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Fluorescent nanomaterials
ideal for biological imaging
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PolyU experts have developed ground-
breaking, cost-effective nanoprobes with
a very low degree of cytotoxicity and long
circulation time (lifespan), making them
very promising candidates for fluorescent/
X-ray tomography/magnetic bioimaging
applications.
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In vivo X-ray CT imaging of a mouse after intravenous injection of UCNPs. The spleen signal is clearly
observed: (left) maximum-intensity projection, (middle) corresponding 3D volume-rendered (VR) in vivo
CT images and (right) lateral view of 3D VR CT images
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X-ray tomography (CT), and magnetic resonance imaging (MRI)

have widespread application to biological organisms ranging from
microbes to human beings. Although CT and MRI techniques possess
many advantages, both suffer from limited planar resolution, which renders
them unsuitable for cellular-level imaging. The ideal solution would be
the synergistic combination of fluorescence, CT and MRI contrast agents
in a single system, which would combine the advantages and avoid the
disadvantages of each, but development of such a system faces a number of
challenges.

Bioimaging techniques such as fluorescent imaging, computed

With support from the Innovation and Technology Support Programme of
Hong Kong, Associate Professor Dr Hao Jianhua (the Principal Investigaton),
Chair Professor and Head Prof. Helen Chan, and Postdoctoral Fellow Dr
Zeng Songjun of PolyU’'s Department of Applied Physics have developed
a bioprobe based on multifunctional upconversion nanoparticles (UCNPs).
Compared with conventional fluorescent probes, such as organic dyes and
quantum dots, these near-infrared (NIR)-excited UCNPs possess a number of
advantages, including low autofluorescence, deep tissue penetration, large
anti-stokes shifts, high photostability and low toxicity.

These novel nanoprobes can be synthesized using a simple environmentally
friendly and facile synthesis technique using water and low-toxicity organic
agents as reaction media. Tri-modal fluorescence/CT/MRI bioimaging has
been achieved using a surface-modified single-phase material. The as-
designed nanoprobe has been shown to present NIR to visible upconversion
emissions in the bioimaging of Hel a cells. In addition, these UCNPs exhibit an
excellent intrinsic paramagnetic property that can also be used for magnetic
imaging and bioseparation.

The research team has demonstrated in vivo CT images of a mouse spleen
with enhanced signals for two hours, indicating that the UCNPs can be used
successfully as a CT contrast agent to improve the detection of splenic
diseases. The developed nanomaterial combining two contrast elements may
also meet the diagnostic imaging requirements of other patient groups. The
team’s research findings have been published in several prestigious journals,
including Small, Biomaterials and Nanoscale.
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