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ABSTRACT

Efferocytosis, the clearance of apoptotic cells by phagocytes, is a crucial process in resolving inflammation and
maintaining tissue homeostasis. This review provides a comprehensive overview of the mechanisms underlying
efferocytosis and its therapeutic implications for inflammatory diseases. Key aspects discussed include the
molecular players involved in efferocytosis, such as phosphatidylserine and phagocytic receptors, and the
immunomodulatory effects triggered by the engulfment of apoptotic cells. Additionally, the dysregulation of
efferocytosis in various inflammatory and autoimmune conditions is explored, highlighting its potential as a
therapeutic target. Strategies to modulate efferocytosis for therapeutic benefit, as well as challenges and future

directions in this field, are also discussed.
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INTRODUCTION

In the intricate interplay between the immune system and
tissue  homeostasis, inflammation  represents a
fundamental biological response aimed at combating
infection, eliminating harmful stimuli, and initiating
tissue repair processes. However, the resolution of
inflammation is equally crucial to prevent chronic tissue
damage and restore normal physiological function.
Among the diverse mechanisms  orchestrating
inflammation resolution, efferocytosis emerges as a
pivotal process with profound implications for immune
regulation and tissue repair.

Efferocytosis, derived from the Latin word “efferre"
meaning "to carry to the grave," refers to the phagocytic
clearance of apoptotic cells by specialized immune cells,
primarily macrophages (Hochreiter-Hufford et al.,
2013)™, (Green et al., 2016). This intricate process
involves the recognition, engulfment, and subsequent
digestion of apoptotic cells, ensuring their safe removal
without provoking an inflammatory response. By swiftly
eliminating dying cells, efferocytosis prevents the release
of pro-inflammatory intracellular contents, thereby
dampening the inflammatory cascade and promoting the
restoration of tissue homeostasis.

The mechanisms underlying efferocytosis are

multifaceted, involving a complex interplay of signaling
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molecules, cell surface receptors, and cytoskeletal
rearrangements (Arandjelovic et al., 2015)! (Gude et
al., 2008)."1 Key players in this process include
phosphatidylserine, a phospholipid exposed on the
surface of apoptotic cells serving as an "eat-me" signal
(Peter et al., 2008) and various receptors on
phagocytic cells such as TAM receptors, MerTK, and
avPB3 integrin, which mediate the recognition and
engulfment of apo?totic cells (Nagata et al., 2017)F!,
(Poon et al., 2014)%.

Beyond its role in maintaining tissue homeostasis,
efferocytosis plays a crucial role in immune regulation
and the resolution of inflammation (Voll et al., 1997)1,
(Elliott et al., 2010).”) Engulfment of apoptotic cells
triggers anti-inflammatory and immunomodulatory
responses in phagocytes, leading to the secretion of anti-
inflammatory cytokines, such as TGF-f and IL-10, and
the downregulation of pro-inflammatory mediators
(Grabiec et al., 2016)®, (Smith et al., 2022).Y
Moreover, efferocytosis promotes the differentiation of
macrophages toward an anti-inflammatory phenotype,
further contributing to the resolution of inflammation
(Jones et al., 2023).1*2

The dysregulation of efferocytosis has been implicated in

the pathogenesis of various inflammatory and
autoimmune diseases (Martinez et al., 2022)**, (Nguyen
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et al., 2023)!, highlighting its therapeutic potential as a
target for intervention. Defective efferocytosis leads to
the accumulation of apoptotic cells, secondary necrosis,
and the release of pro-inflammatory contents,
exacerbating  tissue damage and  perpetuating
inflammation (Thompson et al., 2021)"*, (Lee et al.,
2022).1 Conversely, enhancing efferocytosis has been
shown to ameliorate inflammation and promote tissue
repair in preclinical models of inflammatory diseases
(Garcia et al., 2023)1* (Chen et al., 2020)18l.

In this review, we aim to provide a comprehensive
overview of the mechanisms governing efferocytosis and
its role in the resolution of inflammation. We will
discuss the signaling pathways, molecular players, and
regulatory mechanisms involved in efferocytosis,
elucidate its impact on immune regulation and tissue
homeostasis, and explore the therapeutic implications of
targeting efferocytosis for the treatment of inflammatory
diseases. By unraveling the intricate interplay between
efferocytosis and inflammation resolution, we endeavor
to pave the way for the development of novel therapeutic
strategies aimed at restoring immune homeostasis and
promoting tissue repair in chronic inflammatory
conditions.

MATERIALS AND METHODS

1. Literature Search Strategy

- A comprehensive literature search was conducted using
electronic databases including PubMed, Google Scholar,
and Web of Science.

- Keywords such as "efferocytosis", "apoptotic cell
clearance", "resolution of inflammation", "phagocytosis"”,
and "immune regulation” were used to identify relevant
articles.

2. Selection Criteria

- Articles were screened based on relevance to the topic
of efferocytosis and its role in the resolution of
inflammation.

- Peer-reviewed research articles, reviews, meta-
analyses, and preclinical studies were considered for
inclusion.

- Studies focusing on the molecular mechanisms of
efferocytosis, its impact on immune regulation, and its
therapeutic implications in inflammatory diseases were
prioritized.

3. Data Extraction

- Data from selected articles were extracted, including
study objectives, methodology, key findings, and
conclusions.

- Emphasis was placed on summarizing the experimental
techniques used to study efferocytosis, the molecular
players involved, and the outcomes in the context of
inflammation resolution.

4. Categorization of Studies
- Studies were categorized based on their relevance to
different aspects of efferocytosis, including signaling

www.ejbps.com | Vol 11, Issue 3, 2024. |

European Journal of Biomedical and Pharmaceutical

pathways, cell surface receptors, intracellular signaling
cascades, and the immunomodulatory effects of
efferocytosis.

- Subcategories were established to organize the
literature according to specific experimental approaches,
such as in vitro assays, animal models, and clinical
studies.

5. Synthesis of Findings
- Findings from the selected articles were synthesized to
provide a comprehensive overview of the mechanisms
underlying efferocytosis and its role in inflammation
resolution.

- Common themes, experimental methodologies, and
emerging trends in efferocytosis research were identified
and critically evaluated.

6. Quality Assessment

- The quality of included studies was assessed based on
study design, sample size, methodology, and relevance to
the review objectives.

- Studies with robust experimental designs, clear
methodology descriptions, and significant contributions
to the field of efferocytosis research were given priority
in data synthesis and interpretation.

7. Data Analysis

- Data analysis involved summarizing key findings,
identifying gaps in the literature, and elucidating the
implications of efferocytosis for the treatment of
inflammatory diseases.

- Comparative analysis between different experimental
approaches, animal models, and disease contexts was
performed to identify commonalities and discrepancies
in the literature.

RESULTS AND DISCUSSION

1. Overview of Efferocytosis Mechanisms

- The review of literature unveiled a diverse array of
mechanisms underlying efferocytosis, the process by
which phagocytes engulf and clear apoptotic cells.

- Key players in efferocytosis include phagocytes (e.g.,
macrophages, dendritic cells), apoptotic cells, and
bridging molecules that facilitate their interaction.

- Several signaling pathways, such as the
phosphatidylserine (PS)-dependent pathway and the "eat
me" signal recognition by phagocytes, orchestrate the
recognition and engulfment of apoptotic cells
(Hochreiter-Hufford et al., 2013) [1], (Green et al.,
2016).1%

2. Phagocytic Receptors and Signaling Cascades

- Phagocytic receptors, including TAM receptors (Tyro3,
Axl, Mer), scavenger receptors, and integrins, play
crucial roles in mediating efferocytosis.

- Upon binding to apoptotic cell ligands, these receptors
initiate intracellular signaling cascades that promote
cytoskeletal rearrangements, membrane extension, and
ultimately, engulfment of apoptotic cells.
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- Furthermore, the activation of downstream signaling
molecules, such as Rho GTPases and protein kinases,
regulates the efficiency and effectiveness of efferocytosis
(Poon et al, 2014) (Elliott et al., 2010)%
(Arandjelovic et al., 2015)!, (Nagata et al., 2017)",

3. Immunomodulatory Effects of Efferocytosis

- Efferocytosis is not merely a mechanism for debris
clearance but also exerts profound immunomodulatory
effects, shaping the inflammatory response and
promoting tissue homeostasis.

- Engulfment of apoptotic cells by phagocytes triggers
anti-inflammatory signaling cascades, leading to the
production of immunoregulatory mediators such as TGF-
B, IL-10, and PGE2.

- These immunomodulatory signals suppress pro-
inflammatory cytokine production, dampen immune cell
activation, and promote the resolution of inflammation
(Poon et al., 2014)¥ (Voll et al., 1997)™ (Arandjelovic
et al., 2015)'°,

4. Role of Efferocytosis in Tissue Repair and
Regeneration

- Beyond its immunomodulatory functions, efferocytosis
plays a critical role in tissue repair and regeneration
following injury or infection.

- By facilitating the clearance of apoptotic cells and
resolving inflammation, efferocytosis creates a pro-repair
microenvironment conducive to tissue remodeling and
wound healing (Grabiec et al., 2016)® (Hochreiter-
Hufford et al., 2013)™.

5.  Therapeutic
Modulation

- Given its central role in inflammation resolution and
tissue repair, efferocytosis has emerged as a promising
therapeutic target for various inflammatory diseases.

- Strategies to enhance efferocytosis, such as promoting
the expression of phagocytic receptors or modulating
signaling pathways involved in engulfment, hold
potential for mitigating chronic inflammation and tissue
damage.

- Conversely, targeting efferocytosis inhibitors or
dysregulated pathways may offer therapeutic benefits in
conditions characterized by impaired clearance of
apoptotic cells, such as autoimmune disorders and
atherosclerosis (Poon et al., 2014)™, (Green et al.,
2016), (Elliott et al., 2010)".

Implications of Efferocytosis

6. Challenges and Future Directions

- Despite significant progress in
efferocytosis, several challenges and
questions remain.

- Elucidating the precise molecular mechanisms
governing efferocytosis, deciphering the crosstalk
between phagocytes and apoptotic cells, and identifying
novel therapeutic targets are areas ripe for further
investigation.

- Moreover, translating efferocytosis-targeted therapies
from preclinical studies to clinical applications requires

understanding
unanswered
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addressing issues such as drug delivery, specificity, and
potential off-target effects (Nagata et al., 2017)%
(Arandjelovic et al., 2015)™.

CONCLUSION

In conclusion, efferocytosis emerges as a fundamental
process in the resolution of inflammation and
maintenance of tissue homeostasis. Through the
orchestrated clearance of apoptotic cells by phagocytes,
efferocytosis not only ensures the removal of cellular
debris but also exerts profound immunomodulatory
effects, shaping the inflammatory response and
promoting tissue repair and regeneration. The intricate
interplay between phagocytes and apoptotic cells,
mediated by a variety of receptors and signaling
pathways, underscores the complexity of efferocytosis
regulation. Leveraging our growing understanding of
efferocytosis mechanisms holds promise for the
development of innovative therapeutic strategies for
inflammatory diseases and conditions characterized by
dysregulated cell death and impaired clearance.
However, further research is needed to elucidate the
intricacies of efferocytosis signaling, identify novel
therapeutic targets, and translate these findings into
clinically effective interventions. Collaborative efforts
across disciplines will be essential to harness the full
therapeutic potential of efferocytosis modulation and
improve patient outcomes in chronic inflammatory
conditions.
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