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ABSTRACT 
Currently, cancer is among the leading causes of death in the world. It is the correct diagnosis that gives the 
patient a better chance of healing. The detection of genetic markers, macromolecules that are produced directly 
by the tumor or by the host, has the potential to be one of the diagnostic tests. This paper is a review article, with 
the objective of addressing tumor markers c-MYC, n-MYC, protein p-53, protein Kras, and the gene HER-2 neu 
regarding the diagnosis and prognosis of patients with cancer, studies demonstrated that c-MYC is expressed in 
several malignant tumors because it affects proliferation and cellular metabolism, P-53 in breast and lung tumors 
is overexpressed,  Regarding p16 it has been suggested that cytoplasmic also overexpression as kind of cancer 
predictor. K-ras is used to determine survival time and free time for neoplasm. It is an effective marker for 
monoclonal antibody therapy. The marker HER-2 neu and N-MYC are indicative of poor prognosis, conclusions: 
application of these markers is being increasingly used for expressing specificity and sensitivity in different areas 
of tumor characterization, in addition to being related to the therapeutic conduct to be followed in tumor treatment. 
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INTRODUCTION  
Cancer is among the leading causes of death in the world, 
it is estimated that more than 12 million people are 
diagnosed with cancer every year (1). 
 Early diagnosis increases the chances of cure, 
survival, and quality of life, the markers, as well as other 
complementary tests of diagnosis, are of great importance, 
As an example of complementary tests, it has the initial 
anamnesis, according to (2), Radiographs, tomography’s, 
Computed tomography, ultrasound, fibro bronchoscopy, 
and bone scintigraphy (3). The causes of cancer 
development are varied due to many factors; internal and 
external to the organism (4). That acts in carcinogenesis, 
enabling cells to become neoplastic. A neoplastic cell has 
metabolic advantages and altered biological capacities 
caused by the activation, mutation, or deletion of proto-
oncogenes (5). 
 Proto-oncogenes are genes with the biological 
functions of proliferation, differentiation, and cell survival 
that make up the human genome and can mutate 
spontaneously, gene amplification, retrovirus action, or 
sequence translocation specific (6).  
 Mutations in proto-oncogenes generate the creation 
of oncogene, sequences related to carcinogenesis, which 
have the ability to produce oncoproteins, therefore; proteins 
are unable to exercise their natural functions because they 
are defective (7). Tumor markers are macromolecules that 
can help in the diagnosis of cancer since they are 
substances that can be produced directly by the tumor or 
by the body (8). They can be identified by biochemical 
means, immunohistochemistry, or genetic testing, for the 
search for oncogenes, genes tumor suppressors, and 
genetic alterations (9). The use of molecular techniques 
has helped to clarify the steps involved in carcinogenesis 
(10).  

 The p53 and K-ras markers, the proto-oncogene of 
the ras families, are often related to various cancers and 
environmental agents (11). Cancer marker HER-2 neu is 
an indicator of poor prognosis of carcinomas, more 
promising in relation to the possibility of choosing a 
treatment directed to the characteristics of the patient (12). 
The proto-oncogenes of the family myc, c-myc, N-myc and 
L-myc are also tumor markers. C-myc has the expression 
that is elevated in tumoral situations and N-myc is related 
to a low response to treatment chemotherapy (13). 
 Studies report that the p53 protein and the HER-2 neu 
gene have been associated with the progression of tumors. 
(14) Marked p53 expression was observed in breast and 
lung tumors. 
 However, several studies demonstrated that many 
participants forming a heterogeneous group detailed that in 
cases with more p53 gene expression, there was a poor 
prognosis. However, other studies with more homogeneous 
groups did not obtain the same results (15), HER-2 neu 
also showed increased expression in cancer neoplasms 
breast. (16) 
 Overexpression of the HER-2 neu gene can be 
identified in 20% of cancers breast,  (17) and in 33% of 
cases of lung carcinoma (18). However, according to 
studies, the expression of the HER-2 neu gene is linked to 
the accumulation of p53 protein, suggesting that the 
presence of these markers may indicate a poor prognosis 
for the disease. (19)  Patients with HER-2 neu can be 
targeted for treatment with anti-HER 2 monoclonal 
antibodies (20). 
 Moreover, A poor prognosis was also analyzed in the 
association of p53, HER-2 neu, and K-ras,  K-ras can be 
used to guide treatment mutation of the K-ras gene which 
can also influence the response for treatment. (21) 
Medicines such as anti-EGFR antibodies have the potential 
to be a successful treatment for the mutated gene (22).  
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 Since 2009, the American Society of Clinical 
Oncology has recommended that mAb treatment 
candidates be screened for K-ras mutations in codons 12 
and 13. (23), because mutations in this gene identify 
patients who do not respond well to therapy with anti-EGFR 
drugs (24). 
 Mutated K-ras is seen in 15% to 20% of cancer 
cases, as in carcinoma pancreatic, colorectal, lung, and 
ovaries. In the case of lung cancer, it was found that 
patients with the mutation are less likely to survive (25). 
According to studies, the c-MYC oncogene has a 
significant role in malignant tumors, accounting for at least 
40% of neoplasms such as bladder and cervical carcinoma, 
breast, ovarian, and prostate carcinoma, and lymphoma. 
(26) 
 Burkitt's disease and cervical adenocarcinoma, are 
being likely to appear up to 100% proto-oncogene c-MYC, 
whereas the others mentioned can vary from 5% to 96%, 
Like c-MYC, n-MYC is also highly expressed in many types 
of cancers (27). Currently, neuroblastoma has n-MYC as it 
is the best marker that can be amplified by 50% in the most 
advanced cases. (28) 
 Furthermore, the detection of n-MYC in tumor 
diagnosis is associated with a poor patient prognosis and a 
poor response to chemotherapy treatment (29).  
 Cancers are complicated and differentiated 
processes, tumors in the same organ can have distinct 
molecular and genetic characteristics. Therefore; the 
identification of biomarkers can indicate the prognosis of 
the disease, which is associated with the survival rate, and 
appropriate therapeutic indication individually. 
 The present paper has the main objective which is to 
understand the tumor markers and genetic factors, their 
performance in determining neoplasia, and evaluating 
reliability in the clinical diagnosis and prognosis of tumors. 
The labels for the MYC gene family c- and n-MYC, the p53 
marker protein, the K-ras protein, and the HER-2 neu gene 
were chosen for their representativeness in various 
neoplastic illness investigations. 
 

METHODOLOGY 
A bibliographic survey was carried out, using as keywords 
“Tumor markers” and “biomarkers” in google scholar, 
PubMed, dissertations, and thesis in the period from 1994 
to 2021 in, English and Spanish. Thus, aiming to identify 
the markers of tumor cells c-MYC, n-MYC, protein p-53, p-
16, protein K-ras, and the gene HER-2 neu as mechanisms 
of tumor diagnosis. 
Tumor Markers: Tumor markers include circulating cellular 

products, encompassing: genetic material (DNA and RNA), 
serum proteins, enzymes, metabolites, proteins, 
carcinoembryonic, receptors, oncoproteins, proteins 
expressed by genes suppressors, even tumor cells can be 
investigated as markers (32,33) 
 These products are identified in patients with 
neoplasia. These indicators are produced by the body in 
reaction to disease or the tumor itself and can be found by 
research in the patient blood, urine, or even tissues. A 
tumor marker ideal should have characteristics such as 
only being clinically present in patients with malignant 
tumors, not being detected at high levels in patients with 
conditions as a malignant tumor, inflammatory or infectious 

conditions, and present high concentrations in the onset 
phase of the neoplasia so that the diagnosis was possible 
precocious. Proteolytic activity, proliferation speed, and 
degree of dispersion of determining the serum 
concentration of the measured tumor marker. For the tumor 
to be considered to be of clinical value, it must be specific, 
sensitive and it is clinical application can be found in 
association with neoplasms (30). 
 Tumor markers can be used in screening, clinical 
staging, tumor location, prognosis assessment, differential 
diagnosis, detection of relapses, and treatment follow-up. 
For the analysis of tumor markers it is important to take into 
account the half-life of the tumor marker, the metabolism, 
and excretion, the possible presence of ectopic markers 
and if possible perform the association of more than one 
marker so that sensitivity and specificity clinical diagnosis is 
more reliable (31). 
P53 and P16 protein: The p53 gene is located on the 

short arm of chromosome 17 (17p). It is a gene of 
approximately 20 Kb which gives rise to a primary transcript 
(mRNA) of 2.8Kb. The un-mutated  p53 gene is responsible 
for encoding a nuclear transcription factor. The gene 
transcribes the 53 kDa phosphoprotein (32), which has the 
function of “Guardian of the genome” having fundamental 
importance in tumor suppression controlling cell 
proliferation, by regulating the cell cycle the cell growth in 
the G1-S interphase, which leads to apoptosis cells with 
DNA damage - this factor binds to p21 to induce its 
expression and inhibit the cell cycle to progress (33).  
  The oncogenic activity of p53 depends on the 
mutation in the reading sequence that promotes guanine-
thymine transversion (G-T), affecting p53 protein 
production and p21 activation capacity. That mutation is 
usually related to exposure to environmental carcinogens 
and can happen in different regions of the sequence. The 
oncogenic action of p53 is highly associated with solid 
tumors and their aggressiveness in humans according to 
parameters histological and biological and may be related 
to breast cancer (34) and lung cancer its mutant version 
has a longer half-life than the wild, which culminates in high 
levels of cells malignant organisms (35). 
 The clinical significance of assessing the level of p16 
expression in hyperplastic diseases of the endometrium 
and ductal carcinoma of the mammary gland has been 
established: in this case, it has been suggested that 
cytoplasmic overexpression of p16 is a kind of cancer 
predictor. In addition, the p16 protein is normally regarded 
as a marker of cell aging and is an inhibitor of cell division, 
which can occur in response to hyperproliferative signals, 
DNA damage, and oxidative stress (33). 
 According to Russell Vang et al., In addition to p53 
and p16, the most important molecular markers for the 
diagnosis of vulvar cancer (50), apart from p53 and p16, is 
the WT1 marker, a protein product of the tumor growth 
springs of the same name, localized on chromosome 11 
and consisting of 11 exons. WT1 is a transcription factor 
and is involved in the development of tissues derived from 
the mesoderm, in particular the urinary tract (51). WT1 is a 
protein that regulates the expression of a number of genes 
that are involved in cell proliferation and differentiation. 
Mutations of the corresponding gene, as well as high 
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proliferative activity, can cause increased WT1 expression 
both in cancer tissue and in precancerous lesions. (52) 
K-ras protein: The K-ras gene (Kirsten Rat Sarcoma Viral 

Oncogene Homologue) located in the arm short of 
chromosome 12, is part of the ras family (K-ras, H-ras, N-
ras) of proteins of guanosine diphosphate/guanosine 
triphosphate (GDP / GTP) bond acting as a transducer of 
the signal. Indispensable component for regulating 
intracellular signaling pathways through a plurality of 
receptors, among them the EGFR (Epidermal Growth 
Factor Receptor). Guanine nucleotide exchange factors 
(GEFs) and guanosine triphosphatase activating proteins 
influence its activity. (36). 
 The ras protein, part of the G protein family, is the key 
to proliferation, differentiation, and apoptosis. They are 
activated by connection to GTP by GEFs, where their 
production is stimulated through EGFR growth factors. 
Inactivation occurs when ras GTP is hydrolyzed by intrinsic 
GTPase to ras-GDP (37). When active have greater 
compatibility with molecules that mostly activate signaling 
cascades. 
 Intracellular, among them, the rat sarcoma virus / 
Mitogen-activated protein pathway kinase (ras / MAPK) and 
the Phosphoinositide-3-kinase pathway (PI3K / AKT). In the 
normal physiological conditions, a constancy is maintained 
between the activity of GEFs and GAPs, important for the 
normal cellular mechanism of the tissue (38). 
 Mutations in the K-ras gene are usually somatic. The 
most frequently happens in exon 2 (codons 12 and 13), 
changing the guanine/adenine that during the formation of 
protein replaces the amino acid. Exon mutations may occur 
less often 3 (codons 61) and exon 4 (codons 146) (23).  
 Mutations can cause changes in protein conformation, 
overexpression of the EGFR factor, resulting in an ever-
active ras protein, leading to activation of signaling 
pathways with consequent abnormal cell growth, 
proliferation, and differentiation (39). Mutations can also 
change the relationship between the activity of GEFs and 
GAPs, generating a marked reduction in intrinsic GTPase 
activity, making it resistant to GAPs (40)  
Oncogene c-MYC: It is classified as a proto-oncogene, 

and it plays a key role in the coordination of processes that 
lead to cell proliferation and differentiation in healthy cells. 
(27).  
 The c-MYC protein has two nuclear localization 
sequences (NLS) and structural domains that are 
determined as a transcription factor. Being that the first 143 
amino acids of the N-terminal portion assimilate the 
transactivation domain (TAD) (41). Which are closely linked 
to the biological activities performed by c-MYC and have a 
high standard of conservation among family members 
“there is a link, said to be essential for c-MYC to perform its 
activities, is the MAX protein, which works as a 
transcriptional activator(42). 
 According to  Zhao R et al. c-MYC is an oncogene of 
apoptotic capacity, and therefore; it has a short lifetime, 
around 30 minutes, which makes an effective gene 
regulator. (43) 
 Despite all its quality in preventing cancer, 
amplification of c-MYC it cannot be widely done in the 
clinic, because of neuroblastoma variables that do not have 
this amplification but have varying degrees of lethality (44). 

 In short, the c-MYC gene interferes in the cell cycle, 
and it can be by several means, in the G1, in cell 
apoptosis, cell immortalization, angiogenesis, in energy 
metabolism, and cell adhesion, therefore; all these 
processes mentioned can interfere in the development of a 
neoplasm (45) and may suffer interference at these stages 
of the cell cycle to deplete a tumor. Inadequate activation of 
c-MYC can develop neoplasms, this activation happens by 
different means, being they chromosomal translocations, 
as seen in Burkitt's lymphoma; consequently, of its 
expression; stimulation of gene transcription, as observed 
in colon carcinomas; among others (45). 
Oncogene n-MYC: According to Hald Ø, et.al the n-MYC 

gene is located in the distal part of the short arm of 
chromosome 2 (2p24), which may indicate rapid tumor 
progression, behavior aggressive, and a high risk of 
recurrence. This oncogene encodes a transcription 
factor that once in the nucleus, it generates a delay in 
cell differentiation promoting replication and apoptosis 
(44). Amplification of the n-MYC gene is associated with 
structural genetic disorders, related to frequent 1p 
deletion in many neuroblastomas, and an increase of 
17p in about 80% of primary neuroblastomas (46). 
HER-2 neu gene: The proto-oncogene called HER-2 

neu can be found in the literature as c-erbB-2 and HER-
2. It comes from the human epidermal growth factor 
receptor due to its broad correlation with the growth 
factor receptor (RFC) (17). It's inserted on chromosome 
17q and performs the function of encoding the 
transmembrane glycoprotein that acts as a receptor of 
the RFC family and has specific tyrosine kinase activity 
(47). Its molecular weight is 185 Kd. (48) 
 There are several methods for determining 
overexposure of the HER-2 neu gene. (49) stated that 
methods such as “Western blot and immunoassays are 
used enzymes, or the amplification of HER-2 neu, such 
as Southern blot, slot blot, dot blot, in situ hybridization 
with polymerase chain reaction (PCR) and in situ 
hybridization by fluorescence (FISH) ”. 
 

CONCLUSION 
The application of these markers for tumor diagnosis 
and prognosis is increasingly being used due to 
research and positive results. The markers described in 
this literature review, K-ras, p53, p-16, c-MYC, k n-
MYC, and HER-2 neu, expressed specificity and 
sensitivity in different areas of tumor characterization. 
However, there are many studies with controversial 
results. Therefore; it is important to have more specific 
studies and with appropriate methodologies for results 
reliable, consistent and accurate on tumor markers, 
given the relevance of these products. Even among 
many unanswered questions, events molecules that 
assist carcinogenesis have aided in the diagnosis and 
prognosis adequate and have shown importance to 
assist in the definition of the therapeutic lineage to be 
followed. Thus, tumor markers are an important ally in 
tumor detection in conjunction with other known 
diagnostic methods. 
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