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Introduction

Liquid biopsy-based CTC detection

to monitor cancer dissemination and evaluate therapeutic response 

This study:

Å Chromatin Unwinding State (CUS)

Å panCTC for identification and tracing of CTCs

Å in situ scRNA-seq profiling of CTCs

CTC rarity and heterogeneity̔

Å epithelial marker downregulation

Å hybrid phenotypes

Å platelet uptake

Offering a new tool to advance metastasis 

research and clinical applications



Key Innovation

To infer local chromatin transcriptional 

activity from scRNA-seq

̂1̃First -ever CUS algorithm ̂2̃In situ CTC detection

For identification and lineage tracing of 

CTCs without prior enrichment

̂3̃Identification of atypical CTCs

Revealing immune microenvironment 

interactions and prognostic signatures



Inferring Chromatin Unwinding State (CUS)

Defined as local transcriptional activity , it serves as transcriptomic proxy for chromatin accessibility

Inferred from scRNACUS hypothesis Corrected with ATAC -seq

CUS provides a new metric for robustly identifying and tracing CTCs



Overview of the panCTC model

panCTC models were trained on 660,000 primary tumor cells.

Id
e

n
ti
fy

in
g
 C

T
C

L
in

e
a

g
e

 t
ra

c
in

g
 o

f 
C

T
C

Validated on unseen CTC datasets, panCTC outperformed six existing methods.



The most stringent detection rate and highest overlap with high-confidence CTCs,

100% patient-level sensitivity with CTC detection rates (0.102% to 1.449%)

PanCTC Enables Robust CTC Identification and Lineage Tracing

(A)



PanCTC Enables in situ Single -cell Profiling of CTCs

In an ovarian cancer cohort, all panCTC-detected CTCs were EpCAM-negative. 

Metastatic markers highlighted the prognostic potential of in situ CTC profiling .


