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ABSTRACT

The development of the mammary gland
encompasses four key periods. They are controlled
by a set of gene products, either expressed at the
period or acting in it, although they have already
been expressed before. Conducting text-mining
analysis, we collected 406 genes involved in the
four periods of breast development: (i) embryonic
development, (ii) puberty, (iii) pregnancy and
lactation and (iv) regression after lactation.
Comparative profiles of gene expression are
available from several sources, and one of them is
the Genotype-Tissue Expression (GTEx) project
which comprises RNAseq data from 53 tissues.
Here we analyzed the expression of the set of text-
mined mammary gland genes with a novel criterion
which indicates if they are highly differentially
expressed as outliers in the different tissues
contained in the GTEx dataset. This approach
aims to reveal in which tissues they are either
“overactive” or “tissue-specific” and concomitantly
being implicated in breast development. Data
showed that, in most of the cases, genes of the
mammary gland development, which are GOAT
(Gene OverActive or Tissue-specific) in a subset
of tissues, are not GOAT in breast. Thus,
development of different tissues might require
GOATs that will likewise act as controllers
of breast development without being highly
differentially expressed to play their role. Our
analyses contribute to the understanding of the
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scenario of developmental control by gene
expression, while providing a simple way to
point out highly differentially expressed genes
in different tissues.

KEYWORDS: expression profiles, mammary
gland development, overactive genes, tissue-specific
genes.

INTRODUCTION

In the recent past, when a researcher became
interested in the comparative expression of a given
gene, the source of information was UniGene, from
NCBI [1, 2]. Partial sequences from mRNAs,
known as Expressed Sequence Tags (ESTs) from
several tissues were assembled into contigs and
the composition of the consensus allowed a
representation of tissue expression pattern as
virtual hybridization spots, a procedure that,
nowadays, does not bring any clue of what it is to
our young researchers (Figure 1). However, the
tissue expression pattern was there, promptly
inspected. Besides, expert scientists, mostly on
bioinformatics, could extract this information
from several independent deposits in NCBI Gene
Expression Omnibus (GEO) [3, 4] and other
sources. The initiative of the EMBL-EBI Expression
Atlas [5-7] became a popular way to obtain this
information.

The EMBL-EBI Expression Atlas provides a good
representation of comparative tissue expression
for a gene of interest. The main output is a heat
map table where one can move the cursor over
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Figure 1. Expression data from NCBI UniGene showing tissue, TPM, spot intensity based on TPM and
ESTs per total ESTs in pool [1, 2]. Gene is SERPINF2. Figure was extracted from NCBI Handbook [13].

a particular cell to turn colors into numbers,
with transcripts per million (TPM) as units. For
comparative biology, the best sources of information
are the “baseline experiments”, which comprise
expression rates for many tissues or cell lines.
A great source of information found in EMBL-
EBI Expression Atlas is a set of 53 distinct tissues
coming from the Genotype-Tissue Expression
(GTEXx) project [8, 9]. Other sources are presently
available, such as: expression across 530 tissues
tested by GENENVESTIGATOR [10]; expression
shown in Bgee [11], where low Raw score means
that the gene is highly expressed across all gene
collections, conditions and species while the
expression score uses the minimum and maximum
Rank of the species to normalize the expression to
a value between 0 and 100; and GTEx data at old
version v6, accessed within the UCSC Genome
Browser [12].

These sources of comparative biological information,
despite depicting which genes continue to be
relevant for adult tissue functions, lack on
information about the developmental patterns of
gene expression. Frequently this kind of information
has to be extracted from series, dedicated to a

single tissue or cell type and often under
physiological conditions of interest of the specific
research. However, it is possible, with the
information attained in these sources, to verify if
genes that are highly differentially expressed in
already developed tissues might have had been
implicated in the history of development of a
specific tissue. Here we developed a method to
point out which genes can be characterized as
highly differentially expressed, characterizing
them as overactive in some tissues or tissue-
specific, and indicating which of these would
contribute to mammary gland development stages.
Therefore we set out to investigate if genes that
are implicated in breast development and highly
differentially expressed in other tissues, present
the same status in the breast.

MATERIALS AND METHODS

Developmental functional specifications of tissues
are often connected to the expression of a set of
genes, which control the pathways that culminate
with the tissue development. Genes implicated in
the development of mammary gland were selected
with a combination of a query in PubMed and the
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processing of this large result with a text mining
tool named MedLine Ranker [14] which, with the
help of a few abstracts that are of user interest, the
training set, can rank a great amount of abstracts
related to them. The procedure of building a
pathway with this approach has been described in
a manual [15]. Basically, selected abstracts are
processed with another text mining tool called
PESCADOR [16] to reveal interactions between
genes. Here we analyzed the expression of 406
genes implicated in four periods of mammary
gland development: (i) embryonic development;
(il) puberty; (iii) pregnancy and lactation;
(iv) regression after lactation. Expression data
were obtained from the EMBL-EBI Expression
Atlas [5, 6, 7] and we focused on a set of 53
distinct tissues coming from the Genotype-Tissue
Expression (GTEX) project [8, 9]. For each gene,
the expression given in TPM, averaged from
many samples per tissue, was obtained and sorted
in ascending order. We determined the values of
first and third Quartiles, Q1 and Q3, and the
Interquartile Range, IQR = Q3 - Q1. In a boxplot
graph [17, 18], outliers are determined by
multiplying IQR per 1.5 and this product is added
to Q3 to obtain a limit known as upper inner fence.
Therefore, for upper inner fence determination, the
calculation is Q3 + (1.5 x IQR). Samples above
this fence and below upper outer fence are
considered mild outliers. The upper outer fence is
calculated by Q3 + (3 x IQR), and samples above
this limit are known as far outliers. Manual
inspection of GTEx profiles suggested that the
farthest outliers could be classified by the factor
that multiplies 1.5 in the first formula, and we
named this factor o-score, after outlier score.
Thus, we calculated fences as Q3 + (o-score x 1.5
x IQR). For a given gene, the o-score corresponding
to a given tissue TPM is determined by:

o-score = (TPM - Q3) / (IQR x 1.5)

However, for some profiles, gene expression
assumes very small values for most tissues, thus
Q1 and Q3 tend to zero; therefore the IQR also
tends to zero, and o-score is infinite. These genes
have been considered in the literature as tissue-
specific genes (TS), since their expression is
absent in most tissues. For characterizing tissues
where gene is TS, we ordered the expression data,

given in TPM, and calculated the cumulative
expression from the less to the most expressed
gene. We then determined 25% of the cumulative
expression, inspected the ordered tissues to
determine which tissue first accumulated 25% of
total cumulative expression in the ranked list and
filtered out tissues up to this one, saving, therefore,
the tissues with the most expressed TS genes for
comparative analysis.

For TS genes, instead of o-score, we considered
ts-score as the cumulative expression in a ranked
list of the 53 tissues. Thus, in this study we aimed
to verify if genes with the highest o-scores or
ts-scores in breast were enriched in the list of
text-mined genes related to mammary gland
development, and, if not, in which tissues these
mined genes present high o-score and ts-score.
For o-score we restricted the analysis to o-score > 5
and ts-score > 25% of the cumulative expression.

RESULTS

Overactive genes versus tissue-specific genes

Tissue-specific genes have been commented in
the literature for years; however, it is possible
to observe from manual inspection that some
genes are broadly expressed across tissues, as
Glyceraldehyde Dehydrogenase gene (GAPDH).
As seen in Figure 2, besides being expressed in
all tissues, GAPDH is more active in a couple
of tissues and in EBV-transformed lymphocyte
(Epstein-Barr virus-transformed lymphocyte), a
cell line also present in the GTEx dataset. We
have noticed that tissues below the upper inner
fence of boxplots presented a profile that, if
submitted to a statistical adherence test, fits the
normal distribution. Therefore, we consider these
tissues as having a Gaussian expression. The
biological interpretation of this fact is that tissues
aim to produce the average of 14 TPM (i.e. the
average of the points below the first line, the inner
fence, in Figure 2) and, like most biological
processes, the result is a normal distribution
around the mean. But we noticed that some tissues
produce expression levels that reject the Gaussian
distribution. In this report we will concentrate on
those with o-score over five, which, in the
GAPDH example, are the skeletal muscle tissue
and the cell line EBV-transformed lymphocyte.
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Figure 2. Expression profile for Glyceraldehyde Dehydrogenase (GAPDH) gene.
Lines are fences drawn with discrete values of o-score.

This gene is indeed considered expressed in all
tissues; however, it has been depicted with distinctive
expression as a far outlier in some tissues by our
approach.

Evidently, GAPDH has been chosen as an
example of a gene being overactive in skeletal
muscle tissue besides being expressed in all
tissues, but as a component of glycolysis it is not
within our list of relevant genes in the mammary
gland development. However, when we observed
the overactive genes that form this list in all
tissues, remarkably only nine are overactive in
breast (Figure 3). Actually, from the genes of interest,
11 tissues bear more than nine overactive genes:
EBV-transformed lymphocyte (13), blood (10),
cerebellar hemisphere (10), cortex of kidney (10),
liver (11), lower leg skin (14), small intestine
Peyers patch (10), spleen (14), suprapubic skin
(14), testis (11) and transformed skin fibroblast
(16), showing that genes that are important for
mammary gland development do not necessarily

have to be overactive in developed breast, and that
some other tissues, but not all, may have more
genes that contribute with high impact in their
regulation and also participate in mammary gland
development. As for the tissue-specific genes,
breast shows only two genes, CSN1S1 (Alpha-S1-
casein) and ELF5 (ETS-related transcription
factor EIf-5). Figure 4 presents an example of
the tissue-specific expression of Alpha-S1-casein,
which plays an important role in the capacity of
milk to transport calcium phosphate. It can be
noticed that the highest expression is not in breast,
but in subcutaneous adipose tissue.

From the list of genes that are implicated in
mammary gland development, tissue-specific genes
were more frequent in cerebellar hemisphere (3),
cerebellum (3), lower leg skin (3), lung (5), minor
salivary gland (3), suprapubic skin (3), testis (11)
and urinary bladder (3) than in breast. Therefore,
the tissue-specific expression of genes implicated
in mammary gland development, as for overactive
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Figure 3. Overactive (o-score > 5) and tissue-specific genes (ts-score > 25%)
in the Genotype-Tissue Expression (GTEX) project tissues.

genes, is also not restricted to breast. Summarizing,
genes of interest show the highest expression in
19 tissues more frequently as in breast: 11 tissues
for overactive and eight for tissue-specific genes,
with concordance in four tissues: cerebellar
hemisphere, lower leg skin, suprapubic skin and
testis.

Gene expression in breast

From the list of genes of interest, only one is
highly expressed in breast, the Homeobox
protein aristaless-like 4, ALX4, with o-score
6.2 (Figure 5). Thus, contrary to what was
expected, distinctive expression in breast was not
the rule.
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Figure 4. Expression profile for Alpha-S1-casein, CSN1S1 gene, Tissue-specific in greater omentum,
breast and subcutaneous adipose tissue (ts-score > 25%). Vertical lane filters out tissues below threshold.

Genes from the mammary gland development list
that were overactive in breast comprise: TFAP2C
(transcription factor AP-2 gamma), TBX15 (T-box
transcription factor TBX15), LPL (lipoprotein
lipase), GPAM (mitochondrial glycerol-3-phosphate
acyltransferase 1), CD36 (platelet glycoprotein 4),
TIMP4 (metalloproteinase inhibitor 4), the
already mentioned ALX4 (Homeobox protein
aristaless-like 4), MMP3 (Stromelysin-1) and LTF
(Lactotransferrin). Tissues that share more overactive
genes with breast are: subcutaneous adipose tissue
and greater omentum, both sharing the same four
genes, LPL, GPAM, CD36 and TIMP4, while
subcutaneous adipose tissue also shares with
breast TBX15.

On the other hand, two genes from the mammary
gland development list have shown tissue-specific
expressions: CSN1S1 (Figure 4) and ELF5. CSN1S1
is also TS in greater omentum and subcutaneous
adipose tissue and ELFS5, in urinary bladder and
minor salivary gland.

During mammary gland development [19], in
embryonic development there is participation of
the overactive genes TBX15 and CD36. Curiously,
TBX15 is inhibited by BMP4 in embryo, to
dorsoventrally positioning the gland development.
CD36 is an important lipid transporter acting
at the embryonic stage. In puberty stage four
overactive genes participate: TFAP2C, ALX4,
TIMP4 and LPL. TFAP2C codifies a transcription
factor regulated by estrogen and progesterone
which stimulates cellular proliferation in terminal
end buds. TIMP4 is a metallopeptidase inhibitor
implicated in tissue remodeling. LPL, lipoprotein
lipase, acts in the capture of lipids. Moreover in
pregnancy and lactation period, LPL and CD36
remain important, with the participation of GPAM,
overactive, which catalyzes the conversion of fat
acid to lysophosphatidic acid. Furthermore, in
Involution period, LTF plays a role against bacterial
infection while MMP3 cleaves glycoproteins,
being important for tissue remodeling. Both LTF
and MMP3 are overactive genes.
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Figure 5. Expression profile for Homeobox protein aristaless-like 4, ALX4 gene.
Lines are fences drawn with discrete values of o-score.

The analysis presented here is rather preliminary
to explain the reasons for these overactive and
tissue-specific genes to be highly differentially
expressed in developed breast, but probably the
answer comprises sharing of binding sites for
transcription factors acting in the specific periods
of development, what is currently being investigated.

DISCUSSION

Development drives modifications in cells and
tissues by several mechanisms, amongst which
gene expression is the main force. Distinct tissues
will develop under the expression of key genes.
A simple and fast way to list developmental-
associated genes is to conduct text mining directed
by thematic queries. Here we analyzed a list of
406 genes collected with the focus on participation
in mammary gland development. We have
introduced the concept of overactive gene as the
gene expressed as a far outlier in a boxplot graph.
Usually boxplots are presented with a whisker, a
bar that goes from the third Quartile (Q3) until the

last point beneath the inner fence. Inner fence is
calculated by adding to the third Quartile (Q3)
a product of 1.5 times the Interquartile Range
(IQR). Observations beyond the inner fence are
classified as outliers in the statistical literature.
Manual inspection of gene expression profiles
pointed out that, for some tissues, the expression
corresponds to a value far beyond the inner fence.
Therefore, we defined a parameter called o-score,
which was built to multiply IQR by 1.5 in fence
calculation (see ‘Materials and Methods’ section).
This parameter is able to identify several fences
and can position the outliers qualitatively.
Moreover, the o-score can be calculated for each
sample. This parameter allows for characterization
of gene expression activities that differ from the
majority of other tissues. We named the far outlier
as overactive, after the concept of overexpressed
gene that is when high expression is produced
ectopically. This classification allows for the
depicting of tissues in which the expression is
highly differentially expressed, although being
expressed in all tissues.
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Furthermore, genes that are not expressed in most
of tissues have been classically called tissue-
specific. It is expected that both classes of genes
might participate in tissue development. Thus, one
can ask, would a list of genes implicated in a
developmental biology phenomenon be enriched
by overactive and tissue-specific type of genes?
Would it be possible that a significant number of
genes from this list are more overactive or TS in
distinct tissues than the one studied? Would those
tissues be functionally related to the tissue that
originated the list? These questions have been
addressed here, and data points to a different
direction. There are tissues in which genes from
the list are GOAT (Gene OverActive or Tissue-
specific), i.e., either overactive or TS. Sometimes
distinct tissues show more GOAT genes than
the original tissue of interest. Reasons for this
effect must be further investigated and probably
involve sharing of transcriptional binding sites
in promoters. However, the scenario drawn here
points to a combinatorial consortium of specially
expressed genes that may be important for other
tissues, either being tissue-specific of a tissue
and contributing less intensively to the tissue of
interest or participating in the category proposed
here, the overactive genes, highly differentially
expressed in other tissues and acting without high
expression in the mammary gland development.

CONCLUSION

A set of gene products is required for the
development of the mammary gland. We selected
with text-mining tools 406 genes involved in the
four periods of breast development: (i) embryonic
development, (ii) puberty, (iii) pregnancy and
lactation and (iv) regression after lactation.
Applying some criteria on the analysis of tissue
expression profiles we classified a gene as GOAT
(Gene OverActive or Tissue-specific) when it is
highly differentially expressed in some tissues.
We observed that in most of the cases, genes
involved in the mammary gland development,
which are GOAT in a subset of tissues, are not
GOAT in breast. Thus, development of different
tissues might require GOATSs that will likewise
act as controllers of breast development without
being highly differentially expressed to play their
role. Our analyses contribute to the understanding

of the scenario of developmental control by gene
expression, while providing a simple way to
point out highly differentially expressed genes in
different tissues.

SUPPLEMENTARY DATA

Supplementary figures showing expression profiles
of mentioned genes and tables with o-scores and
ts-scores for mammary gland development genes
are available at our website [20].
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ABBREVIATIONS

ALX4 Homeobox protein aristaless-like 4

CD36 Platelet glycoprotein 4

CSN1S1 Alpha-S1-casein

EBV Epstein-Barr Virus

ELF5 ETS-related transcription factor
Elf-5

ESTs Expressed Sequence Tags

GAPDH Glyceraldehyde Dehydrogenase

GOAT Gene OverActive or Tissue-
specific

GTEx The Genotype-Tissue Expression

GPAM Mitochondrial glycerol-3-
phosphate acyltransferase 1

IQR Interquartile Range

LPL Lipoprotein lipase

LTF Lactotransferrin

MMP3 Stromelysin-1

GEO NCBI Gene Expression Omnibus

OA : Overactive genes

TS :  Tissue-Specific genes

Ql : First quartile
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