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Abstract The biomedical applications of fluorescence/photoacoustic imaging and phototherapy have attracted more and
more attention. However, many fluorescent/photoacoustic contrast agents have some common problems, such as poor bio-
compatibility, lack of tumor targeting, low signal-to-noise ratio, single function and so on, which seriously limit their applica-
tion in diagnosis and treatment. Hyaluronic acid (HA) exhibits excellent biocompatibility and active tumor targeting, can be
degraded by hyaluronidase, and is easy to be chemically modified and realize the cooperation of a variety of supramolecular
weak interactions. Therefore, HA has been combined with fluorescent/photoacoustic contrast agents to prepare nanomaterials,
which greatly improves the labeling performance and therapeutic effects in cells and even in vivo. In this paper, the prepara-
tion methods of nanomaterials by combining these two kinds of materials are reviewed, and the relationships between the
structure and performance of nanomaterials are emphasized, which provides guidance for their future design and develop-
ment. Finally, the main problems and important research directions in the future are analyzed and prospected.
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Figure 1 (a) Chemical structure of HA and its principal site for chemical modification. Reaction schemes show chemical modification of HA using (b)
carboxylic acid group, (c) hydroxyl group, and (d) reducing end group!*”!
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Figure 4 Hydrophobic group-modified HA derivatives self-assemble
and encapsulate indocyanine green to form nanoparticles®*, Copyright
2015, American Chemical Society
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Figure 6 (a) Synthesis path of HA-cysteamine polymer; (b) schematic
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image of HA-QD ¥, Copyright 2014, Springer Science Business Media
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Figure 7 (a) Fluorescence and transmission microscope images of
HA-QD and QD near the subcutaneous injection sites; (b) fluorescence
and transmission microscope images taken 30 min and 1 d after injection

of HA-QD; (c) enlarged fluorescence image taken 1 d after injection of
HA-QD B*, Copyright 2009, American Chemical Society
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Figure 8 (a) Schematic illustration of multifunctional core-shell hybrid
nanogels; (b) FL imaging of B16F10 cells *!!, Copyright 2010, Elsevier
Ltd.
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Figure 10 In vivo photothermal therapy of SCC7 tumor-bearing mice.
(a) Thermal images; (b) temperature changes in tumor area at different
time points; (c) SCC7 tumor growth rate; (d) body weight curves!*"!, Cop-
yright 2014, American Chemical Society
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Figure 11 FL imaging of normal nude mice (a) and model mice (b)
after intravenous injection of HA-UCNPs, and model mice (c) after in-
travenous injection of DEG-UCNPs!“®l Copyright 2013, American
Chemical Society
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Figure 12 (A) PET imaging, (B) NIR fluorescence imaging, (C) ultra-
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mice; (D) quantitative analysis of the intensity of all imaging modes at the
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chemical structures of HA-Dox and PFEP’, Copyright 2015, American
Chemical Society
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American Chemical Society
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bearing micel®*], Copyright 2019, American Chemical Society
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Figure 16 (A) Preparation of PFOB@IR825-HA-CyS5.5 nanoparticles;
(B) schematic diagram of the nanocomposite used for photothermal tumor
ablation guided by NIRFL/PA/CT trimodal imaging'®®, Copyright 2017,
Elsevier Ltd.
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Figure 17 (a) In vivo PA imaging of blood vessels in the tumor sites
were captured at different time points after intravenous injection of
IHANPT, HANPT, free ICG, and HANP; (b) photoacoustic intensity of
tumor tissues at different time points!®, Copyright 2016, American
Chemical Society
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Figure 18 (a) Chemical structure of TBD; (b) schematic diagram of the
TBD-HA-PEG nanoparticles as a contrast agent for PA and FL tumor
imaging!™, Copyright 2017, American Chemical Society
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Figure 19 Cytotoxicity experiment results of (a) SKOV-3 cells and (b)
NIH3T3 cells in 24 h"”), Copyright 2016, The Author(s)
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