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heterogeneity of tumor-secreted extracellular
vesicles
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Abstract
Super-resolution microscopic imaging employing upconversion nanoparticles is applied to reveal the surface
heterogeneity of tumor cell-derived small extracellular vesicles, i.e., exosome. The number of surface antigens of every
extracellular vesicles can be quantified by both the high imaging resolution and stable brightness of upconversion
nanoparticles. This method proves its great potential in nanoscale biological studies.

Extracellular vesicles (EVs) are cell-derived micro-/
nanoparticles enclosed by a lipid bilayer and contain
biological cargos including lipids, proteins, DNA, and
RNA. As mediators of intracellular communications,
EVs not only play an important role in regulating fun-
damental biological processes, but also involved in dis-
ease pathogenesis, such as the tumour progression or
the spread of numerous pathogens1. Observing the
structure of EVs has always been a major need for
understanding the action mechanism, but the small sizes
of EVs (e.g., exosomes with a diameter of 40–120 nm)
make them only being characterised by a few techni-
ques. The non-invasive and bio-friendly optical nano-
scopy (super-resolution microscopy) is an ideal tool for
this purpose, but either the commonly used single-
molecule localisation microscopy (SMLM) or stimulated
emission depletion microscopy (STED) suffers from
problems such as low throughput, high power require-
ment, or failure to support long-period observation. In a
recent article published in eLight2, Huang and co-
workers proposed an ingenious strategy to reveal the
surface heterogeneity of tumor-secreted EVs, by
employing super-resolution microscopy based on

lanthanide-doped upconversion nanoparticles (UCNPs).
Previously, this group has already demonstrated the
feasibility and advantages of using UCNPs for quanti-
tative EVs detection3.
UCNPs are an emerging inorganic luminescence

probe with unique nonlinear excitation property of
stepwise upconversion. The nonlinear excitation pro-
cess, including multiphoton excitation and saturated
excitation, has been cleverly applied to super-
resolution imaging, which gives rise to many novel
techniques with distinct advantages4–6. Another main
reason driving people to upconversion nanoscopy is
the high photostability, which supports long-period
imaging without any photobleaching or blinking7–9.
With surface functionalization and immunolabelling
techniques, these inorganic nanoparticles can be tar-
geted to specific biological structures or molecules for
bioimaging and detection. In Huang et al.’s work,
tumour epitope epithelial cellular adhesion molecule
(EpCAM) on the surface of EVs was selected for study.
The EVs were captured and fixed on an antibody-
coated sample plate, and the UCNPs were targeted to
EpCAM with biotin-avidin labelling method (Fig. 1).
The researchers used a laser-scanning microscopic
imaging system with a doughnut-shaped excitation
beam for upconversion super-resolution imaging.
Here, with the nonlinear saturated excitation4, the

© The Author(s) 2023
OpenAccess This article is licensedunder aCreativeCommonsAttribution 4.0 International License,whichpermits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changesweremade. The images or other third partymaterial in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to thematerial. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Correspondence: Qiuqiang Zhan (zhanqiuqiang@m.scnu.edu.cn)
1Centre for Optical and Electromagnetic Research, South China Academy of
Advanced Optoelectronics, South China Normal University, Guangzhou
510006, China

12
34

56
78

90
()
:,;

12
34

56
78

90
()
:,;

1
2
3
4
5
6
7
8
9
0
()
:,;

12
34

56
78

90
()
:,;

UCNPs would be imaged as doughnut-shaped spots
with a new profile which differs from that of the
commonly-used Gaussian beam. The higher the degree
of saturated excitation, the smaller the area of the
central hole of the spot, and thereby the imaging pro-
vides a higher resolution.
The specific labelling of UCNPs was first demon-

strated by comparing with the genetically encoded
green fluorescent protein (mGFP), which expressed
together with EpCAM. Pearson’s R-value of 0.83 for
large vesicles and ~65% co-localisation degree for small
vesicles were demonstrated in co-localisation experi-
ments. The researchers then used the super-resolution
imaging system to count the number of UCNPs label-
led on every EV, which can theoretically reflect the
quantity distribution of EpCAM molecules. It should
be noted that the UCNPs with uniform brightness can
not only provide 40-nm resolution images for directly
observation and counting, the brightness of clusters
can also be used to distinguish the number of nano-
particles. The researchers found that by using 40-nm
UCNPs as luminescence probes, most vesicles were
labelled by 0 to 3 nanoparticles, but when the size of
UCNPs decrease to 27 nm and 18 nm, the maximum
labelling number would increase to 9 and 21. The
results show that EVs with more labelled UCNPs have a
less probability, which to some extent reflect the het-
erogeneity of EpCAM molecules. Moreover, the num-
ber distribution of UCNPs labelled on EVs is inherently
of great research value. The changes in distribution
may reflect different progression conditions of tumour,
but this needs to be investigated in future studies.

In our opinion, the method proposed by Huang and co-
workers has at least three distinct merits. First, the
advantages of upconversion super-resolution imaging,
such as bio-friendly near-infrared excitation, high signal-
to-background ratio, and high photostability, are wisely
exploited in their biological detection method, which
provides significantly better detection accuracy than the
commonly used organic dyes. Second, the demonstrated
upconversion super-resolution microscopy with high
spatial resolution and unfading brightness to quantify the
biomolecules of target structures is a smart approach
with great research and practical value. Apart from the
direct application for clinical monitoring the cancer
progression or treatment, this method may also be
applied to other biomolecules or physiology, such as
immune surveillance and drug delivery. In addition, this
powerful method itself is an inspiring biological appli-
cation example for the study of UCNPs. Therefore, it will
not only benefit the bioimaging and biomedical fields, but
also drive the further development of upconversion
nanotechnology.
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Fig. 1 Upconversion nanoscopy for EVs surface molecules quantification. By using saturated excitation of doughnut-shaped beam, both the
high-resolution images and quantifiable luminescence intensity can reveal the number of labelled upconversion nanoparticles on each vesicle
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UCNPs would be imaged as doughnut-shaped spots
with a new profile which differs from that of the
commonly-used Gaussian beam. The higher the degree
of saturated excitation, the smaller the area of the
central hole of the spot, and thereby the imaging pro-
vides a higher resolution.
The specific labelling of UCNPs was first demon-

strated by comparing with the genetically encoded
green fluorescent protein (mGFP), which expressed
together with EpCAM. Pearson’s R-value of 0.83 for
large vesicles and ~65% co-localisation degree for small
vesicles were demonstrated in co-localisation experi-
ments. The researchers then used the super-resolution
imaging system to count the number of UCNPs label-
led on every EV, which can theoretically reflect the
quantity distribution of EpCAM molecules. It should
be noted that the UCNPs with uniform brightness can
not only provide 40-nm resolution images for directly
observation and counting, the brightness of clusters
can also be used to distinguish the number of nano-
particles. The researchers found that by using 40-nm
UCNPs as luminescence probes, most vesicles were
labelled by 0 to 3 nanoparticles, but when the size of
UCNPs decrease to 27 nm and 18 nm, the maximum
labelling number would increase to 9 and 21. The
results show that EVs with more labelled UCNPs have a
less probability, which to some extent reflect the het-
erogeneity of EpCAM molecules. Moreover, the num-
ber distribution of UCNPs labelled on EVs is inherently
of great research value. The changes in distribution
may reflect different progression conditions of tumour,
but this needs to be investigated in future studies.

In our opinion, the method proposed by Huang and co-
workers has at least three distinct merits. First, the
advantages of upconversion super-resolution imaging,
such as bio-friendly near-infrared excitation, high signal-
to-background ratio, and high photostability, are wisely
exploited in their biological detection method, which
provides significantly better detection accuracy than the
commonly used organic dyes. Second, the demonstrated
upconversion super-resolution microscopy with high
spatial resolution and unfading brightness to quantify the
biomolecules of target structures is a smart approach
with great research and practical value. Apart from the
direct application for clinical monitoring the cancer
progression or treatment, this method may also be
applied to other biomolecules or physiology, such as
immune surveillance and drug delivery. In addition, this
powerful method itself is an inspiring biological appli-
cation example for the study of UCNPs. Therefore, it will
not only benefit the bioimaging and biomedical fields, but
also drive the further development of upconversion
nanotechnology.

Acknowledgements
This work was supported by the National Natural Science Foundation of China
(62122028, 11974123), Guangdong Basic and Applied Basic Research
Foundation (2023B1515040018, 2018B030306015, 2019A050510037).

References
1. El Andaloussi, S. et al. Extracellular vesicles: biology and emerging therapeutic

opportunities. Nat. Rev. Drug Discov. 12, 347–357 (2013).

Saturated
excitation

Doughnut beam
excitation

Laser scanning

Saturated PSF

Extract high-
frequency signal

Super-resolution

EpCAM

UCNP

Tumour-secreted
EVs

Fig. 1 Upconversion nanoscopy for EVs surface molecules quantification. By using saturated excitation of doughnut-shaped beam, both the
high-resolution images and quantifiable luminescence intensity can reveal the number of labelled upconversion nanoparticles on each vesicle

Pu and Zhan Light: Science & Applications ����������(2023)�12:55� Page 2 of 3



504  | Light Sci Appl | 2023 | Vol 12 | Issue 4 LSA

2. Huang, G. et al. Upconversion nanoparticles for super-resolution quantification
of single small extracellular vesicles. eLight 2, 20 (2022).

3. Huang, G. et al. Single small extracellular vesicle (sEV) quantification by
upconversion nanoparticles. Nano Lett. 22, 3761–3769 (2022).

4. Chen, C. H. et al. Multi-photon near-infrared emission saturation
nanoscopy using upconversion nanoparticles. Nat. Commun. 9, 3290
(2018).

5. Liang, Y. S. et al. Migrating photon avalanche in different emitters at the
nanoscale enables 46th-order optical nonlinearity. Nat. Nanotechnol. 17,
524–530 (2022).

6. Wu, Q. S. et al. Non-bleaching fluorescence emission difference microscopy
using single 808-nm laser excited red upconversion emission. Opt. Express 25,
30885–30894 (2017).

7. Liu, Y. J. et al. Amplified stimulated emission in upconversion nanoparticles for
super-resolution nanoscopy. Nature 543, 229–233 (2017).

8. Zhan, Q. Q. et al. Achieving high-efficiency emission depletion nanoscopy by
employing cross relaxation in upconversion nanoparticles. Nat. Commun. 8,
1058 (2017).

9. Pu, R. et al. Super-resolution microscopy enabled by high-efficiency surface-
migration emission depletion. Nat. Commun. 13, 6636 (2022).

Pu and Zhan Light: Science & Applications ����������(2023)�12:55� Page 3 of 3 Liu and Shan Light: Science & Applications ����������(2023)�12:72� Official journal of the CIOMP 2047-7538
https://doi.org/10.1038/s41377-023-01108-3 www.nature.com/lsa

NEWS & V I EWS Open Ac ce s s

Viral inactivation by irradiation rays
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Abstract
Viral infection can lead to serious illness and death around the world, as exemplified by the spread of COVID-19.
Using irradiation rays can inactive virions through ionizing and non-ionizing effect. The application of light in viral
inactivation and the underlying mechanisms are reviewed by the research group of Dayong Jin from University of
Technology Sydney.

Virus is a small, submicroscopic entity that contains
only one type of nucleic acid (DNA or RNA), parasitizes
live cells, and reproduces through the process of replica-
tion. Despite their tiny size, the viruses (such as human
immunodeficiency virus (HIV), influenza viruses and
COVID-19) can cause significant human diseases, and
even lead to tens of millions death1,2. The battle between
humans and viruses keeps ongoing for hundreds of years.
Antiviral drugs can inactive virus to some extent3,4, but
the harmful side effects and inadaptability to viral muta-
tions severely limit their application. Alternatively, irra-
diation ray has been regarded as an effective tool to fight
against viruses and infectious diseases caused by patho-
gens5,6. After years of endeavors, a detailed introduction
on viral inactivation by irradiation rays will be effective in
engineering tools for viral elimination with high efficacy,
safety, and long-term application.
In the recent article published in eLight7, Dayong Jin

from the University of Technology Sydney and Esmaeil
Biazar from Islamic Azad University reviewed irradiation-
rays-dependent physical methods and the corresponding
underlying mechanism related to the inactivation of viru-
ses, especially enveloped viruses (such as HIV, influenza,
or hepatitis) which are responsible for serious problems in
humans. The irradiation rays from gamma-ray to infrared
can effect on different segments of viruses and inactivate

them, as shown in Fig. 1. Irradiation rays can inactivate
pathogens by destroying the genome, either directly by
radiolytic cleavage of genetic material or indirectly by the
action of radicals on viral nucleic acids, while causing less
damage to structural components, such as the protein
membrane. Thus, various vaccines can be produced by
illumination of irradiation rays8,9. In addition, X-ray, UVC
(200–280 nm) can also damage the viral genome, the
reports of damage to viral proteins should come into
notice10,11. The ultraviolet (UV) radiation includes non-
ionizing radiation and ionizing radiation, and low-energy
UV irradiation is considered non-ionizing radiation. As a
well-known method of viral inactivation, the effectiveness
of UV photons as a disinfectant is highly dependent on
their incident wavelength. Compared with ionizing radia-
tion, studies on the selective inactivation of viruses using
NIR sub-picosecond laser show promising results for the
disinfection of viral pathogens in blood products and open
novel approach for the treatment of blood-borne viral
diseases in the clinic12. The anti-viral effect of ultra-short
pulse laser at low mean irradiance employed via impulsive
stimulated Raman scattering plays a key role in viral
inactivation, while high-frequency resonance vibrations
provoke sufficient mechanical vibrations to break non-
covalent bonds and subsequently damaging virus13.
The researchers reviewed the significant advances in

viral inactivation by irradiation ray (including photons,
electrons, and neutrons), and discussed the corresponding
underlying mechanisms and key parameters. The pro-
ductive experiments and limitations on viral inactivation
by irradiation ray were demonstrated. The light-induced
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