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The analysis of the mRNA expression in tumoral and non-
tumoral samples is becoming increasingly important in the 
diagnosis and treatment of cancer patients. Until the end 
of the 1990s, Northern blot had been used extensively for 
RNA quantification (1,2). However, the discovery of the 
reverse transcriptase enzyme led to the development of 
reverse transcription polymerase chain reaction (RT-PCR) 
technique which has since displaced Northern blot as the 
method of choice for RNA detection and quantification (3).

This enzyme allows the transformation of the mRNA 
in cDNA which allows it to be quantified. In 2000, Bustin  
et al. (3) describes a new technology based on this concept. RT-
PCR is used to qualitatively detect gene expression through 
the creation of complementary DNA (cDNA) transcripts from 
mRNA, and quantitatively measure the amplification of cDNA 
using fluorescent probes (3). The process of RT-PCR consists 
of three steps: reverse transcriptase-based conversion of RNA 
to cDNA, the amplification of cDNA by PCR, and the 
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detection and quantification of amplified products-referred 
as amplicons (4).

RT-PCR can be utilized to quantify mRNA in both 
relative (5) and absolute terms (6). It has become one of the 
most widely used methods of gene quantification as it has a 
large dynamic range, with high sensitivity and can be highly 
sequence-specific. The scope of the RT-PCR technique 
makes it applicable across a wide range of experimental 
conditions, and allows experimental comparisons between 
normal and abnormal tissues (4).

Until now, quantitative RT-PCR assay is considered to 
be the gold standard for measuring the number of copies of 
specific cDNA targets. The extensive use of this technique 
has resulted in the development of various protocols that 
enable the generation of quantitative data using fresh, 
frozen, or archived FFPE samples, whole-tissue biopsies, 
microdissected samples, single cells, tissue cultured 
cells, total or mRNA, different cDNA, assays of distinct 
efficiencies, sensitivities, and robustness, diverse detection 
chemistry, reaction conditions, thermal cyclers, individual 
analysis and reporting methods (7).

As a result, while there are numerous publications 
describing the technique, the inherent variability in the 
quality of any quantitative PCR data makes it difficult to 
replicate (8). For this reason, the international consortium 
of academic scientists has published the Minimum 
Information for Publication of Quantitative Real-Time 
PCR Experiments (MIQE) guidelines to standardize a 
protocol. The MIQE guidelines describe the minimum 
information required to evaluate RT-PCR experiments (9).

The application of RT-PCR has demonstrated that levels 
of RNA transcripts stratify patients and predict outcomes 
in a variety of diseases, providing the basis for several 
important clinical tests (10-12). An example is a 21-gene RT-
PCR-based test, which interrogates tumor RNA to predict 
recurrence risk and magnitude of chemotherapy benefit in 
early estrogen receptor positive (ER+) breast cancer. This 
test is now used to guide treatment decisions for about half 
of ER+ breast cancer patients in the USA (13-16).

The problems with this technique are the time consumed 
in the laboratory for the analysis of one gene and the 
variability of the results. Moreover, comparing expression 
levels across different experiments is often difficult and can 
require complicated normalization methods.

To address the first problem, the scientific community 
developed new systems to analyze many genes at the same 
time. Several technologies are available in the market, 
such as Serial Analysis of Gene (SAGE), high-density 

oligo microarrays gene expression (SAGE), cap analysis of 
gene expression (CAGE) and massively parallel signature 
sequencing (MPSS) (17-19). With these techniques it is 
possible to obtain the mRNA expression data for hundreds 
of genes in one experiment. 

However, these new techniques have their own limitations. 
In the case of the methods based on hybridization, the main 
problems are: the limit in the detection of RNA splice 
patterns and previously unmapped genes (it is mandatory 
to know the genome sequence); the high background 
levels due to cross-hybridization; and the limited dynamic 
range of detection (20). In the techniques based on Sanger 
sequencing technology, which use cDNA sequencing, only 
a portion of the transcript is analyzed and isoforms are 
generally indistinguishable. These disadvantages limit the 
use of these methods in the translational investigation and 
clinical daily practice (21).

One simple and effective way to measure transcriptome 
composition and to discover new exons or genes is by 
the direct ultra-high-throughput sequencing of cDNA. 
This method, termed RNASeq, also called “Whole 
Transcriptome Shotgun Sequencing” (“WTSS”), has clear 
advantages over existing approaches and allows the mapping 
and quantification of transcriptomes. It is expected to 
revolutionize the field of transcriptom analysis (21).

RNA-seq refers to the use of  high-throughput 
sequencing technologies to sequence cDNA in order to 
obtain information about RNA content (22). A single 
experiment can provide information about gene expression, 
novel transcripts, novel isoforms, alternative splice sites, 
allele-specific expression, cSNPs, and rare transcripts. 
Ideally, it should be able to directly identify and quantify all 
RNAs, small or large (23-26).

The sample analysis can be done with a variety of 
platforms, for example, the Illumina Genome Analyzer 
platform (27), the ABI Solid Sequencing (28), or the Life 
Science’s 454 Sequencing (29) (Figure 1).

RNA-Seq is not a mature technology. It is undergoing 
rapid evolution in the biochemistry of sample preparation; 
in sequencing platforms; in computational pipelines; and 
in the subsequent analysis methods that include statistical 
treatments and transcript model building. The ENCODE 
Consortium develops guidelines which include the most 
important aspects to bear in mind in study design (30). 

The main steps of the technique are: isolate the RNAs 
from a sample, convert them to cDNA fragments using 
RT, then a high-throughput sequencer is used to generate 
millions of reads from the cDNA fragments, reads are 
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mapped to a reference genome or transcript set with an 
alignment tool, and counts of reads mapped to each gene. 
For transcriptome sequencing, expression levels of different 
genes are determined by counting the number of reads 
mapped to the gene and then normalizing this read count 
by the length of the gene model and the total number of 
mapped reads in the sample (31). 

In the case of RNA-Seq, the mapping of reads is 
only the first step in a complex data processing schema. 
However, it is essential that the results are analyzed by a 
specialized bioinformatician. This role requires an extensive 
background to be able to analyze the results of complex 
experiments with a large number of data sets. To address 
this need, software systems and guidelines have recently 
been developed for analyzing the data (32,33).

The primary advantages of this technique are high 
reproducibility, the large dynamic range, low background 
noise, requirement of less sample RNA, and the ability to 
detect novel transcripts, even in the absence of a sequenced 
genome (20).

Several recent examples of identification of novel 
mutations in tumor cell populations reveal the utility of 
RNA-Seq in disease classification. David Huntsman’s 
group has applied RNA-Seq methodologies to identify 
mutations in gynecological tumors, novel mutations 
in FOXL2 in the previously ill-defined and treatment-

resistant granulosa cell tumor of the ovary, and in ARID1A 
in endometriosis-associated ovarian carcinomas (34,35). 
Diagnosis of granulosa cell tumors is difficult given the 
lack of knowledge of their pathogenesis and their relatively 
ambiguous histology, making a genetic variant associated 
with these tumors particularly valuable. Paired-end RNA-
Seq analysis of several primary tumor samples identified 
mutations in the transcription factor FOXL2, specifically in 
tumor cell populations (34). 

Another study used RNA-seq of cell lines derived from 
tumors to discover somatic mutations associated with 
human activated B-cell-like diffuse large B-cell lymphoma, 
identifying MYD88 as a candidate oncogenic mutation (36).  
That result was used to focus on studies of primary patient 
samples to rapidly identify mutations specific to this 
lymphoma subtype. These examples indicate the utility 
of RNA-Seq-based analysis of tumors to identify novel 
mutations. 

For cancer expression profiling, RNA-seq has been 
applied to the expression profiling of melanoma. They 
identified 11 novel melanoma gene fusions and 12 novel 
read-through transcripts, providing an example of novel 
avenues for target discovery in cancers (37).

Another application of the RNA-Seq was the ability 
to detect transcripts from single cells [circulating tumor 
cells (CTCs)]. The characterization of these cells would 

Figure 1 Different platforms for RNAseq analysis. 
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provide a highly sensitive and effective method for potential 
diagnosis and monitoring of disease status (38). 

As the cost of next-generation sequencing drops rapidly, 
RNA-Seq may replace current methods in transcriptome 
surveys of gene expression. Compared to the rest, RNA-
Seq has several advantages, including the ability to 
simultaneously detect mutations, discovering alternative 
transcript and alternative splicing.

However, this RNA-Seq technique will not likely replace 
current RT-PCR methods, but will be complementary  
(Table 1). The results of the RNA-Seq will identify those 
genes that need to then be examined using RT-PCR 
methods, more so in those laboratories with resource 
constraints. The application of the two complementary 
technologies in the routine analysis of cancer laboratories 
would be useful in characterizing patients and would assist 
oncologists in making clinical decisions, as it allows us to 
identify all molecular characteristics of the tumor.
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