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                                             Abstract 

This review explores the multifaceted role of HOX gene 

family in breast cancer progression, metastasis, and 

treatment resistance. It highlights how dysregulated HOX 

genes influence tumorigenesis, hormone therapy resistance, 

and subtype-specific aggressiveness. Emphasis is placed on 

their potential as diagnostic biomarkers and therapeutic 

targets, including the use of HOX-interacting peptides, gene 

editing, and nanotechnology. The article also examines 

limitations of current diagnostic tools and showcases recent 

advances such as photodynamic therapy and 

immunotherapy. Understanding HOX gene dynamics may 

revolutionize early detection and facilitate the development 

of personalized, targeted treatment strategies for breast 

cancer. 

Keywords: HOX gene, breast cancer, gene family, therapy, 

diagnostic biomarkers. 

I.  INTRODUCTION 

The distribution of fat and hair throughout the body, as 

well as the processes of embryogenesis and oncogenesis, 

are all influenced by a broad family of transcription 

factors called the Homeobox (HOX) genes [1–4]. The 

human HOX gene family is comprised of 39 genes that 

are distributed across 4 chromosomes (7p15, 17q21.2, 

12q13, and 2q31) [5]. The 39 HOX genes are divided into 

four clusters: HOXA, HOXB, HOXC, and HOXD [6]. 

Vaquerizas et al. provided a description of the homeobox, 

a well-conserved DNA sequence present in every HOX 

gene [7]. Vertebrate embryonic development is controlled 

by the unique expression pattern of the HOX genes, 

which includes mutations, and their reliant mechanism [8, 

9]. Elevated HOX protein expression has been linked to 

cancer [2]. Furthermore, it has been demonstrated that the 

HOXC gene family is significantly expressed in a number 

of solid tumours, including lung, prostate, and colon 

cancer [6, 11]. The HOXA and HOXB gene families 

express themselves identically because breast cancer 

develops from ectoderm. If the origin of the germ layer 

and the expression level of the HOX gene in cancer are 

related, more investigation is required to ascertain this. 

Furthermore, Cobain et al. noted that breast cancer is a 

multifaceted disease with a variety of subtypes that are 

connected to various clinical outcomes [1]. The discovery 
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of efficient medicines has been hampered by the 

combative nature of breast cancer, which includes its 

high incidence of metastasis, multifactorial occurrence, 

and limited options for detection and prognosis. 

Therefore, one may consider breast cancer to be a 

complex, multifactorial disease with both hereditary and 

chance origins. Only 20% of patients may have a family 

history of breast cancer, although genetics plays a major 

role in this.   

 

This study aims to provide a comprehensive examination of 

the function of each of the 39 HOX genes in breast cancer 

along with recent advancements in detection and treatment. 

This review primarily intends to address many research gaps 

and issues about the involvement of HOX genes in breast 

cancer. HOX genes play a role in both normal development 

and cancer. They are also related to the onset and 

progression of breast cancer. Novel diagnostic techniques 

for identifying breast cancer based on HOX gene function 

and potential therapeutic approaches are also discussed, as 

well as the shortcomings of current breast cancer treatment 

and diagnostic approaches and how they can be addressed 

with the help of HOX gene knowledge. 

 

2.0 UNDERSTANDING HOX GENE FUNCTIONS IN 

THE CONTEXT OF BREAST CANCER PROGNOSIS 

AND THERAPY 

Breast cancer is the most common type of cancer in humans 

and the most dangerous and fatal for women, according to 

Inman et al. [12]. Following childbirth, the female 

mammary gland undergoes a series of hormonal and 

transcription factor-regulated alterations, including those 

encoded by the HOX cluster (A, B, C, and D) during 

pregnancy, lactation, and involution [13]. Surprisingly, the 

development of breast cancer is often associated with HOX 

gene regulation [13]. The expression levels of eight out of 

ten genes in the HOXB cluster are changed in breast cancer, 

which influences the aggressiveness of the illness and its 

resistance to hormone treatment. This highlights the 

importance of HOXB genes as potential targets for therapy 

to overcome the negative effects of tamoxifen resistance. 

Emphasise. cancer treatment [13]. HOX genes' role in breast 

cancer treatment must be understood in order to develop 

effective treatment strategies. Despite some residual 

variations in the characterisation of HOX gene expression in 

cancer, their expression patterns may vary for each kind of 

cancer and can be used as a "fingerprint" to classify cancer 

types prior to perforation of the original tumour. It is 

believed to exist circulating tumour cells (CTCs), per Inman 

et al. (2015) [12]. The utilisation of HOX genes as 

therapeutic targets has shown encouraging results; a short 

peptide (HXR9, which has recently been replaced by 

HTL001) affects the activity of HOX paralogs 1–9 and 

inhibits their binding to ATS cofactors. It, necrosis (or 

necrosis coupled), induces apoptosis [12]. This peptide 

really induces leukemic cell death and has anticancer 

properties against breast, mesothelioma, ovarian, 

meningioma, prostate, and non-small cell lung cancers. It 

has been found that dysregulated HOX genes either cause or 

contribute to breast cancer development. Research has 

shown that dysregulation of 35 out of 39 human HOX genes 

occurs and/or has a role in the development of breast cancer 

[12]. By altering expression levels in breast cancer, Lewis et 

al. have shown that the HOXB gene particularly influences 

aggressiveness and resistance to hormone therapy [13]. For 

example, HOXB13 is a transcription factor that is essential 

for the development of the mammary gland and has a 

favorable effect on hormone receptors in a subset of breast 

cancers [13]. Overexpression of HOXB13 is associated with 

tamoxifen resistance as well as enhanced tumour growth, 

invasion, and metastasis.   
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Figure 1-Overview of HOX gene clusters (A–D), their involvement in 
carcinogenesis, progression, and metastasis of breast cancer. This figure 
also illustrates associated diagnostic and therapeutic approaches such as 
biomarkers, liquid biopsies, photodynamic therapy, and HOX-targeting 
peptides. 

2.1 ROLES IN NORMAL BREAST DEVELOPMENT 

The knowledge of HOX genes in breast cancer is essential 

for creating effective therapeutic strategies. Eight out of ten 

genes in the HOXB cluster have changed expression levels, 

which impact the aggressiveness of the illness and its 

resistance to hormone treatment. These changes have been 

related to the formation of breast cancer on several 

occasions [13]. This highlights the importance of HOXB 

genes as viable targets for therapeutic intervention to 

mitigate the negative effects of tamoxifen resistance.   

The use of HOX genes as therapeutic targets has shown 

promising results; a short peptide (HXR9, recently replaced 

by HTL001) affects the activity of HOX paralogs 1--9 and 

prevents them from binding to ATS cofactors, which causes 

necrosis and apoptosis in circulating tumour cells (CTCs) 

[12]. In addition to triggering leukemic cell death, this 

peptide has demonstrated anticancer benefits in a variety of 

cancer types, including breast, mesothelioma, ovarian, 

meningioma, prostate, non-small cell lung, and melanoma.   

Moreover, research has shown that dysregulation of 35 out 

of 39 human HOX genes results in breast cancer formation 

and/or contributes to its development [12]. In particular, 

overexpression of the transcription factor HOXB13 has been 

associated with tamoxifen resistance, enhanced tumour 

growth, invasion, and metastasis [13]. This transcription 

factor is essential for the development of the mammary 

gland.   

Comprehending the role of HOX genes is crucial for 

creating effective breast cancer therapy regimens. Despite 

some residual variations in the characterisation of HOX 

gene expression in cancer, their expression patterns may 

vary for each kind of cancer and can be used as a 

"fingerprint" to classify cancer types before perforation of 

the original tumour [13].   

 

2.2 SPECIFIC HOX GENES IMPLICATED IN 

BREAST CANCER PROGRESSION 

Zhang et al. noted that one of the HOX genes that promotes 

the growth of breast cancer through the Wnt/β-catenin 

pathway is HOXB5 [18]. The scientists found that the 

expression of HOXB5 was much higher in breast cancer 

tissue when compared to neighbouring normal tissue. 

Furthermore, they found that HOXB5 knockdown reduced 

the migration, invasion, and proliferation of breast cancer 

cells. Moreover, the researchers showed that HOXB5 

promotes the activation of the Wnt/β-catenin pathway by 

upregulating the production of β-catenin. These results 

suggest that HOXB5 may be a promising target for the 

treatment of breast cancer. Together with HOXB5, Zhao et 

al. also found that acute myeloid leukaemia (AML) was 

associated with abnormal expression of HOXA5 and 

HOXA9 [17]. Although this study did not target breast 

cancer specifically, it does demonstrate that HOX genes 

may have a role in the development of several cancer types. 

In a similar vein, overexpression of HOXC9 has been 

connected to both the onset of gastric cancer and poor 

patient survival [17]. This work demonstrates that HOX 

genes can be utilised as prognostic markers for cancer, even 

if it does not specifically examine breast cancer.   

In conclusion, the dysregulation of specific HOX genes, 

such as HOXB5, HOXB7, and HOXB13, has been 

connected to the progression of breast cancer. 

Understanding the roles played by these specific HOX 

genes in breast cancer may lead to the development of novel 

therapeutic targets and improved diagnostic methods. More 
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research into the particular functions of these HOX genes 

and the dysregulated pathways in breast cancer might lead 

to the development of novel and more effective treatment 

strategies.   

 

2.3 MECHANISMS OF HOX GENE 

DYSREGULATION IN BREAST CANCER 

There are important therapeutic ramifications from 

comprehending the processes of HOX gene dysregulation in 

breast cancer, especially with regard to the creation of 

targeted treatments. Lewis et al. noted that there is evidence 

connecting the dysregulation of HOX genes to several facets 

of breast cancer progression, such as tumour formation, 

invasion, metastasis, and resistance to hormone treatment 

[13]. Targeted medicines to interfere with these processes 

and maybe stop or reverse the growth of breast cancer can 

be created by understanding the precise mechanisms causing 

the deregulation of HOX genes.   

Therapeutic intervention targets may be identified, for 

example, by identifying certain signalling pathways or 

molecular interactions that result in the deregulation of 

HOX genes. The goal of targeted therapy is to normalise the 

expression and function of HOX genes by modifying these 

pathways or interactions. Furthermore, by comprehending 

the genetic and epigenetic mechanisms causing 

dysregulation of the HOX gene, targeted epigenetic 

treatments or gene-based interventions to rectify the 

aberrant expression of HOX genes in breast cancer cells can 

be developed.   

 

More individualised and successful treatment plans may 

result from the development of targeted medicines based on 

the dysregulation of certain HOX genes, such as HOXB5 

and HOXB13. More precise and focused therapy methods 

might result from, for instance, customising therapeutic 

drugs to suppress the overexpression of HOXB5 or 

HOXB13 depending on the molecular profile of each 

patient's breast cancer.   

In conclusion, knowledge of the processes behind HOX 

gene dysregulation in breast cancer lays the groundwork for 

the creation of tailored treatments meant to restore the 

abnormal expression and functionality of HOX genes. 

Clinical results and quality of life may eventually be 

improved by these targeted medicines, which may provide 

patients with breast cancer with more efficient and 

customised therapy alternatives.   

 

3.0 DIAGNOSTIC APPROACHES FOR BREAST 

CANCER 

Breast cancer is such a varied disease that diagnosis of it 

requires the application of both traditional and innovative 

technologies. Lehmann et al. noted that mammography is 

the most often used imaging modality for breast cancer 

screening [24]. It is a cost-effective and timely method of 

early detection of breast cancer. However, mammography is 

not always a good approach to detect breast cancer in people 

with dense breast tissue. In this case, other imaging 

modalities include ultrasonography and magnetic resonance 

imaging (MRI). In addition to imaging methods, biomarkers 

can also be used to diagnose breast cancer. Human 

epidermal growth factor receptor 2 (HER2), Ki-67 

expression, and hormone receptor status are a few of the 

signs used in the diagnosis of breast cancer. These 

biomarkers can provide information about the tumor's 

aggressiveness as well as how well it will respond to 

hormone or chemotherapy treatments. Multigene testing is 

another state-of-the-art method for breast cancer diagnosis. 

Lehmann et al. noted that multigene testing can provide 

information on the likelihood of a recurrence and the 

potential for a response to therapy [24]. However, its use is 

limited by the high cost and lack of insurance coverage for 

multiple gene testing. Using circulating tumour cells (CTCs) 

is another innovative method of identifying breast cancer. 

Alix-Panabières and Pantel noted that circulating tumour 

cells can provide information regarding the likelihood of a 

relapse and the potential for a therapeutic response [23]. 

However, it might be difficult to locate CTCs because to 

their low circulation volume.   

In conclusion, the identification of breast cancer requires a 

combination of traditional and state-of-the-art methods. 
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Breast cancer can be detected by a number of imaging 

techniques, including mammograms, ultrasounds, and 

MRIs. HER2 expression, Ki-67 expression, and hormone 

receptor status are a few of the markers used in breast 

cancer detection. Among the advanced methods for 

identifying breast cancer include multigene analysis and 

circulating tumour cells. These methods show promise in 

identifying breast cancer in its early stages, but further study 

is needed to determine their use.   

 

3.1 LIMITATIONS OF EXISTING DIAGNOSTIC 

APPROACHES 

Lehmann et al. discussed the shortcomings of current 

diagnostic techniques and found that mammography is not 

always effective in identifying breast cancer in women with 

thick breast tissue [24]. Furthermore, the ability to predict 

treatment response is limited for indicators such Ki-67 

expression, HER2 status, and hormone receptor status. 

Multigene testing is expensive and not covered by 

insurance, despite its potential. Additionally, because 

circulating tumour cells (CTCs) are uncommon in blood, it 

might be challenging to identify them [23]. Furthermore, 

Pfeifer et al. emphasised that the sensitivity and specificity 

of point-of-care diagnostic instruments are limited, 

potentially resulting in false-positive or false-negative 

outcomes [22].   

The shortcomings of the available diagnostic tools for breast 

cancer highlight the need for more study and technical 

developments to overcome these obstacles. Even though 

mammography is a commonly used technology, women 

with thick breast tissue may not benefit from it as much, 

which might result in false-negative findings. Future studies 

could concentrate on creating sophisticated imaging 

methods that are especially designed to get around the 

drawbacks of dense breast tissue, like better contrast-

enhanced mammography or investigating new imaging 

modalities that provide greater sensitivity and specificity for 

this patient group.   

 

Treatment decisions can benefit greatly from the 

information provided by biomarkers, such as Ki-67 

expression, HER2 status, and hormone receptor status. 

However, further study is needed to find new biomarkers or 

improve the ones that already exist because of their 

limitations in capturing the whole spectrum of breast cancer 

subtypes and predicting therapy response. In order to 

improve the predictive and prognostic utility of biomarker 

testing, this might entail investigating the possibilities of 

liquid biopsy-based biomarkers or integrating multi-omics 

techniques to give a more thorough molecular 

characterisation of breast cancer.   

 

The necessity for development on scalable and affordable 

methods for molecular profiling and liquid biopsy-based 

diagnostics is underscored by the high prices and restricted 

accessibility of multigene testing as well as the difficulties 

in identifying and interpreting circulating tumour cells 

(CTCs). Subsequent investigations may concentrate on the 

advancement of novel technologies that facilitate the 

effective and sensitive identification of CTCs, in addition to 

the establishment of simplified and economical multigene 

testing systems to increase their availability to a wider range 

of patients.   

Research into the development of these technologies to 

increase their accuracy and dependability is also necessary 

due to the sensitivity and specificity limits of point-of-care 

diagnostic instruments. This could entail investigating novel 

biomarker panels or biosensing technologies that provide 

improved sensitivity and specificity in the point-of-care 

setting, as well as integrating artificial intelligence and 

machine learning algorithms to improve the diagnostic 

performance of point-of-care devices.   

Moreover, further research should focus on finding novel 

biomarkers, exploring advanced imaging techniques for 

dense breast tissue, enhancing the sensitivity and 

accessibility of molecular profiling technologies, and 

improving the diagnostic performance of point-of-care tools 

through scientific research and technological innovation in 

order to overcome the limitations of current breast cancer 
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diagnostic methods. These initiatives might completely 

change the way that breast cancer is diagnosed and treated, 

providing more precise, affordable, and easily available 

methods for early diagnosis and individualised treatment 

choices.   

 

4.0 RECENT THERAPEUTIC APPROACHES ON 

BREAST CANCER 

Because breast cancer is a major concern to women's health 

and is growing more widespread globally, researchers are 

closely monitoring this issue. While not all traditional 

treatment techniques are safer, some have had a substantial 

influence on patients' lives, such as radiation, chemotherapy, 

surgery, and drugs [25–27]. Despite the remarkable 

developments in recent years, all traditional treatment 

approaches have limited cellular absorption, toxicity, and 

specificity [28]. These medications have a transient and 

acute harmful effect on normal patient cells. In drug-based 

chemotherapy, even taxanes and anthracyclines show little 

therapeutic efficacy [26, 30]. Scientists are closely 

monitoring this matter since breast cancer is growing more 

then substantial shift away from the use of traditional 

treatment and towards photodynamic therapy, 

immunotherapy, gene therapy, nanotechnology, and 

computational drug discovery has improved therapeutic 

possibilities for breast cancer care [32]. 

Current treatment modalities for breast cancer comprise a 

wide range of tactics meant to enhance patient results and 

tackle the disease's complexity. These strategies include 

cutting-edge methods like gene therapy, immunotherapy, 

nanotechnology, and computational drug discovery in 

addition to conventional modalities like surgery, radiation, 

and chemotherapy. As the field of oncology's therapeutic 

interventions evolves, each strategy offers a new chance to 

improve the efficacy and accuracy of breast cancer 

treatment. 

 

 

Figure 2- Roles of specific HOX gene clusters in breast cancer progression 
and therapeutic targeting. HOXA and HOXB clusters contribute to 
proliferation and invasion; HOXC and HOXD clusters are implicated in 
metastasis. Therapeutic strategies include HOX-PBX inhibitors, RNAi-
based silencing, CRISPR-Cas9 editing, and nanoparticle delivery systems. 

4.1 Hyperthermia or Thermotherapy 

Hyperthermia was one 20th-century oncological strategy 

that employed warmth to manage cancer. Necrosis of cancer 

cells occurs when the temperature of cancer tissue is 

artificially raised in hyperthermia. Wust et al. and Yagawa 

et al. have suggested that heat exhaustion may impede the 

growth of tumours and make them more vulnerable to 

radiation and anticancer drugs [33, 35]. Rubio et al. claim 

that heat inhibits DNA damage repair and decreases the 

survival rate of cancer cells. Breast cancer is treated using a 

range of ablations, including as laser, ethanol, 

radiofrequency, cryoablation, and the more modern 

microwave ablation [36]. The application of computer 

modelling in the treatment of breast cancer hyperthermia is 

the most recent advancement [36]. Research has shown that 

using heat in addition to chemotherapy and radiation 

therapy can improve local control of breast cancer [37]. 

Following radiation and chemotherapy, thermotherapy 

inhibits the growth of damaged breast cancer cells [35]. 

Although promising, hyperthermia as a cancer treatment is 

now best utilised in combination with other medicines rather 

than as a treatment on its own. Hyperthermia can cause 

pain, edoema, burns, blood clots, infections, and skin 

conditions [38]. 

 

4.2 Photodynamic Therapy 
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Photodynamic therapy is an advanced light-based treatment 

that uses nontoxic photosensitizer and laser light to kill 

cancer cells. Agostinis et al. and Banerjee et al. described 

PDT's anticancer effectiveness as mediated by three 

processes: 1. Direct lethal effect on cancer cells; 2. Indirect 

effect on tumour vasculature; and 3. Activation of systemic 

immunity. When the proper energy and wavelength of light 

are combined with the drug, molecular oxygen is produced, 

which destroys the targeted cancer cells [40, 41]. Because 

photosensitizers are very selective and have little systemic 

toxicity, they are a useful tool for targeting cancer cells. 

Clinical trials for Photofrin, Metvix, Levulan, Foscan, 

Visudyne, and Laserphyrin are officially acknowledged as 

treatments for breast cancer [42]. Photosensitizers target 

receptors including estradiol, human epidermal growth 

factor receptor, and gonadotropin-releasing hormone 

receptor in breast cancer [43]. Before administering 

photodynamic treatment for breast cancer, one must 

consider skin sensitization since PDT allows photosensitizer 

to be distributed more widely in tumour cells than 

intravenous injection [45]. 

 

4.3 Immunotherapy  

Immunotherapy has been shown to aid in the battle against 

cancer by boosting the immune system's capacity to fend 

against the illness. The hypothesis that there is a connection 

between cancer growth and the immune system (in its three 

stages: elimination, equilibrium, and escape) is gaining 

traction. Immunotherapy addresses many immune system 

regulatory checkpoints to treat breast cancer [46]. Molecular 

immunotherapy, cellular immunotherapy, and vaccination 

therapy are all forms of immunotherapy that the FDA has 

approved [47]. The three types of immunotherapies include 

checkpoint inhibitors, bivalent antibodies, and adoptive T 

cell transfer [48]. Compared to chemotherapy and radiation 

therapy, immunotherapy is more focused. Despite 

immunotherapy's targeted function in the treatment of breast 

cancer, there are still certain questions about targeting, 

safety, and effectiveness that need to be further investigated 

[49].   

 

4.4 Gene Therapy 

Numerous unique platforms enabled by gene therapy have 

made it feasible to target several genes in breast cancer. The 

genetically unstable environment of tumour cells is the 

driving force behind the use of gene therapy in the treatment 

of breast cancer. Cross and Burmester described gene 

therapy as involving the injection of modified genetic 

material into diseased cells in a way that prevents the 

cancerous cells from proliferating and eventually results in 

their death [50]. Delivering genes and controlling their 

expression in cancer cells is a difficult issue in cancer care 

[51]. Gene therapy involves the following steps: 1. 

Oncogene suppression; 2. Immune response stimulation; 3. 

Introduction of suicide genes; and 4. Protecting bone 

marrow with drug resistance genes [52]. Therapeutic gene 

expression needs to be strictly controlled in order to control 

the desired gene product [51]. Indeed, increasing studies on 

gene therapy highlight its potential, along with the toxicity 

vectors, immunity, and several technological obstacles that 

still impede the successful treatment of breast cancer [53]. 

Improved vector delivery techniques could provide a new 

angle on the most promising treatment modalities [54]. 

 

4.5 Dynamics of BH3 Profiling 

The prediction of a certain medication's clinical result BH3 

profiling is a novel technique for quantifying death signals 

induced by a specific medication. By examining the BCL-2 

family, DBP predicts the susceptibility to chemotherapy 

[55]. The cytotoxicity prediction capacity of BH3 profiling 

is validated by five different drug-treated breast cancer cell 

lines [55]. By comparing the many death signals caused by 

chemotherapy treatments, DBP will make it possible to 

utilise effective drugs for precision medicine [57].   

 

4.6 Nanotechnology   

The use of nanotechnology opens up new and fascinating 

possibilities for the diagnosis and treatment of severe 

diseases like cancer. The primary barrier to successful 

treatment for breast cancer is the potentially harmful effects 
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of conventional methods, which nanotechnology seeks to 

mitigate. Over the past 10 years, targeting metastatic breast 

cells has led to the creation of numerous nanoparticles that 

hold tremendous promise for targeted drug delivery. In 

order to create smart active fabricate multifunctional devices 

(SAFMD) that can transport medications, cross the 

biological barrier, and reach the desired cell, these NPs' 

primary physiological job is to control molecules at the 

nanoscale [28]. When drug-based chemotherapy (DBC) is 

used for an extended period of time, the monoclonal 

antibody trastuzumab causes unfavourable cardiac abnormal 

function. To treat these cardiac issues and other 

physiological anomalies, oncologists must create novel drug 

delivery methods (nanoparticles) [26, 58–60]. 

Consequently, a unique strategy for treating breast cancer 

known as nanotechnology has been identified as a remedy 

for each of these problems. The human body's most 

vulnerable organs are the liver, brain, lungs, and bone; these 

tissues are home to cancer stem cells (CSCs) and tumour 

mimicking cells (TICs) [61, 62]. Tumour formation, 

including leukaemia and breast cancer, is dependent on the 

Notch, Hedgehog, and Wnt signalling pathways in stem 

cells [63, 64]. The treatment of breast cancer has so shown 

potential using Notch target therapy [65]. Despite notch-

target therapy's numerous outstanding applications in 

diagnosis and treatment, some of its limitations need to be 

addressed in order to fulfil this medical challenge. Hussain 

et al. described nanotechnology as the process of improving 

the sizes and shapes of nanoparticles down to the nano 

range (1–100 nm) [66]. Two innovative turning points in the 

"era of nanomedicine" include PEGylated liposomal 

doxorubicin and the FDA-approved nano platform [67–69]. 

Nanoparticles with large surface area/volume ratios and 

microscopic surface areas have unique biological activity 

that allows them to target mutant cells [70–72]. 

Metallic nanoparticles, such as those made of silver, gold, 

uranium, titanium, and zinc, are more effective because they 

have a greater surface area and powerful antifungal, 

antibacterial, anti-diabetic, and anticancer effects [73, 74]. 

Silver nanoparticles are the most often used metallic 

nanoparticles due to their strong membrane polarity and 

lesser toxicity [75, 76]. Both organic (polymeric, liposomes, 

and micelles) and inorganic (silica, iron oxide) nanoparticles 

have advantages over one another in the pharmaceutical 

treatment period [78, 79]. Studies on the advanced 

nanotechnology-based treatment of breast cancer are 

making target-based medicine administration and discovery 

increasingly important. Many nanoparticles (NPs) are 

utilised for encapsulation, malignant cell absorption, or 

binding (electrostatic, covalent) in order to avoid problems 

when aiming at cells [80]. Numerous drugs with good 

solubility and bioavailability have shown maximum 

catalytic activity on the MCF-7 cell line, according to data 

provided [81]. The non-toxicity of nanoparticles on several 

breast cell lines, such as MDA-MB-231, SkBr-3, and MCF-

7, has been the subject of numerous research [83–85]. 

Doxorubicin (DOX) is used as a chemotherapeutic mediator 

in combination with nanoparticles to deliver drugs. The 

most well-known method for tastefully treating cancer is 

"active targeting." In order to ligate with NPS/drugs and 

connect with the specific localised receptor on malignant 

cells, this approach uses a variety of ligands. Peptide 

ligands, such as glycine, beta-alanine, and gamma-

aminobutyric acid, are mostly used in nanotechnology to 

boost biological activity. Active targeting, which takes place 

in the microenvironment (matrix, blood vessel), is superior 

than passive targeting in terms of toxicity, cellular 

absorption, and specificity [82]. 

With the promise of more effective treatment, less systemic 

toxicity, and tailored drug delivery, nanotechnology has 

become a viable tool for improving breast cancer therapy. It 

is important to recognise the obstacles and constraints 

linked to the utilisation of nanotechnology in the treatment 

of breast cancer. 

The possibility of off-target consequences and unexpected 

biological interactions when introducing nanoparticles into 

the body is a major concern [79]. Concern and research are 

still being conducted on the biodistribution and clearance of 

nanoparticles as well as their long-term safety profile. 

Furthermore, in order for nanotechnology-based medicines 
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to be widely used in clinical settings, practical issues with 

scalability and cost-effectiveness must be resolved [80]. 

In addition, resistance to therapies based on nanoparticles 

and the possibility of nanoparticle accumulation in certain 

tissues or organs are crucial factors to take into account 

when implementing nanotherapeutic techniques for breast 

cancer in clinical settings [87, 94]. 

To tackle these obstacles, further investigation is needed 

into the creation of biocompatible and targeted 

nanoparticles. Additionally, extensive preclinical and 

clinical research is needed to assess the efficacy and safety 

of nanotechnology-based therapeutics in the treatment of 

breast cancer [28, 87]. 

The area of nanotechnology in breast cancer therapy can 

continue to advance towards the creation of safe, efficient, 

and focused therapeutic modalities with the potential to 

have a major influence on patient outcomes by 

acknowledging and aggressively overcoming these obstacles 

[32, 95]. 

  

 

5.0 CONCLUSION 

This article discusses what has been learned about the HOX 

gene family and how it affects breast cancer as well as what 

can be used as a treatment and a means of diagnosing it. The 

HOX genes assist in the development and metastasis of 

breast cancer and when the genes malfunction, they are 

associated with aggressive cancers that are difficult to treat 

[12, 13]. 

We've learned a lot about HOX genes in breast cancer, but 

even so, we've got a lot more to discover. For instance, we 

must conduct more research on exactly how HOX genes 

initiate and contribute to the development of breast cancer 

[18, 96]. In addition, we must conduct more research on 

whether drugs targeting HOX genes may treat breast cancer 

and what their effects might be [12, 32]. 

Additionally, there is a need to develop improved and more 

accurate tests for breast cancer. This may involve enhancing 

the existing tests, discovering new markers, and utilizing 

sophisticated imaging methods [24, 87]. 

 

The future studies should investigate novel imaging 

techniques, identify novel biomarkers, render molecular 

profiling technologies more sensitive and accessible, and 

enhance point-of-care diagnostic technologies through 

science and technology [22, 95]. These studies need to 

address the shortcomings and limitations of the existing 

breast cancer diagnosis and treatment techniques [28, 94]. 

By identifying and attempting to resolve these issues, we 

can continue to create safe, effective, and targeted therapies 

that have the potential to significantly influence patient 

outcomes [32, 87]. 
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