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Innovation in Liquid Biopsy with Nanowires and Its 
Clinical Translation to Next-Generation Healthcare

Takao Yasui
Liquid biopsy, which enables early disease detection and prognostic evaluation 

using only body fluids such as urine or blood, has emerged as a key technology 

for next-generation healthcare. This article introduces a comprehensive capture 

technology for extracellular vesicles (EVs) based on engineered oxide nanowires, 

along with highly sensitive analytical methods for microRNAs and membrane 

proteins derived from these vesicles. By integrating materials engineering with 

mechanistic insights into biomolecular interactions, this platform opens new 

avenues for cancer diagnosis, prognostic assessment, and elucidation of 

metastatic mechanisms. Clinical implementation of the technology is also 

underway.
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Introduction

Cancer remains the leading cause of death in Japan, with 
both incidence and mortality continuing to rise. Against 
the backdrop of population aging and increasingly diverse 
lifestyles, early detection and appropriate treatment of 
cancer represent critical medical and societal challenges. 
In recent years, rapid advances in biotechnology and nan-
otechnology have accelerated expectations for non-inva-
sive diagnostic approaches, particularly liquid biopsy.

Liquid biopsy enables the detection and monitoring of dis-
eases by analyzing biomolecules contained in body fluids 
such as blood, urine, and saliva. This approach allows not 
only early diagnosis but also disease progression assess-
ment and treatment response evaluation in a minimally 
invasive manner. Among the most promising targets are 
extracellular vesicles (EVs), nanoscale membrane-bound 
particles secreted by virtually all cells in the body. EVs 
contain microRNAs that regulate gene expression and 
membrane proteins that determine cellular uptake specific-
ity. Because these molecular cargos reflect the physiologi-
cal and pathological states of their cells of origin, EVs can 
be considered “sealed messages” from cancer cells.

However, due to their extremely small size (40–200 nm), 
comprehensive and efficient capture of EVs has been 

technically challenging. To address this limitation, we 
developed an innovative EV capture platform based on 
engineered oxide nanowires by integrating materials sci-
ence and analytical chemistry. This article presents a 
series of studies ranging from the development of high-
efficiency EV capture technology to its applications in 
cancer detection, prognosis prediction, elucidation of met-
astatic mechanisms, and real-world clinical translation.

A new perspective on liquid biopsy through 
in vivo tracking of EVs in body fluids[1]

Tumor-derived EVs are known to circulate through body 
fluids, including blood, urine, and saliva, and contribute 
to the formation of pre-metastatic niches and modulation 
of immune responses. However, the precise mechanisms 
by which tumor-derived EVs are released, transported, 
and ultimately appear in urine have remained unclear. To 
address this question, we established a hybrid reporter 
system enabling in vivo tracking of tumor-derived EVs. 
By engineering EVs labeled with a CD63-conjugated 
dCas9/gRNA system, we successfully visualized and 
quantitatively analyzed the process by which tumor-
derived EVs are taken up by glomerular cells in the 
kidney and subsequently excreted into urine. Using 
tumor-bearing mouse models and kidney organoids, we 
demonstrated that renal transcytosis and glomerular 
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endothelial transport play essential roles in this process. 
Furthermore, by employing a GeNL-based reporter 
system combining NanoLuc bioluminescence and super-
folder GFP fluorescence, we revealed that tumor-derived 
EVs are more abundantly detectable in urine than in 
blood. These findings provide a scientific and engineer-
ing foundation for urine-based EV diagnostics and shift 
the focus from simple molecular capture to understand-
ing the trafficking pathways of disease-related vesicles 
in vivo.

Development of a comprehensive EV 
capture platform using oxide nanowires

Following confirmation of tumor-derived EVs in urine, 
the next challenge was to develop a technology capable of 
capturing them comprehensively and efficiently. From a 
materials engineering perspective, we designed oxide 
nanowires with precisely controlled structural and surface 
properties. By combining microfabrication with self-
assembly techniques, we established a reproducible 
method for fabricating nanowires with defined spatial 
positioning, material composition, surface characteristics, 
alignment, and dimensionality. We then developed a cap-
ture strategy based on the physicochemical properties of 
EVs. In particular, we leveraged Coulombic (electrostatic) 
interactions and hydrogen bonding between EV mem-
branes and nanowire surfaces[2],[3]. By precisely tuning the 
isoelectric point of oxide nanowires, we achieved selec-
tive electrostatic attraction between nanowires and nega-
tively charged EVs. Infrared spectroscopy and molecular 
dynamics simulations further revealed that surface-bound 
water molecules on zinc oxide nanowires form multipoint 
hydrogen bonds with EV membranes, generating strong 
interaction forces that surpass those of conventional 
methods[4]. Using this platform, we achieved greater than 
99% recovery of EVs from just 1 mL of urine[5],[6], sub-
stantially outperforming ultracentrifugation and immuno-
affinity methods, which typically achieve recovery rates 
of around 30%.

Application to early cancer detection using 
urinary microRNAs

Early detection is crucial for improving cancer prognosis, 
particularly at Stage I or II. However, conventional screen-
ing methods are often invasive or unsuitable for frequent 
testing. By applying our nanowire-based EV capture tech-
nology, we established a method for highly sensitive and 

comprehensive detection of microRNAs from just 1 mL of 
urine. We successfully identified more than 1,300 distinct 
microRNAs from urinary EVs for the first time world-
wide[5]. Compared to conventional ultracentrifugation-
based approaches, which typically detect only a few 
hundred microRNAs, this represented a significant break-
through in liquid biopsy research. Using these high-
dimensional urinary microRNA datasets, we developed 
machine learning–based diagnostic algorithms capable of 
distinguishing cancer patients from healthy individuals 
with high accuracy. For brain tumors, we achieved 95% 
accuracy, 97% sensitivity, and 92% specificity[7]. For 
Stage I lung cancer, we achieved an AUROC of 0.987, 
with 96% sensitivity and 96% specificity[6]. Furthermore, 
we demonstrated that microRNA expression patterns 
differ among ten cancer types, enabling organ-specific 
cancer discrimination. This urine-based liquid biopsy 
platform offers a highly non-invasive yet high-precision 
diagnostic alternative with the potential to redefine early 
cancer detection standards.

Membrane protein analysis for cancer 
subtype identification and prognostic evaluation

Beyond microRNAs, membrane proteins on EV surfaces 
contain critical biological information reflecting the char-
acteristics of their cells of origin. We extended our 
nanowire-based platform to analyze EV membrane pro-
teins. In urine samples from patients with gliomas, we 
identified elevated levels of the endothelial marker CD31 
on EVs and demonstrated that urinary EV-associated 
CD31 enables high-accuracy identification of glioblas-
toma[8]. This represents the first report of non-invasive 
glioblastoma subtype identification based on urinary EV 
membrane protein analysis. We further applied membrane 
protein profiling to prognostic evaluation. In ovarian 
cancer patients, we analyzed CD81 and TACSTD2 
expression on EVs isolated from ascites[9]. High expres-
sion levels were associated with increased recurrence risk 
and poor prognosis, suggesting a novel non-invasive bio-
marker for post-treatment outcome prediction. The 
nanowire platform allows EV capture without structural 
damage, enabling direct downstream immunodetection. 
This versatility makes it uniquely suited for multidimen-
sional EV analysis.
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Elucidating metastatic mechanisms through 
spatial EV analysis using nanowire sheets

Metastasis from primary tumors to distant organs is a 
critical determinant of patient survival. EVs are increas-
ingly recognized as mediators of pre-metastatic niche for-
mation; however, their spatial distribution within organs 
has remained poorly understood. To address this, we 
developed a flexible nanowire sheet based on cellulose 
nanofibers (CNF) that can be directly applied to organ 
surfaces. This biocompatible platform enables spatial 
mapping of EV release sites across curved tissue sur-
faces[10]. Using this approach, we analyzed organ-specific 
EV distribution patterns and demonstrated its applicabil-
ity beyond oncology. For example, in congenital diaphrag-
matic hernia, we successfully captured disease-associated 
EV-derived microRNAs from amniotic fluid using the 
nanowire sheet platform[11]. We also demonstrated rapid 
and stable recovery of salivary exosome-derived microR-
NAs, enabling longitudinal health monitoring using mini-
mal sample volumes[12]. By enabling not only quantitative 
but also spatial EV analysis, the nanowire sheet technol-
ogy provides a new perspective for understanding metas-
tasis and early disease detection.

Conclusion

This article has presented a comprehensive EV capture 
platform based on engineered oxide nanowires and its 
translation into liquid biopsy applications. By integrating 
nanoscale materials design with mechanistic insights into 
biomolecular interactions, this technology offers innova-
tive solutions for early cancer detection, prognostic evalu-
ation, and understanding metastatic mechanisms. These 
achievements extend beyond academic research into real-
world clinical implementation. I co-founded the university-
based startup Craif Inc., which provides the non-invasive 
urinary microRNA cancer risk assessment service “miSig-
nal” across medical institutions nationwide. The technol-
ogy has entered practical deployment and continues 
expanding its societal impact. Moving forward, we aim to 
further advance technologies capable of non-invasively 
and accurately decoding health status and disease signals 
from body fluid–derived biomolecules. Through interdis-
ciplinary collaboration across medicine, engineering, and 
data science, we will continue contributing to the realiza-
tion of next-generation healthcare systems.



Technical Reports

27English Edition No.61  June  2026

References

[ 1 ]	 �S. Kawaguchi, T. Ajiri, R. Mitsuya, R. Tsuchiya, K. Kunitake, Y. 
Tanaka, T. Yokoyama, K. Sato, Y. Sato, Z. Zhu, K. Chattrairat, 
Y. Kobayashi, K. Inoue, K. Imaeda, K. Ueno, S. Ryuzaki, A. 
Kato, Y. Kimura, A. Natsume, R. Kojima and T. Yasui; 
Glomerular routing of tumor-derived extracellular vesicles 
substantiates urinary biopsy; Sci. Adv., 12, eaeb0555 (2026).

[ 2 ]	 �T. Yasui, P. Paisrisarn, T. Yanagida, Y. Konakade, Y. 
Nakamura, K. Nagashima, M. Musa, I. A. Thiodorus, H. 
Takahashi, T. Naganawa, T. Shimada, N. Kaji, T. Ochiya, T. 
Kawai and Y. Baba; Molecular profiling of extracellular 
vesicles via charge-based capture using oxide nanowire 
microfluidics; Biosens. Bioelectron., 194, 113589 (2021).

[ 3 ]	 �P. Paisrisarn, T. Yasui, Z. T. Zhu, A. Klamchuen, P. 
Kasamechonchung, T. Wutikhun, V. Yordsri and Y. Baba; 
Tailoring ZnO nanowire crystallinity and morphology for 
label-free capturing of extracellular vesicles; Nanoscale, 14, 
4484 (2022).

[ 4 ]	 �K. Chattrairat, A. Yokoi, M. Zhang, M. Iida, K. Yoshida, M. 
Kitagawa, A. Niwa, M. Maeki, T. Hasegawa, T. Yokoyama, Y. 
Tanaka, Y. Miyazaki, W. Shinoda, M. Tokeshi, K. Nagashima, 
T. Yanagida, H. Kajiyama, Y. Baba and T. Yasui; 
Discrimination of extracellular miRNA sources for the 
identification of tumor-related functions based on nanowire 
thermofluidics; Device, 2, 100363 (2024).

[ 5 ]	 �T. Yasui, T. Yanagida, S. Ito, Y. Konakade, D. Takeshita, T. 
Naganawa, K. Nagashima, T. Shimada, N. Kaji, Y. Nakamura, 
I. A. Thiodorus, Y. He, S. Rahong, M. Kanai, H. Yukawa, T. 
Ochiya, T. Kawai and Y. Baba; Unveiling massive numbers 
of cancer-related urinary-microRNA candidates via 
nanowires; Sci. Adv., 3, e1701133 (2017).

[ 6 ]	 �T. Yasui, A. Natsume, T. Yanagida, K. Nagashima, T. Washio, 
Y. Ichikawa, K. Chattrairat, T. Naganawa, M. Iida, Y. Kitano, 
K. Aoki, M. Mizunuma, T. Shimada, K. Takayama, T. Ochiya, 
T. Kawai and Y. Baba; Early cancer detection via multi-
microRNA profiling of urinary exosomes captured by 
nanowires; Anal. Chem., 96, 17145 (2024).

[ 7 ]	 �Y. Kitano, K. Aoki, F. Ohka, S. Yamazaki, K. Motomura, K. 
Tanahashi, M. Hirano, T. Naganawa, M. Iida, Y. Shiraki, T. 
Nishikawa, H. Shimizu, J. Yamaguchi, S. Maeda, H. Suzuki, T. 
Wakabayashi, Y. Baba, T. Yasui and A. Natsume; Urinary 
microRNA-based diagnostic model for central nervous 
system tumors using nanowire scaffolds; ACS Appl. Mater. 
Interfaces, 13, 17316 (2021).

[ 8 ]	 �K. Chattrairat, T. Yasui, S. Suzuki, A. Natsume, K. Nagashima, 
M. Iida, M. Zhang, T. Shimada, A. Kato, K. Aoki, F. Ohka, S. 
Yamazaki, T. Yanagida and Y. Baba; All-in-one nanowire 
assay system for capture and analysis of extracellular 
vesicles from an ex vivo brain tumor model; ACS Nano, 17, 
2235 (2023).

[ 9 ]	 �A. Yokoi, M. Ukai, T. Yasui, Y. Inokuma, K. Hyeon-Deuk, J. 
Matsuzaki, K. Yoshida, M. Kitagawa, K. Chattrairat, M. Iida, T. 
Shimada, Y. Manabe, I. Y. Chang, E. Asano-Inami, Y. Koya, A. 
Nawa, K. Nakamura, T. Kiyono, T. Kato, A. Hirakawa, Y. 
Yoshioka, T. Ochiya, T. Hasegawa, Y. Baba, Y. Yamamoto 
and H. Kajiyama; Identifying high-grade serous ovarian 
carcinoma–specific extracellular vesicles by polyketone-coated 
nanowires; Sci. Adv., 9, eade6958 (2023).

[10]	 �A. Yokoi, K. Yoshida, H. Koga, M. Kitagawa, Y. Nagao, M. 
Iida, S. Kawaguchi, M. Zhang, J. Nakayama, Y. Yamamoto, Y. 
Baba, H. Kajiyama and T. Yasui; Spatial exosome analysis 
using cellulose nanofiber sheets reveals the location 
heterogeneity of extracellular vesicles; Nat. Commun., 14, 
6915 (2023).

[11]	 �S. Matsuo, A. Yokoi, K. Yoshida, M. Kitagawa, E. Asano-Inami, 
M. Miura, T. Yasui, S. Tano, T. Ushida, K. Imai, H. Kajiyama 
and T. Kotani; Amniotic fluid-derived small extracellular 
vesicles for predicting postnatal severe outcome of congenital 
diaphragmatic hernia; Journal of Extracellular Biology, 3, 
e160 (2024).

[12]	 �T. Ajiri, M. Zhang, N. Mizukami, M. Iida, S. Kawaguchi, Y. 
Sekihara, K. Chattrairat, Z. Zhu, Y. Baba, H. Koga and T. Yasui; 
Routine monitoring of microRNAs in salivary exosomes 
using a cellulose nanofiber sheet; Biosens. Bioelectron., 299, 
118436 (2026).

Dr. Takao Yasui
Professor
Graduate School of Engineering
Nagoya University




