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Abstract

Extracellular Vesicles (EVs) are nanometer-sized cell-derived membrane vesicles that are released 

by donor cells and play an important role in intercellular communication. In this short 

communication, we discuss the obstacles currently faced in EV-mediated drug delivery research. 

The commonly used vehicle for drug delivery in prevalent practice are liposome’s which are 

synthetic vesicles, these vesicles commonly interact with serum proteins, macrophages and other 

innate immune response molecules and may be destroyed before they can deliver the drug. EVs 

however have the same membrane compositions and similar cell surface markers as the cells from 

which they are derived which thus prevents interactions or provocations of an immune response. In 

addition, EVs have been used to deliver molecules across tight cellular junctions such as the blood 

brain barrier. This has led to an interest in using EVs as a novel method for drug delivery. We 

hereby discuss the potential pitfalls and difficulties that need to be addressed before EVs can be 

used as drug delivery vehicles in pharmacological research.
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Introduction

Extracellular Vesicles (EVs) are nanometer-sized cell-derived membrane vesicles, released 

by many cell types. They primarily function as intercellular communication tools and ferry 

proteins, lipids and nucleic acids. EVs are generated through a dynamic process and they are 

classified into three main groups on the basis of their intracellular origin as, Apoptotic 

Bodies (ABs), Micro Vesicles (MVs) or exosomes (Exos) [1] (Schema 1). The three classes 

of EVs differ mainly in size and the mechanism of biogenesis. Exosomes are thought to be 

the smallest vesicle type, with sizes ranging from 40 to 100 nm. MVs are larger, ranging 
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from 50 nm to 1 μm and can form through direct budding from the plasma membrane. ABs 

are one of the largest EVs, about 1 – 5 μm and these are released when cells undergo 

apoptosis[1]. Since ABs are essentially a by-product of cellular death, they are considered 

less useful for drug delivery.

The prevalent vehicle for drug delivery, liposomes, can be loaded with small molecules or 

nucleic acids and have been in use for decades. EVs and liposomes are similar in 

constitution and are made up of a lipid bilayer with an aqueous inner layer. On average 

liposomes have a size of ~30 nm, which is similar to that of Exos. The liposomal surface is 

usually modified to reduce interactions with serum proteins, unlike EVs which already carry 

surface proteins that avoid any such interaction[2]. The surface of EVs is thought to be 

adapted to avoid detection by the immune system and to promote uptake by specific cell 

types. Given this advantage, EVs are more efficient than the synthetic liposome’s in drug 

delivery to a cell. They can deliver molecules even through hard-to-cross barriers like the 

blood-brain barrier as they carry the same membrane compositions as that of the blood 

vessels[3]. Previous reports show that EVs can be loaded with potent pharmacological agents 

such as curcumin, cucurbitacin-I, doxorubicin and paclitaxel[4]. The initial cargos of EVs 

comprised of small and long, coding and non-coding RNAs (mRNA, miRNA, lncRNA), 

lipids and proteins. These RNA and proteins that are transported by EVs could be devised as 

potential drugs for therapeutic purposes.

One of the preliminary challenges in working with EVs is the difficulty in identifying and 

isolating them accurately primarily because of the overlap in their sizes[5]. Protein 

biomarkers such as CD9, CD63, CD81 which are associated with the Exos, and CD63, CD9 

found on the MVs and Abs (6) are commonly used to distinguish between the EVs. Other 

classic markers like flotillin-1, heat-shock protein HSC70, and MHC class I and II that are 

currently used as markers, are expressed at the same level in all the three kinds of EVs[6] 

creating a limited way to differentiate between EVs.

EVs in RNA delivery

Micro RNAs (miRNAs) are the most widely studied family of non coding RNA with 17 – 22 

nucleotides (nt). They regulate post-transcriptional gene expression and have critical roles in 

basic biological processes. Dysregulation of miRNAs can lead to disease states such as 

cancer. The chemically modified miRNAs are more stable as compared to other RNAs. 

Additionally, they are easier to synthesize and manipulate as they are very short in length. 

miRNAs can bind with mRNA to target mRNA destabilization, translational repression and 

activation of gene expression, and one miRNA may regulate multiple genes as its targets[7]. 

This makes miRNAs a potential therapeutic agent and EVs would be the ideal vehicle for 

delivering them to the cell. However, there are several problems that need to be addressed 

before this can become a reality.

Potential problems to deliver miRNA using EVs

1. Amount of specific miRNAs in one exosome: less than one copy per exosome[8]. 

At least 100 exosomes would be needed to find one copy of a given miRNA if 

we consider a homogenous distribution[8]. This stoichiometry of miRNAs and 
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exosomes suggests that most individual exosomes in standard preparations do 

not carry biologically significant numbers of miRNAs and therefore, are 

individually unlikely to be functional as vehicles for miRNA-based 

communication.

2. No efficient way to determine the delivery efficacy and efficiency of Exos: Exos 

are generally labelled with fluorescent dye and the dye on the recipient cell is 

checked for delivery. Introduction of the miRNAs into EVs using lipofection or 

electroporation is common. Since the liposome with miRNAs can also be 

transfected into recipient cells and freely circulating miRNAs in the cell culture 

medium may also have functions, it is hard to accurately represent the efficiency 

of EVs mediated mechanism[9]. Similarly, efficacy is usually examined by 

recipient cells protein expression using western blot analysis, and this is also an 

indirect method of measuring the end result[9].

3. The most important problem that persists is that of cell specific delivery. Similar 

to most drugs and drug vehicles, a majority of EVs are taken up by cells through 

nonspecific methods such as endocytosis, macropinocytosis and phagocytosis[2]. 

Since EVs are the cell’s communication tools, we believe that modified surface 

markers could make the EVs deliver to specific cells. For example, using CD47 

markers can block the programmed cell removal signal to macrophages[10].

EVs in protein delivery

In addition to delivering small RNAs, EVs can be also used to deliver large molecules such 

as proteins. There are however only a limited number of studies that have looked at protein 

enriched EVs. One study showed that when exosomes enriched with the enzyme catalase 

was successfully transported across the blood–brain barrier it lead to improvement in 

Parkinson’s disease symptoms[11]. However, size continues to be a limitation, especially 

Exos which are only 100 nm in maximum dimensions and may be too small to carry 

significant amount of protein. The structure of protein is more complicated than miRNAs 

and plays a key role in its function. Proteins after being enriched in EVs may lose their 

secondary structures (helices, β-sheets and β-barrels) and may not be functionally viable 

anymore.

Conclusion

In conclusion, drug delivery through extracellular vesicles is becoming more popular in the 

medical field. Even though they have several advantages compared to liposomes and other 

nanoparticles, such as lower toxicity and subdued immune response the road to proficient 

use of EVs for drug delivery is fraught with hurdles. For miRNA, these include inability to 

determine the exact copy number, the delivery efficacy or efficiency and inability to deliver 

EVs specifically to certain cell types, and for the EV-mediated proteins, it is the inability to 

maintain intact structure during transport and to hold large proteins without altering their 

secondary structure.
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Schema 1. 
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