RESULTS 2. THE R110 METHYLATION SIGNATURE DICHOTOMIZE CLL PATIENTS INTO

x><| NCL I_© 1. THE DNA METHYLOME OF IMMUNOGENETIC CLL SUBGROUPS TWO IMMUNO-(EPI)GENOMIC CLUSTERS

The main sources of DNA methylation variability were related to components of CLL cellular memory CLL I-CLL and i-CLL-R110 cases showed 316 differentially methylated CpGs, dividing CLL into
Intematlonal Workshop on CLL including the cell-of-origin epitypes and the proliterative history score epiCMIT (Fig. 1A). CLL two immuno-(epi)genomic clusters (Fig. 2A, B). IEC1 mainly included U-CLL/n-CLLs and RTT0-

stereotypes were not strongly related to DNA methylation variability (Fig. 1B). Conversely, the R110 mutated cases, while IEC2 comprised mostly M-CLL and I-CLL/M-CLL without R110 mutations.

. . . . . o . . . Remarkably, up to 3% of cases were discordantly classified by IGHV and R110 status but
separated the I-CLL epitype into 2 major groups showing significantly ditterent eplCMIT (Fig. 1C). aligned moie C?osely with their cluster assignment ir:/molecular anilj clinical features.
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receptor stereotypy, along with epigenetic features, such as the 3 epitypes (naive-like, n-CLL. —_, A : stereotype Buow  Ew ol B oez-vpo. [ 1050
intermediate, I-CLL; and memory-like, m-CLL), contribute to the pathogenesis of chronic unolassified

lymphocytic leukemia (CLL). However, the interplay between them remains largely Fig. 1 | The DNA methylome of CLL immunogenetics. A, B T-SNE analysis highlighting CLL epitypes, the CLL Fig. 2 | Identification and validation of CLL immuno-(epi)genomics clusters. A, Top 50 of 316 CpGs
unexplored, primarily due to the scarcity of matched data. Here, we report a comprehensive proliferative history measured by the epiCMIT mitotic clock (A) as well as CLL stereotypes and R110 mutation (B). differentiating i-CLL vs i-CLL-R110 used to build an epigenetic classifier. B, Classifier applied to validation cohort.

analysis of a cohort of 995 patients enriched in cases harboring the R110 mutation (n=99)
and the most frequent stereotyped subsets (#1-8, n=180). 3. MULTI-OMIC CHARACTERIZATION OF CLL IMMUNO-(EPI)GENOMIC CLUSTERS 4. CLINICAL IMPLICATIONS OF CLL IMMUNO-(EPI)GENOMIC CLUSTERS

Multi-omic analysis revealed ~20% more differential features between clusters than IGHV groups, with IEC1 showed shorter TTFT and OS regardless of their immunogenetic or epitype
OBJECTIVES discordant cases aligning better with clusters (Fig. 3A). DNA hypomethylation, chromatin accessibility, and assignment (Fig. 4A, B). Akaike information criterion suggested that an integrative
activation (Figs. 3B-C) affected both known and novel CLL genes (MSI2, MYC, TFAP2A, GF1) linked to  epigenomic model including CLL epitypes, clusters and epiCMIT significantly improves

To gain new biological and clinical insights into the relationship between immunogenetics ano pathways such as NF-kB or WNT. RNA-seq supported associated transcription factor regulomes (Fig. 3D). the prognostic model performance of IGHV and R110 status (Fig 4C,D).
epigenetics in the pathogenesis of CLL.

I}-‘HIHT

IGHV-R110 Epitypes
A C MSIZ A B

*PLD1 - ]
CLL-IECT CLL-IEC2 Epi ws U—CLL- == M-CLL = n-CLL-R110 IEC2 T == m-CLL
(gHtv)status U-CLL-R110  |EC2 IECH

*LPL _
IVI ET H O D S 4,000 — 1 Shared features “TP63 . I S ——— (| C 0\ identity IECT = U—CLL - U—CLL == N-CLL - i—CLL

Exclusive Clusters RFCS5, WsB2 . Stereotype j— -CLL- o N—
| 2907 : E — B110 yp M—CLL-R110 __ M=CLL-R110 & i-CLL/m-CLL-R110 n-CLL &

We systematically profiled the DNA methylome of 995 CLL patients (lllumina arrays), the 2,000 - 1516 Teene BT zwsé;';&:%;; N L el | T T
chromatin landscape (H3K27ac-ChlP-seq, n=99; ATAC-seq, n=101), the transcriptome (RNA- o IS 15 (3 15462 piterontal features w7 BEREEE SRl &~ i /

*SEPTIN10 7/,

seq, n=285) and correlated with time to first treatment (TTFT) and overall survival (OS) IGHV I . I . I . I o I < TNF;’;’;’;—-‘

“GFI1 ///

(n=885) from diagnosis. Immunogenetic features were available for 893 (IGHV status), 829 E clustere a0 i/
(CLL stereotypes), and 816 patients (IGLV3-21R110 mutation status). The data was divided ._. | WNT5B

DA ATAC-seq H3K27ac RNA-seq © ZNF667 -

into a discovery cohort (n=631) and validation cohort (n=364). methylation

RBMS3 -/
SEPTIN10 /|

E it UNC5D
H status TP63- |

CLL-IEC1 CLL-IEC2 {IGHV identity ARPP21, STAC- | |

Probability of treatment
Probability of treatment

[ DTN LN
TR T e o
[ '1‘ " 1 ‘ ‘ .il ‘I 0l ! p [
LR R Y A i Y {0 |
| ol LR | i
O s St o | /
( (0780 gL Tl |

e

g
peaks
peaks

SRR FEEOE R CHMM U-CLL

Stereotype WNT5A -

R110 PLD1, TNIK—
epiCMIT L PL— _

[T THTET O O I I Y [T OO (NI
HID:IDII RRRTT IR TR CTONT LI SR TAT TR TN TR LI (AT T 1 1 1 1 1 A TFAP2A ‘

0l U WL S B cell maturanor_‘? NFKBIA, PSMAG -

WNTSB— : = =) = — : C i i ' ' ' ' D Integrative epigenetic model
MSi2- Chromatin acessibility ~ Clusters exclusive =~ Z-score of VST-counts TTFT diagnosis TTFT sampling OS diagnosis  OS sampling g pig

GFI1 - B Gain in C1 No (ATAC-seq) N=760 N=634 N=764 N=634 Clusters: IEC2 IEC2 IECT IECT
CEL, RALGDS . Loss in C1 . Yes Il .I Events=441 Events=332 Events=255 Events=195 Epitypes: m-CLL i-CLL i-CLL n-CLL

MAPK4 - -2 0 IGHV - 5099 3814 2927 2202 epicMIT: (%) © 0 ©
Epitypes 5072 3795 2921 2201 i i 0 1 i 0

IE clusters Transcription factor IGHV+R110 -9 1.00
regulomes (CollecTRI) IGHV+Epitypes 5060
Clusters -| 5085
Epitypes+epiCMIT 5032
Epitypes+Clusters 0
Clusters+IGHV+R110 7
Clusters+epiCMIT 9
Clusters+epiCMIT+Epitypes -J8001
Research Clusters+epiCMIT+Epitypes+ #4996

< b BRREIA 2 european research initiative on CLL e B _loa10(P-value
ber ONC a CC '.".':"::...:.‘ii Council s e e e | RS e R S — g (- ) IGHV+R110 8' Sl gl é 9:,
C R X TEEE

CENTRO DE INVESTIGACION BIOMEDICA EN RED Con“,a €l CénCEV S R R S * * ‘ f |

< * ATAC/H3K27ac 2 46 Model performance (AIC)

o AR, Methylation B cellchange = CHMM U-CLL peaks DNA methylation . P =2e-62
*: sll ] .

Py s d B Hypermethylated B ActProm M PoisProm B TxnElong  WkProm _ No I . Better <«—— Worse 1 T | T
Instituto de Salud Carlos Il » * "laCaixa” Foundation B Hypomethylated W YeS StrEnh1 [© H3K27me3 M TxnTrans  WkTxn B Yes 0 1 . . . : : 9 12 15
o B W SuEnh2  HetiLowSign  WKEnh Fig. 3 | Multi-omic analyses. A, Differential features Years from sampling

Epitype IGHV identity (% iICMIT ' i ' ' . .. - .- . . .
B0l g EEEERL L Nonhereotypem#3 46 WOthers  ne b WER across omics layers. B, Differential DNA methylation and Fig. 5 | Clinical associations of CLL clusters. A, Kaplan-Meier curves of clusters for TTFT considering

Bmcy OO s A Hra 047 Bunknown Bves 04 06 08 chromatin accessibility (C) in clusters. D, Transcription IGHV and RR10 (A) or epitypes and R110 (B). C, Akaike information criterion across distinct Cox
12-15 September 2025 | Krakow, Poland iwcll2025.0rg | #iwCLL2025 factor regulome analysis in clusters using RNA-seq data. models and endpoint variables. D, Kaplan-Meier curves of an integrative epigenomic model for TTFT.

CONCLUSIONS

Collectively, our results identity two new immuno-(epi)genetic clusters, reflecting mainly IGHV
and R110 mutational status together with epitype subgroups. We also identity discordant |
n=143
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patients exhibiting molecular and clinical features that align more closely with their cluster
assignment than with their immmunogenetic status. These clusters, together with epitypes and
the epiCMIT proliferative history score appear to improve the prognostic power of IGHV and n=75 “
R110 mutational status, and can be detected with a single DNA methylation assay.
n=157 |‘
_73

il
T

T T A T O i
i TTTIVTHE O T (e T
SP3
JUN
STAT3
TP53
RELA
AP1

NFKB1
MTFA1
CEBPA
MYC
E2E]
IRF3
HIF1A
TBPLA
GFI1B
ZNF91
TP73
EGR1
AP2/TFAP2A

ACKNOWLEDGEMENTS - / &

MINRRIER] |00 S OO W
(I
Probability of treatment



mailto:maduran@recerca.clinic.cat

