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ﬂSTRACT \

Biological therapeutics, including short interfering RNA and recombinant proteins, are prone to
degradation, have limited ability to cross biological membranes, and may elicit immune responses.
Therefore, delivery systems for such drugs are under intensive investigation. Exploiting extracellular
vesicles as carriers for biological therapeutics is a promising strategy to overcome these issues and to
achieve efficient delivery to the cytosol of target cells. Exosomes are biological membrane vesicles
measuring 30 to 100 nm. They contain an abundance of small molecules like tetraspanins, receptors
for targeting and adhesion, lipids, and RNA. They are secreted by most biological cells, and are
involved in a plethora of physiological functions including, but not limited to, transport of genetic
material, modulation of the immune system, and cell-to-cell communication. Due to their viral-like
transfection efficiency and inherent biological function, compelling evidence indicates that exosomes
can be used as novel delivery platforms for gene therapy. This review provides insights into the
composition and functional properties of exosomes, and focuses on therapeutic, diagnostic and gene
delivery potential of exosomes.
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INTRODUCTION toxic or immunogenic cellular contents into the
Cells are well known to communicate via extracellular matrix®. Apoptotic bodies appear
soluble mediators or cell-cell contact, but in as a heterogeneous group of vesicles, with
recent decades, intercellular communication sizes ranging from 50 nm to 5 ym and a
through extracellular vesicles has also buoyant density of 1.16-1.28 g/mL”. They
increasingly gained attention. The first notion contain a variety of cellular contents, including
of such vesicles arose when Wolf described DNA, RNA, and histones, and display “eat-me”
the formation of “platelet dust” upon storage of signaling molecules, causing them to be
blood plateletsl. These phospholipid-rich rapidly cleared by macrophagesB' °. Due to
particles were shown to exert coagulant their specific cellular content and high density,
activity and were later determined to be they may be distinguished from two other
actively shed membrane-derived vesicles®. major vesicle populations, which show
Since then our knowledge about such vesicles considerably more overlap. One of these
has expanded dramatically, and vesicle populations originates from budding and
secretion is now widely accepted to occur in fission from the plasma membrane into the
most, if not all, cell types. Characterization extracellular space and contains vesicles of
studies identified three main populations of about 50-1000 nm in size. Such vesicles are
extracellular vesicles, which are commonly interchangeably referred to as microvesicles™,
classified based on their intracellular origin. ectosomes™, shedding vesicles™,
Cells that undergo apoptosis fractionate their icroparticle513’14, plasma membrane-derived
cellular content into subcellular apoptotic vesicles™ or even exovesicles™.

bodies in order to prevent leakage of possibly
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A microvesicles are supposedly generated by
budding from the plasma membrane,
exosomes appear to be formed by tightly
controlled inward budding into large multi
vesicular bodies in the cytosol. These multi
vesicular bodies are able to fuse with the
plasma membrane, causing the release of
exosomes into the extracellular space. In
theory, exosomes and microvesicles are
clearly distinguishable by their origin, but in
Practlce such a distinction is seldom possible

Exosomes are bio-nanopatrticles,
measuring 30 to 100 nm in diameter, and are
secreted by most biological cells'®. They are
responsible for a plethora of biological
functions, including but not limited to, cell-to-
cell communication, signal transduction,
transport of genetic materlals and modulation
of immune responses'. Alluding to thelr
nanometer size and mherent biological role®
compelling evidence indicates that exosomes
can be utilized as a novel nanoscale delivery
platform for gene therapy”, as well as a
diagnostic tool for b|omarkers of disease®
This dual functionality of therapeutics and
diagnostics is termed “theranostics”, and is a
new and emerging field of nanomedicine®
Gene therapy is a technique by which an
abnormal gene is replaced with a normal one
to correct the disease manifestation, and to
restore biological function. However, the field
of gene therapy is still in its infancy, and it has
been fraught with setbacks in the past®. At the
time of writing, the US Food and Drug
Administration (FDA) has not yet approved
any human gene therapy product for sale®
Interestingly, China has sought to lead the way
by approving the world's first gene therapy-
based drug, Gendicine™ (a recombinant
adenovirus) in 2004 for use in cancer patients
® with moderate success®’

Exosomes

Exosomes are nanoscale membrane vesicles
first described in the 1980s”, but the word
“‘exosome” was (confusingly and rather
unfortunately) re-used in 1997 to refer to
exoribonuclease complexes in RNA
processing *_ Exosomes are secreted by cells
from multivesicular endosomes, and transport
various biological molecules, ranging from
membrane receptors, proteins, to mRNA and
(microRNA) miRNA for maintenance of
biological homeostasis®’, as well as epigenetic
reprogramming®'. Exosomes are constitutively
generated (a process which is not calcium
triggered) from late endosomes, which
subsequently form multivesicular bodies, and it
has been found that this mechanism is
ceramide-dependent32 Upon release,
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exosomes can transport materials to
neighboring cells via clathrin mediated
endocytosis®. However, there is also evidence
to suggest that the uptake of exosome relies
on specific surface molecules on the exosome
itself, as well as the presence of specmc
receptors on the recipient cell membrane®
Due to the similarity in size and composition of
retroviruses and exosomes, it has been
postulated that exosomes can serve as the
ultimate “Trojan horse” for delivering small
molecules |nto cells (similar to how viruses
infect cells)®®, with a potential for being gene
delivery vehicles.

Functions of exosomes

» Physiological
Exosomes are involved in the modulation
of the immune system by functlonlng as
shuttles for antigen presentatlon . Upon
internalization of exosomes, antigen-
specific immune responses can then be
appropriately mounted *. Dendritic cells
can also secrete exosomes to
communicate with T cells and B cells to
mount an immune response or to mediate
immune tolerance®. Thus, exosomes can
either have a stimulatory or inhibitory
effect on the immune system, although its
exact mechanism has not been fully
elucidated. Apart from its role in the
immune system, it has also been
demonstrated that exosomes serve other
physiological purposes as well. Evidence
suggests that mesenchymal stem cells
secrete exosomes, which can attenuate
ischemia reperfusion injury in myocardial
infarction®. In addition, exosomes are also
thought to be involved in the regulation of

function®®**

neuronal cell as well as
communication between cells **

» Pathological
Recent evidence suggests a stark

similarity in both composition, as well as
mechanism of action of material transfer in
exosomes and retroviruses®*. Both
exosomes and retroviruses have a lipid
bilayer membrane, share a common
glycan coat, and are enriched with similar
proteins and genetic materials. It has been
hypothesized that exosomes  and
retroviruses share a common ancestry,
merely differing by a mutation of a single
structural gag gene. Indeed, it has been
shown that exosomes are involved in the
functional delivery of viral miRNA, as a
potent mechanism of infectivity®. It has
been experimentally demonstrated that
exosomes are associated with the
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transmission of prion proteins via
intercellular membrane exchange in
Creuzfeldt-Jakob disease®®*®,

» Gene therapy
The concept of gene therapy is attractive
to both the scientific community as well as
patients, because the idea of replacing a
defective gene with a corrected one
appears simple and elegant. However, the
gene therapy fraternity was forced to re-
evaluate its protocols with the sudden
death of Jesse Gelsinger, the first patient
in a gene therapy clinical trial to succumb
to an acute immunological reaction to the
adenovirus, which was used as a vector
for delivering the gene®. Nevertheless,
much progress has been achieved in the
realm of gene therapy. Clinical trials have
shown that gene therapy is safe and
effective in treating diseases in humans

such as severe combined
immunodeficiency (sciD)®, B-
thalassemia®!,  inflammatory  bowel
disease™, Duchenne muscular
dystrophy®®>, and  chronic  lymphoid
leukemia >*.

CONCLUSION

The safe and effective delivery of drug
molecules to their target site is a field which
has increasingly gained attention in drug
design and development. In recent decades,
the focus has shifted from synthetic drug
compounds to the delivery of biological drugs
(ie, proteins and nucleic acids), which are very
prone to immune effects and degradation. In
this regard, exosome mimetics are promising
candidate delivery vehicles, given that they
mimic nature’s delivery vehicles of biologicals,
but are not as complex as their biological
counterparts. These characteristics may allow
them to deliver biological in an effective and
safe manner, with high pharmaceutical
acceptability due to their well characterized
components. This review provides insights into
the composition and functional properties of
exosomes, and focuses on therapeutic,
diagnostic and gene delivery potential of
exosomes. The similar mechanism of actions
for gene transfection of both exosomes and
viruses highlights the potency of exosomes in
gene therapy. As exosomes can be derived
from the patient's own cells, the issue of
immunogenicity can be  circumvented.
Nevertheless, the concept of utilizing
exosomes as a gene delivery vehicle is an
attractive and promising technique in gene
therapy.

432

REFERENCES

1. Wolf P. Br J Haematol.1967;13:269-
288.

2. Crawford N. Br J
Haematol.1971;21:53- 69.

3. Doonan F, Cotter TG. Methods.
2008;44:200-204.

4, Hristov M, Erl W and Linder S. Blood.
2004;104: 2761-2766.

5. Xie Y, Bai O and Yuan Y. Cancer Res.
2009;69:7756-7766.

6. Cline AM and Radic MZ. Clin
Immunol. 2004;112:175-182.

7. Thery C, Ostrowski M and Segura E.
Nat Rev Immunol. 2009;9:581-593.

8. Schiller M, Bekeredjian-Ding | and
Heyder P. Cell Death Differ.
2008;1:183-191.

9. Gregory CD and Pound JD.
Apoptosis. 2010;15:1029-1049.

10. Muralidharan-Chari V, Clancy JW and
Sedgwick A. J Cell Sci.
2010;123:1603-1611.

11. Pilzer D, Gasser O and Moskovich O.
Springer Semin Immunopathol.
2005;27:375-387.

12. Shedden K, Xie XT and Chandaroy P.
Cancer Res. 2003;63: 4331-4337.

13. Sekula M, Janawa G and Stankiewicz
E. Cell Mol Biol Lett. 2011;16:69-78.

14. Shantsila E, Kamphuisen PW and Lip
GY. J Thromb Haemost. 2010;8:2358-
2368.

15. Antwi-Baffour S, Kholia S and Aryee
YK. Biochem Biophys Res Commun.
2010;398:278-283.

16. Obregon C, Rothen-Rutishauser B
and Gitahi SK. Am J Pathol.
2006;169:2127-2136.

17. Record M, Subra C and Silvente-
Poirot S. Biochem  Pharmacol.
2011;81:1171-1182.

18. Thery C, Zitvogel L and Amigorena S.
Nat Rev Immunol. 2002;2:569-579.

19. Thery C, Ostrowski M and Segura E.
Nat Rev Immunol. 2009;9:581-593.

20. Gyorgy B, Szabo TG and Pasztoi M.
Cell Mol Life Sci. 2011;68:2667-2688.

21. Alvarez-Erviti L, Seow Y and Yin H.
Nat Biotechnol. 2011;29:341-345.

22. Taylor DD and Gercel-Taylor C.
Gynecol Oncol. 2008;110:13-21.

23. Tan A, Yildirimer L and Rajadas J.
Nanomedicine. 2011;6:1101-1114.
24, Tani Faustine J and Sufian JT. West

Indian Med J. 2011;60:188-194.
25. Cellular and Gene Therapy Products.

FDA
http://www.fda.gov/Biologics

Website:
Blood


http://www.fda.gov/Biologics%20Blood%20Vaccines/Cellular%20Gene%20Therapy%20Products/default.htm

IJRPC 2015, 5(3), 430-433 Sri;'ita Dutta ISSN: 22312781

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Vaccines/Cellular Gene
Products/default.htm.
Pearson S, Jia H and Kandachi H. Nat
Biotechnol. 2004;22: 3-4.

Chen S, Chen J and Ma G. Am J Clin
Oncol,
http://dx.doi.org/10.1097/COC.0b013e
3181f e4688. 2011.

Orr L, Adam M and Johnstone RM.

Therapy

Biochem Cell Biol. 1987;65:1080-
1090.
Mitchell P, Petfalski E and

Shevchenko A. Cell. 1997;91:457-466.
Camussi G, Deregibus MC and Bruno
S. Kidney Int. 2010;78:838-848.
Camussi G, Deregibus MC and Bruno
S. Am J Cancer Res. 2011;1:98-110.
Trajkovic K, Hsu C and Chiantia S.
Science. 2008;319:1244-1247.
Escrevente C, Keller S and Altevogt P.
BMC Cancer. 2011;11:108.

Tian T, Wang Y and Wang H. J Caell
Biochem. 2010;111:488-496.

Gould SJ, Booth AM and Hildreth JE.
Proc Natl Acad Sci USA.
2003;100:10592-10597.

Qazi KR, Gehrmann U and Domange
Jordo E. Blood. 2009;13:2673-2683.
Buning J, Von Smolinski D and
Tafazzoli K. Immunology. 2008;125:
510-521.

Johansson SM, Admyre C and
Scheynius A. Immunology.
2008;123:491-499.

Lai RC, Arslan F and Lee MM. Stem
Cell Res. 2010;4:214-222.

433

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

Potolicchio I, Carven GJ and Xu X. J
Immunol. 2005;175:2237-2243.
Kramer-Albers EM, Bretz N and
Tenzer S. Proteomics Clin Appl.
2007;1:1446-1461.

Lachenal G, Pernet-Gallay K and
Chivet M. Mol Cell Neuro sci.
2011;46:409-418.

Izquierdo-Useros N, Puertas MC and
Borras FE. Cell Microbiol. 2011;13:10-
17.

Izquierdo-Useros N, Naranjo-Gomez
M and Erkizia |. PLoS Pathog.
2010;6:€1000740.

Pegtel DM, Cosmopoulos K and
ThorleyLawson DA. Proc Natl Acad
Sci USA. 2010;107: 6328-6333.
Fevrier B, Vilette D and Archer F. Proc
Natl Acad Sci USA. 2004;101:9683-
9688.

Vella LJ, Sharples RA and Lawson
VA. J Pathol. 2007;211:582-590.
Porto-Carreiro |, Fevrier B and Paquet
S. Blood Cells Mol Dis. 2005;35:143-
148.

Marshall E. Science. 1999;286:2244-
2245,

Aiuti A, Cattaneo F and Galimberti S.
N Engl J Med. 2009;360:447-458.
Cavazzana-Calvo M, Payen E and
Negre O. Nature. 2010;467: 318-322.
Glocker EO, Kotlarz D and Boztug K.
N Engl J Med. 2009;361:2033-2045.
Cirak S, Arechavala-Gomeza V and
Guglieri M. Lancet. 2011;378:595-605.
Porter DL, Levine BL and Kalos M. N
Engl J Med. 2011;365:725-733.


http://www.fda.gov/Biologics%20Blood%20Vaccines/Cellular%20Gene%20Therapy%20Products/default.htm
http://www.fda.gov/Biologics%20Blood%20Vaccines/Cellular%20Gene%20Therapy%20Products/default.htm
http://dx.doi.org/10.1097/COC.0b013e3181f%20e4688
http://dx.doi.org/10.1097/COC.0b013e3181f%20e4688

