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B-cell Biology
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B-cell Lymphomas
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Stepwise Immunopathogenesis

BCR
Signaling

Genetic

Chronic lymphocytic leukemia (CLL) is an indolent 
monoclonal expansion of mature CD5-expressing B 

cells.

CLL follows a 
highly heterogenous clinical course.

Sepulveda et al. ASH 2022



Lymphomagenesis in indolent B-cell 
Neoplasms

• Unique and distinct mechanisms in 
oncogenesis
• Physiological immune system mechanisms to 

promote and support tumor origin and 
progression
• B-cell Receptor Signaling 
• Endogenous mutagenesis



Ca2+ flux analysis
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rag2-/-: No V(D)J recombination

lambda5-/-: No pre-BCR expression

slp65-/-: Interrupted BCR signalling

TKO

Tg 4-OHT-dependent slp65-/-

IgH IgK/L

Autonomous
(CLL)

Tonic
(mature B)

External crosslinking
(CLL or mature B)

Survival                   Malignancy         Immune reaction

Functional BCR
characterization

von Mindel et al. Nature 2012



Autonomous BCR signaling 

BCR
Signaling

Autonomous BCR signaling without 
engagement of external antigen is an
indispensable oncogenic signal in CLL.
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Sepulveda et al. Advances in Hematology 2018

The Lymphomagenic B-cell Receptor 



Targeting BCR Signalling

Irreversible BTK inhibitors:
- Ibrutinib

- Acalabrutinib
- Zanubrutinib
- Tirabrutinib

- Orelabrutinib

Reversible BTK inhibitors:
-ARQ-351

- LOXO-305
- GDC-0853

- Vecabrutinib



What is the order of events?

16 julieta.sepulveda@umag.cl

In order to investigate the early stages in CLL ontogeny, we 
sought to clarify whether MBL cells express BCR with 

autonomous signaling capacity and to compare the prevalence 
of inherited risk loci and acquired genetic aberrations in MBL-

CLL sibling pairs.

Genetic
BCR

Signaling
The hierarchy and sequence of mechanisms
• leading to benign, and longitudinally stable MBL

• and the events causing eventual progression to overt CLL

are unknown.



Study Cohort
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Comparison of BCR signaling and genome-wide variants in MBL-CLL 
siblings 

Subclonal variants defined by 
a VAF of 0.1-0.33 were 

more prevalent in MBL
compared to CLL siblings
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Hunting down the cause of cancer

Seminar > Protector turned saboteur: AID and its role in B-cell and lymphomas 



Somatic Pattern

•

Somatic pattern is a composite 
of all the mutational processes 
that have been active over the 
lifetime of the cancer patient.



Somatic Patterns

12-Apr-24

Sam
ple 1

16 possible 
combination x  
6 substitutions 
= 96 possible 
mutation types 

à 96 possible mutation types 



AID is responsible for the normal adaptive 
immune response 

(Arakawa et al, Science 2002) 



AID is responsible for the normal adaptive 
immune response 

(Arakawa et al, Science 2002) 

AID “off targets” mutations 
in lymphomas

(Robbiani et al., Mol. Cell, 2009)

AID an oncogenic 
enzyme

(Okasaki et al., JEM, 2003)

Expression of AID has a dark side



Activation Induced Deaminase AID

Modified from: Geha RS, et al., Nat Rev Immunol 3:721-732

T-cell

B-cell

AID

Sepulveda-Yanez et al. Frontiers Immunology 2022



Mutational signatures and 3D structure

28 Seminar > Protector turned saboteur: AID and its role in B-cell and lymphomas 

In the genome-wide context, the three-dimensional (3D) 
chromatin structure could play an important role in the activity 

of the different mutational mechanisms. 

High-throughput Chromosome Conformation 
Capture (Hi-C) allows the identification of different states of the 

genome structure at sub-chromosomal scale. 

Hi-C maps from pro-B cells revealed that up to 96% of canonical 
AID target regions can be assigned to compartment A in 

the mouse genome.

Two compartments:

The active compartment (compartment A) includes genomic regions 
characterized by transcription or epigenetics marks associated with open chromatin 
(H3K36me3), high density of genes, and DNase I hypersensitivity. 

The inactive compartment (compartment B) represents the condensed 
DNA regions. 



Overview

Sepulveda et al. IJMS 2022



Mutations AID-related and Pattern of 
substituion

• Transition/transversion
• C>T: 35,6% (13,4)
• T>C: 23,7%

• FL: 42% related with AID
• CLL/MBL: 34% related with AID
• Skin Cutaneous Melanoma: 9%
• Breast cancer (BRCA) 21%

Sepulveda et al. IJMS 2022



Mutational signatures in B-cell lymphomas are related with 
AID-activity

31 Seminar > Protector turned saboteur: AID and its role in B-cell and lymphomas 

63 
Samples 
FL and 

CLL/MBL

De novo 
signature 
extraction

Similarity

Multiplicative NMF
Bayesian NMF

Fitting
approach

In this unsupervised analysis 84.5% of the 
mutational spectrum variance was explained by 
3 signatures 

We analyzed whether the extracted 
signatures correspond to know mutational 
signatures described in the 
COSMIC catalog (v3-May 2019)

S1: unique composition (novel signature)
S2: DNA repair deficiency
S3: Ubiquitous process

GC and SBS3+SBS6 dominated the mutational 
landscape in FL
SBS1 and SBS6was more prominent in 
CLL/MBL

1

2

3

Sepulveda et al. ASH 2021



Conclusions 
We defined the mutational processes that shape the 
mutational landscape of FL and CLL (global and localized) and 
integrated these signatures with sub-chromosomal 
conformation data

In CLL, mutational signatures are 

evenly distributed across chromatin compartments. 

In contrast, mutagenesis related to canonical AID activity and failures 
in DNA repair pathways in FL were more frequently found in 
the active chromatin compartment. 

Since certain mutators such as ongoing endogenous deamination are 
more prone to occur in restricted areas of the tridimensional 

structure, integration of genomic conformational data 
into signature analysis could help to 

better understand the biological relevance of 
deconvoluted mutational processes. 



Conclussions 

• AID activity shapes a sizable portion of the genomic landscape of 
indolent B-cell neoplasms (MBL, FL, and CLL)
• Differential AID activity in nuclear compartments  

Based on statistical association of patterns in human samples … but it is 
the actual effect of AID?  

Sepulveda et al. IJMS 2022, and Sepulveda et al. Frontiers Immunology 2022



AID effect in Vivo

Morande et al. Blood 2021



AID overexpressing Mice Develop a More Aggressive B-cell Neoplasm

Morande et al. Blood 2021
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AID-induced Mutagenesis in Lymphomagenic Driver Genes

Morande et al. Blood 2021



AID-induced Mutagenesis in Mice Mirrors Human Lymphomas

Chromatin decompaction

H1.3

Steric
hindrance 

Binding to BH3 groove

MCL1

Kinase activity modulation

PIM1

Morande et al. Blood 2021



Conclussions 

• AID activity shapes a sizable portion of the genomic landscape of 
indolent B-cell neoplasms
• Differential AID activity in nuclear compartments  
• in vivo induction of AID mirrors events in human neoplasms

Based on statistical association of patterns and samples, and in vivo 
data in mice … but there is an ongoing effect of AID in humans?  

Sepulveda et al. IJMS 2022, and Sepulveda et al. Frontiers Immunology 2022



Single Cell Transcriptomics of B-cell 
neoplasms



Sepulveda et al. ASH 2023 and 2024 Submitted



Conclussions 

• AID activity shapes a sizable portion of the genomic landscape of 
indolent B-cell neoplasms
• Differential AID activity in nuclear compartments  
• in vivo induction of AID mirrors events in human neoplasms
• Individual Lymphoma cells expressing AID transcripts  display ongoing 

somatic hypermutation and activation of DNA repair pathways

Morande et al. Blood 2021, Sepulveda et al. IJMS 2022, and Sepulveda et al. Frontiers Immunology 2022, Sepulveda et al. ASH 2023 



Risk alleles are found with high and 
similar prevalence in CLL patients and 
MBL siblings, suggesting that CLL risk loci 
predispose to clonal expansion of CLL phenotype cells 
in both low-count MBL and CLL

1

Autonomous BCR signaling operates 
early in lymphomagenesis as predicted by 
BCR stereotype, albeit at lesser strength in MBL.

2

AID-induced genetic changes, drives 
tumor progression

3

Stepwise CLL pathogenetic model



Muchas Gracias !



CLL study cohort
•Watch and waitLow risk

•Not be treated unless disease presents symptomsIntermediate risk

•Start treatment except asymptomaticHigh risk

•Treatment
•Incorporation of novel drugs
•Avoid chemoimmunotherapy

Very high risk






