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In the context of increasingly diverse diseases, early diagnosis and prevention, partic-
ularly in cancer control, have become more important than ever. Biomedical imaging tech-
nologies provide critical tools for early disease diagnosis, precise treatment, and biomedical
research by enabling the real-time, non-invasive visualization of structural and functional
changes within living organisms. This Special Edition aims to focus on the technological
advancements of bioimaging materials in the fields of disease diagnosis and treatment,
exploring their applications in unraveling the complex structures and dynamic processes
of biological systems. These advancements are poised to facilitate drug development,
personalized medicine, and the effective prevention of complex diseases, breaking through
the current limitations of therapeutic approaches. Furthermore, this Special Issue also
analyzes the challenges facing the research of bioimaging materials and provides insights
into their future development directions.

Due to the complex structure of tissues, light is significantly scattered and absorbed
by cells, blood vessels, and other tissue components during penetration, particularly in the
short-wavelength range (such as visible light), leading to signal attenuation and blurring.
Additionally, tissue autofluorescence generates high background noise, further reducing
the signal-to-noise ratio. Deep tissue imaging also faces the challenges of phototoxicity
and photobleaching, making long-term or high-intensity imaging more difficult. To over-
come these challenges, there is a need for fluorescent probes with stronger penetration,
higher signal-to-noise ratios, and minimal tissue damage. Deep red /near-infrared (NIR)
fluorescent probes, which emit light in the deep red to NIR region, exhibit good tissue
penetration and lower autofluorescence interference, making them particularly suitable for
deep tissue imaging. They hold significant potential for biomedical applications such as
tumor detection, vascular imaging, and organ observation. Eduardo et al. [1] explored the
photophysical properties of COUPY dyes in the deep red and NIR regions by modifying
the coumarin scaffold. They found that the introduction of strong electron-withdrawing
groups and the julolidine ring structure significantly improved the dyes’ photostability,
imaging performance, and enhanced mitochondrial specificity, offering new insights for
designing effective bioimaging probes. Hyeok Lee et al. [2] developed a novel NIR fluores-
cent probe, NIR-HCy-NO,, which incorporates a nitro group into the hemicyanine scaffold,
enabling the efficient detection of nitroreductase (NTR) activity. This probe exhibited low
background noise and high fluorescence enhancement and showed significant potential for
in vivo cell imaging, particularly in interactions with Type I mitochondrial NTR.

The cell membrane plays a crucial role in communication between cells and their
external environment or neighboring cells, and changes in the membrane can affect cellular
properties. However, tracking dynamic changes in the membranes of living cells remains
challenging, especially during long-term studies under detachment conditions in tissue
regeneration and cancer metastasis. Rzewnicka et al. [3] introduced a new dithienothio-
phene S,S-dioxide (DTTDO) derivative that effectively stains live cell membranes, retaining
its staining capability even under detachment conditions. This dye, with its excellent
optical properties and bioactivity, is suitable for the long-term observation of membrane
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dynamics, such as during cell migration, division, and fusion, with reduced background
signal, making it valuable for studies of tissue regeneration and cancer metastasis.

Microorganisms have important applications in bioimaging due to their unique
metabolic activities and genetic engineering modifications, allowing them to express fluo-
rescent proteins or other visualizable molecules. These modified microorganisms can be
used for in vivo imaging to track microbial distribution and behavior within organisms
or to detect specific pathological processes or biological signals. Leveraging the ability of
bacteria to target specific tissues or microenvironments, particularly in tumors and hypoxic
regions, bacterial imaging materials can be used for the early diagnosis and tracking of
diseases. Lim et al. [4] constructed a recombinant plasmid, pRFN4-Pp luxLP-N-lumP,
by introducing the N-lumP gene from marine bioluminescent bacteria and the lux pro-
moter into Escherichia coli, significantly enhancing the fluorescence intensity, achieving
a fluorescence strength 500 times that of regular E. coli. This fluorescent bacterial system,
utilizing riboflavin and lux genes, offers a new tool for high-sensitivity biosensor applica-
tions. Moreover, bacteria can be designed to synthesize optical nanomaterials, providing
a multifunctional imaging platform. This expands the possibilities of in vivo imaging
technologies and promotes the integration of diagnostics and therapeutics.

Inorganic fluorescent probes, such as magnetic nanoparticles, upconversion nanopar-
ticles (UCNPs), and rare-earth-doped materials, are gaining attention in high-resolution
imaging due to their unique optical properties. Rare-earth-doped nanomaterials, with
their distinctive optical characteristics and good biocompatibility, significantly improve
imaging sensitivity and signal intensity, making them especially suitable for deep tissue
imaging. Xiao et al. [5] incorporated Ce3* ions into Cs3Bi,Cly lattices using an improved
antisolvent method, significantly increasing the photoluminescence quantum yield of
bismuth-based perovskite quantum dots to 22.12%. These materials also exhibited excellent
water solubility, biocompatibility, and enhanced upconversion fluorescence, offering a new
strategy for applying perovskites in bioimaging. Furthermore, rare-earth-doped materials
possess multimodal imaging capabilities, combining fluorescence, magnetic resonance,
and other imaging techniques to provide more accurate diagnostics. These materials
also have the potential for theranostics, paving the way for early disease diagnosis and
personalized treatment.

Theranostic materials enable the early detection of diseases and the immediate ini-
tiation of treatment. At the early stages of a disease, probes or drug carriers can detect
abnormalities through imaging functions while simultaneously releasing therapeutic drugs
to intervene, preventing further disease progression. This is especially effective in treating
major diseases such as cancer and cardiovascular conditions. Dong et al. [6] used cobalt-
doped carbon dots (CoNCDs) to generate reactive oxygen species (ROS) that modulate
the tumor microenvironment and combined them with a cGAS-STING agonist to success-
fully remodel the tumor microenvironment, synergistically enhancing antitumor efficacy;,
offering a promising approach for combined antitumor therapy. Li et al. [7] developed
a 4'-substituted-2,2":6',2’-terpyridine complex containing oxygen substituents, showing
superior antitumor activity compared to cisplatin, with its anticancer effects closely related
to its enhanced DNA-binding ability, providing a theoretical basis for designing novel
antitumor terpyridine metal complexes. Dai et al. [8] designed PSMA antibody-modified
sonosensitive nanoparticles (PFP@IR780@PTX@liposome NPs), which, upon low-intensity
focused ultrasound (LIFU) induction, undergo a liquid—gas phase transition, specifically
accumulating in prostate tumors, thus facilitating visualization and enhanced chemother-
apy. This nanoplatform controlled the release of docetaxel and monitored therapy via
ultrasound and photoacoustic imaging, offering a novel approach to imaging and therapy
in the field of bioimaging materials.

siRNA gene therapy has the potential for long-term treatment by regulating gene
expression to treat cancers, cardiovascular diseases, and degenerative disorders. However,
due to siRNA'’s susceptibility to degradation by nucleases, appropriate carriers are required
to enhance its stability and efficacy. Non-viral carriers, favored for their low immunogenic-
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ity and high safety, have become the mainstream choice. Tong et al. [9] reviewed common
non-viral carriers in recent years, their advantages and disadvantages, and the latest appli-
cations. Bioimaging materials, as siRNA carriers, not only allow the real-time monitoring
of delivery and distribution but also enhance the precision and efficacy of gene therapy by
visualizing the targeting process, reducing side effects and improving safety. He et al. [10]
first synthesized hetero-assembled gold-silver nanoclusters (Au-Ag NCs), demonstrating
their potential as high-efficiency carriers. This porous structure exhibited excellent drug
release performance in simulated tumor environments and could be controlled in size and
morphology through ultrasound, making it a smart carrier for drug and siRNA delivery.

Biocompatibility is also a critical prerequisite for the application of bioimaging ma-
terials. Prolonged accumulation of materials in the body may lead to adverse reactions,
necessitating the design of degradable or excretable bioimaging materials to minimize
immune responses and toxicity. Gorecka et al. [11] explored the long-term in vitro evalua-
tion of polycaprolactone (PCL)-based composites, observing changes in properties such
as water contact angle, stiffness, and radiopacity during a 24-week degradation. Their
research aids in screening composites suitable for FM manufacturing, providing important
guidance for their application in bioimaging.

The design of bioimaging materials must balance good biocompatibility with high
signal intensity to ensure the precise detection of target molecules or cells within living
organisms. The functionalization of these materials is equally important, allowing for
specific targeted imaging through surface modification with targeting molecules. One of the
main challenges in current bioimaging material research is how to maintain high sensitivity
while minimizing toxicity. Additionally, high production costs and complex synthesis
processes limit their widespread use. Future research will focus on the development of
smart materials, integration of controlled-release systems, and optimization of multimodal
imaging technologies. By promoting interdisciplinary integration across material science,
biology, medicine, and computational science, it is hoped that more efficient and accurate
bioimaging materials can be created, enabling early disease detection, precise treatment,
and treatment monitoring, ultimately improving therapeutic outcomes while reducing
side effects.

Funding: We acknowledge to Shuangli Zhu for her important contribution for this editorial. This
work was supported by the National Natural and Science Foundation of China (No. 52273287),
Natural Science Foundation of Heilongjiang Province of China for Excellent Young Scholars (No.
YQ2022E020) and Heilongjiang Touyan Team (HITTY-20190036).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Izquierdo-Garcia, E.; Rovira, A.; Forcadell, J.; Bosch, M.; Marchan, V. Exploring Structural-Photophysical Property Relationships
in Mitochondria-Targeted Deep-Red /NIR-Emitting Coumarins. Int. J. Mol. Sci. 2023, 24, 17427. [CrossRef] [PubMed]

2. Lee,S.H. Park, C.S,; Lee, KK,; Han, T.-H.; Ban, H.S.; Lee, C.-S. Hemicyanine-Based Near-Infrared Fluorescence Off-On Probes for
Imaging Intracellular and In Vivo Nitroreductase Activity. Int. ]. Mol. Sci. 2023, 24, 6074. [CrossRef] [PubMed]

3. Rzewnicka, A; Krysiak, J.; Pawlowska, R.; Zurawinski, R. Visualization of Cellular Membranes in 2D and 3D Conditions Using a
New Fluorescent Dithienothiophene S,S-Dioxide Derivative. Int. J. Mol. Sci. 2023, 24, 9620. [CrossRef] [PubMed]

4. Lim, S.-].; Choi, M.; Yun, I; Lee, S.; Chang, N.; Lee, C.-Y. Development of Fluorescent Bacteria with Lux and Riboflavin Genes. Int.
J. Mol. Sci. 2023, 24, 5096. [CrossRef] [PubMed]

5. Xiao, L.; Huang, L.; Su, W.; Wang, T.; Liu, H.; Wei, Z; Fan, H. Efficiency Enhancement Strategies for Stable Bismuth-Based
Perovskite and Its Bioimaging Applications. Int. J. Mol. Sci. 2023, 24, 4711. [CrossRef] [PubMed]

6. Dong, W.; Chen, M.; Chang, C.; Jiang, T.; Su, L.; Chen, C.; Zhang, G. Remodeling of Tumor Microenvironment by Nanozyme

Combined ¢cGAS-STING Signaling Pathway Agonist for Enhancing Cancer Immunotherapy. Int. J. Mol. Sci. 2023, 24, 13935.
[CrossRef] [PubMed]


https://doi.org/10.3390/ijms242417427
https://www.ncbi.nlm.nih.gov/pubmed/38139255
https://doi.org/10.3390/ijms24076074
https://www.ncbi.nlm.nih.gov/pubmed/37047042
https://doi.org/10.3390/ijms24119620
https://www.ncbi.nlm.nih.gov/pubmed/37298572
https://doi.org/10.3390/ijms24065096
https://www.ncbi.nlm.nih.gov/pubmed/36982169
https://doi.org/10.3390/ijms24054711
https://www.ncbi.nlm.nih.gov/pubmed/36902142
https://doi.org/10.3390/ijms241813935
https://www.ncbi.nlm.nih.gov/pubmed/37762239

Int. J. Mol. Sci. 2024, 25, 10363 4of4

10.

11.

Li, J.; Chen, M,; Jiang, J.; Huang, J.; Chen, H.; Pan, L.; Nesterov, D.S.; Ma, Z.; Pombeiro, A.J.L. A New Concept of Enhancing the
Anticancer Activity of Manganese Terpyridine Complex by Oxygen-Containing Substituent Modification. Int. . Mol. Sci. 2023,
24,3903. [CrossRef] [PubMed]

Dai, J.; Wu, Y.; Chen, Z.; Xiao, L.; Zhang, W.; Cao, Y. Sonosensitive Phase-Changeable Nanoparticle Mediated Enhanced
Chemotherapy in Prostate Cancer by Low-Intensity Focused Ultrasound. Int. . Mol. Sci. 2023, 24, 825. [CrossRef] [PubMed]
Tong, L.; Liu, D.; Cao, Z.; Zheng, N.; Mao, C.; Liu, S.; He, L.; Liu, S. Research Status and Prospect of Non-Viral Vectors Based on
siRNA: A Review. Int. J. Mol. Sci. 2023, 24, 3375. [CrossRef] [PubMed]

He, X.; Ma, X.; Yang, Y.; Hu, X.; Wang, T.; Chen, S.; Mao, X. Metal Cluster Triggered-Assembling Heterogeneous Au-Ag
Nanoclusters with Highly Loading Performance and Biocompatible Capability. Int. ]. Mol. Sci. 2022, 23, 11197. [CrossRef]
[PubMed]

Goérecka, Z.; Choinska, E.; Heljak, M.; Swieszkowski, W. Long-Term In Vitro Assessment of Biodegradable Radiopaque Composites
for Fiducial Marker Fabrication. Int. J. Mol. Sci. 2022, 23, 14363. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijms24043903
https://www.ncbi.nlm.nih.gov/pubmed/36835315
https://doi.org/10.3390/ijms24010825
https://www.ncbi.nlm.nih.gov/pubmed/36614265
https://doi.org/10.3390/ijms24043375
https://www.ncbi.nlm.nih.gov/pubmed/36834783
https://doi.org/10.3390/ijms231911197
https://www.ncbi.nlm.nih.gov/pubmed/36232494
https://doi.org/10.3390/ijms232214363
https://www.ncbi.nlm.nih.gov/pubmed/36430842

	References

