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A Bioinformatics Model based on Autophagy Related Genes         

for Prognosis of Breast Cancer 

                                                       Protisha Sen 

                              Delhi Technological University, Delhi, India 

 

1. ABSTRACT 

Autophagy is a biological catabolic process that controls self cleanliness within the cell. The 

cellular autophagy mechanism is aimed to remove senescent organelles and aberrant long-lived 

proteins from the body under normal physiological circumstances, which will be helpful for 

preserving cell homeostasis. A stress stimulus causes cell’s autophagy to function, limiting the 

accumulation of toxic or cancer-causing damaged proteins and organelles while also reducing 

cell death. Therefore, autophagy malfunction has a significant effect on cell destiny and may 

play a role in carcinogenesis. Research has suggested that breast cancer cell autophagy and 

carcinogenesis are strongly connected. Breast CSCs are capable of self renewal & differentiation 

although showing favourable short term prognosis, however, cancer recurrence, 

chemotherapeutic resistance, and metastasis are quite common in long term. Reports show that 

metastatic breast cancer significantly boosts patient morbidity and mortality. Breast cancer 

metastasis is a very intricate process that is precisely regulated by a number of factors. Since it 

affects tumour dormancy, cancer stem cells, metabolic adaptability, cell motility, and migration 

in breast cancer, autophagy is one of the key regulatory elements regulating metastasis. 

Clinically, autophagy has been shown to be causative of therapeutic resistance and anti-estrogen 

treatment in breast cancer. Autophagy thus serves both as a promoter and a suppressor during the 

process of breast oncogenesis depending on the cancer stage. The aim of this bioinformatics 

study is to construct a novel model using the autophagy related gene signatures for prognosis of 

breast cancer in patients. These putative autophagy biomarkers could be evaluated in preclinical 

and clinical investigations to track the autophagy process in breast cancer therapy. It is possible 

to identify breast cancer patients who will respond to potent autophagy modulated therapy and 

have a favourable prognosis, although more investigation is required on this. 
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2. INTRODUCTION 

A number of stressful situations, such as organelle injury, the presence of abnormal senescent 

proteins, and nutritional scarcity, trigger autophagy, an intracellular degradative process.There 

are 3 categories of autophagy namely macro, micro and chaperone-mediated however, autophagy 

refers to ―Macroautophagy‖. The process of autophagy starts with the production of 

autophagosomes, which then fuse with lysosomes to recycle destroyed components. Numerous 

clinical conditions, such as cardiomyopathy, muscle disorders, neurodegenerative conditions, 

and cancer, are linked to the dysregulation of autophagy. In many malignancies, the regulation of 

autophagy plays dual roles in tumour development and repression. Additionally, autophagy 

controls the stemness, recurrence, and resistance to anticancer drugs of cancer cells, all of which 

are characteristics of cancer stem cells. 

Depending on the stage at which the cancer is progressing, cells are shielded from additional 

DNA damage and genomic instability during the early stages of cancer by autophagy-mediated 

clearance of malfunctioned cytosolic constituents, such as protein aggregation or damaged 

vesicles. In cancer cells with an apoptotic deficiency, autophagy can function as a cell-killing 

mechanism. Additionally, autophagy can promote tumour growth by facilitating oncogene-

induced senescence or by defending tumours from necrosis and inflammation. Once cancer has 

developed, autophagy can aid tumour growth by enabling tumour cells to endure challenging 

circumstances. The hallmark of cancer, unrestricted proliferation, calls for plenty of nutrition and 

oxygen. Tumor cells with specific mutations depend on autophagy for survival, emphasizing the 

need to incorporate this concept into clinical trial design and carefully select cancer types or 

patients for autophagy therapies‖[1]. It has a good role in protein secretion, immunogenicity 

regulation, and tumor cell invasion[2].Blocking autophagy has been shown to change the 

survival of proteins involved in carcinogenesis, secretion, proliferation, tumor editing, and 

invasion. 

One of the most common malignancies in women is breast cancer. The median survival time for 

a sizable subset of patients is 18–30 months, and they are at high risk of metastasis. Patients with 
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metastatic breast cancer have a 5-year survival rate of about 20%. However, long-term survivors 

are still susceptible to recurrence, which might be accompanied by extremely aggressive 

metastases and resistance to the early treatments. This condition can be attributed to the 

considerable intratumoral heterogeneity of cell types present in breast tumours, which makes the 

creation of effective treatments more difficult [3]. Different expression profiles are linked to 

particular clinical characteristics according to the gene expression signature that divided breast 

tumours into subtypes. Four distinct intrinsic subtypes of breast cancer have been discovered 

through genomic studies: luminal A, luminal B, HER2-enriched, and triple-negative subgroups 

(Fig.1). Luminal A differs from luminal B in terms of their molecular expression profile. Breast 

cancer patients are clinically categorised based on the expression levels of the following 

molecular markers: the proliferation marker Ki-67, the estrogen receptor (ER), the progesterone 

receptor (PR), and the human epidermal growth factor receptor 2 (HER2 also known as ERBB2) 

[4,5,6,7]. Luminal malignancies include the ER positive category. When compared to Luminal A 

tumours, Luminal B tumours exhibit reduced ER or estrogen-regulated gene expression, little or 

no PR expression, higher tumour grade, higher expression of genes related to proliferation, and 

activation of growth factor receptor signalling, including the IGF-1R and PI3K/AKT/mTOR 

pathways. In addition to having a worse prognosis than the luminal subtypes, HER2-enriched 

breast tumours also express higher proliferation markers. Triple negative breast cancers (TNBC) 

is the most poorly prognosed breast cancer subtype, accounting for 10% of all patients 

[4,5,8,9,10]. These are mesenchymal, basal-like, and claudin-low tumours that have ER-/PR-

/HER2- and frequently include mutations in the tumour suppressor genes BRCA1 and BRCA2, 

which are crucial for DNA repair. In malignant mammary cells, several ATGs may support 

tumor-suppressive characteristics. For instance, TNBC has been reported to have lower amounts 

of ATG7 protein than non-tumor tissue. High levels of ATG7 have been linked to increased 

overall survival in TNBC patients, and the expression of ATG7 reduced proliferation and 

glycolysis in TNBC cell lines [11]. 



4 

 

 

Fig.1 Four distinct intrinsic subtypes of breast cancer have been discovered through genomic 

studies: luminal A, luminal B, HER2-enriched, and triple-negative subgroups varying in the 

expression profiles of ER, PR, HER2 and Ki-67  

Due to its cytoprotective function, autophagy is regarded as tumour suppressive in terms of the 

development of cancer. The elevated autophagy-related gene profile in healthy mammary 

glands is reduced as breast cancer progresses [12] (Figure 3), serves as proof of this. The first 

ATG protein whose absence was associated with breast cancer was beclin1, a part of the class III 

PI3K complex in the nucleation step of autophagy [13]. ATG proteins involved in the initiation 

complex, like WIPI1, WIPI2, and ULK1, as well as proteins involved in the production of 

autophagosomes, like ATG5, ATG10, ATG14, and GABARAP, were shown to be induced by 

increased expression of Forkhead Box O3 (FOXO3), according to findings. The absence of 

FOXO3 decreased the expression of several ATGs, which in turn decreased autophagic activity. 

As a result, the absence of FOXO3 caused the development of mammary tumours, indicating that 

the loss of FOXO3-mediated autophagy may result in mammtary carcinogenesis [14,15,16]. 

Metastases are either directly or indirectly responsible for 90% of breast cancer fatalities. By 

assisting cancer cells in surviving extracellular matrix separation, one of the initial steps in 

metastasis development and cancer cell migration, autophagy further contributes to the 

metastatic process [17]. Autophagy, however, reduces prometastatic differentiation and 

metastatic expansion in murine breast cancer models at later phases of the metastatic process. 
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The autophagy cargo receptor NBR1 and p62/SQSTM1 can accumulate as a result of impaired 

autophagy in circulating tumour cells. These aggregated cargo receptors can operate as signalling 

scaffolds to trigger the nuclear factor erythroid 2-related factor 2 (NRF2) cell survival pathway 

or the Mitogen Associated Protein Kinase (MAPK) pathway. [18,19,20].Therefore, there is an 

overall need for breast cancer metastatic predictors exists. Although, it is believed that autophagy 

is a tumor-suppressive process. However, once a tumour has developed, it might help tumour 

cells survive in response to therapy or metabolic stress. However, it has also been proposed that 

autophagy might be activated during breast cancer treatment to eliminate cells that resist 

apoptosis. Thus, through this bioinformatics analysis, it would be possible for us to consider 

autophagy as a treatment pathway for Breast Cancer.  

3. REVIEW OF LITERATURE 

3.1 Mechanism Of Autophagy  

Autophagy or cell’s process of self- cleaning is a natural, subcellular degradation mechanism that 

breaks down undesired cargo such as damaged or aged organelles, undesirable proteins, and 

pathogens before releasing the digested macromolecules back into the cytosol. ―Induction, 

vesicle nucleation, elongation, docking, fusion, breakdown, and recycling comprise the 

macroautophagic process‖ (Figure 2)[21]. Autophagy being a trafficking mechanism is heavily 

influenced by the environmental conditions such as invoked in absence of nutrition and certain 

diseases or activated in response to specific hormones in mammalian cells.Autophagy was first 

explained in 1963 by Christian de Duve [21] which involves the sequestration of cell organelles 

and cytoplasmic material into double-membrane vesicles called autophagosomes before 

delivering them to the lysosomes for lysosomal hydrolase-mediated degradation [22][23][24]. 

 

                                     Fig.2 Steps in the ―Macroautophagic‖ Process 
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Parts of the cytoplasm are captured during autophagy in a double-membrane autophagosome and 

transported to a degradative organelle—the lysosome in mammalian cells or in a vacuole in yeast 

for degradation and subsequent recycling of the resultant macromolecules. The cell is freed from 

numerous stress-related circumstances by this mechanism. Autophagy is essential for cellular 

growth and differentiation, suppresses tumour growth in early phases, and may even help cells 

live longer. Moreover, autophagy has a variety of roles in both innate and adaptive immunity, 

including defence against pathogen invasion. 

In eukaryotes, autophagy is carried out through three distinct pathways: macroautophagy, 

microautophagy, and chaperone-mediated autophagy. The lysosomal breakdown of cellular 

cargo occurs at the end of all these three mechanistically distinct pathways. The encapsulation of 

cellular cargo into double-membrane vesicles known as autophagosomes, which is the hallmark 

of macroautophagy, is a feature shared by all eukaryotes. In yeast, autophagy-related (Atg) 

proteins which are recruited hierarchically to the phagophore assembly site or the pre-

autophagosomal structure (PAS) are responsible for the formation of autophagosomes around the 

targeted cargo.Two complexes are required to commence the autophagosome formation process. 

(1) A complex made up of the class III PI3 K Vps34, Atg6/Beclin1, Atg14, and Vps15/p150.73 

molecules.(2) The serine/threonine kinase Atg1 is a component of the other complex. The de 

novo synthesis of the double membrane structure phagophore or also known as an isolation 

membrane, whose lipid constituents are derived from the golgi-endosome system, is made 

possible at the pre-autophagosomal structure ( PAS) by initiator protein complexes [24][25]. 

Several cellular organelles, including the plasma membrane, are known to act as origins for the 

formation of a phagophore in mammals, where a specific PAS-like structure has not been found 

yet [26].The isolation membrane becomes elongated into a phagophore with the recruitment of 

additional Atg protein complexes,the Atg8/MAP-LC3/GABARAP/GATE-16 and Atg12 

systems. The phagophore eventually fuses at its free ends to create an autophagosome, which 

now encloses and sequesters the cargo.The Atg16-Atg5-Atg12 complex separates from its 

surrounding membrane as soon as the autophagosome is formed, and its component parts 

participate in the recycling process of the cargo mediated by Atg2, Atg9, and Atg18 [27]. When 

they move through the endocytic pathway after being generated, autophagosomes go through a 

maturation phase before joining with lysosomes to form autophagolysosomes. The hydrolytic 

enzymes of the lysosomes subsequently break down the cellular cargo that the autophagosomes 
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have delivered, and the resulting byproducts are released back into the cytoplasm for utilization 

by the cell [26][24]. 

The development of an autophagosome is not necessary for the other two autophagy 

mechanisms. In chaperone-mediated autophagy, certain chaperone proteins bind to the cargo and 

carry it across the lysosomal membrane for breakdown [28]. In microautophagy, invaginations or 

protrusions of the lysosomal membrane are employed to capture the cargo protein 

[29].Organelles in their whole are up taken at the lysosome's limiting membrane here. 

3.2 Role of Autophagy in Cancer: The “Double-Edged Barrel” 

Abnormalities in the intracellular process of autophagy can lead to neurodegenerative conditions, 

ageing and various types of cancers. During the early stages of cancer, autophagy hinders the 

development of tumours, but during the more advanced stages, it encourages tumour progression 

defining it’s cellular mechanism to be a ―double-edged‖ barrel. Additionally, autophagy shields 

the tumour from many treatments by giving the cancer cells nutrients and energy from recycling 

& degradation of components. Tumour suppressor proteins encourage autophagy, whereas 

oncogenes prevent it. Autophagy offers great potential for the development of new and effective 

cancer therapies as well as the treatment of chemoresistant malignancies because of its changing 

bipolar function as per the stage of cancer. 

Tumor Suppressor 

Autophagic mechanism when interrupted can encourage and hasten the development of tumors. 

Studies have shown that it often regulates oncogene expression and tumor suppressor 

proteins.Protein kinases like mTOR and AMPK control tumor suppressors or other autophagy 

factors results in tumor suppression. mTOR signalling causes autophagic cell death and prevents 

stomach cancer cells from metastasizing [30].
 
Cancer cells promote cell development by 

stopping cells from breaking down damaged proteins or other components under oxidative stress 

(Fig.3). In multiple studies, basal autophagy inhibits cancer. By eliminating damaged organelles 

and proteins, autophagy controls cell proliferation and prevents genetic instability to decrease 

tumors [31]. Beclin 1 is a protein needed to carry out the process of autophagy and since as per 

experiments mutated Beclin 1+/-organisms were shown to be tumor-prone, Beclin 1 is 

considered to be a tumor suppressor gene [32]. When autophagy-related genes like Beclin 1 and 
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LC3 are silenced, breast cancer cells are less likely to proliferate, migrate, invade, and eventually 

succumb to apoptosis [32]. Collectively, these results show that autophagy plays a role in tumor 

suppression. According to one study, inhibiting mTOR signalling causes autophagic cell death 

and prevents stomach cancer cells from metastasizing [33].Another crucial role of autophagy is 

the elimination of cellular waste products collected as unfolded proteins, damaged organelles, 

and high-cargo receptor p62 in response to metabolic stress during tumour growth.Accumulation 

of p62/SQSTM 1 protein aggregates, damaged mitochondria, and misfolded proteins that result 

in the formation of reactive oxygen species (ROS) are possible molecular mechanisms linking 

faulty autophagy and cancer. Collectively, these results show that autophagy plays a role in 

tumor suppression. 

Tumour Promoter 

Several RAS-activated tumor types, including lung, pancreatic tumors, have enhanced baseline 

autophagy. Autophagy inhibition may promote tumor cell proliferation and development in such 

malignancies. Recent research shows that even in the presence of abundant nutrients, human 

cancer cell lines with activating mutations in H-ras or K-ras have high basal levels of autophagy 

[34].  Hypoxia and food deprivation are common to tumours. Cells are able to handle these 

pressures due to cell survival mechanism aided by autophagy. Elevated basal levels of autophagy 

were found in human pancreatic cancer cell lines and tumour tissues, and it was demonstrated 

that these levels support cellular energy production and promote tumour cell proliferation[35]. . 

Autophagy facilitates the invasion and epithelial-mesenchymal transition (EMT) of 

hepatocellular carcinoma cells in response to nutrient deprivation [36].  Cell death is accelerated 

by Beclin 1 deletion, which suppresses autophagy [37,38].The maintenance and tumorigenicity 

of breast cancer stem cells depend on Beclin-1 expression and subsequent autophagy activation. 

While the  silencing of the autophagy-related gene, ATG12, was reported to lower the tumour 

cells' ability to invade in an organotypic model of glioma cells, the autophagy-associated factors 

DRAM1 and p62 have been found to regulate the energy metabolism and invasion of glioma 

stem cells through activation of autophagy [39, 40].By enhancing the ability of cancer cells to 

migrate and invade, autophagy speeds up the course of cancer.  

Via its control of CD24 expression and IL6 release, autophagy also plays a part in the survival of 

cancer stem cells . In the MCF7 and MDA-MB-468 breast cancer models, autophagy-deficient 
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cells can form mammospheres again when given IL6 or treated with conditioned media from 

autophagy competent cells, indicating that autophagy is necessary for IL6 to be secreted in order 

to sustain cancer stem cells [41]. The maintenance of cancer stem cells' pluripotency also 

depends on basal autophagy, and any deviation from this level, whether through activation or 

inhibition, may induce differentiation and senescence [42].  

Activation of autophagy in cancer cells that survive chemotherapy and/or radiation may allow 

for a state of dormancy in remaining cancer cells, which may aid in tumour development and 

recurrence [43]. It has been demonstrated that preventing autophagy in tumour cells increases the 

effectiveness of anticancer medications. Exposure to external stimuli, disease stage, and the 

tumour microenvironment all have a significant role to play in the activity of autophagy in 

cancer. To fully understand autophagy's therapeutic potential as a cancer treatment target, greater 

research is necessary into its contentious function in cancer.                          

 

                      Fig.3 Autophagy dual role: Tumor Promoter and Tumor Suppressor 

 

Autophagy in Pre-metastatic Vs Post-metastatic Stage 
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A more detailed research on the role of autophagy in cancer progression revealed that autophagy 

supports a number of processes in the metastatic cascade. Autophagy plays a key role in different 

events of metastatic cell invasion, intravasation, tumor circulation, extravasation, tumor survival, 

and secondary-site tumor growth (Fig.4). It regulates metastatic growth pathways, including 

focal adhesion, integrin trafficking, cytoskeleton remodeling, anoikis resistance, extracellular 

matrix dissociation, EMT, and tumor-stromal contact.  

LC3 indicators link metastasis to autophagy flux in several cancers. As recently demonstrated, 

―metastasis proteins affect autophagy‖. Stress-activated nuclear protein -1 (NUPR1) enhances 

breast, pancreatic, brain, and thyroid metastasis. NUPR1 counteract with doxorubicin-induced 

genotoxic pressure, has a more complex role, including autophagy. BAG3 has a vital role in 

autophagy, apoptosis, cell adhesion, stress response, angiogenesis, and autophagy flux. BAG3, 

HSP70, and LC3 are autophagy polyubiquitinated proteins[44].
 

Tumor exosomes aid in 

interacting with neighbouring cells in the tumor micro-environment , which accelerate metastatic 

spread. Proteins, mRNAs, microRNAs, lipids, and soluble factors includes growth factors, 

cytokines, and integrins contained in the exosomes are transported to the surrounding cells. 

Exosomes released by metastatic melanoma cells reprogram bone marrow progenitor cells to be 

pro-vasculogenic and pro-metastatic, causing vascular leakiness in pre-metastatic sites. Renal 

carcinoma CSCs release exosomes that stimulate lung tumors and normal endothelial cells. 

Endolysosomal membrane system autophagy impacts tumor cells exosome production and may 

form pre-metastatic habitats[45]. 

 Autophagy has been shown in past studies to play a key role in cancer cells dormancy required 

at the secondary site  as they help them stay dormant longer, generating recurrent tumors by 

letting them survive in metabolic stress and hypoxia environment as well as by eliminating 

mitochondria, changing redox balance, and boosting CSCs and also make them therapy resistant. 

Dormant, scattered cancer cells may survive for years before producing lethal metastatic tumors. 

UPR(Unfolded protein response) -induced autophagy in dormant cells may also help in tumor 

survival[46]. Disseminated tumour cells (DTCs) use autophagy to support inactive and quiescent 

cell survival upon initial seeding of distant metastatic locations. Autophagy can prevent the 

formation of aggressive subpopulations of tumour cells with a high proliferation potential as 

DTCs enter a proliferative growth phase. Finally, MHC-I, which is essential for immunological 

identification of tumour cells, is selectively destroyed by autophagy. A role in creating the pre-
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metastatic niche, boosting tumor cell survival, evading immune surveillance, and other elements 

necessary to eventually develop an overt metastasis are only just some of
 
the recently identified 

activities for autophagy in metastasis. 

 

                                           Fig.4 Autophagy in Metastatic Stages 

3.3 Breast Cancer 

Breast cancer develops when cells in your breast multiply and multiply out of control, resulting 

in a mass of tissue known as a tumour. Breast cancer symptoms can include witnessing a lump, 

noticing a change in breast size, or noticing changes to the skin around your breasts. Breast 

cancer can spread to the tissue surrounding your breast, just as other types of cancer and develop 

new tumours. There are three basic components of a breast: connective tissue, ducts, and lobules 

(Fig.5). The glands that generate milk are called lobules. Milk travels through tubes called ducts 

to the nipple. The connective tissue, which is made up of fatty and fibrous tissue, envelops and 

holds everything in place. The ducts or lobules are where most breast cancers start. Depending 

on the region, breast cancer can be divided into following subtypes: 

 Invasive ductal carcinoma The cancer cells begin in the ducts and then grow outside the 

ducts into other parts of the breast tissue. Invasive cancer cells can also spread, or 

metastasize, to other parts of the body. 
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 Invasive lobular carcinoma Cancer cells begin in the lobules and then spread from the 

lobules to the breast tissues that are close by. 

 Ductal carcinoma in situ Ductal carcinoma in situ, also known as Stage 0 breast cancer, 

is regarded sometimes as precancerous because the cells haven't moved past the milk 

ducts. 

 Lobular carcinoma in situ Breast lobules with abnormal cells are referred to as lobular 

carcinoma in situ. Although it isn't an actual cancer, this indication may point to a later 

risk of breast cancer. Therefore, it's crucial for women with lobular carcinoma in situ to 

get routine mammograms and clinical breast exams. 

 Inflammatory breast cancer This kind of cancer is uncommon and severe. Redness, 

inflammation, creasing of the breast skin are typical symptoms of inflammatory breast 

cancer. It is brought about by obstructive cancer cells in the lymphatic vessels under 

the skin. 

 Paget’s disease of the breast The nipple's skin and the skin around it, known as the 

areola, are both affected by this malignancy. 

                      

                                  Fig.5 Diseased Breast Tissue 

Surgery, hormone therapy, immunotherapy,radiation therapy, chemotherapy and targeted 

medication therapy comprise the breast cancer treatments available. The location and size of 

the tumour, the outcomes of  lab tests, and if the cancer has spread to other regions of the 

body  decide the most effective treatment for the patient. The treatment plan is designed to 
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meet the specific and individual needs of the patient. Receiving a combination of different 

treatments is also a significant concept nowdays in therapeutics. 

Breast cancer has three primary subtypes, which are identified by performing particular tests 

on a sample of the tumour to ascertain its characteristics.The tumour sample can be examined 

to determine the type of cancer: 

 HER2 positive The human epidermal growth factor receptor 2 (HER2) gene is 

required for the growth of 14% to 21% of breast tumours. These malignancies are 

referred to as "HER2 positive" and have a lot of HER2 gene copies or increased 

levels of HER2 protein. These proteins are also called "receptors." The HER2 protein, 

which is produced by the HER2 gene and is present on cancer cells, is crucial for the 

development of tumor cells. The tumor can be HER2 positive or HER2 negative. 

Breast tumours that are HER2-positive spread more quickly. HER2-targeted 

treatments are frequently used to treat early-stage breast cancers that are HER2-

positive. 

 Hormone receptor positive Breast tumours that express ER and/or PR are referred to 

as "hormone receptor positive." Cells have these receptors, which are proteins. "ER 

positive" refers to tumours that express estrogen receptors. Those tumours that 

express progesterone receptors are referred to be "PR positive." For a tumour to be 

referred to as hormone receptor positive, only 1 of these receptors needed to be 

positive.  These receptors are absent in cancers, which are referred to as "hormone 

receptor negative." Hormone therapy is frequently used to treat hormone receptor 

positive breast cancers. 

 Triple negative A tumour is referred to as "triple negative" if it lacks the expression 

of ER, PR, and HER2. Between 11% and 22% of invasive breast cancers are triple-

negative. Women who have a BRCA1 gene mutation are also more likely to develop 

triple-negative breast cancer. 

3.4 Link Between Autophagy and Breast Cancer 

Since the gene beclin 1 was discovered to be deleted in 40%–75% of sporadic human breast and 

ovarian cancers, the theory that beclin 1 functions as a tumour suppressor was especially relevant 

for breast cancer. Beclin 1 expression is usually high in normal breast epithelia and low in 
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human breast epithelial cancer tissues.BRCA1, a tumour suppressor gene whose deletion 

contributes to various breast and ovarian malignancies, is located adjacent to beclin 1. The loss 

of beclin 1 in breast and ovarian cancers is consistent with the fact that BRCA1 deletion is the 

predominant driving mutation in these malignancies, and recent research suggests that beclin 1 

itself may not be a tumour suppressor in this situation[47]. In addition to this, studies imply that 

the interaction between the two proteins, beclin 1 and bcl-2, may be particularly significant for 

the development of breast cancer tumours since a decrease in beclin 1 levels or its deletion would 

result in an increase in free bcl-2 and an antiapoptotic response. Additionally, it has been 

demonstrated that Bcl-2's ability to adhere to beclin 1 and block autophagy corresponds with its 

growth-promoting activity rather than its anti-apoptotic role, promoting tumorigenesis[48]. 

In another study, researchers made use of mice lacking Palb2 in the mammary gland, which 

resulted in invasive tumors and had DNA damage, breaks in DNA and p53 alterations. Since 

allelic loss of beclin1 had no effect on tumour formation when p53 was also removed from the 

mammary gland, it was hypothesised that autophagy was being activated in response to DNA 

damage and oxidative stress and mediated survival of tumour cells in conjunction with p53[49]. 

In oncogene-driven breast cancer models, autophagy was revealed to have a tumor-promoting 

function in the investigation, suggesting that autophagy addiction may be an acceptable 

therapeutic target in breast cancer.  

Significant carcinogenic disturbances like RAS transformation or changes in the RAS pathway, 

which cause changes in metabolic pathways to meet biosynthetic needs, have been specifically 

associated to autophagy dependency. Active oncogene pathways like HER2, Myc, and active 

PI3K induce metabolic changes that are similar to RAS transformation even though RAS 

transformation is uncommon in breast cancer. Additionally, basal-like malignancies have 

increased PI3K and RAS-RAF-MEK pathway components, and RAS transformation in breast 

cancer cells can cause autophagy addiction[50]. 

Following matrix detachment, autophagy is activated in non-transformed and oncogene-

transformed breast cell lines, shielding them from programmed cell death. The majority of breast 

cancer tumors would almost certainly exhibit changes in the autophagic system because 

mutations frequently found in breast malignancies are known to be crucial regulators of this 

route. This is especially true for Bcl-2, EGFR, p53, PI3K mutations, and changes to the PI3K-

mTOR pathway[51]. 
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3.5 Autophagy in Breast Cancer Progression 

Elevated levels of autophagy are required for healthy mammary cell development to shield the 

cells from multiple multiple metabolic stresses. On the other hand, low levels of autophagy are 

necessary for the growth of malignant tumors from tumor-initiating cells, while high levels of 

autophagy maintain tumor cells dormancy by protecting against stressful conditions (Fig.6). 

Parallel to this, decreased autophagic activity stabilises Pfkfb3, which advances the cell cycle 

and prevents apoptosis. As a result, the growth of benign mammaries requires high autophagic 

activity, whereas the development of malignant mammaries requires low autophagic activity. 

Due to its cytoprotective function, autophagy is regarded as tumour suppressive in  the initial 

stages of cancer. An elevated autophagy-related gene profile in healthy mammary glands, which 

disappears as breast cancer progresses, serves as proof of this.  

Apart from loss of the component Beclin 1 activity in class III PI3K complex involved in the 

nucleation step of autophagy leading to normal cells being transformed to tumorous breast cells , 

there are other autophagy related factors as well aiding in breast cancer progression. Deletion of 

the crucial early autophagy protein FIP200 led to autophagy defects like protein aggregate 

accumulation and dysfunctional mitochondria as well as slowed the growth and progression of 

mammary tumors in a mouse model of PyMT-induced breast cancer [52]. As a result, 

suppressing MAP1LC3 or BECN1 decreased the expression of cyclin D1, integrin-1, and 

phosphorylated proto-oncogene tyrosine-protein kinase (SRC), which promotes entry into the G1 

phase of the cell cycle and aids in the initiation and progression of breast cancer [53]. The 

autophagy cargo receptor NBR1 and p62/SQSTM1 can accumulate as a result of impaired 

autophagy in circulating tumour cells. The Nuclear factor erythroid 2-related factor 2 (NRF2) or 

Mitogen-Associated Protein Kinase (MAPK) pathways for cell survival can both be activated by 

these aggregated cargo receptors. 

Overall, the evidence shows that autophagy that maintains cellular integrity. However, 

depending on stage of tumor, the ATG proteins may also promote breast tumorigenesis and 

cancer progression. 
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         Fig.6 Autophagy in Healthy Breast Cells development VS Malignant Mammary Cells  

 

3.6 Autophagy and Breast Cancer Stem Cells  

Breast cancer stem cells (BCSCs), which may develop into a variety of cell types similar to 

normal mammary stem cells, are the primary cause of tumour formation in malignant breast 

tissue.The recurrence of tumors and metastases may be caused by CSCs, which would impact the 

course of treatment [54]. Aldehyde dehydrogenase (ALDH), CD44, and CD24 are the three 

primary markers of CSC connection with breast cancer [55]. Different breast cancer molecular 

subtypes exhibit different CSC markers, such as ALDH, CD44, or CD24. ALDH is crucial for 

maintaining stem cells and therapy resistance  along with catalysing the oxidation of aldehydes. 

Also, triple negative breast tumors have a poor prognosis because CD44+/CD24-/low cells 

predominate in such tumors [56]. 

The proliferation and pluripotency of BCSC were decreased by pharmacologically blocking 

autophagy or by silencing BECN1, ATG7, or ATG4A [24]. The CD44high/CD24low BCSC 

population was decreased when MAP1LC3 or ATG12 was knocked down in HER2-enriched 

breast cancer cells [57]. 
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Interleukin 6 (IL6), which is necessary for the upkeep of BCSC and the activation of the 

oncogenic STAT3 signalling pathway, is secreted  in TNBCs facilitated by autophagy. 

Transforming growth factor beta 2 (Tgfβ2) and transforming growth factor beta 3 (Tgfβ3) 

mRNA levels also decreased when autophagic activity was reduced, which eliminated SMAD 

signalling, which is necessary for CD29HighCD61+ BCSCs. Thus, via the IL6/STAT3 and 

Epidermal Growth Factor Receptor (EGFR)/STAT3 as well as TGFβ/SMAD pathways, 

autophagy promotes BCSC maintenance. It's interesting to note that, depending on the subtype of 

breast cancer, autophagy lowers IL6 secretion, which may reduce BCSC counts [58]. Autophagy 

can also hinder BCSC by causing apoptosis in exceptional cases.However, this may depend on 

the cellular environment and the molecular background of the BCSCs. 

The activity of CSCs can be maintained during anticancer therapy due to  autophagy, which can 

facilitate tumour cell development and can result in resistance to the effects of the treatment 

medications. Recent studies have shown that the impacts of CSCs can be reduced by deactivating 

genes related to autophagy in order to limit autophagy (Fig. 7). This strategy can be combined 

with traditional cancer treatment methods to treat cancer more effectively. 

 

 

                Fig.7 Autophagy and Anti-cancer Therapy Resistance of Breast CSCs 

3.7 Autophagy in Breast Cancer Metastasis 

The primary factor in deaths related to cancer is metastasis, which is the spread of cancer cells 

from the primary tumour to other secondary sites of the body. Insufficient amounts of nutrients 

and oxygen favour the metastasis of cancer cells. The physical transfer of cancer cells from a 

primary site to a distant location and the colonisation at the metastatic site are the two steps of 
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the breast cancer metastatic process. Invasion and migration of the tumor cells are the most 

important steps of cancer progression. Increased autophagy and metastasis have been found to be 

closely related via research using intermediary markers. While melanoma metastases showed 

greater LC3B staining compared with matched primary tumour samples, enhanced microtubule-

associated light chain B (LC3B) punctae staining has been linked to lymph node metastasis and 

poor survival in human breast cancer [59]. Autophagy and metastasis interact in a complicated 

manner. EMT (epithelial-to-mesenchymal transition) is crucial for the dissemination and spread 

of cancer. By stabilizing Twist1, autophagy deficiency can induce EMT [60]. For instance, 

chaperone-regulated autophagy was found to increase breast cancer cell metastasis by 

downregulating macroautophagy related with ATG5 (61). 

In a study , Marsh et al. (2020) used cell lines from mouse breast tumours that were modified to 

allow for the inducing removal of autophagy in order to study the impact of autophagy on breast 

cancer metastasis. By genetically inactivating the autophagy genes Atg5 or Atg12 in these cells, 

the researchers were able to inhibit autophagy in the cells after injecting them into the systemic 

circulation of mice. Results showed that compared to autophagy-competent cells, metastases 

produced by autophagy-deficient breast cancer cells were much larger and contained more 

proliferative cells. Breast cancer cells with impaired autophagy were also better able to 

metastasize from primary tumours. These findings suggest that autophagy limits the metastatic 

expansion of dispersed breast cancer cells, in contrast to its function in original tumours. 

 

3.8 Autophagy in Breast Cancer Cell Dissemination and Dormancy 

Disseminating cells which are a part of the metastatic cascade have been found to be leading 

cause of breast cancer-related fatalities [62]. Epithelial to Mesenchymal Transition (EMT) 

responsible for providing mesenchymal properties to the cells is significant in cell dissemination. 

The chemokine IL6 regulated by autophagy, which is particularly abundant in mammary tissue 

and is abundantly expressed in adipocytes, is a key regulator of EMT in breast cancer cells. 

Through the Janus Kinase (JAK)/STAT and MAPK signalling pathways, IL6 promotes EMT. 

Indicating that autophagic activity in breast cancer cells and in cells from the tumour 

microenvironment, consisting of adipocytes or immune cells, influences EMT via IL6/STAT and 

IL6 MAPK signalling [63]. 
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Other  facts include silencing of ATG7 or ATG12 caused an increase in focal adhesion 

complex(FAC) size in breast cancer cells, which is accompanied by a decrease in migration rate, 

proving evidence that autophagy inhibited migration through stabilising FAC. Additionally, 

destabilising the integrin 1 signalling pathway by silencing MAP1LC3 or BECN1 inhibited 

autophagy by inhibiting the activation of SRC and the Urokinase-Type Plasminogen Activator 

(uPA) system, which are crucial mediators of cell migration and invasion [64].When considered 

as a whole, autophagy is crucial to migration-related processes such as FA turnover and EMT. 

Therefore, autophagy is crucial for breast cancer cells as they migrate through the body. 

However, the circumstances and breast cancer subtype play a role in determining whether 

autophagy promotes or inhibits migration. 

At early-stages of breast cancer ,disseminated tumour cells can be found, which can remain 

dormant for decades before becoming proliferative in response to changes in the 

microenvironment that activate autophagy [65]. Disseminated tumor cells are required to remain 

dormant at secondary site to fight stressful conditions making them anti-cancer therapy resistant, 

metastatic and reason for disease relapse. In response to environmental stress circumstances like 

food deficiency, it has been stated that autophagy is increased during extravasation and 

colonisation at distant locales [66]. Breast cancer cells secrete auto- and paracrine signalling 

molecules to prevent the activation of phosphoinositide 3-kinase (PI3K) under unfavourable 

circumstances. Inhibiting AKT and mTOR (the mammalian target of rapamycin) as a result 

causes the cell to enter a dormant state by activating autophagy. Furthermore, by triggering the 

autophagic pathway, ATG4, ATG7, and the ATG8 homologs maintain metabolic balance in 

dormant breast cancer cells. In particular, reducing mitophagy in dormant metastatic breast 

cancer cells by using HCQ or by knocking out ATG7 reduced autophagy, which resulted in the 

accumulation of damaged mitochondria and ROS, which decreased the survival of dormant 

breast cancer cells and prevented the switch from dormancy to growth [67]. In conclusion, these 

results unambiguously show that autophagy promotes dormancy in breast cancer cells. 

3.9 Autophagy and Apoptosis in Breast Cancer 

Apoptosis being programmed cell death is a common cellular response to metabolic stress and 

essential for limiting carcinogenesis in tumor cells in particular (Fig.8). The idea that apoptosis is 

suppressed in many tumors by a variety of mechanisms, such as overexpression of the apoptosis 

inhibitor BCL2, as well as the knowledge that preventing apoptotic cell death enables tumor cells 
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to survive the stress of oncogene activation, unchecked proliferation, and chemotherapy. In fact, 

BCL2 antagonists have been approved for use in the clinic as a tool to functionally reactivate the 

apoptotic pathway in refractory tumors. 

 

                 Fig.8 Tumor Suppressive role of Autophagy and Apoptosis in Cancer 

The receptor pathway and the mitochondrial pathway are the two distinct pathways that can 

mediate apoptosis. It has been suggested that DAPK, a protein linked to death, may not be 

present in many cancer cell types. Beclin1 can be released from Bcl-2-related proteins as a result 

of phosphorylation, which also triggers autophagy. Bcl-2, a protein that caspases breaks, is an 

antagonistic regulator of Beclin1. This protein has the ability to suppress autophagy and promote 

apoptosis. Calpains break down ATG5 to create an N-terminal ATG5 cleavage product that is 

thought to trigger the release of cytochrome c from mitochondria. By controlling the autophagic 

breakdown of active caspase-8, Beclin1 and ATG5 block this process (68). This implies that the 

same regulatory elements may be involved in both autophagy and apoptosis (Fig. 9). 

Furthermore, a caspase-dependent, apoptotic response to DNA damage was revealed by 

downregulating the autophagy proteins Beclin 1 and Atg7. It is suggested that early 
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autophagosomal removal of damaged mitochondria causes a post-mitochondrial caspase cascade 

to be delayed. Findings also imply that non benign breast carcinoma cells may have a tendency 

to use autophagy to delay apoptosis or increase survival. These results highlight the possibility of 

using autophagy inhibitors in combination with traditional chemotherapeutic agents to treat early 

breast cancer. 

 

                            Fig.9 Regulatory elements in Autophagy and Apoptosis 

Both autophagy and apoptosis are important mechanisms in the incredibly complicated processes 

of cell death and survival. Lu et al. found that parthenolide-induced apoptosis in breast cancer 

was improved by the suppression of autophagy (69). So autophagy and apoptosis are closely 

related to one another. Understanding the processes of autophagy in breast cancer and CSCs 

depends on the examination of this interlink. 

3.10 Autophagy related Signaling Pathways and Molecules in Breast Cancer 

ATGs regulate autophagy, which is a crucial factor in both breast cancer and breast CSCs. To 

enhance the efficacy of breast cancer therapy, further understanding of the functions of ATGs 

may be necessary. The primary autophagy regulatory gene Beclin1 expression is elevated in 

 gastric cancer, colorectal cancer, cervical cancer, breast cancer, and liver cancer, indicating that 
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autophagy may be involved in carcinogenesis and that Beclin1 is an important factor 

in tumor development. 

P53 is a familiar cancer suppressor protein that primarily inhibits cancer by inducing autophagy 

based on the expression of genes associated to autophagy, inhibiting PI3K/AKT/mTOR, and 

limiting EMT based on decreased expression of ZEB1, ZEB2, and SNAIL. mTOR is a 

evolutionarily conserved serine-threonine kinase that regulates a number of mammalian cell 

activity including cell development, metabolism, and proliferation.Rates of transcription, 

translation, protein degradation, cytoskeleton dynamics, cell metabolism, and autophagy are all 

considerably affected by changes in mTOR activity. Early research has shown that the mTOR 

inhibitor rapamycin may cause autophagy. According to a prior study, blocking the mTOR 

pathway alone in patients with HER2-positive cancer may trigger autophagy, allowing cancer 

cells to escape and develop treatment resistance [70]. To block the progression of cancer, it is 

therefore required to study the inhibition of other signal transduction pathways, dual pathway 

inhibition or multiple pathway inhibition. 

The regulation of autophagy can be brought about by SMAD2/SMAD3 through the action of 

transforming growth factor TGF-β. Autophagy and the Wnt signalling pathway are related, and 

autophagy may be induced when the Wnt signalling system is inhibited. p62/SQSTM1 

expression and the development of autophagic vacuoles can both be suppressed by β-catenin via 

transcription factor 4 (TCF4) (71). Hedgehog pathway inhibition has the same results as Wnt and 

Notch pathway inhibition, according to research (72). 

Following are some molecules have the ability to control breast CSCs and breast cancer (Table1) 
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3.11 Inhibition of Autophagy in Breast Cancer 

Breast CSC activity and the anticancer resistance response of breast cancer cells may both be 

safeguarded by autophagy. Additionally, autophagy can have an impact on the development, 

growth, and evolution of tumors and CSCs. Autophagy suppression may accelerate the demise of 

cancer cells. Therefore, it's critical to expand our understanding of autophagy inhibitors (Table 

II). Breast cancer therapies must be understood in relation to these autophagy inhibitors in 

current stage of research . These substances  have the potential to inhibit autophagy, which may 

be important for discovering new treatment strategies. 

Compounds such as eriocalyxin B (73), tetrandrine (74) and suberoylanilide hydroxamic acid, 

which is also essential in the treatment of breast cancer (75), can have an impact on autophagy. 

Trastuzumab and the autophagy/lysosome inhibitor chloroquine were also used to increase cell 

death via apoptosis in cells in vitro and in vivo, decrease cell survival, and hinder colony 

formation [76]. According to our data, the majority of autophagy inhibitors might be crucial in 

both breast cancer and breast CSCs. To find out whether 3-methyladeninecan or chloroquine can 

directly stop breast cancer cell growth, more investigation is needed. Therefore, it is important to 

pay more attention to these medications' new therapeutic mechanisms. 

 

Table 2 Inhibitors of Autophagy in Cancer 

                                                                  FUNCTIONS 

 Compounds Breast Cancer 

1. Mefloquine Mefloquine suppresses autophagy and triggers the death of 

breast cancer cells. 

2. Quinacrine Quinacrine prevents the acidification of lysosomes. 

Quinacrine effectively eliminates cancer cells and prevents 

their growth. 

3. Chloroquine (CQ) CQ has an impact on the fusion of autophagosomes and 

lysosomes, which can prevent autophagy. CQ and other 
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anticancer medications together may accelerate the 

apoptosis of breast cancer cells. 

4. Salinomycin Salinomycin causes breast cancer cells to go into apoptosis. 

5. 3-Methyladenine (3-MA) Autophagosome creation is prevented by 3-MA. 

Increased apoptosis of breast cancer cells is possible when 

3-MA is combined with other anticancer medications. 

 

3.11 Targeting Autophagy in Breast Cancer Therapy 

Particular significance is given to the function of autophagy and chemoresistance in the 

treatment of breast cancer. The stage of the disease and previous treatment regimen have a 

significant impact on how autophagy regulation affects the therapeutics of breast cancer. In 

tumour cells, autophagy is typically activated as a stress response to a particular anti-cancer 

treatment. Commonly used chemotherapy medicines can cause excessive or long-lasting 

autophagy, which causes cancer cells to die in a process known as autophagic cell death. To 

increase the cytotoxic effect in this situation, drugs that can increase autophagy levels (such as 

new mTORC1/2 kinases, Bcl-2 or HDAC-selective inhibitors, etc.) may be used. Contrarily, 

induced autophagy during chemotherapy may have cytoprotective effects that cause drug 

resistance and cause tumour recurrence. 

Adjuvant endocrine therapy lowers the death rate from breast cancer, although many ER+ 

tumours become resistant and eventually relapse. Autophagy has been proposed to have a role in 

endocrine therapy resistance mechanisms, despite the fact that these mechanisms are poorly 

understood[77]. In the MCF7 breast cancer cell line, autophagy is triggered in response to anti-

estrogen therapy, and its suppression makes the cell line more sensitive to tamoxifen 

treatment[78]. Additionally, it has been demonstrated that co-inhibition of Bcl-2 and BCL2L2 by 

preventing autophagy sensitises an anti-estrogen resistant cell line derived from MCF7 to the 

restoration of antiestrogen sensitivity. 

It is known that genotoxic stress brought on by chemotherapy or ionising radiation raises p53 

levels and causes cell cycle arrest, apoptosis, senescence, or autophagy[79]. In this respect, it has 
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recently been established that p53 plays two distinct roles depending on where it is located 

within the cell. P53 can suppress autophagy in the cytoplasm and is both transcription dependent 

and independent pro-autophagic in the nucleus[80]. Therefore, it is not surprising that radiation 

and DNA-damaging drugs used in treatment might cause autophagy in breast cancer cell 

lines[81–82]. 

Although the majority of the evidence outlined above suggests that autophagy should be 

suppressed to enhance breast cancer therapy, some studies also raise the possibility that 

autophagy may be responsible for the cell's demise, implying that autophagy may occasionally 

be increased during breast cancer treatment. For instance, it has been demonstrated that the 

deletion of Bcl-2 in MCF7 cells causes autophagy and non-apoptotic cell death, which was 

reduced by the deletion of ATG5, indicating that autophagy may be a factor in cell death in this 

model[82]. 

4. PROGNOSIS OF BREAST CANCER 

The WHO Global Breast Cancer Initiative (GBCI) aims to prevent 2.6 million breast cancer 

deaths worldwide between 2020 and 2040 by reducing the annual global breast cancer mortality 

rate by 2.6%. 23% of breast cancer deaths among women under the age of 65 would be avoided 

by 2030 and 38% by 2040 if the global rate of breast cancer mortality was reduced by 2.5% 

annually[84]. Early detection methods, prompt diagnosis, and comprehensive breast cancer 

management are the three foundations for achieving these goals. A prognosis is the medical 

practitioner's best prediction of your cancer's effects and how it will react to therapy. The 

percentage of patients with an illness who are still living after being diagnosed is termed as 

survival. Numerous factors affect prognosis and survival.  

Doctors can assess a patient's likelihood of surviving breast cancer using a variety of statistics. 

These are referred to as survival rates. The percentage of persons who are still living after 

receiving a diagnosis of breast cancer, is shown by the overall survival rate. For instance ,80% of 

women with stage I breast cancer survived the disease overall for five years. According to this, 

80% of women with stage I breast cancer survive for at least 5 years after their initial diagnosis. 

The majority of these women would survive far above their diagnoses' five-year mark. The stage 

of breast cancer affects overall survival rates. Breast cancer patients who are diagnosed in stages 

0, I, or II often have better overall survival rates than those who are diagnosed in stages III or IV. 
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The relative survival rate is a particular kind of survival statistic. It is frequently used to forecast 

potential life expectancy effects of cancer. The relative survival rate examines the likelihood that 

someone with breast cancer would live a specific amount of time following their first diagnosis 

or the beginning of therapy in comparison to the anticipated survival of individuals with similar 

characteristics who do not have this cancer. 

There are numerous independent but connected prognostic variables that can predict survival and 

recurrence in breast cancer. These include oncogene amplification,tumor type, tumour size, age 

of diagnosis, axillary nodal status, histology, steroid receptors, proliferative rate, and ploidy[2]. 

The conventional gold standard indicator for predicting survival and recurrence in primary breast 

cancer has been axillary nodal status. Additionally, longer disease-free intervals and overall 

survival in stage I and stage II breast cancer have been linked to the presence of the estrogen and 

progesterone receptors. Indicators of cell proliferation that correlate with the relapse rate in 

breast cancer patients in pre- and postmenopausal women are the thymidine-labeling index. 

Stage I recurrence is more likely in oestrogen and progesterone receptor-negative tumours 

because they are more frequently aneuploid and have a larger percentage of S-phase. 

Online tools can be utilised by doctors to determine prognosis of breast cancer. 

Prognosis Programs The programmes combine data from significant research papers with 

information about the individual and their breast cancer. The findings are frequently displayed as 

a percentage survival rate at five and/or 10 to 12 years after diagnosis in the form of graphs. 

Some programmes also calculate the improvement in survival brought on by therapies like 

hormone therapy or chemotherapy. In order to assist you in deciding whether to receive these 

therapies, the doctor might display a graph of this data to the patient. 

Nottingham Prognostic Index (NPI) This scoring method considers the size and grade of the 

breast cancer as well as whether any breast cancer cells are present in the lymph nodes. The 

patient's prognosis is given a score that ranges from good to bad. Estimates of the number of 

individuals still alive five years following diagnosis are provided for each group. 
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Genomic assays (Gene Expression Profiling) To determine the likelihood of recurrence, 

certain tests evaluate collection of genes identified in breast cancer. They are not appropriate for 

everyone and are often only taken into consideration in case of invasive breast cancer, oestrogen 

receptor positive (ER+), HER2 negative, and no more than three positive lymph nodes. 

Predict Predict is an online tool for making decisions. It makes estimates about how various 

treatments following surgery for early invasive breast cancer might increase survival using 

information about the patient and her breast cancer.Prosigna For individuals who will be 

undergoing hormone therapy for at least five years, this test forecasts the likelihood that a 

malignancy may metastasize to another area of the body within ten years. Scores on the test 

range from 0 to 100. The results are classified as 'low', 'mid', or 'high' risk depending on this 

score and whether any lymph nodes under the arm are involved. The score, together with other 

details regarding breast cancer, will be used by the specialist to assist choose the best course of 

action. 

Endopredict For individuals who will be undergoing hormone therapy for at least five years, 

this test forecasts the likelihood that a malignancy may metastasize to another area of the body 

within ten years. The outcome, known as the EPclin score, indicates whether the risk is high or 

low. A low risk score indicates that the breast cancer is not expected to spread over the following 

ten years. Chemotherapy is typically ineffective for those with low risk scores. A high risk score 

indicates a higher likelihood that the breast cancer will spread over the following ten years. For 

the majority of persons with a high risk score, chemotherapy is advised. 

Oncotype DX This test forecasts the likelihood that a cancer will return following surgery as 

well as the anticipated benefits of receiving treatment. 
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5. OBJECTIVE 

(a)To construct a model based on autophagy related genes using Bioinformatics for prognosis of 

Breast Cancer 

(b)To conduct survival analysis statistics on the resultant autophagy related genes  

6.METHODOLOGY 

 

In this study, we aimed to investigate the role of autophagy-related genes in the prognosis of 

breast cancer. Differential gene expression analysis, gene set enrichment analysis (GSEA), Cox 

regression, as well as survival analysis were all part of our complete technique, which also made 

use of publicly available gene expression datasets. Initially, we identified suitable gene 

expression datasets from public repositories, specifically focusing on datasets with sufficient 

sample size, breast cancer subtypes of interest, and availability of survival data. The selected 

datasets were downloaded and pre-processed, including necessary normalization and quality 

control steps. We next applied statistical criteria, including adjusted p-value and fold change, to 

data from breast cancer samples and normal tissue controls in order to use the GEO2R 

programme to identify differentially expressed genes (DEGs). To focus on autophagy-related 

genes, we filtered the DEG list to retain genes that were annotated or implicated in autophagy 

pathways. 

We used GSEA to determine whether or not the detected DEGs were enriched for gene sets 

linked to autophagy. Established autophagy gene sets from publicly accessible databases and 

published literature were used for this analysis. Enrichment scores were calculated, and statistical 

significance was evaluated using permutation tests or false discovery rate (FDR) correction. We 

used Cox regression analysis to determine whether or not there was a correlation between gene 

expression and survival. The chosen datasets were mined for survival information, such as 

overall survival as well as disease-free survival rates. Autophagy-related genes identified in the 

previous step were chosen as predictors, and relevant clinical variables such as age, tumor stage, 

hormone receptor status, and treatment modalities were adjusted for in the analysis. 
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Also, survival analysis was done to predict survival curves according to autophagy gene 

expression levels. This was accomplished using the Kaplan-Meier technique, and statistical 

significance of survival differences between gene expression groups was determined using either 

log-rank tests or Cox proportional hazards models. Hazard ratios and corresponding confidence 

intervals were generated to quantify the effect size of autophagy-related gene expression on 

breast cancer prognosis. We controlled the false discovery rate for both DEG analysis and 

GSEA by performing multiple testing adjustments using the Benjamini-Hochberg approach. The 

findings' reliability was further assessed by sensitivity analysis. Finally, the relevance of the 

discovered genes and pathways in breast cancer prognosis was considered throughout the 

interpretation and discussion of the findings using data from differential gene expression 

analysis, GSEA, Cox regression, and survival analysis. 

 

 

 

 

 

 

 

 

 

 

                                             Fig.10 Steps followed in Methodology 
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6. RESULTS 

6.1 Identification of Differentially Expressed Genes: 

6.1.1 Data Set and Tool Description 

6.1.2 Data Set: 

Retrieved from NCBI (https://www.ncbi.nlm.nih.gov/)> GEO DataSets > GSE42568 

 

GSE42568 An analysis of 104 breast cancer biopsies taken from individuals ranging in age from 

31 to 89 (mean age = 58) at the time of diagnosis (before tamoxifen or chemotherapy was 

administered). Seventy-seven women were 50 or older at the time of diagnosis, while twenty 

were younger. Tumours varied in size from 0.6 to 8.0 centimetres (mean = 2.79 centimetres). T1 

tumours had a maximum diameter of less than 2 centimetres; T2 tumours, between 2 and 5 

centimetres; and T3 tumours, more than 5 centimetres. There were 82 cases of invasive ductal 

carcinoma, 17 cases of invasive lobular carcinoma, and 5 cases of rare tumours (2 tubal and 3 

mucinous). There were 11 grade 1 tumours, 40 grade 2 tumours, and 53 grade 3 tumours. 

Oestrogen receptor (ER) positivity was found in 67 tumours, whereas ER negativity was found 

in 34 (ER status was assessed by Enzyme Immuno-Assay (EIA), with a value of 200 fmol/g 

protein indicating a positive result). Three patients lacked information on their ER status. Fifty-

nine tumours had spread to the axillary lymph nodes, whereas 45 had not. A total of 69 women 

received post-operative tamoxifen treatment, whereas the remaining 26 did not. Fifty patients 

were given systemic adjuvant chemotherapy (CMF +/ adriamycin), whereas the other 45 were 

not. Nine patients lacked complete information on their use of tamoxifen and systemic 

chemotherapy. The longest period of follow-up was 3,026 days, and the average was 1,887 days. 

Additionally, 17 control breast tissues were tested. 

6.1.2 Tool used (GEO2R) 

The National Centre for Biotechnology Information (NCBI) created the GEO2R programme, 

which is a useful tool for finding differentially expressed genes in gene expression datasets. A 

number of procedures are necessary to use GEO2R. The user must first browse the GEO2R 

website and choose their desired dataset by either typing in the GEO Series accession number or 

by uploading their own. The user then specifies the experimental parameters or study groups to 
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compare throughout the dataset. The required statistical approach (for example, t-test, linear 

regression, or ANOVA) and multiple testing adjustments are given as statistical analysis 

parameters. GEO2R starts the analysis, does the statistical calculations, and creates a table of the 

results. The statistics at the gene level, including p-values, fold changes, and corrected p-values, 

are detailed in this table. The conventional method for finding differentially expressed genes is to 

use statistical significance and fold change thresholds. The data can then be interpreted by 

researchers, who will concentrate on the identified genes and the biological processes and 

pathways they are connected with. By utilising GEO2R, researchers are given an easy-to-use and 

effective tool for identifying differentially expressed genes. This aids in the understanding of 

gene expression patterns and potential biological mechanisms underlying a specific condition or 

experimental treatment. 

     

                                     Fig.11 GSE42568 data set in GEO2R tool 
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Fig.12 UMAP(Uniform Manifold Approximation and Projection) Plot between normal & cancer 

samples 

Figure 12 presents a UMAP (Uniform Manifold Approximation and Projection) plot that 

visualizes the differential gene expression patterns between normal and cancer samples.The 

coordinates or positions of the data points in the reduced-dimensional space are commonly 

represented by the X and Y labels in the context of dimensionality reduction techniques like 

UMAP (Uniform Manifold Approximation and Projection).The UMAP algorithm is a 

dimensionality reduction method for representing high-dimensional data in a lower-dimensional 

space while maintaining the original data's structure and connections. The plot consists of a two-

dimensional representation of the samples, where each point represents an individual sample. 

The samples are color-coded based on their classification as either normal or cancer. By applying 

differential expression analysis (DEA) techniques, genes that show significant differences in 

expression between normal and cancer samples were identified. The UMAP plot overlays these 

differentially expressed genes onto the samples, allowing for a visual exploration of the gene 

expression patterns associated with normal and cancer conditions. The color intensity or shading 

of the points on the UMAP plot may reflect the expression levels of specific genes or a 

composite score representing the overall gene expression pattern. Genes with higher expression 
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levels in cancer samples may be represented by darker or more intense colors, while genes with 

higher expression levels in normal samples may be represented by lighter or less intense colors. 

The UMAP plot facilitates the identification of clusters or distinct groups of samples based on 

their gene expression profiles. It provides insights into the underlying molecular heterogeneity 

between normal and cancer samples and allows for the identification of genes that contribute to 

the separation between these groups. The UMAP plot is a valuable tool for visualizing and 

exploring the differences in gene expression patterns between normal and cancer samples. It 

helps find genes of interest or biomarkers that may be important in the onset or course of illness. 

 

 

Fig.13 Selected Samples out of the GSE42568 

Gene expression profiles (GSM---) for a few representative average as well as cancer samples 

are shown side by side in Figure 2. This illustration is meant to draw attention to the contrast 

between the two groups concerning gene expression patterns. The genes or characteristics under 

investigation are shown along the x-axis, while expression levels are shown along the y-axis. The 

expression levels of each gene in both the normal and cancer samples are shown graphically by 

individual points and lines. Variations in gene expression between normal and malignant 

samples may be visually evaluated using the plot. Variations in gene expression may provide 
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light on the molecular alterations that underlie cancer initiation and progression. The plot may 

show distinct patterns, such as upregulation or downregulation of certain genes in the cancer 

samples compared to the normal samples. These differential expression patterns may help 

identify key genes or pathways involved in the development or progression of cancer. 

Additionally, the plot may reveal clusters or groups of genes that exhibit coordinated expression 

changes in the cancer samples compared to the normal samples. Such clusters may represent 

gene sets or pathways that are collectively dysregulated in cancer.Researchers can use this plot to 

generate hypotheses about the molecular mechanisms underlying the observed differences in 

gene expression between normal and cancer samples. Further analysis and functional 

interpretation of the identified differentially expressed genes can provide valuable insights into 

the biological processes associated with cancer development and progression. 

 

                     

                                Fig.14 Intensity vs Density of gene expression levels  

Figure 14 presents a density vs intensity plot that provides insights into the distribution and 

intensity of gene expression levels in the studied samples. This plot aids in understanding the 

overall expression patterns and variability of genes of interest.The y-axis shows the density of 

gene expression values, while the x-axis shows the intensity or degree of gene expression. The 
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density curve shows the distribution of gene expression levels across the samples, indicating the 

frequency of occurrence for different intensity values.The density vs intensity plot allows for the 

identification of key features in the gene expression data, such as the presence of distinct 

expression groups or the presence of outliers. It helps assess the spread and central tendency of 

gene expression values, providing valuable information about the overall gene expression 

landscape.The plot can reveal whether the gene expression values follow a normal distribution or 

exhibit skewness or multimodality. Skewed distributions may indicate asymmetry or bias in gene 

expression, while multimodal distributions may suggest the presence of distinct subgroups or 

expression patterns within the samples. 

The density versus intensity map may also be used to evaluate the variation in gene expression 

across groups. By overlaying multiple density curves on the same plot, it becomes possible to 

visually compare the distribution and intensity of gene expression across various conditions or 

experimental factors.The density vs intensity plot serves as a visual summary of the gene 

expression data, providing an overview of the distribution and intensity of expression levels. It 

helps researchers identify patterns, outliers, and potential trends within the dataset, leading to 

further exploration and analysis of gene expression patterns. 

 

                 

                                             Fig.15 Adjusted p-value counts 
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Figure 15 presents an adjusted p-value counts plot that provides insights into the statistical 

significance of differential gene expression analysis. Differing settings or sample groups may be 

compared using this plot to locate genes with significantly different expression levels. Adjusted 

p-values, computed to account for multiple testing and regulate the false discovery rate (FDR), 

are shown on the x-axis. The number of genes that fall within a specific adjusted p-value range is 

shown along the y-axis. The adjusted p-value counts plot allows for the identification of 

significantly differentially expressed genes by observing the distribution of counts across 

different levels of statistical significance. Genes with lower adjusted p-values are considered 

more statistically significant and are often associated with stronger evidence for differential 

expression.The plot typically exhibits a peak or spike at lower adjusted p-values, indicating a 

larger number of genes that show significant changes in expression levels. As the adjusted p-

values increase, the count of genes decreases, indicating fewer genes with less significant 

changes in expression. 

This plot aids in determining the appropriate threshold for identifying differentially expressed 

genes based on the desired level of statistical significance. Researchers can select a specific 

adjusted p-value cut-off based on their study objectives and the significance level they deem 

appropriate.The adjusted p-value counts plot provides a visual representation of the results of 

differential gene expression analysis, highlighting the genes with the most significant changes in 

expression levels. It helps researchers identify potential candidate genes for further investigation 

and exploration of biological processes or pathways associated with the studied conditions. 
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                                                    Fig.16 Moderated t statistics 

Figure 16 presents a theoretical quantities vs sample quantities plot, which is a graphical tool 

used to assess the similarity or dissimilarity between the theoretical distribution and the observed 

sample distribution. This plot aids in evaluating how well the data fits a specific theoretical 

distribution or model.The x-axis represents the theoretical quantities or values expected under a 

specific distribution, while the y-axis represents the corresponding sample quantities or values 

observed in the actual dataset. Each data point on the plot represents a specific quantile or value 

from the sample.The plot allows for a visual comparison between the theoretical distribution and 

the sample distribution. If the sample data closely follows the theoretical quantities, the plot will 

show a linear relationship with the points lying along a straight line. On the other hand, 

deviations from the theoretical line suggest discrepancies or differences between the observed 

data and the expected distribution.By comparing the plot to the ideal straight line, researchers 

can evaluate the goodness-of-fit of the data to the theoretical distribution. If the points align 

closely with the line, it suggests that the data fits the theoretical distribution well. Conversely, if 

the points deviate significantly from the line, it indicates a poor fit or potential deviation from the 

assumed distribution. 
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The theoretical quantities vs sample quantities plot provides insights into the appropriateness of 

the chosen distribution or model for the dataset. It helps researchers assess whether the assumed 

distribution accurately represents the observed data or if alternative distributional assumptions 

may be more appropriate.Additionally, this plot aids in identifying potential outliers or data 

points that deviate significantly from the expected distribution. Such outliers may indicate 

unusual observations or data quality issues that require further investigation. 

 

                   

                                                   Fig.17 Mean-Variance Trend 

Fig.17 presents an average log expression vs square root of sigma (σ) plot, which is a graphical 

tool used to assess the relationship between the average gene expression and the variability of 

gene expression across samples.The x-axis represents the average log expression, which is 

calculated as the average of the logarithm-transformed expression values for each gene across all 

samples. The y-axis represents the square root of sigma (σ), where sigma represents the standard 

deviation or variability of the gene expression values.The scatter plot illustrates the connection 

between average gene expression and sample variation. It provides insights into how the gene's 

expression varies across different conditions or experimental factors.In the plot, each data point 

represents a specific gene, and its position reflects the average log expression value on the x-axis 
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as well as the square root of sigma on the y-axis. By analysing the distribution of data points, 

researchers can identify patterns or trends in gene expression variability relative to the average 

expression level.Typically, genes with higher average log expression values and lower square 

root of sigma values are considered more stable or consistently expressed across samples. These 

genes exhibit lower variability and are less likely to be influenced by experimental noise or 

technical artifacts. 

Conversely, genes with lower average log expression values and higher square root of sigma 

values indicate higher variability in their expression levels across samples. These genes may be 

influenced by various biological or environmental factors, leading to greater fluctuations in their 

expression patterns.The average log expression vs square root of sigma plot helps researchers 

identify genes with stable expression patterns and those that are more variable or context-

dependent. This information can guide further investigations into the biological processes and 

regulatory mechanisms associated with differentially expressed genes. 

 

 

 

                 

                                 Fig.18  log2(fold change) vs log10 (p-value) 
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The findings of the differential gene expression study are graphically represented in Figure 18 as 

a volcano plot, where the log2(fold change) is shown on the x-axis as well as the negative 

logarithm (base 10) of the p-value is plotted on the y-axis. The x-axis shows the log2(fold 

change), which measures the degree to which gene expression differs between two conditions or 

groups. Upregulation is represented by positive numbers and downregulation by negative ones. 

The p-value, which shows the importance of the observed fold change, is shown as the negative 

logarithm (base 10) on the y-axis. A greater degree of differential expression corresponds to a 

higher value. Each data point in the volcano plot corresponds to a single gene and is located on 

the x-axis according to its log2(fold change) and on the y-axis according to its negative log10(p-

value). The degree of change as well as the statistical significance of variations in gene 

expression, may be shown in the same graph. The volcano plot aids in the identification of genes 

that exhibit statistically significant changes in expression levels. Genes located toward the top of 

the plot with high negative log10(p-values) are considered highly significant, indicating a strong 

association between the observed fold change and the likelihood of differential expression. 

Furthermore, the volcano plot allows for the identification of genes with large fold changes, 

regardless of statistical significance. Genes located on the far left or right sides of the plot with 

high absolute values of log2(fold change) indicate substantial changes in expression levels, 

regardless of whether the changes are statistically significant.The plot also helps in identifying 

differentially expressed genes that fall within a specific range of fold change and statistical 

significance. Genes that fall within the central region of the plot may exhibit moderate changes 

in expression levels with moderate statistical significance.Researchers can use the volcano plot 

to prioritize genes for further investigation based on their position in the plot. Genes located in 

the upper-right or upper-left corners of the plot, representing significant fold changes with high 

statistical significance, are often considered as strong candidate genes for further analysis. 

 



41 

 

           

                                Fig.19 log2(expression) vs log2(fold change) 

The findings of the differential gene expression study are graphically shown in Figure 19 as a 

volcano plot, where log2(expression) is plotted on the x-axis and log10(fold change) is plotted 

on the y-axis. Gene expression is shown on a logarithmic scale, denoted by the x-axis variable 

log2(expression). Higher numbers suggest more expressiveness, whereas lower values indicate 

less. Changes in gene expression between two conditions or groups are shown by the log10(fold 

change) on the y-axis. Upregulation is represented by positive numbers and downregulation by 

negative ones. Each point in the volcano plot corresponds to a single gene, and its location on the 

axes indicates the log2(expression) and log10(fold change) of that gene, respectively. The plot 

allows for the simultaneous visualization of both the expression level and the magnitude of 

change in gene expression.The volcano plot aids in the identification of genes that exhibit 

significant changes in expression levels. Genes located toward the top of the plot with high 

positive or negative log10(fold change) values indicate substantial changes in expression, 

regardless of the actual expression level. These genes are considered as potential candidates for 

differential expression analysis. 

Furthermore, the volcano plot allows for the identification of genes with different expression 

levels. Genes located toward the left or right sides of the plot with high positive or negative 
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log2(expression) values indicate high or low expression levels, respectively.Researchers can use 

the volcano plot to prioritize genes for further investigation based on their position in the plot. 

Genes located in the upper quadrants of the plot, representing significant fold changes with high 

expression levels or low expression levels, are often considered as strong candidates for further 

analysis.It is important to note that the significance of differential gene expression should be 

assessed in conjunction with statistical tests, such as p-values or adjusted p-values, to determine 

the statistical significance of observed changes. 

 

                              

Fig.20 Venn Diagram for finding out Autophagy Related Differentially Expressed Genes 

6.2 GSEA (Gene Set Enrichment Analysis) 

A computational technique called Gene Set Enrichment Analysis (GSEA) or Functional 

Enrichment Analysis or Pathway Enrichment Analysis examines whether a set of genes that 

has been predetermined exhibits statistically significant, concordant differences between two 

biological states (such as phenotypes). 

The method's effectiveness comes from a focus on gene sets, or collections of genes with similar 

biological functions, chromosomal locations, or regulatory mechanisms. Notably, GSEA 

identifies numerous biochemical pathways in common, whereas single-gene analysis found 

little overlap between two independent studies of patient survival in breast cancer. We used the 

required packages in Python for obtaining the enrichment plots for different GO (Gene 

Ontology). 
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The following is the Python Code used for performing Gene Set Enrichment Analysis: 

 

!pip install gseapy 

import pandas as pd 

fromgseapy.plotimportgseaplot 

importgseapyasgp 

importnumpyas np 

df = pd.read_table('GSE42568_GSEA.tsv').dropna() 

df = df.rename(columns = {'symbol': 'Gene'}) 

df['Rank'] = -np.log10(df['adj.P.Val'])*df.logFC 

 

df = df.sort_values('Rank', ascending = False).reset_index(drop = True) 

ranking = df[['Gene.symbol', 'Rank']] 

ranking[ranking['Gene.symbol']=='ATG16L1'] 

gp.get_library_name() 

pre_res = gp.prerank(rnk = ranking, gene_sets = 'GO_Biological_Process_2021', seed = 6, 

permutation_num = 100) 

pre_res.results[term] 

out = [] 

 

for term inlist(pre_res.results): 

    out.append([term, 

               pre_res.results[term]['fdr'], 

               pre_res.results[term]['es'], 

               pre_res.results[term]['nes'], pre_res.results[term]['lead_genes']]) 

 

out_df = pd.DataFrame(out, columns = ['Term','fdr', 'es', 

'nes','lead_genes']).sort_values('fdr').reset_index(drop = True) 

out_df 

term_to_graph = out_df.iloc[1004].Term 

term_to_graph 

gseaplot(pre_res.ranking, term = term_to_graph, **pre_res.results[term_to_graph]) 

 

 
 

6.2.1 Autophagy of mitochondrion (GO:0000422) 

The autophagy genes ATG12, ATG3, ATG14, ATG5, ULK2, BNIP3, BECN1 emerged as lead 

genes associated with the 'cellular protein localization' gene ontology term (GO:0034613). The 

enrichment analysis revealed a notable statistical significance with an FDR value of0.443811, 

suggesting a robust association. The expression levels of these autophagy genes are positively 

correlated with the process of cellular protein localisation, as shown by the ES of 0.778362. This 
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suggests that these genes serve crucial functions in ensuring that proteins are correctly localised 

inside cells. Furthermore, the Normalized Enrichment Score (NES) of 1.252036underscores the 

reliability and strength of the enrichment signal, emphasizing the significance of these autophagy 

genes in driving the observed enrichment within the gene ontology category. 

                               

                    Fig. 21 Enrichment score of autophagy of mitochondrion 

 

6.2.2 Mitochondrion Disassembly (GO:0061726) 

The autophagy genes ATG12, ATG3, BECN1, and ATG5 were identified as lead genes 

associated with the 'mitochondrion disassembly' gene ontology term (GO:0061726). The 

enrichment analysis revealed an FDR value of 0.516567877, indicating a moderate level of 

statistical significance. With an Enrichment Score (ES) of 0.7804762931, this set of autophagy 

genes seems to have a favourable relationship with mitochondrial disintegration. This suggests 

that these genes are involved in the essential process of mitochondrial disassembly, which 

maintains cellular balance. Furthermore, the Normalized Enrichment Score (NES) of 

1.222673018 highlights the reliability and strength of the enrichment signal, emphasizing the 

significance of these autophagy genes in driving the observed enrichment within the gene 

ontology category. 
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                         Fig.22 Enrichment score of mitochondrion disassembly 

 

6.2.3 Autophagosome Maturation (GO:0097352) 

The autophagy genes ATG14 and LAMP2 were identified as lead genes associated with the 

autophagosome maturation (GO:0097352)The enrichment analysis revealed an FDR value of 

0.557887, indicating a moderate level of statistical significance. There seems to be a positive 

relationship between the expression of these autophagy genes as well as the disintegration of 

mitochondria, as shown by the ES of 0.751608. This suggests that these genes are involved in the 

essential process of mitochondrial disassembly, which maintains cellular balance. Furthermore, 

the Normalized Enrichment Score (NES) of 1.2078highlights the reliability and strength of the 

enrichment signal, emphasizing the significance of these autophagy genes in driving the 

observed enrichment within the gene ontology category. 
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                         Fig.23 Enrichment score of autophagosome maturation 

6.2.4 Selective Autophagy (GO:0061912) 

The autophagy genes ATG14,BECN1, and ULK2 were identified as lead genes associated with 

the selective autophagy (GO:0061912) The enrichment analysis revealed an FDR value of 

0.565275, indicating a moderate level of statistical significance. There may be a connection 

between the expression of these autophagy genes as well as the breakdown of mitochondria, as 

shown by the ES of 0.709114. This suggests that these genes are involved in the essential process 

of mitochondrial disassembly, which maintains cellular balance. Furthermore, the Normalized 

Enrichment Score (NES) of 1.203096highlights the reliability and strength of the enrichment 

signal, emphasizing the significance of these autophagy genes in driving the observed 

enrichment within the gene ontology category. 

 

                          

                                     Fig.24 Enrichment score of selective autophagy 
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6.2.5 Aggrephagy (GO:0035973) 

The autophagy genes ATG5, and SQSTM1 were identified as lead genes associated with the 

aggrephagy (GO:0035973)The enrichment analysis revealed an FDR value of 

0.636682,indicating a moderate level of statistical significance. The expression levels of these 

autophagy genes seem to be positively correlated with mitochondrial disintegration, as shown by 

the ES of 0.761659. This suggests that these genes are involved in the essential process of 

mitochondrial disassembly, which maintains cellular balance. Furthermore, the Normalized 

Enrichment Score (NES) of 1.162665highlights the reliability and strength of the enrichment 

signal, emphasizing the significance of these autophagy genes in driving the observed 

enrichment within the gene ontology category. 

                               

                                        Fig.25 Enrichment score of aggrephagy 

6.3  Survival Analysis 

6.3.1Cox Regression 

 

Table 3 Table of Coefficients 

Gene ID 

Cox 

Coefficient 

P-

Value 

FDR 

Corrected Rank  

Median 

Expression  

Mean 

Expression log-

Rank-p             

ATG12 0.245 6.10E-

03 

2.08E-01 480 543.55 572.8 0 
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ATG3 
0.065 4.90E-

01 

7.94E-01 10142 822 870.93 0.1 

ATG14 
-0.134 1.60E-

01 

5.32E-01 4895 543.95 553.53 

0.1 

ATG5 
0.202 3.20E-

02 

3.23E-01 1615 763.48 904.67 

0.5 

BECN1 
-0.077 3.80E-

01 

7.22E-01 8606 1762.99 1862.58 

0.2 

ULK2 
-0.105 2.40E-

01 

6.17E-01 6457 616.4 743.84 

0.2 

BNIP3 
0.122 2.00E-

01 

5.79E-01 5594 809.71 1023.92 

0.9 

LAMP2 
0.142 9.70E-

02 

4.50E-01 3507 5118.73 5680.26 

0.02 

SQSTM1 
0.016 8.50E-

01 

9.47E-01 14919 9003.17 10475.89 

0.5 

 

Table 3 shows the findings of a Cox regression research into the correlation between autophagy 

gene expression and breast cancer patient survival rates. Nine autophagy-related genes (ATG12, 

ATG3, ATG14, ATG5, BECN1, ULK2, BNIP3, LAMP2, as well as SQSTM1) have their Cox 

coefficients, p-values, FDR-corrected p-values, ranks, median expression, mean expression, and 

log-rank p-values listed in the table. The Cox coefficient represents the estimated coefficient for 

each autophagy gene in the Cox regression model, indicating the direction and magnitude of its 

impact on survival. The significance of the link between gene expression and survival is 

represented by the p-value. The FDR corrected p-value is a more conservative measure that takes 

into account multiple testing and adjusts the significance threshold accordingly.The rank column 

provides the ranking of each gene based on its association with survival outcomes. A lower rank 

indicates a stronger association. Median expression and mean expression values represent the 

median and mean expression levels of the gene in the studied cohort, giving information on the 

autophagy gene expression patterns in breast cancer. Final statistical significance of survival 

differences between groups of autophagy gene expression is evaluated by the log-rank p-value. A 

significant log-rank p-value suggests that the gene's expression levels have a significant impact 

on patient survival. The data in the table add to our knowledge of autophagy-related genes and 

their impact on breast cancer prognosis. Taking into account the Cox coefficient, p-value, p-

value after false discovery rate adjustment, rank, expression levels, as well as log-rank p-values 
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for the autophagy genes investigated, further interpretation and discussion is based on the 

relevance of the discovered genes and pathways in breast cancer prognosis. 

6.3.2 Kaplan-Meier Survival Plots  

ATG12: 

 

ATG3 

 

 

 

ATG14 
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ATG5 

 

BECN1 

 

 

 

ULK2 
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BNIP3 

 

LAMP2 

 

SQSTM1 

 

                    Fig.26.Kaplan-Meier Survival Plots of 9 Autophagy Related Genes 

Figure 26 presents the Kaplan-Meier survival plot illustrating the impact of autophagy-related 

genes on the survival outcomes of breast cancer patients. Plotted using the web app 
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(http://www.oncolnc.org/search_results/?q=brust) The scatter plot reveals important information 

about the correlation between the expression of these genes and the likelihood of a patient's 

survival. Months of time on the x-axis, and the likelihood of survival on the y-axis. The plot 

includes separate curves for each autophagy-related gene, namely ATG12, ATG3, ATG14, 

ATG5, BECN1, ULK2, BNIP3, LAMP2, and SQSTM1. Each curve depicts the survival 

probability over time based on the gene's expression level. varying sets of autophagy-related 

gene expression show varying survival probability, as shown by the survival curves. Distinct 

patterns of survival are linked to different degrees of gene expression, as shown by the space 

between the curves. To determine whether or not there were statistically significant variations in 

survival rates between the groups, researchers utilised either the log-rank test or the Cox 

proportional hazards model. The hazard ratio (HR) and corresponding confidence intervals (CIs) 

associated with each gene's expression levels can be calculated from the Cox regression analysis. 

The HR quantifies the relative risk of an event (such as death or disease progression) between 

different expression groups of the gene. A HR greater than 1 indicates a higher risk or poorer 

prognosis, while a HR less than 1 suggests a lower risk or better prognosis. The Kaplan-Meier 

survival plot serves as a visual representation of the impact of autophagy-related genes on breast 

cancer prognosis. It provides valuable insights into the potential prognostic significance of these 

genes and helps identify subgroups of patients with distinct survival outcomes based on their 

gene expression patterns 

Table 4 Summary effect of autophagy genes on the prognosis of Breast Cancer: 

 

Random-Effects Model (k = 9) 

  Estimate se Z p 
CI Lower 

Bound 

CI Upper 

Bound 

Intercept 0.0538 0.0462 1.16 0.244 -0.037 0.144 

Note. Tau² Estimator: Restricted Maximum-Likelihood 

 

Heterogeneity Statistics 

Tau Tau² I² H² R² df Q p 

http://www.oncolnc.org/search_results/?q=brust
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0.135 
0.0183 (SE= 

0.0096 ) 
95.20% 20.837 . 8 168.094 < .001 

 

The Fisher r-to-z transformed Cox regression was used for the study. The data were analyzed 

using a random-effects model. We used the constrained maximum-likelihood estimator 

(Viechtbauer 2005) to assess the degree of heterogeneity (tau²). The Q-test for heterogeneity 

(Cochran 1954) as well as the I² statistic, are provided with the estimate of tau2. A prediction 

range for the actual outcomes is also supplied in case any heterogeneity is found (i.e., tau²> 0 

regardless of the findings of the Q-test). We employ studentized residuals and cook's distances to 

determine whether the autophagy gene is an outlier and/or essential in the model. Using a 

Bonferroni correction with two-sided alpha = 0.05 for k Autophagy genes included in the meta-

analysis, genes with a studentized residual greater than the 100 x (1 - 0.05/(2 X k))th percentile 

of a standard normal distribution are considered outliers. To be deemed important, an autophagy 

gene has to have a Cook distance that is more than the median plus six times the interquartile 

range of Cook's distances. To examine if a funnel plot is skewed, researchers may use the rank 

correlation test or a regression test using the standard error of the observed results as the 

predictor. 

 

There were a total of k=9 Autophagy genes considered. Most estimates (67%) were on the 

positive side of the spectrum for the Fisher r-to-z transformed cox regression. Using a random-

effects model, we calculated that the average Fisher r-to-z transformed cox regression was 

\hat{\mu = 0.0538 (95% CI: -0.0368 to 0.1444). Consequently, the mean result did not deviate 

noticeably from zero (z = 1.1646, p = 0.2442). The Q-test indicates that the actual results are not 

normally distributed (Q(8) = 168.0942, p 0.0001, tau² = 0.0183, I²  = 95.2009%). The range of -

0.2264 to 0.3340 is a 95% confidence interval for the actual results. Therefore, although the 

average result is assumed to be good, the actual outcome may be negative in certain instances. 

Studentized residuals were examined, and it was found that no study had a value greater than 

2.7729, indicating that there were no outliers for this model. Using Cook's distances, it's clear 

that all of the investigations have little weight. No funnel plot asymmetry was found using either 

the rank correlation or the regression test (p = 0.6985 as well as p = 0.7860, respectively). 
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6.3.3 Forest Plot 

                 

                              Fig.27 Forest Plot of the 9 Autophagy related genes 

 

7. DISCUSSION 

The survival prognosis of breast cancer patients has significantly improved in clinical practise, 

but metastasis and recurrence rates, which were the main causes of breast cancer death, still need 

to be reduced. Large-scale investigations have shown that autophagy has a dual role in the 

emergence of cancer. Accordingly, autophagy can have either a pro-survival or pro-death 

function in breast cancer depending on the situation . By increasing the survival time of latent 

breast cancer cells, autophagy encourages metastatic breast cancer recurrence . Triple-negative 

breast cancer cells' aggressiveness was suppressed by cytostatic autophagy. Additionally, a 

growing body of research suggests autophagy-related genes have critical roles in the 

development or prevention of a variety of malignancies, including breast cancer, hepatocellular 

carcinoma, and lung cancer . finding potential particular ARGs is thus necessary. 

In our model , the coefficients in Cox regression survival model are related to hazardous 

conditions for eg. in our case model the autophagy genes (ATG12, 

ATG3,ATG5,BNIP3,LAMP2,SQSTM1) showing posititive Cox coefficient signifies a worse 
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prognosis while genes with negative coefficient (ATG14, BECN1,ULK2) indicates good 

prognosis in case of Breast Cancer. Thus, attention was drawn to the possibility of finding 

specific ARGs having prognostic relevance. The risk model of the nine Autophagy Related 

Genes ARGs was recognised in this investigation as a standalone predictive factor for breast 

cancer. 

7. CONCLUSION 

In conclusion, our study aimed to investigate the role of autophagy-related genes in the prognosis 

of breast cancer using a comprehensive methodology involving the analysis of public gene 

expression datasets. Through differential gene expression analysis, we identified a list of 

differentially expressed genes (DEGs) between breast cancer samples and normal tissue controls. 

By filtering this DEG list, we focused specifically on autophagy-related genes, which are known 

to play a crucial role in cellular processes. Gene set enrichment analysis (GSEA) allowed us to 

assess the enrichment of autophagy-related gene sets within the identified DEGs. We observed 

significant enrichment, indicating the involvement of autophagy pathways in breast cancer. Cox 

regression analysis was then performed to evaluate the association between the expression levels 

of autophagy-related genes(ATG3,ATG4,ATG5,ATG12,ATG14,ULK2,BCN1,BNIP3,SQSTM1)  

and survival outcomes in breast cancer patients. By adjusting for relevant clinical variables, such 

as age, tumour stage, hormone receptor status, and treatment modalities, we aimed to identify the 

independent prognostic significance of autophagy-related genes. Survival analysis, including 

Kaplan-Meier estimation and log-rank tests or Cox proportional hazards models, further 

supported our findings. The analysis revealed significant differences in survival outcomes 

between different gene expression groups, indicating the potential impact of autophagy-related 

gene expression on breast cancer prognosis. Hazard ratios and confidence intervals were 

calculated to quantify the effect size of autophagy-related gene expression. Applying summary 

effects to the results of Cox regression analysis, we observed a range of Fisher r-to-z transformed 

coefficients, with the majority of estimates being positive. However, the average outcome did not 

significantly differ from zero, suggesting that the overall effect of autophagy-related genes on 

breast cancer prognosis may be influenced by heterogeneous outcomes across studies. Sensitivity 

analyses were conducted to evaluate the robustness of the results, and the absence of outliers or 

influential studies further supported the reliability of our findings. Considering the significance 
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of the identified genes and pathways, as well as the statistical considerations, our study provides 

valuable insights into the role of autophagy-related genes in breast cancer prognosis. These 

findings contribute to the understanding of the underlying mechanisms and may have 

implications for future research and clinical applications. However, it is important to 

acknowledge the limitations of our study, such as the reliance on publicly available datasets and 

the need for further validation in independent cohorts. 

In conclusion, our study highlights the importance of autophagy-related genes in breast cancer 

prognosis and emphasizes their potential as prognostic markers or therapeutic targets. Future 

studies focusing on the functional characterization of specific autophagy-related genes and their 

interactions within the pathways will further enhance our understanding of their role in breast 

cancer progression and provide opportunities for personalized treatment strategies. 
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