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A B S T R A C T   

Membrane proteins determine the precise function of each membrane and, therefore, the function of each cell 
type. These proteins essential roles in cell physiology, participating in the maintenance of the cell metabolism, its 
homeostasis or promoting proper cell growth. Membrane proteins, as has long been described, are located both in 
the plasma membrane and in complex subcellular structures. However, they can also be released into the 
extracellular environment associated with extracellular vesicles (EVs). To date, most of the research have been 
focused on understanding the role of exosomal RNA in several processes. Recently, there has been increasing 
interest in studying the function of exosome membrane proteins for exosome-based therapy, but not much 
research has been done yet on the function of exosome membrane proteins. One of the major limitations of 
studying exosome membrane proteins and their application to translational research of exosome-based thera-
peutics is the low yield of exosome isolation. Here, we have introduced a new perspective on exosome membrane 
protein research by reviewing studies showing the important role of exosome membrane proteins in exosome- 
based therapies. Furthermore, we have proposed a new strategy to boost the yield of exosome isolation: hy-
bridization of liposomes with exosome-derived membrane. Liposomes have already been reported to affect the 
cell excitation to increase exosome production in tumor cells. Therefore, increasing cellular uptake of these li-
posomes would enhance exosome release by increasing cellular excitation. This new perspective could be a 
breakthrough in exosome-based therapeutic research.   

1. Introduction. Membrane proteins 

One of the most important characteristics of a cell is the presence of a 
membrane, which covers not only the cell itself but also many complex 
subcellular structures [1,2]. The membrane is responsible for regulating 
the passage of substances [3]. The main structure of the membrane is 
formed by a phospholipid bilayer, but membrane-associated proteins are 
responsible for most of the specific functions of the membrane. In 
consequence, the functional characteristics of each type of cell mem-
brane are determined by these proteins [4]. 

The function of these membrane proteins is to sustain the meta-
bolism of the cell, its homeostasis and proper cell growth [5]. Some of 
these functions are mediated through the transport of ions, metabolites 
and larger molecules (such as RNA or proteins) across the membrane, 
propagation of electrical impulses, adhesion to adjacent cells or extra-
cellular matrix and regulation of intracellular vesicular transport, 
among many others [6]. 

These membranes host a wide variety of proteins, such as receptors, 
ion channels, lipid domains lipid signals and scaffolding complexes. 
Some of these membrane proteins do not reach the hydrophobic interior 
of the lipid bilayer, instead they associate with the membrane by 
interacting with other membrane proteins or lipids through non- 
covalent binding. These proteins are known as peripheral membrane 
proteins. [1,4] In contrast, proteins that are permanently embedded in 
the lipid bilayer are called integral membrane proteins. In this case, pro-
teins are held in the bilayer by lipid groups or in the membrane by tight 
junctions with other proteins [4,7]. 

Almost half of the proteins in our cells are in the membranes [5]. 
However, the quantity and type of proteins associated with the mem-
brane are highly variable [4]. To illustrate this fact, we will now look at 
the case of myelin sheaths, modified cell membranes that wrap around 
the nerve axons several times to provide electrical insulation. The 
lipid-to-protein ratio of myelin sheaths differs from the composition of a 
typical cell membrane. Dry myelin sheaths are characterized by a high 
lipid content (75–80 %) and low protein content (20–25 %), whereas 
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most other cell membranes have approximately equal proportions of 
lipid-to-protein (50-50 %). High lipid content reduces the ion perme-
ability of the membrane, increasing its electrical insulation and resulting 
in rapid propagation of nerve impulses [8–10]. In addition, the myelin 
sheath is associated with certain proteins that contribute to its function, 
such as the proteolipid protein (PLP) or the myelin basic protein (MBP). 
The PLP plays an important role in maintaining the compact multilay-
ered membrane structure by bringing the myelin membranes closer to 
each other. MBP participates in transmitting extracellular signals to the 
cytoskeleton and tight junctions [8]. 

As mentioned above, these membrane proteins are also found in the 
membrane of complex subcellular structures. Both the quantity and type 
of proteins are closely related to the function of these subcellular 
structures within the cell. In contrast, we will now review the case of the 
inner mitochondrial membrane. Mitochondria represent the main source 
of adenosine triphosphate (ATP), an energy-rich compound essential for 
fundamental cellular processes. The human body produces large 
amounts of ATP, up to 50 kg are synthesized per day in a healthy adult. 
The inner membrane of mitochondria presents multiple invaginations 
into the matrix, called cristae, where the protein complexes of the res-
piratory chain and mitochondrial ATP synthase reside. As a result, 
mitochondrial cristae is characterized by being among the most protein- 
rich membranes in the cell (more than 75 % of protein content) [11–13]. 

Membrane proteins play an important biological role in physiolog-
ical mechanisms for cell survival, making them a major therapeutic 
target for drugs. Membrane proteins constitute a significant proportion 
of the human proteome (around 20–30 %) and therefore represent a vast 
source of therapeutic targets (more than 60 %). Some of the most 
common drug targets include enzymes, transporters, ion channels and 
receptors [14,15]. 

2. Extracellular vesicles: exosomes 

As aforementioned, these membrane proteins are not only found in 
the plasma membrane, but also inside the cells in complex subcellular 
structures, such as the mitochondria. However, these proteins can also 
be released into the extracellular environment transported in the 
membrane of exosomes [16]. These exosomes contain a wide range of 
transmembrane proteins, lipid-anchored proteins, peripherally 
membrane-associated proteins and soluble proteins from the exosome 

lumen [17]. 
Exosomes are a subset of small extracellular vesicles (EVs), with di-

ameters ranging from 30 to 150 nm, secreted from most of the cells 
including normal and diseased cells [70–74]. In addition to exosomes, 
two main types of EVs can be distinguished according to their size and 
origin. Apoptotic bodies (500 nm to several micrometers) are released 
by those cells undergoing programmed cell death, and microvesicles 
(100–1000 nm) are released during the budding and detachment of the 
plasma membrane [18–20]. The term “exosomes” was adopted to 
distinguish them from the rest of EVs. Although this term is widely used, 
it has been recommended to use “small EVs” following the International 
Society for Extracellular Vesicles’ 2018 guidelines, due to methodolog-
ical difficulties in separating exosomes from other EVs [21]. These 
guidelines, known as MISEV2018, is an updated version of MISEV2014 
which was published in 2014 with the purpose of establishing the 
minimum information necessary for EVs research. The MISEV2018 aims 
to guide the further standardization of studies on EVs. In the present 
review, we will use the term “exosome” for convenience. 

In vivo, these vesicles are stable in a wide variety of biological fluids, 
such as amniotic fluid, blood, breast milk, urine and saliva among many 
others [22,23]. The stability of these EVs in the extracellular medium 
can be attributed to the proteins they harbor, which protect them from 
phagocytosis and complement-mediated lysis [24]. We can also find 
them in vitro in the conditioned medium of cell cultures [23]. 

The formation of exosomes (Fig. 1) begins with the inward budding 
of the plasma membrane to form early endosomes, which is the first step 
on the endosomal transport pathway. Their function is to perform pri-
mary sorting and determine the fate of the endocytosed cargo. There are 
three different pathways that cargo can follow from the early endosome 
[75,76], however our focus would be the pathway that leads to exosome 
formation. After the early endosome is formed, the endocytosed cargo 
concentrates in the vacuolar regions of the early endosome and enters 
the endosomal maturation phase, eventually forming the late endosome. 
During the maturation, specific regions of the endosomal membrane 
partially invaginate, leading to the formation of intraluminal vesicles 
(ILVs) that are contained within the luminal interior of the endosome. 
These late endosomal structures containing dozens of ILVs are known as 
multivesicular bodies (MVBs). During this process, certain proteins are 
incorporated into the invaginating membrane, while cytosolic compo-
nents are swollen and incorporated into the interior of the ILVs. Most of 
the MVBs will fuse with the plasma membrane of the cell, releasing the 
ILVs into the extracellular space. These vesicles are then called “exo-
somes”. Alternatively, these MVBs are directed to the lysosome for 
degradation [18,25,26]. 

These vesicles have numerous complex functions in intracellular 
communication and in exchanging substances [19]. All exosomes are 
equipped with surface molecules that allow them to target recipient 
cells. Once bound to the targeted cells, they can trigger signalization 
through receptor-ligand interaction and can be internalized by endo-
cytosis and/or phagocytosis. Exosomes even can be fused with the 
recipient cell membrane, releasing their contents into the cytosol and 
modifying the physiological state of the cell [27]. Thus, exosomes 
secreted by a certain parent cell have a high potential to produce sys-
temic effects on the behavior of neighboring cells, the cell microenvi-
ronment, and the phenotype of distant cells and tissues [28]. 

3. Exosome content 

The RNA, proteins, and other cargoes of exosomes from different cell 
types reflect the phenotype of their parent cells. They may also carry 
cell- or tissue-specific factors that can be used to identify their origin 
[28]. For example, in the case of stem cell-derived exosomes, it has been 
reported that stem cells exert their reparative properties through para-
crine effects rather than by direct cellular interaction [29]. In the study 
performed by Doeppner et al., in 2015, they observed that mesenchymal 
stem cell (MSC)-derived exosomes attenuated postischemic peripheral 
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immunosuppression and promoted neuronal survival and 
angio-neurogenesis [30]. In contrast, exosomes released by cancer cells 
have been reported to inhibit the immune response against tumor cells, 
mainly by inducing T lymphocyte apoptosis [31]. In the study by Shen 
et al., in 2020, they demonstrated that exosomes derived from pancre-
atic cancer cells target T lymphocytes altering their gene expression 
profile, and thus impair their antitumor properties. It was found that 
these exosomes altered genes involved in apoptosis induction, such as 
p38 MAPK, PERK, ATF4, EIF2α and others [32]. 

In general, exosomes are enriched in a wide variety of proteins with 
different functions. Some of these proteins are considered as specific 
exosome markers and they are used to distinguish them from other EVs 
in exosome research. One of the major exosome proteins are tetraspanins, 
which are involved in cell penetration, invasion and fusion of exosomes 
[19,26]. A study by Escola et al., in 1998 have already demonstrated 
that the groups of membrane proteins are highly enriched in exosomes, 
while generic plasma membrane and lysosomal proteins do not reach 
these levels. Some of these tetraspanins are CD81, CD82, CD9 and CD63, 
with CD81 being the most abundant [33]. Other major proteins found in 
exosomes are heat shock proteins, such as HSP70 and HSP90, which are 
involved in stress response processes, and participate in the binding and 
presentation of antigens. Finally, we can find MVB formation proteins 
involved in the release of exosomes, such as Alix and TSG101, and 
proteins responsible for the transport and fusion to the membrane, such 
as annexins and Rab [26]. 

In addition to these proteins, exosomes have also been shown to 
carry genetic material, such as long non-coding RNAs, small nuclear 
RNA, microRNAs, mRNAs and DNA fragments [17,26,34]. Valadi et al. 
demonstrated that exosomes containing mRNA and microRNA can be 

transferred to target cells where they can be translated into proteins. It 
was observed that after transferring mouse exosomal RNA into 
human-derived mast cells, new mouse proteins were found in these cells, 
indicating that the transferred exosomal mRNA can be functional at its 
target location [35]. 

3.1. Exosome membrane proteins 

Research on exosome membrane proteins represents a field in which 
much remains to be explored. With this review article, we aim to give 
some insight into this topic to encourage research in this field and to 
illustrate the importance of these proteins, both in the propagation of 
diseases and in their beneficial effects in exosome-based therapies. 

Membrane proteins are generally responsible for the regulation of 
membrane-mediated cellular processes. Therefore, any dysregulation in 
their biological activity can have negative effects on cells, such as 
inappropriate cellular responses to exogenous infections, cancers, and 
genetic diseases. Focusing on the case of exosomes, most of the research 
analyzing the composition of exosomes to study the mechanism of pa-
thologies, have focused on characterizing the functional changes of 
exosomal RNA. However, there is an increasing interest in exosome 
membrane proteins [16,28]. 

3.1.1. Role in disease propagation 
A clear example of a membrane protein involved in disease is the 

cellular prion protein (PrPc). This protein is generally located in the 
outer layer of the plasma membrane anchored to glyco-
sylphosphatidylinositol, and it is most abundantly expressed in the 
central nervous system [36]. The normal, non-pathogenic conformation 

Fig. 1. Exosome biogenesis. After endocytosis of the cargo, the early endosome undergoes a maturation process until finally the late endosome is originated, also 
known as multivesicular bodies (MVBs). During the process of maturation, dozens of intraluminal vesicles (ILVs) will be formed and gathered inside the MVBs. 
Finally, the MVBs will fuse with the plasma membrane, releasing to the extracellular space the ILVs, receiving now the name of “exosomes”. Alternatively, this MVBs 
can be targeted to the lysosome for degradation. Illustration created with the support of SMART (Servier Medical Art). 
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of this protein is an alpha helix. However, its conversion to a beta-sheet 
would result a misfolded, pathogenic form, known as PrPsc (scrapie 
isoform of PrPc). This PrPsc acts as a template to facilitate the conver-
sion of PrPc to PrPsc, resulting an accumulation of the pathogenic pro-
tein. This accumulation will lead to prion neurodegenerative diseases, 
such as Creutzfeldt-Jakob disease or Bovine Spongiform Encephalopa-
thy [37]. Interestingly, both PrPc and its pathogenic isoform PrPsc can 
be found in EVs such as exosomes, underlying the contribution of exo-
somes in the propagation of diseases. Exosome-associated PrPsc has the 
ability to infect other cells [36,38]. 

Heisler et al. investigated the role of muskelin in the vesicular 
transport of PrPc. This protein binds to PrPc together with cytoplasmic 
dynein and KIF5C, and under normal conditions promotes lysosomal 
degradation over exosomal release of PrPc. In the absence of muskelin, 
PrPc is not properly targeted to the lysosome, but it is recycled to the 
plasma membrane and sorted as cargo for extracellular transport. 
Therefore, muskelin deficiency have an important role in the accelerated 
progression of prion diseases [39]. 

Further research on the role of muskelin in PrPc vesicle transport 
may be of great interest in understanding the propagation of neurode-
generative diseases. One of the main characteristics of neurodegenera-
tive diseases is the presence of neuropathological protein aggregates, 
such as β-amyloid peptides in Alzheimer’s disease or α-synuclein ag-
gregates in Parkinson’s disease. Numerous studies have demonstrated 
cell-to-cell transmission of these aggregates to other areas of the brain as 
the disease progresses. Exosomes have been presented as potential ve-
hicles for the transmission of these neuropathological aggregates [40, 
41]. In the case of Alzheimer’s disease, some studies have already 
demonstrated that PrPc plays an important role in the pathogenesis of 
this disease. For example, Takahashi et al. observed that PrPc deposits 
are often associated with β-amyloid plaques in Alzheimer’s disease [42]. 
PrPc acts as a high-affinity receptor for amyloid β-42 oligomers on cells 
[43]. Because of the association between PrPc and Alzheimer’s disease, 
it could be interesting to study the role of muskelin in the propagation of 
β-amyloid peptides through exosomes mediated by PrPc. 

3.1.2. Role in exosome-based therapies 
Over the past decade, the study of the therapeutic effects of exosomes 

for the treatment of diseases has become a growing field. The proteins 
contained in the exosome membrane have unique properties that qualify 
them as potential candidates for their use in therapies. Both ligands and 
receptors present on the membrane of exosomes will promote their 
interaction with target cells, conferring them a certain degree of cell 
specificity. In addition, they will also contribute to the low immunoge-
nicity of the exosomes when exposed to the immune system [16,28]. 

The use of exosomes for the treatment of diseases is very versatile. 
Due to their numerous advantages, such as their enhanced biocompat-
ibility, stability, or low toxicity compared to other nanocarriers, exo-
somes have been extensively studied for drug delivery [44]. However, 
many other research groups have focused on studying the effects caused 
by the contents of the exosomes themselves. A great example is the study 
by Otero-Ortega et al. in which they studied the effect of MSC-derived 
exosomes in an animal model of subcortical stroke in rats. They 
observed improved functional recovery, fiber tract integrity, axonal 
sprouting, and markers of white matter repair as well as proteomic 
analysis of these MSC-derived exosomes. Exosome proteins were iden-
tified to 2416 proteins involved in three different functions: molecular 
function regulator, catalytic activity, and binding. Furthermore, exo-
somes contain proteins involved in brain repair functions, such as syn-
aptic transmission, neuronal differentiation from neural stem cells, 
angiogenesis, neuronal projections, neurite outgrowth and axonal 
growth [19,45]. 

Currently, the impact of membrane proteins on the beneficial effects 
of exosome-based therapies remains an under-explored area. For this 
reason, these proteomics results could be a good starting point to find 
out which of them are located in the membrane of the exosome and to 

study their function in more detail. 

4. Challenges in the use of exosomes in research 

As a result of all the unique functions of exosomes, the use of exo-
some technology for clinical applications has become an increasingly 
popular field of research in recent years. Recent studies have proposed 
exosomes as innovative therapeutic tools for the treatment of a wide 
range of disease due to their ability to transport specific compounds and 
surface proteins [46–48]. However, despite the promising aspects of 
using exosomes for disease treatment, there are numerous challenges 
that have slowed their use in clinical trials. Some of these challenges 
include: no standardized protocol for exosome isolation, low purity of 
the exosomes obtained, poor characterization of exosomes and low 
production of exosomes by cells [21,47,49]. 

Regarding the latter point, the low yield of exosome isolation has 
been a limitation to the widespread application of exosomes in clinical 
research. Various strategies have been adopted to overcome this limi-
tation, however, to the best of our knowledge, none of them has ob-
tained successful results. Therefore, how to enrich the production level 
of exosomes is crucial for a better analysis of exosomes and their further 
application [47,50]. In 2018, a study by Emam et al. investigated the 
possibility of using liposomes to overcome this limitation. They evalu-
ated the effect of incubating different liposome preparations in tumor 
cells in terms of exosome production. They observed that depending on 
the physicochemical properties of the liposomes, exosome production by 
tumor cells could be increased or even suppressed [50]. 

The use of nanomaterials has revolutionized the world of clinical 
research. Because of their size, they can interact directly with cells and 
affect their biological pathways. It has been shown that there is an active 
interaction between nanomaterials and organisms, which influences the 
physiology of the cell [51]. Liposomes are also known to interact with 
cell surfaces in a physicochemical dependent manner, resulting in cell 
stimulation [50]. In response to this stimulation, shedding vesicles are 
released by budding from the plasma membrane and released into the 
extracellular medium [52]. 

5. Liposomes: new insight 

Within the wide variety of lipid nanoparticles, liposomes, along with 
solid lipid nanoparticles and nanostructured lipid carriers, are well 
known for their great clinical success in drug delivery [53]. This 
breakthrough is mainly due to their biocompatibility, low variability, 
ease of synthesis and scalability. Moreover, liposomes are highly ver-
satile for drug delivery due to their ability to transport both hydrophilic 
compounds in their lumen and hydrophobic compounds in their lipid 
bilayer (Fig. 2a). This feature gives them the ability to release a wide 
variety of biologically active molecules [54,55]. 

5.1. Liposome lipidic composition and structure 

Liposomes are spherical vesicles (nanoparticles) built by the self- 
assembly of phospholipids into closed structures when hydrated in 
aqueous solutions. This assembly results a lipid bilayer composed of a 
hydrophilic (or polar) head and a hydrophilic (or non-polar) tail, which 
results in an amphipathic structure (Fig. 2b). Typically, the size of these 
nanoparticles ranges from 50 to 500 nm in diameter [55,56]. 

When formulating liposomes, either neutral (zwitterionic), positively 
(cationic) or negatively (anionic) charged lipids can be added to their 
composition. The polar heads of these lipids are the ones that will be 
neutral, positively or negatively charged (Fig. 2c) [55]. Each one will 
provide different properties to the liposome. For in vivo studies, neutrally 
charged liposomes are preferred to avoid non-specific uptake of nega-
tively charged biomolecules [57]. An example of zwitterionic lipid is 1, 
2-dioleoyl-sn-glycero-3-phosphocholine (DOPC). Among the cationic 
and anionic liposome formulations, the former has been the most 
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studied [58]. On the one hand, cationic lipids will induce a positive 
charge on the surface of liposomes and are often used for the delivery of 
nucleic acids. It has been observed that the interaction between the 
anionic charge of the nucleic acid and the cationic lipid enhances its 
encapsulation [57,59]. In addition, the presence of these cationic lipids 
will increase their association with cell surfaces (negatively charged), 
leading to cellular uptake by endocytosis. Furthermore, after cellular 
uptake, the cationic lipid will promote destabilization of the endosomal 
membrane, facilitating the release of its cargo into the cytoplasm [60]. 
One of the most commonly used cationic lipids is 1,2-dioleoyl-3-trime-
thylammonium-propane, also known as DOTAP. On the other hand, 
anionic lipids will provide a negative charge to the liposome. Some of 
the advantages of these liposomes are: higher stability in solution and 
lower aggregation than neutral liposomes [58]. An example of anionic 
lipid is 1,2-dioleoyl-sn-glycero-3-phospho-l-serine (DOPS). 

In addition to the lipids mentioned above, the liposome formulation 
also contains other lipids, commonly known as helper lipids (Fig. 2d). 
These lipids are used to improve the properties of the liposome, 
contributing to its stability and delivery efficiency [61,62]. For example, 
cholesterol, an important component of animal cells, does not form the 
cell membrane by itself. However, cholesterol plays a very important 
role in maintaining the structure of the bilayer, provides higher fluidity 
and stability, and limits the permeability of water-soluble molecules 
across the membrane [63,64]. Another commonly used helper lipid is 
DOPE (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine), which has a 
conical geometry that promotes the formation of the hexagonal H(II) 
phase, destabilizing endosomal membranes and facilitating endosomal 
escape of the liposome [62]. This endosomal escape is essential for the 
delivery of the liposome cargo into the cytosol [65]. Last but not least, 
the use of PEGylated lipids (PEG as an abbreviation for Polyethylene 
glycol) offers several advantages, such as contributing to particle sta-
bility and reducing particle aggregation. This aggregation occurs mainly 
because the attraction between them is stronger than the attraction for 
the solvent. Therefore, coating the surface of the liposome with PEG 
would reduce this attraction by increasing the steric distance between 

them [66]. Some PEGylated lipids are: DSPE-PEG2000 (1,2-Dis-
tearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene 
glycol)-2000]) or DOPE-PEG2000 (1,2-dioleoyl-sn-glycer-
o-3-phosphoethanolamine-N-[amino(polyethylene glycol)-2000]). 

To enhance the properties of standard liposomes, several approaches 
have been pursued to modify them. One of them is the formulation of 
liposomes in combination with well-designed polymers, such as PEG 
[67]. Another approach taken by Sato et al. was to develop hybrid 
nanoparticles by fusing the exosome membrane to liposomes. This 
research demonstrated that the delivery of exosome can be modified by 
changing the lipid composition of the nanoparticles or the properties of 
the membrane by fusion with exosomes, in the view of cellular uptake 
[68]. The freeze-thaw method was used to hybridize the exosome mem-
brane with the liposomes (Fig. 3). The freeze-thaw method has been used 
to incorporate water-soluble molecules into the internal aqueous phase 
of liposomes. This may suggest that the freeze-thaw disrupts the plasma 
membrane by temporarily forming ice crystals [68,69]. 

6. Conclusions and perspectives 

Membrane proteins play a critical role in numerous physiological 
processes. Despite the importance of exosome proteins and the growing 
relevance of exosomes in translational research, there is a lack of liter-
ature that integrates these two areas of study. The main goal of this 
review is to provide a new perspective on the study of exosomes by 
highlighting the importance of exosome membrane proteins and the 
potential therapeutic target they may represent for the development of 
novel therapies. 

Exosomes face numerous limitations that restrict their widespread 
application in research, and one of the major challenges is the low 
production level of exosomes. This review proposes a novel strategy to 
overcome this obstacle by introducing the hybridization concept of li-
posomes. These lipidic nanoparticles are widely known for their clinical 
success in drug delivery. It was hypothesized that by increasing the 
cellular uptake of liposomes, we could enhance cell stimulation and 

Fig. 2. Structure, composition, and cargo of liposomes. (a) Both hydrophilic (liposome lumen) and hydrophobic drugs (bilayer) can be loaded into the liposome. 
(b) Liposomes consist of a hydrophobic bilayer normally formed by phospholipids (hydrophilic head and hydrophobic tails) and a hydrophilic core. (c) The hy-
drophobic bilayer can be formed by cationic lipids (e.g., DOTAP), anionic lipids (e.g., DOPS) or zwitterionic lipids (e.g., DOPC). (d) Accompanying this bilayer, we 
can find some helper lipids like cholesterol, PEGylated lipids and other lipids like DOPE. Illustration created with the support of SMART (Servier Medical Art). 
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Fig. 3. Scheme to illustrate the formation of hybrids. In the freeze-thaw process, the membrane of both liposomes and exosomes is disrupted and rejoined with 
each other, forming hybrids. Illustration created with the support of SMART (Servier Medical Art). 
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exosome production by cells. The approach we propose to enhance 
cellular uptake is the fusion of liposomes with exosome membrane. 
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