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Abstract: This work shows relevant interactions between cells and drug-delivery systems based on vesicles crucial for therapeutic activity. This interplay drives strategies for the design of new drug-carry. Among the described systems are found liposomes, extracellular vesicles, and hybrid systems. The text details their properties, advantages, and constraints, and eventually, a perspective about the future of these formulations is proposed.
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Cells and Vesicles: Understanding Interaction for Treatments

Cells contain complex membrane systems that compartmentalize internal structures and delineate external boundaries. Both frontiers show structural and dynamic features associated with the compositions, proportions of constitutive lipids, and either free or united proteins. The interrelationship between proteins and lipids in subcellular regions regulates biological processes occurring both in these regions and in the neighborhood of the peripheral membrane. These interactions also trigger cell signaling and modify the cytoskeletal dynamics that intervene in the modulation of lipid composition, shape, and dynamics of the membranes [1].

More than a thousand types of molecules and a combination of variable rates of glycerophospholipids and sphingolipids build the membranes of mammalian cells [2]. Active pharmaceutical ingredients (API) released from a drug delivery system (DDS) will only induce a therapeutic effect after interaction with specific receptors. These receptors can be either inserted in this membrane or inside the cell. Therefore, the interaction with cell membranes is a fundamental process for therapeutic response in those formulations based on vesicle systems. Different membrane-based models have been developed to enhance the understanding of specific membrane processes such as fusion, transport, and vesicle formation, as well as other events at a cellular and molecular level, including drug penetration in the membranes [2]. Considering the relevant models, liposomes are among the first systems to exhibit these features since the 1950s. Scientific advances in this field led to the wide application of liposomes, from biology to clinical use, resulting from a keen awareness of interaction mechanisms (endocytosis) between cell membranes and membrane systems such as adsorption, fusion, pinocytosis (non-specific or receptor-mediated), and lipid transfer (Fig. 1). However, these mechanisms rarely occur in isolation and are laborious to demonstrate separately in in-vivo biological systems. Recently, another type of nano-vesicles responsible for cell communications has emerged. Extracellular Vesicles (EVs) are implicated in many physiological processes, such as cellular homeostasis, and engaged in pathological ones such as cardiovascular diseases, infections, and cancer. Owing to their similarities with liposomes, EVs have been proposed as promising devices as DDSs [3].
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Figure 1: Fusion liposome-cell. The figure contains modified Images from Servier Medical Art (https://smart.servier.com, accessed 10 October 2024) and is licensed by a Creative Commons Attribution 4.0 Unported License.

The composition and state of the membrane strictly mediate interactions between cells and vesicles. For instance, the liquid crystal phase in liposomes and a particular content of phosphatidylcholine favor fusion. This fact engages distinct cellular uptake [4]. The complexity of signaling mechanisms associated with healthy biological systems, and those associated with drug resistance in specific diseases, such as cancer or insensitivity to antiepileptic drugs (Multi Drug Resistance), is also arduous to understand [5]. Due to these difficulties and the potential solutions that membrane-based systems offer for treatments; these systems have been studied to address increasingly complex problems. Today, the relationship between synthetic membrane-based systems (liposomes) and cell-based systems (EVs) has undergone significant evolution and will continue to do so as scientific advancements progress.

Vesicles and Drug Delivery

DDSs are developed to bring APIs to the sites of action, maximizing their concentration at the target site. This type of formulation plays a crucial role in absorption, distribution, metabolism, and excretion (ADME) processes. In particular, nano-systems may increase the distribution process of the non-free drug, avoiding the release in unintended sites and potentially prolonging release effects [5]. Liposomes first, and then EVs, are membrane-based drug delivery systems (MBDDSs) used for drug delivery (doxorubicin and paclitaxel) and other molecules such as RNAs (mi- and si-RNAs), DNAs, and enzymes [6].

Liposomes are vesicles mainly formed by lipophilic surfactants sizing 20–1000 nm. Originally conceived as multilamellar structures in the early 1960s, it was only about 15 years later that they were proposed for medical applications. The objective was to improve the pharmacokinetics profile of drugs, bearing in mind their versatility for delivering different solubility drugs. Extracellular Vesicles (EVs), in turn, are also nano-sized structures that can support hydrophobic drug loads, just like liposomes. Cells release EVs as exosomes (30–150 nm), ectosomes (100–1000 nm), microvesicles (100–1000 nm), and apoptotic bodies (1000–5000 nm) [7]. Therefore, these EVs form a polydisperse group.

Liposomes and EVs have differences and similarities, and the obtention method is notoriously different. On one hand, liposomes are designed and developed through a mixture of the components followed by evaporation and filtration processes. On the other hand, EVs are isolated from cells by density methods (ultracentrifugation) and size-based techniques (ultrafiltration) among others [8]. Drug-loading methods also show differences. For liposomes, drugs are loaded during the membrane-forming process [9]. EVs can be loaded into the donor cell or added into isolated EVs through electroporation, sonication, and other methods [7]. Compositionally, liposomes have high cholesterol levels to improve stability, while EVs show associations between cholesterol and glycosphingolipids in certain membrane zones. The lipids forming liposomes are diverse (different head groups, chain lengths, and saturation), whereas EVs show the same constituent membrane lipids as the origin cells but in distinct proportions [3,5]. As liposomes are performed artificially, their charge, laminarity, and size are defined based on the requirements. Contrarily, in EVs, these properties are strictly dependent on their cellular origin. For example, liposomes can show both negative or positive surface charge, while EVs mainly exhibit negative charge. Charge and size influence the stability of these systems. Additionally, proteins such as CD47 on the surface of EVs improve the circulation time just as polyethylene glycol (PEG) attachment transforms regular liposomes into stealthy carriers by suppressing the phagocytic activity of macrophages [5,10]. Each system is situated in the extremes of the design of MBDDSs; therefore, to merge their advantages, a combination of both forming hybrid systems will be desirable.

Perspectives and Conclusion

The comprehension of interaction mechanisms between cells and MBDDSs improves future strategies for their design and development. This work aims to show considerations of these interactions giving relevance to systems based on membranes that have lost importance, such as liposomes. Today liposomes have recovered territory thanks to EVs because both vesicles can be combined in hybrid systems harnessing their respective advantages. In the future, pure liposomes probably will be replaced by EVs or hybrid systems. Thus, this fact represents an encouraging alternative to promote MBDDSs as essential devices within pharmaceutical formulations.
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