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Background: Glucocorticoids are commonly used as adjuvant treatment for side-effects and have anti-
proliferative activity in several tumors but, on the other hand, their proliferative effect has been reported in sev-
eral studies, some of them involving the spread of cancer. We shall attempt to reconcile these incongruities from
the genomic and tissue-physiology perspectives with our findings.
Methods: An accurate phenotype analysis of microarray data can help to solve multiple paradoxes derived from
tumor-progressionmodels.Wehave developed a new strategy to facilitate the study of interdependences among
the phenotypes defined by the sample clusters obtained by common clusteringmethods (HC, SOTA, SOM, PAM).
These interdependences are obtained by the detection of non-linear expression-relationships where each fluctu-
ation in the relationship implies a phenotype change and each relationship typology implies a specific phenotype
interdependence. As a result, multiple phenotypic changes are identified together with the genes involved in the
phenotype transitions. In this way, we study the phenotypic changes from microarray data that describe com-
mon phenotypes in cancer from different tissues, and we cross our results with biomedical databases to relate
the glucocorticoid activity to the phenotypic changes.
Results: 11,244 significant non-linear expression relationships, classified into 11 different typologies, have been
detected from the datamatrix analyzed. From them, 415 non-linear expression relationshipswere related to glu-
cocorticoid activity. Studying them, we have found the possible reason for opposite effects of some stressor
agents like dexamethasone on tumor progression and it has been confirmed by literature. This hidden reason
has resulted in being linked with the type of tumor progression of the tissues. In the first type of tumor progres-
sion found, new cells can be stressed during proliferation and stressor agents increase tumor proliferation. In the
second type, cell stress and tumor proliferation are antagonists so, therefore, stressor agents stop tumor prolifer-
ation in order to stress the cells. The non-linear expression relationships among DUSP6, FERMT2, FKBP5, EGFR,
NEDD4L and CITED2 genes are used to synthesize these findings.

© 2014 Published by Elsevier B.V.

1. Introduction

A phenotype is a consequence of the interaction among genetic and
environmental factors. There are several thousands of disorders caused

by single genes, in these cases the variation in certain traits or cellular
functions can be controlled by single-expression variations. But this is
not the general rule. Usually, traits or cellular functions are controlled
by multiple genes, and a combination of multiple traits or cellular func-
tions leads to the final phenotype. Only by using specific tools to study
the dependence among phenotypes is it possible to deal with this com-
plexity. This is the case of our study about the dual effect of glucocorti-
coids. The dramatic increase of microarray sample series motivates a
more subtle analysis of gene dependences throughout these large series
in order to infer phenotypes from gene behavior. There are several ana-
lytical methods that perform a global clustering of the microarray sam-
ples, such as Self-Organizing Maps, or which perform local clusterings
by considering only a subset of co-expressed genes, such as biclustering,
and so on. All of them build the clusters based on gene-expression
levels. The methodology developed improves these clustering methods
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because it enriches the final study of the generated clusters and also di-
rects this study to the researcher's objectives. Initially, our system de-
tects different phenotypic changes involving a limited number of
relevant genes which are greatly affected by these phenotypic
changes. This detection is not based upon the study of gene-
expression levels; instead, it is based upon: a) the full expression-
dependence among genes, and b) expression-dependence fluctua-
tions. Finally, the phenotypic changes found by our system are linked
with the global clusters obtained by the different classical methods.
This fact will facilitate the subsequent study of complex phenotype
interdependences and regulation.

Our methodology to detect phenotypic changes is based upon
the following two principles: First, since the different phenotypes
are performed by different sets of co-expressed genes not linearly
correlated among each other, the interdependence among these
phenotypes cannot be described by a linear-expression relation-
ship. Second, each fluctuation in a correlated expression relation-
ship implies a phenotype change. Whereas the classical global and
local methods are focused on the detection of co-expressed genes,
the proposed strategy here is focused on the detection of non-
linear expression relationships between sets of co-expressed
genes, because these relationships describe the interdependence
among the phenotypes.

Accordingly, we have incorporated a tool for the detection and clas-
sification of non-linear expression relationships in our web-application
server formicroarray analysis. On the other hand, we have incorporated
themost common “global” clusteringmethods applied to sample series.
Their output data are represented togetherwith the detected non-linear
expression relationships with the aim to link both (Fig. 2). Furthermore,
the system allows for crossing the results with GO, KEGG, PubMed, and
other Biomedical DB, to direct the final study to genes related to the
researcher's objectives. As a result, an accurate dissection of phenotype
interdependences can be performed, and this dissection can be linked
to biomedical information and current bibliography to focus the data
analysis on the researcher's area of interest. The conclusions that can
be extracted from each work will depend in a great extent on the
gene-expression matrix used as a base for these analyses and on how
well this matrix represents the phenotypes that the researchers wish
to study.

The paradoxes are common in cancer research; often, the same gene
is reported as a marker of tumor progression as well as a marker of
tumor suppression. The research topic of the presentwork is the conve-
nience of glucocorticoid administration in cancer therapy, and it re-
mains as an open question due to these paradoxes. Stressor agents
like dexamethasone have shown positive and negative effects on
tumor treatment. On the one hand, glucocorticoids are commonly used
as adjuvant treatment for side-effects and have anti-proliferative activity
in several tumorswhile, on the other hand, the proliferative effect of syn-
thetic steroids with predominantly glucocorticoid activity has been re-
ported in several studies, some of them involving the spread of cancer.

We have reconciled these apparent incongruities with our findings,
facilitated by the mentioned tools. In the present work we present
both the procedure and the practice trying to solve these paradoxes. It
is commonly accepted that the immunosuppressive activity of glucocor-
ticoids and other stressors can increase cancer incidence, but their caus-
al relationship seems to bemore complex than this.We have found that
the pro- and anti-tumoral effects of stressor agents like glucocorticoids
depend on the tumor-proliferation type of the tissue. In the first type of
tumor proliferationwe have found that the newcells can be immediate-
ly stressed after proliferation without stopping tumor proliferation. In
these tissues, stressor agents would increase tumor proliferation
progressively. In the second type we have found that cell stress (and
function) is incompatible with tumor proliferation, and during tumori-
genesis the new cells remain unstressed and undifferentiated. In these
tissues, stressor agents would stop tumor proliferation to then stress
the cells.

The proliferation type of each tumor tissue is closely related to the
physiology of the healthy tissue. In tissues where the proliferation and
function are performed in different areas of the tissue (like colon), the
new cells are immediately incorporated from proliferation areas to
functional areas, in which cells can be stressed. In these tissues, stressor
agents increase tumor proliferation progressively. In tissues that cannot
be functional during tissue remodeling, the new cells remain non-
functional until the remodeling of the tissue area is finished, and it can
then be stressed again (like glia or bone). In these tissues, stressor
agents stop tumor proliferation in order to stress the cells.

Thus, the reason for the existence of two types of tumor proliferation
seems to be that the type of proliferation pattern is an important prop-
erty of the healthy tissues that tend to remain, at least in part, when
these tissues become tumorous.

2. Results

2.1. Expression-relationship typology reveals the role of genes in phenotypic
changes

Whereas an expression-relationship fluctuation points to a phe-
notype change, the relationship typology indicates the kind of in-
terdependence among the phenotypes. Our tools classify gene
relationships by typology, because each different typology indi-
cates a different kind of interdependence. These tools have been
used to study the role of some genes related to the glucocorticoid
signal in tumors, as this glucocorticoid signal does not always pro-
mote the same phenotypic changes.

We have performed the analysis of expression data corresponding to
the genes from 60 different tumoral cell-lines in response to 118 drugs.
The final data analyzed are a robust gene-expression matrix. Our objec-
tive in analyzing these data is to study the phenotypes in common
among different types of tissue. These data show the phenotypes
where each drug acts, ignoring whether these phenotypes belong to
one tissue or to another (two samples of the same tissue can be in
two different phenotypes, and different tissue samples can be in the
same phenotype). For this purpose, the correlation between the level
of expression of the genes and the drug's effect has been initially sought,
gathering samples from all tumorous tissues. The samples of different
tumor cell-lines become the data-cloud, with their corresponding
level of expression and drug effectiveness. From these data we
obtain the phenotypes, defined by the expression of the genes, in
which the drugs act. Thus, in the final matrix we see that each drug
will act in a concrete phenotype, which is common among different
types of tissue.

The procedure followed trying to solve the paradoxes about the
double effect of glucocorticoids in cancer progression is shown in
Fig. 1. This includes sample clustering, detection of non-linear ex-
pression relationships, classification by type of curve, access to re-
mote databases, and analysis of dual behaviors. Throughout this
paper we will outline the different phases of the pipeline and the re-
sults we obtain.

In this process, for the 1416 genes of the final matrix, 11,244
significant non-linear expression relationships classified into 11 differ-
ent typologies have been detected. From them, 122 genes and 415
non-linear expression relationships were related to glucocorticoid ac-
tivity. Below, some of themain relationship typologies are described to-
getherwith the expression relationships that can help us to describe our
findings.

2.2. Different expression-relationship typologies and our gene relationships
of study

y=ln(x) Expression-relationship typology followed by trigger and en-
hancer genes. One of the genes must be over-expressed to
make the other gene's over-expression possible.
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