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The DLEU2/Mir-15°/Mir-16-1 locus controls B-cell compartment expansion

Normal lymphoid development
At 12-18 months
5% of the mice developed MBL 
CLL ~ 20%
CD5- NHL 2-9%

• Similar affects when deleting these loci 
in CD19+ lymphocytes only

MDR -/- including 
Leu2-/- and mir15-mir16 -/-

Leu2+/+ and mir15-mir16 -/-

Klein U, Cancer Cell, 2010: 17; 1-13.  



miR-15/16 target BCL2 expression

Pekarsky Y, et al. Cell Death Differ. 2018;25:21-26.

Mir-15/16 downregulation

BCL2 overexpression

CLL survival and progression

Klein U, Cancer Cell, 2010: 17; 1-13

miR-15/16 deletion causes
accelerated entry into cell cycle



Members of the BCL-2 family and their role 
Schema9c representa9on of the members of BCL-2 family and his subunits

Morales-Martínez M. Int J Mol Sci. 2022 Feb; 23(4): 2193

BH: Bcl-2 Homology domain, necessary for protein funcBon



Targeting the intrinsic pathway of apoptosis

Morales-Martínez M. Int J Mol Sci. 2022 Feb; 23(4): 2193

• Pro-apoptotic factors trigger BH3-only proteins

• Binding and inhibition of BCL2. 

• Larger amounts of BAK and BAX rendered free. 

• BAK and BAX dimerize 

• Channel for Cytochrome-c leakage from the mitochondria

• Apoptosis



Cell of origin, pathogenesis and genetic defects in CLL

Kikushige Y et al, Cancer Cell, 2011
Dühren-von Minden M et al, Nature 2010
Seifert M, et al. J Exp Med. 2012
Yin et al., 2019, Cancer Cell 35, 1–14

Del miR15a/16-1*
TCL1

SF3B1 mut/ATM-/+



Evolu&on and Impact of Subclonal Muta&ons in CLL

Landau D et al Cell 2013; 152: 714–726



Mutations driving CLL and their evolution in progression 
and relapse

Landau et al, 2 O C T O B E R 2 0 1 5 | VO L 5 2 6 | N AT U R E | 5 2 5



Sequential development of molecular cytogenetic lesions in CLL 

13q- and/or miR-15a/miR16-1 del
TCL1 

SF3B1mut/ATM-

NOTCH1

+12 11q-

Resistance to treatment

ATM
BIRC3

SF3B1

17p-/TP53

Initiating lesions
(animal models)

MYD88

Complex karyotype
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Molecular mechanisms of acquired resistance to targeted therapies

Skanland S and Mato AR. Blood Advances 2021

BTKi:
BTK mutations
PLCG2 mutations
BCL2i:
BCL2 mutations

BTKi:
Activation of PI3K-
AKT pathway
BCL2i:
Overexpression
of BCL-XL and 
MCL1

BCL2i:
CD40/CD40L 
stimulation
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Venetoclax Resistance

Modified from: Lew TE et al, Blood 2021
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BCL2 Gly101Val is specific for CLL with  resistance to Venetoclax

Blombery et al. Cancer Discov 2019
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BCL2 c.302G>T, p.(G101V) detected in samples from 
7/15 (48.7%) patients at CLL-type progression on 

Venetoclax

Blombery et al. Cancer Discov 2019

aCLL cells harboring G101V at progression; calculated by 
adjusting the measured VAF by the % of CLL cells in the 
bone marrow determined by flow cytometry.

25,8%

68%

45,6%

60%

VAF%a

CLL cells harboring p.G101V are less sensitive to Venetoclax

Venetoclax: mechanisms of resistance
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Venetoclax: insights into the clonal dynamics involved in 
resistance

Herling et al. Nat comm 2018

• Whole-exome sequencing data of eight CLL pa?ents with TP53
disrup?on that developed resistance upon BCL2-inhibi?on by 
venetoclax (4 Richter transforma?on)

- BTG1 (2 pa&ents)* 
- Homozygous dele&ons affec&ng CDKN2A/B (3 pa&ents)*
- Muta&on in BRAF and a high-level focal amplifica&on of CD274 (PD-L1)

• Pinpoint molecular aberra?ons offering structures for further 
therapeu?c interven?ons.

*BTG1 has been shown to counteract cell proliferation and to be regulated downstream of BCL2 and CDKN2A/B
*CDKN2A/B: cell cycle control



Herling et al. Nat comm 2018

Patients resistant to Venetoclax: 
whole-exome sequencing

• Number of somatic mutations 

• Sample ploidy 

• % of the genome undergoing copy number alterations 
- blue for losses and red for gains 

• Cancer-related gene mutations with clonal dynamics 
during therapy



Herling et al. Nat comm 2018

Heterogeneous clonal evolu/ons under venetoclax therapy

Linear evolution Branching evolu>on 
into 3 lineages

Divergent evolution 
of two branches 

Convergent evolution



Herling et al. Nat comm 2018

Clonal evolutions in patients with TP53 disruption who 
developerd resistance to venetoclax

• Alterations in cancer-related genes: BRAF, CD274, NOTCH1, RB1, SF3B1, and TP53 
that evolved during venetoclax treatment

• Genetic alterations in BCL2 or functionally connected genes, such as BAX
and BAK were not identified.

• Recurrent mutations in BTG1 and homozygous deletions of CDKN2A/B as recurrent 
genomic events at the time of relapse under venetoclax exposure

• Complete loss of CDKN2A/B alone is not sufficient to induce venetoclax resistance

• Aside the abrogation of cell cycle control by loss of CDKN2A/B, damaging 
mutations in BTG1 may provide a survival advantage to CLL cells under targeted 
BCL2-inhibition
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Strategies to prevent or overcome acquired resistance

Skanland S and Mato AR. Blood Advances 2021



Strategies to prevent or overcome acquired resistance

Skanland S and Mato AR. Blood Advances 2021



Lin VS et al, Blood 2020

BCL2i à BTKi

Treatment sequencing



Strategies to prevent or overcome acquired resistance

Skanland S and Mato AR. Blood Advances 2021



Pirtobrutinib in relapsed or refractory B-cell malignancies (BRUIN): a phase 1/2 
study

Mato A et al. Lancet 2021; 397: 892–901



Pirtobrutinib in relapsed or refractory B-cell malignancies (BRUIN): a phase 1/2 study

Mato A et al. Lancet 2021; 397: 892–901

Duration of response in patients with CLL or SLL



Treatment of progressive disease a3er venetoclax for CLL

Lew TE et al, Blood 2021


