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Abstarct- Breast cancer consists of different types of tumors, and is widely regarded as a heterogeneous disease 

with such types and the heterogeneity also implies different occupies a similar position in other respects, too. 

Various changes associated with the RNA expression, including both individual mRNA and microRNA. 

Advances in molecular technologies have now made possible the identification of new and more specifics 

biomarkers for diagnosing, forecasting, and forewarning the risk of breast cancer, allowing treatment 

personalization, therapy optimization and prevention of overtreatment, undertreatment or incorrect 

treatment. A few biomarkers for breast cancer have been figured out with traditional biomarkers, and 

together they can be a physician's companion from diagnosis to treatment plan to improve results and increase 

the number who succeed in therapy. Certain well-studied biomarkers influence more than just therapeutic 

choices; several have exhibited promising potential for noninvasively screening and detecting breast cancer, 

such as cell-free tumor DNA circulating in blood, carcinoembryonic antigen, carbohydrate antigen 15-3, 

extracellular vesicles transporting molecules, circulating microRNAs, hereditary BRCA genes, and an array of 

chemicals identifiable from urine, nipple fluid extraction, and exhaled breath. Biomarkers employed to gauge 

the tumor microenvironment can likewise help forecast treatment responses and disease progression over time. 
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INTRODUCTION: 

Breast cancer, a malady arising from errant breast cells multiplying and growing into tumors. The tumor now has the 

potential to develop and spread to every organ in the body. Ignoring these grows fatal. It's the tissues in the breast, 

possibly the milk ducts and breast's milk-producing lobules, where first breast cancer cells proliferate[1]. The early in 

situ form has no danger to life. Cancer cells can pass into other breast tissues. As for this, the tumors are focal, 

unyielding lumps. Invaded by invasive tumors, these next migrate to lymph nodes or other organs through a process 

known as metastasis. One can die from this. The patient's cancer kind and prognosis determine the course of 

treatment[2]. Treatment might include crada (medication), radiation because you're only bumping into the scaffold, so 

we have to build a new one and surgery. The leading cause of women's cancer-related death worldwide, is breast 

cancer (BC). Among cancers overall, it is second most frequently identified[3]. In these personalized medicine times 

traditional prognostic markers like metastasis of lymph node tumor size, and histological grading of tumors are no 

longer sufficient for doctors treating the newly diagnosed BC patient . Recently improved technology has accelerated 

our understanding of molecular-based progression and treatment responses to breast cancer. The discovery that certain 

molecular biomarkers might be useful in prognostic or predictive genetics has helped those who prescribe therapeutics 

to make their decisions , individualizing treatment and thus optimising therapy , rather than inadvertently over- or 

undertreating--or giving the wrong password markers Prognostic indicators can help clinicians to anticipate how 

aggressive an invasive tumor is so as to enable better treatment choices[4,5,6] . 

Global Impact and Age Dynamics of Breast Cancer: 

 Globally, there were 685,000 incidences of breast cancer in 2020, accounting for 2.3 million additional deaths from 

the disease .It's the all-too common occurrence that of an estimated 7.8 million women still living at the end of 2020, 

because their diagnoses occurred in the previous five years. Globally, breast cancer strikes women from adolescence 

onwards, yet prevalence is clearly higher with increasing age[7,8]. 

 

BIOMARKERS 

Blood, tissue, and other body fluids are common sources of biomarkers, which are quantifiable indicators of a 

biological condition or state. Disease detection, diagnosis, tracking the effectiveness of treatment, and disease 

progression prediction are all possible with biomarkers. They can refer to a wide range of medical symptoms that can 

be monitored precisely and consistently[9]. They are useful in clinical research and healthcare because they provide 

objective measurements of biological processes, disease, or the response to treatment interventions. In medical 
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research and clinical practice, biomarkers are valuable instruments that can facilitate the creation of novel diagnostic 

tests, track the advancement of diseases, and assess the efficacy of treatments They help to further personalized 

medicine techniques, in which treatment strategies are tailored to individual patients based on biomarker profiles[10]. 

 
Figure 1: Classification of biomarkers 

 

Importance of biomarkers 

 The study and therapy of breast cancer depend heavily on biomarkers. The following main ideas emphasize the 

significance of biomarkers in breast cancer: 

Early Detection: By assisting in the early identification of breast cancer, biomarkers can enhance treatment results 

and enable prompt intervention. 

Prognosis: Biomarkers can give important insights into how breast cancer will likely progress, enabling medical 

experts to adjust therapy regimens based on the disease's expected trajectory. 

Treatment Selection: Biomarkers may be used to assist identify the most appropriate courses of action for a given 

diagnosis By assisting in the identification of certain molecular targets and directing the use of targeted medicines, 

they can increase therapy efficacy. 

Drug Resistance: By identifying the processes of drug resistance in breast cancer, biomarkers can facilitate the 

development of countermeasures[11]. 

 

LIMITATONS 

Biomarkers have various drawbacks despite their enormous promise in breast cancer research and clinical treatment. 

The following are a few of the limitations of biomarkers in breast cancer: 

Heterogeneity: With several subtypes and variations within each subtype, breast cancer is an extremely diverse 

disease. The inability of biomarkers to fully represent the intricacy of the illness might make it difficult to predict 

therapy response or prognosis[12]. 

Sensitivity and Specificity: Biomarkers' capacity to identify genuine positive cases and weed out false positive 

instances may not always be strong points of differentiation. False-positive or false-negative findings may arise from 

this, misdiagnosing a patient or recommending an ineffective course of therapy[13]. 

Validation and Standardization: Biomarkers must go through stringent validation and standardization procedures in 

order to be guaranteed to be dependable and repeatable in various lab and clinical environments The consistency and 

quality of biomarker results might be impacted by testing technique variability and a lack of established protocols[14]. 

Cost and Accessibility: A number of biomarker tests have the potential to be costly and not be easily available to all 

patients, which may restrict their general application in clinical practice. Disparities in access to therapies guided by 

biomarkers may result from this. 
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Dynamic Nature: Over time, biomarker expression levels might fluctuate, particularly in reaction to therapy Because 

biomarkers are dynamic, it might be difficult to reliably track the course of a disease or the effectiveness of a 

treatment with a single biomarker measurement[15]. 

Biomarkers for early detection:  

A disease's detection and diagnosis are not the same thing. Identification of a disease in medical practice necessitates 

not only symptom recognition but also specific attributes that would without a doubt point to the existence of a 

specific disease[16]. Additional focused assays are usually required before a diagnosis is made because early 

symptoms frequently indicate a probable group of diseases with comparable traits. Since signs of cancer typically 

manifest when tumors are large enough, diagnosing the disease solely on the basis of symptoms is inappropriate. 

Because of this, if early cancer detection is to occur, tumors must be found in people who are  

 
(https://www.sciencedirect.com/science/article/abs/pii/S0304416507000402) 

Figure 2. Asymptomatic, elevating the tumor-specific assay to the status of a screening test with correspondingly strict 

needs For the assay to identify problems in asymptomatic persons early on, it must first be performed using a small 

amount of starting material in a non-invasive (or minimally invasive) fashion[17]. In addition, a perfect screening 

assay must identify the site of tumor formation (it must be site-specific) and be able to identify cancer in many organs. 

In addition, non-cancerous occurrences in the same organ or tissue must be ruled out for an assay to be effective[18]. 

Furthermore, the assay must function at the differential diagnosis level, be observer-independent, and provide 

objective measures of disease biomarkers. Ultimately, depending on the disease's frequency in the community, the 

screening test must be sufficiently specific to yield an acceptable limit of false-positive results. The table provides a 

summary of the essential elements of an early detection assay[19,20,21]. 

 

Table 01: The early detection assay's requirements[22] 

Criteria Consequences 

(1) Prompt identification 

population screening for apathy 

Comprehensive screening 

 

(2) Method with minimal invasiveness 

bodily liquids 

The least possible quantity  

 

(3) Location-specific identification  Particular to an organ or tissue 

(4) Diagnostic utility  Specifically related to cancer 

(5) independent of the observer Quantifying biological feature(s) objectively 

 

(6) Particular  

 

Merely seven false-positives 

(7) Simple and inexpensive 

 

Universal screening 

 

 

Molecular markers (or) Biomarkers used in breast cancer detection:- 

Among the protein receptors that can bind to hormones are molecular markers . To ascertain how a certain therapy 

will be received, those produced by malignant cells are utilised. Cancerous tissue contains changed DNA sequences as 

well as proteins that are utilized as molecular markers[23,24].To further limit the growth and metastatic spread of 

neoplastic cell clones without harming healthy cells, certain medications or other preventives, like an antibody, are 

employed in an appropriate targeted therapy [25].  
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Figure 3. Detection of type of receptor using molecular markers and prediction of prognosis. 

(https://www.sciencedirect.com/science/article/pii/S2352304220301628) 

 

1.Estrogen receptor:- 

The estrogen receptor (ER) is a ligand-activated transcription factor belonging to the nuclear transcription receptor 

superfamilyOestrogen and other steroid hormones bind to and activate the ER, causing it to translocate to the nucleus. 

After entering the nucleus, the activated ER can bind to DNA and start the transcription of genes that are involved in 

invasion, angiogenesis, proliferation, and evasion of apoptosis. ER-α and ER-β are the two isoforms of ER.. It is 

shown that ER-α has a direct role in pathological processes, such as breast cancer[26]. 

The most widely used and well-established predictive marker for considering endocrine treatment in the management 

of breast cancer (BC) is the oestrogen receptor (ER), which was the first predictive marker to be developed in the field 

of cancer [27]. Another important predictor of breast cancer is ER, and research suggests that the clinical, molecular, 

and epidemiological risk factor profiles of BCs classified as ER positive and -negative vary[28]. Patients with ER-

positive BC had a far better prognosis than those with ER-negative tumors. As a result, it is challenging to decide 

which cut-off should be used the lowest to define ER positivity[29].That being said, ER has little predictive value in 

and of itself, and its strongest utility comes from its ability to predict response to endocrine medication. While ER-

positive tumors react to endocrine therapy, ER-negative BC is not expected to respond to it, albeit to varying 

degrees[30]. Endocrine therapy yields a response in at least 70% of patients with significantly ER-positive BC, but 

less response is revealed by low ER-positive tumors. There is, however, no proof that the relationship between the 

degree of reaction and the ER expression level in BC is linear. As a result, figuring out the lowest cut-off that should 

be applied to characterize ER positive is challenging. 

Oestogen receptor and progesterone receptor are detected by Immunohistochemistry (IHC) Immunohistochemistry 

(IHC) is a method for detecting antigens or haptens in cells of a tissue section by exploiting the principle of antibodies 

binding specifically to antigens in biological tissues. The antibody-antigen binding can be visualized in different 

manners. Enzymes, such as Horseradish Peroxidase (HRP) or Alkaline Phosphatase (AP), are commonly used to 

catalyze a color-producing reaction[31]. In clinical practice, a variety of gene expression assays are employed as 

instruments to forecast the likelihood of recurrence and/or the effectiveness of chemotherapy for BC that is ER 

positive. Some of these, such as Mrna-based assays, can be used as quality control tools for ER IHC and offer 

quantitative results for ER Mrna with good levels of concordance with ER assessed by IHC; however, there is no 

evidence to suggest that these assays can forecast response to endocrine therapy. 

 

figure 4. Principle of Immunohistochemistry 

(https://www.bosterbio.com/protocol-and-troubleshooting/immunohistochemistry-ihc-principle) 

http://www.ijsdr.org/
https://www.sciencedirect.com/science/article/pii/S2352304220301628
https://www.bosterbio.com/protocol-and-troubleshooting/immunohistochemistry-ihc-principle


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405065 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  458 

 

To identify patients for endocrine therapy, current guidelines do not support using Mrna-based assays[ 32,33,34]. It is 

advisable to repeat the IHC test using a different antibody clone or different tumor block if there are inconsistent 

results between ER status determined by IHC and Mrna-based tests in routine practice. This raises the possibility of a 

false positive (Table 1). 

According to IHC, 80% of BCs express ER [35,36,37]. The published positivity percentage varies depending on the 

study cohort, the patient’s age, ethnicity, tumor type, and whether the tumor was screen-detected or not Additionally, 

data supports the bimodal expression of ER in BC, with >90% of cases exhibiting either very positive (≥70%) or 

negative (<1%) expression; weak positive cases (≤10%; ER low) and intermediately positive (≥69%) cases are 

comparatively rare (≤3% and 5-9%, respectively)[36]. 
2.Progesterone Receptor 

The presence of ER is a major need for PgR expression. PgR-expressing tumors that do not express the ER are rare; in 

some big series, they account for!1% of all occurrences of breast cancer [34].Tumors expressing PgR but not ER 

expression should therefore have their ER status retested in order to rule out ER negativity. Although there is a small 

advantage from tamoxifen in the uncommon cases of patients who only express PgR, endocrine therapy is 

nevertheless strongly advised[35]. 

According to research, people with tumors that express both ER and PgR in metastatic breast cancer respond better to 

anti-estrogen therapy than patients whose tumors only express ER; PgR expression is absent [36 ].Although PgR 

expression has a limited predictive importance, data from adjuvant trials comparing tamoxifen treatment with controls 

show a strong  

 
Figure 5. Progesterone stimulates the cells through PR receptors 

(Progesterone Receptor (PR) For Breast Cancer - Labpedia.net) 

 

Prognostic value for it (Dowsett et al. 2006a). Although the relative benefit from tamoxifen is greater for patients 

whose breast cancers express high quantities of PgR, lesser expressors do not. 

Approximately 80–90% of ER-positive cases and 65–75% of BC cases have PR positivity; the percentage varies 

based on the positivity cut-off point. There are less studies standardizing and validating IHC assays for PR and 

concentrating on the cut-off of positivity than there are for ER. Despite the fact that the low 1% cut-off for ER 

positivity is also advised for PR [26], this seems extremely low given the various clinical indications and purposes of 

ER and PR status. There isn't any proof that endocrine therapy can treat PR-low positive tumors (which make up 1–

10%) if the BC is ER negative, nor is there any proof that this will significantly alter the predicted response of ER-

positive tumors [37]. Furthermore, the cut-off points for the prior research on the predictive usefulness of PR were 

primarily 10%, 20%, or higher[39,40,41,42]. Further rmore, a 10%, 20%, or higher cut-off was typically utilized in 

earlier research on the predictive usefulness of PR . Here, we suggest that BCs with >10% PR immunostaining are PR 

positive, tumours with 1%–10% are PR poor, and they should be mixed with cancers that have <1% expression or no 

PR staining at all (PR negative). Nevertheless, in accordance with the most recent guidelines[38], we also advise 

disclosing the proportion and strength of stained cells, as these variables reveal the level of PR positive and, in turn, 

the extent of the prognostic and predictive significance of PR status. 
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Figure 6. Mechanism of Hormone drug therapy 

(https://www.sciencedirect.com/science/article/pii/S2352304220301628) 

 

 

3.Human epidermal growth factor receptor type 2 (HER2):  

HER2, also called tyrosine kinase, erbB2, CD340 (cluster of differentiation 340), ERBB2 (human), Erbb2 (rodent), 

NEU, HER2/neu, HER2, NGL, MLN 19, and TKR1, is a growth-promoting oncoprotein generated by the HER2 gene 

(ERBB2 gene in humans). and mammary cell HER2 protein receptors assist and regulate the mammary cell's ability to 

divide, repair, and develop in a healthy manner HER2 gene amplification, on the other hand, occurs when the HER2 

gene defects and starts to overproduce copies of itself. These additional copies of the HER2 gene subsequently cause 

the mammary cells to overexpress the HER2 protein, resulting in an excess of HER2 receptors[43,44,45]. 
A fraction of breast cancers overexpresses HER2, which is mostly as a result of HER2 (ERBB2) gene 

amplification[29,30]. An elevated HER2 gene or an overexpressed HER2 protein was found in up to 30% of BCs, 

according to previous study. The percentage is closer to 15% in more recent data, which is likely due to the 

assessment process's adoption of tight rules and the decrease in false-positive results—which can occur in as many as 

19% of cases [31,32] as well as the frequency with which screening mammography can identify early-stage breast 

cancer in published series. In around 15% of all initial breast tumors, HER2 overexpression and amplification are 

seen, and anti-HER2 medicines are very beneficial to these patients. Every newly diagnosed instance of breast cancer 

should have its HER2 status evaluated [33]. 

 
Figure 7. Mechanism of targeted therapy drug. 

(https://www.sciencedirect.com/science/article/pii/S2352304220301628) 

 

4.Triple Negative Breast Cancer (TNBC): 

TNBC is classified as a kind of breast cancer in which ER, PR, and HER2 are not expressed[38]. TNBC, a more 

aggressive and diverse subtype with lower treatment-related survival rates and a worse prognosis, accounts for around 

15-20% of individuals diagnosed with breast cancer. The primary treatment for TNBC at this time is still cytotoxic 

chemotherapy. As a result, more TNBC classification is required for a more specialized and efficient treatment 

strategy [40,41].
 

Many biomarkers that can be utilized to further categorize TNBC patients for cellular treatment have been found 

through current research on TNBC-related biomarkers[ 41,42]. There are further signs that depict the treatment status 

and prognosis of people with triple negative breast cancer [42].Angiogenesis signaling through VGEF is required for 

tumour growth and dissemination [32]. VEGF is present in 30-60% of TNBC patients[41]. Patients with primary 

operable triple-negative breast cancer had much higher levels of VEGF and lower survival rates. Targeted anti-VEGF 

therapy enhances treatment results for TNBC patients, according to clinical trials. 

The androgen receptor (AR) interacts to androgen in cells, modulating transcription factors and regulating gene 

expression[43,46]. AR can activate many signaling pathways, causing proliferation, dedifferentiation, apoptosis, and 
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cell death [46]. AR expression correlates with biological characteristics in triple-negative breast cancer, influencing 

endocrine therapy and prognosis[44]. 

EMERGING BIOMARKERS : 

ki-67: 

 KProliferation's indicator Using a mouse monoclonal antibody directed against a nuclear antigen from a Hodgkin's 

lymphoma cell line, Gerdes et al. (1983) made the initial discovery of Ki67 in the 1980s[47]. Nuclear protein MKi-67 

has a molecular mass of 359 kDa and is frequently used to identify and measure cells that are multiplying. Its 

enhanced expression is linked to the expansion of cells. Since its expression indicates the rate of cellular proliferation, 

it is frequently employed as a diagnostic marker in a variety of malignancies[48]. Ki67 was further investigated as a 

proliferation marker because of its property that it was uniformly expressed in proliferating cells and missing in 

quiescent cells. While the precise role of the protein in cell division is still unclear, Ki67 is expressed throughout the 

G1, S, and G2 stages of the cell cycle, peaking during mitosis and disappearing during the G0 phase [49] .The Ki-67 

gene is located on chromosome 10's long arm (10q26.2). The initial Ki-67 antibody targeted an epitope (FKEL), and 

this sequence of 22 amino acids is known as the Ki-67 motif. It is extremely conserved across animals. The molecule's 

carboxy terminal region is home to a putative ATP/GTP site known as P-loop. During interphase, the antigen can only 

be found in the cell nuclei [50] .It is essential for cell division and is also assumed to be necessary for meiosis, organ 

regeneration, the metabolic process of DNA, cell sensitivity to heat, and cell proliferation. The lack of similarity with 

other proteins makes it challenging to determine the functional role of Ki-67. Except for a few Ki-67 counterparts in 

other animals, no protein until recently showed clear homology with the human Ki-67, despite the existence of 

conserved domains shared with proteins with defined activities [51]. 
 

cyclin D1  

It is found on chromosome 11q13 and is made up of 295 amino acids with a molecular weight of around 34 kDa . 

Cyclin D1 is a member of the cyclin family, a group of proteins that exhibit periodic variation in quantity during the 

cell cycle [52]. 

In more than half of instances of breast cancer, including 15% when a gene amplification takes place, cyclin D1 is 

overexpressed at the mRNA and protein levels (Buckley et al. 1993, Gillett et al. 1994, Ormandy et al. 2003) [53]..D-

type cyclins are induced when growth factor stimulation occurs in cells in the G1 phase of the cell cycle (Musgrove et 

al. 1993) [54].. Following this, cyclin D1 attaches itself to cyclin-dependent kinases, phosphorylating a number of 

substrates, including the RB protein (Matsushime et al. 19940] [54]. Cyclin D1 is very important in the development 

of neoplasia. It is an established oncogene for which the amplification and genomic rearrangement leading to 

overexpression is commonly found in multiple types of human cancer. These particular changes to the cyclin D1 gene 

demonstrate the significance of cyclin D1 in the neoplastic process and represent the crucial selection advantage 

granted by its overexpressed gene product. The exact downstream cellular pathways that dysregulates cyclin D1 to 

cause neoplasia are unknown [55]. Robust data highlights the role that cyclin D1 overexpression and amplification 

play in human breast cancer. Roughly 13% to 20% of breast tumors have three- to ten-fold amplification of the DNA 

on 11q13.14 to 11q13.5 [56]. 

 

Cyclin E  

Similar to cyclin D1, cyclin E is a positive regulator of cell cycle transition that peaks in protein expression during the 

G1 phase and forms an enzyme complex with cyclin-dependent kinase 2 (Koff et al. 1992) [56].Many breast cancer 

cell lines have been shown to have cyclin E gene amplification, and there is compelling evidence that cyclin E 

contributes to carcinogenesis [57]. 

A G1 cyclin, cyclin E was initially discovered in 1991. Its 395 amino acid composition and 45 kDa molecular weight 

are found on chromosome 19q13.1. Periodically, the levels of cyclin E occur during the cell cycle. The G1 phase is 

when the cyclin E-cdk2 complex has its highest enzymatic activity [58]. It controls how cells move from the G1 to the 

S phases of the cell cycle. Cyclin E builds up at the G1/S phase boundary in the nucleus and is degraded as the cell 

moves through the S-phase.  

This strong cyclin-mediated control over cell proliferation is lost in cancer [59]. Cyclin E is constitutively expressed 

in association with cyclin-dependent kinase 2 in a large number of breast tumors. This may result in the removal of 

crucial checkpoint regulation and incorrect substrate phosphorylation throughout all cell cycle stages. Accelerated S-

phase entrance, genomic instability, and cancer are caused by cyclin E dysregulation. Research has demonstrated that 

chromosomal aneuploidy is caused by overexpression of cyclin E in human mammary epithelial cells[60]. 

Two investigations conducted in the middle of the 1990s established the crucial function of cyclin E in regulating G1 

to S-phase. A reduction in the need for growth stimulants, a shrinkage in the size of the cell, and a shortening of the 

G1 phase were seen in one research where constitutive overexpression of cyclin E occurred.Cell cycle arrest was seen 

in the other investigation when anti-cyclin E antibody was microinjected into fibroblasts during the G1 phase[61]. 

There are cell lines of breast cancer that have an increased cyclin E gene. Cyclin E mRNA can become constitutively 
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overexpressed as a result of this amplification, up to 64-fold over the course of the cell cycle. The chromosomal 

instability caused by this overexpression lends credence to cyclin E's involvement in breast cancer [62]. 

 

FUTURE PROSPECTS AND CHALLENGES:- 

The creation of biosensors for breast cancer biomarkers has drawn a lot of interest recently. Still in their infancy, 

biomarker research and diagnostic tool innovation for breast cancer early detection are still relatively new. Even 

though electrochemical immunoassays were incredibly effective biotransducers, biomarkers identified for breast 

cancer must be tested for specificity, responsiveness, and efficiency in comparison to the established diagnostic 

criteria. Early phases of rapid clinical cancer diagnosis will be aided by the development and implementation of these 

sophisticated cancer screening technologies. However, in order to achieve actual validity of assays and more authentic 

output, suggested detection methodologies for biomarker detection of cancer inherently require standardization of pre- 

and post-analytical processes such as sample preparation, storage, and adjustment of experimental conditions. HER2, 

BRCA1, and p53 are among the biomarkers that have demonstrated therapeutic use; nonetheless, the methods used for 

assessing them still require improvement. Early clinical decision-making procedures need the assistance of more 

instruments. Developing biomarkers for clinical use and prospective assessment requires careful consideration, as 

does the planning and execution of clinical studies. We may identify distinct case-specific patterns of biomarkers to 

aid in the optimization of customized therapies and the individualized care of breast cancer patients, thanks to the 

work being put into characterizing the molecular characteristics of individual cancers and the discovery of new 

biomarkers with promising use in clinics. 

 

CONCLUSION:  

Breast cancer biomarkers are exceptionally vital in its conclusion, forecast and treatment; in this way, they play a 

noteworthy part in the location of breast cancer. On account of personalized treatment approaches that will make 

strides understanding results, the significance of biomarkers in breast cancer early conclusion and successful 

administration cannot be overemphasized. The discoveries of the look illustrate the noteworthiness of biomarkers in 

the determination of breast cancer, especially in circumstances when more routine strategies like mammography 

might not be as valuable By considering person hazard components and hereditary cosmetics, biomarkers offer a more 

personalized screening strategy. These are essential to decide the sort, arrange and reaction of the tumor, all of which 

help in viable breast cancer treatment. Other than, developments in progression, such as fake bits of information and 

machine learning, are being utilized to update the region and examination of biomarkers. The alter of novel and more 

successful biomarkers is essential to move forward the precision and loyal quality of breast cancer screening and 

conclusion. In order to improve early identification, individualized treatment plans, and overall outcomes for those 

with breast cancer, biomarkers in the detection of the disease are essential tools with enormous potential. The field of 

breast cancer diagnosis and management will advance only if they maintain their research and development.  

 

REFERENCES: 

1. Emad A. Rakhaa Ewa Chmielikb Fernando C. Schmittc, d, e Puay Hoon Tanf Cecily M. Quinng Grace 

Gallagyh 

2. Harvey JM, Clark GM, Osborne CK, Allred DC. Estrogen receptor status by immunohistochemistry is superior 

to the ligand-binding assay for predicting response to adjuvant endocrine therapy in breast cancer. J Clin 

Oncol. 1999 May;17(5):1474–81. 

3. Colditz GA, Rosner BA, Chen WY, Holmes MD, Hankinson SE. Risk factors for breast cancer according to 

estrogen and progesterone receptor status. J Natl Cancer Inst. 2004 Feb 4;96(3):218–28.  

4. Hammond ME, Hayes DF, Wolff AC, Mangu PB, Temin S. American society of clinical oncology/college of 

American pathologists guideline recommendations for immunohistochemical testing of estrogen and 

progesterone receptors in breast cancer. J Oncol Pract. 2010 Jul;6(4):195–7.  

5. Ellis IO, Rakha E, Pinder S. Pathology reporting of breast disease in surgical excision specimens incorporating 

the dataset for histological reporting of breast cancer. Royal College Pathologists. 2016:89–95.  

6. Fitzgibbons PL, Bartley AN, Connolly JL. Template for reporting results of biomarker testing of specimens 

from patients with carcinoma of the breast cap breast biomarker template summary of changes; 2018. p. 1–14. 

Available from: https://documents.cap.org/ protocols/cp-breast-18biomarker-1201.pdf 

7. Mote PA, Gompel A, Howe C, Hilton HN, Sestak I, Cuzick J, et al. Progesterone receptor A predominance is a 

discriminator of benefit from endocrine therapy in the ATAC trial. Breast Cancer Res Treat. 2015 Jun;151(2): 

309–18.  

8. Dodson A, Parry S, Ibrahim M, Bartlett JM, Pinder S, Dowsett M, et al. Breast cancer biomarkers in clinical 

testing: analysis of a UK national external quality assessment scheme for immunocytochemistry and in situ 

hybridisation database containing results from 199 300 patients. J Pathol Clin Res. 2018 Oct;4(4): 262–73 

http://www.ijsdr.org/


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405065 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  462 

 

9. Prat A, Cheang MC, Martin M, Parker JS, Carrasco E, Caballero R, et al. Prognostic significance of 

progesterone receptor-positive tumor cells within immunohistochemically defined luminal A breast cancer. J 

Clin Oncol. 2013 Jan 10;31(2):203–9. 

10. Sanford RA, Song J, Gutierrez-Barrera AM, Profato J, Woodson A, Litton JK, et al. High incidence of 

germline BRCA mutation in patients with ER low-positive/PR low-positive/ HER-2 neu negative tumors. 

Cancer. 2015 Oct 1;121(19):3422–7 

11. Prat A, Cheang MC, Martin M, Parker JS, Carrasco E, Caballero R, et al. Prognostic significance of 

progesterone receptor-positive tumor cells within immunohistochemically defined luminal A breast cancer. J 

Clin Oncol. 2013 Jan 10;31(2):203–9. 

12. B.K. Banin Hirata, J.M. Oda, R. Losi  Guembarovski, C.B. Ariza, C.E. Oliveira, M.A. Watanabe Molecular 

markers for breast cancer: prediction on tumor behavior. Dis Markers, 2014 (2014), p. 513158  

13. National Cancer Institute (NCI) Targeted cancer therapiesAbout Cancer (2019) 

14. D. Barh, M. GunduzNoninvasive Molecular Markers in Gynecologic Cancers CRC Press, Taylor and Francis 

Group, New York (2015), p. 427  

15. https://oncologypro.esmo.org/education-library/factsheets-on-biomarkers/er-in-breast-cancer 

16. Horwitz KB, McGuire WL. Predicting response to endocrine therapy in human breast cancer: a hypothesis. 

Science. 1975 Aug 29; 189(4204):726–7. 

17. Barnes DM, Harris WH, Smith P, Millis RR, Rubens RD. Immunohistochemical determination of oestrogen 

receptor: comparison of different methods of assessment of staining and correlation with clinical outcome of 

breast cancer patients. Br J Cancer. 1996 Nov; 74(9):1445–51 

18. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, et al. Studies of the HER2/neu proto-

oncogene in human breast and ovarian cancer. Science. 1989 May 12; 244(4905):707–12. 

19. Taucher S, Rudas M, Mader RM, Gnant M, Dubsky P, Roka S, et al. Prognostic markers in breast cancer: the 

reliability of HER2/neu status in core needle biopsy of 325 patients with primary breast cancer. Wien Klin 

Wochenschr. 2004 Jan 31;116(1–2):26–31. 

20. Muftah AA, Aleskandarany M, Sonbul SN, Nolan CC, Diez Rodriguez M, Caldas C, et al. Further evidence to 

support bimodality of oestrogen receptor expression in breast cancer. Histopathology. 2017 Feb;70(3):456–65. 

21. Perez EA, Suman VJ, Davidson NE, Martino S, Kaufman PA, Lingle WL, et al. HER2 testing by local, central, 

and reference laboratories in specimens from the North Central Cancer Treatment Group N9831 intergroup 

adjuvant trial. J Clin Oncol. 2006 Jul 1;24(19): 3032–8 

22. Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE Jr, Davidson NE, Tan-Chiu E, Martino S, Paik S & 

Kaufman PA 2005 Trastuzumab plus adjuvant chemotherapy for operable HER2-positive breast cancer. New 

England Journal of Medicine 353 1673–1684. (doi:10.1056/ NEJMoa052122) 

23. Viale G, Regan MM, Maiorano E, Mastropasqua MG, Dell’Orto P, Rasmussen BB, Raffoul J, Neven P, Orosz 

Z, Braye S et al. 2007 Prognostic and predictive value of centrally reviewed expression of estrogen and 

progesterone receptors in a randomized trial comparing letrozole and tamoxifen adjuvant therapy for 

postmenopausal early breast cancer: BIG 1-98. Journal of Clinical Oncology 25 3846–3852. 

(doi:10.1200/JCO.2007.11. 9453) 

24. llred DC. Issues and updates: evaluating estrogen receptor-alpha, progesterone receptor, and HER2 in breast 

cancer. Mod Pathol. 2010 May;23(Suppl 2):S52–9. 

25. Yao N, Song Z, Wang X, Yang S, Song H. Prognostic impact of progesterone receptor status in Chinese 

estrogen receptor positive invasive breast cancer patients. J Breast Cancer. 2017 Jun;20(2):160–9 

26. Allison KH, Hammond MEH, Dowsett M, McKernin SE, Carey LA, Fitzgibbons PL, et al. Estrogen and 

progesterone receptor testing in breast cancer: American Society of Clinical Oncology/College of American 

Pathologists guideline update. Arch Pathol Lab Med. 2020 May;144(5):545–63. 

27. Biomarkers to Guide Treatment for Metastatic Breast Cancer American Society of Clinical Oncology 

(ASCO) (2019) https://www.cancer.net/research-and-advocacy/asco-care-and-treatment-recommendations-

patients/biomarkers-guide-treatment-metastatic-breast-cancer Google Scholar 

28. Harbeck, N. Advances in targeting HER2-positive breast cancer. Curr. Opin. Obstet. Gynecol. 2018, 30, 55–

59.  

29. Mitri Z, Constantine T, O’Regan R. The HER2 receptor in breast cancer: pathophysiology, clinical use, and 

new advances in therapy. Chemother Res Pract. 2012;2012:743193. 

30. Wolff, A.C.; Hammond, M.E.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.; 

Bartlett, J.M.; Bilous, M.; Fitzgibbons, P.; et al. Recommendations for human epidermal growth factor 

receptor 2 testing in breast cancer: American Society of Clinical Oncology/College of American Pathologists 

clinical practice guideline update. Arch. Pathol. Lab. Med. 2014, 138, 241–256.  

31. Yadav, B.S.; Chanana, P.; Jhamb, S. Biomarkers in triple negative breast cancer: A review. World J. Clin. 

Oncol. 2015, 6, 252–263. 

http://www.ijsdr.org/
https://oncologypro.esmo.org/education-library/factsheets-on-biomarkers/er-in-breast-cancer
https://www.cancer.net/research-and-advocacy/asco-care-and-treatment-recommendations-patients/biomarkers-guide-treatment-metastatic-breast-cancer
https://www.cancer.net/research-and-advocacy/asco-care-and-treatment-recommendations-patients/biomarkers-guide-treatment-metastatic-breast-cancer
https://scholar.google.com/scholar_lookup?title=Biomarkers%20to%20Guide%20Treatment%20for%20Metastatic%20Breast%20Cancer&publication_year=2019&author=Cancer.%20Net


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405065 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  463 

 

32. HUGO Gene Nomenclature Committee ERBB2 erbb2 Receptor Tyrosine kinase 2 [Homo sapiens (human)] 

National Institutes of Health (2019)  

33. Genetics Home Reference ERBB2 Gene. erb-B2 Receptor Tyrosine kinase 2 U.S. National Library of 

Medicine. National Institutes of Health https://ghr.nlm.nih.gov/gene/ERBB2. 2019  

34. da Silva, J.L.; Cardoso Nunes, N.C.; Izetti, P.; de Mesquita, G.G.; de Melo, A.C. Triple negative breast cancer: 

A thorough review of biomarkers. Crit. Rev. Oncol. Hematol. 2020, 145, 102855.  

35. Victor V. Levenson,Biomarkers for early detection of breast cancer: What, when, and where?,Biochimica et 

Biophysica Acta (BBA) - General Subjects Volume 1770, Issue 6, 

 (https://www.sciencedirect.com/science/article/pii/S0304416507000402). 

36. https://www.bosterbio.com/protocol-and-troubleshooting/immunohistochemistry-ihc-principle 

37. . Crown, J.; O’Shaughnessy, J.; Gullo, G. Emerging targeted therapies in triple-negative breast cancer. Ann. 

Oncol. 2012, 23 (Suppl. 6), vi56–vi65 

38. Giovannelli, P.; Di Donato, M.; Galasso, G.; Di Zazzo, E.; Bilancio, A.; Migliaccio, A. The Androgen 

Receptor in Breast Cancer. Front. Endocrinol. 2018, 9, 492.  

39. Luo, X.; Shi, Y.X.; Li, Z.M.; Jiang, W.Q. Expression and clinical significance of androgen receptor in triple 

negative breast cancer. Chin. J. Cancer 2010, 29, 585–590 

40. da Silva, J.L.; Cardoso Nunes, N.C.; Izetti, P.; de Mesquita, G.G.; de Melo, A.C. Triple negative breast cancer: 

A thorough review of biomarkers. Crit. Rev. Oncol. Hematol. 2020, 145, 102855.  

41. Dai, X.; Xiang, L.; Li, T.; Bai, Z. Cancer Hallmarks, Biomarkers and Breast Cancer Molecular Subtypes. J. 

Cancer 2016, 7, 1281–1294. 

42. Rakha EA, Reis-Filho JS, Ellis IO. Combinatorial biomarker expression in breast cancer. Breast Cancer Res 

Treat. 2010 Apr;120(2): 293–308. 

43. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thurlimann B, et al. Personalizing the 

treatment of women with early breast cancer: highlights of the St Gallen International Expert Consensus on the 

Primary Therapy of Early Breast Cancer 2013. Ann Oncol. 2013 Sep;24(9):2206–23. 

44. Dowsett M, Houghton J, Iden C, Salter J, Farndon J, A’Hern R, Sainsbury R & Baum M 2006a Benefit from 

adjuvant tamoxifen therapy in primary breast cancer patients according oestrogen receptor, progesterone 

receptor, EGF receptor and HER2 status. Annals of Oncology 17 818–826. (doi:10.1093/annonc/mdl016) 

45. Elledge RM, Green S, Pugh R, Allred DC, Clark GM, Hill J, Ravdin P, Martino S & Osborne CK 2000 

Estrogen receptor (ER) and progesterone receptor (PgR), by ligandbinding assay compared with ER, PgR and 

pS2, by immuno-histochemistry in predicting response to tamoxifen in metastatic breast cancer: a Southwest 

Oncology Group Study. International Journal of Cancer 89 111–117. (doi:10.1002/(SICI)1097- 

0215(20000320)89:2!111::AID-IJC2O3.0.CO;2-W) 

46. Waks, A.G.; Winer, E.P. Breast Cancer Treatment: A Review. JAMA 2019, 321, 288–300. 

47. Gerdes J, Schwab U, Lemke H & Stein H 1983 Production of a mouse monoclonal antibody reactive with a 

human nuclear antigen associated with cell proliferation. International Journal of Cancer 31 13–20. 

(doi:10.1002/ijc. 2910310104) 

48. Denkert C, von Minckwitz G. Reply to Ki67 in breast cancer: A useful prognostic marker! Ann Oncol 

2014;25:542-3. 

49. Jensen EV, Cheng G, Palmieri C, Saji S, Ma¨kela¨ S, Van Noorden S, Wahlstro¨m T, Warner M, Coombes RC 

& Gustafsson JA 2001 Estrogen receptors and proliferation markers in primary and recurrent breast cancer. 

PNAS 98 15197–15202. (doi:10.1073/pnas.211556298) 

50. Saraste M, Sibbald PR, Wittinghofer A. The P-loop – A common motif in ATP- and GTP-binding proteins. 

Trends Biochem Sci 1990;15:430-4. 

51. Urruticoechea A, Smith IE, Dowsett M. Proliferation marker Ki-67 in early breast cancer. J Clin Oncol 

2005;23:7212-20. 

52. 5. Abraham RT, VanArsdale T, Shields DV, Lee NV, Koehler M, Arndt K. Abstract SY34-03: Braking the 

cycle: Inhibition of the cyclin D-Cdk4/6 pathway in breast cancer. Cancer Res 2014;74 19 Supplement: 

SY34-03. 

53. Bie`che I, Olivi M, Nogue`s C, Vidaud M & Lidereau R 2002 Prognostic value of CCND1 gene status in 

sporadic breast tumours, as determined by real-time quantitative PCR assays. British Journal of Cancer 86 

580–586. (doi:10. 1038/sj.bjc.6600109) 

54. estrogen receptor-positive breast carcinomas through genomic grade. Journal of Clinical Oncology 25 1239–

1246. (doi:10.1200/JCO.2006.07.1522) 

55. Arnold A, Papanikolaou A. Cyclin D1 in breast cancer pathogenesis. J Clin Oncol 2005;23:4215-24 

56. Matthews J & Gustafsson JA 2003 Estrogen signaling: a subtle balance between ER alpha and ER beta. 

Molecular Interventions 3 281–292. (doi:10.1124/mi.3.5.281) 

http://www.ijsdr.org/
https://ghr.nlm.nih.gov/gene/ERBB2.%202019
https://www.sciencedirect.com/science/article/pii/S0304416507000402
https://www.bosterbio.com/protocol-and-troubleshooting/immunohistochemistry-ihc-principle


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405065 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  464 

 

57. Byar DP, Sears ME & McGuire WL 1979 Relationship between estrogen receptor values and clinical data in 

predicting the response to endocrine therapy for patients with advanced breast cancer. European Journal of 

Cancer 15 299–310. (doi:10.1016/0014-2964(79)90041-0) 

58. Koff A, Giordano A, Desai D, Yamashita K, Harper JW, Elledge S, et al. Formation and activation of a cyclin 

E-cdk2 complex during the G1 phase of the human cell cycle. Science 1992;257:1689-94. 

59. Hunt KK, Keyomarsi K. Cyclin E as a prognostic and predictive marker in breast cancer. Semin Cancer Biol 

2005;15:319-26. 

60. . Willmarth NE, Albertson DG, Ethier SP. Chromosomal instability and lack of cyclin E regulation in hCdc4 

mutant human breast cancer cells. Breast Cancer Res 2004;6:R531-9. 

61. Ohtsubo M, Roberts JM. Cyclin-dependent regulation of G1 in mammalian fibroblasts. Science 

1993;259:1908-12. 

62. Sgambato A, Zhang YJ, Arber N, Hibshoosh H, Doki Y, Ciaparrone M, et al. Deregulated expression of 

p27(Kip1) in human breast cancers. Clin Cancer Res 1997;3:1879-87. 

 

http://www.ijsdr.org/

