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CRISPR-Cas9 Functional Genomic Screen in Lymphomas

Broad Institute 
BRUNELLO library

>75,000 CRISPR sgRNA

19,000 protein-coding genes

4 unique guides per gene

ABC-DLBCL
GCB-DLBCL t(14;18)-
GCB-DLBCL t(14;18)+
t-FL t(14;18)+
MM
ALCL

> 25 cell lines screened

CRISPR/Cas9

Phelan JD et al. Nature, 2018

CRISPR screens identify genes selectively 
essential in cells with a distinct cell of origin

B cell lymphoma subtypes reflect the origin from B cells 
at different stages of B cell differentiation : The Cell of Origin (COO)
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CRISPR Screens reveals essential genes with little off-target effectCRISPR/Cas9

Le crible CRIPR/Cas9 permet d’identifier des gènes essentiels dans le DLBCL avec très peu d’effets off-target

Phelan JD et al. Nature, 2018
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Réparation de l’ADN et cancer

Dérégulation des mécanismes de réparation de l’ADN :

-création d’un contexte cellulaire favorable à la tumorigénèse :

• tolérance face à des lésions conférant un avantage à la cellule cancéreuse
instabilité génomique prédisposant à la mutagénèse
répertoire de réparation en théorie réduit par rapport aux cellules saines

• réparation de lésions défavorables à la croissance tumorale

Mécanismes de réparation = cibles thérapeutiques potentielles



Concept de léthalité synthétique

Principe : exploiter un défaut de réparation de l’ADN de la cellules cancéreuse 
en inhibant une voie de réparation complémentaire

altération de la viabilité des cellules cancéreuses
tout en préservant théoriquement les cellules saines environnantes



Identify synthetic lethal combination in MM

O’Connor et al. Mol Cell 2015



Réparation de l’ADN et DLBCL

Rituximab

Cyclophosphamide Agent alkylant (ICLs)

H doxorubicine hydrochloride Agent intercalant (DSB)

Oncovin (vincristine) Alcaloïde poison du fuseau

Prednisone

DLBCL = lymphome B diffus à grandes cellules

Le plus fréquent des LNH
Hétérogénéité moléculaire et pronostique : sous-groupes ABC et GCB
Prise en charge thérapeutique :



Dommage 
Endogène

ou exogène 
de l’ADN Lésion 

simple brin
Lésion 

double brin
Adduits Insertions, 

délétions, 
mismatch

Alkylation 
des bases

Détection de la lésion

Transduction

Action des effecteurs

Modulation du cycle, apoptose, modulation de la transcription, réparation de l’ADN :

Base 
Excision 
Repair

Recombinaison 
homologue -

NHEJ

Nucleotide
Excision 
Repair

Mismatch
Repair

Direct 
reversal



Dérégulation des voies de réparation au cours du DLBCL

Sur-expression gènes du NER :
ERCC2/XPD
ERCC3/XPB
ERCC4/XPF
ERCC6/CSB
ERCC8/CSA
DDB2
Polymerase delta

Hypothèse : association NER/chimiorésistance

Bret C et al. Oncotarget 2012
Bret C. Cell cycle 2013



Bret C et al. Oncotarget 2012
Bret C. Cell cycle 2013
Bret C. BJH 2015

Synthetic lethality
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Score pronostique « DNA repair » du DLBCL

Patent EP14306201.6 and EP2015/067174

176 gènes considérés : 126 gènes associés 
au pronostic (92 mauvais/34 bons)

Scores d’orientation thérapeutique
Vers des approches de létalité 
synthétique dans le DLBCL

Bret C et al. BJH 2015



BetaScore

Ovejero S et al. Hematological Oncology 2025

DEPMAP Portal

Cribles CRISPR/Cas9 sur toutes les lignées de 
cancer

Cribles CRISPR/Cas9 pour définir des approches 
de léthalités synthétiques dans le DLBCL



Cribles CRISPR/Cas9 pour définir des approches de léthalités 
synthétiques dans le DLBCL

GCB derived cell lines
ABC derived cell lines

NU_7441 
DNA-PK inhibitor
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RAD51 inhibitor
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ATM inhibitor
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Wee1 inhibitor

AZD_6738 :
ATR inhibitor
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CHK1/(2) kinase inhibitor

AZD_8776 : 
CHK1 kinase inhibitor
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4-OH-Cyclophosphamide 
Alkylating agent

Doxorubicin
Topoisomerase II inhibitor

Etoposide
Topoisomerase II inhibitor

Gemcitabine
antimetabolite

Figure 2

Ovejero S et al. Hematological Oncology 2025



Figure 3
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Figure 4
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Figure 7
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Functional multiomics reveals genetic and pharmacologic
regulation of surface CD38 in multiple myeloma

Priya Choudhry,1 Corynn Kasap,2,* Bonell Patiño-Escobar,1,* Olivia Gugliemini,1 Huimin Geng,1 Vishesh Sarin,1 Amrik Kang,1,†

Audrey Kishishita,1,† Sham Rampersaud,1,† Letitia Sarah,3 Yu-Hsiu T. Lin,1 Neha Paranjape,1 Poornima Ramkumar,4 Jonathan C. Patton,5

Makeba Marcoulis,1 Donghui Wang,6 Paul Phojanakong,6 Veronica Steri,6 Byron Hann,6 Benjamin G. Barwick,5

Martin Kampmann,4,7,8 and Arun P. Wiita1,6,8,9

1Department of Laboratory Medicine, 2Division of Hematology/Oncology, Department of Medicine, 3Department of Cellular and Molecular Pharmacology, and 4Institute for
Neurodegenerative Diseases, University of California San Francisco, San Francisco, CA; 5Department of Hematology and Medical Oncology, Emory University School of
Medicine, Atlanta, GA; 6Helen Diller Family Comprehensive Cancer Center and 7Department of Biochemistry and Biophysics, University of California San Francisco, San
Francisco, CA; 8Chan Zuckerberg Biohub, San Francisco, CA; and 9Department of Bioengineering and Therapeutic Sciences, University of California San Francisco, San
Francisco, CA

Key Points

• CRISPR interference
screening and patient
epigenetic analysis
reveal regulators of
CD38 surface
expression including
XBP1 and SPI1.

• CD38 knockdown
does not lead to broad
myeloma cell surface
remodeling.

CD38 is a surface ectoenzyme expressed at high levels on myeloma plasma cells and is the

target for the monoclonal antibodies (mAbs) daratumumab and isatuximab. Pretreatment

CD38 density on tumor cells is an important determinant of mAb efficacy. Several small

molecules have been found to increase tumor surface CD38, with the goal of boosting mAb

efficacy in a cotreatment strategy. Numerous other CD38-targeting therapeutics are

currently in preclinical or clinical development. Here, we sought to extend our currently

limited insight into CD38 surface expression by using a multiomics approach. Genome-wide

CRISPR interference screens integrated with patient–centered epigenetic analysis

confirmed known regulators of CD38, such as RARA, while revealing XBP1 and SPI1 as other

key transcription factors governing surface CD38 levels. CD38 knockdown followed by cell

surface proteomics demonstrated no significant remodeling of the myeloma “surfaceome”

after genetically induced loss of this antigen. Integrated transcriptome and surface

proteome data confirmed high specificity of all-trans retinoic acid in upregulating CD38, in

contrast to the broader effects of azacytidine and panobinostat. Finally, unbiased

phosphoproteomics identified inhibition of MAP kinase pathway signaling in tumor cells

after daratumumab treatment. Our work provides a resource to design strategies to

enhance efficacy of CD38-targeting immunotherapies in myeloma.

Introduction

Harnessing the immune system to treat myeloma has rapidly become the most exciting therapeutic
frontier in this disease. The first such immunotherapy agent to achieve the US Food and Drug
Administration approval was the monoclonal antibody (mAb) daratumumab.1 Daratumumab targets
CD38, a cell surface ectoenzyme highly expressed on myeloma plasma cells. Daratumumab is currently

Submitted 11 March 2024; accepted 14 May 2024; prepublished online 10 June
2024. https://doi.org/10.1016/j.bneo.2024.100025.

*C.K. and B.P.-E. contributed equally to this study.
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RNA-sequencing (RNA-seq) and proteomics data have been deposited to public
repositories. Proteomics data can be accessed at the Proteomics Identification
Database repository (accession number PXD027594) and RNA-seq data at the Gene

Expression Omnibus repository (accession number GSE181277). Additional pro-
cessed data are included in supplemental Tables.

Other experimental data are available on request from the corresponding author, Arun
P. Wiita (arun.wiita@ucsf.edu).

The full-text version of this article contains a data supplement.
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Figure 1. CRISPRi screening reveals genetic determinants of surface CD38 regulation. (A) Schematic of CRISPRi screen design. (B) Results of CRISPRi screen

demonstrating genes that, when knocked down, regulate surface CD38 in RPMI-8226 cells. The x-axis indicates phenotype (epsilon) from MAGeCK31 statistical analysis. Dashed

line indicates cutoff for significant change at false discovery rate (FDR) <0.05. Genes of interest are specifically labeled. 4000 negative control nontargeting sgRNAs are in gray.

(C) Gene ontology (GO) Biological Process and KEGG analysis of all genes that when knocked down lead to significant CD38 upregulation. (D) Follow-up flow cytometry

validation of CRISPRi screen hits using 2 individual sgRNAs per gene demonstrates TLE3 knockdown drives increased CD38, whereas SPI1 knockdown leads to CD38

decrease.
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Figure 2. ValidationofCRISPRi screenhits as functionally affectingdaratumumabefficacy. (A)KnockdownofHEXIM1 and TLE3with2 independent sgRNAsper gene (AMO1

myeloma cells, n = 3) followed by flow cytometry shows significant surface CD38 increase with TLE3_i2 sgRNA and trend toward increased CD38 with HEXIM1_i1 sgRNA. (B) Results

from ADCC assays with AMO1 cells stably expressing the noted sgRNAs and incubated with the indicated concentration of daratumumab or isotype control antibody (1:20myeloma:NK

ratio; 20 hours; n = 2). The percent lysis by ADCC was calculated using the following formula: % lysis = (signal in presence of daratumumab – signal in presence of IgG1 control

antibody) ×100/signal in presence of IgG1 control antibody. At 10 μM daratumumab, both HEXIM1 and TLE3 knockdown led to significant increase in ADCC. (C) Similar to panel A,
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schedule. Bioluminescence imagingmeasurement of tumor burden demonstrates significantly increased fold-change in tumor burden (normalized topredaratumumab intensity)with either

CD38 or SPI1 knockdown compared with scramble sgRNA. (A-E) *P < .05; **P < .01, by 2-tailed t test. conc, concentration; I.P., intraperitoneal; MFI, mean fluorescence intensity; NSG,

NOD scid gamma; Scri, nontargeting control sgRNA.
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transcription factor expression that most influence CD38 levels in
patient tumors. We first tested this analysis on 80% of patient data
as a training set, with 20% left out as test set. We found this model,
solely based on transcription factor expression, could predict about
half of the variance (coefficient of variation R2 = 0.49 using fivefold
cross validation) in test set CD38 levels (Figure 3C). Using model

weights and Shapley additive explanations analysis (see
supplemental Methods) to determine transcription factors that have
the greatest impact, either positive or negative, on CD38 expres-
sion, we found that XBP1 played the strongest role overall. Other
strong hits from both of our analyses included IRF2, ATF1, and
STAT1. SPI1 also appeared in the top 10 most relevant
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Figure 3. Patient–centered epigenetic analysis and machine learning predicts the most potent transcriptional regulators of CD38. (A) A total of 46 transcription

factors predicted to bind to the CD38 locus were derived from motif analysis of published ATAC-seq data (see supplemental Figure 3). Gene expression of each transcription

factor (TF) was correlated with CD38 expression in the Multiple Myeloma Research Foundation (MMRF) CoMMpass database (release IA13), with RNA-seq data from CD138+

enriched tumor cells at diagnosis (n = 664 patients). Top predicted positive and negative regulators are shown based on Pearson correlation (R). (B) CoMMpass RNA-seq data

illustrate strong positive correlation between XBP1 and CD38 expression. (C) XGBoost machine learning model was used to extract features of TF gene expression that best-

model CD38 expression in CoMMpass tumors (shown in log2 TPM [transcripts per million]); 80% of data were used as test set, with 20% left out as a training set. Coefficient of

variation (R2) for predictive model = 0.49 after five-fold cross-validation. (D) Shapley additive explanations (SHAP) analysis indicates transcription factors whose expression most

strongly affects CD38 expression levels in CoMMpass tumors. FPKM, fragments per kilobase million; TPM, transcripts per million.
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Figure 3. Patient–centered epigenetic analysis and machine learning predicts the most potent transcriptional regulators of CD38. (A) A total of 46 transcription

factors predicted to bind to the CD38 locus were derived from motif analysis of published ATAC-seq data (see supplemental Figure 3). Gene expression of each transcription

factor (TF) was correlated with CD38 expression in the Multiple Myeloma Research Foundation (MMRF) CoMMpass database (release IA13), with RNA-seq data from CD138+

enriched tumor cells at diagnosis (n = 664 patients). Top predicted positive and negative regulators are shown based on Pearson correlation (R). (B) CoMMpass RNA-seq data

illustrate strong positive correlation between XBP1 and CD38 expression. (C) XGBoost machine learning model was used to extract features of TF gene expression that best-

model CD38 expression in CoMMpass tumors (shown in log2 TPM [transcripts per million]); 80% of data were used as test set, with 20% left out as a training set. Coefficient of

variation (R2) for predictive model = 0.49 after five-fold cross-validation. (D) Shapley additive explanations (SHAP) analysis indicates transcription factors whose expression most

strongly affects CD38 expression levels in CoMMpass tumors. FPKM, fragments per kilobase million; TPM, transcripts per million.
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transcription factor expression that most influence CD38 levels in
patient tumors. We first tested this analysis on 80% of patient data
as a training set, with 20% left out as test set. We found this model,
solely based on transcription factor expression, could predict about
half of the variance (coefficient of variation R2 = 0.49 using fivefold
cross validation) in test set CD38 levels (Figure 3C). Using model

weights and Shapley additive explanations analysis (see
supplemental Methods) to determine transcription factors that have
the greatest impact, either positive or negative, on CD38 expres-
sion, we found that XBP1 played the strongest role overall. Other
strong hits from both of our analyses included IRF2, ATF1, and
STAT1. SPI1 also appeared in the top 10 most relevant
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Figure 3. Patient–centered epigenetic analysis and machine learning predicts the most potent transcriptional regulators of CD38. (A) A total of 46 transcription

factors predicted to bind to the CD38 locus were derived from motif analysis of published ATAC-seq data (see supplemental Figure 3). Gene expression of each transcription

factor (TF) was correlated with CD38 expression in the Multiple Myeloma Research Foundation (MMRF) CoMMpass database (release IA13), with RNA-seq data from CD138+

enriched tumor cells at diagnosis (n = 664 patients). Top predicted positive and negative regulators are shown based on Pearson correlation (R). (B) CoMMpass RNA-seq data

illustrate strong positive correlation between XBP1 and CD38 expression. (C) XGBoost machine learning model was used to extract features of TF gene expression that best-

model CD38 expression in CoMMpass tumors (shown in log2 TPM [transcripts per million]); 80% of data were used as test set, with 20% left out as a training set. Coefficient of

variation (R2) for predictive model = 0.49 after five-fold cross-validation. (D) Shapley additive explanations (SHAP) analysis indicates transcription factors whose expression most

strongly affects CD38 expression levels in CoMMpass tumors. FPKM, fragments per kilobase million; TPM, transcripts per million.
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Resistance mechanisms = Immune based therapies



Biallelic loss of BCMA in MM patients

Samur et al, Nat Comm 2021



CRISPR/Cas9 => résistance aux immunothérapies

Ramkumar P et al, Blood Advances 2020
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Soluble BCMA

Pont MJ et al. Blood 2019
Cowan AJ et al. Lancet Oncology 2023

Clinical trials with Gamma secretase
inhibitors



Overcome resistance

Sharma S BioRXiV 2026

Peptide qui bloque
le cleavage de
BCMA par les
gamma-sécrétases.

Peptide qui engage
le site catalytique
des gamma-
sécrétases.

Augmente la 
longévité des CAR-T.


