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Editorial

Cancer research in various organ sites revealed that most genetic
alterations found in human solid tumors did not affect random loci,
but specific oncogenic or tumor-suppressor genes or regulatory
elements. While many such ‘key mutations’ were found within the
protein-coding sequences of roughly 130 hundred genes [1], it appears
as a paradox that next-generation sequencing (NGS) was able to
demonstrate that many cancer patients did not harbor mutations in
these genes [2]. We interpret this observation as a strong indicator
that genomic alterations outside of the protein-coding sequences drive
the onset and progression of human tumors [3,4]. It was reported that
variants in dinucleotide repeats may alter the physical structure and
coding sequences thereby leading to gene amplification and aberrant
expression [4,5]. We and other investigators furthermore postulate that
mutations in non-coding DNA, many of which lead to transcripts and
might represent important regulatory elements [6], while their aberrant
expression and function are key events along a path that drives normal
epithelial cells and breast tissue to hyperplasia, pre-neoplastic lesions
and eventually malignant tumors.

The significance of developing new biomarkers for cancer diagnosis
and prognostication is emphasized by breast cancer occurrence and
outcome: With more than 200,000 new cases diagnosed every year,
breast cancer remains the most frequent cancer in women [7]. Although
breast cancer-related deaths have decreased over the last decade, this
dreaded disease is the second most common cause or cancer-related
deaths in women. Breast cancer has an unpredictable course and even
after removal of the primary tumor, the risk of metastasis continues
for 20 years or more [8]. Many patients would greatly benefit from
detecting the disease in its earliest stages, when chances for a complete
cure are still high.

Breast cancer is a complex disease and the cancer cells often show
alteration in pathways ranging from signal transduction to DNA
repair, drug response and apoptosis to survival in nutrient or oxygen
deficient environments [9-14]. Our understanding of the disease seems
very limited considering co-founding factors such as ethnicity in the
age at onset or diagnosis of breast cancer [4,15]. Breast cancers progress
through accumulation of genomic aberrations that enable development
of cancer pathophysiological changes such as unlimited growth and
metastasis. Accumulated evidence has demonstrated that breast cancer
is a complex and intrinsically heterogeneous disease in which patients
may exhibit similar symptoms, and appear to have the same disease,
for entirely different genetic reasons. Most published studies of breast
cancer tumorigenesis have focused on the role of protein-coding genes
during the onset and progression of the disease [16-19]. We support
plans to investigate the role of large intergenic non-coding RNAs
(lincRNAs; also known as long non-coding RNAs’ or IncRNAS’) [6,20]
and to assess lincRNAs as potential biomarkers for the early detection of
breast as well as cancers. Recent discoveries showed thousands of DNA
sequences in the human genome potentially coding for lincRNAs with
individual sizes ranging from a few hundred to more than a hundred kb

[6]. The expression of lincRNAs is strikingly tissue-specific and they are
typically co-expressed with neighboring genes. It is well documented
that lincRNAs play key roles in diverse biological processes such as
gene dosage compensation, imprinting, chromatin remodeling, nRNA
splicing and tumor metastasis [1,21,22]. For example, overexpression
of the lincRNA HOTAIR predicts tumor recurrence in hepatocellular
cancer, and has been shown to remodel the chromatin state to promote
cancer metastasis in breast cancer [23,24].

Based on recent studies published with our Co-Investigators
[21,22], we favor to apply NGS RNAseq to determine the full spectrum
of expressed DNA sequences [6]. RNAseq, also called “Whole
Transcriptome Shotgun Sequencing (WTSS), refers to the use of
high-throughput sequencing technologies to sequence cDNA in order
to get information about a sample’s RNA content. This technology is
often used in combination with targeted exome sequencing to identify
abnormal RNA transcripts, point mutations, genomic variants and
copy number changes in a broad range of tumor types including
circulating tumor cells [25,26]. Deep RNA and DNA sequencing will
provide hints to alterations that parallel tumor progression, and which
will can be validated by use of several technologies including qPCR and
FISH.

In summary, breast cancer is worldwide the most frequently occurring
cancer in women. Most breast cancer patients succumb to their disease
as a result of tumor metastasis. It is therefore important to elucidate
the factors which effect breast cancer progression, therapy resistance
and metastasis. Accumulated evidence could demonstrate that breast
cancer is a very complex, heterogeneous disease, involving various
cancer cell-specific changes such as unlimited growth in even nutrient
limited environments and metastasis to distant organs [27]. Recent
advances in technology have made it possible to deconvolute the
heterogeneity and complexity of somatic breast cancer genetics. Using
RNA microarray-derived multigene expression pattern, breast cancer
has been classified into five molecular subtypes (normal breast like,
luminal A, luminal B, ERBB2, and basal-like), which are associated with
different levels of aggressive growth and poor prognosis [28]. Based on
these findings, some improvements have been made in diagnosis and
treatment of breast cancer. However, for most patients, the prognosis
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and disease-free survival times have not changed dramatically [7].
Thus, mechanistic and functional studies of breast cancer-promoting
molecular changes and the development of novel biomarkers for
diagnosis and as therapeutic targets are urgently required. The large
intergenic non-coding RNA’s (lincRNA’s) and ‘transcripts of uncertain
coding potential (TUCP’s)‘ have recently received much attention due
to their potential contribution to disease etiology including cancer and
have become targets for biomarker development [6,21,22,29].
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