biosensors ﬁw\n\Py

Editorial

Innovations in Microfluidics to Enable Novel
Biomedical Applications

Nan Xiang * and Zhonghua Ni

School of Mechanical Engineering, Jiangsu Key Laboratory for Design and Manufacture of Micro-Nano
Biomedical Instruments, Southeast University, Nanjing 211189, China; nzh2003@seu.edu.cn
* Correspondence: nan.xiang@seu.edu.cn

As a new technique for precisely controlling micro-/nanoparticles and fluids at the
microscale, microfluidics has been attracting increased interest in the fields of material
science, medical diagnosis, biological research, and even soft robotics. For use in biomed-
ical applications, microfluidics has been widely employed in areas including biosensing,
sample preparation, cell culture, and drug discovery. Some microfluidic products have
already been successfully commercialized and have reformed traditional techniques.

Our first Special Issue, “Microfluidics for Biomedical Applications”, was devoted to
the most exciting technical innovations in the area of microfluidics, particularly in relation
to biomedical applications. We successfully launched the second volume of this Special
Issue following the triumph of the first volume. A total of twelve outstanding papers (in-
cluding seven research articles and five reviews) are included in this Special Issue. We will
now briefly introduce these twelve papers.

Cell co-culture is a powerful tool for studying the communications and interactions
between cells involved in various cellular activities. Li et al. (contribution 1) review the
recent advances in three-dimensional (3D) cell co-culture using microfluidics. They offer
new insights into the design of 3D co-culture microfluidic devices and the detection tech-
niques utilized in 3D co-culture microfluidic devices. Finally, they introduce interesting
applications for these 3D co-culture microfluidic devices to address real biomedical de-
mands.

The traditional soft lithography technique used for fabricating microfluidic devices
is complex and time-consuming and requires a cleanroom environment. With 3D printing,
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were achieved for particle sizing and counting, respectively. The practicability of their
device was further demonstrated through the detection of HeLa cells.

Diabetes mellitus is an endocrine disease that is common globally and seriously af-
fects human health. Glutamic acid decarboxylase antibody (GADADb) is regarded as a bi-
omarker for the clinical diagnosis of type 1 diabetes. Tao et al. (contribution 5) developed
a glass capillary solid-state nanopore for the detection of glutamic acid decarboxylase
(GAD65), GADAD, and their antigen—antibody complexes. This glass capillary solid-state
nanopore could be employed without any modifications and thus was cost-effective and
easy to operate. Based on this nanopore system, the authors successfully achieved the dif-
ferentiation of GAD65, GADAb, and GADAb-GAD65 complexes.

Magnetic micro-/nanoparticles (MMPs or MNPs) are widely employed in many bio-
medical applications, as they offer the advantages of high biocompatibility and diverse
expansibility. Ger et al. (contribution 6) developed a microfluidic device embedded with
a giant magnetoresistance sensor and successfully detected low-concentration MNPs at a
velocity of 20 mm/s. A high detection sensitivity of 10 pg/uL for MNPs was achieved using
a vertical magnetic field of 100 Oe and a horizontal magnetic field of 2 Oe.

Lunelli et al. (contribution 7) propose a microfluidic scheme using specifically func-
tionalized MMPs inserted in polymeric microchambers. MMPs were functionalized with
aptamers, antibodies, or small functional groups for coupling with specific antibiotics.
These three different functionalization strategies were carefully compared. The authors
found that the functionalization with aptamers allowed them to capture and release al-
most all tetracycline and to deliver an enriched and simplified antibiotic solution.

Stable and uniform droplet generation at a high throughput is critical in the accurate
and efficient detection of digital nucleic acid. Luo et al. (contribution 8) developed a step
emulsification microfluidic device with the advantages of flexible droplet generation ca-
pability, a small footprint, simple fabrication, low contamination, and high robustness. To
increase the uniformity of the generated droplets, a tree-shaped droplet generation nozzle
was designed by equating flow rates. Finally, the stable and uniform droplets generated
by the step emulsification microfluidic device were employed for nucleic acid amplifica-
tion and detection.

Intracellular delivery refers to the transportation of substances into cells and is a cru-
cial process in various cellular applications (e.g., drug delivery and gene editing). Among
the reported intracellular delivery technologies is mechanoporation, which employs me-
chanical forces to create temporary pores on cell membranes for delivering substances into
cells. Wang et al. (contribution 9) review recent advances in mechanoporation. First, the
authors review different mechanoporation technologies and highlight the applications of
mechanoporation in stem cell research. They then discuss the integration of mecha-
noporation into microfluidics for high-throughput intracellular delivery with enhanced
transfection efficiency.

Paper microfluidics represents a promising tool for rapid diagnostics and on-site
analysis in resource-limited settings, offering the advantages of biodegradability and af-
fordability. Kumar et al. (contribution 10) present a concise overview of paper microflu-
idics. Sustainable sensing applications of paper microfluidics in healthcare, environmen-
tal monitoring, and food safety are explored. Fabrication techniques, principles, and ap-
plications in paper microfluidics are also discussed.

The fluidically loaded bi-material cantilever (B-MaC) is a key component of micro-
fluidic paper-based analytical devices. Kumar et al. (contribution 11) studied the dynam-
ics of a B-MaC constructed from Scotch Tape and Whatman Grade 41 filter paper strips.
They explored the stress—strain relationship to estimate the modulus of the B-MaC under
different saturation levels.

Traditional drug development based on animal experiments is expensive and time-
consuming. The organ-on-a-chip (OOC) simulates complex human organ microenviron-
ments and physiological responses in a microfluidic device and offers a promising tool for



Biosensors 2024, 14, 507

3 of 3

cost-effective and efficient drug development. Yuan et al. (contribution 12) review the re-
cent advances in OOC systems for drug discovery. Their review focuses on the design,
fabrication, sensing capabilities, and applications of OOC systems. Technical challenges
in this field are also discussed.

We strongly believe that microfluidics will lead to a revolution in biological research
and disease diagnosis in the near future.

Funding: This research was funded by the National Natural Science Foundation of China (52375562,
51875103, and 81727801) and the Natural Science Foundation of Jiangsu Province (BK20190064).

Acknowledgments: The authors are grateful for the valuable opportunity to serve as the Guest Ed-
itors of this Special Issue, “Microfluidics for Biomedical Applications II”. We thank all the authors
for their contributions to this Special Issue. We also thank the editorial and publishing staff of Bio-
sensors for their support.

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

List of Contributions

1. Li,C;He, W, Song, Y.; Zhang, X.; Sun, J.; Zhou, Z. Advances of 3D Cell Co-Culture Technology
Based on Microfluidic Chips. Biosensors 2024, 14, 336.

2. Li, X; Wang, M,; Davis, T.P.; Zhang, L.; Qiao, R. Advancing Tissue Culture with Light-Driven
3D-Printed Microfluidic Devices. Biosensors 2024, 14, 301.

3. Sen-Dogan, B.; Demir, M.A; Sahin, B.; Yildirim, E.; Karayalcin, G.; Sahin, S.; Mutluy, E.; Toral,
T.B.; Ozgur, E.; Zorlu, O.; et al. Analytical Validation of a Spiral Microfluidic Chip with Hy-
drofoil-Shaped Pillars for the Enrichment of Circulating Tumor Cells. Biosensors 2023, 13, 938.

4.  Xu, R; Ouyang, L.; Shaik, R.; Chen, H.; Zhang, G.; Zhe, J. Rapid Detection of Microparticles
Using a Microfluidic Resistive Pulse Sensor Based on Bipolar Pulse-Width Multiplexing. Bio-
sensors 2023, 13, 721.

5. Tao, C; Bai, Y.; Chen, J.; Lu, J; Bi, Y.; Li, J. Detection of Glutamate Decarboxylase Antibodies
and Simultaneous Multi-Molecular Translocation Exploration by Glass Nanopores. Biosensors
2024, 14, 255.

6. Ger, T.-R; Wu, P.-S;; Wang, W.-].; Chen, C.-A.; Abu, P.A.R,; Chen, S.-L. Development of a Mi-
crofluidic Chip System with Giant Magnetoresistance Sensor for High-Sensitivity Detection of
Magnetic Nanoparticles in Biomedical Applications. Biosensors 2023, 13, 807.

7. Lunellj, L.; Germanis, M.; Vanzetti, L.; Potrich, C. Different Strategies for the Microfluidic Pu-
rification of Antibiotics from Food: A Comparative Study. Biosensors 2023, 13, 325.

8. Luo, G; Zhang, Y.; Wang, S.; Lv, X,; Yang, T.; Wang, J. Establishment and Validation of an
Integrated Microfluidic Step Emulsification Chip Supporting Droplet Digital Nucleic Acid
Analysis. Biosensors 2023, 13, 888.

9. Wang, R; Wang, Z,; Tong, L.; Wang, R; Yao, S.; Chen, D.; Hu, H. Microfluidic Mecha-
noporation: Current Progress and Applications in Stem Cells. Biosensors 2024, 14, 256.

10. Kumar, S.; Kaushal, ].B.; Lee, H.P. Sustainable Sensing with Paper Microfluidics: Applications
in Health, Environment, and Food Safety. Biosensors 2024, 14, 300.

11. Kumar, A.; Heidari-Bafroui, H.; Rahmani, N.; Anagnostopoulos, C.; Faghri, M. Modeling of
Paper-Based Bi-Material Cantilever Actuator for Microfluidic Biosensors. Biosensors 2023, 13,
580.

12.  Yuan, S.; Yuan, H,; Hay, D.C.; Hu, H.; Wang, C. Revolutionizing Drug Discovery: The Impact
of Distinct Designs and Biosensor Integration in Microfluidics-Based Organ-on-a-Chip Tech-
nology. Biosensors 2024, 14, 425.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.



