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Abstract

This theme issue provides a comprehensive collection of original research articles on the creation
of diverse types of theranostic upconversion nanoparticles, their fundamental interactions in bi-
ology, as well as their biophotonic applications in noninvasive diagnostics and therapy.

Key words: Upconversion, Bioimaging, Nontoxicity, Plasmonics, Multimodal.

Photon upconversion is a non-linear anti-Stokes
process that converts two or more low-energy excita-
tion photons, which are generally near infrared (NIR)
light, into higher energy shorter wavelength emis-
sions (e.g., NIR, visible, ultraviolet) through the use of
long lifetime and real ladder-like energy levels of tri-
valent lanthanide ions embedded in an appropriate
inorganic host lattice [1-4]. The recent emerging up-
conversion nanoparticle has created numerous op-
portunities for diagnostics and therapy due to the
integration of the advantages of its unique dimen-
sions as well as its special unnatural optical proper-
ties. These nanoparticles have a multitude of uses
toward diagnosis and therapy. For example, (1) the
NIR emission can allow for high contrast deep tissue
imaging, thus ideal for image-guided surgery through
which the tumor located deep inside a body can be
seen and treated simultaneously, (2) in biology, ul-
traviolet emissions are capable of activating photo-
chemical reactions. In addition, their unique optical
and chemical properties, such as non-blinking,
non-photobleaching, absence of autofluorescence,
low-toxicity, and low photodamage to the living sys-
tem further strengthens their use in medical diagnos-
tics and imaging at both single molecule and ensem-
ble levels. Moreover, a new direction for theranostic

upconversion nanoparticles is that of building hier-
archical nanostructures for various imaging and
therapy applications, such as plasmonics, magnetic
resonance imaging (MRI), x-ray computed tomogra-
phy (CT) and positron emission tomography (PET) for
in vitro and in vivo theranostics.

This issue (volume 3, number 4) and the next
issue (volume 3, number 5) of Theranostics, dedicated
to “Theranostic Upconversion Nanoparticles”, are
aimed at covering aspects of forefront development of
upconversion nanoparticles in theranostics. The re-
search articles in this issue include nanoparticle tox-
icity, plasmonic interactions, protein and stem-cell
imaging, as well as therapy. Wolfbeis et al. developed
protein-reactive multicolor upconverison nanoparti-
cles using a poly(ethylene glycol) spacer and
N-hydroxysuccinimide ester groups [5]. Han et al.
produced polyethylenimine (PEI) covalently conju-
gated core/shell (a-NaYbF4:Tm?*)/CaF, upconversion
nanoparticles for the labeling of rat mesenchymal
stem cells (rMSCs). Upon in vitro induction, this ex-
hibited normal osteogenic and adipogenic differenti-
ation [6]. Cui et al. implemented a toxicity assessment
of water-dispersed LaFs:Yb,Er upconversion nano-
particles in zebrafish [7]. This study offers a better
understanding for the future study of the toxicological
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mechanism of these nanoparticles. A core/shell
NaYF4Erd+,Yb3*@SiO, design by Hilderbrand et al.
with highly absorbing NIR carbocyanine dyes in the
outer silica shell produced a new tool in terms of
combining molecular imaging and photo-thermal
therapy [8]. Lastly, the interaction of upconversion
with plasmonics has been investigated by Lu et al. [9]
and Prasad et al. [10] and has displayed impressive
plasmonic enhancement of upconversion emissions,
as well as optical multimodal imaging capability. All
told, this special issue reports on the frontline findings
with respect to the theranostic applications of up-
conversion nanoparticles, which in turn encourages
new directions for combined diagnosis and therapy.

Despite recent exciting results in developing
theranostic upconversion nanoparticles, challenges
remain for those working in the field. In this regard,
we ask the following two questions: What is the major
hurdle in the development of upconversion nanopar-
ticles for biomedical applications? What may be the
next big thing in this area? We surveyed some of the
leading scientists in the field and the answers vary.

So, what is the major hurdle in the development of
upconversion nanoparticles for biomedical applications?
Professors Chunhua Yan and Ling-Dong Sun from
Peking University, as well as our theme contributor
Professor Otto S. Wolfbeis from the University of Re-
gensburg, believe that it is the production of upcon-
version nanoparticles in a highly reproducible way.
The reproducibility includes size, size distribution,
having a consistent crystal structure, spectral proper-
ties and surface modifications. While Professor J. A.
Capobianco from Concordia University believes that a
detailed understanding of the surface chemistry of
nanoparticles is the biggest hurdle. In other words,
what is missing here is knowledge is the precise in-
teractions between the surface atoms and functional
ligands, as well as the interaction between the result-
ing surface tailored nanoparticles and molecules (e.g.,
DNA, proteins) in biological cues. In addition, Pro-
fessor Wenbo Bu from the Shanghai Institute of Ce-
ramics, the Chinese Academy of Sciences, believes
that the largest hurdle in the development of UCNPs
for biomedical applications is the active/passive tar-
geting in diagnosis and treatment. On the other hand,
Prof. Yong Zhang from the National University of
Singapore feels that the biggest hurdle is that the effi-
ciency and emission color cannot satisfy practical ap-
plications.

What may be the next big thing in this area? Pro-
fessors Chunhua Yan and Ling-Dong Sun believe that
a shift in excitation wavelength from 980 nm to a more
appropriate wavelength that produces a much lower
heating effect is the next big step in the field. Professor

Wenbo Bu believes that the next big thing is the op-
timization of particle size, surface characteristics, as
well as targeting efficiency in vivo. Professor J. A.
Capobianco feels that we must carry out more studies
on animals or develop an appropriate model. In addi-
tion, new upconverting materials must be synthesized
to the point that they show more efficient upconver-
sion. Professor Yong Zhang believes that higher effi-
ciency and more emission colors must be created uti-
lizing lanthanide doping and new host materials or
new structure.

To summarize, this is a quite diverse collection of
reviews and research articles that offer us an overview
of the study of various upconversion nanoparticles for
diagnostic and therapeutic applications. We sincerely
hope that the intriguing thoughts and opinions ex-
pressed by the contributors to this special issue will
provide much of the common ground needed to ad-
vance the field of theranostic upconversion nanopar-
ticles.
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