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ABSTRACT 

 

Gene expression is the study of how the genotype gives rise to the phenotype by investigating 

the amount of transcribed mRNA in a biological system. A lot of methods have been 

standardized to identify the variation in gene expression, including subtractive hybridization, 

differential display, serial analysis of gene expression, microarray hybridization, and RNA-

seq sequencing. Most of techniques have been focused in cancer research and diagnosis, 

producing a huge amount of data, which allowed to understand the cancer progression and 

pathways, discover and evaluate new treatment interventions, new molecular tools for 

diagnosis and prognosis, and analyze the survival time in human and animal patients. In this 

way, gene expression techniques brought new important perspectives for the medical and 

veterinary fields, and further researches focusing oncology will provide much more 

knowledge concerning the pathways and interaction of healthy and tumor cells, improving the 

perspectives of the daily interventions by the oncologists and clinicians. 

 

Keywords: gene sequencing, gene expression, molecular techniques, genotype, veterinary 

oncology. 

 

EXPRESSÃO GÊNICA: UMA VISÃO GERAL DOS MÉTODOS E APLICAÇÕES NA 

PESQUISA DO CÂNCER 

 

RESUMO 

 

A expressão genética é o estudo de como o genótipo dá origem ao fenótipo a partir da 

investigação da quantidade de RNAm transcrito em um sistema biológico. Vários métodos já 

foram padronizados para identificar variações na expressão gênica, dentre eles a hibridização 

subtrativa, “differential display”, análise em série da expressão genética, hibridização de 

microarranjo, e sequenciamento por RNA-seq. A maioria das técnicas tem focado na pesquisa 

e diagnóstico do câncer, gerando enorme quantidade de dados, o que permitiu compreender a 

progressão do câncer e suas vias, descobrir e analisar novas intervenções terapêuticas, novas 

ferramentas moleculares para o diagnóstico e prognóstico, e analisar o tempo de 

sobrevivência em pacientes humanos e animais. Desta forma, as diferentes técnicas de 

expressão gênica trouxeram novas e importantes perspectivas para a área médica e veterinária, 

e novas pesquisas focadas em oncologia fornecerão muito mais conhecimento sobre as vias e 

interações entre células saudáveis e tumorais, melhorando as perspectivas das intervenções 

diárias pelos oncologistas e clínicos. 

 

Palavras-chave: sequência gênica, expressão gênica, técnicas moleculares, genótipo, 

oncologia veterinária. 
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EXPRESIÓN GÉNICA: UNA VISIÓN GENERAL DE LOS MÉTODOS Y 

APLICACIONES EN LA PESQUISA DE CÁNCER 

  

RESUMÉN 

 

La expresión génica es el estudio de cómo el genotipo da lugar al fenotipo mediante la 

investigación de la cantidad de RNAm transcrito en un sistema biológico. Una gran cantidad 

de métodos fueron estandarizados para identificar variaciones en la expresión génica, 

incluyendo la hibridación sustractiva, “differential display”, análisis en serie de la expresión 

génica, la hibridación de microarrays, y la secuenciación por RNA-seq. La mayoría de las 

técnicas se han centrado en la investigación y diagnóstico del cáncer, produciendo una gran 

cantidad de datos, lo que permitió a entender la progresión del cáncer y las vías, descubrir y 

evaluar nuevas intervenciones de tratamiento, nuevas herramientas moleculares para el 

diagnóstico y el pronóstico, y analizar el tiempo de sobrevivencia en pacientes humanos y 

animales. De esta manera, las técnicas de expresión génica trajeron nuevas perspectivas 

importantes para el campo de la medicina veterinaria, y nuevas investigaciones centradas en 

oncología proporcionarán mucho más conocimiento acerca de las vías y la interacción de las 

células sanas y tumorales, mejorando las intervenciones diarias por los oncólogos y los 

clínicos. 

 

Palabras clave: secuencia génica, expresión génica, técnicas moleculares, genotipo, 

oncología veterinaria. 

 

INTRODUCTION 

 

Gene expression is a highly regulated mechanism that controls the function and 

adaptability of all living cells in which a gene information is converted to a functional gene 

product that can be either a protein or non-coding genes such as transfer ribonucleic acid 

(tRNA) or small nuclear RNA (snRNA) (1,2). The control of gene expression is the main 

point on understanding the interaction genotype: phenotype (3), because this process is used 

for all known life. Protein formation involves four main steps: transcription, RNA splicing, 

translation and posttranslational modification. During transcription, a single strand mRNA is 

complementary copied from one strand of a template DNA by the RNA polymerase. While 

transcription occurs, some modifications on the mRNA, i.e., RNA splicing, in which introns 

are removed from the sequence. After that, the new mRNA is used as a template to assemble 

a chain of amino acids to form the protein (4). Gene expression studies the amount of 

transcribed mRNA in a biological system and its importance to the cell function. 

Sequencing techniques that lead to the knowledge of the entire genome sequences have 

been stimulating researchers to define their function (3). As genes with related functions are 

usually regulated together, techniques that evaluate global gene expression provide an 

important way for the initial identification and clustering of these genes. The functional gene 

sequence clustering provides enough information to direct additional experiments at defining 

the precise function of certain gene product. 

The analysis of the gene expression can be done by targeting a single specific gene, also 

known as low-to-mid plex(reporter gene, Northern, Western, fluorescent “in situ 

hybridization – FISH, slot and dot blotting, semiquantitative and quantitative reverse 

transcriptase polymerase chain reaction – RT-PCR, and nuclease protection assays),or all 

genes that differ in expression among different experimental samples, also known as higher 

plex (subtractive hybridization, differential display, serial analysis of gene expression, 

microarray hybridization, RNA-seq sequencing), or that differ between healthy and cancer 

patients (5).Gene expression and pathway analysis allows identify several biological 
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processes and molecular functions that may be involved also with infectious (i.e., 

Mycobacterium bovis-infected bovine leukocytes) (6-8), and non-infectious (i.e., exercise-

induced stress in equine, and canine and bovine cancers) (9-12). 

In this way, the present paper was aimed to review the most important methods for the 

gene expression analysis in different experimental samples, highlighting the advantages and 

disadvantages of each one, and provide some applications in cancer research. 

 

Methods of gene expression analyzes. 

 

Subtractive hybridization 

 

The subtractive hybridization method was first described in 1983 by Sargent and Dawig 

to create a cDNA library (13)and generated probes (14) of different expressed genes. The 

principle of this methodology is to differentiate the expressed genes by hybridizing cDNA 

from one sample (tester sample) to an excess of mRNA from a second or control sample 

(driver). The transcripts that are expressed in both samples form a mRNA/cDNA hybrid 

molecule, whereas the sequence expressed only in the tester maintains as a single strand 

cDNA. Then, double and single strands are separated using hydroxylapatite chromatography, 

and the eluted single strands can be cloned, sequenced or used directly as probes for screening 

libraries. The problems with this method include the requirement of a large amount of mRNA 

(i.e. 270 µg for the first described protocol against 2µg of mRNA usually used on 

microarrays’ protocol), and the observation of errors on identifying rare transcripts. After that, 

this protocol was updated along the time, and a similar protocol known as suppression 

subtractive hybridization (SSH) was created. 

SSH differentiates from the original protocol by the selective amplification of 

differentially expressed transcripts and elimination of the separation single-double strand step 

(15). This protocol is based on the extraction of mRNA from two experimental samples 

(tester and driver) and performance of a RT-PCR, which will result in cDNA formation. Then 

the cDNA testers are bonding with two different adapter oligonucleotides (1 and 2) and until 

the second hybridization, the reactions of the tester-adapter 1and 2 are separated done. A first 

subtractive hybridization combine the excess of cDNA drivers with the testers in two separate 

reactions in which denaturation occurs and single stranded molecules can re-hybridize. One 

reaction involves the tester 1 and the other the tester 2. After the first hybridization, four 

possible molecules may result: single strand tester, double strand tester, hybrid tester-driver 

transcript and double strand driver. The second hybridization mixes all products from the two 

types of adapters. Then, the result can be a double strand expressing the two types of adapters, 

double strand with the same type of adapter, single strand tester 1 or 2, double strand adapter 

1 or 2 with a driver, or a single strand driver. A PCR is performed using primers that 

recognize the adapter 1 (forward primer) and 2 (reverse primer).This reaction will result in the 

amplification of the double strand cDNA containing the two types of adapters (Figure 1). 
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Figure 1. Suppression Subtractive Hybridization (SSH). This method includes two reaction steps. First 

step is carried out with two separated reactions, each one with an excess of driver and one type of 

Tester Adapter. Each reaction will result four types of products: (A) single stranded tester transcripts 

(B) double stranded tester transcripts (B) hybrids of tester and driver transcripts (D) double stranded 

driver. The second hybridization step includes products generated from the first step plus additional 

denatured driver cDNA. Possible resulting products include same type ones from the first step plus (E) 

a double stranded driver formed by the two types of adapters.  A final PCR reaction is done to 

selectively amplify the amount of (E) drivers. Figure adapted from Moody (5). 

 

The advantage using SSH is that it does not requiree prior knowledge of the transcript 

sequence to isolate it and does not require specialized equipment or analysis only 

industrialized kits. However, the limitation is that it can only apply for a matched pair 

treatment comparison and it is not a quantitative method (5). 

SSH has been widely used in cancer research. For example, one performed research 

using normal cells and colorectal cancer cells found out that 37 different genes are 

overexpressed in this type of cancer and some of them may provide novel points for 

therapeutic intervention (16). Another research using hormone-responsive and hormone-

nonresponsive breast carcinoma proved that a specific set of genes is responsible for 

regulating the estrogen receptors and causing the hormone-responsive breast carcinoma. 

These genes are not expressed in the other type of breast cancer neither in normal mammary 

cells, which means that its expression can help providing an accurate diagnosis and prognosis 

for these patients (17). 

 

Differential display 

 

RNA fingerprinting technique includes two different protocols: differential display and 

arbitrary primed PCR (RAP-PCR). Both protocols are based on PCR amplification of random 

subsets of genes from two or more samples that will lead to a different pattern of PCR product 

bands visualized during electrophoresis. This “unique” transcript pattern is called RNA 

fingerprint (18). 

These methods include RNA extraction, RT-PCR forming the cDNA and a main PCR 

reaction that include one same forward primer and 12 to 20 different reverse primers. This 
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PCR reaction results in more than 240 combinations of sequences that are enough to represent 

all the mRNA present in the original RNA sample. After this reaction, the PCR products are 

labeled and an electrophoresis on polyacrylamide gel is performed (Figure 2). The 

differentially expressed gene is represented by comparing the presence and/or intensity of the 

bands in the different samples (19). These PCR products might be selected, purified from the 

gel and reamplified by PCR to be used in sequencing and other techniques. 

 

 

Figure 2. Differential display (RNA fingerprint method). Technique includes extraction of total RNA 

from two or more samples that are reverse transcribed to cDNA. Then, random cDNAs are amplified 

in duplicate by PCR using different combinations of forward and reverse primers. The amplified 

products are visualized by gel of electrophoresis and each sample will have a “unique” pattern of 

transcripts’ products. Some fragments might appear only in one sample but not in other (A), some 

might have higher or lower intensity expression comparing to the other sample (B). Adapted from 

Moody (5). 

 

The main difference between differential display and RAP-PCR is that differential 

display use anchored primer, which recognizes the Poly-A tail on the mRNAs while the RAP-

PCR use arbitrary specific sequence primer with approximately 10 base pairs (19, 20). 

The advantages include comparison of multiple samples and identification of up and 

down regulated genes. However, both protocols are not quantitative and are time consuming. 

Several false positive have also been described (21). 

At cancer research, many researches in prostate cancer found out a highly specific gene 

(differential display code 3 gene, DDC3) that has been used as a marker for the diagnosis of 

this cancer and as a target for gene therapy (22-24). In gene therapy, studies focusing the 

regulation of DDC3 have observed better results in chemotherapy and regression of the 

cancer (23). Other different studies at the cancer field involve the identification of expression 

of specific genes after some kind of treatment. Murata et al. (25) analyzed the expression of 

the PHLDA1 gene in oral cancer cell lines in humans. They observed the overexpression of 

this gene in oral cancer and verified its significant suppression by hydrogen-sulfide oral 

therapy. Thus, the use of hydrogen-sulfide can prevent the oral cancer and help during its 

therapy in humans. In the same way, Finocchiaro et al. (26) have used a gene target therapy 

based on the high expression of interferon-genes at the melanoma cancer cells in dogs. 

 

Expressed Sequence Tag sequencing 

 

The conception of expressed sequence tag sequencing (EST) was first mentioned in 

1991 (27). The principle includes the random selection of clones from a cDNA library and the 

performance of a single sequence reaction to produce 300-500 bp of sequence per clone 

(Figure 3). The differentially expressed genes are identified by the different number of times 

it appears at the EST library when compared with a control sample. Higher numbers of 
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counted times in an EST library means higher gene expression (28). EST method usually 

needs to be combined with other different gene expression methods because it is not an 

accurate qualitative and quantitative data. It is often generated from normalized cDNA 

libraries. 

 

 

Figure 3. Expressed Sequence Tag sequencing (EST). EST is a short sub-sequence of cDNA selected 

from a cDNA library with 300-500 bp length. Different expressed genes are identified by the amount 

of sequences produced by the clones when compared with a control sample. Adapted from Moody (5). 

 

Cancer research rarely uses EST only. However, the development of EST databases and 

normalized cDNA library may increase the use of this technique combined with other ones. 

The first description of the profile gene expression in breast cancer using EST combined with 

differential display was in 1994 (29). They concluded that the both methods combined still 

have great limitations mainly caused by the high heterogeneity of normal and cancer tissue 

leading to a large numbers of different ETS libraries. Moreover, the contamination of breast 

cancer tissue with normal breast tissue during the procedure also leads to misidentification of 

the specific expressed genes in cancer tissue. Therefore, the use of ETS remains uncommon 

especially in cancer research area. 

 

Serial Analysis of Gene Expression (SAGE) 

 

Although SAGE was first described in 1995 (30), it has been used recently in the cancer 

research combined with a new EST generation. This combined technique also known as Tag-

seq allows the identification of more genes when compared with the SAGE protocol only. 

The researchers tested this method in breast cancer and concluded it is an accurate, sensitive 

and reproducible method to produce gene expression profile in cancers in general (31). 

Besides the cancer area, this method is also relevant to study gene expression profiling in 

other disease pathways. 

Actually, SAGE is an accelerate version of EST sequencing in which short sequence 

tags (SAGE tags) are used to identify a gene transcript (Figure 4). The protocol includes RNA 

extraction and RT-PCR performance using a biotin-tagged primer. The resulted cDNA is 

digested by a specific endonuclease known as NlaIII, which recognizes 4 (four) base pairs 

(bp) sequence CATG. The digested fragments are purified and then two linkers, A and B, are 

added in separate reactions. These linkers are complementary sequence of the PCR primers 

and serve as recognition sequence for another endonuclease FokI. So, a second digestion step 

is done. The FokI recognizes the linkers and cleaves the cDNA at 9 (nine) bp downstream. 

The products are purified again, ligated together and amplified by PCR. A final digestion step 

using the NlaIII is performed to cleave away the linkers, producing ditags with 9bp from two 



ISSN 0102-5716  ISSN Eletrônico 2178-3764 Veterinária e Zootecnia 

 

Monobe MMS, Silva RC. Gene expression: An overview of methods and applications for cancer research.  Vet. 

e Zootec. 2016 dez.; 23(4): 532-546. 

538 

different transcripts. Multiple ditags are ligated together, cloned and sequenced to produce the 

SAGE sequence data (5). 

In sum, SAGE tag is a nine base sequence locate specifically downstream from the last 

endonuclease recognition site of a transcript. Once each unique SAGE tag represents a unique 

transcript, it allows an overview of all genes expressed in the original RNA sample. The 

differences in gene expression can be identified by comparing the amount of specific SAGE 

tags in different libraries (32). 

The advantages of SAGE are it is an accurate, quantitative and cumulative method. The 

disadvantages are that it requires specific equipment and misidentification of tags may occur. 

Misidentification includes from producing sequence errors to misidentification of the region 

in a database. Moreover, depending on the specific enzyme used in the protocol, it may fail to 

identify the transcripts (33). 

 

 

Figure 4. Serial Analysis of Gene Expression (SAGE). Adapted from Moody (5). 

 

Microarray hybridization, RNA/DNA microarray 

 

Hybridization-based techniques like microarray rely on and are limited to the transcripts 

bound to the array slides (3). The microarray technology was first described in 1995 (34). 

However, increasing improvements and changes on microarrays techniques and equipment 

still makes it one of the most common and newly technique in a variety of fields (35). Even 

that, microarrays are only as good as the bioinformatic data available for the model 

organism’s genome and transcriptome,the complete set of transcripts in a cell (36). 

Nowadays, different types of microarrays protocols are available such as protein 

microarray, RNA microarray, DNA microarray and Glycan microarray. The difference among 

them is what they are measuring. In other words, if the microarray is used to measure the 

amount of RNA it is called RNA microarray (35). 

The principle is the hybridization of two DNA or mRNA, for RNA microarray, 

sequences that have complementary base pair. The first step includes purificationof the 

samples and obtainment of all DNA or cDNA. After that, these sequences are fluorescently or 

radioactively labeled and added in a microarray containing sequence fragments representing a 
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great variety of genes. Hybridization between the DNA/cDNA samples and the sequences in 

the microarray occurs, followed by washing off the non-specific bonding sequences. Once 

hybridized, the sequences release a fluorescent signal, which is captured by the equipment 

(Figure 5). The hybridization signal is proportional to the abundance of that mRNA transcript 

or DNA sequence from the original sample (37). 

 

 

Figure 5. Microarray hybridization. The method includes reverse transcription of mRNA from two 

samples (i.e., control and experimental sample) into cDNA and labeling them. All cDNAs are 

hybridized in a microarray containing DNA fragments of different specific genes. Each sample 

generates a signal when hybridization occurs. The intensity of the signal is proportional to the 

abundance of the initial mRNA used. Signals from different samples are compared to identify 

differences in gene expression. Adapted from Moody (5). 

Three different types of microarrays are commercial available: microarrays that include 

oligonucleotide chips made by the synthesis of short oligos directly on slide glass (Affymetrix 

Technology), microarrays made by spotting pre-synthesized oligos into glass slides or nylon 

membranes and cDNA microarrays made by spotting amplified PCR products from cDNA 

library clones onto glass slides or nylon membranes (5). 

The selection of gene fragments also known as probes, which are spotted on the array, is 

one of the most important part. Even though it is possible to select more than 3,000-10,000 

sequences, it might be possible that these sequences are not the best representation for a type 

of experiment (5). Each experiment should have its own cDNA/DNA library and the use of 

controls is required. 

The analysis of the array data is divided in three main steps: identification and 

quantification of the hybridization signal, visualization of the data and clustering techniques. 

The clustering step include the organization of the genes in groups with similar expression 

patterns and it can be done by multiple available software (38). 

Microarray technology is considered an accurate, sensitive, quantitative and qualitative 

method. Although it requires technological and specific equipment with high cost, it is main 

actual method used in gene expression research (35). 

Cancer research has been widely using microarrays to generate gene expression 

profiling. In breast cancer, the discovery of the DUSP4 gene leaded to the use of its expressed 

transcript as a molecular marker for the diagnosis of the negative breast cancer, an aggressive 

type of breast cancer. This gene is responsible for the resistance of the cancer cells to 

chemotherapy drugs (39). Another interesting research using this method was in the lung 

cancer area. By analyzing the different gene expression profiling between nasal cells from 

patients with lung cancer and healthy patients, the researchers found out that non-neoplastic 

cells from nasal tissue from patients with lung cancer express the same specific biomarkers of 

the lung cancer cells. Thus, they suggested a new non-invasive method of diagnosis of lung 

cancer once the usual diagnosis is performed by collecting samples directly from the cancer 

cells (40,41). Microarrays have added important results in the cancer area. Due that, this 

method has been being modified, improved and widely used in veterinary medicine, mainly in 

focusing canine mammary carcinoma (42-44) and osteosarcoma (45). Fowles et al. (45) 

observed that microarray gene expression based models built in an intra- or interspecies 
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manner can successfully predict the drug response in canine osteosarcoma, which may 

improve outcome in dogs and serve as pre-clinical validation for similar methods in human 

cancer research. 

In various types of cancer, i.e. canine mammary carcinoma, different intracellular 

signaling pathways are perturbed. Thus, patients with pathologically the same type of cancer 

often have different genetic defects in their tumors, which also result in different responses to 

the anticancer treatment (43). To solve this gap, Pawlowski et al. (43) suggested that both 

molecular and pathological characterization of the tumor can complement one another. Also, 

microarray gene expression can discriminate metastatic canine mammary carcinomas from 

non-metastatic ones, as observed by Klopfleisch et al. (42), in which 265/1,011 (26.21%) 

significantly differentially expressed genes in metastatic, but not in non-metastatic canine 

carcinoma, are related to human breast cancer and, vice versa, parts of a human prognostic 

gene signature were identified in the expression profiles of the metastatic canine tumors, 

which allows the identification of prognostic molecular signatures for potential therapeutic 

targets. 

Rao et al. (44) used cDNA microarray to characterize the canine mammary carcinoma 

cell lines by the expression profiling, and concluded that the identification of major 

differences observed in the signaling pathwaysallowsits use to develop new therapiesdirected 

towards specific pathways. 

 

RNA-Sequencing (RNA-Seq) or Whole Transcriptome Shotgun Sequencing (WTSS) 

 

RNA-Seq is a powerful and recent approach to the analysis of the transcriptomethat 

uses the capabilities of next-generation sequencing (NGS) to detect and quantify the interest 

RNA from a genome at a moment (46-48). It providesa more precise measurement of levels 

of transcripts and their isoforms,and a better transcriptome analysis of the genome with higher 

resolution than actual methods (48,49). 

RNA-Seq detects annotated transcripts as microarrays also do, besides novel sequences 

and splice variants (36),and provides additional tools by the generation of large amount of 

data, with an increased base coverage of whole DNA sequences in human, and animal 

genome (6,9,10,50-52). This technique looks at different populations of RNA to include total 

RNA, small RNA, such as miRNA, tRNA, and ribosomal profiling (53), also known as key 

players in cancer development and progression (54). 

The basic components of the RNA-Seq technology in the clinical context include 5 

(five) major steps: RNA extraction from clinical samples, NGS library preparation, 

sequencing, data analysis, and data interpretation/reporting (54). It allows the increased base 

coverage of a DNA sequence, higher sample throughput, and the use of data to characterize 

exon junctions, detect non-coding RNA(7), alternative gene spliced transcripts, post-

transcriptional modifications, gene fusion, mutations/SNPs, and changes in gene 

expression(Figure 6) (55). Furthermore, existing data sets can be re-evaluated as new 

sequences (56). 

RNA-Seq has a more wide coverage than microarrays, once arrays target the 

identification of known common alleles that represent approximately 500,000 to 2,000,000 

SNPs of the more than 10,000,000 in the genome (57). Because the libraries are not usually 

available to detect and evaluate rare allele variant transcripts (58), and the arrays are only as 

good as the SNP databases they are designed from, it limitsitsuse for research purposes (59). 

The sample processing method for RNA-Seq involves fragmenting transcripts, and 

more fragments will be available for sequencing as longer is the transcript (60). This length 

bias is one limitation not observed for microarrays, as well as the proportional expression 

levels of the degree of hybridization to probes. Although microarrays are reliable and more 

cost effective than RNA-Seq for gene expression profiling in model organisms, it is still more 
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routinely used. Nowadays the techniques can be complementary used to each other (3). 

Additionally, biases in both methods exist for higher abundance transcripts and underscore 

the need for validation of results, which can be validated by other molecular techniques, i.e., 

quantitative PCR (qPCR),or proteomics (61). 

Microarrays have been used a lot for clinical applications, and probably will be 

approved earlier than RNA-Seq for diagnostic use, mainly focusing the application on 

bioinformatic data (3). As cancer is characterized by genetic lesions directly affecting genes, 

i.e., point mutation, insertion, deletion, translocation, exon-skipping and gene fusion, RNA-

Seq can detectthese mutant genes in lesions, and measure the transcript abundance (54,62), as 

well as gene fusions,which can result from many types of genetic lesions, e.g., translocation, 

deletion and inversion;it allows the identification of biomarkers for cancer risks, subtypes and 

stages of progression (54), discover cancer specific isoforms, global transcriptomic alterations 

and post-transcriptional changes on large scale (63), reflecting on the cancer diagnosis,and 

prognosis of the human (54), and animal disease (11). 

In dogs, the breed-specific cancer susceptibility combined with recent advances in high-

throughput sequencing technologies (e.g., RNA-Seq) allows the use of pet dog populations to 

find often subtle mutations that promote cancer susceptibility and progression (10). A good 

example of theapplicability of this technology on cancer field is in canine osteosarcoma, the 

best example of breed-enriched cancer, with an incidence rate of about 52 per 100,000, 

keeping dogs as a good model for human osteosarcoma studies (51,52). Not only 

osteosarcoma, but also histiocytic sarcoma and bladder cancer can use dogs as a model for 

RNA-Seq analysis. In this way, RNA-Seq can provide knowledge to expand the existing areas 

of research, and detect the misexpression of many genes between human and animal, affected 

and normal tissues (64). 

 

Figure 6. RNA-Seq method. 

 

FINAL CONSIDERATIONS 

 

The evaluation of gene expression is an effective way to identify important genes 

related to the regulation and progress of cancers in general. Several techniques and protocols 

were developed for this purpose and currently researches are modifying and improving 

techniques to facilitate the continuing discovery in this area. The application of gene 
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expression methods in cancer research involves from the study of different biological 

pathways involved in the cancer progression, development of different markers that can be 

used in the diagnosis and prognosis of specific cancers and the development of different 

protocols of treatments. Protocol treatments include the synthesis of specific targets, which 

can be combined with radioisotopes or chemotherapy drugs leading them to specific attack 

cancer cells, minimizing the patient’s clinical signs; and gene therapy, which include the use 

of vectors to modify the expression of cancer genes. Therefore, gene expression methods are a 

powerful tool for the cancer research area. 
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