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Abstract

PCD.

Cell death is an inevitable part of life and is essential for controlling disease situations, ageing, and organismal
growth. Cell death can occur in both controlled and unregulated ways. In recent years, programmed cell death
(PCD)-induced cell death has drawn more and more attention. The improper regulation of PCD is crucial to tumour
development. For instance, current contemporary chemotherapeutic drugs' ability to treat tumours by inducing cell
death is crucial given that tumour cells are comparatively resistant to apoptosis. Non-coding RNAs (ncRNAs) have
recently come to light as being involved in the regulation of several biological processes in breast cancer, including

Keywords: Cell death; Dysregulation; Cancer; Tumour; Malignancy;
Breast cancer

Introduction

The most prevalent malignancy and the cause of tumor-related
deaths in women is breast cancer [1]. Breast tissue can grow into cancer
in cases of breast cancer. Breast lumps, altered breast form, dimpling of
the skin, fluid flowing from the nipple, an inverted nipple, and red or
scaly patches of skin are all indications of breast cancer. Symptoms of
distant illness spread include yellow skin, shortness of breath, enlarged
lymph nodes, and bone discomfort. Although there are several high-
risk variables connected to the onset and spread of breast cancer, the
exact cause of the disease is still unknown. Breast cancer develops as
a result of mammary epithelial cells' uncontrolled proliferation in
response to many oncogenic stimuli [2,3]. The most aggressive subtype
of breast cancer is triple-negative breast cancer (TNBC), which has a
significant likelihood oflocal recurrence and distant metastasis. Surgical
treatments, radiation, chemotherapy, endocrine therapy, and targeted
therapy are all used in the treatment of breast cancer. The fact that
breast cancer patients' overall survival is still poor, however, indicates
that new treatment targets must be developed for these patients [4,5].
The biomarkers ER, PR, and HER2 are frequently examined in breast
cancer tissue to aid with therapy selection. Any gene, protein, or other
item that can be detected in the blood, tissues, or other bodily fluids is
referred to as a biomarker.

When cancer cells die, DNA known as circulating tumour DNA
(ctDNA) isreleased into the circulation. A fast expanding field of inquiry
is the identification and testing of ctDNA in blood for biomarkers. The
growth and homeostasis of cells in the human body are influenced by
both the regulation of cell proliferation and the removal of aberrant
cells to minimise risk to the organism. While programmed cell death
(PCD) is the main method by which organisms destroy these aberrant
cells, this biological process also involves the removal of damaged
cells that are at risk of tumorigenicity [6]. By activating membrane-
bound and cytosolic proteins that result in complicated transcriptional
cascade reactions and protein posttranslational modifications, PCD
can be triggered by organismal development and stress signals.
Apoptosis is a relatively "mild" cell death modality that typically does
not cause immune or inflammatory responses, whereas pyroptosis
and necroptosis refer to relatively "drastic” cell death characterised
by rupture of the cell membrane and the subsequent release of
inflammation-inducing factors [7]. For cancer patients, PCD control
may offer considerable therapeutic advantages. Numerous illnesses,
including autoimmune conditions, neurodegenerative disorders, and
malignancies are linked to PCD dysregulation [8]. Current anticancer

research has shifted its attention to how to activate PCD in cancer
cells. Recent studies have shown that noncoding RNAs (ncRNAs)
are involved in the regulation of PCD in breast cancer. As a result,
developing ncRNA-based medicines that specifically target PCD may
be an effective treatment for breast cancer.

Molecular mechanisms
Apoptosis

Apoptosis is an energy-dependent intracellular death mechanism
that is activated during the active phase of cell death. It is a genetically
regulated, autonomous, and orderly process. A cell begins the
apoptotic stage after perceiving the appropriate signal stimulation,
and the process of cell apoptosis may be loosely split into many stages.
Caspases are essential enzymes that trigger apoptosis and are a subset
of the cysteine proteases. Caspase-mediated cascade activation of
irreversibly limited hydrolytic substrates is triggered by a variety of
upstream cell death signals, which in turn results in cell morphological
and biochemical changes like DNase-mediated DNA fragmentation,
chromatin condensation, cell membrane activation, cellular crinkling,
and ultimately the formation of apoptotic bodies encapsulated by cell
membranes. The subsequent engulfment of these apoptotic bodies by
other cells is known as phagocytosis, which completes the apoptotic
cycle [9,10]. The biological evolution of organisms and the stability
of their interior environments depend on apoptosis. Inhibiting the
apoptotic process of tumour cells might lead to an increase in the
amount of tumour cells as tumorigenesis is also correlated with
defective apoptosis. Numerous studies have demonstrated that
several chemotherapeutic drugs cause apoptosis in order to exert
their anticancer effects. For instance, lapatinib inhibits Akt activation
and decreases CIP2A expression to cause apoptosis in triple-negative
breast cancer cells. Additionally, exogenous siRNA introduction can
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greatly increase paclitaxel (PTX) or epirubicin sensitivity and trigger
death in MCF-7 cells by silencing the survival protein gene [11]. The
development of the apoptotic pathway in the treatment of breast cancer
will be aided by further study on the use of anticancer medicines in
combination to trigger apoptosis.

Autophagy

In eukaryotic cells under stress circumstances such hunger,
inflammation, and an insufficient energy metabolism, autophagy
is a dynamic cellular self-degradation process that is intimately
associated to cancer. Through lysosomes, autophagic cells may break
down molecules and subcellular elements such as proteins, lipids,
nucleic acids, and self-damaged organelles. The PI3K-AKT-mTOR
signalling route and the AMPK-TSC1/2-mTOR signalling circuit are
the two primary mTOR pathway-dependent autophagy regulation
mechanisms, respectively. The Class IIIPI3 complex, which controls
autophagy, also involves additional signalling pathways, including the
positive regulators beclinl and UVRAG and the negative regulator bcl-
2. The emergence of cancer is a double-edged sword for autophagy.
Autophagy, a kind of PCD, on the one hand encourages precancerous
cell death and prevents carcinogenesis. Researchers discovered that
autophagy abnormalities are crucial to TNBC cells' ability to evade
T-cell immunological assault [12]. On the other side, by promoting
cellular autophagy, tumour cells can also block stress reactions
brought on by hypoxia, metabolites, and therapeutic medicines [13].
For instance, P62, a crucial autophagy regulator, through the TRIM
family member TRIM59, stimulates the growth and spread of breast
cancer. Enhancing normal cell autophagy and inhibiting tumour cell
autophagy are thought to be effective treatment options for advanced
cancer [14].

Pyroptosis

Pyroptosis is a more rapid kind of cell death than apoptosis that
is triggered by inflammasomes. The production of inflammatory
bodies, activation of caspase and gasdermin, and the release of several
proinflammatory substances are the primary symptoms of pyroptosis.

Necroptosis

In contrast to apoptosis, which is a process of self-destruction
that occurs when apoptosis is halted, necroptosis is a unique type of
planned necrotic cell death. Organelle enlargement, cell membrane
rupture, and cytoplasm and nucleus disintegration can all be seen
during necroptosis. Contrary to other types of PCD, necroptosis
needs RIPK3-regulated phosphorylation of MLKL but is independent
of caspase activation. The creation of pore complexes in the plasma
membrane by MLKL as a result of this phosphorylation event causes
DAMRP release, cell swelling, and membrane rupture.

Ferroptosis

A form of cell death known as ferroptosis is brought on by the
buildup of intracellular iron and lipid reactive oxygen species (ROS).
Intracellular glutathione is depleted when intracellular cysteine
transporters are blocked (such as by erastin), which ultimately results
in the inactivation of Glutathione peroxidase 4 (GPX4), which causes
a buildup of lipid peroxidation that can cause ferroptosis. Ferroptosis
cells are distinguished from other cell types by their smaller size,
denser membrane, diminished or absent cristae, and damaged outer
membrane [15].

Cuproptosis

Another unique mechanism of cell death that depends on metal

ions is called cuproptosis. The loss of iron-sulfur cluster proteins and
the aggregation of lipid acylated proteins caused by copper's direct
binding to the tricarboxylic acid cycle (TCA) components ultimately
result in proteotoxic stress and cell death. Copper has both benefits
and drawbacks for cells. Living things require the cofactor copper, and
copper homeostasis keeps intracellular copper concentrations very low
to avoid the buildup of intracellular free copper, which is bad for cells
[16]. However, even low levels of intracellular copper can be poisonous
and cause cell death.

Discussion

The FDA has authorised Fomivirsen, the first antisense medication,
since 1998 for the treatment of CMV retinitis in immunocompromised
individuals [17-20]. There are now a number of RN A-based treatments
that have been given the go-ahead for clinical usage with the intention
of altering the genes in the liver, muscles, or central nervous system.
In immunotherapy research, RNA-based treatments are increasingly
popular. These treatments promote innate and acquired immunity
by silencing or upregulating immune-related genes, controlling the
release of cytokines, and serving as tumour antigen vaccines. For
instance, the FDA authorised Nusinesen, an ASO medication and
splicing modulator, in 2016 to treat paediatric spinal muscular atrophy.

Conclusions

Breast cancer start and progression are significantly influenced
by PCD dysregulation. Existing research has demonstrated the
importance of ncRNAs in controlling PCD in breast cancer. As a
result, understanding the interactions between ncRNAs, PCD, and
their regulatory mechanisms in breast cancer will help illuminate its
genesis and progression and offer fresh perspectives on its detection
and therapy. Notably, research on ncRNAs in breast cancer using
innovative PCD techniques like pyroptosis and necroptosis is still
substantially limited and needs to be done.
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