Chromatin unwinding state for in situ identification and
lineage tracing of circulating tumor cells

Bin Ye'23 Zhen Wang Yingi Bai*, Xu Zhang, Rui Zhand, JingruLian3, XuefeiLiu3, Yan Zhang, ZhiyuanXu’, Li Yang’, HaimanJin’, Fang
Cherl, ZhihaoXie8, Ping Zhod, Jun TaR, Shan Zen, Changzhen@u3, Yang Mint, Xiaomin Ni?, JingxianDuart, ZhichengLi?, Hui Yand,
YunpengCak, HongyanWu®, Catherine C. Litt, Jing Cal?, Yi Lu34 Jian Zhan&1415 HaoWu?6, HairongZhend 117, LongqiLiu® 4, Xin

Hong 31819 andHaoYu" 11720

Lnstitute of Biomedical and Health Engineering, Shenzhen Institute of Advanced Technology, Chinese Academy of S8iemmalsof Life Sciences and
Medical Engineering, Anhui University Department of BiochemistrgUSTechHomeostatic Medicine Institute, School of Medicine, Southern University of @
Science and TechnologyBGI-Research® School of Mathematical Sciences, South China Normal Univefdigsearch Center for Biomedical Information Melta
Technology, Shenzhen Institute of Advanced Technology, Chinese Academy of SéiBegestment of Clinical Oncology, University of Hong Ke8benzhen - ww«==
Hospital & Department of Radiotherapy, The First Affiliated Hospital of Hainan Medical Univerddgpartment of NeurosurgepgjangyaHospital, Central South
University 1°Department of Oncolog%iangyaHospital, Central South University! Department of Applied Mathematics, The Hong Kong Polytechnic -, %
University 12 Department of Health Technology and Informatics, The Hong Kong Polytechnic UnivErddint Laboratory of Guangdosgong Kong :
Universities for Vascular Homeostasis and Dise&88§TechHomeostatic Medicine Institute, School of Medicine, Southern University of Science and Tech gy,
14Department of Human Cell Biology and Genetics, School of Medicine, Southern University of Science and Techt@lmigal Research Center, the First it
People's Hospital of Foshatf Faculty of Computer Science and Control Engineering, Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences
17The Key Laboratory of Biomedical Imaging Science and System, Chinese Academy of Sé¥¢mebniversity Laboratory of Metabolism and Health of - - - '. " e e
Guangdong, Southern University of Science and Technofgyuangdong Provincial Key Laboratory of Cell Microenvironment and Disease Research, Soutwersy =~ =" . @
University of Science and TechnologyDepartment of Biomedical Engineering, Shenzhen University of Advanced Technology '

Bin Ye, Zhen WangYingi Bai, Xu ZhangRui Zhang,JingruLian, XuefeiLiu, et al. 2026. Chromatin unwinding

state for in situ identification and lineage tracing of circulating tumor ckleta 5, e70119.
https://doi.org/10.1002/imt2.70119



https://doi.org/10.1002/imt2.70119
http://www.imeta.science/

Introduction

Liquid biopsy-based CTC detection

to monitor cancer dissemination and evaluate therapeutic respons 2
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CTC rarity and heterogeneity

A epithelial marker downregulation
A hybrid phenotypes

A platelet uptake

This study:

A Chromatin Unwinding State (CUS)

A panCTCfor identification and tracing of CTC:
A in situscRNA-seq profilingof CTCs

Offering a new tool to advance metastasis
research and clinical applications



Key Innovation

1" First-ever CUS algorithm
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To infer local chromatin transcriptional
activity from scRNA-seq

2" In situ CTC detection
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Revealingimmune microenvironment
interactions and prognostic signatures




] CUSi— Celilit he.
characteristics

};USJ/

Chromatin Unwinding
State (CUS)

Metastatic
\ cancer cells

Blood vessel

CUS hypothesis

Defined aslocal transcriptional activity , it serves agranscriptomic proxy for chromatin accessibility
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Corrected with ATAC -seq

CUS providesa new metricfor robustly identifying and tracing CTCs
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Overview of the panCTC model
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Identifying CTC

Lineage tracing of CTC
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panCTC models weretrained on 660,000 primarytumor cells.
Validated on unseen CTC datasetanCTC outperformed six existing methods




4 PanCTC Enables Robust CTC Identification and Lineage Tracing
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(B) CTC detection rate per cancer type (%)
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The most stringent detection rateand highestoverlap with high-confidence CTCs,
100% patient-level sensitivity with CTC detection rates (0.102% to 1.449%)



4« PanCTC Enables iIn situ Single -cell Profiling of CTCs

In an ovarian cancer cohort, allpanCTC-detected CTCs were EpCAMnegative.
Metastatic markers highlighted theprognostic potential ofin situ CTC profiling .



