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Resistance to pla�num-based chemotherapy is the main cause of mortality in high-grade

serous ovarian cancer (HGSOC). While intratumor heterogeneity (ITH) drives treatment

failure, it remains unclear whether resistant states arise through therapy-induced

reprogramming or selec�on of pre-exis�ng popula�ons.

Using a clinically compa�ble mul�modal single-nucleus approach, we inves�gated the

epigenomic and transcriptomics basis of tumor and immune cell state dynamics.
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Genera�on of high-quality transcriptomic and epigenomic datasets

Legend: (a,c) UMAP colored according to

pa�ent, treatment phase and lineage, for (a)

snRNA-seq and (c) snH3K4me1 data. (b) Violin

plot displaying expression of lineage markers.

(d) Representa�ve genome tracks showing

aggregated snH3K4me1 signal across nuclei

from each lineage at marker genes.

Our clinically compa�ble workflow combining single-nucleus RNA sequencing

(snRNA-seq) with single-nucleus profiling of the histone modifica�on lysine 4

mono-methyla�on at histone H3 (snH3K4me1) from milligram-scale frozen

biopsies enables the genera�on of high-quality data and a pa�ent-resolved

mapping of func�onal ITH across treatment.

Our snH3K4me1 dataset is one of the largest single-nucleus histone

modifica�on datasets from human tumors to date.
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Within the SCANDARE study (NCT03017573), longitudinal biopsies were collected from 16

HGSOC pa�ents at diagnosis, post–neoadjuvant chemotherapy (NAC), and relapse. We

performed mul�modal single-nucleus profiling combining snRNA-seq and H3K4me1

CUT&Tag from frozen biopsies. Data from 203,146 nuclei were integrated with public

cohorts to define consensus tumor and immune states and their epigenomic encoding.

SUMMARY

Resolving high cell type granularity from both datasets

Legend: (a,b) UMAP colored according to cell type, for (a) snRNA-seq and (c) snH3K4me1 data. (c) Representa�ve genome tracks showing

aggregated snH3K4me1 signal across nuclei from vascular (top) and mesenchymal (bo�om) cell types at marker genes.

Single-nucleus profiling resolves

coordinated transcrip�onal and

epigenomic diversity and provides

an integrated framework for

dissec�ng non-gene�c ITH across

immune and stromal

compartments with

unprecedented resolu�on.
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Iden�fica�on of chemoresistant tumor states

We developed a framework to

iden�fy HGSOC tumor states

from a large discovery cohort

comprising two public datasets

and one generated from fresh

SCANDARE samples (205,321

tumor cells).

We iden�fied 13 tumor states.

The propor�on of cells in each

state can be computed to

establish a sample tumor state

profile.

Legend: (a) Paired boxplot showing the propor�on of fibroblasts before (B) and a�er treatment (RD). (b) Volcano plot of differen�al

H3K4me1 ac�vity across fibroblasts before and a�er treatment. (c) Pathway enrichment for genes up-regulated in fibroblasts a�er

chemotherapy based on pseudo-bulk snRNA-seq analysis. (d) Sca�er plot showing TF-mo�f enrichment in top-specific peaks from RD

fibroblasts, highligh�ng candidate regulators of fibroblast reprogramming.

Chemotherapy remodels the tumor microenvironment

We show that chemotherapy

induces coordinated remodeling

of the tumor microenvironment

at both the cellular and

epigenomic levels, with fibroblasts

undergoing pronounced enhancer

reprogramming.

Tumor and stromal compartments

evolve in parallel under

therapeu�c pressure, collec�vely

establishing a chemoresistant

tumor ecosystem.

Func�onal tumor states quan�fied from frozen biopsies capture

reproducible chemoresistant trajectories. Baseline tumor composi�on

was strongly associated with clinical outcome. Tumors enriched for

interferon-responsive state were associated with longer overall survival,

while enrichment of TNFα-associated states predicted poor prognosis. A

simple baseline ra�o of cell cycle/TNFα states (the most chemosensi�ve

and most chemoresistant states, respec�vely) also allowed significant

survival stra�fica�on .

Legend: (a) Representa�ve radar plots showing func�onal tumor composi�on for

individual pa�ents, where each axis corresponds to a consensus tumor state

ordered from chemosensi�ve (le�) to chemoresistant (right). (b) Kaplan–Meier

survival curves stra�fied by baseline abundance of tumor cells in the interferon or

TNFα states, and by the log-ra�o of cell cycle to TNFα state frac�ons.

a

Monitoring baseline tumor composi�on to

predict clinical outcome

We compared the percentage of

cells in each tumor state in

baseline or residual tumor. We

iden�fied chemo-sensi�ve states,

for which the percentage of cells

is lower in residual tumors,

chemo-resistant states, for which

a higher percentage of cells are

detected in residual tumors, and

chemo-tolerant states, for which

we do not detect significant

differences in cell propor�on in

untreated vs residual tumors.
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Enhancer landscapes encode chemoresistant states

prior to therapy

Legend: (a) Density plot

represen�ng the log fold change

at state genes of snRNA

expression (top) and snH3K4me1

signal (bo�om) for 3 states, along

with similar measurements from

randomized gene sets of similar

size. Two-sided empirical p-values

were computed based on the

devia�on of the observed sta�s�c

from the mean of the null

distribu�on. (b) Representa�ve

genome tracks showing

aggregated snH3K4me1 signal

across nuclei from individual

states, with corresponding log₂
fold-change and q values for

differen�al ac�vity indicated

above each locus.

Candidate transcrip�on factor regulators of

chemoresistant states

We next priori�zed candidate regulators of chemoresistant states by integra�ng mo�f enrichment with

state-specific TF expression and expression-derived SCENIC regulon ac�vity. Observa�ons by

immunochemistry on paired FFPE tumor sec�ons of an increase in ZBTB7A protein expression a�er treatment

for two out of three samples supports poten�al role of ZBTB7A in the regula�on of TNFα-associated tumor

state.

Legend: (a,e) Sca�er plot of predicted transcrip�on-factor (TF) binding near tumor state genes, showing –log₁₀(q value)

vs. enrichment fold-change from snH3K4me1 data. (b,f) Frac�on of tumor cells expressing the top 10 predicted TFs

according to snRNA-seq. (c,g) Boxplots displaying SCENIC regulon ac�vity across tumor states according to snRNA-seq.

(d) Boxplots showing SCENIC regulon ac�vity in TNFα-high cells compared to all other tumor cells in baseline samples

from individual pa�ents.
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Legend: (a) Pairwise overlap of top-scoring genes defining intratumoral expression programs

across samples; hierarchical clustering reveals conserved transcrip�onal modules. (b) Func�onal

composi�on of baseline tumors: stacked bar plots show cumula�ve frac�ons of cells in each state

per sample (le�); representa�ve radar plots illustrate state distribu�ons for pa�ents P101 (top)

and P157 (bo�om). (c) Paired boxplots comparing per-pa�ent state frequencies before and a�er

treatment.
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While most programs are

specifically enriched for

H3K4me1 in a subset of tumor

cells - mirroring their restricted

expression pa�erns - the TNFα
and EMT programs exhibited

significantly broader

H3K4me1 distribu�ons across

tumor cells than expected

from matched random gene

sets, sugges�ng that a large

frac�on of tumor cells retains

the regulatory poten�al to

ac�vate TNFα- and EMT-

associated programs under

therapeu�c stress.

• Epigenomic priming emerges as a poten�al determinant of therapeu�c resistance.

• Baseline tumor profiling could iden�fy pa�ents at risk of relapse and guide earlier interven�ons.

• Mul�modal single-nucleus profiling provides a scalable framework to an�cipate and poten�ally

intercept non-gene�c resistance mechanisms.
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Report
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Interpreta�on by the

molecular tumor board
Clinical decision4 FFPE slides

(5µm)

1,247
nuclei

per sample

15,524
genes

per sample

928
genes

per nucleus

Evaluated in 88 rou�ne FFPE samples spanning 6 cancer types

including HGSOC (Wouters, Bertorello, Gaillard et al., BioRxiv)

R ≥ 0.94
Concordance for cell composi�on and gene

expression

High-quality data genera�on

Cell abundance Tumor cells

TME

ADC target

expression

Clinically ac�onable modules

• ImmunoMM (CHU Nantes, FR) – Mul�ple Myeloma – Completed

• scMAP (Gustave Roussy, Paris, FR ) – NSCLC, Breast, Pancreas, Sarcoma – Last pa�ent included

• SPARK (Centre Léon Bérard, Lyon, FR) – NSCLC, Ovarian, Pancreas, CRC – To start imminently

3 ongoing prospec�ve clinical studies

CONTACT

Céline Vallot: Celine.vallot@curie.fr

PERSPECTIVES

N = 6,737 cells
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We further show proof of concept that our workflow is

compa�ble with FFPE tumor sec�ons, which is

instrumental to support the deployment of ITH

quan�fica�on to rou�ne clinical prac�ce.

Legend: (a) Coverage profile

obtained from one FFPE

HGSOC sample. (b,c) UMAP

embedding colored by

lineage or cell cycle-, TNFα
and EMT- state scores.
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Epigenomic priming shapes chemoresistant tumor states in high-grade serous ovarian cancer

H3K4me1
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