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Lysosomal therapies and drug delivery strategies: An overview iipazies

Lysosomes are dynamic vesicles located within the cytoplasm of
eukaryotic cells, heterogenous in size and morphology, and classically
known for their degradative activity [1]. They are characterized by an
acidic lumen containing numerous catalytic enzymes, as well as co-
factors and activators, and a lipidic bilayered membrane harboring
proteins involved in lysosomal biogenesis, stability, metabolite trans-
port, and ion pumping [2]. Beyond the oversimplified idea that lyso-
somes merely serve as a garbage can for cells (arguably, the most
generalized acceptation in the drug delivery field), they play a central
role sustaining normal cellular homeostasis by intersecting with multi-
ple biological functions. For instance, the initial breakdown of many
complex biological macromolecules, such as phospholipids, glycolipids,
glycoproteins, proteoglycans, polysaccharides, etc. takes place within
lysosomes. After this, the resulting products can be mobilized to other
cellular compartments and engage into biodegradative or biosynthetic
routes, thus, impacting cellular metabolism [3]. As many of these
macromolecules that arrive to a lysosome are structural or functional
components of cells, mainly their membranes, and because lysosomes
fuse with autophagosomes that engulf intracellular elements and or-
ganelles, they play a major role in the recycling of cellular components
[4]. Similarly, by contributing to degradation of molecules, materials,
pathogens, or toxins that may invade cells or enter them by phagocytosis
or other endocytosis-related pathways, lysosomes are involved in
cellular defense mechanisms [5]. Many of these functions require and/
or contribute to the intracellular trafficking of vesicles that mobilize
membrane and/or soluble cargo between intracellular organelles, the
plasmalemma, and /or the extracellular space [6]. By impacting ligand-
receptor or ligand-cargo interactions, as well as participating in the
inflammasome and other major cellular signaling hubs, lysosomes are
also central to the cell cycle, disease-related alterations, and cell death
[71.

All these functions intimately relate to cellular homeostasis and, in
turn, contribute to the physiological and coordinated function of tissues
and organs within the body [8]. As such, alterations in the normal
lysosomal function can lead to highly debilitating and often lethal
pathological conditions, for which they represent important targets for
therapeutic intervention [9-11]. Both rare and common diseases are
caused or contributed by lysosomal dysfunction, including the lysosomal
storage disorders (LSDs), a group of ~ 60 congenital diseases caused by
genetic deficiency in lysosomal components, as well as common pa-
thologies such as Parkinson’s, Alzheimer’s, and many types of cancer
[9-11]. By using the example of lysosomal p-glucocerebrosidase defi-
ciency causing an LSD called Gaucher disease and associated with Par-
kinson disease, the first article in this issue, contributed by Horowitz
et al., introduces the general relevance of lysosomal function and
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dysfunction, as well as its respective impact in the human diseases
mentioned above [12]. Next, the article by Gaudioso et al. provides an
overview of the various in vitro and in vivo models historically and
currently used to study the biological mechanisms by which these de-
fects take place and can also be used to examine the efficacy of new
potential treatments aimed to cope with these maladies [13].

With this background, the third article in the issue, written by Del
Grosso et al. provides a review of existing treatments for LSDs, as well as
new therapeutic avenues for this group of diseases [14]. In particular,
this piece focuses on enzyme replacement therapies (ERTs), which
represent the most clinically implemented type of intervention specif-
ically designed for LSD treatment. However, while successful in
improving the visceral and peripheral symptoms associated with these
diseases, ERTs do not cross the blood—brain barrier (BBB) and, therefore,
fail to impact neuropathic complications of these disorders. These ob-
stacles are discussed in the article, together with an overview of the
different strategies currently under investigation to help with it [14].
After providing this summary, the next series of articles focuses on
particular strategies. For instance, the article by Pardridge focuses on
antibody-enzyme designs, which can result from recombinant fusion or
chemical conjugation techniques [15]. These therapeutics can specif-
ically target therapeutic enzymes to cell-surface receptors involved in
vesicular transport across the BBB, to surmount the caveats faced by
current treatments. Cyclodextrin-based conjugates have also been
investigated to treat lysosomal alterations, particularly those charac-
terized by aberrant storage of cholesterol and derivatives, which are
discussed in the article contributed by Ishitsuka et al. [16]. Then,
Tomsen-Melero et al. present a piece summarizing the different lipo-
somal strategies aimed to improve current means for lysosomal ERT, as
well as for delivery of small drugs to modulate the activity of other
lysosomal components [17]. Next, an article by Placci et al. follows [18],
which focuses on the development of polymer-based drug delivery sys-
tems for the treatment of LSDs, including polymer conjugates, poly-
electrolytes, micelles, polymer-based nanoparticles, etc. These systems
are being investigated for lysosomal delivery of therapeutic enzymes or
explored as lysosomal-pH correcting options to attenuate lysosomal
dysfunction [18].

A third set of articles discusses alternative means for LSD treatment
that depend on the use of more biotechnological methods and formu-
lations, but also benefit from the characterization, optimization, and/or
delivery by elements and techniques employed in the nanomedicine and
drug delivery fields. This is the case for strategies based on the use of
exosomes and extracellular vesicles for the treatment of LSDs, contrib-
uted by Lu et al. [19], or that of gene editing strategies under investi-
gation for correction of genetic defects affecting lysosomal function,
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which Fachel et al. illustrate using the example of mucopolysacchar-
idoses associated with glycosaminoglycan storage [20].

Finally, a couple of articles offer an extended view on the relevance
of lysosomes regarding the design of therapeutic systems and their po-
tential lysosomal toxicity. In this regard, lysosomes represent a friend or
foe for many therapeutic applications where drugs can be either effi-
ciently released from their drug carriers or activated after passage
through this compartment or disabled by either inactivation, degrada-
tion, and/or retention in lysosomes. These aspects are discussed by the
article contributed by Sun et al. [21]. Last, but not least, Uzhytchak et al.
discuss nanotoxicity and the side effects that environmental nano-
particles and those employed as drug delivery systems can exert on
lysosomal function, to guide future design of nanomedicines [22].

All in all, although not fully comprehensive for practical reasons, this
special theme issue provides an updated overview of lysosomal func-
tions, pathologies, and treatment options. It mainly focuses on thera-
peutic strategies to cope with diseases caused or contributed by
lysosomal alterations, primarily those based on targeting and/or drug
delivery technologies, and additionally reviews the impact, positive and
negative, that lysosomes exert on the efficacy of drug delivery strategies.
Along with an overview of these topics, all articles compiled in this issue
aim to spur discussion on current challenges and potential avenues to
translate these technologies by providing a critical evaluation of the
achievements and limitations in this field. This topic should be of the
interest of ADDR readers and the broader community of scientists,
doctors, and other professionals and trainees interested on drug delivery
applications and/or human maladies associated with lysosomal
alterations.
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