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Image-based single-cell isolation in high-density seeded cells using 
photoactivatable surfaces 
Shinya Yamahira,*a Yuki Umeda,a Teruyuki Nagamuneb and Satoshi Yamaguchi*a

We developed an image-based cell isolation method utilizing a 
photoactivatable cell anchoring surface. After microscopically 
imaging the cell population on the substrate, target single cells 
were selectively and rapidly anchored for isolation through 
localized light irradiation. This approach enabled precise isolation 
of single cells even from densely packed seeded cells. This 
capability for high-throughput microscopic screening of vast cell 
populations provides a practical means for the detection and 
isolation of rare cells present at extremely low frequencies. As a 
proof of concept, circulating tumor cells were precisely isolated 
from the blood sample of a tumor-bearing mouse. This method 
offers a robust platform for rare cell isolation from large and dense 
cell populations, supporting more precise applications in cell 
analysis, diagnostics, and personalized medicine.

Introduction
Selective manipulation of individual cells is becoming 

increasingly important in various biomedical fields, including 
fundamental cell biology,1–3 diagnostics,4–7 and personalized 
medicine.8,9 In particular, single-cell analysis of rare cell types, 
such as circulating tumor cells (CTCs), is crucial for early cancer 
detection and evaluation of therapeutic responses.10–12 This has 
motivated a strong demand for technologies that enable 
precise isolation and retrieval of specific target cells from large 
and heterogeneous populations and thus facilitate more 
detailed and comprehensive analyses.13

Fluorescence-activated cell sorting (FACS) and magnetic-
activated cell sorting (MACS) are widely used techniques for cell 
isolation that rely on molecular marker-based 
characterization.14–17 Although effective for high-throughput 
sorting, these methods often fail to distinguish cells based on 
more complex phenotypes, such as detailed morphology18 or 

subcellular protein localization.19 Furthermore, these 
techniques can only analyze simple parameters, frequently 
leading to false positives or negatives. Consequently, for 
conditions such as leukemia, myelodysplastic syndromes, and 
malaria infections, FACS is primarily used as a supplementary 
diagnostic tool, whereas definitive diagnosis relies on 
morphological evaluation by microscopy.20–23 Notably, recent 
advances in microscopy and image processing have enabled 
quantitative assessment of complex cellular features, including 
morphology,24–26 intracellular protein distribution,27,28 and 
intercellular interactions.29 Therefore, methods that integrate 
microscopy-based analysis with rapid cell retrieval capabilities 
hold great promise for advancing single-cell analysis 
technologies.

To achieve such integration, technologies employing 
capillary-based micromanipulators30,31 and dielectrophoresis32–

34 are widely used for cell picking. However, owing to their 
limited spatial precision, these methods typically require a low 
cell density to reliably isolate a single cell of interest. This 
requirement restricts the number of cells that can be analyzed 
within each microscopic field of view, significantly reducing the 
overall screening throughput and scalability. Moreover, the 
operational complexity of these techniques often leads to 
prolonged procedures, making simultaneous isolation of 
multiple rare cells time-consuming.

In this study, we present a novel approach that addresses 
these limitations by employing a light-controllable cell-
anchoring surface prepared by coating the substrate with 
photoactivatable polyethylene glycol (PEG)-lipid 1 (Fig. 1a),35  
which selectively anchors the cells to light-irradiated areas 
through interactions between the outer cell membrane and the 
lipid component of the material (Fig. 1b). Previously, we 
reported a technique that enables arbitrary cell patterning by 
photoactivating this surface prior to cell seeding.36 In the 
present study, we demonstrate for the first time that cells can 
be rapidly anchored by light irradiation even after cell seeding.  
Accordingly, we envisioned that a single cell of interest can be 
isolated through light-induced selective anchoring onto the 
surface after image-based analysis via the following three steps 
(Fig. 1c): (1) Target cells are identified from microscopy images; 
(2) owing to the high speed and spatial resolution of light 
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irradiation, individual target cells are selectively and rapidly 
exposed to light spots, resulting in anchoring onto the 
substrate; and (3) non-anchored cells are washed away from 
the substrate, achieving precise isolation of the target cells. We 
demonstrated the effectiveness of this approach by isolating 
model blood cells at the single-cell level and further validated 
its potential clinical relevance by successfully isolating rare CTCs 
from blood samples obtained from tumor-bearing mice (Fig. 
1d).

Fig. 1 (a) Chemical structure of photoactivatable PEG-lipid 1. (b) Illustration of the surface 
modified with PEG-lipid 1 before and after exposure to light. (c) Schematic of light-guided 
cell anchoring for cell isolation after cell seeding and imaging. (d) Schematic of light-
guided isolation of CTCs from the peripheral blood of a tumor-bearing mouse using 
microscopic identification and selective anchoring on a PEG-lipid 1–coated microfluidic 
channel.

Experimental section
Material and reagents

Microchannels (µ-Slide VI 0.4; width: 3.8 mm, length: 17 mm, 
height: 0.4 mm) were purchased from Ibidi GmbH (Martinsried, 
Germany). The BaF3 murine pro-B cell line was obtained from 
RIKEN BRC (Tsukuba, Japan). BaF3 cells expressing enhanced 
green fluorescent protein (BaF3-EGFP) were provided by 
Professor Masahiro Kawahara (Kogakuin University). The DLD-1 
human colonic adenocarcinoma cell line was obtained from the 
JCRB Cell Bank (Osaka, Japan). Calcein-AM, Cyto Red, and 
propidium iodide (PI) solution were purchased from Dojindo 
Laboratories (Kumamoto, Japan). A fatty acid-free, low-
endotoxin, lyophilized powder of bovine serum albumin (BSA) 
was obtained from Sigma-Aldrich Co. (St. Louis, MO, USA). 

Lymphoprep was purchased from Axis-Shield Diagnostics Ltd. 
(Dundee, UK). Interleukin-3 (IL-3) was obtained from R&D 
Systems (Minneapolis, MA, USA). Qdot 655 Streptavidin 
Conjugate was purchased from Thermo Fisher Scientific 
(Waltham, MA, USA).   

Ammonium-chloride-potassium (ACK) buffer was prepared 
by mixing NH4Cl (8.26 g/L), K2CO3 (1.0 g/L), and EDTA-4Na+ (1.0 
g/L) in distilled water, followed by adjusting the pH to 7.2. 
Biotinylated anti-epiregulin monoclonal antibody (clone 9E5) 
was prepared using previously reported methods.37,38 Briefly, 
9E5 was produced from hybridoma cells implanted in BALB/c 
nude mice, and the resulting ascitic fluid was purified using a 
protein G column. The antibody was dialyzed in a boric acid 
buffer, biotinylated with Sulfo-NHS-LC-Biotin (EZ-Link Sulfo-
NHS-LC-Biotin, Life Technologies, Carlsbad, CA, USA), and 
concentrated using a 100 kDa molecular weight cut-off filter. 

Preparation of photoactivatable PEG-lipid 1–modified surfaces

Photoactivatable PEG-lipid 1 was synthesized using a 
previously reported method.21 The plastic bottom of a 
commercially available microchannel was employed as the 
substrate. The microchannel was filled with 1% (w/v) BSA 
solution in phosphate-buffered saline (PBS) and incubated 
overnight at 4°C. After rinsing with PBS (1 mL), a solution of 100 
μM photoactivatable PEG-lipid 1 in DMSO/PBS (1:1, v/v) was 
added to the microchannel and incubated for 3–4 h at 37°C in a 
humidified incubator. The reaction solution was then removed 
from the reservoir, and the microchannel was rinsed with PBS 
(1 mL).

Cell culture

BaF3, BaF3-EGFP, and DLD-1 cells were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin, and 100 µg/mL streptomycin at 37 °C in a 
humidified atmosphere containing 5% CO2 and 95% air. BaF3 
and BaF3-EGFP were supplemented with 1 ng/mL IL-3.

Light-induced cell anchoring onto the substrates

BaF3 cells were seeded onto the PEG-lipid-modified 
bottom substrate of the microchannel by introducing a BaF3 cell 
suspension (3 × 107 cells/mL) through the inlet. The bottom 
substrate was irradiated with 405 nm light at a dose of 5 J/cm2 
to evaluate cell anchoring and at various doses ranging from 1 
to 20 J/cm² to assess the dose dependence, using an ultraviolet 
(UV) irradiator (REX-250, Asahi Spectra Co., Ltd., Tokyo, Japan) 
equipped with a cylindrical lens and a band-pass filter (405 ± 5 
nm), followed by 10 min of incubation and PBS rinsing. Seeded 
cells were observed under a fluorescence microscope (IX83; 
Olympus Corporation, Tokyo, Japan) before and after 
incubation. Cell density was quantified by image analysis using 
Fiji (ImageJ distribution; version 2.14.0/1.54f, NIH, Bethesda, 
MD, USA) with the TrackMate plugin. Cell viability was 
examined by live/dead staining with calcein-AM and PI 
following the manufacturer’s instructions. Briefly, the cells were 
incubated with 1 µg/mL Calcein-AM and 2 µg/mL PI for 30 min 
at 37 °C, followed by fluorescence imaging.
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Time-course analysis of light-induced cell anchoring

BaF3-EGFP cells were seeded as described above. The cell-
seeded surface was irradiated with a 405 nm laser using a 
vertical line scan that moved from right to left across the field 
of view at a speed of approximately 8 μm/s with a confocal 
microscope (LSM 510, Carl Zeiss Microscopy GmbH, Jena, 
Germany). Immediately after scanning, the surface was rinsed 
with PBS, and green fluorescence images of the surface were 
acquired using the same microscope. The cell density was 
quantified as described above. The time-dependent anchoring 
of cells onto the photoactivatable surface was quantitatively 
analyzed using a three-state transition model. The temporal 
change in the density of trapped cells, Q(t), was fitted using the 
following equation (1):

𝑄(𝑡) = 𝑄𝑚𝑎𝑥 1 ―
𝑘2

𝑘2 ― 𝑘1
exp(― 𝑘1𝑡) +

𝑘1

𝑘2 ― 𝑘1
exp(― 𝑘2𝑡) 　

(1)

where Q(t) is the density of the trapped cells at time t, Qmax is 
the maximum density of the trapped cells, and k1 and k2 are the 
fitting parameters corresponding to the two successive steps in 
the three-state transition model. The experimental data were 
fitted to this model by nonlinear fitting of the time-course cell 
density data to a two-state transition model using the R 
software (version 4.2.1).

Preparation of PBMCs

Peripheral blood was collected in a 5 mL EDTA-2Na-
containing vacutainer. Lymphoprep (4.5 mL) was added to a 
SepMate-15 tube (VERITAS, Tokyo, Japan) and briefly 
centrifuged to remove air bubbles. Peripheral blood (4 mL) was 
mixed with 2% (v/v) FBS (4 mL) in PBS in a 15 mL tube and then 
gently layered into a SepMate-15 tube. The tube was 
centrifuged at 1200 × g for 10 min at room temperature, and 
the plasma and platelet layers were discarded, leaving the 
peripheral blood mononuclear cell (PBMC) layer intact. The 
PBMC-containing supernatant was transferred to a fresh tube, 
mixed with 2% FBS/PBS to a final volume of 14 mL, and 
centrifuged at 300 × g for 10 min. The supernatant was removed, 
and the PBMCs were resuspended in ACK buffer to a final 
volume of 14 mL, followed by incubation for 10 min at room 
temperature for red blood cell lysis. The sample was then 
centrifuged, and the supernatant was discarded. The cells were 
resuspended in PBS for counting and centrifuged again, and the 
supernatant was removed and resuspended in PBS.

Light-induced selective single-cell anchoring

A subset of PBMCs was stained with calcein-AM and mixed at 
a ratio of approximately 1 stained cell to 10,000 unstained 
PBMCs. The resulting cell suspension was loaded into a 
microchannel containing a PEG-lipid-modified bottom substrate. 
The cell density was 1.6 × 10⁴ cells/mm². The seeded cells 
covering the entire bottom surface were scanned using a 

confocal microscope, after which the stained cells were 
selectively exposed to a focused laser spot for 10 ms in the 
bleaching mode of the confocal microscope (TCS SP8, Leica 
Microsystems, Wetzlar, Germany). After approximately 200 s, 
the surface was rinsed under laminar PBS flow. Similarly, two 
subsets of BaF3 cells were stained with Calcein-AM and CytoRed. 
These two subsets were then mixed at a ratio of one CytoRed-
stained cell to 1,000 Calcein-AM-stained cells. The mixture was 
loaded into the microchannel. Following microscopic 
observation, CytoRed-stained cells within the same frame were 
simultaneously exposed to the laser spots, followed by rinsing.

Isolation of mouse peripheral blood and staining of CTCs

DLD-1 cells (1 × 106) were harvested by trypsinization and 
resuspended in a solution (200 µL) containing 50% PBS and 50% 
phenol red-free Matrigel (Corning, New York, USA). The cell 
suspension was injected subcutaneously into the right flank of 
male BALB/c nu/nu mice (Japan Charles River Laboratories, 
Tsukuba, Japan). Five weeks after tumor cell injection, 
peripheral blood (500 µL) was collected from the mouse by 
cardiac puncture using a heparin-coated syringe under 
isoflurane anesthesia. Subsequently, ACK buffer (4.5 mL) was 
added to the blood sample, and the mixture was incubated for 
30 min. After two centrifugation washes and resuspension in 
PBS, the cells were treated with a biotinylated anti-epiregulin 
antibody (clone 9E5, final concentration: 100 nM) for 15 min, 
followed by staining with streptavidin-conjugated Qdot 655 
(final concentration: 10 nM) for 5 min. After two additional 
washes by centrifugation and resuspension in PBS, the cells 
were suspended in PBS (100 µL).

The blood samples were loaded into a microchannel with a 
PEG-lipid-modified bottom substrate. All cells on the surface 
were observed via automatic tile-scan imaging using a confocal 
microscope (LSM 510; Carl Zeiss Microscopy GmbH, Jena, 
Germany). Individual CTCs were selectively exposed to laser 
spots using the region of interest (ROI) function of a confocal 
microscope with a 405 nm laser.

Results and Discussion
Light-induced anchoring of seeded non-adherent cells 

We investigated the light-induced anchoring of cells onto the 
PEG-lipid-modified surfaces following seeding and imaging. 
BaF3 cells were used as a model for non-adherent cells to 
minimize the influence of intrinsic cellular adhesion. In this 
study, a microchannel system was employed to precisely 
evaluate selective cell anchoring on the substrate surface, as 
described in our previous work.35,39–41 In this system, the cells 
on the surface were uniformly rinsed under laminar flow, 
allowing cells that are only weakly adhered due to nonspecific 
interactions to be removed. Immediately after cell seeding onto 
the bottom substrate of the microchannel, the surface was 
microscopically observed to be filled with cells (Fig. 2a). 
Subsequently, the designated area of the surface was irradiated 
with light, and after incubation to allow anchoring, non-
anchored cells were washed away by rinsing. Similar features 

Page 3 of 9 Biomaterials Science

B
io

m
at

er
ia

ls
S

ci
en

ce
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/3

/2
02

6 
9:

07
:1

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D5BM01883H

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5bm01883h


COMMUNICATION Biomaterials Science

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

were observed in the vicinity of the boundary between the 
irradiated and nonirradiated areas. A high cell density was 
observed in the irradiated region, whereas no cells were 
observed in the non-irradiated region (Fig. 2b). These results 
clearly demonstrated that the cells were anchored onto the 
surface in a light-dependent manner even after seeding.

Fig. 2 Light-induced anchoring of seeded floating cells on the PEG-lipid–modified surface. 
(a) Cells immediately after seeding onto the PEG-lipid–modified substrate. (b) Light-
guided selective anchoring, with cells remaining only in the irradiated region after rinsing. 
(c) Anchored cell density (black circles, left axis) and cell viability (open squares, right 
axis) plotted against the light dose (n = 3).

Next, we examined the effect of the light dose on cell 
anchoring and viability. Figure 2c shows the density of the 
remaining cells on the surfaces irradiated with various light 
doses. At doses above 5 J/cm², a high cell density remained, 
whereas only a few cells remained at doses below 2 J/cm². 
Additionally, the cell density remained essentially constant 
when the light dose was increased from 5 to 20 J/cm². Based on 
these results, we conclude that a light dose of 5 J/cm² is 
sufficient for cell anchoring. The viabilities of the remaining cells 
were examined under the same conditions. The results showed 
that the proportion of viable cells did not change following 
irradiation with light doses between 2 and 20 J/cm² (Fig. 2c). 
These findings indicate that cells can be anchored to a 
photoactivatable surface using biocompatible levels of light 
exposure. The remaining cells proliferated (Supporting 
Information Fig. S1). Thus, the present photoactivatable surface 
enables light-induced selective anchoring of viable cells. 
Nevertheless, at the molecular level, potential transcriptional 
effects induced by light irradiation, which may be relevant for 
transcriptome-sensitive downstream analyses, cannot be 
excluded and are therefore noted as a limitation of the present 

study and an important direction for future investigation. In 
addition, to clarify whether the present isolation protocol is 
compatible with fixed cells, the same experiments were 
performed using paraformaldehyde-fixed cells. Compared with 
living cells, fixed cells exhibited markedly reduced capture 
efficiency (see supporting information Fig. S2), suggesting that 
efficient anchoring depends on the properties of the live cell 
membrane.

Time-course analysis of light-induced cell anchoring 

We investigated the time required for cell anchoring after 
light exposure. To analyze the kinetics of cell anchoring, the cell-
seeded surface was irradiated with laser light using a vertical 
line scan from right to left across the field of view, followed by 
immediate rinsing with PBS (Fig. 3a). In this protocol, the right 
side of the surface underwent a longer incubation period 
between light irradiation and rinsing than the left side, 
generating a gradient of incubation times ranging from 14 to 
361 s across the surface (Fig. 3b). Upon light irradiation, the 
density of the anchored BaF3-EGFP, as visualized by 
fluorescence, increased with longer incubation times (Fig. 3b). 
The images were analyzed by counting the number of anchored 
cells, and the cell densities were plotted versus the incubation 
time (Fig. 3c). Cell anchoring on this surface consists of two 
major steps: photo-induced activation of PEG-lipids upon light 
irradiation, followed by interactions between the activated 
PEG-lipids and the cell membrane. Accordingly, fitting the data 
with a three-state transition model yielded phenomenological 
characteristic time scales of 53 s and 31 s for the respective 
steps, with saturation occurring at approximately 300 s. These 
results indicate that cell anchoring on the photoactivatable 
surface proceeded rapidly within a few minutes.

Light-induced selective single-cell isolation 

We performed light-induced selective anchoring of individual 
target cells using a photoactivatable surface. Human PBMCs 
were used as a medically relevant model cell type. A cell 
suspension containing approximately 0.01% green fluorescently 
stained cells was loaded into the microchannel with a PEG-lipid-
modified bottom substrate. Among the seeded cells covering 
the entire bottom surface, the stained cells were identified by 
confocal microscopy (Fig. 4a). Subsequently, under microscopic 
observation, the stained cells were selectively exposed to a 
focused light spot for anchoring, followed by rinsing with 
laminar PBS flow to remove the non-anchored unstained cells. 
Only stained cells remained anchored and immobile, whereas 
the surrounding unstained cells were rapidly removed (see 
Supporting Information, Movie S1). Thus, a rare, individual 
target blood cell was accurately isolated on the substrate 
surface from a densely packed population in which the cells 
were in close contact with one another (Fig. 4b). 

Multiple cells of interest were simultaneously isolated from 
the photoactivatable surface. Two subsets of BaF3 cells were 
stained with red and green fluorescent dyes, mixed, and loaded 
into the microchannel at high density (Fig. 4c). After scanning 
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the cell-seeded surface, the red fluorescently stained cells were 
selectively exposed to laser spots with an irradiation time of 4 

Fig. 4 Light-induced selective anchoring of single cells. (a) Fluorescence and bright-field 
merged image of the seeded PBMCs before and (b) after selective light irradiation of a 

green fluorescence–stained cell followed by rinsing. Scale bar, 100 μm. (c) Fluorescence 
image of BaF3 cells stained with green fluorescence and red fluorescence (displayed as 
magenta in pseudo-color) before and (d) after selective light irradiation of red 
fluorescence–stained cells and rinsing. Scale bar, 100 μm.

ms per cell. After rinsing, all eight red fluorescently stained cells 
remained on the surface, whereas no green fluorescently 

stained cells remained (Fig. 4d). Across three independent 
experiments, 27 target cells were exposed to focused light 
spots, of which 24 were successfully isolated. Only one case 
resulted in the co-capture of an adjacent off-target cell, while in 
three cases the target cells did not remain on the surface (Fig. 
4d and Supporting Information, Fig. S3). Despite these minor 
mismatches arising from manual laser spot positioning and 
focusing, consistent isolation performance was achieved, 
indicating that isolation precision could be further improved 
through automation of laser irradiation control.

Live cell-staining dyes were applied, and all isolated cells 
retained their fluorescence signals, confirming their viability. 
These results demonstrate that both single and multiple target 
cells can be isolated through rapid and simple light irradiation 
without significant photodamage or loss of viability. Notably, 
this method enables cell sorting even in high-density cell 
populations, overcoming the limitations of previously reported 
approaches, such as capillary-based micromanipulators,29–31 
optical tweezers,42,43 acoustic tweezers,44 and 
dielectrophoresis,45–47 which typically require low-density 
conditions for accurate single-cell recovery and therefore are 
unsuitable for retrieving rare cells from large populations. Even 
in microwell-assisted approaches, which offer relatively high 
throughput and scalability compared to the conventional 
methods by optimizing the intercellular spacing for single-cell 
picking, cell isolation has previously been limited to densities of 
up to approximately 1,000 cells/mm².10,30 By contrast, the 
present study achieved accurate single-cell isolation at densities 
exceeding the conventional density limit by an order of 

Fig. 3 Light-induced anchoring of floating cells seeded on the PEG-lipid-modified surface. (a) Schematic of the experimental system. (b) Fluorescence images of BaF3-EGFP 
cells on the PEG-lipid-modified surface after line-scanning irradiation with a 405 nm laser from right to left and subsequent rinsing. Each irradiated region separated by 
white lines was incubated for an average of (left panel) 14–111 s, (middle panel) 139–236 s, and (right panel) 264–361 s before rinsing. Scale bar, 200 µm. (c) Density of 
anchored cells plotted as a function of the time interval between light irradiation and rinsing, showing no remaining cells. The data were fitted using a three-state transition 
model. 
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magnitude. Thus, this method is uniquely suited for isolating 
rare cells from large populations without compromising cell 
viability.

Isolation of multiple circulating tumor cells

CTCs are tumor-derived cells that are shed into the 
bloodstream and enable a noninvasive liquid biopsy for cancer. 
Since CTCs serve as key biomarkers for cancer diagnosis and 
monitoring of disease progression, their reliable isolation is 
essential, as it enables molecular and genetic analyses to guide 
prognosis and treatment selection.48–50 To address this need, 
we demonstrated the isolation of CTCs from peripheral blood 
samples using the present photoactivatable surface. Peripheral 
blood was collected five weeks after tumor implantation from 
tumor-bearing mice inoculated with human colorectal 
adenocarcinoma DLD-1 cells. After fluorescence 
immunostaining of the CTCs, the blood sample was loaded into 
a microchannel coated with photoactivatable PEG-lipid 1. All 
cells on the surface were observed using automatic tile-scan 
imaging (Fig. 5a). Among these 65 images, fluorescently stained 
CTCs were identified in four images (Fig. 5, c–f). Individual CTCs 
were then selectively exposed to light. In one image (Fig. 5e), 
three CTCs were aggregated and exposed to a larger light spot. 
After rinsing the surface with PBS, only the irradiated CTCs 
selectively remained anchored, whereas the non-irradiated 
blood cells were removed (Fig. 5, b and g–j). These results 
demonstrate that clinically important rare cells such as CTCs can 
be precisely and efficiently isolated through light-guided in situ 
activation on this photoactivatable surface. 

Conclusions
This study presents a method for light-induced selective 

isolation of single cells on a photoactivatable surface. By 
combining microscopic observations for target detection with 
localized light irradiation for selective anchoring, the target cells 
were rapidly and precisely anchored and subsequently 
recovered even from densely packed cultures that exceeded the 
density limits of conventional single-cell picking methods by 
more than ten times. This capability is particularly 
advantageous for the detection and isolation of rare cells at 
extremely low frequencies, as their recovery requires high-
density observations that allow rapid screening of large cell 
populations for which conventional isolation techniques are 
limited in their ability to isolate only single target cells. 
Additionally, multiple target cells can be recovered 
simultaneously within a short processing time. The accuracy 
and efficiency of the proposed method were attributed to the 
rapid and robust cell-trapping capabilities of the 
photoactivatable surface combined with light stimulation, 
which provided subcellular-resolution control and fast 
manipulation. CTCs, identified as aggregates through prior 
microscopic observations, were successfully isolated. Based on 
this result, this technique is expected to be applicable not only 
to fluorescence-based cell selection but also to the selection of 
cells based on more complex phenotypes, such as morphology. 
Overall, this light-responsive surface is a promising tool for a 
variety of biomedical applications and provides a new avenue 
for high-throughput and high-precision single-cell manipulation 

Fig. 5 Light-induced selective anchoring of circulating tumor cells from a blood sample. (a) Confocal tile-scan image over the entire bottom surface of a 
microchannel before and (b) after light irradiation and subsequent washing. Scale bar, 1 mm. (c–f) Enlarged images showing blood cells containing fluorescently 
stained CTCs (blue) before light irradiation. (g–j) Corresponding regions after irradiation and washing, in which only the irradiated CTCs remained anchored. 
Scale bar, 100 µm.
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with the potential to revolutionize single-cell analysis and 
diagnostics in medical research.
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