www.oncotarget.com

Oncotarget, 2021, Vol. 12, (No. 11), pp: 1029-1031
Editorial

Advances in innovative exosome-technology for real time
monitoring of viable drugs in clinical translation, prognosis and
treatment response
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Innovative technologies and exosomes

and reach of exosomes-based diagnostic and therapeutic
applications in the near future.
Exosomes are small nano-particles made by
cells within our body [8–10]. They contain crucial
information by way of proteins, metabolites, and
nucleic acids, facilitating cell-cell communication cells
[8–10]. Structurally, exosomes are surrounded by lipid
bilayers, which provides a robust layer of protection to
the biological contents stored within [10]. The abundance
of adhesive and surface proteins found on the surface of
exosomes readily interact with the cellular membrane of
target cells, allowing exosomes to essentially be vehicles
to deliver cargo such as drugs [10–12]. The innovative use
of exosomes as drug delivery systems for small molecules,
cytokines, and other biological components makes them
an ideal choice for clinical use [13].
In addition, the recent COVID19 pandemic has
opened up new opportunities for exosome technology to
benefit humankind. In the realm of vaccine development,

In the field of medicine, technological discovery is
a vital way to bridge knowledge gaps and equip us with
the know-how to address biological challenges. Innovative
technologies allow us to work faster and better understand
complexities, especially pertaining to human health
and disease [1–3]. Computer simulation and artificial
intelligence play a significant role in the timely diagnosis
and effective treatment of complex ailments such as cancer
[2–5]. The inquisition towards developing and acquiring
new technologies is quintessential in the journey towards
improving the quality of patient care.
The advent of advanced exosome purification
methods has made it possible to tap on the unexplored
potential of these tiny particles in clinically-precise
diagnosis and treatment of a myriad of diseases [6–8].
More efforts are currently being funneled into research
and development endeavors in order to increase the quality

Figure 1: Schematic illustration showing the application of exosome technology in major clinical uses and in different
scientific investigation.
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researchers are creating vaccines that consist of exosomes
engineered to display SARS-CoV-2 proteins on their
surface [14–16]. Also, since exosomes are known to be
resistant to immune attack, lysis, and degradation [13,
16–18], they can be exploited for use as an early-stage
diagnostic marker. Many conventional biomarkers that
are often proteinaceous-in-nature are unprotected from
biofluids which are home to degradative enzymes such
as proteases [17, 19]. Exosomes, which are encapsulated
within lipid bilayers, will be able to withstand said harsh
conditions and are stable for a prolonged duration of
time. Therefore, exosome-based biomarkers are attractive
options for efficient diagnosis of diseases such as cancer.
Other benefits that could give exosomes the edge
over existing platforms are that they are less immunogenic,
less cytotoxic, and due to sheer size, can easily cross
biological barriers such as the blood–brain barrier (BBB)
[19–21].
Innovations pertaining to the engineering of
exosomes have progressively circumvented the limitations
of naive exosomes (naturally-occurring exosomes
produced by cells), which are known to have lower
targeting capabilities, are more challenging to isolate, low
drug loading capacities, bioavailability issues, low half-life
in circulation, and low concentration of functional surface
receptors [22–24]. Engineered exosomes are manipulated
in a way that they can be loaded with maximum amounts
of components such as drugs or miRNAs, and have
higher specificity and delivery efficacies [13, 24, 25].
Additionally, engineered exosomes have other advantages
over native exosomes, such as lower production cost,
higher biocompatibility, and low undesirable effects
such as cytotoxic effects [25, 26]. No doubt, the clinical
application of exosomes can be enhanced by intelligent
engineering methods for improving the delivery of drugs,
genes, heat shock proteins, and functional bioactive
molecules to target tissues [26–28]. They also have the
capabilities to penetrate deeper within tissues with their
surface ligands and receptors (Figure 1) [27, 28].

which have a high diagnostic value [33–36]. Collectively,
exosome technology will revolutionize the field of
diagnostics and treatment of human diseases (Figure 1).
Nonetheless, further optimization of current
methods and fine-tuning of technologies are necessary
to push the field towards real clinical value [37, 38].
Exosomes technology has already been increasingly
used in disease diagnosis and treatment; this encourages
researchers to channel more efforts into overcoming
limitations and challenges in the field [38, 39] such as
issues related to the purification of exosomes from their
parent source, eliminating contaminants, reducing the
damage of exosomes from the harsh ultracentrifugation
method (which spins the exosomes at ultra-speed and
damages their membrane and enclosed therapeutic
content) [39–42].

CONFLICTS OF INTEREST
Authors have no conflicts of interest to declare.
Mujib Ullah: Institute for Immunity and Transplantation,
Stem Cell Biology and Regenerative Medicine, School of
Medicine, Stanford University, Palo Alto, California 94304,
USA
Correspondence to: Mujib Ullah,
email ullah@stanford.edu
Keywords: exosomes; artificial intelligence; drug delivery;
extracellular vesicles; cancer
Received: March 10, 2021
Published: May 25, 2021

REFERENCES
1. Donoso-Quezada J, et al. Crit Rev Biotechnol. 2020;
40:804–20. https://doi.org/10.1080/07388551.2020.17853
85. [PubMed]
2. Zhang Y, et al. Int J Nanomedicine. 2020; 15:6917–34.
https://doi.org/10.2147/IJN.S264498. [PubMed]
3. Liga A, et al. Lab Chip. 2015; 15:2388–94. https://doi.
org/10.1039/c5lc00240k. [PubMed]

CONCLUSIONS AND FUTURE DIRECTIONS

4. Ullah M, et al. Artif Intell Cancer. 2020; 1:39–44. https://
doi.org/10.35713/aic.v1.i2.39.

New and emerging technologies play a significant
role in permitting exosome detection and tracking, in vivo
monitoring and analysis [29–31]. Magnetically-labeled
particles and optical sensors offer great promise for in
vivo monitoring, and detection of exosomes [31, 32].
Innovative technologies are also beneficial to improve
exosome target specificity, which translates to higher
sensitivity of patients to drug response, reduction in
treatment cost, and greater disease outcome [31–33].
Artificial, digital, and optical technologies, when used in
combination, have the potential to detect exosomes at the
single-particle level or at very minimal concentrations,
www.oncotarget.com

5. Ullah M, et al. Stem Cell Res Ther. 2019; 10:347. https://
doi.org/10.1186/s13287-019-1468-6. [PubMed]
6. Feng R, et al. J Extracell Vesicles. 2020; 9:1783869. https://
doi.org/10.1080/20013078.2020.1783869. [PubMed]
7. Ullah M, et al. Int J Mol Sci. 2020; 21:4085. https://doi.
org/10.3390/ijms21114085. [PubMed]
8. Im H, et al. Expert Rev Mol Diagn. 2015; 15:725–33.
https://doi.org/10.1586/14737159.2015.1041378. [PubMed]
9. Schorey JS, et al. Traffic. 2008; 9:871–81. https://doi.
org/10.1111/j.1600-0854.2008.00734.x. [PubMed]

1030

Oncotarget

10. Théry C, et al. Nat Rev Immunol. 2002; 2:569–79. https://
doi.org/10.1038/nri855. [PubMed]

28. Liang Y, et al. Theranostics. 2021; 11:3183–95. https://doi.
org/10.7150/thno.52570. [PubMed]

11. Ullah M. J Biomed Allied Res. 2020; 2:013. https://doi.
org/10.37191/Mapsci-2582-4937-2(1)-013. [PubMed]

29. Li I, et al. Mol Cancer. 2019; 18:32. https://doi.org/10.1186/
s12943-019-0975-5. [PubMed]

12. Liu Q, et al. Biomed Pharmacother. 2021; 135:111148.
https://doi.org/10.1016/j.biopha.2020.111148. [PubMed]

30. Cheng Q, et al. Cell Reprogramming for Immunotherapy.
2020; 197–209. https://doi.org/10.1007/978-1-0716-02034_12.

13. Ullah M, et al. ACS Nano. 2021 Mar 5. https://doi.
org/10.1021/acsnano.0c10689. [Epub ahead of print].
[PubMed]

31. Betzer O, et al. Wiley Interdiscip Rev Nanomed
Nanobiotechnol. 2020; 12:e1594. https://doi.org/10.1002/
wnan.1594. [PubMed]

14. Ullah M. Open Acc J Bio Sci. 2020; 2:301–2. https://doi.
org/10.38125/oajbs.000168.

32. Liu T, et al. Magn Reson Imaging. 2020; 68:75–82. https://
doi.org/10.1016/j.mri.2020.02.001. [PubMed]

15. Ullah M. Biomed J Sci Tech Res. 2020; 27:20872–4. https://
doi.org/10.26717/bjstr.2020.27.004518.

33. Jung KO, et al. Biomaterials. 2018; 177:139–48. https://doi.
org/10.1016/j.biomaterials.2018.05.048. [PubMed]

16. Gupta A, et al. Hum Cell. 2020; 33:907–18. https://doi.
org/10.1007/s13577-020-00407-w. [PubMed]
17. Jayaramayya K, et al. BMB Rep. 2020; 53:400–412. https://
doi.org/10.5483/BMBRep.2020.53.8.121. [PubMed]

34. Ullah M, et al. Technol Cancer Res Treat. 2020;
19:1533033820964194.
https://doi.org/10.1177/1533033820964194. [PubMed]

18. Akbari A, et al. Stem Cell Res Ther. 2020; 11:356. https://
doi.org/10.1186/s13287-020-01866-6. [PubMed]

35. Ullah M, et al. Int J Stem Cell Res Ther. 2020; 7:066.
https://doi.org/10.23937/2469-570x/1410066. [PubMed]

19. Chen CC, et al. Cell Mol Bioeng. 2016; 9:509–29. https://
doi.org/10.1007/s12195-016-0458-3. [PubMed]

36. Ullah M, et al. Oncotarget. 2019; 10:4000–01. https://doi.
org/10.18632/oncotarget.27021. [PubMed]

20. Yang T, et al. Pharm Res. 2015; 32:2003–14. https://doi.
org/10.1007/s11095-014-1593-y. [PubMed]

37. Shen LM, et al. ACS Applied Nano Materials. 2018;
1:2438–48. https://doi.org/10.1021/acsanm.8b00601.

21. Zhao Z, et al. Cell Res. 2017; 27:849–50. https://doi.
org/10.1038/cr.2017.71. [PubMed]

38. Verweij FJ, et al. Dev Cell. 2019; 48:573–89.e4. https://doi.
org/10.1016/j.devcel.2019.01.004. [PubMed]

22. Tran PH, et al. Adv Mater. 2020; 32:1904040. https://doi.
org/10.1002/adma.201904040. [PubMed]

39. Delcayre A, et al. Blood Cells Mol Dis. 2005; 35:158–68.
https://doi.org/10.1016/j.bcmd.2005.07.003. [PubMed]

23. Zhan Q, et al. Theranostics. 2020; 10:7889–905. https://doi.
org/10.7150/thno.45028. [PubMed]

40. Caradec J, et al. Clin Biochem. 2014; 47:1286–92. https://
doi.org/10.1016/j.clinbiochem.2014.06.011. [PubMed]

24. Elkhoury K, et al. Pharmaceutics. 2020; 12:849. https://doi.
org/10.3390/pharmaceutics12090849. [PubMed]

41. Im H, et al. Lab Chip. 2017; 17:2892–8. https://doi.
org/10.1039/c7lc00247e. [PubMed]

25. Cheng Q, et al. J Am Chem Soc. 2018; 140:16413–7.
https://doi.org/10.1021/jacs.8b10047. [PubMed]

42. Zhang M, et al. Small Methods. 2018; 2:1800021. https://
doi.org/10.1002/smtd.201800021.

26. Arenaccio C, et al. Curr Drug Targets. 2019; 20:87–95.
https://doi.org/10.2174/1389450119666180521100409.
[PubMed]

Copyright: © 2021 Ullah et al. This is an open access article
distributed under the terms of the Creative Commons Attribution
License (CC BY 3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and
source are credited.

27. He C, et al. Theranostics. 2018; 8:237–55. https://doi.
org/10.7150/thno.21945. [PubMed]

www.oncotarget.com

1031

Oncotarget

