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Biological processes arise from nature’s inherent complexity, and they involve many components 
connected with positive and negative feedback, sometimes with redundant circuitry, sometimes with 
differential pathways in different individuals, sometimes with blurry, and conditional and variable 
connectivity patterns. 

In consequence, an intuitive understanding of their dynamics is hard to obtain. Anaxomics’ proprietary 
TPMS technology [1] consists of a compendium of cutting-edge computational tools to mathematically 
model any biological process . In this way, Anaxomics offers its broad expertise in Systems Biology and its 
state-of-the-art biocomputational methodologies to provide a new insight in the understanding of the 
complexity of biological processes.  

This document describes Anaxomics’ methodologies to understand any biological process together with 
its intrinsic complexity. 

 

 

 

 

 

FIGURE 1. MAIN STEPS IN ANAXOMICS TMPS TECHNOLOGY. WE START WITH THE IDENTIFICATION OF SEED PROTEINS, 
WHICH ARE LATER USED TO CONSTRUCT A PROTEIN NETWORK (PROTEIN MAP) BY INCORPORATING INFORMATION FROM PUBLIC 

AND PRIVATE DATABASES. FINALLY, THE BIOLOGICAL NETWORK IS ANALYSED THROUGH DIFFERENT MATHEMATICAL 

APPROACHES. 
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BIOLOGICAL NETWORK CONSTRUCTION 

The first step of the present technology is to build a 
biological network (or map of molecular interactions), 
typically protein-to-protein interactions, which 
represents the physiological environment of the 
biological process of interest.  

The network of molecular interactions is organized 
around seed molecules (typically proteins), which are 
the ones described to be important in the particular 
issue we want to evaluate (a pathway, pathological 
condition, drug…). Upon the definition of the seed 
nodes the next step is the network extension, 
spanning from the key factors (seeds) and 

incorporating characterized signalling routes, 
physical and functional protein associations.  

The network generation and extension process is 
conducted in recursive steps through the 
incorporation on the map of all known 
relationships of the key proteins described in 
public databases (Figure 2). The network is 
embedded with all sorts of biological information 
(drug targets, tissue expression, biomarkers…) 
about nodes (i.e. proteins) and edges (i.e. 
connections) contained       in a monthly updated 
in-house database (axDataBase). 

 

  

FIGURE 2. NETWORK GENERATION AND EXTENSION PROCESS. 



Anaxomics’ Methodologies - Understanding the complexity of Biological Processes 

4 
 

TOPOLOGICAL ANALYSIS 

The functional properties arising directly from the 
topology of the network are analysed, as they 
provide the first glimpse in the understanding of 
the underlying biology. In the first place we 
transform the cell network(s) involved in the 
biological process in question into mathematical 
models that allow the application of a set of 
analytical techniques (i.e. presence, clustering, 
explained below). The cell network is modelled as 
an interconnected graph or map, where the nodes 
are any type of molecule or process (for instance: a 
protein, a metabolite, a gene or a protein pathway) 
and the edges (links) are relationships (for example, 
but not only, metabolic, physical interaction and 
signalling relationships) between two nodes. The 
pattern of connections of each node to the rest of 
the nodes of the graph can be seen as an “n”- 
dimensional space with as many dimensions as 
number of nodes. 

Presence analysis 
Presence analysis evaluates the number of proteins 
present in the network in terms of pathological 
conditions, physiological pathways, etc. that are 
over-represented when compared with n 
randomized networks of the same size. 

Clustering analysis 
Clustering analysis allows the identification of 
regions enriched in proteins in terms of 
pathological conditions, physiological pathways, 
etc., over a 2D transformation of the network when 
compared with the rest of the network. It is based 
on measures of protein density. 

The clustering analysis requires the application of 
dimensionality reduction techniques that can 
provide structure-preserving mappings of the data 
into lower-dimensional spaces. Specifically, 
Anaxomics uses two types of dimensionality 
reduction procedures to visualize high-dimensional 
data into 2D: principal component analysis and 
multidimensional scaling (Figure 3). Both 

approaches start with a square matrix of distances 
containing the relative distance of each protein to 
the rest. 

Principal Component Analysis (PCA)  
Principal Component Analysis is a statistical method 
that seeks to represent multidimensional data in a 
lower dimensional space. In other words, for a 
databank with numerous variables the goal is to 
decrease their number, but at the same time to 
ensure that the loss of information is minimal. The 
new principal components or factors will be a linear 
combination of the original variables and, 
moreover, they will be independent from each 
other [2]. 

Through the PCA transformation the initial matrix 
of points which represents the principal map is 
reduced to two dimensions (2D). This 2D version of 
the initial network locates together those proteins 
whose relationships (links) are more similar. 

Multidimensional scaling (MDS)  
Multidimensional scaling refers to a set of statistical 
techniques for data visualization and exploration. 
The MDS algorithm implies a mathematical process 
which attempts to interactively reduce the n 
dimensions of the map into two. In our case, we are 
using the Sammon’s algorithm [3]. It is similar in 
spirit to PCA but it takes dissimilarity as input. The 
main characteristic of this algorithm is the 
transformation of each of the points in the distance 
matrix into a 2D-version. At each transformation 
step a stress factor is measured to assess the 
accuracy of the transformation applied. The 
process is iteratively repeated until the stress level 
is acceptable, i.e. until a satisfactory solution to a 
transformation of the system into a 2D-version is 
reached. The 2D version obtained after the MDS 
analysis preserves the notion of “nearness” and 
therefore locates together those proteins that in 
the initial network are also near, i.e., they have 
fewer nodes between each other. 
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MATHEMATICAL MODEL GENERATION 

Static, topological information is only the first step 
towards a complete understanding of any 
biological process. A mathematical model is a 
description of the biological system (a whole 
organism, a tissue, a cell…) using mathematical 
concepts and language with the purpose of 
increasing our understanding about it. The model 
provides some insight which goes beyond what is 
already known from direct investigation of the 
phenomenon being studied, allowing to predict 
properties that might not be evident to the 
experimenter. 

Formal methods and computer tools for the 
modelling of networks are indispensable. Those 
methods that are considered to fall within the 
domain of Artificial Intelligence (AI) technologies 
are applied alone and in combination to solve and 
model complex network behaviour. These 
methods include AI graph theory and statistical 

pattern recognition technologies, genetic 
algorithms, artificial neural networks (ANNs) of any 
type and variant, dimensionality reduction 
techniques, stochastic methods like Simulated 
Annealing  and Montecarlo among others [4] [5].  

The mathematical models are generated based on 
the transformation of a previously created 
biological network into a mathematical model 
according to the procedure described in the 
Anaxomics’ patented methods [6] and by using a 
compendium of databases which integrates all the 
biological and clinical knowledge, such as: 

o Microarrays databases, such as GEO [7] 
o Phosphorylation databases, such as 

PHOSIDA [8] 
o 2D gel databases 
o BED (Biological Effectors Database, 

property of Anaxomics) 
o Information provided by customers 

MDS PCA

Protein network

2D

FIGURE 3. 2D PROJECTION OF A PROTEIN 

NETWORK.  

THE UNDERLYING LAYER REPRESENTS A BIOLOGICAL 

NETWORK, THE COLOUR GRADING OF THE IMAGE 

REFLECTS THE PROTEIN DENSITY, FROM BLACK, NO 

PROTEIN, TO YELLOW AREAS OF HIGH PROTEIN 

DENSITY, SEE ADJUNCT SCALE ON THE LEFT 

(PROTEIN/PIXEL2). THE OVERLAYING IMAGE SHOWS 

THE LOCATION AND DENSITY OF DIFFERENT CLUSTERS 

ON THE PROTEIN MAP. AGAIN, THE COLOUR 

GRADING OF THE IMAGE INDICATES THE PROTEIN 

DENSITY IN THIS CASE FROM BLUE (LOW PROTEIN 

DENSITY) TO DARK RED (HIGH PROTEIN DENSITY), SEE 

ADJUNCT SCALE ON THE RIGHT (PROTEIN/PIXEL2). 
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The aforementioned databases represent the human physiology behaviour and may contain data relating 
specific inputs with specific outputs that will be used for model training and validation: 
 

• Model inputs. For example, information about 
drugs, since they inhibit or activate one or more 
nodes of the model (their targets) triggering a 
perturbation through the system. 
 

• Model outputs. Among others, they may be the 
nodes responsible for an adverse events (AEs) or 
an indication that a drug induces, as registered in 
BED. 

 

A selected collection of known input-output 
physiological signals generates a list of physiological rules or principles found to apply in all humans or 
particular pathophysiological conditions. These sets of rules, the “truths”, are collated to form the Truth 
Table that every constructed mathematical model must satisfy, since they represent the known human 

physiology (Figure 4 and Figure 5).  

 

The models should be able to reproduce every 
single rule contained in the Truth Table so the 
error of a model is calculated as the sum of all 
the rules with which the model does not 
comply. 

The models are constructed considering that 
every link in the map (connection between two 

nodes) is represented by a bi- or tri- stable function 
ruled by an unknown parameter. Thus, the number of 
unknown parameters corresponds to the number of 
links contained by the biological network. The 
mathematical model is based on three main elements: 
• Determination of the parameters which regulate 

the function of each link. 

FIGURE 4. ANAXOMICS MATHEMATICAL MODEL. (A) THE BIOLOGICAL SYSTEM IS CONSIDERED AS AN INPUT-OUTPUT SYSTEM. 
SPECIFIC INPUTS OF KNOWN OUTPUTS ARE GIVEN TO TEST THE SYSTEM. (B) EXAMPLE OF AN INPUT-OUTPUT SIGNAL. 
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• Integration functions of all the inputs.  
• Resulting output of each node. 

The determination of the model parameters will 
constitute the resolution of the model. Since the 
amount of model parameters to be determined 
is noticeably higher than the existing and 
available physiological data, Anaxomics may 
apply some of the following simplification 
techniques to reduce the complexity: 
• Undertaking a clinical aggregation process in 

order to cluster the nodes, pathways, etc. of 
model areas with higher uncertainty and, 

therefore, to increase the accuracy of the 
mathematical model. This technique can reduce 
the dimensionality by around 30 %. 

• Creation of abstract clinical nodes, representatives 
of measurable physiological effects and 
elimination of the nodes which they represent. 
This approach can reduce the dimensionality by 
around 25 %. 

• Other simplification and elimination techniques, 
especially in peripheral areas of the biological 
network, can decrease the dimensionality by 
around 10 %. 

 

 

 

 

 

 

 

 

 

The Anaxomics’ TPMS technology [6] includes two 
different and complementary strategies to 
generate mathematical models: ANNs and 
Sampling Methods. The first one is able to identify 
relations among regions of the network 
(generalization), for example, it allows obtaining 
the efficacy and safety profile of a drug of interest. 
The second strategy allows tracing back observed 
effects to molecules and it is normally applied after 
a key region of the map has been identified with 
the ANNs. That is, once identified a response 
(indication, AEs…) to a specific stimulus (drug 
target(s)…) with the ANNs we can analyse its 

mechanistic features (the mechanism of action) 
with the Sampling Methods.  

Anaxomics uses an ANN approach in the first step 
because this method has a higher generalization 
capability. The protein network is a very complex 
structure probably with errors and missing 
information on nodes (proteins) and edges (links) 
derived from the public databases. Undertaking a 
deeper analysis at this level would increase the 
number of false-positive results and it would 
eventually imply more time and cost for us and for 
our customers. The ANN approach is able to 
identify relations between some key proteins or 

INPUT
E.g Drug

OUTPUT
E.g Disease inhibition; 
biomarker production

FIGURE 5. ANAXOMICS MATHEMATICAL MODEL. EXAMPLE OF AN INPUT-OUTPUT SIGNAL TRANSMISSION. THE FIGURE DEPICTS HOW 

THE MODEL CHANGES AT A SPECIFIC SITE OF THE NETWORK IN RESPONSE TO A STIMULUS (PERTURBATION). 

 



Anaxomics’ Methodologies - Understanding the complexity of Biological Processes 

8 
 

regions of the protein network, in spite of the noise 
of the data.  

The idea behind Sampling Methods is to generate 
mathematical solutions to explain all the previous 
biological knowledge around the constructed 
network. The high degree of complexity prevents 
the existence of a single model solution. Anaxomics 
uses among 106-109 model solutions since this 
number accurately represents all the possible 
model solutions. The mathematical solutions have 
to conform to two main types of restrictions: the 
topology of the network and the functional 
information of medicine and biology stored in the 
Anaxomics database, the Truth Table. The 
restrictions constrain the number of possible 
acceptable results. In addition, we take into 
consideration only those model solutions whose 
error level is ≤ 5 %.  

As a result of this approach a set of mathematical 
algorithms, each one representing a putative 
solution to the problem, is obtained. In other 
words, each algorithm is a virtual individual that 
belongs to a virtual population. The virtual 
population shows on average the same behaviour 
than the real population. For instance, when taking 
an Aspirin (Input, Stimulus) most of the real 

population get rid of a headache (Output, 
Response) and this can also be observed in the 
virtual population of algorithms (Figure 6). In 
nature there are probably several ways by which a 
drug exerts a specific effect (indication) in humans. 
Even when a drug has the same outcome for two 
persons, the way in which the drug produces the 
effect could be slightly different. This is also the 
case for the virtual individuals generated with the 
sampling methods applied. There is more than one 
alternative to explain the same phenotypic action 
of a drug. Probably most of the solutions have 
common parts but they are not exactly the same, 
so the most common network patterns among all 
possible low-error solutions constitute the result 
(Figure 6). 

Thus, TPMS methods generate hundreds of 
thousands of solutions with different accuracy 
levels. The best results in terms of accuracy are 
considered plausible solutions for the system. The 
analyses of all these plausible mathematical 
solutions are the final mechanisms of action. 
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Humans

Anaxomics sees the individuals as 
Responses in front of Stimuli

ANAXOMICS is simulating 1000s of virtual humans to analyze the most probable responses by SAMPLING MODELS

e.g: how this individual responds
to an Aspirin?

NOT ALL INDIVIDUALS 
RESPOND EQUALLY TO A 

STIMULUS

This virtual population has been generated following the Human Biology requirements and restrictions (included 
in the Truth-Table)

GENERAL MoA

Specific MoA
(Subpopulation)

FIGURE 6. SAMPLING METHODS RESEMBLE NATURE DIVERSITY. 
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