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Introduction

E
xtracellular vesicles (EVs) are particles of vary-
ing size, structure, and composition, which are 
secreted from cells and frequently mediate 
intercellular communication. Because they have 

been shown to travel through the circulatory system and 
also through biological barriers to deliver their molecular 
contents to distant target cells, there has been growing 
interest in using EVs, such as exosomes, as drug delivery 
vehicles.[1,2,3] In the past ten years, the number of published 
articles linking EVs to drug delivery has increased 20-fold 
(Figure 1). EVs are being engineered to deliver protein, 
RNA, and small molecule cargo to target cells, tissues, and 
entire systems. Also, EVs derived from certain cells show 
inherent, therapeutically beneficial activity. For example, 
EVs prepared from antigen-presenting cells can be used like 
vaccines to elicit a desired immune response from a host.[4]

The idea of using lipid-based carriers to deliver drugs 
is, of course, not new. Liposomes were first introduced 
as delivery vehicles in the 1960s[5], and some liposome-
formulated drugs have made it to 
market. However, developers of 
liposome-based therapies are still 
trying to overcome the challenges 

of particle clearance by the immune system, immunogenic-
ity, and the lack of specificity in targeting these particles to 
particular cell types.[6]

From this perspective, EVs are an attractive alternative 
to synthetic liposomes. They have already demonstrated 
stability in the circulatory system, and because of the pro-
teins embedded in EV membranes, they reach target cells 
and are taken up more efficiently.[3]

Defining Successful  
Isolation of Functional EVs

Concurrently, with the rise of EVs in diagnostic and thera-
peutic research, the International Society for Extracellular 
Vesicles (ISEV) has noted that there should be consistently 
applied standards for defining successful isolation of func-
tional EVs from cultured cells. EV preparations can vary 
in molecular composition and function, depending on 
experimental conditions such as cell culture viability, apop-
totic index, cell proliferation rate, status of the cell culture 

FIGURE 1.  Number of published 
articles (and years) containing both 
key words “exosomes” and “drug 
delivery.” A  Google Scholar search 
was performed on March 11, 2015 
for literature containing both terms 
“exosomes” and “drug delivery” as 
a proxy to measure interest in the 
potential for using EVs as therapeutic 
agents.

http://www.bioprocessingjournal.com
http://www.isevmeeting.org/
http://www.isevmeeting.org/
http://scholar.google.com
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medium, handling conditions, and other parameters. 
To facilitate evaluation of EV-based analyses, the ISEV 

published recommendations for standardized methods 
used in sample collection, isolation, and analysis[7], but 
recognized that the exact method of preparation could 
depend on the scientific question being asked. The Society 
posited that maintaining EV function in the enriched sam-
ples was most critical for “preparative research” in which 
EVs would be delivered to patients or the physiological 
functioning of EVs would be analyzed. 

Most recently, the ISEV published recommended cri-
teria by which the EV community could judge whether a 
reported EV preparation truly contained functional EVs.[8] 
These criteria called for:

•	 Detailed experimental methods for isolating EVs, 
including reporting health and viability of cells of origin

•	 Semi-quantitative measurement of positive and 
negative protein markers for EVs

•	 Comparison of proteins in the prepared EVs with those 
in the cells of origin

•	 Visualization of single, representative EVs

•	 Evidence of association between EVs and functional 
target molecules

•	 Dose response data showing that function changes 
with respect to EV concentration

If greater numbers of EV-based therapies head into 
clinical development, it is not unreasonable to expect that 
regulatory agencies may issue guidances to drugmak-
ers that echo the ISEV’s recommendations. Similarly, the 
manufacture and quality control of EV-based therapies will 
likely be subject to similar regulatory oversight as currently 
marketed vaccines and cell-based immunotherapies.

What Makes an EV Preparatory Method 
Suitable for Bioprocess Development?

For EV-based therapies to advance through the drug 
development pipeline, their isolation methods need to be 
conducive to efficient process development. 

Specifically, therapeutic EV preparations should exhibit 
the following characteristics:

•	 Ethically non-controversial source material

•	 Seamless expansion to manufacturing scale

•	 Minimal adverse effects upon transplantation

•	 Low immunogenicity

•	 Reproducible yield

•	 Minimal contamination with media and cell 
components 

Table 1 lists the methods and source materials used to 
prepare EVs in representative studies where the EVs were 
being investigated as potential therapeutic agents. 

TABLE 1.  EV preparation methods used in representative publications describing therapeutic applications of EVs.

EV Source Material Cargo/Surface Molecules Target Cell/Tissue Method of Preparation

Dendritic cells[9] MHC class I, MHC class II, and CD1 
antigen-presenting molecules

Immune response Ultrafiltration (500 kDa membrane) + 
sucrose gradient ultracentrifugation

Glioblastoma tumor cells*[10] HSP70, MHC class I Dendritic cells Ultrafiltration (100 kDa membrane) + 
sucrose gradient ultracentrifugation

Immortalized mesenchymal 
stem cells (MSCs)[11]

Not determined Injured cardiac tissue HPLC fractionation of conditioned 
medium

Immature dendritic cells[12] siRNAs targeting peptides 
expressed on surface

Muscle, brain Ultracentrifugation

EL-4 mouse lymphoma cells[13,14] Curcumin Brain microglia Sucrose gradient ultracentrifugation

EL-4 mouse lymphoma cells[14] JSI124 small molecule STAT3 
inhibitor

Glioblastoma xenograft cells Sucrose gradient ultracentrifugation

Immature dendritic cells[15] Doxorubicin MDA-MB-231 breast cancer cells Ultrafiltration (100 kDa membrane) + 
sucrose gradient ultracentrifugation

HeLa cells, HT1080 cells, and 
ascites fluid[16]

siRNAs HeLa cells and HT1080 cells Ultracentrifugation

Immortalized MSCs[17] Anti-miR-9 Glioblastoma cells Ultracentrifugation

HEK293 cells[18] Let-7a miRNA Breast cancer cells Ultracentrifugation

MSCs[19] Paclitaxel Human pancreatic 
adenocarcinoma cells

Ultracentrifugation

NOTE:   *The EV preparation method of Lamparski and colleagues follows GMP.  

LEGEND:  Major histocompatibility complex (MHC) molecules; cluster of differentiation 1 (CD1) glycoproteins; heat shock protein (HSP); small interfering RNA (siRNA); 
cucurbitacin I (JSI124); signal transducer and activator of transcription (STAT); microRNA (miR or miRNA); and high-pressure liquid chromatography (HPLC).
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While ultracentrifugation is the most commonly used 
method, of note is the fact that the GMP method listed 
also involves filtration through a 500 kDa molecular weight 
cut-off hollow-fiber ultrafiltration membrane.[9] In ultrafil-
tration, a pressure gradient across the membrane, known 
as transmembrane pressure, drives the filtration process. 
The scale-down model of this GMP process is faster and 
uses Amicon® Ultra centrifugal ultrafilters (EMD Millipore), 
which are composed of Ultracel® regenerated cellulose 
ultrafiltration membrane material (Figure 2) in a vertical 
orientation so that the direction of flow is parallel to the 
membrane, enabling near-tangential flow filtration. EVs 
prepared using ultrafiltration are in clinical development.[3]

There are several advantages to using ultrafilters for 
EV preparation, starting with the exclusion of potentially 
immunogenic protein and EV aggregates. Also, the shear 
force can be controlled, especially if tangential flow fil-
tration is used, resulting in more reproducible EV yields. 
Finally, the buffer conditions of the final EV preparation can 
be easily changed using membrane-based diafiltration.[9] 

Other methods of EV preparation used for endpoint 
studies, such as polymeric precipitation or immunoaffinity 
methods, may not be appropriate for preparing functional 
EVs, because they may require treatment with low pH, high 
salt, or other disruptive solutions. Also, with these methods, 
it is challenging to enrich for EVs selectively over large 
protein aggregates of similar size.[20] 

Best Sources From Which to  
Prepare Cell Culture-Derived EVs

To date, MSCs are the only cell type considered to be a 
satisfactory source for generating high yields of functional 
EVs. MSCs can be easily expanded, 
and if  they are immortalized via 
incorporation of the myc oncogene, 
their expansion can be limitless.[21] 
One study compared the yield of EVs 

FIGURE 2. A scanning electron micrograph 
showing a cross-section of an Ultracel® 
regenerated cellulose ultraf iltration 
membrane. During manufacturing, using 
a uniform population of molecules in the 
membrane precipitation process results 
in pores with a high degree of uniformity. 
(Photo credit: EMD Millipore).

obtained from different cell types, such as MSCs, myo-
blasts, and human monocytic leukemia THP-1 cells. In 
this study, MSCs were shown to produce at least 10-fold 
higher amounts of EVs than the next-highest producing 
cell type.[21] 

Immature dendritic cells, if they can be engineered to be 
as expandable and high-yielding as MSCs, may be another 
promising source of therapeutic EVs. Because of their 
potent modulation of immune responses, as seen in vac-
cination studies[22], dendritic cell-derived EVs may prove to 
be successful in combination immunotherapies for diseases 
such as cancer and autoimmune/demyelinating disorders.

Conclusion
As difficult as it may seem to develop a scalable pro-

cess for manufacturing therapeutic EVs, any such process 
is much less complex than manufacturing material for 
cell therapies, an endeavor recently undertaken by mul-
tiple biopharmaceutical companies including Novartis, 
Adaptimmune, Kite Pharma, and Lion Biotechnologies[23], 
as drugmakers have discovered how efficacious adoptive 
T-cell therapy can be. Eliminating the need to preserve cell 
viability and the ability to regulate cellular responses may 
translate into more predictable responses in preclinical and 
clinical models.

Before EVs become the standard method for delivering 
targeted therapies, a manufacturing-scale ultrafiltration 
platform for isolating EVs must be developed; ideally in 
line with analytical platforms for reproducible quantita-
tion and characterization. When this landmark is reached, 
the decades-old promise of liposome-based therapies 
may be fulfilled.
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