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Fig.1 Synthesis of NIR-TI Au NCs. (a) Schematics of structure and characterization of Au,; clusters'™; (b) schematics of structure and
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Fig.3 Vascular imaging of NIR-II Au NCs. (a) Real-time vascular fluorescence imaging using NIR-I Au NCs treated with

membrane chemical reactor (MCR)"; (b) thrombolytic process after high-dose recombinant tissue plasminogen activator (rt-PA)

is monitored by intravenous administration of NIR- [[ Au NCs"”; (¢) dynamic fluorescence imaging of skull brain of stroke mice
using IR-II Au NCs™”
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Fig.4 NIR- Il Au NCs for tumor targeted fluorescence imaging. (a) Significant fluorescence observed at tumor site after intravenous

injection of PEG functionalized gold nanoclusters loaded with photosensitizer Ce6 (Ce6@GNCs-PEG)""; (b) tumor nodules can
be observed in mice with bowel cancer after oral administration of RNase-A@Au NCs'"’; (¢) Au NCs@PDA-MB nanoprobes for

in vivo gastric acid inhibition imaging of mice
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Fig.5 NIR-II Au NCs used for inflammatory and antimicrobial therapy. (a) NIR- Il Au NCs nano diagnostic agent for in vivo PA and
MRI assessment™; (b) schematic chemical structure of NIR-1 Au NCs probe for monitoring acute kidney injury and NIR- ]
fluorescence intensity of kidney at different time points after intravenous injection””; (c) schematic of antibacterial mechanism of
Au NCs"™; (d) bovine serum albumin-encapsulated Au NCs (BSA@Au) possessing catalase (CAT)-like activity and 'O,
producing capacity, which can be combined with laser therapy for bacterial infection to realized rapid wound healing™”
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Abstract

Significance

Recently, fluorescence imaging in the second near-infrared window (NIR- Il , 1000-1700 nm) has attracted widespread

attention from researchers. Compared with visible light window (300-550 nm) and first near-infrared window (NIR-I, 600-950 nm)

imaging, NIR- Il fluorescence imaging exhibits unique advantages such as high tissue penetration (on the order of centimeters), high

resolution (on the order of nanometers), and low background. NIR-Il fluorescent gold nanoclusters (NIR-II Au NCs) represent a

category of nano-materials with exceptional clinical translational potential. NIR-[[ Au NCs possess singular advantages of monomeric
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composition, stable performance, small size (<3 nm), and renal clearance capability. They have been applied in various fields,
including tumors, cardiovascular diseases, bacterial infections, neurosciences, and implantable medical devices, demonstrating
significant potential applications and promising clinical translation prospects in the realm of high-sensitivity, high-resolution, and deep-

tissue molecular imaging of major disease biomarkers.

Progress In this review, we initially introduce the synthesis methods of NIR- I Au NCs, discussing the challenges of low yield and
scalable production. Subsequently, we delve into the surface modulation techniques for NIR- [ Au NCs, and methods to regulate the
cluster surface structure, composition, and morphology for enhancing their emission wavelengths and fluorescence quantum yields.
We then summarize the latest research advancements of NIR-1l Au NCs in vascular imaging, lymphatic vessel and lymph node
imaging, tumor imaging, and imaging-guided therapy. Finally, we discuss the opportunities and challenges faced by NIR-[[ Au NCs
in the field of biomedical photonics.

Conclusions and Prospects NIR-II Au NCs stand as potent candidates in the realm of biomedical photonics research,
showcasing advantages of convenient synthesis, singular composition, tunable emission wavelength, good biocompatibility, in vivo
clearance, and ease of targeted modification. They have demonstrated promising applications in tumor diagnosis, drug delivery, and
multimodal imaging. However, further application and clinical translation of NIR-II Au NCs encounter numerous challenges:
1) Existing synthesis methods of NIR-Il Au NCs suffer from low yield and lack of large-scale macro production processes,
necessitating the development of more efficient preparation methods and processes. 2) The central emission wavelengths of existing
NIR-II Au NCs are less than 1300 nm, with a fluorescence quantum yield below 10%, urgently requiring improved synthesis
methods to increase their emission wavelengths and enhance their NIR-l fluorescence quantum yields. 3) The clinical use scenarios
of NIR-II Au NCs require further investigation to elucidate their precise clinical value and better serve disease diagnosis and
treatment. Future research can expand into other application areas, including cardiovascular diseases, inflammation imaging, and
intraoperative tumor boundary visualization, to better meet clinical translation needs and play a crucial role in safeguarding public
health.

Key words bio-optics; gold nanocluster; near-infrared- Il fluorescence; biomedical photonics; biological imaging; imaging-guided

therapy
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