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Deciphering Programmed Cell Death Implications for Cancer
Therapy

Nick E. Garden*
Bioorganic & Medicinal Chemistry Laboratory, Biochemie-Zentrum, Heidelberg University, Heidelberg, Germany

- The dysregulation of PCD pathways is a hallmark of cancer, enabling tumor
|ntr0duct|0n cells to evade death signals and proliferate uncontrollably. Exploiting these
dysregulated pathways presents an attractive strategy for developing novel
Programmed Cell Death (PCD) is a fundamental biological process  cancer therapies. Several approaches targeting PCD pathways are currently
essential for maintaining tissue homeostasis, eliminating damaged cells, ~ under investigation, including small molecule inhibitors, immunotherapies,
and regulating development. Dysregulation of PCD pathways is implicated in ~ and gene editing technologies. Apoptosis resistance is a common feature
various diseases, including cancer. Understanding the intricate mechanisms ~ of cancer cells, contributing to tumor progression and therapy resistance.
underlying PCD offers promising avenues for developing targeted cancer Overexpression of anti-apoptotic proteins, such as Bcl-2 and Bcl-xL, confers
therapies. This article explores the diverse forms of PCD, their regulatory ~ resistance to chemotherapy and radiation therapy. Targeting these proteins
mechanisms, and the imp|ications for cancer therapy_ Programmed cell death with BH3 mimetics, such as venetoclax, has shown promising results in clinical
comprises multiple pathways, each serving distinct physiological functions. trials for hematological malignancies.
Apoptosis, the most well-characterized form of PCD, is essential for eliminating
unwanted or damaged cells during development and maintaining tissue
integrity. Apoptosis is tightly regulated by a balance between pro-apoptotic and
anti-apoptotic factors, mediated through signaling cascades involving proteins
like caspases and Bcl-2 family members [1].

Autophagy plays a dual role in cancer, acting as both a tumor suppressor
and a pro-survival mechanism. While autophagy inhibition sensitizes cancer
cells to chemotherapy-induced apoptosis, excessive autophagy can promote
tumor cell survival under stress conditions. Therefore, modulating autophagy
activity represents a potential therapeutic strategy for cancer treatment.
Necroptosis induction has emerged as a promising approach for selectively
Description killing cancer cells resistant to apoptosis. Small molecule inhibitors targeting
RIPK1 and RIPK3 have shown efficacy in preclinical models of various
cancers. Combining necroptosis inducers with conventional chemotherapy
or immunotherapy holds potential for overcoming treatment resistance and
improving patient outcomes [2].

Aside from apoptosis, other forms of PCD include autophagy, necroptosis,
ferroptosis, and pyroptosis. Autophagy is a cellular recycling process crucial
for removing damaged organelles and maintaining cellular homeostasis.
Necroptosis is a programmed form of necrosis regulated by Receptor- Ferroptosis represents a novel form of PCD with implications for cancer
Interacting Protein Kinases (RIPKs) and executed by mixed lineage kinase therapy. Cancer cells are particularly susceptible to ferroptosis due to their
domain-like protein (MLKL). Ferroptosis involves iron-dependent lipid  increased dependence on iron and elevated levels of lipid peroxidation.
peroxidation, while pyroptosis is mediated by inflammasome activation and  Agents targeting key regulators of ferroptosis, such as glutathione peroxidase
leads to pro-inflammatory cell death [2]. 4 (GPX4) and system xc-, are being investigated as potential anticancer
therapeutics. Pyroptosis induction offers a unique opportunity to harness the
immune system for cancer eradication. Pyroptotic cell death releases pro-
inflammatory cytokines, activating innate and adaptive immune responses
against tumor cells. Stimulating pyroptosis through inflammasome activation
or gasdermin-mediated pore formation represents a novel immunotherapeutic
approach for cancer treatment.

PCD pathways are intricately regulated by a network of signaling
molecules, transcription factors, and cellular organelles. The balance between
pro-survival and pro-death signals determines cell fate. For instance, the Bcl-2
family proteins exert crucial control over mitochondrial apoptosis by regulating
the permeability of the mitochondrial outer membrane. Various extrinsic and
intrinsic signals can trigger PCD pathways. Extrinsic signals, such as death
ligands binding to death receptors, activate the extrinsic apoptosis pathway. In Identification of Biomarkers: Biomarkers predictive of response to
contrast, intrinsic signals, including DNA damage, oxidative stress, and loss of PCD-targeted therapies are essential for patient stratification and treatment
growth factor signaling, induce intrinsic apoptosis through mitochondrial outer optimization. Identifying reliable biomarkers indicative of apoptosis, autophagy,
membrane permeabilization. Autophagy is regulated by the mammalian target necroptosis, ferroptosis, and pyroptosis activation in tumors will facilitate
of rapamycin (mTOR) and AMP-activated protein kinase (AMPK) signaling personalized treatment strategies. Combining PCD-targeted therapies with
pathways. Necroptosis is initiated by death receptor activation and subsequent conventional chemotherapy, radiation therapy, immunotherapy, or targeted
phosphorylation of RIPK1 and RIPK3. Ferroptosis involves dysregulation therapies holds promise for overcoming treatment resistance and improving
of iron metabolism and lipid peroxidation, while pyroptosis is triggered by efficacy. However, optimal combination regimens and sequencing strategies
inflammasome assembly and caspase-1 activation. need to be elucidated through preclinical and clinical studies [3].

Cancer cells can develop resistance to PCD-targeted therapies through
various mechanisms, including upregulation of alternative survival pathways,
mutations in target proteins, and alterations in the tumor microenvironment.
Overcoming these resistance mechanisms requires a deeper understanding of
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approach. However, the immunomodulatory effects of PCD-inducing agents
on the tumor microenvironment and systemic immune responses need to be
carefully characterized to optimize therapeutic outcomes.

Preclinical models: Improved preclinical models that recapitulate the
complexity of human tumors are essential for evaluating the efficacy and
safety of PCD-targeted therapies. Patient-derived xenografts, organoids, and
genetically engineered mouse models can provide valuable insights into tumor
heterogeneity and therapy response.

Translation to the clinic: Translating preclinical findings into clinically
effective therapies requires rigorous evaluation in well-designed clinical trials.
Collaborative efforts between academia, industry, and regulatory agencies are
essential for advancing PCD-targeted therapies from bench to bedside [5)].

Conclusion

Deciphering the complex mechanisms underlying programmed cell death
is crucial for developing innovative cancer therapies. Targeting dysregulated
PCD pathways holds great promise for overcoming treatment resistance and
improving patient outcomes. By exploiting the vulnerabilities of cancer cells
and harnessing the power of PCD, researchers aim to usher in a new era of
precision oncology.

Programmed cell death represents a fundamental biological process with
profound implications for cancer therapy. Deciphering the diverse mechanisms
underlying apoptosis, autophagy, necroptosis, ferroptosis, and pyroptosis
offers novel opportunities for developing targeted anticancer strategies.
By exploiting the vulnerabilities of cancer cells and harnessing the power
of PCD, researchers aim to revolutionize cancer treatment paradigms and
improve patient outcomes. However, addressing the challenges of resistance,
toxicity, and patient stratification remains paramount for the successful clinical
translation of PCD-targeted therapies. Through interdisciplinary collaboration
and innovative research approaches, the potential of PCD as a therapeutic
target in cancer can be fully realized, paving the way for more effective and
personalized cancer treatments.
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