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Preface 

 

It is with great pleasure that I welcome you to the 1st Carpathian Biophotonics Meeting (CBM 

2025), held in Sinaia, Romania. This gathering brings together leading researchers, innovators, 

and young scientists in the rapidly evolving field of biophotonics — a discipline that lies at the 

intersection of physics, biology, medicine, and engineering, and which continues to open 

transformative paths for diagnostics, therapy, and fundamental understanding of life processes. 

The diversity of contributions presented in this Book of Abstracts reflects the vibrant and 

interdisciplinary nature of our community. From cutting-edge advances in nonlinear optical 

microscopy, surface-enhanced Raman scattering, and plasmonics, to applications in cancer 

research, regenerative medicine, neuroscience, and biomedical imaging, the meeting showcases 

how light-based technologies are reshaping biomedical research and clinical practice. 

The Carpathian Biophotonics Meeting serves not only as a forum to share scientific results, but 

also as a space for collaboration and exchange of ideas that will inspire future innovations. The 

presence of both established leaders and emerging talents highlights our commitment to fostering 

scientific excellence across generations and strengthening international collaboration. 

I would like to warmly thank all authors for their valuable contributions and our private and 

institutional partners for their support in making this event possible.  

I hope that this volume will serve both as a record of stimulating discussions and as a source of 

inspiration for further discoveries in the exciting field of biophotonics. May your participation 

here be both scientifically rewarding and personally enriching. 

On behalf of the Scientific Committee, 

Dr. Stefan G. STANCIU 

General Chair, Carpathian Biophotonics Meeting 

Center for Microscopy-Microanalysis and Information Processing, and 

Photon-X Spectrum Lab @ CAMPUS Research Institute 

National University of Science and Technology POLITEHNICA Bucharest 
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Slide-Free Diagnosis with Optical Biopsy: AI-Derived SHG Signature 

Hiroaki Abe1*, Takeshi Kaneko1, Masaru Ishii1 

1Department of Immunology and Cell Biology, Graduate School of Medicine, the University of 

Osaka 

*Presenting author: hi_abe@icb.med.osaka-u.ac.jp 

Our previous works had demonstrated that two‑photon microscopy (2 PM) with label‑free second‑ 

and third‑harmonic generation (SHG/THG) can accurately diagnose malignancy in ex vivo 

cervical [1] and breast cancer [2] specimens without any staining or sectioning. Having established 

this capability on freshly excised samples, the next logical step is to eliminate tissue removal 

altogether and test 2 PM directly on living patients. 

As a first in-vivo application, we selected systemic sclerosis (SSc), a disorder characterised 

by widespread dermal collagen overproduction that stiffens skin and predisposes patients to severe 

systemic complications such as interstitial lung disease (ILD). For more than three decades, 

disease activity has been graded by the modified Rodnan skin score (mRSS), which relies on 

manually pinching the skin and is hampered by ~25 % inter‑observer variability [3]. To obtain a 

rapid, objective and quantitative alternative, we applied in‑vivo 2 PM‑SHG imaging combined 

with artificial‑intelligence analysis. 

We examined 46 SSc patients using 2 PM device, acquiring high‑resolution SHG stacks 

(250 µm depth, 1 µm lateral resolution) from the dorsal hand in <2 min per subject. A 

convolutional neural network trained on annotated tiles classified dermal fibrosis as “normal” or 

“disease.” Independent testing yielded 90 % sensitivity and 87 % specificity, giving around 90 % 

overall accuracy—vastly outperforming mRSS. 

In summary, in‑vivo 2 PM‑SHG imaging paired with AI offers rapid, reproducible, and 

stain‑free quantification of SSc skin involvement and may serve as a non-invasive indicator of 

wider systemic disease. The platform shows strong potential as a bedside optical biopsy 

(“optobiopsy”) tool for disease staging, treatment monitoring, and risk stratification in systemic 

sclerosis and other fibrosing disorders. 

References: 

[1] Matsui, T., Tamoto, R., Iwasa, A., Mimura, M., Taniguchi, S., Hasegawa, T., Sudo, T., Mizuno, H., Kikuta, 

J., Onoyama, I., Okugawa, K., Shiomi, M., Matsuzaki, S., Morii, E., Kimura, T., Kato, K., Kiyota, Y., & Ishii, 

M. (2020). Nonlinear optics with near‑infrared excitation enable real‑time quantitative diagnosis of human 

cervical cancers. Cancer Research, 80(17), 3745–3754. 

[2] Matsui, T., Mizuno, H., Sudo, T., Kikuchi, Y., Inoue, H., Tsuda, T., Tanaka, T., Yagi, Y., & Akagi, Y. 

(2022). Label-free multiphoton excitation imaging as a promising diagnostic tool for breast cancer. Cancer 

Science, 113(8), 2916–2925. 

[3] Clements, P., Lachenbruch, P., Seibold, J., White, B., Weiner, S., Martin, R., Weinstein, A., Weisman, M., 

Mayes, M., Collier, D., Wigley, F., & Medsger, T. (1995). Inter and intraobserver variability of total skin 

thickness score (modified Rodnan TSS) in systemic sclerosis. The Journal of Rheumatology, 22(7), 1281–

1285. 
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Imaging Cancer with SERS Nanoprobes 

Chrysafis Andreou1* 
1University of Cyprus 

*Presenting author: andreou.chrysafis@ucy.ac.cy 

Keywords: SERS nanoprobes; multiplex imaging; cancer imaging; immunotherapy; tumor 

heterogeneity; tumor-on-chip; machine learning 

Despite many innovative therapies developed in recent years, cancer remains a considerable 

medical challenge. Resistance to therapy derives from the heterogenous nature of the malignancy, 

with tumors between patients, and within a single patient being different. Raman imaging with 

molecularly targeted nanoprobes is a preclinically proven method for mapping the differential 

expression of cancer markers. These nanoprobes, based on surface enhanced Raman scattering 

(SERS) can bind markers of interest with high specificity and provide distinct bright signals, 

revealing the targets’ location. By leveraging the high multiplexing capacity of the method, we 

can map the expression of many markers in space and time. We have used these nanoprobes to 

investigate different models of cancer, both in vivo and in advanced in vitro systems. By mapping 

the differential expression of molecular markers in personalized model systems, tumor 

heterogeneity and treatment resistance can be identified, predicted, and overcome.  

References:  

Andreou, C., Kishore, S. A., & Kircher, M. F. (2015). Surface-enhanced Raman spectroscopy: a new modality 

for cancer imaging. Journal of Nuclear Medicine, 56(9), 1295-1299. 

Andreou, C., Neuschmelting, V., Tschaharganeh, D. F., Huang, C. H., Oseledchyk, A., Iacono, P., ... & 

Kircher, M. F. (2016). Imaging of liver tumors using surface-enhanced Raman scattering nanoparticles. ACS 

nano, 10(5), 5015-5026. 

Rotter, L. K., Berisha, N., Hsu, H. T., Burns, K. H., Andreou, C., & Kircher, M. F. (2022). Visualizing surface 

marker expression and intratumoral heterogeneity with SERRS-NPs imaging. Nanotheranostics, 6(3), 256. 

Andreou, C., Plakas, K., Berisha, N., Gigoux, M., Rosch, L. E., Mirsafavi, R., ... & Kircher, M. F. (2022). 

Multiplexed molecular imaging with surface enhanced resonance Raman scattering nanoprobes reveals 

immunotherapy response in mice via multichannel image segmentation. Nanoscale horizons, 7(12), 1540-

1552. 
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Organic semiconductors for regenerative medicine:  

optical modulation of the cell fate 

Maria Rosa Antognazza1* 
1Center for Nano Science and Technology, Istituto Italiano di Tecnologia (Milano) 

*Presenting author: Mariarosa.antognazza@iit.it 

Keywords: cell fate, regenerative medicine, organic semiconductors, conjugated polymer 

nanoparticle, cardiomyocytes, endothelial cells, epithelial cells, stem cells, light, ROS 

The use of light for selective and spatio-temporally resolved control of cell functions is emerging 

as a valuable alternative to standard electrical and chemical methods. Here, we propose the use of 

organic semiconductors as efficient and biocompatible optical transducers in the field of 

regenerative medicine. Devices able to selectively and precisely modulate the fate of living cells, 

from adhesion to proliferation, from differentiation up to specific function, upon visible light will 

be presented. Examples of practical applications, recently reported by our group [1], include 

optical modulation of the activity of both excitable and non-excitable cells, the control of essential 

cellular switches like transient receptor potential channels and mechanosensitive channels, as well 

as effective modulation of intracellular calcium signaling for precise control of cell metabolic 

processes. In more detail, we critically discuss the reliability and efficacy of our approach by 

focusing on a few representative examples of possible applications. These include: (i) Non-toxic 

modulation of the cell redox balance, by interaction with intracellular proteins [2]; (ii) Optical 

modulation of cell differentiation, migration and wound healing processes, by hybrid interfaces 

with mesenchymal stem cells, epithelial cells [3] and human skin tissue models; (iii) Optical 

modulation of cardiovascular cells, namely endothelial cells [4] and human induced pluripotent 

stem cells-derived cardiomyocytes (hPSC-CM). Novel materials to optically modulate 

angiogenesis [5] and to optically induce an anti-arrhythmogenic effect will be presented [6]. 

Interestingly, these results may represent a breakthrough, noninvasive approach to face 

cardiovascular risk, arrhythmia in particular. 

References: 

[1] Abdel Aziz, I. et al. (2025) Poly(3-hexylthiophene) as a versatile semiconducting polymer for cutting-

edge bioelectronics. Materials Horizons. https://doi.org/10.1039/D5MH00096C 

[2] Malferrari, M. et al. (2023) Geneless optical control of cell redox balance in HL-1 cardiac muscle cells. 

Electrochimica Acta, 457, 142429. 

[3] Onorato, G. et al. (2022) Optical Control of Tissue Regeneration through Photostimulation of Organic 

Semiconducting Nanoparticles. Adv. Healthcare Materials, 11, 2200366. 

[4] Negri, S., et al. (2022) Conjugated polymers mediate intracellular Ca2+ signals in circulating endothelial 

colony forming cells through the reactive oxygen species-dependent activation of Transient Receptor 

Potential Vanilloid 1 (TRPV1). Cell calcium 101, 102502. 

[5] Tullii, G., et al. (2023) Bimodal modulation of in vitro angiogenesis by photoactive polymer 

nanoparticles. Nanoscale. 15 (46), 18716. 

[6] Ronchi, C., et al. (2024) Non-genetic optical modulation of pluripotent stem cells derived cardiomyocytes 

function in the red spectral range. Advanced Science 11, 3, 2304303. 
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Insights on the deconvolution of  

rescan second harmonic generation microscopy images 

Stefan R. Anton1*, Radu Hristu1, Denis E. Tranca1, George Stanciu1, Erik M. M. Manders2 and 

Stefan G. Stanciu1,3 
1Center for Microscopy-Microanalysis and Information Processing, National University of 

Science and Technology POLITEHNICA Bucharest, Romania 
2Confocal.nl BV, The Netherlands 

3Photon-X Spectrum Lab, CAMPUS Research Institute, National University of Science and 

Technology POLITEHNICA Bucharest, Romania 

*Presenting author: stefan_razvan.anton@upb.ro 

Keywords: second harmonic generation microscopy; super-resolution; rescan microscopy; 

deconvolution; deep learning 

Second harmonic generation microscopy (SHG) is a label-free method for visualizing non-

centrosymmetric structures such as collagen or myosin. The recently introduced rescan SHG 

(rSHG) modality [1] enhances the lateral resolution by rescanning the initially generated signal 

onto the detector, providing a measured ~1.4x resolution boost over conventional SHG images. In 

practice, however, raw rSHG images remain affected by the extended tail of the system PSF and 

by Poisson-dominated shot noise, both of which limit reliable analysis of the fine fibrillar features. 

Here we present a systematic assessment of modern deconvolution and denoising pipelines 

designated to extract the latent high-frequency information encoded in rSHG data. Using the 

images published by Stanciu et al. [1] as benchmark dataset, we derived the theoretical PSF of the 

system, trained self-supervised denoising deep-learning models [2] on cropped rSHG and SHG 

patches to suppress spatially varying noise and build hybrid workflows that alternate a small 

number of deconvolution iterations with deep-learning based denoising to minimize ringing 

artifacts. 

Performance was quantified in terms of the Fourier ring correlation (FRC) [3] between half-split 

image reconstruction and the full width at half maximum (FWHM) on isolated collagen fibrils.  

References: 

[1] Stanciu, S. G., Hristu, R., Stanciu, G. A., Tranca, D. E., Eftimie, L., Dumitru, A., & Manders, E. M. 

(2022). Super-resolution re-scan second harmonic generation microscopy. Proceedings of the National 

Academy of Sciences, 119(47), e2214662119. 

[2] Krull, A., Buchholz, T. O., & Jug, F. (2019). Noise2void-learning denoising from single noisy images. 

In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition (pp. 2129-2137). 

[3] Koho, S., Tortarolo, G., Castello, M., Deguchi, T., Diaspro, A., & Vicidomini, G. (2019). Fourier ring 

correlation simplifies image restoration in fluorescence microscopy. Nature communications, 10(1), 3103. 

 

 

 

 



1st Carpathian Biophotonics Meeting (CBM 2025) – Book of Abstracts 

 

5 
 

Plasmonics in Biophotonics: New Nanotools for Sensing, Imaging and Therapy 

Simion Aștilean1* 
1Faculty of Physics and Interdisciplinary Research Institute in Bio-Nano-Sciences, 

Nanobiophotonics and Laser Microspectroscopy Center, Babes-Bolyai University, Cluj-Napoca, 

Romania 

*Presenting author: simion.astilean@ubbcluj.ro 

Keywords: surface plasmons; Au nanoparticles; sensing, plasmonic photothermal therapy 

Plasmonics, a field of nano-optics, explores the interaction of light with metallic or hybrid metal-

dielectric nanoparticles or nanostructures, a process leading to the excitation of collective 

oscillations of electrons known as plasmons. The remarkable optical properties, combined with 

ease of biofunctionalization, render plasmonic nanoparticles invaluable nanoscale tools across a 

spectrum of biophotonic applications. For instance, the highly amplified electromagnetic fields 

surrounding these nanoparticles can dramatically improve the sensitivity of biosensors, enabling 

SERS detection of even trace amounts of biomolecules or pathogens. In bioimaging, plasmonic 

labels offer bright and stable contrast agents for visualizing biological structures and processes at 

the nanoscale. Furthermore, in photothermal therapy, plasmonic nanoparticles efficiently absorb 

light and convert it into precisely localized heat, facilitating targeted destruction of cancer cells. 

Their utility extends to drug delivery, where plasmonic nanocarriers can be engineered to release 

therapeutic agents in a controlled manner upon exposure to specific wavelengths of light.  

For several years, our group has successfully synthesized a large variety of gold and silver 

nanoparticles with well-defined optical properties, achieving the right size (20-100 nm), shape 

(sphere, rod, prism, bipyramids, etc.), required biocompatibility, and specific functionality for 

translation from in vitro into in vivo studies. Scanning confocal Raman microscopy and confocal 

fluorescence microscopy, including FLIM microscopy and dark-field microscopy, were used to 

record relevant intracellular information such as nanoparticle localization, local chemical 

interaction, and intracellular pH mapping. Our research group has, for instance, developed several 

"proofs of concept" for light-activated nanotherapies against cancer through the integration of 

plasmon-induced photothermal therapy (PTT), plasmon-enhanced photodynamic therapy (PE-

PDT), and the delivery of chemotherapeutic drugs (doxorubicin, cisplatin) into a single plasmonic 

nanoplatform [1-3]. Recently, we utilized graphene oxide-gold nanoparticle platforms (GO-

AuNPs) as SERS substrates for investigating DNA detection and hybridization [4]. We are 

currently conducting further investigations in the field of bio-plasmonics to refine our 

understanding of the hybridization of Poly A with complementary Poly T sequences.     

Acknowledgments: This work was supported by the BioPlasmonics project, contract 

no760037/23.05.2023, cod PNRR-C9-I8-CF-199/28.11.2023.   
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Ultra-fast laser processing is extensively used for the fabrication of various kinds of micro- and 

nanostructures on different materials. Recent developments of ultra-fast laser sources, opened new 

pathways for controlling optical energy delivery on the surface, and thus precise nanotexturing. 

Accordingly, a broad variety of possible cutting-edge applications became available. The 

generation of laser-induced periodic surface structures (LIPSSs) have demonstrated the possibility 

to achieve innovative functionalities [1, 2]. However, the most of the studies reported so far were 

mainly focused on topographical investigation of the LIPSSs. In this study, we introduce the 

possibility of probing simultaneous morpho-chemical nanoscale features of LIPSSs generated on 

TiAl6V4 with picosecond laser pulses. Using an advanced nanoscopy technique, we show that a 

fine tuning of the applied laser fluence could lead to distinct modifications of topography, optical 

amplitude (reflectivity) and phase (absorption). Finally, the behavior of primary human gingival 

epithelial cells (hGEpiCs) and gingival fibroblast cells (hGFCs) on laser-textured surfaces is 

evaluated to assess samples biocompatibility, for dental abutments. 

Acknowledgments: This research was supported by IFA through the ELI-RO_2024_10 Project, 

No. 10/2024 and the Romanian Ministry of Education and Research under the Romanian National 

Nucleus Program LAPLAS VII under Contract No. 30N/2023. We acknowledge the support of 

the National Interest Infrastructure facility IOSIN – CETAL at INFLPR. 
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Computational adaptive optics nonlinear holographic microscopy  

for tissue imaging 
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Optical microscopy plays a pivotal role in the understanding of spatial and temporal dynamics of 

biological systems and for probing material systems. Light interacts gently with biological 

systems, which makes imaging extremely powerful for observing living systems. As a result, 

optical microscopy enables everything from the discovery of basic biological processes to the 

ability to diagnose disease to the discovery of new materials. Optical microscopy is primarily 

bound by three limits: spatial resolution, molecular specificity of imaging targets, and imaging 

depth in tissue. My group develops new methods for extracting a greater range of information 

from optical microscopy. I will discuss several aspects of computational imaging with widefield 

nonlinear microscopy using second harmonic generation (SHG), third harmonic generation 

(THG), and coherent anti-Stokes Raman scattering (CARS). These imaging methods are 

extremely useful for imaging studies ranging from biological samples to novel material systems. 

In biological samples, SHG, THG, and CARS signal generation is dominated by signals from 

collagen in the extracellular matrix and from muscle fibers. I will discuss computational adaptive 

optics for SHG and THG holographic imaging. 
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Nonlinear optical microscopy offers significant advantages for imaging histopathology 

specimens. By combining multiple image contrast mechanisms including multiphoton excitation 

fluorescence (MPF), second harmonic generation (SHG), and third harmonic generation (THG) 

complementary insights are obtained about histology tissue architecture. Fluorescent histology 

stains highlight specific tissue structures. The SHG polarimetry primarily visualizes collagen and 

myofibril structures, revealing ultrastructural organization, fiber orientation in 3D, and collagen 

texture [1,2]. THG imaging reveals nanostructures in the tissue, including cell nuclei [3]. These 

structures, particularly the spatial distribution of cell nuclei and alterations in collagenous stroma 

serve as diagnostic marker for various cancers. To bridge the nonlinear microscopy and 

conventional histopathology, machine learning algorithms are employed to translate the nonlinear 

images into familiar diagnostic images, facilitating interpretation by pathologists. Additionally, 

polarimetric and texture-based metrics derived from nonlinear images are increasingly used to 

assess the tumor microenvironment and forecast disease progression. As a result, nonlinear 

microscopy is emerging as an indispensable tool in modern histopathology, offering rich, 

multidimensional data to support pathological analysis.  
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sorting of cells in a microfluidic system 
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Continuous flow cell sorting based on image analysis is a versatile and powerful approach that 

exploits spatially resolved 3D cell features for sorting them. Most of state-of-the-art cell-sorting 

systems published so far are complex, offer only limited image quality and/or are limited to 

specific imaging modalities and cell features.  

We present a low-complex microfluidic microscope add-on that allows any microscope to be 

turned into an image-activated cell sorter capable of sorting cells by previously inaccessible 3D 

features in cells. The novel microfluidic concept consists of a two-step-, image-activated cell 

sorting, using a single image acquisition unit and dielectrophoretic actuators for efficient sorting. 

The microfluidic channel, designed in a hairpin configuration, redirects the particle stream back 

into the detection area for a second re-analysis and re-sorting of the initially sorted sample. Even 

when using high-resolution optics with a limited field of view, microchannels of several hundred 

micrometers width can be utilized, allowing throughputs of 100 μl/h or 10-100 cells per second at 

low flow velocities around 1 mm/s, with purity and yields above 95%. This method, employing 

fluorescence microscopy-based image acquisition and AI-based sorting, improves throughput, 

purity and yield of microfluidic cell sorting at the same time without the need for a duplicate 

analysis unit or increased process duration, thereby reducing costs, effort, and stress for the cells. 

Acknowledgements: The presented work was generated within the project “IMAGO – Image 

based, high-throughput cell sorting”, internally funded by the Fraunhofer-Gesellschaft zur 

Foerderung der Angewandten Forschung e.V within the PREPARE framework for inter-

institutional collaboration projects that prepare new business fields. 
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Highly Sensitive Surface Plasmon Resonance Biosensing of Kagome Lattice 

Inspired Hollow Core Photonic Crystal Fiber for Enhanced Detection of Human 

Blood Components 
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Photonic crystal fiber (PCF) based surface plasmon resonance (SPR) sensors offer significant 

advancements in optical sensing, combining high sensitivity with design flexibility. The air-hole 

lattice enables precise manipulation of the refractive index (RI) and enhances light–matter 

interaction, making them well-suited for detecting variations in biochemical, chemical, analytes, 

body fluids properties. When integrated with SPR, these sensors achieve high-resolution, 

resonance-based detection through the excitation of surface plasmons at the metal-dielectric 

interface. This research introduces a novel hollow-core PCF biosensor inspired by a Kagome 

lattice structure and integrated with SPR technology for the effective detection of various blood 

components. The proposed design targets key biomaterials present in human blood such as water, 

glucose, krypton, plasma, Sylgard, ethanol, polyacrylamide (PA), hemoglobin (Hb), and bovine 

serum albumin (BSA). Detection is based on monitoring shifts in the resonance wavelength (RW), 

enabling label-free and highly sensitive analysis. A dual-polarization approach based on couple 

mode light theory is employed, analyzing both transverse magnetic (TM) and transverse electric 

(TE) polarization. The sensor achieves maximum wavelength sensitivities (WS) of 16,388.88 

nm/RIU for TM pol. and 14,888.88 nm/RIU for TE pol., respectively. Amplitude sensitivities 

(AS) reach up to 71,224 RIU⁻¹ and 58,112 RIU⁻¹, for TM pol. and TE pol., respectively. Both 

polarizations exhibit a high sensor resolution (SR) on the order of 10⁻⁶ RIU. Due to its superior 

sensitivity, dual-mode capability, and innovative Kagome lattice design, the proposed biosensor 

offers significant potential for accurate and real-time blood component analysis in biomedical 

applications. 
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Understanding the nanoscale organization of chromatin is crucial for investigating gene regulation 

and nuclear architecture. In this study, we explore advanced single-molecule localization 

microscopy (SMLM) techniques to visualize chromatin structures at the nanoscale [1] in fixed 

cells using cell-permeant fluorescent dyes. Specifically, we focus on SiR-Hoechst, an intercalating 

dye with reversible DNA binding properties, which exhibits fluorescence predominantly when 

bound, showing blinking behavior ideal for super-resolution microscopy techniques, including 

PAINT microscopy. 

Building upon preliminary experiments using wide-field SMLM, we are currently evaluating the 

compatibility of SiR-Hoechst with the MINFLUX nanoscopy approach [2]. MINFLUX offers 

potential for ultra-high spatial resolution (~5 nm), enabling precise visualization and tracking of 

molecules within small cellular regions. The primary goal of our ongoing research is to identify 

optimal imaging conditions that yield sufficient localization density to effectively map chromatin 

structures at unprecedented resolution. 

Our initial results suggest that SiR-Hoechst is indeed suitable for MINFLUX imaging and tracking 

applications. Further optimization may facilitate detailed nanoscale structural studies of chromatin 

within the nuclear environment, opening new avenues for understanding fundamental aspects of 

genome organization and function. 
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The main goal of this research project was to develop a non-invasive approach to assessing 

neurovascular coupling in the living retina based optical coherence tomography (OCT) with high 

spatial and temporal resolution. This is accomplished by measuring simultaneously visually-

evoked retinal neuronal responses (Optoretinography) and transient retinal blood flow changes 

(Doppler OCT).  

A compact, clinically-viable, point-scanning SD-OCT system operating in in the 800nm spectral 

range was developed for this project [1]. The system provides 1.7 µm axial resolution in retinal 

tissue, 4 µs temporal resolution (250 kHz data acquisition rate), and ~95 dB maximum sensitivity 

for 1 mW optical power incident on the cornea. A custom visual stimulator consisting of 4 LEDs 

mounted on a rotating wheel was integrated with the OCT imaging probe. The OCT system was 

combined with a clinical electroretinography (ERG) system and the data acquisition was 

synchronized. The ERG system served 2 major purposes: provided precise control of the visual 

stimuli (pattern, timing, duration, frequency, intensity and color), and allowed for simultaneous 

acquisition of ERG traces, which serves as a gold standard to allow for interpretation of the ORG 

data. Novel imaging protocols and image processing algorithms were also developed for this 

study. One of the imaging protocols consisted of 2,000 B-scans that were recorded from the same 

location in the retina  over a time period of 6 seconds (1s pre-stimulus (dark) recording, followed 

by a 4ms white light, single flash stimulus and ~5s post-stimulus recording). The OCT images 

were processed with custom, Matlab-based algorithms to extract phase-based (optical pathlength 

changes) Optoretinography traces (pORG) and intensity-based ORG (iORG) traces from some of 

the major retinal layers such as the photoreceptors OS, the IPL and the NFL, as well as  blood 

flow data from the retinal blood vessels. 

Results from this study showed that visual stimulation causes elongation of the photoreceptors 

outer segments (OS), as well as transient swelling of the retinal nerve fiber layer (RNFL) that were 

measures with pORG. The transient elongation of the OS can be explained with osmotic changes 

in the photoreceptors OS following phototransduction, which was previously confirmed in animal 

studies [2]. The visual stimulation also caused temporary changes to the reflectivity/scattering 

profiles of different retinal layers such as the photoreceptor’s inner segments (IS), OS, inner and 

outer plexiform layers (IPL and OPL) and the RNFL, which have different physiological origins 

for each of the retinal layers. The visual stimulus also caused transient changes in the retinal blood 

flow (RBF) and retinal blood vessel’s diameter (RBVD) in blood vessels that were located in the 

immediate vicinity of the retinal tissue where the pORG and iORG traces were obtained. The time 

courses of the ORG, RBF and RBVD were corelated, indicating neurovascular coupling. 
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In conclusion, we have developed OCT-based technology and algorithms for non-invasive 

probing of neurovascular coupling in the human retina and demonstrated its clinical potential. 
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Cancer cell interaction with confined spaces as part of metastatic process leads to cell-specific 

morphological deformations. Herein, we demonstrate the ability of tissue-like scaffold models for 

investigating the invasive potential of cancer cells and propose a correlative relationship between 

cell motility and invasiveness properties. Specifically, polymeric scaffolds with very small pore 

sizes down to submicrometric dimensions were designed and then fabricated by two photon 

polymerization to be used for the first time as relevant architectural models to observe melanoma 

cancer cell interaction with in vivo-like narrow confinement environments. The network of 

interconnecting pores then allowed the evaluation of melanoma cell body penetration into the 

scaffold at a relevant small scale using actin labeling and quantification of cell focal adhesions by 

vinculin antibody-mediated detection, revealing various behaviors dependent on the presence or 

absence of collagen coating and on scaffold pore size.  The fluorescence microscopy imaging 

carried out at the bottom layer of the scaffolds evidenced cancer cells filopodia penetrating inside 

the pores while scanning electron microscopy revealed cell climbing the scaffold top layer when 

collagen was applied. Confocal microscopy analyses are very challenging to investigate the 

interactions of cells with such scaffolds, having limitations related either to the structure height or 

to the very narrow space. In particular, in order to observe the cell interaction with the 3D scaffold 

with high resolution fluorescence microscopy, the scaffold height should be rather small when 

analyzed by high numerical aperture of 1.4 and low working distance objectives to reach few 

micrometers above a 170 µm thick microscopic slide. In addition, the vertical resolution of a 

conventional confocal microscope is limited to micrometer scale and high resolution microscopy 

techniques, such as multi-photon, are necessary. 

Such models may be further used to determine invasive capacity of tumor-derived cancer cells 

that can be exploited for personalized therapies, for example, in case of radioresistant melanoma 

cancers. Our study may be further relevant for anticipating cancer cell aggressive behavior from 

cell motility experiments.  
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Two-photon excitation fluorescence (TPEF) microscopy is a powerful non-invasive imaging 

technique providing images of non-stained biological tissues with minimal photodamage [1]. 

Despite having some advantages such as increased penetration depth, optical sectioning and lateral 

resolution, its effectiveness is usually constrained by the reliance on scanning units and sequential 

data acquisition using single-point detectors. Overcoming these limitations is critical to improve 

resolution and enhance the visualization of morphological features. This study aims to evaluate 

the potential of using a photon-counting camera as an alternative to the usual detectors used in 

TPEF microscopes. 

A custom TPEF microscope [2] has been modified to include a photon-resolving camera used 

as an additional/alternative detection unit. The performance of this innovative two-dimensional 

detector was compared to that obtained with a photomultiplier tube (PMT) in terms of signal 

intensity, contrast, and resolution. Pairs of TPEF images were sequentially acquired using both 

detection modalities. To facilitate a direct comparison, images were taken under different 

experimental conditions (dwell time and scanning protocols). Results revealed that TPEF images 

acquired with the photon-counting camera exhibited a >5-fold improvement in resolution 

compared to the PMT images’, regardless of the scanning protocol. Moreover, an analysis of the 

camera's signal evolution and noise demonstrated a linear trend with the number of scanning 

points in areas with either prominent structural details or noise. Additionally, the camera detection 

mode successfully revealed physiological elements at various depth levels in biological samples, 

demonstrating its applicability to biomedical imaging. 

Spatially resolved photon-counting detectors represent a useful alternative for the boost of 

TPEF microscopy images, providing better visualization and resolution augmentation of hallmark 

features. These devices offer promising opportunities in a variety of research fields, ranging from 

material sciences to biomedicine. For the latter, its impact on characterization, differentiation and 

diagnosis of cancerous tissues will be of special interest. 

Acknowledgements: V. Bernardo (Hamamatsu Photonics France) is acknowledged for his 

valuable help with the camera employed in this study. This work has been financially supported 

by grant PID2020-113919RB-I00/AEI/10.13039/501100011033. 

References: 

[1] Zipfel W. R., Williams, R. M., Webb, W. W. (2003). Nonlinear magic: multiphoton microscopy in the 

biosciences, Nature Biotech. 21(11), 1369-1377. 

[2] Bueno, J. M., Gualda E. J., Artal, P. (2010). Adaptive optics multiphoton microscopy to study ex vivo 

ocular tissues, J. Biomed. Opt. 15(6), 066004. 



1st Carpathian Biophotonics Meeting (CBM 2025) – Book of Abstracts 

 

17 
 

Quantitative Phase Microscopy for Cellular and Tissue Analysis across 

Malignancy Grades: A Label-Free Approach to Cancer Diagnostics 
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Quantitative Phase Microscopy represents a powerful tool for label-free visualization of 

transparent specimens, from cells in their natural environment to unstained tissue samples. 

Various morphological characteristics, optical properties, strength of attachment, growth rate, etc. 

can be extracted from the quantitative phase image (QPI), a particular image type which contains 

in each pixel the phase shift value induced by a transparent sample in the transmitted light. 

The metastatic potential was studied using two sub-lines of the B16-melanoma murine cells. 

Cultures with high amounts of G1 or G2/M phases of the cell cycle were obtained by chemical 

synchronization and checked by flow-cytometry. Cells were characterized by refractive index, 

projected area, dry mass and dry mass density extracted from QPIs. The analysis of parameters 

revealed key differences between G1, G2/M, and asynchronous cells of the two sublines. 

A cancer grading method using QPIs and machine-learning models (ML) was developed for 

tumor tissue samples of two origins: colonic adenoma and glioma. A transmission DHM setup in 

off-axis configuration captured QPIs, from which custom-made algorithms extracted numerous 

statistical, textural, and morphological parameters of cells and histologic structures. The ML-

based method was customized for colonic polyps aiming their automatic classification into benign 

or malign. Discussion will be given about the algorithms training on histological complexity of 

colonic tissue, mainly when dysplasia occurs. Glioma samples were classified in six classes 

(normal tissue and five glioma subtypes).  

Our studies shown that biomarkers extracted from QPIs can be used to develop clinically 

oriented applications for an early and accurate cancer diagnostic. 

Acknowledgments: 14PED/2025, PN-IV-P7-7_1-PED-2024-0511 

References: 

Calin, V.L., Mihailescu, M., Scarlat, E.I., Baluta, A.V., Calin, D., Kovacs, E., Savopol, T. and Moisescu, M.G. 

(2017), Evaluation of the metastatic potential of malignant cells by image processing of digital holographic 

microscopy data. FEBS Open Bio, 7: 1527-1538 

Calin, V.L., Mihailescu, M., Petrescu, G.E.D., Lisievici, M.G., Tarba, N., Calin, D., Ungureanu, V.G., Pasov, 

D., Brehar, F.M., Gorgan, R.M., Moisescu, M.G., Savopol, T.,(2024) Grading of glioma tumors using digital 

holographic microscopy. Heliyon, Vol. 10(9) 



1st Carpathian Biophotonics Meeting (CBM 2025) – Book of Abstracts 

 

18 
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Ex-vivo histology is time consuming, subjective, and invasive. To transpose it to in-vivo label free 

microscopy, also exploiting non-linear excitation, would produce numerous  advantages. 

However, by increasing the order of the non-linearity of the excitation imply the use of larger and 

larger numerical apertures and smaller and smaller duty cycle values. this requires high numerical 

aperture optics that produces large spherical aberrations when the light passes through the 

inhomogeneous tissue. On the other hand, the increase of the peak intensity used in the near 

infrared region of the spectrum, can damage the tissue. We discuss how implantable micro-optics, 

when coupled with higher order non-linear excitation microscopy, can enhance light penetration, 

and enable label-free tissue analysis. Several types of microlenses have been laser fabricated, 

replicated by Nano-imprinting lithography and implanted in chicken embryos. Segmentation and 

recognition of immune cells, vessels and collagen is made possible through deep neural network 

analysis. Promising results indicate that similar analysis can be done even at depth of few hundreds 

microns in mice. Finally, we propose and discuss a universal platform for testing thermal load 

under high order non-linear excitation.  
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Optical nanoscopy plays a pivotal role in life and materials sciences, enabling sub-diffraction 

imaging of biological processes and nanomaterial properties. Scattering-type Scanning Near-field 

Optical Microscopy (s-SNOM) achieves nanoscale resolution by exploiting the interaction of a 

focused laser with a sharp scanning tip. The Atomic Force Microscope (AFM), integral to s-

SNOM systems, provides the essential probe-sample feedback and topographical data.  

We present a physics-based framework to generate synthetic s-SNOM data from AFM signals, 

exploiting the intrinsic correlations between the two techniques. Despite relying on fundamentally 

different contrast mechanisms—mechanical for AFM, optical for s-SNOM—sample topography 

and dielectric properties influence both outputs. We show that a virtual s-SNOM image can be 

reconstructed using only AFM measured signals, bypassing direct optical measurements. 
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Discovered by Reinitzer [1] in 1888 and widely used in LCDs from 1970, liquid crystals (LC) 

have not shown their true potential yet. Recent studies present manufacturing techniques to 

produce biosensors for cancer biomarkers, different proteins or pathogens [2-5] but also for 

temperature sensors [6]. All of them are based on thin LC films that change their aspect when 

surrounded by special types of molecules. This is caused by nematic director reorientation due to 

the anchoring forces between liquid crystal and detected molecules in the surrounding area. This 

orientation change induces a variation of the transmitted light intensity just like in the switch on-

off process of an LCD pixel. Theoretically this process can be described by the influence of the 

external stimuli on the distortion angle using the elastic continuum theory and an upgraded Rapini-

Papoular model. Different configurations of pristine 5CB and its composites with nanoparticles 

are analyzed to find the best configuration.  
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In situ temperature estimation and control are often essential for either characterizing the thermal 

properties of a sample or ensuring the integrity of biological specimens during nonlinear imaging 

or fabrication processes. 

We developed two label-free, photo-activated thermal imaging methods that leverage super-

resolution to enable high-sensitivity, high-resolution temperature mapping of biological 

samples—ranging from tissue to single-cell scale. These approaches exploit structured 

illumination with focused visible laser light to locally heat the sample, and the resulting 

temperature variations are detected using a microbolometer thermal camera. By localizing hot 

spots or applying iterative 3D heat diffusion modeling, image reconstruction at micrometer-scale 

resolution can be achieved. This enables up to a 200-fold improvement over the thermally diffused 

point-spread function of the same camera operating under standard conditions over the seconds 

timescale [1, 2]. Examples will be presented involving both biological specimens and materials 

science applications [3], including thermal conductivity mapping at the mesoscopic scale. 

Accurate in situ temperature estimation during laser scanning is especially valuable in nonlinear 

optical techniques, such as two- and three-photon excitation microscopy, where the energy 

delivered per pulse is high. Fine control of this energy is critical for balancing excitation efficiency 

with sample preservation. In this context, we combine experimental data and finite-element 

simulations to estimate the actual sample peak temperature based on measured temperature 

changes during scanning at various excitation settings and focal depths. 
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The suitability of spontaneous Raman microscopy for biomolecular applications has led to the 

well-established understanding that Raman microscopy can also be used as imaging tool in the 

pharmaceutical sector for drug synthesis or drug delivery analysis [1] and beyond in the diagnosis 

and grading of cancers and other diseases [2]. The methods of testing and diagnosis when mapping 

sample composition via Raman hyperspectral analysis are limited by the low efficiency of Raman 

scattering [3]. As a member of the uCAIR Horizon Europe project, a key objective for our group 

is to incorporate improved technology of a fast tunable laser into a fast-scanning microscope 

capable for coherent anti-Stokes Raman scattering (CARS) hyperspectral data acquisition and 

develop analysis methods for said hyperspectral data. Here, we discuss the application of 

hyperspectral CARS for drug nanoparticles and carriers’ analysis, and how fast tunable laser can 

be leveraged for high-speed acquisition. 

Two different drug and delivery carriers are being examined, one of which is relevant in 

cancer treatment and the other being investigated in treating cardiovascular disease. One being a 

solution of liposome nanovesicles which encapsulate the cancer treatment drug Doxorubicin 

hydrochloride (DOX), and the other consisting of a dry powder of the drug Dalcetrapib (DCP) 

deposited on the delivery microparticle of Montmorillonite (MMT). With hyperspectral data of 

these drug collected, analysis is performed using computational techniques to investigate the 

spatial/spectral features of the samples. The analysis methods developed consist of a workflow of 

automatic material/hyperspectral cluster association for identification, which allows for pixelwise 

association of the sample’s hyperspectral response with trained image sets of the expected 

response linked to the materials being tested. This work acts as a benchmark for the fast-scanning 

microscope, and simulations allow us to develop a methodology on how that analysis will scale 

with ultrafast tuning as in uCAIR. 
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The role and importance of mechanical properties of cells and tissues in cellular function, 

development and disease has widely been acknowledged, however standard techniques currently 

used to assess them -as for example Atomic Force Microscopy- exhibit intrinsic limitations in 

term of spatial resolution, 3D capability and invasiveness.  

Recently, Brillouin microscopy, a type of optical elastography, has emerged as a non-destructive, 

label- and contact-free method that can probe the viscoelastic properties of biological samples 

with diffraction-limited resolution in 3D. This led to increased attention amongst the biophysical, 

biological, and medical research communities. 

After discussing the technique and its potentiality, as an example we report few examples of 

application in tissues, cells, and subcellular structures. Among them the investigation of the 

mechanical properties of the stress granules in presence of mutated FUS protein, giving insights 

on the critical aggregation step underlying the neurodegenerative ALS disease.  Altered cellular 

biomechanics have been implicated as key photogenic triggers in age-related diseases. An aberrant 

liquid-to-solid phase transition, observed in in vitro reconstituted droplets of FUS protein, has 

been recently proposed as a possible pathogenic mechanism for amyotrophic lateral sclerosis 

(ALS). Whether such transition occurs in cell environments is currently unknown because of the 

limited measuring capability of the existing techniques, which are invasive or lack of subcellular 

resolution. The Brillouin microscopy seems to be the tool capable to solve this issue. 
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The crystalline lens of our eye undergoes morphological and functional changes with age and may 

also play a role in the emmetropization process. Its ability to change optical power is gradually 

lost, and by the age of fifty most subjects are not able to focus close objects on the retina without 

the use of additional optical corrections This natural age-related condition is well known as 

presbyopia. Also, in some cases cataracts are formed decreasing dramatically the image quality at 

the retina due to an increase of scattering in the lens. A common solution to both presbyopia and 

cataracts is to surgically remove the opacified crystalline lens to introduce an intraocular lens in 

its place.  

Studying the crystalline lens is complex in part due to its onion-like structure that is origin to a 

gradient of physical properties. In particular, its gradient index of refraction (GRIN) still 

challenges our understanding of the optics of the eye. The study of the structure and optical 

properties of the crystalline lens can help to clarify the changes produced with myopia, presbyopia 

and cataracts, and to find solutions to these common problems.  

Optical Coherence Tomography is an imaging technique that can be applied using near infrared 

wavelengths to image the human eye.  We use Optical Coherence Tomography (OCT) to image 

the crystalline lens both in vivo and in vitro and have proposed the use of optimization methods 

to reconstruct its GRIN and study the changes produced with age [1] and accommodation [2]. The 

images obtained allowed the study of the full geometry of the crystalline lens [3] that can result 

on new methods to determine key parameters to study myopia and for better planification of 

cataract surgeries. We are currently using this information to improve the geometrical and optical 

models the human eye.   
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Advanced optical microscopes, from fluorescence-based super resolved methods to quantum 

optical microscopy, are analytical instruments able to produce images that are rich sources of 

quantitative information towards an unprecedented insight into the molecular mechanisms that 

govern and determine the fate of living cells. Their developments are positioned at the interface 

between biology and physics. Multimodal optical microscopy is a growing attitude boosted by 

artificial intelligence that makes intelligent the microscope. Definitely, fluorescence plays a key 

role coupling microscopy and spectroscopy by adding to image formation photochemical 

parameters, from brightness to lifetime, and non-linear approaches, like those associated with 

multi-photon excitation able to exploit intrinsic fluorescence and SHG/THG. In this framework, 

polarization methods like Mueller matrix microscopy expand those contrast mechanisms available 

for imaging towards labe-free. Such an “optical and probe” based state of the art is boosted by the 

growing use of artificial intelligence and the increasing availability of single photon detectors. 

The microscope becomes intelligent with the ambitious target to create a robust virtual 

environment “to see “what we could not perceive before”. An interesting case study is related to 

understanding the visualization of chromatin organization 
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Over- and undertreatment of patients with pulmonary disease remains a major clinical problem as 

knowledge of the underlying pathophysiological mechanisms is limited and current approaches 

for treatment selection do not consider individual disease phenotype. Therefore, human ex vivo 

tissue models are becoming increasingly important as a tool to address these issues.  

We developed an ex vivo model based on higher harmonic generation microscopy (HHGM) to 

study dynamic tissue metrics in lung tissue. HHGM is a label-free imaging technique capable of 

generating high-resolution 3D timelapse images (3D+t), without damaging the tissue. It combines 

third harmonic generation (THG), second harmonic generation (SHG) and two-photon 

autofluorescence (2PEF), visualizing cells and structures, collagen and elastin respectively. Until 

now, we generated precision-cut lung slices (PCLS) and artificial biopsies from residual 

lobectomy material containing normal (N=10), ILD (N=1) and tumor tissue (N=3). Furthermore, 

we studied fibrotic tissue changes in normal tissue PCLS after stimulation with Transforming 

Growth Factor-β. Tissue slices and biopsies were monitored up to five days. We demonstrate the 

capability of visualizing dynamic tissue metrics such as (immune) cell motion, cellular 

interactions, alveolar morphology and elastin and collagen density at subcellular level. 

This approach facilitates testing of different treatment options, which might prevent under- and 

overtreatment. This holds the potential to improve clinical care of lung disease patients in a 

personalized manner. 
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Assemblies of weakly interacting molecules (so-called molecular aggregates) have become 

remarkably versatile quantum systems with applications in photography, opto-electronics, solar 

cells, and photo-biology [1]. The remarkable properties of these aggregates stem from the strong 

transition dipole-dipole interaction between the individual molecules which leads to eigenstates 

with excitation shared coherently by a large number of molecules. As a consequence, electronic 

excitation can migrate through the aggregate and new superradiant optical properties emerge. 

In this talk I will give an introduction on the relationship between the structure of the aggregate 

(spatial arrangement, molecular properties, environment) and the resulting optical and transfer 

properties with a focus on the important role of coupling to vibrational modes. 

As examples I will discuss energy transfer in biological light harvesting systems [1] and 

superradiant emission of molecules on dielectric surfaces [2] with a focus on near field 

spectroscopy [3] and wavefunction reconstruction using convolutional neural networks [4]. 

Acknowledgments: Support from the DFG via a Heisenberg fellowship (EI 872/10-1) is 

gratefully acknowledged. 
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Three-dimensional volumetric imaging in biological specimens has been based on the capture of 

stacks of depth images, leading to the need of axial scanning technologies. In conventional 

imaging processes, each mechanical axial step requires a stabilization time to avoid induced 

vibrations. A solution to this issue is the use of an add-on that includes and electrically tunable 

lens (ETL), and that can be attached at a camera port of the microscope. This configuration 

strongly enhances the trade-off between resolution and depth of field found in optical microscopy, 

while speeding up image-stack acquisition [1],[2]. 

However, this system still suffers from lack of optical-sectioning capability, since both in-focus 

and out-of-focus light are captured. To mitigate this limitation, an appropriate image-processing 

approach is crucial for accurate volumetric reconstructions. While two-dimensional (2D) 

deconvolution methods – such as Wiener deconvolution [3] – are computationally efficient, they 

treat each slice independently, disregarding inter-slice coherence and the axial characteristics of 

the imaging system. In contrast, three-dimensional (3D) Wiener deconvolution employs the full 

volumetric optical transfer function (OTF), enabling linear image restoration across the entire 

volume and preserving spatial coherence [4]. This method better models the point spread function 

(PSF) and compensates for depth-related optical blur.  

In this contribution we demonstrate the added value of the 3D Wiener deconvolution to recover 

high-resolution information when captured under these specifications, supporting its potential for 

enhanced volumetric imaging. 

References: 

[1] Martinez-Corral, et al. (2015) Fast axial-scanning widefield microscopy with constant magnification and 

resolution, J. Display Technol. 11, 913–920. 

[2] Español, et al. (2025) Compact extended-DOF microscope through electrowetting lens, Opt. Express 33, 

9199. 

[3] Kondo, et al. (1977). Image restoration by Wiener filtering in the presence of signal-dependent noise. 

Applied Optics, 16, 2554–2558. 

[4] M. Keuper et al. (2013) Blind deconvolution of widefield fluorescence microscopic data by regularization 

of the optical transfer function (2013), Proc. IEEE CVPR 2179–2186. 

 



1st Carpathian Biophotonics Meeting (CBM 2025) – Book of Abstracts 

 

29 
 

New Insights in Single-Cell Biology  

via 3D Refractive Index Holographic Tomography 

Pietro Ferraro1* 
1CNR - Institute of Applied Sciences & Intelligent Systems, Italy 

*Presenting author: pietro.ferraro@cnr.it 

Keywords: 3D Refractive Index (RI) tomography; Holo-Tomographic Flow Cytometry 

(HTFC); Quantitative Phase Imaging (QPI) 

Three-dimensional Refractive Index (3D RI) holographic tomography is emerging as a powerful 

label-free tool for quantitative investigation in single-cell biology. This talk will highlight recent 

advancements and applications of a new method known as Holo-Tomographic Flow Cytometry 

(HTFC), for gaining unprecedented insights into cellular morphology and biophysical properties 

with high-throughput capability. Non-invasive visualization and quantification of subcellular 

structures and processes, without the need for contrast media, is made possible by 3D holographic 

RI tomography, which allows for intracellular specificity. Furthermore, its potential in diverse 

areas of single-cell research, including cell cycle analysis, disease diagnostics, and the study of 

cellular responses to drug treatments, as well as its promising clinical applications in areas such 

as cancer cell characterization and rapid diagnostic assays, will be discussed. The unique 

capabilities of this technology will be illustrated through examples, emphasizing the 

transformative perspective offered by Artificial Intelligence for computational tomography and 

the interpretation of the analysis of the Quantitative Phase Imaging (QPI) three-dimensional data. 
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The emergence of new materials, combined with growing interest in nanotechnology, is driving 

technological advances across diverse fields, including clinical diagnostics, food analysis, and 

environmental monitoring. Multifunctional advanced biomaterials based on biologically 

synthesized gold nanoparticles (AuNPs) and their complexes with liposomes, proteins such as 

bovine serum albumin (BSA), and small molecules (drugs) demonstrate strong potential as both 

drug delivery systems and sensing platforms. 

In this work, transporter–ligand interactions were evaluated using spectroelectrochemical 

techniques, including Surface Plasmon Resonance (SPR) and Electrochemical Impedance 

Spectroscopy (EIS). Levothyroxine (LT4), the synthetic form of the thyroid hormone—whose 

deficiency or excess can lead to various health issues—was selected as the model drug. The 

binding mechanism and affinity of BSA–LT4 interactions (Sandu, N. et al., 2020), as well as the 

effects of four vitamins on the BSA–LT4 complex (Cazacu, N. et al., 2022), were investigated. 

Using liposomal systems as both transporters and simulated cell membranes, the antioxidant 

activity of biologically synthesized AuNPs was demonstrated (David, M. et al., 2024). 

These studies enabled characterization of nanoparticle–protein–drug interactions at the membrane 

level, supporting the future development of drug delivery systems and sensing platforms based on 

BSA, liposomes, and AuNPs. 

References:  

Cazacu, N., Chilom, G.C., David, M., Florescu, M., (2022) Conformational Changes in the BSA-LT4 

Complex Induced by the Presence of Vitamins: Spectroscopic Approach and Molecular Docking. 

International Journal of Molecular Sciences, 23, 4215 

David, M., Enache, T.A., Barbu-Tudoran, L., Bala, C., Florescu, M., (2024) Biologically Synthesized Gold 

Nanoparticles with Enhanced Antioxidant and Catalytic Properties. Pharmaceuticals, 17(9), 1105 

Sandu, N., Chilom, G.C., David, M., Florescu, M., (2020) Evaluation of the interaction of levothyroxine with 

bovine serum albumin using spectroscopic and molecular docking studies. Journal of Biomolecular Structure 

and Dynamics, 40:3, 1139-1151 

 

 

 



1st Carpathian Biophotonics Meeting (CBM 2025) – Book of Abstracts 

 

31 
 

Advanced fluorescence microscopy to understand the interactions between 

bacteria and materials 

Cristina Flors1* 
1Madrid Institute for Advanced Studies in Nanoscience (IMDEA Nanociencia), C/ Faraday 9, 

Madrid 28049, Spain 

*Presenting author: cristina.flors@imdea.org 

Keywords: bacteria; cell-material interface; fluorescence lifetime imaging; membrane 

tension; Min oscillations; single-cell imaging  

Physical interactions between bacteria and materials are poorly understood, in part due to the 

challenges associated with their real-time characterization in a biologically relevant environment. 

In this talk, I will discuss advanced fluorescence microscopy strategies to study interface 

phenomena in living bacteria. In a first example, the real-time and single-cell response of E. coli 

to weak mechanical interactions with mechanobactericidal nanomaterials (i.e. low-dimensional 

nanoparticles in suspension or high-aspect-ratio nanofabricated topographies) is investigated. To 

that end, a reporting strategy based on the oscillations of the Min protein system is used to follow 

sublethal physiological effects on bacteria upon contact with these materials [1]. With this method, 

it is estimated that the contact time at which bacterial physiology starts to be compromised is in 

the order of a few tens of minutes [2]. We have also explored the use of Flipper-TR®, a fluorescent 

probe that reports on membrane tension through variations in fluorescence lifetime [3]. I will 

discuss the challenges and opportunities of the use of this probe in fluorescence lifetime imaging 

experiments to study interfacial phenomena in both Gram positive and negative bacteria. Overall, 

our results contribute to a quantitative understanding of the complex interaction between bacteria 

and materials. 
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Adding AC electrical modulation to optical microscopy (either Quantitative Phase or Surface 

Plasmon Resonance imaging) provides label-free, high-resolution images of the sample's optical 

path and electrical impedance. These maps relate to the distribution of the refractive index and 

conductivity, as complementary intrinsic parameters and imaging contrast elements of a 

(bio)sample.  

Electrical Impedance Spectroscopy (EIS) is commonly used for functional characterization of 

living cells. EIS allows direct assessment of membrane integrity and, as such, of the cellular 

viability status.  

The proposed multimodal method provides new capabilities for determining both electrical and 

optical features of (microbial) cells and their dynamic changes both per se, and in response to 

exposure to antimicrobial drugs.  

In this work, we take on the challenge to solve the inverse problem related to measuring the optical 

response of a (bio) sample upon electrical AC excitation.  

Our presentation will highlight our recent developments in analysis of (single) cell cycle dynamics 

changes, and related heterogeneities, revealed by Electrically Modulated Light Microscopy. We 

emphasize the complementarity between optical (refractive index) and electrical (conductivity) 

maps/images especially concerning the viability status. 
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Multimodal methods for determining both electrical and optical features of live cells and their 

dynamic changes both per se, and in response to exposure to environmental stressors (drugs, 

viruses, nanomaterials) are essential in most biomedical applications. 

Adding AC electrical modulation to optical microscopy provides label-free, high-resolution maps 

of the refractive index and conductivity distributions, as complementary intrinsic parameters and 

imaging contrast elements of a (bio)sample, capable to provide multidimensional information for 

investigating cell state and cellular effects.  

We will present recent developments in label free analysis of (single) cell dynamics changes 

revealed by Electrically Modulated Light Microscopy. We will demonstrate ability to track and 

study live cells phenotypic biomarkers in bacterial and eukaryotic cells adhered to supports and 

in hydrogels. The dynamic cellular processes, such as cell shape changes, motility/migration 

velocity, stiffness as well as membrane integrity and metabolic state will be characterized in 

relation to exposure to a last resort antibiotic, colistin, as model drug of wider relevance. 
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Spatial omics technologies provide deeper insights of cellular organizations and interactions 

within intact tissues, advancing our understanding of the design principles of tissues, their single-

cell gene expression patterns and their disruption in pathological conditions. 

In this presentation, we highlight three studies demonstrating the power of integrating multiple 

spatial omics modalities to generate novel biological insights. From the perspective of bioimage 

analysis, we emphasize the methodological challenges and solutions associated with spatially 

resolved multi-omics data. 

The first study [1] reconstructs a high-resolution spatial gene expression atlas of the adult human 

proximal small intestine by integrating spatial transcriptomics (10X Visium), spatial proteomics, 

single-molecule fluorescence in situ hybridization (smFISH), and histological imaging. Zonation 

patterns were extracted across both the crypt-villus and stromal-epithelial axes by aligning 

transcriptomic data with anatomical regions identified through histology. 

In the second study [2], we map gene expression in healthy human liver tissue using 10X Visium, 

Visium HD, MERFISH, and histological imaging. By applying single-cell segmentation to the 

histology data, we aggregated high-resolution transcriptomic data into cell-level expression 

profiles, enabling per-cell spatial transcriptomics. 

The third study combines mass spectrometry-based proteomics with imaging-based immune and 

stromal profiling to investigate how the tumor microenvironment influences cancer cell plasticity 

and clinical outcomes in breast cancer. This integrative approach highlighted a dynamic interplay 

where low-grade tumors exhibit constrained immune infiltration, and upon progression, 

macrophages and T-cells infiltrate. 

Together, these studies showcase the importance of spatially integrated multi-omics and advanced 

image analysis in resolving tissue complexity and understanding disease mechanisms. 
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Higher Harmonic Generation Microscopy (HHGM) is an innovative imaging technique that 

allows visualization of tissue without the need for preparation or staining. In my talk I will presents 

our results that demonstrate HHGM to provide information comparable to conventional histology, 

but in minutes rather than over 24 hours, that can be interpreted both by pathologists and by AI 

algorithms. I will present results on lung (tumor and ILD), leukocyte differentiation and 

complementary automated diagnostic image analysis [1-3]. In addition, I will present our results 

on immune cell dynamics in precision-cut-tissue-slices from human lung. Current methods to 

study patient-specific tumor biology rely on off-line analysis or fluorescence microscopy that limit 

the available investigation time. We developed an innovative platform that provides metrics on 

cell density, cell dynamics and morphology of the extracellular matrix for the characterization of 

treatment response, by combining full label-free time-lapse 3D higher harmonic generation 

microscopy with cultured 3D lung tissue slices. We demonstrate the viability of the tissue slices 

during imaging and the ability to resolve endogenous immune cell and seeded monocyte 

dynamics, in the context of healthy alveolar structures. Time-lapse dynamics were recorded in 3D 

for up to 59 hours during a total culture period of 90 hours, and the migration of endogenous 

smaller cells and seeded monocytes was tracked and analyzed. This platform is relatively simple 

to operate and has the potential for studies on drug development and patient-specific treatment 

response prediction in the context of human lung disease. 
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Collagen fibrils exhibit hierarchical organization across multiple length scales, underpinning their 

critical role in the structural and mechanical integrity of biological tissues. Accurate, multiscale 

characterization of collagen is essential for understanding its function and alterations in 

pathological states. In this study, we present a comprehensive methodology for the quantitative 

multiscale analysis of collagen fibrils by integrating Second Harmonic Generation (SHG) 

microscopy, scattering-type Scanning Near-field Optical Microscopy (s-SNOM), and Atomic 

Force Microscopy (AFM). SHG microscopy provides label-free, polarization-resolved imaging of 

fibrillar collagen in the micron range, enabling the assessment of collagen alignment and optical 

anisotropy [1]. s-SNOM complements this by offering nanoscale mapping of local optical 

properties [2], including complex refractive index variations associated with fibril composition 

and denaturation. AFM further augments this dataset with topographical and mechanical 

measurements at the nanometer scale. By correlating these complementary imaging modalities on 

the same sample regions, we achieve a robust quantitative characterization of collagen fibrils 

spanning from the nanometer to the micrometer scale. This multimodal approach allows us to 

identify structural heterogeneity and detect signs of collagen degradation. Our findings establish 

a powerful platform for the integrative investigation of collagen, with potential applications in 

biomedicine, tissue engineering, and diagnostics. 
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Mid-infrared photothermal microscopy is an emerging vibrational chemical imaging technique 

that combines the high sensitivity of mid-infrared absorption with the high spatial resolution of 

visible imaging. We have developed wide-field mid-infrared photothermal microscopes utilizing 

quantitative phase imaging techniques [1-3]. Our latest systems achieve imaging speeds beyond 

video rate [4] and high spatial resolution, demonstrating wide-field mid-infrared nanoscopy [5]. 

Using this technique, we investigated intracellular thermal dynamics and revisited cellular thermal 

biology [6]. Additionally, we demonstrated a novel capability of mid-infrared photothermal 

microscopy—thermophoresis imaging—enabling quantitative measurement of molecular 

transport driven by temperature gradients within living cells [7]. 
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Over two decades of graphene as biomaterial 
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Graphene is regarded as one of the most debatable nanomaterials in modern scientific research, 

particular when it comes to biomedical applications due to the concerns arisen in regard to the 

graphene potential toxicity, particularly at higher concentrations (ranges of 50-300 mg/L) [1]. 

Conversely, understanding the potential relevance to risk of the graphene is much more complex 

particular in the hypothesis that engineered nanoparticles are dangerous until shown otherwise. 

One of the furthermost challenges to use graphene in the biomedical field is impossibility to prove 

through research that is utterly safe. Conversely, contemporary scientific discoveries 

demonstrated that graphene has a wide array of potential applications due to its unique properties 

in both technology and medicine i.e. drug delivery, biosensors, tissue engineering, antimicrobial 

coatings or conductive inks. Each of the aforementioned applications is exploiting different 

features of this outstanding nanomaterial demonstrating its versatility and potential to 

revolutionize multiple fields. The high mechanical strength has promoted graphene also a 

promising material for scaffolds in bone tissue engineering and regenerative medicine. While later 

findings demonstrated that graphene can induce well-defined new functionalities i.e. 

osteoconductive and osteoinductive properties which are well beyond the initial anticipation. Later 

discovery of 3D printing fabrication technique open new avenues also in the field of bone tissue 

engineering however the development of inks capable of producing scaffold with high 

biocompatibility, mineralization capabilities, and adequate mechanical properties remains a 

significant challenge. Once again graphene demonstrated to be an effective solution for the 

development of functional formulations for bone regeneration [2]. Graphene based formulations 

are foreseen as very promising and able to help to go beyond the limitations of the 3D printing 

technique i.e. resolution or dimensional accuracy and thus related to bone regeneration i.e. need 

for osteoconductive and osteoinductive features.  

Acknowledgments: PNRR project CF 213/29.11.2022, contract number 760093/23.05.2023. 
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Spatiotemporal heterogeneity of in vivo immune systems –  

an intravital optical imaging study 
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During the last decade, intravital multiphoton microscopy has launched a new trend in the field of 

life sciences. By using this advanced imaging technique, we have established a new system for 

visualizing in situ behavior of a diversity of living cells within intact tissues and organs. Among 

them, we first succeeded in visualizing the various dynamic phenomena within bones, where 

various kinds of immune and hematopoietic cells are produced and functioning although poorly 

analyzed by conventional methodology such as histological analyses with decalcified sections. By 

utilizing intravital microscopy, we have so far identified in vivo modes of migration and function 

of different cell types. In addition, intravital imaging has enabled us to grasp in situ behaviors of 

local immune response in vivo, especially focusing on lung and liver, leading to the identification 

of the native systems and their responsible cell types. In this talk, I will present the latest advances 

in imaging-based life sciences for ‘seeing the unseen phenomenon’, especially focusing on 

spatiotemporal heterogeneity/variability of immune systems in vivo. 
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Key Physical Considerations in Numerical Analysis for Nanoscopy Experiments 
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Interest in the ever-expanding field of nanoscopy techniques has greatly increased in recent years. 

Specifically, in-depth characterization through optical techniques capable of nano-resolution 

enables a deep understanding of nanostructures and their near field domain. Due to the need to 

detect evanescent waves and other complicated physical phenomena, the physics of these 

techniques is quite involved. The scanning tips used in experiments can be either apertured or 

apertureless, depending on the physical principle used for the measurements. Numerical analysis 

of proposed experimental setups can provide significant advantages to researchers, as well as 

complementary results to measurements. After the setup has been defined, parameters (optical, 

electrical, thermal, structural and dimensional) can be virtually varied and provide a preliminary 

forecast of the expected experimental results. In general, it is necessary to make certain 

assumptions about the conditions in the real world (experimental setup) to allow the simulations 

to be conducted efficiently. Typical simplifications arise from the geometry of the setup, such as 

the assumption that a long thin sensor extends infinitely in the length direction, allowing for it to 

be modeled in 2D. Case studies include also symmetry around one axis, adapted mesh for results 

accuracy, probe’s rotation instead of light source’s rotation etc. Others relate more directly to the 

physics involved; for example, a light source, tip/sample and detector are the three main 

components of a standard s-SNOM experiment setup. In the virtual world, reasonable results can 

be obtained using a simplified setup which represents the scanning tip as a dipole in a static field, 

meaning that we only need to directly model the tip-sample system. This research will review 

several photonics and bio-photonics case studies in which physical concerns and considerations 

simplified the analysis and demonstrated excellent results.  
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Controlling microbial growth is important not only for suppressing harmful microbes but also for 

utilizing beneficial ones. Typically, microbial cultivation has been controlled with temperature 

and/or biochemical environments, while a limited number of studies have explored the physical 

effect caused by surface topography. If microbial control can be achieved by the physical effects, 

it is expected to enrich controllability of microbial cultivation. In this study, we developed a new 

method to evaluate the physical effect on microbial growth independent of the biochemical 

environments such as surface properties of culture substrate. To create different types of surface 

nanostructures, we employed ultrafast laser processing. Specifically, it is well known that stripe-

like 1D periodic nanostructures with a sub-micron periodicity, known as laser-induced periodic 

surface structures (LIPSS), can be formed on solid surfaces by irradiation of linearly polarized 

ultrafast laser [1,2,3]. Furthermore, we have recently found that a new irradiation scheme of GHz 

burst mode can create different types of lattice-like 2D periodic nanostructures depending on the 

laser polarization and the number of ultrafast laser pulses (intra-pulses) in the pulse train (burst 

pulse) [4,5]. The GHz burst mode consists of a series of burst pulses with an extremely short pulse-

to-pulse interval of several hundred picoseconds. The ultrafast laser surface nanostructuring offers 

an advantage in terms of processing flexibility over other techniques such as electron beam or ion 

beam lithography, and is thus attracting attention as a high-speed and environmentally friendly 

technique fabricating the different types of periodic nanostructures on surfaces. Then, LIPSS with 

a variety of periodic surface nanostructures fabricated by different modes of ultrafast laser 

irradiation were applied to investigate the effect of surface topographies on microbial growth 
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We performed the first clinical study of two-photon fluorescence lifetime imaging (FLIM) in Jena 

in 2003 on patients using a multiphoton tomograph based on a mode-locked 80 MHz 

titanium:sapphire laser and a time-correlated single photon counting (TCSPC) module. 

Nowadays, the Prism Award winning multimodal multiphoton femtosecond fiber tomograph 

MPTcompact operating at 780nm with 300 nm lateral resolution and 200 ps temporal resolution 

is used to perform optical metabolic imaging (OMI) based on TCSPC data of autofluorescent 

coenzymesand to generate optical biopsies. In particular, the free and the protein-bound coenzyme 

NADH is imaged in patients suffering from dermatitis, psoriasis, and cancer. OMI has been also 

performed on brain during glioma surgery as well as on astronauts and on volunteers during 

oxygen inhalation. Nonlinear FLIM tomography is also used in the cosmetic and pharmaceutical 

industry, e.g. to reduce animal studies and to evaluate "energizing" cosmetics with oxygen 

scavengers. 
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Electrophysiology studies of ion channels, in live filamentous fungi by patch clamp method are 

not possible due to presence of rigid chitinous cell wall that prevents patch clamp pipette to access 

the plasma membrane. We present laser nano-surgery of the fungal cell wall that enables patch 

clamp electrophysiology studies. Similar approaches as one-time reports utilizing nanosecond 

laser pulses long time ago were not pursued further [1, 2]. Here, we demonstrate reproducible 

method using femtosecond lasers accompanied by two-photon excitation fluorescence (TPEF) 

imaging of hyphae [3]. 

A wild-type strain of filamentous fungus Phycomyces blakesleeanus (Burgeff) [NRRL 1555(-)] 

were grown on glass coverslips with hand-etched grid, coated with a thin layer of 50% collagen 

type I as an immobilizer. Home built nonlinear laser scanning microscope [4] utilizing Ti:Sa 

tunable fs laser was used for TPEF imaging of hyphae and the cell surgery. The latter is enabled 

with the custom made add-on in software. The dwell time (1s) and the laser power (4-15mW) 

were set with fixed repetition rate (76MHz), pulse duration (160fs) and laser wavelength (730nm). 

Coverslip with hyphae is transferred to another microscope setup for patch clamp, consisting of 

micromanipulators and precise electronics for pA current measurements. Obtained current 

recordings provide valuable information on fungal cell membrane ionic channels.  

Acknowledgments: Project BioPhysFUN, program GREEN, Science Fund of the Republic of 
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The development of reliable, sensitive and specific biosensors is a very active research field. 

Among all the techniques, the Surface Enhance Raman Scattering (SERS) is one of most sensitive 

and has been widely used for ultrasensitive chemical analysis down to single molecule 

detection.[1] SERS is based on the exploitation of the optical properties of metallic nanoparticles 

and on the electromagnetic field enhancement localised at the vicinity of the nanostructures and 

created by the excitation of the Localized Surface Plasmon (LSP). 

First, by controlling LSP, we are able to produce a highly sensitive sensor. We have determined 

the sensor characteristics such as its detection limit and its selectivity. We have determined that 

such sensor could be highly sensitive by reaching some detection limits lowest than the pico-

molar. In this work, we have applied this sensor to the detection and the identification of specific 

proteins and we have been able to detect some specific disease biomarkers in body fluids (serum, 

saliva) paving the way to the potential disease diagnosis.[2,3] 

Second, the biosensor specificity is provided by multiple and simultaneous biomolecular 

recognition events based on weak interactions which give an apparent affinity. Aptamers, single 

DNA strands, are new bioreceptors intensively used now in biosensor. Through the self-

hybridisation of one part of its sequence, the aptamer forms a loop structure exposing some bases 

that interact specifically with the analyte thanks to electrostatic interactions. It is of primary 

importance to understand such interaction to optimize the analyte capture and to improve the 

sensing performances. In addition, molecular interactions are the basis of many biological 

mechanisms. It is therefore important to have a better understanding of these phenomena and to 

be able to answer to specific questions as: how does the interaction take place?, is it dynamic or 

static?, is there any specific conformation for the interaction? To answer to such questions, we 

study the interaction between aptamer or DNA strand with its analyte or its complementary strand 

by the combination of SERS and multivariate statistical analysis.[4] We observe the DNA 

structure and its evolution during the interactions between two DNA complementary strands 

(PolyA/PolyT) as well as strands containing mismatch in their sequences (one C base inserted at 

different positions in the sequence of polyA). We interpret the modification of the SERS spectra 

by some changes in the orientation and in the flexibility of the DNA strands during the 

hybridisation. Using Principal Component Analysis, we were able to determine some spectral 
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markers of the hybridisation and of its disruption due to the single base mismatch. This study 

provides a new approach for the reliable quantification and structural analysis of biological 

molecules.[5] 
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Studies on the interface between nanostructured materials and proteins  

to develop responsive biomaterials (Keynote Lecture) 

Latterini Loredana1* 

Nano4Light Lab, University of Perugia, Via Elce di Sotto 8, 06123, Perugia, Italy  

*Presenting author: Loredana.latterini@unipg.it 

Keywords: 2D materials; Protein–nanomaterial interactions; Spectroscopic and 

microscopic analysis 

2D-materials (graphene, graphene oxide or phosphorene) have attracted the attention of the 

scientific community in the last years owing to their unique physicochemical, electronic, and 

mechanical properties. [1, 2] However their exploitation in functional biomaterials is still limited; 

to profit of these promising materials in biomedical field or in bio-based composites, it is critical 

to elucidate the interactions that drive the adsorption of bio-molecules on their surface and how 

the interactions impact on the protein structure. [3] 

In this work, spectroscopic and microscopic methods are used to investigate the interaction 

between proteins (Lysozyme, Insulin, and albumins) and colloidal 2D-nanomaterials. [4] In 

particular, UV-Vis absorption, reflectance and emission spectroscopy are monitored to have 

information on the biomolecules in contact with the nano-surfaces. The changes of protein 

conformations are detected through IR and Raman measurements to achieve information on the 

protein denaturation and gelling processes. The size and the surface charges of the binary systems 

have been determined by Dynamic Light Scattering and ZPotential measurements. Dimensional 

information of the nanocomposites during the gelling process have been obtained through TEM 

and Confocal Microscopy. 

This work advances the development of controlled interfaces materials with different chemical-

physical properties respect to the native proteins.  
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Effective management of Coronary Artery Disease (CAD) and prevention of Acute Coronary 

Syndromes (ACS) require a detailed understanding of the complex biochemical and structural 

mechanisms underlying plaque development and destabilization. Conventional intravascular 

imaging methods are limited in their ability to capture the full spectrum of pathological changes 

associated with plaque vulnerability, including rupture and erosion. Hybrid imaging technologies 

have emerged as promising tools for advancing this understanding [1].  

In this study, we present the development of an innovative intravascular imaging system that 

integrates two label-free optical modalities—Fluorescence Lifetime Imaging (FLIm) and 

Polarization-Sensitive Optical Coherence Tomography (PSOCT). This bimodal platform, 

delivered through a 2.7 Fr catheter compatible with Percutaneous Coronary Intervention (PCI), 

enables real-time, high-resolution imaging of both the biochemical composition and structural 

architecture of atherosclerotic plaques at a frame rate of 100 fps and pullback speed of 40 mm/s 

[2]. 

We demonstrate the system’s capability to assess critical pathobiological features of vulnerable 

plaques, including extracellular matrix alterations, inflammatory activity, and fibrous cap 

morphology. The integration of FLIm and PSOCT into a single catheter-based platform offers a 

novel approach for in vivo plaque characterization, with potential applications in both 

cardiovascular research and clinical diagnostics during PCI procedures. 
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In the context of biomaterials, small-molecule, and drug testing, intravital fluorescence 

microscopy offers a powerful tool for quantifying immune responses in vivo, reducing the number 

of animals required for statistically robust results. However, despite advancements in non-linear 

microscopy, in vivo fluorescence imaging remains limited by shallow tissue penetration, light 

scattering, and optical aberrations caused by surrounding tissue [1, 2]. 

To address these challenges, we developed a miniaturized, integrated imaging window—an 

implantable system combining microlenses with microscaffolds to guide cell and tissue 

integration. This microstructured device acts as an in-situ microscope objective, utilizing 

fluorescence beacons and designed to correct spherical aberrations, thereby overcoming imaging 

limitations and enabling long-term, high-resolution monitoring within the same animal. 

The device is fabricated using a novel, efficient one-step process based on multi-photon 

polymerization (MPP) of a biocompatible photoresist (SZ2080) [3]. The procedure first constructs 

the microscaffolds, followed by seamless MPP of the microlens surface and UV bulk 

polymerization of the core, enhancing both precision and production efficiency. 

We validated the optical performance of the device through preliminary imaging of live cells and 

in vivo implantation in developing chicken embryos. When paired with low-magnification 

objectives, the system enabled magnified, high-quality imaging of integrated tissues through the 

microlenses. This allowed for detailed neovascularization and collagen quantification via non-

linear excitation microscopy under both physiological and drug-treated conditions, supporting the 

evaluation of vascular damage as a marker of drug toxicity. 

This innovative fabrication and implantation strategy offers a fast, precise method for producing 

advanced microscale optical systems, setting the stage for real-time in vivo observation of 

complex biological processes. 
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The use of tunable lenses has been widely proposed for producing fast, non-mechanical focusing 

on microscopy. In this contribution we summarize the main advantages of this approach and 

propose a new scheme for an accessory directly attachable to light instrument. We demonstrate 

the utility of mentioned accessory in different applications like microscopy or laparoscopy. 
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A Stokes polarimeter was build using four-channel photon counting detectors and integrated with 

second harmonic generation (SHG) microscopy for characterizing polarization properties of light. 

The Stokes-Mueller-based polarization technique provides detail information of SH light and the 

sample’s information as well. The system provides simultaneous measurement of polarization 

states of light and various polarization parameters including the degree of polarization (DOP), the 

degree of linear polarization (DOLP), and the degree of circular polarization (DOCP) without the 

need for repeated image acquisition. The 2D polarization images were reconstructed allows the 

detail investigation of molecular orientation of the targeted specimens including collagen fibers, 

skeletal muscle fiber, and starch granules [1,2]. Further, four channel based Stokes-Mueller 

polarimetry integrated with machine learning was developed in linear optics for classification and 

characterization of ductal carcinoma tissue [3]. The instrument provides a cost-effetive for 

performing quantitative polarimetry for microstructural analysis of breast tissue samples. Again, 

we have explored the light scattering properties in simulated particles such as SARS-CoV-2 using 

Stokes-Mueller formalism. Three different types of viruses were constructed of 15, 20, and 40 

numbers of spike proteins using discrete dipole approximation [4]. Various polarization 

parameters were deduced from Stokes–Mueller polarimetry. We observed that with circularly 

polarized incident light, DOP and DOCP values are higher and minimum DOLP values. Stokes 

vector based polarimetry integrated with microscopy and machine learning analysis provides 

insightful analysis for detail investigation of microstructure in tissues and potential tool for disease 

diagnosis.   
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Superimposed multiple shots of intense femtosecond (fs) laser pulses form a periodic 

nanostructure on solid surfaces through ablation [1]. It is so-called laser-induced periodic surface 

structure (LIPSS). The structure size observed is 1/10–1/5 of the laser wavelength, indicating the 

possible formation of nanoscale structures beyond the diffraction limit of light. This phenomenon 

has attracted considerable interest since the first observations twenty five years ago because the 

self-organized surface nanostructure suggests not only a potential route to transcend the diffraction 

limit in the laser-matter interactions but also various kinds of surface functional applications such 

as wettability control, light absorption enhancement, light phase and polarization control, surface 

coloration, friction coefficient reduction, and cell spreading direction control [2,3]. For fabricating 

a well-defined periodic nanostructure or nanograting, one of the most critical subjects has been to 

understand and control the interaction processes for nanostructuring at the surface. We have 

unveiled its physical mechanism [4,5] and demonstrated that the self-organization process of 

nanostructuring can be regulated to fabricate homogeneous nanogratings on solids in the air [6-

8].  
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High-content imaging finds numerous applications in cells and tissues analysis providing 

information about samples’ morphology and structural composition through their spectral 

fingerprint or phase shift map. In our analysis, the multidimensionality is given by the hypercube 

of intensities over the spectral range 400-1000 nm available in each pixel and by the phase volume 

proportional to the dry mass density. All this information is not altered by chemical markers, the 

samples being prepared label-free.  

Fluid samples from serous cavities contain cells which are essential for diagnostic and therapeutic 

strategies. High content information embedded in their hyperspectral images (HSI) was analyzed. 

The critical step of the procedure is the precise segmentation of the cells/nuclei present in the 

images. To overcome the difficulties of this step, multidimensional spatial and spectral features 

of spectral profiles were extracted. Their relevance was evaluated by permutation feature 

importance analysis. Two approaches for cells segmentation in HSI were thus defined. The first 

is based on the identification of pixels that have a spectral profile similar to a reference one using 

distance in 468-dimensional spectral space. The second approach involves training machine 

learning models using vector-based features derived from reference spectral profiles. The methods 

are compared in terms of accuracy, speed, and need of resources. 
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1895. CytoViva HIS system was acquired in INOVABIOMED Project No. P_36_611, MySMIS 
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Non-centrosymmetric metal oxide nanoparticles, also referred as harmonic nanoparticles, are 

known to exhibit functional properties that are similar to their bulk counterpart when their size is 

typically above 20 nm. Among them, lithium niobate (LiNbO3) nanocrystals have for instance 

gained significant attention as promising candidates for advanced applications in biomedical 

imaging, nonlinear optics, and sensing owing to their high nonlinear optical coefficients [1, 2]. 

Development of multimodal agents capable of generating diverse contrasts through various 

physical mechanisms, encompassing MRI [3], computed tomography (CT), photoluminescence 

from rare-earth ions, and nonlinear optical processes from the same core nanomaterial, is also of 

current interest. A strict control over the nanoparticle morphology, dispersion, chemical 

composition and surface chemistry is then needed and, this can be usually achieved if their entire 

reaction pathways and formation mechanisms are understood.  

Our presentation aims at describing how a non-classical nucleation scheme, featuring 

octanuclear complexes with a {Li4Nb4O10} core, has first been evidenced when a simple aqueous 

sol-gel route is applied for the preparation of LiNbO3 nanocrystals from alkoxide precursors. Heat 

treatment of the as-obtained colloidal gel at room-temperature then demonstrates a non-classical, 

aggregation-mediated crystallization process [4]. Interestingly, this sol-gel route can be easily 

extended to the preparation of i) highly-doped LiNbO3 nanocrystals with, for example, optimal 

concentrations in lanthanide ions such as Er and Yb [5], ii) lithium tantalate (LiTaO3) nanocrystals 

and iii) non-stoichiometric LiNbO3 nanocrystals with exalted second harmonic properties for a 

given range of compositions. These latter are quantitatively assessed from a state-of-the art 

multiphoton platform featuring microscopic measurement at the nanocrystal scale and a second-

harmonic-scattering spectroscopic configuration for nanoparticle suspensions [6].   
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Rapid, region-specific bioactive coatings with excellent biocompatibility are useful for surface 

functionalization in biomedical applications. For example, calcium phosphate (CaP) is a major 

inorganic component of teeth and can be used for future dental applications due to excellent 

biocompatibility and osteoconductivity. We have developed two kinds of rapid and region-

specific CaP coatings to various substrates such as human dentin and dental implants using laser-

induced forward transfer (LIFT) of CaP microchips and nanoparticles, as shown in Fig.1[1, 2]. In 

this work, we are focusing on the development of the LIFT technologies using laser ablation of 

sacrificial layers and water to reduce the thermal effects of laser irradiation on heat-sensitive 

biomaterials such as proteins. 
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Figure 1: Bioactive coating by laser-induced forward transfer of calcium phosphate 

(CaP) to various substrates such as human dentin for future dental applications. 
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Intravital imaging of bone marrow provides a unique opportunity to study cellular dynamics and 

their interaction with the tissue microenvironment, which governs cell functions and metabolic 

profiles. To optically access the deep marrow of long bones, we previously developed a 

microendoscopy system for longitudinal two-photon fluorescence imaging of the murine femur 

for the analysis of cell dynamics and interactions in 3D. It is well known that phenotypes and 

functions of immune cells, are tightly linked to their metabolic profile, while all three, phenotype, 

function and metabolic profile, are affected by the continuously changing tissue 

microenvironment. However, the longitudinal bone marrow microendoscopy method we 

previously developed does not provide information on cell functions or metabolism and 

technologies providing such kind of information are missing. For such a quantification 

fluorescence lifetime imaging (FLIM) has proven to be a versatile tool, which has not been applied 

to intravital bone marrow imaging at (sub)cellular resolution. 

We present and characterize FLIMB, an adapted GRIN-based microendoscopic system capable of 

performing reliable, co-registered TCSPC-based two-photon excited FLIM and fluorescence 

imaging in the femur of fluorescent reporter mice, at sub-cellular resolution. Using FLIMB, we 

demonstrate metabolic imaging via NAD(P)H-FLIM and intracellular Ca2+ signaling via FRET-

FLIM in two immune cell subsets, in the femoral marrow – myeloid cells during the process of 

bone regeneration after injury and B lineage cells, including antibody secreting plasma cells.  

Using MetaFLIMB in osteotomized femurs of mice with red fluorescent myeloid cells 

(LysMCre/+R26LSL-tdRFP mice), we demonstrate that myeloid cells display highly heterogeneous 

metabolic profiles both spatially and temporally during bone regeneration, beyond the metabolic 

profiles found in vitro in pro- or anti-inflammatory myeloid cells. We attribute the higher 

metabolic heterogeneity of myeloid cells in vivo compared to in vitro conditions to the dynamic 

metabolic microenvironment in the bone marrow. In the same line, we found a high metabolic 

heterogeneity in B cells and plasma cells (CD19Cre/+R26LSL-TN-XXL mice) and correlated this 

with also heterogeneous Ca2+ dependent cell signaling. We were able to measure cytosolic Ca2+ 

levels in B lineage cells using the same system for performing FRET-FLIM of the genetically 

encoded FRET-based calcium sensor TN-XXL specifically expressed in these cells. 

FLIMB retains the power to study molecular mechanisms underlying various cell functions in 

tissue context, in 3D and over various time-scales, providing new insights into bone biology. 
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Current microscopes allow for the capture of high-quality images with great resolution and 

contrast. Nevertheless, most of the samples to be observed are immersed in biological tissue or 

translucent liquid, resulting in degradation the image quality. The effect of turbid media has been 

studied in photography of macro-objects, where the improved recovery of object information takes 

advantage of image processing based on scattering models. In microscopy, progress has been 

achieved utilizing complex optical systems that take profit of coherence-gated, time-gated or 

polarization-gated imaging to deal with scattering.  

On top of this, we propose a technique that ameliorates microscopy imaging for turbid media by 

means of a Fourier light field microscope with incoherent illumination. Towards this end, we 

exploit the three-dimensional imaging capability of the Fourier light field microscope to 

implement specific deconvolution algorithms for reducing the scattered light on the image. Thus, 

resulting images present larger contrast values. We demonstrate the benefits of this technique 

compared to conventional microscopy imaging by imaging calibrated tests and fluorescent 

samples. 
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Optical microscopes are ubiquitous where microscopic features need to be investigated, and 

support new discoveries in cell and tissue biology, and diagnosis. However, the spatial resolution 

is limited, so that in the best conditions, features below 200 nm cannot be resolved with visible 

light. Super-resolution microscopy methods have been developed, with techniques relying on 

fluorescent dyes and their switchability, such as stimulated emission depletion (STED) 

microscopy and single molecule localisation microscopy (SMLM), being well-established. 

Structured illumination microscopy (SIM) and image scanning microscopy (ISM) are also 

commercially available and, when combined with computational deconvolution, show a two-fold 

improvement in spatial resolution [1]. SIM and ISM improve over the widefield bandwidth by 

collecting a larger span of information and processing adequately into super-resolved images. Our 

group investigates how one can increase the span of collected information further and how this 

can be leveraged using machine learning to achieve label-free super-resolution beyond what is 

achievable with ISM. 

Simulations have shown us that varying the illumination pattern in ISM brings more independent 

information to the networks, which in turn allow for a better resolved reconstruction. 

Experimentally, spatial light modulators (SLMs) have seen widespread use in beam shaping, 

where one can generate desired intensity patterns by altering the positions of the liquid crystals in 

the SLM display. In this work we have implemented an SLM in reflection to generate various 

Laguerre-Gaussian illumination patterns and thus collect more information in ISM than with 

Gaussian illumination alone. Our custom-built ISM microscope records images through coherent 

reflection using a low power CW diode laser. The images from different combinations of 

illumination patterns, alongside an SEM ground truth, are used to train artificial neural networks 

to reconstruct super-resolution images. Incoherent-like steps (e.g., deconvolution) are optionally 

used to refine the reconstruction further. Moreover, while the networks are exclusively trained 

with 150 nm Au nanoparticle islands on glass coverslips, they also resolve the same within more 

complex background as expected in biological samples, and this is shown here with U87MG 

glioblastoma cells. 
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When considering biological samples, including those important to medical science, optical super 

resolution finds a powerful niche, being both capable of molecular precision, live cell dynamics, 

drug mechanisms insight and quantitative or multiplexed analysis [1]. Features below a few 

hundred nanometres would generally rely on the resolution offered by electron microscopy, but 

typically due to their sensitivity to electron radiation, their aqueous nature, or their low intrinsic 

contrast, optical measurements are a necessary alternative to maintain the samples in situ 

mechanisms. However, resolving structures at this scale is conventionally not possible optically, 

and require advanced imaging regimes. Established super-resolution (SR) methods like 

Stimulated Emission Depletion (STED) and Single-Molecule Localization Microscopy (SMLM) 

achieve this by switching fluorescent dyes between states to introduce sparsity. While powerful, 

these methods only apply to fluorescent labels and cannot be easily applied to label-free samples 

as in coherent Raman scattering (CRS) microscopy [2, 3]. These approaches offer a label-free, 

chemically specific imaging by probing the vibrational modes of molecules, removing the need 

for external dyes and the problems associated with them. 

To overcome these limitations, we explore the use of Image Scanning Microscopy (ISM) [4] and 

complement with hyper-spectral data from CRS. Unlike traditional confocal microscopy, which 

uses a single-pixel detector, ISM captures spatial intensity patterns with a detector array. This 

enables resolution enhancement through region-of-interest (ROI) analysis. In our work, this is 

further supported by incorporating neighbouring spatial and spectral information, which can be 

acquired from CRS and here specifically with Coherent Anti-Stokes Raman Scattering (CARS), 

to exploit image sparsity from both ISM and the Raman chemical signatures.  

In our work, we develop thus a chemically specific and label-free SR method by combining CARS 

techniques with Image Scanning Microscopy (ISM). Artificial neural networks (ANN) combine 

ISM and CARS images into super-resolved, label-free, and chemically sensitive images. We will 

present our proof-of-concept made by training ANN with mixture of polystyrene and PMMA 

nanoparticles, along with testing on measurements taken on human glioblastoma cells derived 

from brain astrocytes, presenting the practical applications of this technique.  
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Understanding tumour evolution and cellular heterogeneity demands imaging technologies that 

capture dynamic biological processes with spatiotemporal precision [1]. Traditional lineage-

tracing methods, constrained by retrospective inference and limited resolution, fall short of 

directly observing cellular behaviours in real time. Here, I introduce Primed Conversion 

Microscopy (PCM), an emerging optical platform that aims to overcome these limitations through 

spatiotemporally confined dual-wavelength activation of photoconvertible proteins [2-6]. This 

non-toxic, instantaneous labelling approach has shown promise for enabling high-fidelity tracking 

of cellular dynamics, from embryogenesis to disease progression, while minimally perturbing 

native biological systems [7]. 

Central to this innovation is the integration of PCM into a custom-built light-sheet microscopes, 

which will empower cellular-resolution clonal tracking across developmental and pathological 

timescales. Demonstrations in zebrafish and mammalian models highlight PCM’s ability to 

dynamically label sparse cell populations, unravel lineage hierarchies in early development and 

map tumour evolution with unprecedented clarity. To further enhance precision, we introduce 

Smart Primed Track, a machine learning-driven framework that combines adaptive acquisition, 

drift correction and 3D lineage reconstruction. This pipeline will automate the quantification of 

complex multicellular behaviours, transforming raw imaging data into actionable insights. 

Expanding PCM’s versatility, we are also building an inverted primed conversion light-sheet 

microscope with the capacity for parallel photolabelling and in vivo Raman spectral imaging [8]. 

This dual-modality system is intended to bridge structural and functional imaging by 

simultaneously capturing metabolic fingerprints and tissue microarchitecture with high temporal 

resolution. Validated in live wound healing models and cardiac synchronization studies, this 

advance opens new avenues for correlating metabolic states with cellular decision-making in 

dynamic environments. 

Collectively, PCM represents a paradigm shift in precision imaging. By synergising probe 

engineering, adaptive microscopy and computational analytics, our framework will be able not 

only to map tumour heterogeneity and to predict therapy response but also to redefine how 

imaging technologies are tailored to biological questions. This holistic approach offers 

transformative potential for developmental biology, oncology and regenerative medicine, 

providing a template to decode complexity in living systems. 
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Traditionally, in order to produce reflectivity profiles in depth (A-scans), a Fourier Transform 

(FT) is applied to the electrical signal delivered by reading the channeled spectrum at the 

interferometer output. This signal is delivered either by using a spectrometer with the 

interferometer driven by a broadband source, or using a photodetector with the interferometer 

driven by a swept source. Before the FT, several preparatory signal processing steps such as zero 

padding, spectral shaping, apodization, dispersion compensation or data re-sampling are required 

to produce high axial resolution and sensitivity images. As all these steps are sequentially 

executed, the need to perform them impacts the time required to produce images and hampers 

real-time display. Several techniques involving both hardware and/or software solutions have been 

demonstrated to correct for the chirp due to non-linearities in the spectrum and dispersion in the 

interferometer. They either increase the cost or processing time.  

We have introduced the Leader Follower (LF) interferometry [1] to address the limitations listed 

above due to the use of FTs or its derivatives in OCT. The LF protocol processes the data as it 

comes, with no need for resampling and can lead to direct en-face views by the end of scanning 

the raster laterally. The method will be described on several examples, with two detailed below. 

LF in the practice of bidirectional fast sweeping laser: When driving OCT systems using 

asymmetric MHz bidirectional sweeping lasers, resampling would be necessary for each sweep if 

a FT conventional processing was used. A downconversion LF method was proposed [2] as a 

viable alternative to the traditional OCT protocol, to reduce the bottleneck of high speed digitiser 

high cost.  Unlike conventional swept source OCT, which requires a separate calibration for each 

sweep, the downconversion LF approach does not require calibration of the acquired channeled 

spectra; its operation is independent of the tuning direction. The practicality of the method with 

en-face OCT images obtained with an OCT instrument equipped with a fast bidirectional swept 

laser (tuning speed 1.6 MHz) and a slow acquisition card of only 2.5 MS/s is demonstrated [3]. 

LF in the practice of Spectrometer based OCT for imaging embryos: A change of microscope 

objective results in variation of the amount of glass along the optical axis. This affects the overall 

optical path difference and the amount of dispersion in the sample arm. In this case, LF brings 

simplification of the microscopy procedure, as LF is tolerant to dispersion [4] and hardware 

compensation of dispersion is not necessary.  
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Conventional electrochemical impedance spectroscopy (EIS) is powerful label free technique to 

study cellular processes and molecular binding. However, it lacks spatial information, which is 

essential for studying heterogeneous processes and for imaging high-throughput microarrays. 

As an alternative, plasmonic-based electrochemical impedance microscopy (PEIM) was recently 

developed and can optically resolve local impedance with a submicrometric spatial resolution, 

without the use of microelectrodes. Such approach also allows for simultaneous optical and 

surface plasmon resonance (SPR) imaging of the same sample, providing additional and 

complementary information. 

PEIM is based on the sensitive dependence of SPR on surface charge density, which is measured 

optically, allowing for fast and non-invasive imaging of impedance. Typically, the setup consists 

of an inverted microscope with a high numerical aperture (NA) objective and a coherent light 

source for precise control of the incidence angle.  

Spatial resolution for PEIM is limited mainly by the propagation length of surface plasmons which 

is usually much larger than diffraction-limited resolutions provided by high NA objectives. A 

method to improve lateral resolution is to combine images acquired with surface plasmons 

propagating in opposite directions by using annular illumination. There are mainly two ways to 

obtain such illumination, with axicons or with a digital light projector (DLP). 

Here, we present the problems associated with each method and recent results obtained with our 

PEIM platform. 

Acknowledgements: This research is supported by The Romanian Ministry for Education and 
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The Plug-and-Play (PnP) reconstruction methods have been shown to enhance imaging by 

integrating advanced pre-trained neural network denoisers within optimization schemes, 

improving model-based image reconstruction speed and quality [1]. In this work, we present a 

computational method based on the PnP framework, that employs a 2D-processing approach and 

information from multiple 2D-defocused point-spread functions to simplify the computational 

burden in 3D structured illumination microscopy (SIM), by focusing on individual 2D-slice 

processing, instead of 3D processing of the entire volume, while maintaining fidelity to the 3D 

structure of the sample. The proposed PnP-SIM method is an adaptation of the PnP Alternating 

Direction Method of Multipliers [1] and it was implemented via the SCICO Python package [2], 

using multi-splitting for setting up the multiple data fidelity terms required to solve the SIM 

inverse imaging problem. We investigate the performance of the PnP-SIM method by processing 

single slices from noisy simulated data from traditional 3D-SIM [3], and from a novel tunable 

structured illumination microscopy (TSIM) system [4], which uses only 9 raw images per focal 

plane, a 40% data reduction compared to traditional 3D-SIM. Results from the PnP-SIM method 

show satisfactory lateral super resolution and optical sectioning in the 2D restored images and 

compare well with results from traditional 3D processing methods [3]. Experimental verification 

of the proposed PnP-SIM method with 3D-SIM biological data demonstrates successful 

application to data volumes of different sizes. 

Acknowledgments: The authors thank Dr. Brendt Wohlberg (Los Alamos National Laboratory, 
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The tendency of native protein to form highly ordered protein aggregates named amyloid fibrils 

is influenced by external factors such as pH, ionic strength and temperature [1]. These assemblies 

no longer present the properties of the corresponding protein in its native state, but they develop 

high toxicity and cytotoxicity that in certain cases can be related to neurodegenerative diseases 

[2]. Metal nanoparticles are promising as de-structuring agents of amyloid fibrils by activating the 

photothermal effect through plasmonic excitation. Upon irradiation with proper wavelength, free 

electrons on metal nanoparticles surface oscillate with the incident electromagnetic field (localized 

surface plasmon resonance, LSPR). This is followed by non-radiative relaxations of the electron 

gas which cools down rapidly resulting in the conversion of absorbed energy into heat 

(photothermal effect), which is exchanged with surrounding environment [3]. In the present work, 

hen egg white lysozyme (HEWL) amyloid aggregates, chosen as representative model protein for 

in vitro study, have been irradiated in presence of citrate-capped gold nanostructures, by a 

polychromatic source. Through several spectroscopic and microscopic techniques, we have deep 

investigated the changes in the optical properties and in the structure of amyloid complexes. The 

whole set of data together with the computational simulation enables us to discuss the relation 

between the photothermal effects on amyloid fibrils and the size and shape of gold nanoparticles, 

since the rate of heat dissipation through nanoparticles and surroundings interface strongly 

depends on particle dimensions.  
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Non-small cell lung cancer (NSCLC) accounts for the majority of lung cancer cases and 

underscores the urgent need for early, non-invasive diagnostic biomarkers [1]. Exosomes are 

increasingly recognized as promising biomarkers due to their capacity to carry cancer-specific 

molecular cargo [2]. Furthermore, their presence in accessible bodily fluids—such as plasma, 

urine, saliva, and interstitial fluid—positions them as ideal candidates for non-invasive cancer 

detection [3]. 

In this study, we developed a biosensor assay for exosome detection, employing gold chip 

functionalization through self-assembled monolayers (SAMs) followed by antibody 

immobilization. Surface Plasmon Resonance (SPR) measurements revealed limited sensitivity and 

significant nonspecific binding, likely due to exosome aggregation. This hypothesis was supported 

by dynamic light scattering (DLS), which indicated the presence of vesicles exceeding the typical 

30–150 nm size range. 

To simultaneously address the challenges of aggregation and sensitivity, we fabricated 

electrochemical sensors (Fig.1) featuring gold nanopillar arrays using electron beam lithography. 

These 200 nm-diameter pillars, spaced 50 nm apart, create discrete landing zones for individual 

exosomes, thereby reducing aggregation and improving signal-to-noise ratio. We report an 

investigation based on near-field optical microscopy (SNOM) and atomic force microscopy 

(AFM) (Fig.2), yielding three key findings: (i) validation of a novel exosome imaging approach; 

(ii) visualization of exosome aggregation on bare gold surfaces; and (iii) demonstration that 

nanopillar patterning effectively prevents exosome aggregation. 
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Fig 1. Patterned electrodes designed and fabricated due to exosome dimensions to match exosome 

dimensions and mitigate clustering 

 

 

Fig 2. Exosomes aggregation imaging in the first row, and on the second row, aggregation issue 

comparison between bare gold area and on nano pillars  

by AFM and SNOM  
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Since the discovery of the first DNA-stabilized silver nanocluster (DNA-AgNCs) by J. T. Petty in 

2004, the development of DNA-AgNCs has progressed steadily over the past 20 years [1]. 

Nowadays, a wide palette of DNA-AgNCs is available, with absorption and emission wavelengths 

covering the visible and near-infrared region. These clusters have attracted the attention of 

researchers due to their molecular nature, potential biocompatibility, and impressive optical 

properties, including high molar absorption coefficients (> 104 M-1 cm-1), high photoluminescence 

quantum yield, and thus high brightness. Their molecule-like behaviour arises from discrete 

energy levels thanks to the few core atoms (typically 10-30), allowing DNA-AgNCs to absorb and 

emit light in the VIS-NIR range. 

To gain insights into the atomic arrangement of silver, the charge of the clusters, and the overall 

DNA conformation, the combination of electrospray ionization mass spectrometry and single-

crystal X-ray diffraction is applied. Unfortunately, the successful formation of high-quality 

crystals is often challenging. In fact, up to now, only two full structures of these materials have 

been determined, with both the metal core and DNA conformation solved [2, 3]. 

In this talk, I will present recent advances from our group toward understanding and controlling 

the structure and photophysical behavior of DNA-AgNCs. I will highlight new structural 

characterization techniques, explore emission in the NIR region, and discuss the implications of 

our findings for their use as high-performance molecular fluorophores in bioimaging applications. 

Therefore, establishing a structure-luminescence relationship is not only fundamental to designing 

new DNA-AgNCs with tailored properties but also key for bio-conjugation experiments and 

essential for electronic structure calculations. 
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Papillary thyroid carcinoma (PTC) is the most commonly encountered type of malignant tumor in 

the thyroid [1]. In the gland, it is often encircled by a collagen capsule whose function is to stop 

the cancer cells from spreading. Nevertheless, as cancer progresses, the integrity of this protecting 

barrier is compromised, and cancer cells escape into the surrounding tissues. Therefore, the timely 

observation of the capsular invasion is of great importance for malignancy staging. Here, we 

utilized the wide-field second harmonic generation (SHG) microscopy [2] in combination with 

texture analysis and unsupervised machine learning (ML) to mark the areas of the capsule with 

different degree of cancer progression-associated remodeling of collagen structure and therefore 

propensity to invasion. 

In this work, we investigated several PTC tissue sections prepared by following standard 

procedures with haematoxylin and eosin (H&E) staining. SHG images of 9×9 mm2 were obtained 

by tiling 60×60 individual recorded SHG images. Each acquired SHG image was analyzed by 

calculating parameters of the first-order, second-order, and higher-order statistics. The parameter 

sets from all recorded images and samples were processed with the binary K-means clustering 

algorithm to identify areas of the collagen capsule with different characteristic combinations of 

parameter values and associated features of collagen fiber network. It appears that PTC capsule 

consists of segments with different cluster content.  There are capsule areas with cluster 1 

constituting the inner core surrounded by clusters 2. Then, there exist segments with 

predominantly cluster 2. Sites of annotated invasion are dominated by cluster 2. We thus reason 

that capsular areas with dominant cluster 2 are where the risk of a new invasion is heightened. 

Overall, we demonstrate the possibility to probe the heterogeneity of the collagen structure in the 

PTC capsule and access its susceptibility to the invasion of cancer cells. 
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Conventional optical inspection techniques, in which a uniform irradiation of the specimen is used, 

has shown dramatical limitations when imaging thick objects. In particular, limited resolution and 

non-existent optical sectioning capability are obtained. The use of nonuniform irradiance patterns, 

in combination with digital post processing methods, are currently popular choices for overcoming 

these limitations. In this presentation, we highlight two versatile and powerful architectures. 

Firstly, we review structured illumination microscopy (SIM), a non-conventional illumination 

architecture based on the patterned irradiantion of three-dimensional (3D) samples [1]. The typical 

implementation of SIM uses a series of harmonic variations in the transverse direction and extra 

axial modulations of the irradiance pattern. We present here a novel proposal, tunable SIM 

(TSIM), that uses a Wollaston prism for generating a 3D illumination pattern when a spatially 

incoherent quasimonochromatic source is used [2]. TSIM design is a flexible alternative to other 

SIM techniques, since: (a) the lateral frequencies of the patterns can be tuned by a single shifting 

the Wollaston prism; (b) the use of an incoherent source removes the undesired coherent noise 

present in conventional SIM approaches; and (c) the shape of the source allows to tailor the point 

spread function of the system. 

Secondly, we revisited pinholed-collection scanned (PS) architectures, in which a point-like 

sensor is used after a 3D scanning of the sample. The most widespread implementations of PS are 

confocal scanning setups, in which a point-like illumination is also used [3]. However, in many 

practical cases, focussed beams are inconvenient as they increase the potential phototoxicity and 

photobleaching of the samples. We report in this contribution a scanning non-confocal 

fluorescence microscopy setup that provides optical sectioning and a lateral resolution that 

surpasses by a factor of two the diffraction limit. This technique is based on the PS concept 

combined with the SIM irradiation schemes [4]. The periodicity of the proposed illumination 

pattern allows us to propose also a simple straightforward parallelization procedure, that strongly 

alleviates the time-consuming burden of other PS techniques. 
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Light-sheet fluorescence microscopy (LSM), particularly with two-photon excitation (2PE), offers 

significant advantages for 3D biological imaging, including high speed, high resolution, low 

phototoxicity, deep tissue penetration, and reduced photodamage, crucial for in vivo and thick 

tissue studies. Our research focuses on advancing 2PE-LSM technology. Initially, we tackled the 

field-of-view (FOV)/axial resolution trade-off by developing a lens-axicon system for generating 

long-range (~600-1000 µm), thin (< 4 µm) Bessel beams. This enabled gentle, wide-field (~1 mm) 

2PE-LSM with cellular resolution (~2-3 µm axial), demonstrated through long-term in vivo 

observation of whole medaka fish development [1, 2]. 

Building on this, we recently engineered an upright 2PE-LSM configuration to maximize sample 

handling flexibility [3]. Its geometry permits unconstrained horizontal scanning and supports 

diverse mounting methods, including direct immersion for live samples and coverslip-based 

mounting for preserved or optically cleared tissues. This system has successfully imaged live 

medaka larvae in aqueous medium and large cleared samples (e.g., human breast tissue, mouse 

brain) under high-RI immersion, demonstrating its adaptability across a variety of specimens and 

imaging conditions. 

Our progressive engineering efforts—from wide-field Bessel beam illumination to versatile 

upright configurations—significantly enhance the flexibility and applicability of high-resolution 

2PE-LSM. These developments promise to broadly benefit biological research and hold potential 

for diagnostic applications like 3D digital pathology. 
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Fluorescence Lifetime Imaging Microscopy (FLIM) combined with phasor analysis provides a 

powerful and versatile approach for studying molecular interactions across a broad spectrum of 

disciplines, from life sciences to material and environmental research. Unlike traditional lifetime 

fitting methods, the phasor approach offers a model-free and intuitive graphical representation of 

fluorescence decay, enabling rapid and quantitative analysis of complex, heterogeneous systems. 

This technique allows to detect subtle changes in the molecular environment, such as polarity, 

viscosity, and local interactions, with high spatial resolution. Phasor-based FLIM has been 

successfully applied to investigate processes such as protein aggregation [1], peptide–membrane 

interactions [2], and the dynamics of biomolecular assemblies. Beyond biophysical systems, it has 

proven effective in characterizing synthetic materials and microplastics [3], offering label-free 

detection based on intrinsic fluorescence properties. Additionally, the technique provides valuable 

insights into the structural and chemical evolution of natural materials, such as monitoring the 

aging and degradation of cellulose [4]. With its broad applicability, ease of interpretation, and 

compatibility with live and fixed samples, phasor analysis in FLIM is increasingly recognized as 

a key tool for exploring the molecular underpinnings of complex systems, opening new 

perspectives in both fundamental research and applied sciences. 
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Although Artificial Intelligence (AI) is increasingly used in medical research, translating these 

technologies into real clinical practice remains a major challenge. This complexity is intensified 

by increasingly strict regulatory frameworks, such as the EU's 2024 AI Act. These constraints 

must be considered even in the early stages of research to ensure the development of tools that are 

not only scientifically robust but also clinically viable. 

Here, we propose a novel approach for the automated diagnosis and feature extraction of rare 

neuromuscular disorders using Explainable AI (XAI), specifically Class Activation Maps, applied 

to both multiphoton and transmitted light microscopy images acquired from human patient 

biopsies. Our method leverages a Convolutional Neural Network (CNN) architecture trained using 

two paradigms: traditional backpropagation and the recent Forward-Forward (FF) algorithm, a 

resource-efficient, more flexible and backpropagation-free alternative proposed by Nobel 

Laureate Prof. Hinton [1]. We are the first to extend FF to CNNs [2] and apply it to real-world 

medical imaging data [3]. XAI plays a crucial dual role in our framework. First, it reveals how FF 

and backpropagation differ in their feature representations, showcasing the potential of combining 

them to extract a broader and more biologically relevant set of features, shifting CNN training 

benchmarks after 45 years. Second, it ensures transparency and interpretability, essential for 

building trust. These qualities make our approach particularly suited for fastening its clinical 

translation from research bench to bedside, turning a promising algorithm into actionable 

diagnostic tools. Moreover, this work exemplifies best practices in the development of trustworthy 

AI systems for healthcare applications. 
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Laser direct write (LDW) is a versatile 3D microfabrication technology with submicron precision. 

Utilizing ultrafast lasers with femtosecond pulses, higher spatial resolution due to multi-photon 

absorption processes and reduced heat accumulation effects benefit the process, especially 

minimizing undesired impact on biomaterials such as protein. Empirically from a range of 

published works, protein-based precursors allow the fabrication of soft, biocompatible 

microstructures with retained native protein function and pH-responsiveness. The potential 

applications for such microstructures range from cell culture scaffolds, lab-in-a-chip integrations 

to soft robotics and pH-tunable optics. 

To mitigate potential risks of photoactivators leaching, we use pure protein precursor without 

additional photoactivators. While the fabrication mechanism is not fully understood yet, we will 

outline the current state of the hypothesis of chemical crosslinking [2]. Currently, we are 

investigating free-form fabrication, in which microstructures are fabricated without attachment to 

any substrate. We demonstrate full 3D fabrication and study the fabrication of meshes. Contraction 

or relaxation of fabricated mesh elements might correlate to crosslinking density and further 

support the current view regarding the fabrication mechanism. Control over such details is relevant 

for the fabrication of complex designs.  

This technology may be beneficial for future developments in bio-applications, such as functional 

integration into microfluidic devices and chemically responsive microrobots. 

 

Fig. 1: Fabrication Schema. 

The femtosecond laser is focused into liquid protein 

precursor, held between two glass substrates. Protein 

molecules are crosslinked along the designated light 

path of the laser focus relative to the sample. The 

resulting microstructure is released by diluting the 

precursor sufficiently with water. 
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Biochip platforms fabricated by ultrafast laser processing techniques can be applied to tailor 

transparent material characteristics in 3D architectures and accommodate defect-free 3D 

biomimetic nanoconfigurations for the evaluation of cancer cell behavior. One may exploit the 

laser capabilities to create hierarchical tumor-on-chip configurations mimicking intravasation-

extravasation metastatic environment to observe cancer cells behavior in confined spaces. Cell-

specific morphological deformations during migration can be investigated in order to understand 

metastasis process mechanisms or to test innovative radiotherapeutic schemes such as FLASH 

radiotherapy. In transparent biochips with hierarchical geometries we were able to observe cancer 

cells passing through submicrometric narrow spaces while retaining their viability and 

proliferation activity [1]. On the other hand, new radiation regimes have been explored with the 

potential to be used as a new anti-cancer therapeutic strategy. The FLASH effect induced by 

ultrahigh dose rates ionizing radiation has been shown to maintain anti-tumor efficacy in animal 

models, while sparring the functionality of normal tissue. We recently demonstrated this effect in 

vitro for very high energy electron irradiation [2] with a view to increase the understanding of the 

effect of this type of treatment at cellular and molecular level. We then propose such tumor-on-a-

chip models to explore the molecular and cellular mechanisms behind cellular response to 

unconventional irradiation radiotherapy schemes, with the view of applying them as novel 

radiotherapy modalities against radioresistant cells and deep-seated tumors. 
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Fibrosis, characterized by excessive collagen deposition, is a hallmark of chronic diseases, with 

liver fibrosis being a significant global health issue.  

In our work, we compared the performance of classical computer vision pipelines [1] and deep 

learning models for collagen segmentation from whole-slide images, reaching >90% accuracy 

with U-Net3+ architectures. Moreover, beyond segmentation, unsupervised analysis of the U-Net 

latent space features (e.g., using t-SNE and DBSCAN for clustering) revealed patterns 

corresponding to biological relevant information, such as variations in collagen architecture and 

the presence of steatosis, without explicit annotations. 

Finally, our research investigates the emerging role of Large Language Models (LLMs), 

specifically ChatGPT-4 with vision capabilities, in the histopathological analysis of liver fibrosis 

[2]. ChatGPT-4 interpreted images for liver fibrosis staging (METAVIR scoring), showing 

performance comparable to human pathologists (up to 81% accuracy with expert-selected 

images). In-context learning significantly improved performance (88% overall accuracy) and was 

crucial for accurately identifying the most severe stages. These findings highlight areas for future 

development and suggest LLMs as potential supportive tools in a diagnostic context. 
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We present a newly developed at 780 nm and 1550nm multimodal microscopy platform 

combining a compact femtosecond fiber laser source with adaptive optics (AO) and AOD 

(acousto-optical deflector) for improved deep-tissue imaging of 3D organoid structures. The 

system enables two-photon excited fluorescence (TPEF) and second harmonic generation (SHG) 

imaging, with aberration correction implemented via a deformable mirror controlled by a digital 

micromirror device (DMD). The integration of AO aims to enhance resolution and signal intensity 

in scattering biological samples. Initial imaging experiments on dense tissue organoids 

demonstrate the feasibility of this approach and suggest a significant potential for future high-

content imaging applications in biomedical research. Furthermore, the use of a near-infrared 

AOD-based Mach-Zehnder interferometer enables rapid, scanless imaging. Future applications 

may include integration of optical parametric oscillators (OPOs) for deep tissue imaging in the 

far-infrared range 

Acknowledgment: This work was supported by the European Union’s Horizon 2020 research 

and innovation programme (Grant No. 101135904 – VISUAL). 
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Currently, histopathology is the gold standard for the diagnosis of many diseases. However, this 

technique takes at least one day due to the time-consuming processing of the tissue. Therefore, 

conventional histopathology cannot be used for decision-making during biopsy procedures. A 

rapid assessment of the representativity of a biopsy during the procedure could reduce the number 

of biopsies and the associated possible complications. Furthermore, a rapid confirmation of 

malignancy could create the opportunity for a ‘one-stop-shop’ with diagnosis and treatment in one 

procedure. 

Higher harmonic generation microscopy (HHGM) is a technique to image fresh tissue without any 

preparation or staining. HHGM combines third harmonic generation (THG), second harmonic 

generation (SHG) and two- and three-photon excited autofluorescence (2PEF and 3PEF) to 

visualize cells, collagen, elastin and other fluorescent molecules. In addition, HHGM is ideal for 

small biopsies, because it does not consume the tissue. 

We focus on lung and renal tumor biopsies, which both have a clinical need for fast rapid 

assessment of biopsy adequacy or malignancy confirmation. In this ongoing study, we have 

imaged more than one hundred lung biopsies and a dozen of renal biopsies using a commercialized 

transportable HHG-microscope (Flash Pathology B.V., Amsterdam, the Netherlands). Fast 

overview images took 7.5 s/mm2, and high-resolution images 1 min./mm2. Depending on size and 

quality, images took 4-8 minutes.  

We found that HHGM provides images very similar to histology. The HHGM images show 

architectural features and cellular details such as the cell nucleus and the nucleolus. Therefore, 

HHGM has promising clinical applications. 
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Research in laser scanning microscopy and its applications have a history spanning more than half 

a century. In this presentation, I will trace this journey, discussing progress in the field as well as 

my own contributions over the past five decades, while also reflecting on how research practices 

in laser scanning microscopy have evolved during this time. In this context, in 1974, I was 

transferred from the Research Center for Electronic Components Băneasa to the Polytechnic 

Institute of Bucharest (now the National University of Science and Technology Politehnica 

Bucharest). There, I secured a grant to build a laser scanning microscope for the study of 

semiconductor materials and devices. In 1976, we published an article in a university journal 

describing, to the best of my knowledge, the world’s first digital laser scanning microscope. Soon 

after, the first applications to semiconductor devices were published, and in 1978 a patent 

application was filed. An inventor’s certificate (patent) was issued in 1980 by the State Office for 

Inventions and Trademarks of the Socialist Republic of Romania for the system entitled 

“Apparatus for the Study of Materials and Semiconductor Devices” (No. 75938/18.11.1980). 

Following this achievement, I founded the Laser Scanning Microscopy Laboratory at PIB, where, 

together with students from the Faculty of Electronics and Telecommunications, we further 

developed several types of digital laser scanning microscopes. 

In 2001, during Romania’s transition from communism toward EU integration, the laboratory 

evolved into the Center for Microscopy-Microanalysis and Information Processing (CMMIP), a 

multi-user research facility. This transformation was made possible through two World Bank–

supported grants, which provided modern equipment. The Center housed Romania’s first 

Confocal Laser Scanning Microscope, later upgraded into the country’s first nonlinear optical 

microscope. Over time, its infrastructure expanded further, adding state-of-the-art systems, in 

homemade or commercial versions, such as STED, s-SNOM, and AFM microscopes. CMMIP 

gained recognition not only through its publications in laser scanning microscopy but also through 

visits from leading figures in the field. Distinguished guests included Professors Colin Sheppard 

and Amarjioti Chaudhury, pioneers of confocal laser scanning microscopy; Nobel Laureate Stefan 

Hell, inventor of STED microscopy; Nobel Laureate Klaus von Klitzing, discoverer of the 

quantum Hall effect; as well as outstanding scientists such as Professors Alberto Diaspro (Italian 

Institute of Technology), Min Gu (University of Shanghai for Science and Technology), Manuel 

Martinez Corral (University of Valencia), Genaro Saavedra (University of Valencia), Zeev 

Zalevski (Bar Ilan University), Engang Fu (Peking University), and many other renowned 

specialists. Today, CMMIP continues to grow, conducting research that spans from 

instrumentation development to high-impact imaging applications. 
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In this talk, I will present an overview of past, ongoing, and future research in biophotonics at the 

Center for Microscopy-Microanalysis and Information Processing and the newly established 

Photon-X Spectrum Lab (@CAMPUS Research Institute), both at the National University of 

Science and Technology POLITEHNICA Bucharest. I will highlight work on instrumentation and 

technique development, including re-scan nonlinear optical microscopy and a custom-designed 

architecture for correlative multimodal imaging across near-field and far-field regimes. Key 

applications will be discussed across a wide range of microscopy and nanoscopy methods, 

spanning optical resolutions from 500 microns down to 1 nanometer. In addition, I will emphasize 

our commitment to open science and open data, as well as our recent efforts to integrate artificial 

intelligence with high-resolution optical imaging—demonstrating how data-driven approaches are 

advancing the capabilities and applications of the microscopy platforms available in our 

laboratories. These research directions are presented in the context of invaluable international 

collaborations with research partners around the world. 
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Live imaging of cellular dynamics in confined micro-spaces is crucial for understanding biological 

processes including cancer cell invasion, immune response, and neuronal development [1, 2]. 

However, conventional glass- or PDMS-based microfluidic chips that provide such micro/nano-

environments suffer from image distortion due to refractive index mismatch with water-based 

culture media, making it difficult to capture high-resolution images. To address this problem, we 

have developed a technique fabricating three-dimensional (3D) microfluidic chips using 

fluoropolymer CYTOP, because its refractive index (~1.34) closely matches that of water (~1.33). 

Our fabrication approach combining two-photon polymerization (2PP) of SU-8 with molding 

processing enabled creating defect-free, flexible 3D structures with sub-micrometer precision.  

In the fabrication procedure, a 3D microstructure of SU8 was first fabricated by 2PP of SU8 using 

a femtosecond laser (wavelength: 515 nm, pulse width: 220 fs). The fabricated 3D structure was 

then used as a mold to be filled with liquid CYTOP, followed by thermal treatment for curing 

CYTOP. Finally, the SU8 microstructure remaining in CYTOP was selectively removed by 

chemical treatment, resulting in fabrication of the 3D microfluidic structure inside CYTOP. 

The fabricated 3D CYTOP microfluidic chips realized super-resolution live imaging of cancer 

cells in the microchannels and clearly visualized the rupture and repair of nuclear envelope as well 

as proliferation during during the migration. The ability of super-resolution live imaging in 

confined micro-spaces expands opportunities for investigating many biological studies other than 

cancer cell migration study. 
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Lightfield macrophotography from orthographic projections 

Á. Tolosa1*, I. Nohales-Tarín1, E. Español1, G. Saavedra1, M. Martínez-Corral1 
13D Imaging and Display Lab., Department of Optics, University of Valencia, Spain 

*Presenting author: angel.tolosa@uv.es 

Keywords: 3D imaging; lightfield; dynamic sampling 

Lightfield imaging enables the capture of 3D images in a single exposure. By eliminating the axial 

scan requirement, lightfield technique ensures that the 3D image speed is limited only by the frame 

rate of the sensor. This capability is particularly useful for studying rapid dynamic biological 

processes, such as neuronal activity or cellular dynamics. That potential comes at the cost of a 

reduced spatial resolution, limiting its use to applications demanding moderate resolution.  

Lightfield imaging is based on the capture of spatial-angular information of a scene with a standard 

digital camera equipped with an array of hundreds of tiny lenses (or microlenses). In the focused 

method, the main lens forms an intermediate image before or behind the microlens array, which 

then produces conic perspective views encoding angular and spatial information. In the unfocused 

approach, the intermediate image is formed just in the microlens plane, yielding an array of 

unfocused images encoding spatial and angular information. While computationally 

interchangeable [1], the focused method offers superior lateral resolution and reconstruction 

accuracy, whereas the unfocused method enables a larger depth range and finer depth resolution 

[2].  

A recent application of lightfield in microscopy places few small lenses in the Fourier plane of a 

microscope objective [3]. This technique generates orthographic views with enhanced resolution 

and depth sensitivity compared to previous lightfield approaches. Determining the depth of details 

in the 3D scene is also less computationally demanding. Additionally, the new approach simplifies 

implementation and reduces constraints imposed by the main lens-aperture stop [4]. 

In this work we adapt Fourier lightfield microscopy to macrophotography. We provide the 

fundamentals to build the new 3D lightfield camera and show performance with two objective 

lenses at different working distances. Finally, we validate the new approach with depth images of 

dynamic samples. 
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The surface morphology and chemical composition of plant pollen play crucial roles in the 

biological functions of pollen and its interactions with the environment. This study investigates 

the nanoscale structure and distribution of surface nanostructures on the exine of Ranunculus 

pollen grains using scattering-type scanning near-field optical microscopy (s-SNOM) in the near-

infrared range (1550 nm). Ranunculus pollen is characterized by a sporopollenin-rich exine 

typically overlaid with a complex mixture of surface waxes and pollenkitt, which contribute to 

adhesion, viability, and stress resistance. Plant waxes, composed mostly of lipids and fatty acids, 

remain poorly characterized at the nanoscale despite their relevance in biological and material 

science applications. The s-SNOM technique enables high-resolution (∼10–20 nm) imaging with 

both surface topography and optical contrast, allowing visualization of nano-structural features 

and monitoring of changes under various stress treatments (e.g., UV exposure, temperature shifts 

and hydration). The results aim to enhance our understanding of pollen surface nanoscale 

architecture and contribute to the development of high-resolution, non-destructive optical methods 

for pollen analysis. 

 

Figure 1. (a) 3D large-scale representation of the pollen topography; (b)-(d) 0.5 µm × 0.5 µm 

images showing the topography, s-SNOM amplitude, and s-SNOM phase, respectively, of a single 

exine feature.  
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Continuous progress achieved in biomedical imaging technology in the past decades has led to 

considerable improvement in the structural and functional understanding of healthy and 

pathological organisms but also increased the need for automated tools to analyze and interpret 

the growing amount of biomedical data acquired. To answer this need, we carry out collaborative 

research efforts aimed at the adaptation and development of novel technologies for the analysis of 

biomedical images.  

Accordingly, this talk will summarize our research efforts focused on the automated analysis of 

microscopy and medical images. In the first part of the talk, we will present our solutions for the 

analysis of dendritic spines from two-photon laser scanning microscopy. Then in the second part 

we will introduce our recent research focus on the analysis of cell motility and wound healing 

from phase-contrast microscopy. Lastly, we will present our recent solution for AI-based analysis 

of microscope images obtained using organ-on-a-chip. We will conclude the talk by our recently 

funded research projects, some open problems and future directions. 

Acknowledgments: This work is partially supported by Tübitak (grants 113E603, 119E578 and 

124N460), Era-Net Neuron Cofund2 JTC 2024 (grant 224N584), and Teydeb 1501-2023-1 (grant 

3230138). 
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Understanding the dynamics of angiogenesis and subtle morpho-molecular changes is critical for 

many disease processes. In particular, aberrant angiogenesis is a hallmark of cancer and plays 

central role in tumor growth and metastasis. Improved insight into tumor vessel functionality and 

heterogeneity is urgently needed to enhance therapeutic targeting and treatment efficacy. 

We present a multimodal optical imaging approach bridging optical coherence tomography 

angiography (OCT/OCTA) with Raman spectroscopy and fluorescence microscopy to investigate 

early morpho-molecular and functional changes, as well as drug effectiveness, across various 

biomedical applications using both label-free and labeled modalities. To fully understand complex 

biological processes, a multiparametric strategy that connects morphology, function, and 

molecular alterations is necessary. 

As a showcase, we utilize a zebrafish cancer model to demonstrate in vivo imaging capabilities. 

Our OCTA and fluorescence pipeline is specifically designed to detect slow blood flow, enabling 

the quantitative analysis of vascular architecture and blood perfusion1. In parallel, fluorescence 

microscopy allows for tracking of tumor cells and vascular markers, while Raman spectroscopy 

provides molecular fingerprints of tissue composition. The integrated imaging approach enables 

the qualitative assessment of vascularization and blood vessel functionality, quantitative 

morphometric analysis of vessel structure, and the biochemical characterization of the tumor 

microenvironment. Together, these methods provide a powerful toolkit to study tumor 

angiogenesis and progression in vivo with high spatial, functional and molecular resolution. 
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We present our latest advancements in the development of FLAME (Fast, Large-Area, 

Multiphoton Exoscope), a two-photon fluorescence lifetime imaging microscope, designed and 

optimized for label-free in-vivo imaging of human skin in clinical settings. FLAME uniquely 

combines optical and mechanical scanning with deep-learning based image restoration to generate 

depth-resolved images across areas ranging from sub-millimeter to 1 cm2 within minutes. The 

device uses an 80MHz femtosecond pulsed laser and a dual spectral channel detector for 

fluorescence lifetime measurements, enabling the acquisition of high dimensional data. The data 

are analyzed using computational approaches integrated in GSLab, an open-source software 

platform recently developed by our group for advanced phasor analysis. These capabilities allow 

us to resolve and map multiple molecular species contributing to intrinsic fluorescence across 

different skin layers. The instrument is portable, and we are currently testing it in a clinical setting 

in a variety of applications. These include (a) diagnostics of melanoma and other forms of skin 

cancer, (b) longitudinal studies to quantify treatment performance, and (c) characterizing topical 

penetration in the context of pharmacology and cosmetics. This presentation will include 

preliminary results from ongoing clinical studies, highlighting FLAME’s significant potential as 

a non-invasive imaging tool for dermatology.    
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Cartilage tissue is prone to injury and degeneration with age, leading to osteoarthritis (OA), a 

condition affecting millions worldwide and causing significant pain, disability, and economic 

burdens. OA patients report late, as aneural cartilage breakdown is painless and end-stage OA 

results in joint replacement. Understanding the early or pre-OA state of cartilage and progression 

of OA is crucial to advance prevention and treatment strategies. We have made significant 

progress to develop methods to study early cartilage degeneration efficiently and meaningfully.  

Our team has developed an innovative mechanical testing platform integrating non-invasive 

real time imaging including polarization-sensitive optical coherence tomography (PS-OCT), 

vibrational spectroscopy, a novel indenter, and displacement sensors. Validated with Differential 

Interference Contrast and Scanning Electron Microscopy imaging, we have identified the pre-OA 

state as a disruption of the cartilage surface layer and a destructuring of the deeper collagen 

network, subtle changes only detected using microscopy techniques. One key structural feature is 

the axisymmetric shearing of the collagen fibrils that appears under compression as a mechanism 

to redistributing forces away from the compressed area. Different levels of tissue degeneration 

can be assessed by analysing this response , currently requiring time consuming and tissue 

destructive methods.. The compression-based PS-OCT images enable non-destructive dynamic 

imaging of collagen axisymmetric shearing during creep loading. 

Integrating PS-OCT and Raman spectroscopy offers a powerful means to investigate the 

complex biomechanical and biochemical responses that govern cartilage behaviour. We facilitate 

simultaneous multimodal acquisition by using a modified PS-OCT indenter that incorporates a 

precisely drilled channel along its edge, allowing the Raman probe to be positioned within the 

indenter itself. This integrated setup ensures co-localized PS-OCT and spectroscopic 

measurements from the loaded cartilage region. Our finding demonstrate that PS-OCT and Raman 

spectroscopy are powerful tools for studying cartilage function when used independently, paving 

the way for full-scale simultaneous PS-OCT and Raman experiments. In conclusion, this 

multimodal platform deepens understanding of cartilage biomechanics and degeneration while 

enabling more effective diagnostics for OA and related conditions. 
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MINFLUX (MINimal photon FLUX) microscopy has revolutionized super-resolution imaging by 

achieving molecular-scale resolution with minimal photon budgets. While traditionally 

implemented with electro-optical deflectors (EODs) for beam positioning, we present a novel 

approach based on galvanometric scanners that maintain nanometer precision while significantly 

reducing system complexity. By optimizing the scanner dynamics and implementing advanced 

control algorithms, we achieved comparable performance to EOD-based systems for 2D 

MINFLUX imaging. Crucially, our scheme enables the iterative update of the position and of the 

diameter L of the targeted coordinate pattern (TCP) to increase the localization precision more 

effectively than simply increasing the collected number of photons. Our galvanometric 

MINFLUX setup demonstrates localization precisions of 2.6nm in two dimensions. The system's 

reduced complexity and cost could accelerate the adoption of MINFLUX technology across 

research laboratories. We validate our approach through single-molecule imaging experiments in 

fixed cells, with photon requirements comparable to EOD-based implementations. 
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Optical Coherence Tomography (OCT) enables 3D imaging of scattering tissue to millimeter 

depth. The advent of novel high-speed swept-source lasers makes it increasingly attractive for the 

early diagnosis of retinal diseases such as macular degeneration, glaucoma, and diabetic 

retinopathy. However, as we move towards MHz swept-source rates, we are faced with a 

fundamental trade-off between imaging depth and acquisition speed. The issue is particularly 

pronounced in ophthalmology, where the retina’s curvature and involuntary motion demands fast 

and widefield imaging [1, 2]. 

Here, we show how Harmonic OCT can overcome this trade-off. By integrating opto-electronic 

harmonic generation with numerical dispersion compensation [3], we expand the imaging depth 

8-fold, the field-of-view 4-fold, without compromising on the high axial-scan rate of 400 kHz. 

This makes Harmonic OCT particularly well-suited for early-stage clinical diagnostics. 
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Radiation therapy is used in ~50% of all cancer treatments, and its cellular-DNA-damage 

mechanisms are well understood after many decades of clinical practice and radiobiological 

research[1].  However, with new fractionation schedules coming into use – higher dose per 

fraction treatments, potentially ultra-high-dose-rate FLASH – the mechanisms of radiobiological 

damage are unclear.  Here we employ functional optical coherence tomography, specifically its 

speckle variance approach (svOCT) [2,3], to examine the pre-clinical microvascular response of 

tumors and adjacent normal tissues to high-dose radiotherapy treatments [4]. Using a window 

chamber preparation in mice growing human xenograft tumors, we follow the disease 

development and response to radiotherapy for ~10 weeks following dose delivery [5]. Interesting 

dynamic modulations of the microvascular damage were observed, depending on the dose levels 

and respective vessel diameters [6,7]. To facilitate eventual clinical translation, micro- to macro- 

correlations of the tumor perfusion were also investigated, by performing svOCT and dynamic 

contrast enhanced MR in the same animals and comparing their respective metrics [8]. Overall 

this work demonstrates the utility of svOCT’s non-invasive, contrast-agent-free longitudinal 

volumetric imaging research towards ‘shedding light on radiotherapy’. 
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Harmonic nanoparticles (HNPs) have been identified as new beneficial imaging probes for 

nonlinear microscopy techniques due to their high nonlinear optical coefficients.  The Second 

Harmonic generation (SHG) is nowadays the most exploited nonlinear effect. Thanks to the 

material non-centrosymmetric crystalline structure, SHG arises from the bulk without measurable 

surface contribution [1]. Among HNPs, polar-oxide materials like LiNbO3, KNbO3 or BaTiO3 are 

known for their absence of cytotoxicity, photobleaching, photoblinking and of optical resonance 

in their transparency range so that SHG can be optically excited till 2400 nm [2]. In addition, 

several nonlinear effects can take place at the same time thus resulting in the simultaneous 

emission of a large variety of nonlinear signals [3]. This optical multimodality can be exploited to 

do multispectral imaging, and a range of demanding HNP-based applications have already been 

evidenced including imaging of Drosophila [5], blood cells [6] or photo-triggered drug release [7]. 

In this contribution we will discuss more in detail their applications for imaging beyond 1000nm, 

an interesting alternative for deep tissue imaging in-vivo. Nowadays a variety of markers exist 

that can be excited in the first (NIR-I 650-950 nm) and second biological window (NIR-II 1130-

1350nm), but a few materials work at longer wavelengths exploiting the third (NIR-III 1600-1850 

nm) and the fourth window (NIR-IV 2100-2300 nm). In this framework, Harmonic Nanoparticles 

(HNPs) hold great promise. Indeed, we show here that they can be optically excited without any 

gap up to 2400 nm, covering NIR-I, II, III, and IV and generate emission via second and third 

harmonic from 400 till 1200 nm, covering NIR-I, II.  A complete exploitation of these concepts 

needs to be accompanied with a technological improvement of the microscope detection system, 

in particular in the development of high-performance low-cost camera, capable to image beyond 

NIR-I. 
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The possibility to precisely control important properties of nanoparticles (NPs) such as their size, 

morphology, surface charge or doping content is crucial for enhancing the performance of existing 

solutions beyond the state-of-the-art and for enabling novel applications. A series of single-doped 

the transition metal doped multifunctional nanoprobes ZnxFe3-xO4 were custom-tailored at 

different Zn doping concentrations [1]. The author endowed nanoprobes to respond to the coupling 

of optical, magnetic, and electric fields while integrally modulating the magnetic resonance, 

magnetic-responsive force, photothermal, photocatalytic, and photovoltaic conversion 

performances by adjusting particle sizes and Zn doping contents [2]. The intrinsic connection 

between the structure of ZnxFe3-xO4 nanoprobes and their properties was elucidated. In a low 

doping range at 0.1/0.2/0.3/0.4/0.5/0.8/1.0, the occupation of Zn2+ shifted from ortho-tetrahedral 

to ortho-octahedral as the doping contents increased. The magnetic moment increased to the 

maximum value at x = 0.2 and then gradually decreased to 0. However, in the high-content doping 

interval at 1.2/1.5/2.0, a heterojunction with ZnO and ZnFeO4 appeared at the single crystal. Due 

to the presence of internal defective bands and P-N heterojunctions, the absorption range of 

nanoprobes was broadened. At the same time, the complexation of photogenerated electrons and 

holes was effectively suppressed, which significantly improved the photoelectrical conversion 

efficiency and facilitated the broad-spectrum photocatalytic effect. Besides, the author realized 

the integrated modulation of optical properties of rare-earth-based nanoprobe materials, such as 

emission wavelength and intensity as well as fluorescence lifetime by single-lanthanide-element 

doping. Further, the development of novel nanoprobes with X-ray-responsive near-infrared 

fluorescence was achieved, providing a new strategy for more efficient, safe, and precise tumor 

theranostics. 

After the clarified coordination mechanism of multiple properties, Zn0.2Fe2.8O4 nanoprobes with 

the strongest magnetic response were selected. A self-constructed magnetic platform was used to 

induce the magneto-mechanical motion, and the correlation among the motion, morphology, and 

mechanical force was revealed. Through precise control of the magneto-mechanical force, tumor 

chemotherapeutic drugs were released at regular times and locations, combining with the 

mechanical force to overcome the drug resistance, thereby enhancing the tumor treatment [3]. 

Furthermore, a synergistic "double-punch" strategy for triple-negative breast cancer has been 

realized using two complementary and enhanced non-invasive treatment modalities, magneto-

mechanical force therapy and low-temperature hyperthermia of near-infrared-II laser, which 

significantly reduced the migration and invasion of triple-negative breast cancer cells, improved 

the tumor-killing performance, and efficiently inhibited tumor recurrence [4]. 
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The development of noninvasive, objective methods to assess retinal function in connection with 

underlying retinal structure is of great interest to clinical and experimental ophthalmology. 

Simultaneous probing of cellular resolution structure and function holds the premise of 

revolutionizing clinical practice that currently relies on a separate evaluation of disease-related 

changes in retinal morphology and its function, making such a detailed assessment impractical. 

Here, we will review our recent progress in developing optical coherent tomography (OCT) - 

based retinal imaging methods that allow direct measurements of retinal morphology and its 

underlying function using optoretinography (ORG).1,2,3 The ORG measures nanoscopic light-

dependent changes in retinal layer thickness measured in vivo by OCT. Several examples of OCT-

based ORG instruments developed to study retinal physiology at different spatiotemporal 

resolutions and in diverse species will be presented. Broad implementation of the ORGs also 

hinges on developing robust methods for quantifying observed responses to visible stimuli. Our 

group recently proposed a simple model for predicting and quantifying responses to those stimuli, 

which will also be presented. 
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