little is known about its effects on protein expression, either alone or with learning paradigms 

[16], [17].  

Increased GABAA-mediated inhibition has been proposed to be a crucial mechanism for contributing to 

the L/M alterations found in the Ts65Dn. Another drug, RO4938581 (3- bromo-10-(difluoromethyl)- 

9H-benzo[f]imidazo[1,5-a][1,2,4] triazolo [1,5-d] [1,4] diazepine) is GABAA receptor negative allosteric 

modulator (NAM), with dual binding and functional affinity specific for GABAA receptors containing the a5 

subunit. Like memantine, it is also used for rescuing protein anomalies in the Ts65Dn. It has been shown 

that RO4938581 improves L/M and rescue neurogenesis, without the side effects, such as anxiety and 

convulsions [9].  

Protein functions and possible interactions between them and drugs occur differentially in people with 

DS. Comparison of protein profiles between the Ts65Dn when they fail and the Ts65Dn when their learning 

is rescued with drugs reveal statistically significant changes in protein levels associated with rescued 

learning.  

Rescued performance of drugs in DS has been studied in the literature. Ahmed et al. [18] performed a 

three level mixed effects (3LME) statistical analysis model of the trisomic and normal mice protein profiles 

with and without exposure to memantine. They showed that more than half of the protein levels change 

significantly in the hippocampus when exposed to either contextual fear conditioning (CFC) or memantine 

and there were significant differences between the profiles of normal and Ts65Dn mice. However, the 

standard statistical analyses employed in the Ts65Dn studies do not identify several important features, for 

example, which changes induced by drug are critical for rescuing learning in the Ts65Dn. The machine 

learning methods might fulfill these needs. Thus, Higuera et al. [19] analyzed the profiles using 

unsupervised learning, Self Organizing Map (SOM) to find the discriminant proteins in rescued learning 

with drug memantine. They used the Wilcoxon rank-sum test to identify proteins whose levels are 

significantly different between classes of mice. They analyzed expression levels of 77 proteins obtained 

from normal genotype control mice and from their trisomic littermates (Ts65Dn) both with and without 

treatment with the memantine drug. With the selected proteins, mice in failed learning discriminate from 

mice in rescued learning efficiently. Also, Block et al [9] used GABAAα5 selective modulator, RO4938581, for 

rescuing protein anomalies in the Ts65Dn.  

In their work, 91 protein levels relevant to brain functions were measured by applying the 3LME and 44 

of the 52 anomalies in Ts65Dn were corrected by RO4938581. In this work, the forward feature selection 

method is applied for selecting subset of features from protein expression datasets which comprise 

memantine and RO4938581 drugs interactions between proteins. These selected protein subsets which 

show the critical factors for differentiating mice in rescued and failed learning are compared in order to 

understand effects of drugs on protein expression. This type of analysis can help to address questions such 

as whether different drugs-treated Ts65Dn mice exhibit similar response or not.  

In this research, we demonstrate that two drugs, memantine and RO4938581, affect the common 

proteins. It can be utilized from this outcome to understand the effects of drugs on DS and effective drugs 

can be developed.  

The rest of paper is designed as follows; section two explains the materials and methods part. Section 

three shows the selected protein subsets of different drugs treated Ts65Dn mice and discuss the results. In 

the conclusion section, we evaluate the response of different drugs on mice protein expression and 

contribution of obtained information from these responses to diagnose and cure the DS. 
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2. Material and Method 

2.1. Datasets 

In this work, two datasets are used. The dataset of memantine drug which contains a total of 1080 

measurements per protein is taken from the Machine Learning Repository at University of California Irvine 

[20]. It consists of the expression levels of 77 protein modifications that produced detectable signals in the 

nuclear fraction of the cortex. Protein lysates were prepared from the brains of three month old male 

Ts65Dn DS model mice and their male littermate wildtype controls. There are 38 control mice and 34 

trisomic mice. 15 samples, three replicates of a five-point dilution series, are obtained per mouse, adding up 

to a total of 1080 samples. The dataset is divided into eight classes of mice based on protein profiles of 77 

proteins after training in CFC with and without injection of memantine. The eight classes of mice are 

described based on features such as genotype, behavior and treatment. With CFC, data of failed and rescued 

learning classes are determined from the protein expression response of seven and nine mice, respectively.  

The dataset of RO4938581 drug is obtained from Prof. Gardiner at Colorado University, Denver. It shows 

the normalized data from whole lysate hippocampus of Spanish Ts65Dn ten months mice treated with 

RO4938581 or saline as control vehicle. Each sample is associated with three replicate spots of a five point 

dilution series. The dataset is divided into four classes of mice which are control group and Ts65Dn group 

mice treated with saline or RO4938581. Information of failed and rescued learning classes are obtained 

from the protein expression response of 11 and 10 mice, respectively. 

2.2. Data Preprocessing 

Both datasets have one or more mice with missing values. The missing values are replaced with the 

average expression levels of the corresponding sample of that protein in the same class. For example, if one 

mouse is missing the first sample expression level information, it is replaced with the average value of first 

sample protein expression of other mice in the same class. In addition to replacing the missing parts, all 

measurements were normalized with Z-score normalization to prevent proteins with higher values 

influence on the classification result erroneously. With Z-score normalization as stated in Eq (1), mean of 

the scores is subtracted from each score and then divided into the standard deviation [21]. 

 

𝒁 =
𝒙−µ

𝛔
                                          (1) 

2.3. Feature Selection 

Feature reduction is the process of reducing the number of features to identify the most relevant and 

important variables. It is very important as it helps us to understand information about the class of mice. It 

has the effect of decreasing the computational cost. Feature selection and feature integration methods are 

used for feature reduction. Feature selection selects a subset of features, while feature integration generates 

a new feature set of original features. Wrapper method is a type of the feature selection method and it uses 

a subset of features and train a model using them. One type of wrapper method, named as forward feature 

selection, is used in our work. It begins with an empty set and adds features based on classifier result. It 

does not examine all possible subsets and does not have a guarantee to find the optimal subset. However, it 

reduces the search time compared to exhaustive feature selection [22].  

Using the Knostanz Information Miner (KNIME), forward feature selection is applied [23]. The idea is to 

program a search loop. Inside the loop, the dataset is partitioned into a learning set (70%), used for the 

construction of the model in the current selection of the variables and a validation set (30%), allowing for 

computing an unbiased estimation of the error rate. For learning process, Naive Bayes Learner is used and 

features are selected based on their effects of the improvement on our model. Scorer component computes 
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confusion matrix and test error rate. 

3. Results 

Using the KNIME tool [23], forward feature selection is applied for obtaining the feature subsets of 

datasets which show us the critical proteins expressed in response to memantine or RO4938581. Table 1 

shows the expressed proteins when mice are injected with memantine and RO4938581 drugs. Four gene 

products shown in bold are expressed in common with RO4938581 and memantine treated Ts65Dn. 

 
Table 1. Feature Subsets of Datasets 

Feature No Feature Subset Feature Subset of Previous Work   

1 BRAF BRAF   

2 S6 S6   

3 MEK CDK5   

4 ADARB1 BDNF   

5 pBRAF pCREB   

6 PKCA PKCA   

7 NR1 SOD1   

8 SHH PSD95   

9 BDNF pNR2A   

 
The selected proteins in these feature subsets have important roles in learning pathway and neural 

growth. BRAF, PKCA and MEK genes are associated with MAPK pathway and important in L/M process. 

Ribosomal Protein S6 and pGSK3B are components of mTOR pathway which takes action in learning. NR1 is 

the component of NMDAR receptor which plays an essential role in excitatory transmission and L/M 

process. BDNF gene encodes a member of the nerve growth factor family of proteins The SHH gene provides 

instructions for making a protein called Sonic Hedgehog which is necessary for the development of 

forebrain. This signaling protein helps establish the line that separates the right and left sides of the 

forebrain. 

4. Conclusions 

In this paper, we have reported two different drug responses to protein expression in DS. The motivation 

of this research is to understand whether different drugs-treated Ts65Dn mice exhibit similar response or 

not. With the obtained result, the molecular pathway of rescued performance in DS can be understood and 

effective drug can be developed.  

DS is the most prevalent genetic cause of ID in humans with an incidence of 1:700 in live births. Because 

of its high importance, understanding the cause of DS is required in order to develop drugs for rescuing 

learning. Thus, the critical roles of proteins which are expressed with different drugs and are potential 

targets of drugs have been analyzed by comparing protein expression levels of trisomic mice when learning 

is failed or rescued. The Ts65Dn group of mice fail to learn; this learning impairment can be corrected, 

however, if the Ts65Dn are injected with drug prior to training.  

In previous works, using statistical analysis methods and machine learning techniques, drug responses of 

memantine and RO4938581 are evaluated separately. In our work, protein subsets of two drug responses 

are evaluated together in order to understand general drug response and to find common pathway in which 

selected proteins in these two subsets are affected.  

Before selecting features, preprocessing step consisted of filling missing values and normalization. These 
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parts are carried out differently than previous works. Missing values are replaced with the average protein 

expression level of corresponding sample in the same class. For normalization, Z score normalization is 

applied to prevent influence of proteins with higher values on the classification outcome. In the next step, 

the forward feature selection method is applied to find most correlated and informative proteins. Forward 

feature selection is multivariate feature selection method in which features are handled together rather 

than one by one. For learning process, Naive Bayes classifier is used and features are selected based on their 

effects of the improvement on our model.  

With forward feature selection technique, the critical factors in two datasets are determined. The results 

of selection method show that the selected proteins in two subsets have important roles in learning 

pathway and neural growth. In addition, there are common proteins which are expressed with both drugs 

and so it can be concluded that different drugs treated Ts65Dn mice exhibit similar responses. 

Abnormalities of these selected proteins may result in various symptoms of DS. Thus, these proteins and 

their interactions must be evaluated in pathway analysis to develop effective drugs for the treatment of DS. 

By giving efforts to selected subsets in our work, the rescued performance in DS can be understood and by 

analyzing the pathways in which selected proteins take action new drug design for the treatment of DS can 

be possible. 
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