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ABSTRACT 

Cancer is one of the leading causes of death globally. Early detection with the help of biomarkers can be done and 
therapy can be planned. Biomarkers are substances that indicate the presence of cancerous cells. Different types of 
biomarkers can be antibodies, viral, mitochondrial, metabolic, and can be detected and used for diagnosis, prognosis and 
to evaluate the efficacy of the therapy. Identification of biomarkers has a major role in the diagnosis of disease and 
influences the treatment strategies in Cancer. Biomarkers can be used as targeted therapy and are one of the bases for 
precision medicine. As chemotherapy used in cancer treatment may affect normal cells in the body which may lead to 
various side effects. Using targeted therapy makes treatment less toxic and more tumor-specific. This article reviews 
various biomarkers of cancer and their application in diagnosis and as a therapeutic target. 
Keywords: Cancer, Biomarkers, Targeted therapy 
 
Received 29.11.2020                                                          Revised 28.12.2020                                                  Accepted 01.01.2021                      
How to cite this article: 
Nitu L. Wankhede, Shraddha R. Samrit, Mohit D. Umare, Komal K. Bajaj, Rashmi V. Trivedi, Milind J. Umekar, Mayur B. 
Kale. Biomarkers of cancer: A Comprehensive Review. Adv. Biores., Vol 12 (1) January 2021: 221-233 

 
INTRODUCTION 
Cancer can be lookedas a disease process characterized by uncontrolled growth and spread of abnormal 
cells, has been the leading cause of death in many countries. It exerts a tremendous toll on society. The 
economic consequences of cancer are immense, in addition to the debilitating impact on patients and 
their families, both in terms of direct medical health facilities and in terms of the lack of human resources 
caused by early mortality. Cancer survival appears to be lower due most likely to a combination of a late 
diagnosis stage and insufficient access to prompt and effective care. Early and precise cancer detection is 
critical for clinical diagnosis, efficient control of toxicity and eventually successful cancer treatment. 
A tumor marker is often referred to as a 'cancer biomarker' as a 'substance or action that can be 
objectively assessed and analyzed as an indication of normal biological processes, pathogenic processes 
or pharmacological responses to therapeutic interventions[1]. Cancer biomarkers are found in tumor 
tissues or serum and involve a wide range of molecules, including DNA, mRNA, enzymes, metabolites, 
transcription factors, and cell surface receptors[2].This characteristic/biomarker is either produced by 
the tumor or by the body in response to cancer. The cancer biomarker field's aim is to establish accurate, 
cost-effective, efficient cancer risk identification, early cancer detection and tumor classification 
strategies; so that the patient can receive the most appropriate therapy and monitor disease progression, 
regression and recurrence[3]. 
A characteristic could be measured by genetics, proteomics, cellular or molecular substances found in 
higher than normal amounts in the blood, urine or body tissues of a cancer patient. The biomarker is a 
quantitative and accurate variable or marker used to analyze the disease process or to determine 
whether or not a medication used in the treatment was successful[4].Based on their utility, biomarkers 
can be divided into the following categories (Figure 1) [5]. 
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Figure 1 : Role of Biomarkers in Cancer 

Cancer cells exhibit a wide spectrum of genetic alterations that include gene rearrangements, point 
mutations, and gene amplifications, leading to molecular pathway disruptions that regulate cell growth, 
survival, and metastasis. When such changes occur in most patients with a particular tumor type, they can 
be used as biomarkers for identification and development of targeted therapies, in addition to predicting 
responses to different therapies[6]. 
Genetics, genomics, proteomics, many noninvasive imaging techniques and other technologies allow 
measurement of several biomarkers. Currently, the protein targets and the pharmacologic consequences 
of drug administration results in advanced knowledge leading to a better understanding of the disease 
process that will facilitate development of disease specific drugs with minimal undesired systemic 
toxicity. Establishing biomarkers involves a thorough understanding of the molecular mechanisms and 
cellular processes underlying cancer initiation, with a specific emphasis on how minor changes can 
disrupt a number of cellular functions in only a few regulatory genes or proteins. 
Diagnostic and prognostic biomarkers are quantifiable traits that assist clinical oncologists in their first 
interaction with the patients suspected. These particularly aid in  
(i) Identifying who is at risk,  
(ii) Diagnose at an early stage,  
(iii) Select the best treatment modality, and  
(iv) Monitor response to treatment.  
Such biomarkers occur in several different forms; typical biomarkers include those that can be tested 
using radiological techniques such as mammograms, etc., and circulating tumor-specific (related) 
antigens levels. For example, prostate-specific antigen (PSA).The plethora of potentially useful 
biomarkers for cancer has grown significantly to include DNA, RNA and protein sequence and expression 
levels, as well as metabolites[2].Advances in imaging techniques open the possibility that specific 
molecular biomarkers (e.g., those describing responses to therapy) can be tracked non-invasively in 
cancer patients. 
Genetic and genome based approaches played an important role in cancer detection and prognosis. 
Changes in DNA content (hyper- and hypo-diploidy) due to genomic instability during dysregulated 
proliferation have been commonly used and in reality have been very effective in clearly dissecting subtle 
differences between various tumor stages as well as resolving similar tumor types, which were otherwise 
not easily discernable, but has its limitations.  
 
TYPES OF BIOMARKERS 
CELLS AS BIOMARKER 
Cells begin to appear in the bloodstream in advanced tumor stages where they can be easily 
accessible.Cells tend to appear in the bloodstream in advanced tumor stages where they can be easily 
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tracked. Advanced clinical research in some malignancy has successfully used tumor and immune cells 
where it has acted as a strong prognostic biomarker, whereas its usage in other cancers is currently under 
review. 
GENETIC BIOMARKERS 
Cancer is a genetic disease facilitated by gene alterations, such as oncogenes and tumor suppressors, 
which regulate cell proliferation, survival and other homeostatic functions.Several non-random 
mutations, and translocations/ rearrangement within the regulatory region of the gene are also believed 
to be associated with different forms of malignancy. Such translocations aim for special clinical diagnosis 
as highly precise tumor markers. 
Deletion of genomic material is important because there may be some tumor suppressor activity in the 
missing segment of DNA. Gene deletions are discovered through polymerase chain reaction (PCR) to 
various chromosomes and sites using microsatellite probes. Loss of heterozygosity can lead to 
microsatellite instability (MSI) as well as mutations within several proto-oncogenes. Although 
identification of microsatellite instability/alterations in pathological tissue samples involves a 
comparison with normal tissue, it is a valuable tool for early detection, prognosis and evaluation of 
chemotherapeutic drugs response occasionally at preneoplastic stage[7]. 
EPIGENETIC BIOMARKERS 
Epigenetic modifications can occur directly through DNA methylation of genes and other proteins around 
which DNA is wound to form chromatin[8].Cytosine residue DNA methylation is the main human 
epigenetic modification that occurs in the context of 5'-CpG-3 dinucleotide [9]. It has become evident in 
recent years that epigenetic events are potentially responsible as genetic alterations for the initiation and 
progression of cancer, with hypo- and hyper-methylation of DNA facilitating the production of cancer. 
Genomic Hypermethylation markers may be used for the detection of both primary and metastatic or 
recurrent cancer cases. Therefore, it was proposed, that changes in methylation patterns of gene groups 
in sputum samples could be an essential, non-invasive method for identifying smokers at risk of 
developing lung cancer. While, epigenetic work has resulted in improved survival of patients with certain 
types of lymphoma and leukemia by using drugs that modify DNA methylation and histone[10]. 
CYTOGENETIC AND CYTOKINETIC MARKERS 
Classical cancer markers are structural and numerical aberrations in chromosomes, as the link between 
chromosomal aberrations and neoplastic transformation which has been well known. Though deviations 
from the number of diploid chromosomes leading to both hyper- and hypo-diploidy as well as aneuploidy 
were noted in malignant tumors[11]. Somatic mutations are promising biomarkers for cancer risk as 
these can capture genetic events that are associated with malignant transformation[12].  
Among other genome-based biomarkers, in some epithelial tumors, neoplasm recognition from the level 
of lesion-specific transcriptomes in the blood has been successfully employed[13]. Recently an innovative 
transcriptomes marker was produced to curtail the false positives in prostrate and other endocrine 
cancers[14]. Identification of S-phase cells and analysis of a number of other antigenic determinants of 
proliferation studied using a variety of cell biology techniques have also been used as complementary 
markers. Proteins encoded by the genes of minichromosome maintenance (MCM) were also proposed as 
useful proliferation markers; with high rates of gene expression suggesting poorprognosis[15]. 
VIRAL BIOMARKERS 
Among viral induced cancers, hepatocellular carcinoma (HCC) is one of the most common cancers 
worldwide and a leading cause of death in developing countriesdue to the endemic hepatitis B virus 
(HBV) infection.HBV can also promote carcinogenesis, in addition to immuno-inflammatory reactions, 
through genetic instability produced by its common integration into host DNA[16]. Various types of 
biomarkers were used to explain the etiology and development of HCC. Such markers involve analysis of 
viral DNA or proteins or antibodies that are generated against the viral proteins.  
HPV viral load, a measure of the quantity of viral DNA in biopsy specimens, alone or in combination with 
well-characterized serological HPV assays, has been suggested to delineate the role of HPV in oral and 
oropharyngeal cases [17], while antibodies produced in HPV E6 and E7 subjects serve as markers of 
invasive HPV-associated malignancy [18]. The first human virus to become directly active in 
carcinogenesis was Epstein-Barr virus (EBV). Within B cells, the EBV genome is preserved either as a 
circular multicopyepisome in the host cell, or by incorporating the viral DNA into the host genome. 
Identification and quantitative analysis of plasma EBV DNA in patients with nasopharyngeal carcinoma 
and Hodgkin's lymphomaserves as a valuable molecular marker for diagnosis, tracking and prediction of 
relapse[19].  
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CANCER ANTIGENS (BIOMOLECULES) BASED BIOMARKERS 
The cancer proteome includes information about probably any biological process occurring in cancer 
cells, cancer tissue microenvironment, and cancer cell-host interaction. Cancer cells release many 
proteins and other macromolecules through secretion into the extra-cellular fluid which can also serve as 
biomarkers.Some of these products will end up in the bloodstream and thus act as potential serum 
biomarkers. 
Oral fluid includes proteomic signatures that can act as biomarkers for human illnesses including oral 
cancer. The most recent identification of five proteins in cancer patients' saliva was found to be useful 
oral cancer markers with 90% sensitivity and 83% oral squamous cell carcinoma specificity. Nonetheless, 
the validity of these possible biomarkers includes long-term research that include a significant number of 
oral cancer patients as well as subjects at high risk for developing oral cancer. 
MITOCHONDRIAL BIOMARKERS 
Mitochondria usually contains multiple haploid copies of their own genome (16.5 kb), including most 
transcription, translation, and protein components. At 1000-10,000 copies/cell, mtDNA is present and the 
vast majority of these copies are identical at birth (homoplasmic). Several mutations in mtDNA have 
recently been found, especially in the D-loop region, in breast, colon, oesophageal, endometrial, head and 
neck, liver , kidney, leukemia, lung, melanoma, dental, prostate, and thyroid cancer. Because of their 
clonal existence and large numbers of copies in cancer cells, mitochondrial mutations can provide an 
important molecular marker for the non-invasive cancer detection. 
It may also be effective in the early detection, diagnosis, and prognosis of cancer outcome and/or in 
monitoring response to certain methodologies of prevention and intervention, as well as therapies[20]. 
METABOLIC BIOMARKER (GLUCOSE METABOLISM) 
A cell bioenergetic index (BEC index) has been indicated that could be used for cancer classification and 
prognosis, in addition to predicting the therapy response[21].Positron emission tomography ( PET), 
which enables non-invasive and quantitative study of different biological processes, uses a glucose analog 
(2-deoxy-D-glucose) labeled with Fluorine 18 positron emitter; FDG, which is partially metabolized and 
trapped as its phosphate (2-DG-6-P) in the tumor tissue, thus locating the tumor[22]. The use of glucose 
therefore tends to be an important metabolic marker for the diagnosis, prognosis and prediction of tumor 
response to a number of therapies[23].Various biomarkers in cancer are enlisted in (Figure 2) and 
various opportunities of identification(Figure 3) 

 
Figure 2 : Biomarkers in Cancer 
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Figure 3.The process of carcinogenesis, showing opportunities of identifying biomarkers. 

 
THERAPEUTIC BIOMARKERS 
In principle, "Targeted therapies" show more selectivity for tumor cells in theory, and indeed many such 
therapies have already shown promise in the clinic. These include small molecule drugs that inhibit the 
activity of protein tyrosine kinases and neutralizing antibodies that inhibit trans-membrane signaling 
receptors. Other therapeutic approaches include drugs that block molecular activity in the host 
microenvironment supporting the growth of tumours. To date, many of these therapies have only 
conferred modest benefits on patient survival, but refining of the way these drugs are used (e.g., as 
combination therapies and with biomarker-guided patient selection) is expected to improve therapy 
efficacy. 
MAMMALIAN TARGET OF RAPAMYCIN (mTOR) 
This is an evolutionarily preserved serine-threonine protein kinase which belongs to the family of kinase-
related PIKK [phosphoinositide 3-kinase (PI3 K)] and plays an important role in regulating cell growth 
and proliferation. Upon activation, mTOR increases the phosphorylation rates of its downstream targets 
including p70S6 K and 4EBP1, leading to increased translation speeds, ribosome biogenesis, and actin 
cytoskeleton reorganization and autophagy inhibition[24].Activation of this pathway leads to cell growth 
and proliferation dysregulation and can be verified by biomarkers such as PTEN mRNA loss or protein 
production in tumor tissue. Biochemical rapamycin inhibition of mTORs can be assessed by biomarkers 
such as the ample amount of the phosphorylated form of the ribosomal protein S6, and its therapeutic 
effects on tumor cells can be assessed by the proliferation marker Ki-67[25]. 
TELOMERASE 
Telomerase belongs to a class of enzymes known as reverse transcriptases which use RNA as a template 
to create DNA and contains both components of RNA and proteins. The enzyme ensures telomer 
maintenance and so protects the cell against degradation and death[26]. Because telomerase is present in 
approximately 90% of human cancers and is responsible for the irreversible growth of cancer cells[27], it 
has been a target for anticancer therapy that cuts off telomerase and thus prevents the growth of 
tumours. Most human tumors not only express telomerase but also have very short telomeres which are 
interesting. Telomerase is one of the best markers for human cancer, linked only to malignant tumors and 
not to the benign lesions that make it an ideal diagnostic marker for chemotherapy[28].Within normal 
cells, telomerase is sequestered far from the chromosomes in a region of the nucleus called the nucleolus. 
The enzyme is released during cell division only when required, and then returns quickly to the nucleus 
afterwards. However, in cancer cells, telomerase is present in the cell, suggesting a deficiency of the 
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telomerase-shuttling mechanism. Identifying and controlling the proteins usually involved in the 
movement of telomerase may be useful targets for anti-telomerase therapies[29]. 
p53 
The p53 gene is one of the tumour suppressor genes that normally prevent uncontrolled multiplication of 
abnormal cells and experimental findings from the last two decades[30]. Upon stimulation, p53 activates 
molecular processes that delays the cell cycle progression of proliferating cells and simultaneously 
stimulating DNA repair processes[31]. On the other hand, higher level of damage has been found to 
activate p53 mediated cell death (typically apoptosis), a mechanism that is purported to be responsible 
for the prevention of carcinogenesis.  
Although p53 is not a typical cancer-specific antigen, its central role in the control of cell growth and 
apoptosis and frequent mutations in tumours make p53 a unique target for cancer therapy. Radiation and 
most of the other anticancer drugs cause serious harm to cancer cell DNA and trigger the p53 action 
leading to apoptosis. Investigations in several types of cancer have shown that the p53 gene is a 
potentially useful biomarker for predicting prognosis and patient’s response to therapy to various type of 
cancer [32]. 
TYROSINE KINASE 
Tyrosine kinases are a class of enzymes that control multiple cellular processes by primarily acting as 
essential transducers of extracellular signals that influence various functions such as cell growth, 
differentiation, migration, and apoptosis that contribute to the production and progression of tumours. 
Many human tumors show aberrant activation of tyrosine kinases caused by genetic changes that may be 
associated with malignant transformation[33].In a variety of tumors, the erbB or HER family of 
transmembrane tyrosine kinase receptors, in particular receptors erbB1 (or EGFR) and erbB2 (or Her2 / 
neu), were identified as an important therapeutic target.  
It has been quite promising to target protein tyrosine kinases as a therapeutic technique, and the findings 
of recent clinical trials are also very encouraging. Current approaches include blocking kinase-substrate 
interaction, inhibiting the binding site of the enzyme adenosine triphosphate (ATP), and blocking 
receptors of the extracellular tyrosine kinase on tumor cells. Several tyrosine kinase inhibitors (TKIs) 
have already been approved as anti-cancer agents (i.e., gefitinib and trastuzumab). 
HISTONE DEACETYLASES (HDACs) 
Protein acetylation orchestrates the dynamic interplay between different processes, such as DNA repair, 
cell cycle arrest and apoptosis, which determines the cellular response to radiation and various 
chemotherapeutic drugs. This acetylation is catalyzed by histone acetylases (HATs) Chromatin 
remodeling during the regulation of gene expression is orchestrated by a concerted action of HATs and 
HDACs that condense and decondense the structure of chromatin by acetylating and deacetylating 
histones and other proteins of the nuclear receptors. Furthermore, HDACs appear to be closely linked to 
oncogenesis by regulating the expression of certain tumor suppressor genes which result in excessive 
proliferation and tumourogenesis[34]. 
HDAC have recently been among some of the attractive targets for cancer therapeutics, and HDAC 
inhibitors with diversified structures have indeed shown promising anti-tumour activity both in vitro and 
in vivo[35].Many of the HDAC inhibitors in a number of haematological malignancies and solid tumors are 
currently under clinical investigation[36]. It appears therefore, that HDAC inhibitors with pleiotropic 
actions in modulating multiple genes, signaling pathways and biological features of malignancy are useful 
in the treatment of cancers[37]. 
PIN1 
In human breast cancer cell lines and tissues, overexpression of Pin1 has been reported and its 
expression closely correlates with cycline D1 (important cycline needed for cell proliferation) in 
tumors[38].Pin1 overexpression enhances transformed new/ Ras-transformed phenotypes of mammary 
epithelial cells and is involved in mitotic regulation[39]. In comparison, Pin1 inhibition suppresses the 
transformed phenotypes caused by Neu- and Ras, or induces tumor cells into mitotic arrest and 
apoptosis[40]. Pin 1 inhibition by different means, such as mutations, deletions or antisense expression, 
induces mitotic arrest and apoptosis in the tumor cell lines[41]. It seems that Pin1 can be used as a 
diagnostic marker for cancer detection or to stage the disease, although it also seems to be a desirable 
target for diagnosis and therapy in only certain types of cancers[42]. 
Serum Auto-Antibodies as Biomarkers 
The main medical focus has been on early cancer detection that allows curative care to be administered 
before cancer progresses to late (and most often incurable) stages. Accordingly, serum biomarkers are 
highly sought after before cancer begins[43]. Autoantibodies that target specific tumor-associated 
antigens (TAAs) are one potential group of serum biomarkers. Since the first serological identifications of 
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tumor antigens from the sera of patients with melanoma[44], the number of reports of TAAs and 
autoantibodies in cancer patients has increased[45]. The immune response to TAAs functions in 
eliminating precancerous lesions during early carcinogenesis events[46]. The development of 
autoantibodies as a result of cancer immunosurveillance has therefore been found to precede clinical 
symptoms of tumorigenesis manifestations by several months to years[47]. Thus these serological 
biomarkers will act as early reporters in tumorigenesis for aberrant cellular processes[48].  
 
PRODUCTION OF AUTOANTIBODIES 
Robert W. Baldwin was the first person to establish an immune response to solid tumors[49]. 
Immunosurveillance to cancer cells is caused to cause destruction of antigen-specific tumors[49, 50]. The 
autologous proteins of tumor cells, usually referred to as TAAs, are believed to be altered in such a way as 
to immunogenize these proteins[51]. These selfproteins could be overexpressed, mutated, misfolded, or 
aberrantly degraded such that autoreactive immune responses in cancer patients are induced. 
Immune system can perceive TAAs that have undergone post-translation modifications (PTMs) as foreign 
substance.The presence of PTMs (e.g. glycosylation, phosphorylation, oxidation and proteolytic cleavage) 
could induce an immune response by generating a neo-epitope or by enhancing self-epitope presentation 
and affinity to the major histocompatibility complex or the T-cell receptor. The immune response against 
these immunogenic TAA epitopes triggers autoantibodies to be developed as serological biomarkers for 
cancers. 
Although some of the immune responses in cancer patients identify neo-antigens present only in tumors, 
most tumor-associated autoantibodies are directed toward aberrantly expressed self-antigens (e.g. HER2, 
p53, and ras). The immunogenicity of p53 was believed to be caused by its overexpression, missense 
point mutation and aggregation of cancer cells in the cytosol and nucleus[52]. They appears to increase 
the antigenic load and prime antibody production when proteins are overexpressed in cancer patients. 
This chemotactic activity of tissue-specific TAAs may alert the immune system to danger signals from 
damaged tissues and promotes tissue repair. TAAs that interact with juvenile dendritic cells are 
immunogenic because they are liable to be sequestered and then addressed to the cellular immune 
system in an aberrant way. 
The developed sera autoantibodies that target these TAAs could serve as early molecular signatures for 
cancer patients' diagnoses and prognoses. Additionally, most autoantibodies found in cancer patients' 
sera target cellular proteins with modifications, aberrant localization or expression associated with 
carcinogenic processes such as progression of the cell cycle, signal transduction, proliferation, and 
apoptosis[53]. The detection and functional characterisation of these immunological 'reporters' or 
'sentinels' for tumorigenesis-related cellular pathways will help identify early molecular cancer events. 
The immune response to TAAs occurs during tumorigenesis at an early stage, as shown by the discovery 
of high autoantibodies titers in patients with early stage cancer[54]. It has also been shown that the 
immune response to TAAs associated with malignant transformation progression[55]. Thus 
autoantibodies production can be identified before any other biomarkers or phenotypic aberrations are 
found, making these autoantibodies invaluable as biomarkers for early detection of cancer[56]. 
Additionally, autoantibodies have different characteristics which allow them to be valuable biomarkers of 
early cancer[57]. First, autoantibodies can be found in the asymptomatic cancer stage and can be 
identified in some cases as early as 5 years before the onset of the disease[58]. Second, autoantibodies 
against TAAs are present in cancer patients' sera, where they are readily available for screening. Third, 
autoantibodies are largely stable and remain in the serum for a fairly long time, since they are usually not 
subject to the proteolysis forms found in other polypeptides. The autoantibodies' durability and stability 
give them an advantage over other biomarkers, including the TAAs themselves, which are transiently 
secreted and can be easily degraded or cleansed. In addition, the autoantibodies are present at 
significantly higher concentrations than their respective TAAs; in response to a single autoantigen many 
autoantibodies are amplified by the immune system.Thus, autoantibodies may be more readily detectable 
than their respective TAAs. Lastly, sample collection is simplified as a result of the long half-life (7 days) 
of the autoantibodies, which minimizes hourly fluctuations 
Nonetheless, autoantibodies do have their limitations. A single autoantibody test lacks the sensitivity and 
specificity required to screen and diagnose the cancer. Typically, autoantibodies against a particular TAA 
are found in only 10–30% of patients[57]. The reason for this decreased sensitivity lies in the 
heterogeneous nature of cancer, whereby different proteins in patients with the same type of cancer are 
aberrantly processed or regulated. Therefore no protein is known to be widely disrupted or immunogenic 
in a particular type of cancer. Many TAAs may also be unspecific, as they exist in cancer as well as in other 
diseases, particularly those with an autoimmune background such as systemic lupus erythematosus, 
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Sjogren’s (sicca) syndrome, rheumatoid arthritis, type 1 DM and autoimmune thyroid disorder[59]. In 
addition, autoantibodies can be found in normal individuals in certain circumstances. 
A panel of TAAs can solve this problem by allowing simultaneous detection of multiple autoantibodies. 
For example, patients with 10 different types of cancer and autoimmune diseases have been shown to 
differ from normal subjects in a panel of two TAAs (Koc and p62)[60]. Using a panel of seven TAAs 
(IMP1,p53, cyclin B, p62, c-myc, Koc and survivin), Koziol et al. is able to classify normal individuals and 
differentiate between patients with breast, bowel, stomach, liver , lung or prostate cancers, with 
sensitivities ranging from 77% to 92%, and between 85% and 91%. Zhang et al. analyzed 527 sera of six 
different types of cancer [breast, lung, prostate, stomach, colorectal, and hepatocellular carcinoma (HCC)] 
and showed that the successive addition of antigen to the same panel of seven TAAs improved 
immunoreactivity in cancer patients to 44–68 percent, but did not increase immunoreactivity in safe 
individuals[61, 62]. 
 
METHODS FOR IDENTIFYING AUTOANTIBODIES 
Initial TAA research focused on a couple of antigens at a time, using techniques such as 1D SDS⁄PAGE or 
ELISA. Improvements in technologies such as proteomics platforms have allowed a panel of TAAs to be 
generated that exhibits better diagnostic value than a single TAA marker. In this area of research, five 
main techniques may be used, including serological screening of cDNA expression libraries, phage display 
libraries, protein microarrays, 2D western blots and 2D immunoaffinity chromatography (Figure 4) [61]. 

 
Figure 4 . Overview of 5 different approaches that enable identification of multiple autoantibodies 

2-DE, 2-Dimentional Electrophoresis; 2-DLC, 2-Dimentional Liquid Chromatography; cDNA, 
complementary Deoxyribonucleic acid; SEREX. Serological analysis of recombinant tumor cDNA 
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CANCER-ASSOCIATED AUTOANTIBODIES 
In recent years, the hunt for specific autoantibodies has stepped up, as demonstrated by a search on 
PubMed for 'autoantibodies and cancer.' Many cancers such as HCC and in the lung, colorectal, breast, 
stomach, prostate and pancreatic cancershave been found in autoantibodies and TAAs. Oncoproteins are 
among the growing list of TAAs found in cancers (e.g. HER-2⁄Neu, ras and c-MYC), tumor suppressor 
proteins (e.g. p53), survival proteins (e.g. survivin), cell cycle regulatory proteins (e.g. cyclin B1), mitosis-
associated proteins (e.g. centromere protein F), mRNA-binding proteins (e.g. p62, IMP1, &Koc), 
differentiation and CTAs (e.g. tyrosinase and NY-ESO-1)[62]. 
3. COMBINATION OF BIOMARKERS IN CANCER DETECTION, DIAGNOSIS AND PROGNOSIS 
While several potential biomarkers are known using high-throughput technologies, it remains to be 
determined their clinical application. SELDI – TOF was used by many investigators to test a serum protein 
pattern as a biomarker for ovarian, breast, and prostate cancer and lung cancer[63]. So a panel of 
biomarkers may provide more valuable knowledge and boost individual biomarkers statistical 
performance. In a five-center case-control study, Chan and colleaguesanalyzed the serum proteome of 
153 patients with invasive epithelial ovarian cancer as an example of the usefulness of combining three 
serum biomarkers with CA125 for increased sensitivity and specificity (the best known biomarker for 
ovarian cancer and approved for ovarian cancer monitoring), 42 Ovarian tumor patients, 166 pelvic 
tumor patients and 142 healthy women[64]. The authors identified three biomarkers for early detection: 
apolipoprotein, a truncated form of transthyretin, and an interα-trypsin-inhibitor cleavage 
fragment.When these biomarkers were combined with CA125, the sensitivity was 74% for early stage 
ovarian cancer, which is significantly higher than CA125 alone (65%) at a matched specificity of 97%. 
Prostate cancer, for example, is caused by the particular stimulation of cell growth by the androgen 
hormone and its ablation is one of the therapeutic strategies. The more aggressive type of prostate 
cancer, however, is usually due to androgen-independent pathways[65]. PSA is regulated by androgen, 
and its levels in prostate cancer are high. Nonetheless, detecting the androgen-independent prostate 
cancer, or when androgen levels are reduced by chemotherapy or castration, may not be a successful 
biomarker, making it an unattractive marker for prostate cancer to advance.Using prostate biomarkers 
that monitor these different pathways would not only improve the current low sensitivity of PSA but also 
improve the measures used to follow androgen-independent, aggressive cancer of the prostate. In 
summary, a panel of biomarkers identified by the use of multiple, high-performance platforms enables 
multivariate and simultaneous analyzes, thus allowing better and more efficient methodology[5].  
PROTEOMICS IN THE BIOMARKER DISCOVERY 
Recently there is development of new technologies that have set the pace for biomarker discovery and 
provide methodologies which have been used to identify novel biomarkers for the early detection of 
cancer and premalignancy and some of these biomarkers are currently validated on tumor sets assays. 
Cancer proteomics includes the detection and quantitative study of differentially expressed protein 
compared to healthy tissue equivalents at various stages of disease, from preneoplastic to neoplastic. 
Proteomics supplements genomic methods in cancer research. Research indicate up to six distinct forms 
of protein per gene in humans [6], and understanding their functional role at non-diseased and multiple 
stages of disease development will provide insights into the nature of prevention , treatment and 
therapeutic strategies. Protein expression and function are regulated by transcription and by post-
transcription and translational events. Identifying and recognizing these shifts are the principles that 
underlie the proteomics of cancer. 
FACTORS AFFECTING PERFORMANCE OF A BIOMARKER 
A response to biomarkers refers to the percentage of cases (individuals with documented disease) that 
screen for the biomarker as positive.Specificity refers to the proportion of control subjects who test 
negative for the biomarker (individuals without disease). Ideal biomarkers would have a specificity and 
sensitivity rating of 100 per cent, i.e. everyone with cancer should have a positive biomarker test, and 
everyone without cancer would have a negative test. The lower the sensitivity, the more people with 
cancer won't be detected; the lower the precision, the more people without cancer will test positive. It is 
the lack of sensitivity and/or specificity which causes the discarding of many potential biomarkers. 
Additionally, specifications for a test's output features differ with the intended use. 
Biochemical tests used in cancer screening and diagnosis differ not only in precision, reliability and 
validity but also in performance, e.g. positive predictive value (PPV), sensitivity, accuracy and negative 
predictive value (NPV). PPV talks of the number of people that have a positive result who do have the 
disease, while NPV is the percentage of people that do not have the disease with a negative test. PPV 
offers details on the likelihood that the disease is present if the test is positive.Consequently, it is clear 
that a statistical and inferential framework for assessing candidate markers in confirmatory clinical trials 
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is needed in cancer screening. Replacing an established technology is not a prudent decision, unless a 
biomarker offers sufficient knowledge about disease screening. 
Other than these, there are various other factors) that can impact a biomarker or biomarker-based assay 
performance are as follows: 
o Experimental designing 
o Quality and source of cancer specimen 
o Progressive biological heterogeneity 
o Pre-analytical factors such as age, sex, dietary status, smoke exposure, use of tobacco, geographical 

and environmental factors. 
o Analytical factors like errors during sample collection and processing, dilution errors, purity of 

reference standards, cross contamination of selected biomarker, fluctuations in temperature and 
instrument performance, contamination in purity of chemicals, and calculation errors. 

o Social and economic issues[66]. 
Biomarkers can also aid in redefining the diseases and their treatments by changing the focus of current 
approaches to a more rational objective molecular basis, based on symptoms and morphology. 
 
ISSUES AFFECTING MOLECULAR DETECTION, SCREENING AND TREATMENT 
Biomarker development for the screening, detection, and treatment of cancer involves both biological and 
economic challenges. Most of the diagnosis approaches used to date classify fully formed cancer, not pre-
malignant or early (intermediate stage) lesions that can be respected and cured. Although a screening test 
may detect cancer at the preclinical level, micro metastasis may not be identified and therefore the 
advantage of early detection and treatment may be limited[67]. Another problem is that in many organs, 
for example, prostate or colon, preneoplastic lesions are much more common than aggressive cancers and 
only 10% or less develop into a malignant tumor[68]. However, there is evidence that a subset of 
prostatic intraepithelial neoplasia develops into particularly aggressive phenotypes. This raises the issue 
whether any screening method should focus solely on early lesions, or whether it should also analyze the 
tumors behavior. To our minds, the discovery of serum, genetic or other tumor biomarkers should enable 
detection of the subset of cancer that is likely to lead to clinically important cancer, such as in prostate 
cancer[5, 43]. 
 
DISCUSSION AND CONCLUSION 
Cancer biomarkers are important indicators of tumor growth. They are not only used to diagnose and 
control illness but also to provide a prognostic treatment strategy. Carcinogenesis and advancement of 
the tumour are complex and progressive processes associated with a variety of genetic and epigenetic 
alterations, some of which can also be observed in plasma and serum. Although there are cancer protein 
blood biomarkers some of them have been approved by the American Society of Clinical Oncology, but 
their number and clinical use are limited.  
In these review we tried to cover various types of biomarkers which involves Cell, Blood (Plasma, Serum); 
Genetic, Epigenetic, Cynogenetic, Viral, Mitochondrial, Metabolic, Cancer Antigen and Sarum Antibody 
Biomarkers and also summarized various methods or techniques for their detection. It is possible to 
detect metabolomics in biological samples, which might provide an appropriate level to study cancer 
phenotype, also researcher said Tumor-specific circulating miRNAs and ctDNA analysis may provide a 
viable option for the early cancer diagnosis and prognosis, which further act as promising markers for 
various tumor entities which have already been identified as non-invasive biomarkers.  
Biomarkers of DNA differ in several ways from the general biomarkers. However, improvements in 
technology for detection and diagnosis are rapidly overcoming some of the issues of analytical sensitivity, 
and it is likely that mutation and methylation analysis of these markers will improve specificity for the 
diagnosis of cancer. Though isolation, quantification and normalization strategies have to be standardized 
before any of these novel biomarkers are made applicable for clinical routine. 
Clinical application and detection type plays a major role in reshaping life science industry and thereby 
influencing the treatment of many diseases particularly cancer. The above mentioned panel of biomarkers 
helps in diagnosis and facilitating therapy for each of those cancer type. Also, the upcoming genomic and 
proteomic technologies are quite promising in identifying new biomarkers, which can significantly 
enhance the efficacy of cancer management which helps to identify and understand the signaling 
pathways of specific targets for developing newer drugs and therapeutic strategies. 
 
CONFLICT OF INTEREST 
The authors declare no conflict of interest, financial or otherwise. 

Wankhede et al 



ABR Vol 12 [1] January   2021                                                        231 | P a g e               © 2021 Society of Education, India 

REFERENCES 
1. Golubnitschaja, O., & Flammer, J. (2007). What Are the Biomarkers for Glaucoma? Survey of Ophthalmology, 52(6 

SUPPL.). https://doi.org/10.1016/j.survophthal.2007.08.011 
2. Sawyers, C. L. (2008). The cancer biomarker problem. Nature. https://doi.org/10.1038/nature06913 
3. Wu, L., & Qu, X. (2015). Cancer biomarker detection: Recent achievements and challenges. Chemical Society 

Reviews. https://doi.org/10.1039/c4cs00370e 
4. Lesko, L. J., & Atkinson, J. (2001). Use of biomarkers and surrogate endpoints in drug development and 

regulatory decision making: Criteria, validation, strategies. Annual Review of Pharmacology and Toxicology. Annu 
Rev Pharmacol Toxicol. https://doi.org/10.1146/annurev.pharmtox.41.1.347 

5. Manne, U., Srivastava, R. G., & Srivastava, S. (2005, July 15). Keynote review: Recent advances in biomarkers for 
cancer diagnosis and treatment. Drug Discovery Today. Drug Discov Today. https://doi.org/10.1016/S1359-
6446(05)03487-2 

6. Sidransky, D. (2002). Emerging molecular markers of cancer. Nature Reviews Cancer. European Association for 
Cardio-Thoracic Surgery. https://doi.org/10.1038/nrc755 

7. Arzimanoglou, I. I., Gilbert, F., & Barber, H. R. K. (1998, May 15). Microsatellite instability in human solid tumors. 
Cancer. Cancer. https://doi.org/10.1002/(SICI)1097-0142(19980515)82: 10<1808::AID-CNCR2>3.0.CO;2-J 

8. Egger, G., Liang, G., Aparicio, A., & Jones, P. A. (2004). Epigenetics in human disease and prospects for epigenetic 
therapy. Nature. https://doi.org/10.1038/nature02625 

9. Jones, P. A., & Takai, D. (2001). The role of DNA methylation in mammalian epigenetics. Science. 
https://doi.org/10.1126/science.1063852 

10. Belinsky, S. A. (2004). Gene-promoter hypermethylation as a biomarker in lung cancer. Nature Reviews Cancer. 
https://doi.org/10.1038/nrc1432 

11. Dwarakanath, B. S., Manogaran, P. S., Das, S., Das, B. S., & Jain, V. (1994). Heterogeneity in DNA content & 
proliferative status of human brain tumours. The Indian journal of medical research, 100, 127–134. 

12. Bishop, J. M. (1987). The molecular genetics of cancer. Science. Science. https://doi.org/10.1126 /science 
.3541204 

13. Delys, L., Detours, V., Franc, B., Thomas, G., Bogdanova, T., Tronko, M., … Maenhaut, C. (2007). Gene expression 
and the biological phenotype of papillary thyroid carcinomas. Oncogene. https://doi.org/10. 
1038/sj.onc.1210588 

14. PL Jeffery, A. H. & L. C. (2003). Ghrelin and a Novel Ghrelin Isoform Have Potential Autocrine/Paracrine Roles in 
Hormone-Dependent Cancer. Endocrine Abstracts, 6, 38. 

15. Alison, M. R., Hunt, T., & Forbes, S. J. (2002). Minichromosome maintenance (MCM) proteins may be pre-cancer 
markers. Gut. BMJ Publishing Group. https://doi.org/10.1136/gut.50.3.290 

16. Kirk, G. D., Bah, E., & Montesano, R. (2006). Molecular epidemiology of human liver cancer: Insights into etiology, 
pathogenesis and prevention from The Gambia, West Africa. Carcinogenesis. Oxford University Press. 
https://doi.org/10.1093/carcin/bgl060 

17. Shukla, S., Bharti, A. C., Mahata, S., Hussain, S., Kumar, R., Hedau, S., & Das, B. C. (2009). Infection of human 
papillomaviruses in cancers of different human organ sites. Indian Journal of Medical Research. 

18. Kreimer, A. R., Clifford, G. M., Snijders, P. J. F., Castellsagué, X., Meijer, C. J. L. M., Pawlita, M., … Franceschi, S. 
(2005). HPV16 semiquantitative viral load and serologic biomarkers in oral and oropharyngeal squamous cell 
carcinomas. International Journal of Cancer. https://doi.org/10.1002/ijc.20872 

19. Gandhi, M. K., Lambley, E., Burrows, J., Dua, U., Elliott, S., Shaw, P. J., … Khanna, R. (2006). Plasma Epstein-Barr 
virus (EBV) DNA is a biomarker for EBV-positive Hodgkin’s lymphoma. Clinical Cancer Research. 
https://doi.org/10.1158/1078-0432.CCR-05-2008 

20. Lièvre, A., Blons, H., Houllier, A. M., Laccourreye, O., Brasnu, D., Beaune, P., & Laurent-Puig, P. (2006). 
Clinicopathological significance of mitochondrial D-Loop mutations in head and neck carcinoma. British Journal 
of Cancer. https://doi.org/10.1038/sj.bjc.6602993 

21. Cuezva, J. M., Krajewska, M., De Heredia, M. L., Krajewski, S., Santamaría, G., Kim, H., … Reed, J. C. (2002). The 
bioenergetic signature of cancer: A marker of tumor progression. Cancer Research. 

22. Reivich, M., Kuhl, D., Wolf, A., Greenberg, J., Phelps, M., Ido, T., … Sokoloff, L. (1977). Measurement of local 
cerebral glucose metabolism in man with 18F-2-fluoro-2-deoxy-d-glucose. Acta neurologica Scandinavica. 
Supplementum, 64, 190–1. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/268783 

23. Weber, W. A. (2006). Positron emission tomography as an imaging biomarker. Journal of Clinical Oncology. 
https://doi.org/10.1200/JCO.2006.06.6068 

24. Hay, N., & Sonenberg, N. (2004). Upstream and downstream of mTOR. Genes and Development. 
https://doi.org/10.1101/gad.1212704 

25. Tee, A. R., & Proud, C. G. (2001). Staurosporine inhibits phosphorylation of translational regulators linked to 
mTOR. Cell Death and Differentiation. https://doi.org/10.1038/sj.cdd.4400876 

26. Blackburn, E. H. (2000). Telomere states and cell fates. Nature. https://doi.org/10.1038/35040500 
27. Forsyth, N. R., Wright, W. E., & Shay, J. W. (2002). Telomerase and differentiation in multicellular organisms: 

Turn it off, turn it on, and turn it off again. Differentiation. https://doi.org/10.1046/j.1432-0436.2002.690412.x 
28. Shay, J. W. (1998). Telomerase in cancer: Diagnostic, prognostic, and therapeutic implications. Cancer Journal 

from Scientific American. 
29. Wong, J. M. Y., Kusdra, L., & Collins, K. (2002). Subnuclear shuttling of human telomerase induced by 

Wankhede et al 

https://doi.org/10.1016/j.survophthal.2007.08.011
https://doi.org/10.1038/nature06913
https://doi.org/10.1039/c4cs00370e
https://doi.org/10.1146/annurev.pharmtox.41.1.347
https://doi.org/10.1016/S1359-
https://doi.org/10.1038/nrc755
https://doi.org/10.1002/(SICI)1097-0142(19980515)82:
https://doi.org/10.1038/nature02625
https://doi.org/10.1126/science.1063852
https://doi.org/10.1038/nrc1432
https://doi.org/10.1126
https://doi.org/10.
https://doi.org/10.1136/gut.50.3.290
https://doi.org/10.1093/carcin/bgl060
https://doi.org/10.1002/ijc.20872
https://doi.org/10.1158/1078-0432.CCR-05-2008
https://doi.org/10.1038/sj.bjc.6602993
http://www.ncbi.nlm.nih.gov/pubmed/268783
https://doi.org/10.1200/JCO.2006.06.6068
https://doi.org/10.1101/gad.1212704
https://doi.org/10.1038/sj.cdd.4400876
https://doi.org/10.1038/35040500
https://doi.org/10.1046/j.1432-0436.2002.690412.x


ABR Vol 12 [1] January   2021                                                        232 | P a g e               © 2021 Society of Education, India 

transformation and DNA damage. Nature Cell Biology. https://doi.org/10.1038/ncb846 
30. Levine, A. J., Finlay, C. A., & Hinds, P. W. (2004). P53 is a tumor suppressor gene. Cell. https://doi.org/10.1016/ 

s0092-8674(04)00036-4 
31. Erster, S., & Moll, U. M. (2004). Stress-induced p53 runs a direct mitochondrial death program: Its role in 

physiologic and pathophysiologic stress responses in vivo. Cell Cycle. https://doi.org/10.4161/cc.3.12.1318 
32. Stokłosa, T., & Goła̧b, J. (2005). Prospects for p53-based cancer therapy. Acta Biochimica Polonica, 52(2), 321–

328. https://doi.org/10.18388/abp.2005_3445 
33. Baselga, J. (2006). Targeting tyrosine kinases in cancer: The second wave. Science. https://doi.org/10.1126/ 

science.1125951 
34. Munster, P. N., Troso-Sandoval, T., Rosen, N., Rifkind, R., Marks, P. A., & Richon, V. M. (2001). The histone 

deacetylase inhibitor suberoylanilide hydroxamic acid induces differentiation of human breast cancer cells. 
Cancer Research. 

35. Takai, N., Desmond, J. C., Kumagai, T., Gui, D., Said, J. W., Whittaker, S., … Koeffler, H. P. (2004). Histone 
Deacetylase Inhibitors Have a Profound Antigrowth Activity in Endometrial Cancer Cells. Clinical Cancer 
Research. https://doi.org/10.1158/1078-0432.CCR-03-0100 

36. Rasheed, W., Bishton, M., Johnston, R. W., & Prince, H. M. (2008). Histone deacetylase inhibitors in lymphoma and 
solid malignancies. Expert Review of Anticancer Therapy. https://doi.org/10.1586/14737140.8.3.413 

37. Kristeleit, R., Stimson, L., Workman, P., & Aherne, W. (2004). Histone modification enzymes: Novel targets for 
cancer drugs. Expert Opinion on Emerging Drugs. https://doi.org/10.1517/14728214.9.1.135 

38. Ryo, A., Liou, Y.-C., Wulf, G., Nakamura, M., Lee, S. W., & Lu, K. P. (2002). PIN1 Is an E2F Target Gene Essential for 
Neu/Ras-Induced Transformation of Mammary Epithelial Cells. Molecular and Cellular Biology, 22(15), 5281–
5295. https://doi.org/10.1128/mcb.22.15.5281-5295.2002 

39. Basu, A., Das, M., Qanungo, S., Fan, X. J., DuBois, G., & Haldar, S. (2002). Proteasomal degradation of human 
peptidyl prolyl isomerase Pin1-pointing phospho Bcl2 toward dephosphorylation. Neoplasia. 
https://doi.org/10.1038/sj/neo/7900233 

40. Atchison, F. W., Capel, B., & Means, A. R. (2003). Pin1 regulates the timing of mammalian primordial germ cell 
proliferation. Development. https://doi.org/10.1242/dev.00584 

41. Rippmann, J. F., Hobbie, S., Daiber, C., Guilliard, B., Bauer, M., Birk, J., … Schnapp, A. (2000). Phosphorylation-
dependent proline isomerization catalyzed by Pin1 is essential for tumor cell survival and entry into mitosis. Cell 
Growth and Differentiation. 

42. Bhatt, A. N., Mathur, R., Farooque, A., Verma, A., & Dwarakanath, B. S. (2010). Cancer biomarkers - Current 
perspectives. Indian Journal of Medical Research. 

43. 43.  Wagner, P. D., Verma, M., & Srivastava, S. (2004). Challenges for biomarkers in cancer detection. In Annals of 
the New York Academy of Sciences (Vol. 1022, pp. 9–16). New York Academy of Sciences. 
https://doi.org/10.1196/annals.1318.003 

44. Shiku, H., Takahashi, T., Resnick, L. A., Oettgen, H. F., & Old, L. J. (1977). Cell surface antigens of human malignant 
melanoma: III. Recognition of autoantibodies with unusual characteristics*. Journal of Experimental Medicine, 
145(3), 784–789. https://doi.org/10.1084/jem.145.3.784 

45. Anderson, K. S., & LaBaer, J. (2005). The sentinel within: Exploiting the immune system for cancer biomarkers. 
Journal of Proteome Research. https://doi.org/10.1021/pr0500814 

46. Finn, O. J. (2005). Immune response as a biomarker for cancer detection and a lot more. New England Journal of 
Medicine. https://doi.org/10.1056/NEJMe058157 

47. Brichory, F. M., Misek, D. E., Yim, A. M., Krause, M. C., Giordano, T. J., Beer, D. G., & Hanash, S. M. (2001). An 
immune response manifested by the common occurrence of annexins I and II autoantibodies and high circulating 
levels of IL-6 in lung cancer. Proceedings of the National Academy of Sciences of the United States of America. 
https://doi.org/10.1073/pnas.171320598 

48. Tan, E. M. (2001). Autoantibodies as reporters identifying aberrant cellular mechanisms in tumorigenesis. 
Journal of Clinical Investigation. https://doi.org/10.1172/JCI14451 

49. Baldwin, R. W. (1966). Tumour‐specific immunity against spontneous rat tumours. International Journal of 
Cancer. https://doi.org/10.1002/ijc.2910010305 

50. Baldwin, R. W. (1971). Tumour-associated antigens and tumour-host interactions. Proceedings of the Royal 
Society of Medicine, 64(10), 1039–1042. 

51. Caron, M., Choquet-Kastylevsky, G., & Joubert-Caron, R. (2007). Cancer immunomics using autoantibody 
signatures for biomarker discovery. Molecular and Cellular Proteomics. https://doi.org/10.1074/mcp.R600016-
MCP200 

52. Janin, N., Bressac, B., & Hirsch, A. (1993). Analysis of p53 Antibodies in Patients with Various Cancers Define B-
Cell Epitopes of Human p53: Distribution on Primary Structure and Exposure on Protein Surface. Cancer 
Research. 

53. Ullah, M. F., & Aatif, M. (2009). The footprints of cancer development: Cancer biomarkers. Cancer Treatment 
Reviews. https://doi.org/10.1016/j.ctrv.2008.10.004 

54. 54.  Disis, M. L., Pupa, S. M., Gralow, J. R., Dittadi, R., Menard, S., & Cheever, M. A. (1997). High-titer HER-2/neu 
protein-specific antibody can be detected in patients with early-stage breast cancer. Journal of Clinical Oncology. 
https://doi.org/10.1200/JCO.1997.15.11.3363 

55. Stoler, D. L., Chen, N., Basik, M., Kahlenberg, M. S., Rodriguez-Bigas, M. A., Petrelli, N. J., & Anderson, G. R. (1999). 

Wankhede et al 

https://doi.org/10.1038/ncb846
https://doi.org/10.1016/
https://doi.org/10.4161/cc.3.12.1318
https://doi.org/10.18388/abp.2005_3445
https://doi.org/10.1126/
https://doi.org/10.1158/1078-0432.CCR-03-0100
https://doi.org/10.1586/14737140.8.3.413
https://doi.org/10.1517/14728214.9.1.135
https://doi.org/10.1128/mcb.22.15.5281-5295.2002
https://doi.org/10.1038/sj/neo/7900233
https://doi.org/10.1242/dev.00584
https://doi.org/10.1196/annals.1318.003
https://doi.org/10.1084/jem.145.3.784
https://doi.org/10.1021/pr0500814
https://doi.org/10.1056/NEJMe058157
https://doi.org/10.1073/pnas.171320598
https://doi.org/10.1172/JCI14451
https://doi.org/10.1002/ijc.2910010305
https://doi.org/10.1074/mcp.R600016-
https://doi.org/10.1016/j.ctrv.2008.10.004
https://doi.org/10.1200/JCO.1997.15.11.3363


ABR Vol 12 [1] January   2021                                                        233 | P a g e               © 2021 Society of Education, India 

The onset and extent of genomic instability in sporadic colorectal tumor progression. Proceedings of the National 
Academy of Sciences of the United States of America. https://doi.org/10.1073/pnas.96.26.15121 

56. Shin, B. K., Wang, H., & Hanash, S. (2002). Proteomics approaches to uncover the repertoire of circulating 
biomarkers for breast cancer. Journal of Mammary Gland Biology and Neoplasia. https://doi.org/10.1023/A: 
1024038132381 

57. Casiano, C. A., Mediavilla-Varela, M., & Tan, E. M. (2006). Tumor-associated antigen arrays for the serological 
diagnosis of cancer. Molecular and Cellular Proteomics. https://doi.org/10.1074/mcp.R600010-MCP200 

58. Fernández Madrid, F. (2005). Autoantibodies in breast cancer sera: Candidate biomarkers and reporters of 
tumorigenesis. Cancer Letters. https://doi.org/10.1016/j.canlet.2004.12.017 

59. Bei, R., Masuelli, L., Palumbo, C., Modesti, M., & Modesti, A. (2009). A common repertoire of autoantibodies is 
shared by cancer and autoimmune disease patients: Inflammation in their induction and impact on tumor 
growth. Cancer Letters. https://doi.org/10.1016/j.canlet.2008.11.009 

60. Tan, E. M., & Zhang, J. (2008, April). Autoantibodies to tumor-associated antigens: Reporters from the immune 
system. Immunological Reviews. Immunol Rev. https://doi.org/10.1111/j.1600-065X.2008.00611.x 

61. Zhang, J. Y., Casiano, C. A., Peng, X. X., Koziol, J. A., Chan, E. K. L., & Tan, E. M. (2003). Enhancement of antibody 
detection in cancer using panel of recombinant tumor-associated antigens. Cancer Epidemiology Biomarkers and 
Prevention. 

62. Tan, H. T., Low, J., Lim, S. G., & Chung, M. C. M. (2009). Serum autoantibodies as biomarkers for early cancer 
detection. FEBS Journal. https://doi.org/10.1111/j.1742-4658.2009.07396.x 

63. Xiao, X., Liu, D., Tang, Y., Guo, F., Xia, L., Liu, J., & He, D. (2004). Development of proteomic patterns for detecting 
lung cancer. Disease Markers. https://doi.org/10.1155/2003/278152 

64. Zhang, Z., Bast, R. C., Yu, Y., Li, J., Sokoll, L. J., Rai, A. J., … Chan, D. W. (2004). Three biomarkers identified from 
serum proteomic analysis for the detection of early stage ovarian cancer. Cancer Research. 
https://doi.org/10.1158/0008-5472.CAN-04-0746 

65. Chatterjee, B. (2003). The role of the androgen receptor in the development of prostatic hyperplasia and prostate 
cancer. Molecular and Cellular Biochemistry. https://doi.org/10.1023/A:1026057402945 

66. Kumar, S., Mohan, A., & Guleria, R. (2006, September). Biomarkers in cancer screening, research and detection: 
Present and future: A review. Biomarkers. Biomarkers. https://doi.org/10.1080/13547500600775011 

67. Pollak, M. N., & Foulkes, W. D. (2003). Challenges to cancer control by screening. Nature Reviews Cancer. 
European Association for Cardio-Thoracic Surgery. https://doi.org/10.1038/nrc1042 

68. Neugut, A. I., Jacobson, J. S., & Rella, V. A. (1997). Prevalence and incidence of colorectal adenomas and cancer in 
asymptomatic persons. Gastrointestinal Endoscopy Clinics of North America. https://doi.org/10.1016/s1052-
5157(18)30294-0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2021 Society of Education. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.  

Wankhede et al 

https://doi.org/10.1073/pnas.96.26.15121
https://doi.org/10.1023/A:
https://doi.org/10.1074/mcp.R600010-MCP200
https://doi.org/10.1016/j.canlet.2004.12.017
https://doi.org/10.1016/j.canlet.2008.11.009
https://doi.org/10.1111/j.1600-065X.2008.00611.x
https://doi.org/10.1111/j.1742-4658.2009.07396.x
https://doi.org/10.1155/2003/278152
https://doi.org/10.1158/0008-5472.CAN-04-0746
https://doi.org/10.1023/A:1026057402945
https://doi.org/10.1080/13547500600775011
https://doi.org/10.1038/nrc1042
https://doi.org/10.1016/s1052-

