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Extracellular vesicles (EVs), membrane-bound vesicles that are naturally released by cells,
have emerged as new therapeutic opportunities. EVs, particularly exosomes and microve-
sicles, can transfer effector molecules and elicit potent responses in recipient cells,
making them attractive therapeutic targets and drug delivery platforms. Furthermore, con-
taining predictive biomarkers and often being dysregulated in various disease settings,
these EVs are being exploited for diagnostic purposes. In contrast, the therapeutic appli-
cation of apoptotic bodies (ApoBDs), a distinct type of EVs released by cells undergoing
a form of programmed cell death called apoptosis, has been largely unexplored. Recent
studies have shed light on ApoBD biogenesis and functions, promisingly implicating their
therapeutic potential. In this review, we discuss many strategies to develop ApoBD-
based therapies as well as highlight their advantages and challenges, thereby positioning
ApoBD for potential EV-based therapy.

Introduction
Extracellular vesicles (EVs) are cell-derived membrane-bound vesicles, traditionally classified as exo-
somes (30− 100 nm, endosomal origin), microvesicles (50− 1000 nm, plasma membrane origin) and
apoptotic bodies (ApoBDs, 1000− 5000 nm, released exclusively by apoptotic cells) based on sizes and
molecular markers (Figure 1) [1,2]. Through the transfer of effector molecules such as protein, RNA
and DNA, EVs act as important mediators of intercellular communication in various physiological
and pathological contexts. In particular, levels and contents of exosomes and microvesicles, are dysre-
gulated in cancer, infection and neurodegenerative diseases, critically contributing to disease develop-
ment and progression. Due to such pathological roles, many exosome- and microvesicle-targeting
approaches have been devised through inhibiting EV formation and/or neutralising circulating EVs
[3–5]. For example, pharmacological blockade of ceramide-mediated exosome production and release
by GW4869, which acts on neutral sphingomyelinase — a ceramide-metabolising enzyme, reduces
gemcitabine resistance and pancreatic tumour growth in vivo[5]. Treatment with anti-CD9 or
anti-CD63 (two of the most enriched proteins on the surface of exosomes) also substantially
diminishes breast cancer metastasis in animal models [3]. Furthermore, in recent years, exosomes and
microvesicles are being increasingly recognised as promising therapeutic agents. In fact, naïve and
engineered EVs may offer certain favourable outcomes for anticancer therapy, pathogen vaccination,
immunotherapy and regenerative therapy [2,6]. EVs also pose unique properties as highly effective
and low-toxicity drug delivery platforms [6,7]. For instance, mesenchymal stem cell (MSC)-derived
exosomes loaded with siRNA against KrasG12D mutation (known as iExosomes) are undergoing
phase I clinical trial in treating pancreatic cancer [8]. Moreover, as circulating messenger vessels often
dysregulated in pathological settings, exosomes and microvesicles are being investigated for a minim-
ally invasive diagnostic strategy, by detecting the packaged disease biomarkers and/or
disease-cell-derived EVs. Among current clinical trials involving exosomes (54 studies) and microvesi-
cles (84 studies) listed in www.clinicaltrials.gov, many focus on translating preclinical demonstrations
of predictive biomarkers to viable diagnosis or prognosis of therapy outcome for different diseases.
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The development of exosome- and microvesicle-based therapy and diagnosis is undoubtedly a fast-growing and
promising research area, attributable to their clinically desirable characteristics, namely (i) diverse cell-derived
biomolecule cargos, (ii) the ability to elicit potent cellular responses, (iii) the ability to surmount biological bar-
riers, (iii) availability, (iv) bioengineerability and (v) scalability [2,9].
Whilst exosomes and microvesicles, specifically those released by healthy cells, have been extensively tested

as pharmacological targets and cell-free therapeutic agents (as noted above), ApoBDs, a relatively large, dying
cell-originated EV type, are generally less defined and their therapeutic applicability remains underexplored. To
date, there are only a modest number of ApoBD studies, and no clinical trial has been reported. Nevertheless,
recent efforts in establishing ApoBD characterisation criteria and developing ApoBD research tools have led to
further insights into ApoBDs biogenesis and function [10,11]. It is becoming apparent that ApoBDs are key
messengers released by dying cells to regulate processes including cell clearance, tissue homeostasis, pathogen
dissemination and immunity, thus implicating its therapeutic potential [1,12–15]. In this review, we discuss this

Figure 1. Extracellular vesicle (EV) formation and cargo packaging.

Healthy cells release two major EV subtypes, namely exosomes through exocytosis of multivesicular bodies and microvesicles through plasma

membrane shedding (upper panel). Apoptotic cells generate apoptotic bodies (ApoBDs) via apoptotic cell disassembly with three distinct

morphological changes: (i) membrane blebbing, (ii) formation of thin membrane protrusion including apoptopodia and beaded-apoptopodia and (iii)

fragmentation of membrane protrusion to form distinct ApoBDs. ApoBD biogenesis is regulated by caspase-cleaved substrates, including ROCK1,

which phosphorylates and activates blebbing-regulating myosin light-chain (MLC), and PLXB2 (positive regulators) as well as ATP channel PANX1

(negative regulator). Various cellular biomolecules, including nucleic acids and proteins, can be packed into ApoBDs, exosomes and microvesicles,

which aid intercellular communications. CASP-3/7, caspases 3 and 7; ROCK1, Rho-associated kinase 1; MLC, myosin light-chain;

MLC-P, phosphorylated myosin light-chain; PANX1, pannexin 1; PLXB2, plexin B2.
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exciting, yet underappreciated, aspect of ApoBDs, thereby positioning ApoBDs as another candidate in EV’s
race to therapeutic application.

Targeting apoptotic cell disassembly to therapeutically
modulate ApoBD formation
In contrast with previously thought, ApoBD formation is a highly co-ordinated process downstream of apop-
tosis induction, coined as apoptotic cell disassembly [14,16]. This knowledge has since implied the exploitabil-
ity of ApoBD biogenesis, similar to other EVs’, in therapeutic targeting as emerging evidence links ApoBD
formation with many pathological conditions. For example, billions of cells undergo apoptosis daily as part of
normal development and homeostasis; however, apoptotic cells are rarely seen under these physiological condi-
tions, suggesting fast-rate apoptotic cell clearance in the steady state. Of many mechanisms that aid the cell
clearance process [17,18], the disassembly of apoptotic cells into ‘bite-sized’ ApoBDs could mediate the rapid
and efficient debris removal via efferocytosis, by tissue-resident professional phagocytes (e.g. macrophages and
immature dendritic cells) or by neighbouring non-professional phagocytes [12,13,19]. Impaired ApoBD release
and consequential defective apoptotic cell clearance have been associated with inflammation and autoimmunity
due to subsequent cell/ApoBD lysis as well as exposure of autoantigens (Figure 2) [13,17,20,21]. In atheroscler-
osis, a condition in which plaques (fatty deposits) build up inside arteries, secondary necrosis by uncleared
apoptotic foam cells can promote necrotic core formation, thus accelerating plaque rupture. In addition, previ-
ous studies have suggested that ApoBDs that are often enriched with calcium may initiate pathological calcium
deposition, leading to vascular calcification in atherosclerosis [22,23]. In systemic lupus erythematosus, an auto-
immune disease, clinically isolated antibodies can recognise histone H3 autoantigen enriched in ApoBDs and
trigger autoimmune T helper response [24]. In certain settings, active formation of ApoBD by infected or
transformed cells can promote disease progression and worsen disease burden. For instance, ApoBDs derived
from influenza A virus-infected monocytes can propagate viral infection in bystander cells through the transfer
of accompanying virions [25]. Intriguingly, apoptosis of hepatitis C virus-infected hepatocytes induced by
alcohol also accelerates viral spread via the similar ApoBD-assisted dissemination [26]. Tumour-derived
ApoBDs can horizontally transfer oncogenes h-ras and c-myc to p53-deficient recipient cells, facilitating
tumour formation [27].
The diverse pathological roles of ApoBDs, therefore, suggests that ApoBD formation could potentially be

modulated to combat specific diseases. Intriguingly, based on current mechanistic understanding of the apop-
totic cell disassembly process, it poses as a versatilely harnessable target that can be either inhibited or pro-
moted for desirable therapeutic outcomes. Notably, ApoBD generation through apoptotic cell disassembly is
thought to consist of three characteristic morphological steps regulated by distinct molecular factors (Figure 1)
[14]. Firstly, co-ordinated by several protein kinases including caspase-activated Rho-associated kinase 1
(ROCK1), apoptotic cells form membrane blebs on the cell surface [13,28,29]. The dying cells’ membrane then
extends, resulting in long membrane protrusions to radiate the blebs. This step is typically negatively regulated
by the caspase-activated membrane channel pannexin 1 (PANX1) protein and, in certain cell types, positively
controlled by the caspase-cleaved membrane receptor plexin B2 (PLXB2) [12,30]. Afterwards, numerous
ApoBDs are released through the fragmentation of the membrane protrusions and/or apoptotic cells [31]. With
PANX1 being a key negative regulator of the apoptotic cell disassembly process, PANX1 channel disruption
promotes ApoBD formation and, as a result, enhances engulfment efficiency by macrophages [13,30], thus
representing an interesting strategy to compensate for clearance defects in conditions such as atherosclerosis
and autoimmunity (as mentioned above). Therefore, PANX1 inhibitors, such as FDA-approved probenecid and
carbenoxolone, as well as trovafloxacin, could be potentially repurposed for the cell clearance-associated dis-
eases [30]. In contrast, inhibition of ApoBD formation may be beneficial in treating infection and cancer.
Recently, haloperidol, an antipsychotic drug, has been reported to inhibit apoptotic monocyte disassembly,
effectively reducing the propagation of influenza A virus in in vitro models and lessen disease severity in mouse
models [25]. Speculatively, sertraline, a commonly prescribed antidepressant and recently demonstrated ApoBD
formation blocker, may be repurposed to achieve similar antiviral dissemination effect. Likewise, inhibitors of
ROCK1 and PLXB2, two currently known positive regulators of ApoBD biogenesis would also be of interest for
therapeutic design. While it is reasonable to suggest apoptosis inhibition to arrest apoptotic cell disassembly
altogether, in certain circumstances such as chemotherapy, blocking ApoBD formation specifically would be
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preferred to minimise oncogene transfer by treatment-induced formation of tumour cell-derived ApoBDs (as
discussed above).

Leveraging ApoBDs as therapeutic agents and diagnostic
tools: opportunities and current challenges
Despite current modest knowledge of ApoBD functions, it is becoming clear that ApoBDs also possess a few
similar therapeutically exploitable properties compared with other EV types. Particularly, ApoBDs are readily
available and easily purified from bodily fluids [11,32]. ApoBDs can also facilitate intercellular communication
through biomolecule trafficking and trigger responses in recipient cells [14,15]. Due to the rapid clearance of

Figure 2. Strategies to leverage ApoBDs for therapeutic development.

ApoBDs are rapidly and efficiently engulfed by tissue-resident professional phagocytes (e.g. macrophages and immature dendritic cells) or by

neighbouring non-professional phagocytes. (A) Defective ApoBD and apoptotic cell clearance have been linked to inflammation and autoimmunity

due to subsequent secondary necrosis and ApoBD lysis, causing leakage of autoantigens. Pharmacological promotion of ApoBD formation, e.g. via

PANX1 inhibition, to aid cell clearance may provide therapeutic relief for clearance-associated diseases. (B) ApoBDs derived from infected cells may

contain infectious agents for infection propagation, which could be pharmacologically blocked through the inhibition of the positive regulator of

ApoBD formation (e.g. ROCK1). (C) Depending on the cargo materials (e.g. pathogen-derived materials, oncogenes, autoantigens), ApoBDs may or

may not induce maturation of engulfing dendritic cells (through the expression of maturation markers CD40, CD80, etc.), respective leading to (i)

immunogenic response via antigen presentation-mediated T cell activation or (ii) immunotolerogenic response through the secretion of TGF-β and

activation of regulatory T cells. Therefore, ApoBDs and cargo packaging can potentially be manipulated to deliver desired immunotherapeutic

outcomes. (D) ApoBDs, such as those derived from stem cells, carry signalling effectors that can promote survival, proliferation and differentiation in

engulfing non-professional phagocytes, paving ways to the promising exploitation of stem cell-derived ApoBDs for regenerative therapies. CD40,

cluster of differentiation 40; CD80, cluster of differentiation 80; TGF-β, transforming growth factor β; MHCI, major histocompatibility complex I; APC,

antigen-presenting cell; NPC, non-professional phagocyte.
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apoptotic cells by phagocytes, ApoBDs are a crucial messenger vessel between damaged cells, healthy cells and
immune cells in processes such as tissue regeneration and disease-fighting immunity. It is, therefore, possible
that ApoBDs can be leveraged for therapeutic and diagnostic purposes. In fact, one could infer the potential
effectiveness and safety profile of ApoBDs in delivering therapeutic outcomes based on several ApoBD studies
to date, albeit cautiously because a few studies may require revalidation with purified ApoBD samples (dis-
cussed further below).

ApoBDs for vaccine development and immunotherapy
Under pathological conditions, such as cancer and infection, ApoBDs reportedly contain effective tumour and
pathogen-derived antigens that can be recognised by the immune system. Since ApoBDs are readily efferocy-
tosed by antigen-presenting phagocytes like dendritic cells [12,13,19], they could promote adaptive T cell
response via the cross-antigen presentation process (Figure 2). For instance, once infected with certain myco-
bacterial strains, macrophages undergo apoptosis and release pathogen antigen-containing ApoBDs, which can
trigger dendritic cell-mediated cross-presentation and CD8+ T cell activation through MHC-I and CD1b [33].
This phenomenon is abolished by the inhibition of apoptosis and hence ApoBD formation, not only suggesting
the potent ability of ApoBDs to mount adaptive immune response, but also their potential application for
vaccine development and immunotherapy. Furthermore, ApoBDs possess two unique properties that may offer
less off-target effect and potent response over healthy cell-derived EVs and other antigen-pulsing approaches:
(i) the specific molecular machinery for ApoBD recognition and efferocytosis, and (ii) phagocytosed
cellular fragments generate MHC-antigen complex more efficiently than pre-processed peptides and dendritic
cell-tumour cell hybrid [17,34]. In fact, a few studies have claimed the effectiveness of tumour
ApoBD-efferocytosed antigen-presenting cells in triggering antitumour responses and reducing disease burdens
in preclinical mouse models and human patients [35–38]. Henry et al. [35] reported that antigen-presenting
cells that pre-efferocytosed ApoBDs from apoptotic murine colorectal cancer cells, increased the survival rate of
tumour-bearing mice by 80% . As a control, antigen-presenting cells exposed to nonapoptotic tumour extracts
did not show any protective effect. Similarly, dendritic cells pulsed with putative leukemic B-cell ApoBDs sti-
mulated greater T cell activation, proliferation and interferon γ release than dendritic cell-tumour cell hybrid
[36]. In two following independent vaccination studies, autologous tumour ApoBD-pulsed dendritic cells
appeared to elicit leukaemia-specific CD8+ T cell response in 40–60% of patient cohorts, T cell-tumour cell
clustering, and reduced regulatory T cell level without dose-limiting toxicity and autoimmunity [37,38].
Nevertheless, one should be cautious upon interpreting these promising findings and implications on
ApoBD-based vaccines because, based on sample preparations, the authors might have used whole apoptotic
mixture despite claiming as ApoBDs. Furthermore, the apparent lack of clinical efficacy in these vaccination
trials needs to be addressed, possibly by deploying autologous antigen-presenting cells, adding adjuvants or
additional boosters.
It is, however, important to note that not all ApoBDs are immunogenic. Depending on a range of factors

(e.g. apoptosis stimuli, cell types of origin, rate of clearance, absence of antigenic contents), ApoBDs can be
immunologically silent to maintain homeostasis and immune tolerance [39]. In this case, autoantigens con-
tained within ApoBDs are important to establish immune tolerance rather than autoimmunity (Figure 2). In
fact, homeostatic engulfment of apoptotic materials does not lead to dendritic cell maturation, a process essen-
tial for antigen cross-presentation, but instead induce the release of anti-inflammatory mediators [39,40].
Apoptotic material-efferocytosed tissue-resident dendritic cells also migrate towards the lymph node and per-
ipherally tolerise T cells through TGF-β secretion and regulatory T cell promotion [41,42]. The acquired tolero-
genic effects on dendritic cells through apoptotic cells and ApoBDs uptake is thus essential for the induction of
immunological tolerance to maintain tissue homeostasis. These observations open an invaluable avenue to
translate antigen/allergen-containing ApoBDs for tolerogenic immunotherapy, particularly for allergy and auto-
immune diseases such as type 1 diabetes (T1D), which is characterised by the self-attack against insulin-
producing β-cells. Reportedly, accelerated autoimmune diabetic mice, once immunised with immature dendritic
cells pulsed with β-cell-derived ApoBDs showed significant reduction in diabetes incidence and insulitis as well
as T1D relapse [43]. However, like previously mentioned ApoBD vaccine reports, these studies did not appear
to use purified ApoBD samples, but, rather, whole apoptotic mixtures. Whilst verification with cell-free ApoBD
preparations is essential, these findings have provided evidence to further examine the potential of harnessing
ApoBDs for immunotherapy. Furthermore, through advances in the understanding of ApoBD biology and
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cargo packaging, antigen engineering into ApoBDs could be developed to achieve desirable therapeutic
responses, which has been promisingly demonstrated for other types of EVs [44,45].

ApoBD-based regenerative therapies
With the growing interest of stem cell therapies, particularly those based on MSCs, exploiting MSC-derived
EVs, which display comparable tissue regenerative properties, are also becoming an attractive therapeutic strat-
egy [9]. Many clinical trials involving MSC-exosomes and MSC-microvesicles have been conducted, with some
yielding promising results [9]. Though yet to be clinically tested, the preclinically established importance of
stem cell-derived ApoBDs in wound healing and tissue regeneration has implicated their use as regenerative
medicine.
It is becoming evident that ApoBDs released by stem cells or differentiated cells contain signalling cues and

recyclable materials for survival, proliferation and differentiation in recipient non-professional phagocytes
(Figure 2). For instance, hepatocyte-derived ApoBDs can induce JAK/STAT-mediated up-regulation of anti-
apoptotic protein Mcl-1 and stress-related activation of pro-survival PI3K/Akt/NF-κB cascade in hepatic stellate
cells, resulting in improved cell survival [46]. Using the zebrafish model, Brock et al. [19] elegantly visually cap-
tured the formation of basal stem cell-derived ApoBDs in vivo as well as their uptake and ability to induce cell
division in neighbouring stem cells via Wnt8a signalling . This local apoptosis-induced proliferation is pivotal
to sustain tissue-wide cell number and epithelial homeostasis. Similarly, mature osteoclast-derived ApoBDs also
promoted viability and differentiation in preosteoblastic cells, reportedly through receptor activator of NF-κB
(RANK)-mediated PI3K/Akt/mTOR/protein S6 kinase signalling for survival and osteoblast differentiation
[47]. Together these findings not only uncover the key roles of ApoBDs in both locally and distantly regulating
tissue homeostasis, but also highlight the potential of stem cell-derived ApoBD treatment as a novel regenera-
tive therapy. In addition, ApoBDs may hold unrivalled potency and safety-related advantages, compared with
other EV- and cell-based approaches. Strikingly, compared with exosome, microvesicle and healthy cell coun-
terparts, the aforementioned osteoclast-derived ApoBDs had the highest RANK level and osteogenic potency
[47]. Furthermore, the use of ApoBDs in regenerative therapy, particularly organ transplantation, may offer
better safety advantage as they did not an induce inflammatory response and graft rejection as observed by
other EVs [48].

ApoBDs as a drug delivery platform
EVs, particularly exosomes and microvesicles, display desirable properties for cell-free delivery of biomolecules
into recipient cells, including cargo versatility as well as a lipid composition and clearance-decelerating molecu-
lar machinery that improve EV stability and bioavailability. Importantly, cargoes can be loaded in- or onto EVs
in vitro and ex vivo through direct loading (e.g. electroporation), passive loading (e.g. overexpressing in produ-
cer cells) or active loading (e.g. chimeric expression of cargos and native EV-resident proteins) [7]. These
advantages promisingly compensate the limitations of synthetic delivery approaches (e.g. liposome- and
nanoparticle-based delivery), thus gathering tremendous interest and efforts amongst EV researchers.
Well-characterised preclinically exosome- and microvesicle-based drug delivery technology rapidly enters clin-
ical trials with promising initial safety and efficacy profiles [7]. In contrast with those smaller EVs,
ApoBD-based drug loading and delivery remains poorly explored. However, from available literature, one could
infer and anticipate the emerging potential of developing ApoBDs as a therapeutic delivery vehicle. In the pre-
viously mentioned studies, ApoBDs were shown to transfer different molecules (DNA, miRNA and protein)
and effectively regulating various aspects of the phagocytosed/recipient cells [46–50]. Other studies have also
reported the efficiency of ApoBD contents in mounting cellular responses such as vascular protection and cell
migration [51,52]. This evidence of direct, potent cargo-mediated functional consequences highlights the
potential of ApoBDs as a drug delivery system.
A few other technicality and feasibility concerns should nevertheless be raised regarding the use of ApoBDs

as a drug delivery platform. Firstly, whether therapeutic agents could be incorporated in ApoBDs is currently
undetermined since majority of ApoBD studies to date primarily based on properties of naïve vesicles.
Although it was shown that ApoBDs derived from c-myc-transfected murine fibroblasts appeared to transfer
the oncogene to recipient cells, leading to the tumorigenic phenotype in vivo [27], more evidence is needed,
especially for other biomolecules and pharmaceutical agents. Secondly, unlike the smaller EVs, the size and
rapid phagocytic uptake of ApoBDs may hinder biodistribution and bioavailability. Whilst this concern requires
further investigation, the fact that systemic administration of mature osteoclast-derived ApoBDs successfully
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delivered the anticipated functional outcomes in the preosteoclast cells [47] suggests the possibility of
ApoBD-based delivery system for certain tissues. Furthermore, the inherent phagocyte targeting property of
ApoBDs should be strategically exploited for the phagocyte-specific drug targeting. Finally, the third concern
involves the apparent short-lived stability of ApoBDs (∼3–6 h in culture at 37°C [10]), which could overshadow
their therapeutic potential. Thorough investigation of storage condition and formulation will possibly help to
uncover new approaches to prolong ApoBDs’ shelf-life.

ApoBDs as a diagnostic tool
Being a hallmark of cell death and the carrier of dying cells’ materials, ApoBDs could be an invaluable tell-tale
of cell death-prevalent diseases or conditions, such as drug-induced injury, brain injury, transplant rejection,
cancer treatments, infection and immune disorders. However, the use of ApoBDs in disease diagnosis is cur-
rently limited to apoptotic colopathy, a histological test of gastrointestinal biopsies. Traditionally, an increase in
ApoBD number is indicative of gastrointestinal injury [53]. Nonetheless, this visualisation technique for diag-
nosis requires high-resolution microscopy, well-trained pathologists and thorough assessments of multiple
histological sections [53]. A recently developed flow cytometry-based approach [11,54] to quantify ApoBDs
may improve the diagnostic accuracy and efficiency in place of the histological examination. Likewise, this flow
cytometry-based approach can be applied for celiac disease, an immune disorder characterised by inflammation
and villous atrophy due to epithelial apoptosis. In a recent histological study, celiac patients had markedly ele-
vated level of ApoBDs in their duodenal biopsies [55]. Furthermore, coupled with cell surface markers,
ApoBDs of different cell origins can be readily detected, quantified and isolated for cell-specific diagnosis
[25,32], for example for graft-versus-host disease using crypt cell markers [56]. Since ApoBDs are abundantly
circulating in bodily fluids [32,57], this cutting-edge technology would, therefore, allow for analyses of particu-
lar disease-associated apoptotic cells. Together with better understanding of ApoBD-contained disease biomar-
kers, ApoBDs have a great potential as a rapid, accurate and minimally invasive diagnosis.

Future perspectives and concluding remarks
It is becoming clear that ApoBDs are more than ‘garbage bags’ for disposal of dying cells’ materials. With
recent mechanistic and functional findings, ApoBDs are emerging as a therapeutically exploitable EV subtype.
Here, different strategies to pharmacologically target ApoBD biogenesis as well as to leverage ApoBDs for clin-
ical use are discussed, along with the highlights of ApoBD-specific opportunities and challenges. Notably,
future designs of ApoBD-based therapies could strategically focus on ApoBDs’ unique link to cell death and
recognition by phagocytes. In doing so, we can maximise their therapeutic efficacy and specificity whilst over-
come ApoBDs’ limitations. In addition to future insights into ApoBD biology (e.g. cargo sorting, phagocyte tar-
geting, uptake mechanism), it is desirable to improve ApoBDs’ physiological properties, particularly stability, to
optimally utilise ApoBDs for therapeutic purposes. Furthermore, better understanding of ApoBD biology as
well as developing novel approaches to engineer and/or modify ApoBDs would also be beneficial in achieving
desired therapeutic responses.

Perspectives
• EVs have emerged as new therapeutic opportunities and are rapidly progressing toward clin-

ical translation.

• ApoBDs, despite being an underexplored type of EVs in preclinical and clinical settings, have
recently been shown to play important roles in homeostasis and pathogenesis, implying their
tremendous therapeutic potential.

• Compared with other EV types, ApoBDs’ unique link to cell death and natural recognition by
phagocytes provide distinctive opportunities for future therapeutic design as vaccine,
immunotherapies, regenerative medicine, drug delivery and disease diagnosis. However,
further understanding of ApoBD biology is certainly required.
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