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A lab-in-a-fiber component was fabricated using an optical fiber and a fiber capillary. It was used in 
a test suspension of fluorescently labeled and unlabeled cells and enabled detection of the labeled 
cells. Subsequently the labeled cells were selectively collected via suction into the capillary. A novel 
sampling technique reduced photobleaching of the labeled cells, extending the measurement time. 
The collected cells remained viable for downstream analysis. This platform’s low fabrication cost, 
simplicity, compatibility with standard laboratory equipment, and capacity for fully automated cell 
capture highlights its potential for future applications in minimally invasive sample collection and 
point-of-care diagnostics. We demonstrate this LiF device to showcase the capability of optical fiber 
technology in creating low-cost, low-complexity cancer diagnostic devices. Furthermore, the LiF 
device holds promise for in vivo diagnostics, facilitating cell isolation and analysis.
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Isolation of individual single cells or small clusters is essential for analyzing heterogeneous cell populations. 
Identifying and isolating relevant subpopulations is crucial for understanding these complex systems while also 
helping spot rare cell types that could drive disease progression, which is usually overlooked by traditional 
bulk analysis methods. Detecting, isolating, and analyzing these cells would thus present valuable opportunities 
for early disease detection, therapeutic intervention, and treatment monitoring1. Furthermore, the isolation of 
single cells or small clusters also facilitates various downstream analysis methods2, enabling a comprehensive 
profiling of the collected samples for monitoring disease progression and treatment efficacy.

In cancer diagnostics, targeted tissue biopsy remains the gold standard for the detection, acquisition, and 
analysis of tumoral cells3. Fine needle aspiration is one of the preferred diagnostic tools for investigating tumors, 
being a simple, cost-effective, and easy to perform method that offers an accuracy similar to other biopsy 
techniques4,5. While this and other biopsy procedures generally pose minimal complications for patients with 
superficial tumors, deeper and harder-to-reach cancers (e.g.: pancreatic and lung cancer) often require more 
invasive procedures, which carry higher risks5. At the same time, repeated biopsies have been associated with 
further complications for the patient6,7, preventing its routine use for more frequent screenings. To circumvent 
this, liquid biopsies have emerged as a less invasive option for cancer diagnosis, collecting body fluids containing 
secreted extracellular vesicles, proteins, or other biomarkers that can be used to assess the tumor8–10. Despite its 
usefulness, liquid biopsy also presents some obstacles, namely in the detection of very low concentrations of target 
molecules that vary significantly depending on the sample of choice. As such, these technologies are often used 
as complementary clinical information, thus not completely avoiding the need for more invasive biopsies10–12. 
Hence, there is a need for improved diagnostics technologies both for in-vitro and in-vivo scenarios.

Lab-on-Fiber or Lab-in-a-Fiber (LiF) technologies emerge as compact and versatile analytical platforms, 
whose small dimensions, flexibility, and chemical inertness present ideal characteristics for less invasive, in-
vivo and in-vitro point-of-care diagnostics13–15. By integrating modern nanotechnologies into typically inert, 
light-coupled platforms, it is possible to create miniaturized systems capable of performing complex biosensing 
assays, while retaining unparalleled performance levels13,14,16. For example, a biconical tapered fiber sensor has 
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been used to detect the pathogen E. Coli17. In another work, a Ω-shaped fiber sensor was used for detecting cell-
free DNA18. Ref. SERS with fiber tip has also been described for detection of cancer19. These technologies are 
capable of detecting various cancer biomarkers with improved sensitivities20,21, while their small size has allowed 
the screening of the gastrointestinal tract with minimal invasiveness22,23. LiF platforms can also be combined 
with Artificial Intelligence (AI) to perform improved disease screening and diagnosis15,24,25.

Here, we build on our group’s previous developments26,27 to create an all-fiber, low-cost LiF device capable 
of detecting and capturing individual cells or small clusters. In this work, we combine the light-guiding of 
optical fibers with capillaries aimed at fluid handling. The fiber device was scanned through the solution and 
the fluorescence signal was collected and analyzed so fluorescent cells in the vicinity of the fiber tip could be 
captured. The use of this cell collection system can be envisaged in a few scenarios. A first scenario is where the 
fiber is scanned through a large sample volume, while measuring cell fluorescence. Cells with a given signature 
(fluorescence), for instance from circulating tumor cells, can then be collected. Another scenario of interest 
is one where the system is scanned through a distribution of cells, to monitor a cell-concentration increase 
or decrease over time, as an effect of a treatment. A third case could be an assay with hundreds of wells to be 
analyzed and cells selectively picked from the wells. Finally, we have a scenario closer to an in-vivo, clinical 
diagnostic situation, where tumor cells are identified as part of solid tissue28,29. The work described here is a step 
towards these possible applications.

Experimentally, our new search-and-pick device was evaluated by selective collection of fluorescently labeled 
cancer cells from a suspension of unlabeled cells in a fully automated manner. Furthermore, the recovered cells 
were viable and readily available for downstream analysis. The system shows promise for future integration 
with, for example, previously developed cytometer-based LiF platforms30,31 or other molecular point-of-care 
diagnostic methods. We expect this system to be used in the future to collect patient samples for in-vitro 
diagnostics from remote and sensitive regions where biopsy is harder to perform. Combining this LiF tool with 
other technologies would pave the way for more personalized therapies.

Materials and methods
Design and fabrication of the fiber probe
The LiF device introduced in this work is illustrated in Fig. 1A. It consists of an optical fiber probe made of two 
fibers: (i) a multimode silica fiber (MMF) with a core and cladding diameter of 62.5 μm and 125 μm, respectively, 
and (ii) a silica fiber capillary with an inner and outer diameter of 90 μm and 125 μm, respectively. The two fibers 
were inserted side-by-side in a housing capillary with an inner diameter of 255 μm and an outer diameter of 
330 μm. The flat-cleaved fibers were secured inside the housing capillary using a UV-cured glue and then treated 
with hydrophobic liquid (Sigmacote®; Sigma-Aldrich) to prevent clogging by aggregation of cells to the capillary. 
A MMF coupled blue laser (488 nm) was used to illuminate the sample and collect the green fluorescence light 
(~ 517 nm) from fluorescently labeled cells. The fiber capillary was connected to a vacuum pump and operated 
in a similar fashion as described in refs26,27. The pump activation system is similar to that described in Ref27. 
A solenoid valve is connected between the pump and the fiber capillary. The pump is running continuously, 
and the solenoid valve is switched on or off depending on when we want to suck the cell into the capillary. The 
switch is controlled using the PC through a Python program and activated when the detected signal goes above 
threshold. The inner diameter of the capillary was chosen to be 90 μm to allow for the capture of single cells and 
smaller cell clusters while limiting the volume of liquid collected and minimizing pressure-drop and clogging 
problems. A cross-section image of the fully assembled fiber probe can be seen in Fig. 1B. The details of the 
components used in the setup and the part numbers of the devices used are presented in Table S1. The simplicity 
of our design allows for low-cost fabrication using standard fibers with no need for clean-room facilities30. It also 
allows for an easy addition of more components with different functionalities in the future.

Cell culture
For conducting the experiments described below, MCF-7 cells were acquired from the American Type Culture 
Collection (ATTC) and cultured in Dulbecco’s modified Eagle’s medium-F12 (DMEM; Sigma-Aldrich) 
supplemented with 10% Fetal Bovine Serum (FBS; Sigma-Aldrich) and 1% penicillin-streptomycin 100 U/mL 
(Sigma-Aldrich), in a humidified incubator with 5% CO2, at 37oC. Once confluency of 70–80% was reached, 
the cells were incubated with a solution of Calcein-AM (2.5 µM; Sigma-Aldrich) for 20  min, subsequently 
dissociated and collected from the cell culture flask using a 0.25% solution of Trypsin-EDTA (Sigma-Aldrich) 
and separated by centrifugation at 1300 rpm (approximately 272 g) for 5 min. The cells were then resuspended 
in either DMEM or a Dulbecco’s phosphate-buffered saline (PBS; Sigma-Aldrich) solution and diluted to the 
desired concentration. Cell and particle concentrations were determined using Trypan Blue Stain (0.4%) with 
the Countess 3 automated cell counter (ThermoFisher Scientific), and the viability of cells captured using the 
fiber probe was assessed through an exclusion test on glass slides using the Trypan Blue Stain. Calcein-AM 
was the fluorophore for testing since it is commonly used for routine cell staining, especially for assessing cell 
viability32–34, despite the fluorescence signal decay under prolonged exposure. To further assess if captured cells 
could grow when cultured, a 10 µL sample was taken from a solution of approximately 106 cells/mL using the fiber 
probe, followed by 4 days of culture under the aforementioned conditions, at a starting culture concentration of 
approximately 2000 cells/mL.

Experimental setup, procedure, and validation
During the experiments the LiF fiber probe was mounted on a motorized 3D-translation stage (Zaber XYZ) 
controlled by a joystick, allowing it to be swept through the sample with micrometer precision. While scanning 
the solution, the fluorescent signal was continuously collected through the MMF, filtered by a dichroic mirror, 
and detected using a photomultiplier tube (PMT). When the detected signal exceeded a predetermined threshold, 
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Fig. 1.  (A) Schematic of the LiF system. (1) Light from a 488 nm fiber-coupled diode laser is coupled to the 
MMF and illuminates a solution with cells. (2) Fluorescence from labeled cells is collected backwards through 
the same fiber and guided to the PMT detector. (3) When the fluorescent signal is above a set threshold, the 
vacuum pump is activated, and negative pressure is applied to the capillary. (4) Cells are then captured by the 
capillary and transported to a reservoir. (5) Upon collection, the cells can be used for further downstream 
analysis and diagnosis. (B) Microscope image of the cross-section of the assembled fiber probe. The capillary is 
seen to the left and the excitation fiber to the right with the core illuminated by the laser. (C) Picture of the LiF 
platform.
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it indicated that a fluorescent particle was excited in front of the fiber tip. The vacuum pump was subsequently 
activated, thus applying a negative pressure (~ 350 mbar) to the capillary inducing inward flow of the solution 
into the capillary. The collected sample volume depended on the pump activation time. a A microscope 
equipped with a CCD camera was mounted above the tip of the fiber probe to monitor the experiment. Detailed 
information on the components and devices used is presented in Table S1.

The volume captured as a function of pump activation time was experimentally verified by measuring the 
distance traveled by a colored dye upon manual activation of the pump and calculating the corresponding volume. 
The pressure applied by the pump was ascertained using a microfluidic in-line pressure sensor (Fluigent).

Initial measurements were carried out to validate the proper functioning of the system. Green-fluorescent 
polystyrene particles (10  μm diameter Fluoro-Max Microspheres, Thermo Scientific) were used in a PBS 
solution and afterward in a DMEM solution. Similarly, tests were carried out with Calcein-AM labeled MCF-7 
cells at a concentration of 2.38 × 106 particles/mL in PBS and then in a DMEM solution containing phenol-red 
for cell growth. The specificity of the system was tested by sweeping the fiber component through a solution 
of unlabeled cells (concentration ≈ 2.42 × 106 cells/µL) spiked with resuspended Calcein-AM labeled cells 
(concentration ≈ 1.08 × 105 cells/µL) in a small petri dish.

We remark that if the system were to measure the sum of the fluorescence signals from many cells to reach a 
threshold, then there could be a limit-of-detection problem for low concentrations. In the present case, however, 
the system reads a single cell at a time, and the threshold is reached when the distance between the cell and the 
fiber tip is sufficiently short. Therefore, the limit of detection is a single cell, care is taken to ensure that the SNR 
of the measurement of a labelled cell very near the fiber tip is ~ 3, high enough to define a threshold to enable 
selective collection.

Results
Optical characterization
The initial fluorescence measurements performed with fluorescent particles and Calcein-AM labeled cells were 
compared to the background signal (Fig. S1). Note that the fluorescence lifetime of most dyes is only a few 
nanoseconds, but under constant pumping, the fluorescently labeled polystyrene particles showed a relatively 
stable signal over time, with an initial amplitude of ~ 175 mV. In contrast, continuous illumination of the cells led 
to bleaching, as can be seen in Fig. 2. Calcein-AM labeled cell measurements performed in PBS and DMEM with 
phenol-red solutions showed comparable amplitudes and a similar trend of decaying fluorescence with exposure 
time. Starting at ~ 100 mV, the fluorescence decayed to the calculated limit-of-detection (LoD) of approximately 
20 mV after two minutes of exposure. The well-known photobleaching of dyes exposed to continuous pump 
light is a shortcoming of many experiments35,36. Here it limits the time available for fine tuning the fiber tip 
position in search of the optimal collection point. Attempts to substitute dyes by light-emitting moieties, such 
as quantum dots, lanthanides, and rare earths that exhibit very slow photodegradation have been made37–39, 
but biocompatibility is still an unsolved problem. Instead, to obtain longer measurement time and reduce 
photobleaching we made use of pulsed excitation, as discussed below.

The fluorescence decay is dose-dependent32 and under continuous exposure the fluorescence signal from 
the cells halved in ~ 130 ms, as seen in Fig. 2, in red. To enable longer measurement time, we illuminated the 
fluorescent dye for 1-ms at a rate of 100 Hz, thereby decreasing the overall exposure time ten-fold in comparison 
to continuous pumping. The decay of the fluorescence envelope is then correspondingly slower, with a half-time 
decay of 1.06 s, see the pulsed signal in Fig. 2, in green. This pulsed excitation procedure is quite general, and it 
was valuable to allow searching for the optimum point for cell collection, as discussed below. It could also help 
prolonging the dye usage in other applications, such as in microscopy.

Fig. 2.  Detected signal from labeled cells vs. excitation time using continuous illumination (red), or an On-Off 
modulated laser beam (10% duty cycle) with a frequency of 100 Hz (green).
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Fluidic setup characterization
A pump was used to apply differential negative pressure to the capillary to capture the fluorescent particle of 
interest. A correlation between pump activation time and the volume captured in the capillary was experimentally 
established, as shown in Fig. 3A. A minimum volume of 26 nL was collected using a pump activation time of 
50 ms. Experiments capturing fluorescent cell were performed subsequently, for three different pump activation 
times in a continuously stirred solution containing 1.07 × 106 cells/mL, while the LiF fiber probe was kept 
stationary. The number of captured cells was determined through a trypan-blue stain counting procedure and 
compared to the theoretically expected number. The results are shown in Fig. 3B. Except for a dead volume that 
affects the results for short activation periods, the collection grows linearly in time and so does the number of 
retrieved cells (within ~ 10%).

Detection of labeled cells
After characterization the system was used to screen a solution of unlabeled cells spiked with a small amount of 
fluorescently labeled cells in a ratio of 20:1. The fiber probe was scanned through the solution using a joystick 
connected to the 3D stage. A microscope was used to image the fiber tip as it was scanned through the sample. A 
video of the fiber probe picking up a fluorescently labeled cell from this solution is available in the supplementary 
data (Supplementary Video 1). Selected images of each of the important events are presented in Fig. 4. First, we 
see the fiber probe approaching a fluorescent cell, and at time = 350 ms the system detects its presence and 
activates the vacuum pump. The targeted cell is then captured.

Viability of captured cells
The primary objective of cell collection is to enable downstream analysis. For cancer the quality of cells is 
particularly important for an accurate diagnosis. For that reason, we determined the viability of the captured 
cells. An exclusion test using the Trypan Blue Stain on glass slides was done by manually counting the cells alive 
or dead for three samples collected using three different pump activation times (100 ms, 300 ms and 500 ms; 
Fig. 5A). The results were also compared to a control cell solution that was kept at room temperature, but not 
subjected to any capture by the system. The growth of cells after capture was also tested. Approximately 10 µL 
were captured from a solution containing 106 cells/mL. These cells were then cultured for 4 days at a starting 
concentration of 2000 cells/mL, see Fig. 5B. The results show that a vast majority of cells remain viable after 
collection through the LiF system and can grow for more than 4 days when cultured.

Discussion
LiF setup characterization
The pulse excitation technique described above can help the analysis of various fluorescent samples hindered by 
photobleaching and low signal-to-noise ratio (SNR). It should be mentioned that the frequency (100 Hz) and 
pulse duration (1 ms) used in the present work were chosen for ease of implementation. The response times 
of the pump laser, photodetector, and oscilloscope used in our experiments were all below 50 ns. Therefore, to 
minimize photobleaching further, pumping of the dye can be done with shorter pulses and at higher frequency. 
One could also reduce the pulse repetition frequency while increasing the peak power of the pump laser by the 
same factor. This would increase the SNR while keeping the exposure constant. Furthermore, a sample-and-
hold circuit could be used with the detection system, to render the trace continuous that is pulsed on and off 
here. Nonetheless, our pulsing technique allowed measurements longer than 5 min (Fig. S2), making it more 
compatible with longer diagnostic procedures.

The specificity of the fluorescence-based triggering of the suction pump benefits from the fact that cells far 
from the tip generate a signal that is too weak to exceed the threshold for collection. If the fiber core and the 
fluorescent cell are treated as point sources, the collected signal drops with the fourth power of the distance27. 

Fig. 3.  (A) Volume captured in the capillary for different pump activation times. Each circle represents one 
individual measurement. (B) Total number of captured cells for each pump activation time compared to the 
expected number, assuming the capture volumes experimentally determined in (A) for a concentration of 
1.07 × 106 cells/mL. The cells were counted manually using Trypan Blue Stain.
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Fig. 5.  (A) Viability of MCF-7 cells captured using three different pump activation times. The control solution 
(blue) consisted of cells kept at room temperature, but not captured using our LiF system. Viability was 
determined by manual counting using a standard Trypan Blue live-dead assay. Error bars correspond to the 
standard deviation of three consecutive measurements. (B) Captured MCF-7 cells grown over four days. Each 
day corresponds to an approximate 24-hour period after the image from Day 0 was taken. Confluency of the 
cells is presented for each day of growth. Scale bars correspond to 100 μm. Images were acquired using a ZOE 
Fluorescent Cell Imager (Bio-Rad).

 

Fig. 4.  Fluorescence signal vs. time when the fiber is scanned through the solution with labeled and unlabeled 
cells. The blue line shows the signal collected through the MMF. The red dashed line marks the threshold 
for activation of the vacuum pump. At instant 350 ms, a cell is detected and collected. The three microscopy 
images represent corresponding images; prior to detection (left); when a cell is excited (middle); and after 
collection (right). The scale bar is 100 μm for all images.
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A modest increase of the cell distance by 3 times leads to a two orders-of-magnitude reduction in the detected 
fluorescence, and the threshold for cell suction is not reached. This principle is then conveniently explored in 
our set-up, since only cells near the collection point are suck into the capillary, minimizing the accompanying 
volume of liquid that inevitably is collected with the cell and improving the specificity of the system. The finite 
core size of the MMF and the distance between the centers of the core and of the capillary alter this dependence 
for short distances. A complete system design could take this into account when setting the threshold level for 
pump activation.

The minimum volume collected that guarantees that the cell is captured when the pump activates is 
approximately half a sphere (2/3 πr3) of radius r equal to the distance between the cell and the capillary tip. This 
assumes that the flow into the capillary is uniform from all directions in front of the capillary tip and zero from 
behind the tip. This expression allows estimating the volume collected together with the cell that triggers the 
system. For example, for a volume collected of 26 nL (smallest value in Fig. 3A), r ~ 232 μm. If the concentration 
is known, the minimum number of cells that accompany the cell of interest can be evaluated.

Detection, capture, and viability of cells
As shown in Media 1 and Fig. 4, the system can identify a fluorescently labeled cell in an unlabeled matrix, trigger 
the suction pump, and capture the target cell once the signal is above the predefined threshold. Importantly, the 
cells proliferate after capture, reaching a confluency of above 70% after 4 days. Furthermore, the captured cells 
keep a high viability of ~ 90%, enabling possibilities for diagnostic methods that require the culturing of patient 
samples, such as drug sensitivity tests or functional assays40,41.

Further development of this LiF platform as a diagnostic tool could focus on label-free cell identification, 
analyzing the collected back-scattered signal with the help of AI15 and on how to improve the cytologic sampling, 
since only collection in liquid samples was demonstrated to date. The latter could make use of laser-produced 
micro incisions42–44, or the use of a micro brush45,46 to release cells from tissue.

Conclusion
In this work, we introduced a LiF device where the combination of a light-guiding fiber and a fluid-handling 
capillary enables the detection and capture of fluorescently labeled cells while preserving their viability. By using 
pulsed excitation, the measurement time is sufficiently increased to search and pick labeled cells in a mixture 
with unlabeled cells. Because of its small dimensions, the device can potentially be used in remote and sensitive 
regions where biopsy is difficult. The system shows potential for use in a clinical setting, where small samples of 
cells can be collected in vivo for further analysis, a step in the direction of a tool for personalized therapy.

Data availability
Data sets generated during the current study are available from the corresponding author on reasonable request.

Received: 6 January 2025; Accepted: 28 February 2025

References
	 1.	 Gross, A. et al. Technologies for single-cell isolation. Int. J. Mol. Sci. 16 (8), 16897–16919 (2015).
	 2.	 Pensold, D. & Zimmer-Bensch, G. Methods for single-cell isolation and preparation. In Single-cell Sequencing and Methylation: 

Methods and Clinical Applications, 7–27 (2020).
	 3.	 Li, P. et al. Targeted biopsy added to systematic biopsy improves cancer detection in prostate cancer screening. Int. J. Clin. Exp. 

Pathol. 17 (5), 173 (2024).
	 4.	 Wu, M. et al. A comparative study of 200 fine needle aspiration biopsies performed by clinicians and cytopathologists. Laryngoscope 

116 (7), 1212–1215 (2006).
	 5.	 Wu, M. & Burstein, D. E. Fine needle aspiration. Cancer Invest. 22 (4), 620–628 (2004).
	 6.	 Szalayova, G. et al. Human breast cancer biopsies induce eosinophil recruitment and enhance adjacent cancer cell proliferation. 

Breast Cancer Res. Treat. 157, 461–474 (2016).
	 7.	 Hong, Y. M. et al. Impact of prior biopsy scheme on pathologic features of cancers detected on repeat biopsies. In Urologic Oncology: 

Seminars and Original Investigations  (Elsevier, 2004).
	 8.	 Kahana-Edwin, S., Cain, L. E. & Karpelowsky, J. Roadmap to liquid biopsy biobanking from pediatric Cancers–Challenges and 

opportunities. Biopreserv. Biobank. 19 (2), 124–129 (2021).
	 9.	 Oshi, M. et al. Urine as a source of liquid biopsy for cancer. Cancers 13 (11), 2652 (2021).
	10.	 Kamyabi, N., Bernard, V. & Maitra, A. Liquid biopsies in pancreatic cancer. Expert Rev. Anticancer Ther. 19 (10), 869–878 (2019).
	11.	 Chang, S. et al. Current status and future perspectives of liquid biopsy in non-small cell lung cancer. J. Pathol. Translational Med. 

54 (3), 204–212 (2020).
	12.	 Li, L. et al. Liquid biopsy in lung cancer. Clin. Chim. Acta, 117757 (2024).
	13.	 Vaiano, P. et al. Lab on Fiber technology for biological sensing applications. Laser Photonics Rev. 10 (6), 922–961 (2016).
	14.	 Pissadakis, S. Lab-in-a-Fiber sensors: A review. Microelectron. Eng. 217, 111105 (2019).
	15.	 Paiva, J. S. et al. I LoF: an intelligent lab on Fiber approach for human Cancer Single-Cell type identification. Sci. Rep. 10 (1), 3171 

(2020).
	16.	 Pisco, M. & Cusano, A. Lab-on-fiber technology: a roadmap toward multifunctional plug and play platforms. Sensors 20 (17), 4705 

(2020).
	17.	 Rijal, K. et al. Detection of pathogen Escherichia coli O157: H7 AT 70 cells/ml using antibody-immobilized biconical tapered fiber 

sensors. Biosens. Bioelectron. 21 (6), 871–880 (2005).
	18.	 Ning, W. et al. Ω-shaped fiber optic LSPR biosensor based on mismatched hybridization chain reaction and gold nanoparticles for 

detection of Circulating cell-free DNA. Biosens. Bioelectron. 228, 115175 (2023).
	19.	 Samanta, A. et al. Ultrasensitive near-infrared Raman reporters for SERS‐based in vivo cancer detection. Angewandte Chemie-

International Ed. 50 (27), 6089 (2011).
	20.	 Loyez, M. et al. HER2 breast cancer biomarker detection using a sandwich optical fiber assay. Talanta 221, 121452 (2021).

Scientific Reports |         (2025) 15:9694 7| https://doi.org/10.1038/s41598-025-92585-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	21.	 Ashikbayeva, Z. et al. Green-synthesized gold nanoparticle-based optical fiber ball resonator biosensor for cancer biomarker 
detection. Opt. Laser Technol. 161, 109136 (2023).

	22.	 Poduval, R. K. et al. OCT Image Guidance for Gastrointestinal Endoscopic Cryobiopsy. In Endoscopic Microscopy XVII (SPIE, 2022).
	23.	 Wartak, A. et al. Multimodality optical coherence tomography based tethered capsule endomicroscopy for upper Gastrointestinal 

tract imaging. In Optical Coherence Tomography and Coherence Domain Optical Methods in Biomedicine XXV (SPIE, 2021).
	24.	 Zhao, J. et al. Deep-learning cell imaging through Anderson localizing optical fiber. Adv. Photonics. 1 (6), 066001 (2019).
	25.	 Mumtaz, M. et al. iLoF: a blood-based Optical Fingerprinting Tool for Alzheimer’s Disease Screening. Alzheimer’s & Dementia 17, 

e054501 (2021).
	26.	 Etcheverry, S. et al. Fluidic trapping and optical detection of microparticles with a functional optical fiber. Opt. Express 25 (26), 

33657–33663 (2017).
	27.	 Sudirman, A. et al. A fiber optic system for detection and collection of micrometer-size particles. Opt. Express 22 (18), 21480–

21487 (2014).
	28.	 Steeg, P. S. Targeting metastasis. Nat. Rev. Cancer. 16 (4), 201–218 (2016).
	29.	 Hong, B. & Zu, Y. Detecting Circulating tumor cells: current challenges and new trends. Theranostics 3 (6), 377 (2013).
	30.	 Kumar, T. et al. Lab-in-a-Fiber-based integrated particle separation and counting. Lab. Chip 23 (9), 2286–2293 (2023).
	31.	 Etcheverry, S. et al. High performance micro-flow cytometer based on optical fibres. Sci. Rep. 7 (1), 5628 (2017).
	32.	 Khati, V. et al. 3D Bioprinting of multi-material decellularized liver matrix hydrogel at physiological temperatures. Biosensors 12 

(7), 521 (2022).
	33.	 Palma, P. F. et al. Evaluation of Annexin V and Calcein-AM as markers of mononuclear cell apoptosis during human 

immunodeficiency virus infection. Brazilian J. Infect. Dis. 12, 108–114 (2008).
	34.	 Bratosin, D. et al. Novel fluorescence assay using calcein-AM for the determination of human erythrocyte viability and aging. 

Cytometry Part. A J. Int. Soc. Anal. Cytol. 66 (1), 78–84 (2005).
	35.	 Schäfer, F. Dye lasers and laser dyes in physical chemistry. Dye lasers: 25 years, 19–36 (2005).
	36.	 Demchenko, A. P. Photobleaching of organic fluorophores: quantitative characterization, mechanisms, protection. Methods Appl. 

Fluoresc. 8 (2), 022001 (2020).
	37.	 Zhao, M. X. & Zeng, E. Z. Application of functional quantum Dot nanoparticles as fluorescence probes in cell labeling and tumor 

diagnostic imaging. Nanoscale Res. Lett. 10, 1–9 (2015).
	38.	 Eliseeva, S. V. & Bünzli, J. C. G. Lanthanide luminescence for functional materials and bio-sciences. Chem. Soc. Rev. 39 (1), 

189–227 (2010).
	39.	 Li, L. et al. Rare-earth‐doped nanocrystalline Titania microspheres emitting luminescence via energy transfer. Adv. Mater. 20 (5), 

903–908 (2008).
	40.	 Cetin, A. E. et al. Plasmonic Functional Assay Platform Determines the Therapeutic Profile of Cancer Cells. ACS Sensors  (2023).
	41.	 du Puch, C. B. M. et al. Benefits of functional assays in personalized cancer medicine: more than just a proof-of-concept. 

Theranostics 11 (19), 9538 (2021).
	42.	 Horesh, N. et al. Surgical outcomes of minimally invasive Trephine surgery for pilonidal sinus disease with and without laser 

therapy: a comparative study. Tech. Coloproctol. 28 (1), 13 (2024).
	43.	 Gonzalez-Cruces, T. et al. Cataract surgery astigmatism incisional management. Manual relaxing incision versus femtosecond 

laser-assisted arcuate keratotomy. A systematic review. Graefe’s Archive Clin. Exp. Ophthalmol. 260 (11), 3437–3452 (2022).
	44.	 Katta, N. et al. Er: YAG laser brain surgery with vascular specific coagulation. Lasers Surg. Med. 54 (8), 1107–1115 (2022).
	45.	 Marques, F. et al. New through-the-needle brush for pancreatic cyst assessment: a randomized controlled trial. iGIE 2 (4), 481–488 

(2023).
	46.	 Marques, F. et al. A loop-shaped Minimally Invasive Brush for Improved Cytology Sampling of Pancreatic Cysts during EUS‐FNA. 

Medical Devices Sensors 4, e10165 (2021).

Acknowledgements
The authors thank the Swedish Research Council (Vetenskapsrådet) for funding this collaborative research work 
with research grant number 2021–03413 and Conselho Nacional de Desenvolvimento Científico e Tecnológico, 
CNPq, Brazil proj. 442933-2023. We also acknowledge Korbinian Muhlberger for building the XYZ translation 
system and constructive feedback on the manuscript by prof. Scott Holmstrom.

Author contributions
J.C.V. wrote the first version of the main manuscript text, prepared all figures, and was responsible for the con-
ceptualisation, methodology, investigation, and validation of all experimental work. J.C.V. also led all cell-relat-
ed work.A.V.H. contributed to the revision of the manuscript text, was responsible for the conceptualisation, 
methodology, investigation, and validation of all experimental work, and fabricated the fiber probe used in the 
study.P.M., T.G., and O.T. contributed to the revision of the manuscript text, as well as to the conceptualisation 
and methodology of the experimental work.R.H., M.L., W.M., A.R., and F.L. contributed to the revision of the 
manuscript text and the conceptualisation and methodology of the experimental work. They were also respon-
sible for project administration and funding acquisition.

Funding
Open access funding provided by Royal Institute of Technology.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​9​2​5​8​5​-​6​​​​​.​​

Correspondence and requests for materials should be addressed to J.C.V.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports |         (2025) 15:9694 8| https://doi.org/10.1038/s41598-025-92585-6

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-92585-6
https://doi.org/10.1038/s41598-025-92585-6
http://www.nature.com/scientificreports


Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |         (2025) 15:9694 9| https://doi.org/10.1038/s41598-025-92585-6

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Lab-in-a-Fiber detection and capture of cells
	﻿Materials and methods
	﻿Design and fabrication of the fiber probe
	﻿Cell culture
	﻿Experimental setup, procedure, and validation

	﻿Results
	﻿Optical characterization
	﻿Fluidic setup characterization
	﻿Detection of labeled cells
	﻿Viability of captured cells

	﻿Discussion
	﻿LiF setup characterization
	﻿Detection, capture, and viability of cells

	﻿Conclusion
	﻿References


