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KEY PO INT S

l Dependencies on
BCL2, BCLXL, MCL1 of
primary myeloma cells
defined using a BH3-
mimetic toolkit differ
between diagnosis
and relapse.

l Disruption of BAK/
MCL1 complexes is
crucial for apoptosis
induced by the MCL1
mimetic; BCLXL is the
main factor of
resistance in myeloma.

BH3 mimetics are promising drugs for hematologic malignancies that trigger cell death by
promoting the release of proapoptotic BCL2 family members from antiapoptotic proteins.
Multiple myeloma is considered to be a disease dependent mainly on MCL1 for survival,
based mostly on studies using cell lines. We used a BH3-mimetic toolkit to study the
dependency on BCL2, BCLXL, or MCL1 in malignant plasma cells from 60 patients. De-
pendencies were analyzed using an unbiased BH3 mimetics cell-death clustering by
k-means. In the whole cohort of patients, BCL2 dependency was mostly found in the
CCND1 subgroup (83%). Of note, MCL1 dependence significantly increased from 33% at
diagnosis to 69% at relapse, suggesting a plasticity of the cellular dependency favoring
MCL1 dependencies at relapse. In addition, 35% of overall patient samples showed
codependencies on either BCL2/MCL1 or BCLXL/MCL1. Finally, we identified a group of
patients not targeted by any of the BH3 mimetics, predominantly at diagnosis in patients
not presenting the common recurrent translocations. Mechanistically, we demonstrated
that BAK is crucial for cell death induced by MCL1 mimetic A1210477, according to the
protection from cell death observed by BAK knock-down, as well as the complete and early

disruption of MCL1/BAK complexes on A1210477 treatment. Interestingly, this complex was also dissociated
in A1210477-resistant cells, but free BAK was simultaneously recaptured by BCLXL, supporting the role of BCLXL in
A1210477 resistance. In conclusion, our study opens the way to rationally use venetoclax and/or MCL1 BH3 mimetics
for clinical evaluation in myeloma at both diagnosis and relapse. (Blood. 2018;132(25):2656-2669)

Introduction
Apoptotic deregulation is a hallmark of cancer cells. Interactions
between the proteins of the BCL2 family play a pivotal role in the
control of the intrinsic pathway of apoptosis. BCL2 family pro-
teins encompass antiapoptotic members (BCL2, MCL1, and
BCLXL), proapoptotic effectors (BAX and BAK), and proapoptotic
BH3-only; among the latter are the BH3-only direct activators
BIM, BID, and PUMA and sensitizers/repressors such as NOXA,
BAD, BIK, BMF, and HRK.1 Antiapoptotic proteins exert their
survival function by directly binding and inhibiting the function
of proapoptotic BH3-only proteins and proapoptotic effectors,
which can be present in a constitutive active state.1,2 Despite
major advances in the understanding of the mitochondrial
apoptotic pathway, many challenges remain to achieving its
best possible exploitation in cancer treatment; notably, the
accurate identification of tumor cell dependency on individual
antiapoptotic family members. The reliability of the different
approaches used to determine dependency, and their feasi-
bility of application in preclinical studies, remain questions of
debate.

Multiple myeloma (MM) is a cancer of plasma cells displaying
a molecular heterogeneity, which includes hyperdiploid patients
and patients with a translocation of the immunoglobulin (Ig) H
locus on chromosome 14 with different chromosomes (4, 11, 6,
or 16), leading to an overexpression of MMSET, CCND1,
CCND3, or MAF genes, respectively.3 Despite the introduction
of new drugs in the treatment of MM, which have substantially
improved the overall survival, this malignancy remains incur-
able.4 We pinpoint that MM subgroups are heterogeneous for
antiapoptotic member expression, and that the combined
profile of BCL2, MCL1, and BCLXL discriminates the different
MMmolecular groups.5MCL1 is frequently overexpressed either
by gene amplification (1q amplification) or by oncogenic path-
ways.6 In MM, the amplification of 1q was shown to be associated
with a poor prognosis.7 To pharmacologically inhibit MCL1, dif-
ferent selectiveMCL1 inhibitors havebeendeveloped; A1210477,
the first inhibitor described, induces apoptosis in a mechanistically
identical manner toMCL1 gene silencing in breast cancer or non-
small cell lung cell lines.8,9 Very recently, S63845 has been iden-
tified as a very potent and selective MCL1 inhibitor, able to kill
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MCL1-dependent cell lines. It demonstrated a potent in vivo ef-
ficacy in preclinical xenograft mouse models of myeloma and
lymphoma.10 Furthermore, we and others have demonstrated that
venetoclax (ABT-199), the first clinically available BH3 mimetic
specifically targeting BCL2, was particularly efficient in t(11;14) cell
lines and primary MM samples expressing high BCL2 and low
MCL1 and BCLXL levels.11-14 From a clinical perspective, the fact
that BH3 mimetics targeting either BCL2 or MCL1 are now
available gives rise to an urgent need to better define the
cellular dependencies not only of MM cell lines but, more
important, of primary MM cells. Until now, only 1 study has
evaluated the cellular dependencies of primary cells using the
BH3 profiling approach in a modest cohort of patients with
myeloma.15 In the present study, we used a BH3-mimetic toolkit
to define cellular dependencies on prosurvival BCL2 family
proteins in primary MM cells (n 5 60). Furthermore, we de-
cipher more precisely the mechanism of action of the MCL1
BH3 mimetic, aiming to clarify the players that sustain MCL1
dependency and the potential factor of resistance.

Methods
Human myeloma cell lines and primary
myeloma cells
Human myeloma cell lines (HMCLs) were characterized as
previously described.16 After informed consent, MM bone
marrow/blood samples were collected at University Hospital
of Nantes.

Cell death assays in HMCLs and primary cells
Cell death in HMCLs was determined by Annexin V-fluorescein
isothiocyanate staining. Cell death assay of primary myeloma
cells was performed using mononuclear cells cultured in RPMI-
1640 media with 5% fetal calf serum, 3 ng/mL interleukin 6 (IL-6)
with/without the specific BH3 mimetic. Venetoclax, A1155463,
and A1331852 were tested at 100, 300, and 1000 nM; A1210477
at 2.5 and 5 mM. Cell death was routinely measured by the loss
of CD138 staining, as previously described.17 Alternatively,
cell death was confirmed by Annexin V staining in CD38high

myeloma cells.

Immunoblotting and MCL1 ubiquitination
Western blot was performed as previously described.18 The
capture of ubiquitinylated MCL1 was performed as previously
described19 and detailed in supplemental Methods, available on
the Blood Web site.

BH3-profiling and cytochrome c release
BH3-profiling using MS1/Noxa peptide was performed as pre-
viously described.20 For cytochrome c release, cells were treated
or not with A1210477.

Results
Dissecting BCL2, BCLXL, and MCL1 dependence in
primary myeloma cells
A BH3-mimetic toolkit was used to determine BCL2, BCLXL, and
MCL1 dependence by ex vivo treatment of mononuclear cells
from primary myeloma samples (Figure 1A). We analyzed the
cellular dependence on individual antiapoptotic BCL2 members
of 60 consecutivemyeloma samples with a percentage of plasma

cells of at least 3%. Patients were distributed as follows: 21 at
diagnosis and 39 at relapse, including 7 secondary plasma cell
leukemia (sPCL). Mononuclear cells from patients were treated
with the respective BH3 mimetic overnight at the following
concentrations: 100, 300, and 1000 nM for BCL2 and BCLXL BH3
mimetics; A1210477 MCL1 BH3 mimetic was used at 2.5 and
5 mM. Apoptosis was assessed by the loss of CD138 expression, as
previously described,17 and confirmed by Annexin V staining
(supplemental Figure 1). To define dependency groups
(high, intermediate, and nondependent) in an unbiased way,
cell death clustering by k-means was performed as described
in supplemental Methods.21 When data were missing, data
imputation for cell death was assessed by Multiple Imputa-
tion with Principal Component Analysis (MIPCA) and consid-
ered reliable,22 allowing continued clustering (supplemental
Figure 2A-B). Cell death clustering by k-means retrieved an
optimal number of 3 clusters for both BCL2 and MCL1 BH3
mimetics, whereas 2 was the optimal number of clusters for the
BCLXL BH3 mimetic (Figure 1B; Table 1). Thus, at diagnosis, we
first observed that 52% of primary samples were BCL2 de-
pendent, whereas only 10% were BCLXL dependent. The de-
pendence on BCL2 (either high or intermediate) and BCLXL was
not significantly different between diagnosis and relapse
stage (Figure 2A). Of note, only 1 of 14 samples was exclu-
sively dependent on BCLXL (Figure 2C). Strikingly, we found
that the MCL1 dependency was 33% at diagnosis, and in-
creased to 69% at relapse, indicating a significant increase in
MCL1 dependency during disease progression (P 5 .01;
Figure 2A). Of note, the increase in MCL1 dependency was
exclusively a result of the increase in the intermediate MCL1
dependency (P 5 .004; Figure 2B). The last 20 samples of
our cohort were also investigated for S63845 sensitivity,
demonstrating a strong correlation between A1210477 and
S63845 responses (r 5 0.78; P 5 .0001; supplemental
Figure 3A). This indicates that both MCL1 BH3 mimetics could
be used to determine MCL1 dependency. Incidentally, we
also report the case of a patient at relapse who had been
evaluated for dependencies at 2 different points (1-year in-
terval; supplemental Figure 3B). The venetoclax response
decreased from 28% to 1% of cell death, whereas A1210477
response increased from 76% to 90%, suggesting a plasticity
of BCL2 andMCL1 dependencies (supplemental Figure 3B). In
addition, we identified primary MM cells that did not depend
on any of the 3 prosurvival molecules not only at diagnosis
(33%) but also at relapse (20%). Moreover, codependencies
were observed at both diagnosis (24%) and relapse (46%;
Figure 2C). Among the 60 patients analyzed for cell de-
pendencies, biological material from 47 patients was available
for further analyses. Thus, 32 patients were assigned to the
following molecular subgroups: CCND1, CCND3, MMSET,
MAF (Table 1; supplemental Table 1). The 15 patient samples
not harboring the abovementioned recurrent translocations
were classified as “Others.” Cell dependencies were then
analyzed in the different molecular groups of patients (n 5 47;
Figure 2D-F).

Of note, BCL2 dependency was significantly higher in CCND1
subgroup (83%) compared with all other subgroups (21%;
P5 .0001; Figure 2D). MCL1 dependency increased at relapse
both in the CCND1 group and the Others group, but this
increase was only significant in the latter group of patients
(P 5 .03; Figure 2E). Furthermore, patients nondependent on
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Figure 1. Dependence of primaryMMsamples on antiapoptotic BCL2molecules. (A) Selectivity of BH3mimetics for the respective antiapoptotic protein. The binding affinity
of each compound for BCL2 antiapoptotic proteins was previously described.8,36,37 (B) Data clustering as assessed by k-means is displayed for BCL2, MCL1, and BCLXL BH3
mimetics (n5 1000 initiations of algorithm); values indicate Pearson correlation coefficients for the considered doses of the respective dependency group. Patient dependencies
were defined as red, high; orange, intermediate; green, not dependent, and detailed in Table 1.
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any single antiapoptotic protein at diagnosis were mainly found
in the group of patients who did not harbor a recurrent
translocation (83%; P5 .008; Figure 2F). Samples nondependent
on any single antiapoptotic member decreased from 83% at
diagnosis to 22% at relapse (P 5 .04; Figure 2F). These results

indicate that nondependent primary cells were mainly found
at diagnosis in the subgroup of patients not harboring a recurrent
translocation. Finally, our findings highlight the predominance of
MCL1 dependence at relapse either as an exclusive MCL1 de-
pendence or as codependencies with BCL2 and/or BCLXL.
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Figure 2. Dependence of primaryMMsamples on antiapoptotic BCL2molecules, according tomolecular subgroups. (A) Analyses of BCL2,MCL1, or BCLXLdependencies of
60 patients withMMat diagnosis and relapse. Patients’ dependencies to BCL2,MCL1, or BCLXL were defined by cell death response to the respective BH3mimetic in primarymyeloma
cells, as indicated in Figure 1B and Table 1. Nodep includes patient samples that are insensitive to each 1 of the 3 BH3mimetics (Table 1). Fisher’s exact test was used for statistical analysis.
(B) High and intermediate patients’ dependencies to MCL1 were analyzed at diagnostic versus relapse. Fisher’s exact test was used for statistical analysis. (C) Analyses of individual
dependencies of 60 patients with MM at diagnosis and relapse. For each dependency, an arbitrary value was defined as follows: high dependency, 2; intermediate dependency, 1;
nodependency, 0. Thedegreeof dependency of eachpatient was indicated in Table 1. (D) BCL2dependencywas comparedbetweenCCND11 andCCND12patients in thewhole cohort
(n5 47). (E) MCL1 dependency was analyzed in the CCND1,MMSET, andOthers subgroups at diagnosis vs relapse. Fisher’s exact test was used for statistical analysis. (F) Percentage of no
dependent patient samples was analyzed in translocated (CCND1/3, MAF, MMSET) and Others subgroups at diagnosis vs relapse. Fisher’s exact test was used for statistical analysis.
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Table 1. Ex vivo sensitivity of primary myeloma cells to BH3 mimetics

BCL2, BCLXL, and MCL1 dependencies were defined as indicated in Figure 1B (red, high; orange, intermediate, green, not dependent). Molecular groups were determined either by
fluorescence in situ hybridization or by quantitative polymerase chain reaction gene expression of anchorage genes of each molecular subgroup in purified CD1381 myeloma cells as defined
in supplemental Table 1. Diag, diagnosis; F, female; M, male; NA, data not available; ns, nonsecreting; PC, plasma cells; Rel, relapse.
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Analysis of the correlation between the expression
of BCL2 family members and cell dependencies in
patient samples
Among the 60 MM samples analyzed for cell dependencies,
CD1381 MM cells from 41 patients have been purified and the
expression of 3 main antiapoptotic genes (BCL2, BCLXL, and
MCL1) was analyzed by quantitative polymerase chain reaction
(supplemental Table 2). Because BCLXL and MCL1 have been

shown to play a role in venetoclax resistance, we analyzed the
correlation of venetoclax sensitivity (PC1 values; supplemental
Figure 4A) with the ratio of BCL2/BCLXL, BCL2/MCL1, and
BCL2/(BCLXL1MCL1) mRNA levels. Among them, we found
that BCL2/BCLXL mRNA is the best marker of venetoclax sen-
sitivity (r5 0.61; P5 .0001; Figure 3A), indicating a major role of
BCLXL in venetoclax resistance, as previously reported.13 To
further define the involvement of antiapoptotic members in

Table 1. (continued)

BCL2, BCLXL, and MCL1 dependencies were defined as indicated in Figure 1B (red, high; orange, intermediate, green, not dependent). Molecular groups were determined either by
fluorescence in situ hybridization or by quantitative polymerase chain reaction gene expression of anchorage genes of each molecular subgroup in purified CD1381 myeloma cells as defined
in supplemental Table 1. Diag, diagnosis; F, female; M, male; NA, data not available; ns, nonsecreting; PC, plasma cells; Rel, relapse.
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A1210477 response, we determined whether the ratio ofMCL1/
BCLXL,MCL1/BCL2, orMCL1/(BCLXL1BCL2)mRNA correlated
with A1210477 sensitivity (PC1 values; supplemental Figure 4A),
as we did not find any correlation between A1210477 sensitivity
and the individual expression of MCL1 or BCLXL mRNA (sup-
plemental Figure 4B). Although we found that only the MCL1/
BCLXLmRNA ratio correlated with A1210477 sensitivity (r5 0.35;
P 5 .02), this ratio could not be considered a biomarker of
A1210477 response. Nevertheless, this finding indicates that
a high BCLXL expression might be involved in A1210477 resistance.
Altogether, these results suggest the contribution of BCLXL as a re-
sistant factor for both venetoclax and A1210477MCL1 BH3mimetic.

Dependencies of MM primary cells at relapse
correlated with HMCL dependencies
Analysis of cell dependencies performed on 33 HMCLs showed
that 30% of HMCLs were BCL2 dependent, 3% were BCLXL
dependent, and the majority of HMCLs (66%) were MCL1 de-
pendent (Table 2). Finally, 21% of HMCLs were nondependent
on any single antiapoptotic member. In addition, only MM1S
HMCL was efficiently killed by A1155463 (LD50 5 10 nM),
showing that a minor subset of HMCL was highly BCLXL de-
pendent (Table 2). Comparison of dependencies between pri-
mary myeloma cells at relapse and HMCLs showed a similitude
(Figure 3C), indicating that dependencies of HMCLs mostly
reflect the dependencies of primary myeloma cells observed at
relapse, particularly highlighting the predominance of MCL1
dependency. Nevertheless, the BCXL dependency seems to be
weakly represented in our myeloma cell line collection.

Mechanism of action of the MCL1 BH3 mimetic in
myeloma cells
Initially, we demonstrated that A1210477 induced apoptosis via
the activation of the intrinsic apoptotic pathway, as shown by the
release of cytochrome c (Figure 4A) and the activation of both
caspase 9 and 3 (Figure 4B). To further understand themechanism
of action of the MCL1 BH3 mimetic, we compared the phar-
macologic inhibition of MCL1 to BH3-profiling, using the NOXA/
MS1 peptide specific for MCL1 (supplemental Table 3).15,23 Flow
cytometry analysis demonstrated a robust and significant corre-
lation (r5 0.79; P, .0001) between these 2 different approaches
to define MCL1 dependency (Figure 4C). However, 2 cell lines
had a strong mitochondrial response to NOXA/MS1 peptide,
while displaying a weak A1210477 cell death induction, possibly
indicating a defect in the apoptotic pathway downstream of the
release of cytochrome c. The latter result underlines the interest of
using BH3 mimetics that takes into account both the mitochon-
drial priming and the efficiency of the downstream apoptotic
pathway. Because BAX and BAK are crucial for the efficient
triggering of apoptosis, we studied the contribution of both
effectors in A1210477 induced-cell death. BAK and BAX were
transiently silenced in 2 MCL1-dependent cell lines (KMM1 and
OPM2). BAK silencing significantly inhibited A1210477-induced
cell death in bothOPM2 (73%6 6% inhibition) andKMM1 (44%6
4% inhibition) cells, whereas the silencing of BAX did not protect
against apoptosis induced byMCL1BH3mimetic (Figure 4D).We
also analyzed the consequence of BIM silencing, and demon-
strated that it did not have a major contribution to cell death
induced by A1210477 (Figure 4D). We then analyzed the dy-
namics of MCL1 complexes induced by a short A1210477
treatment (1 and 3 hours). Although the treatment of A1210477

increased MCL1 protein levels, as already reported,8 it induced
the dissociation of MCL1/BAK, MCL1/BIM, and MCL1/NOXA
complexes (Figure 4E). The MCL1/BAK complexes were strongly
decreased after 1 hour of A1210477 treatment, and totally dis-
rupted after 3 hours of treatment (Figure 4E). Interestingly,
complete inhibition of theMCL1/BAK interaction was observed in
purified primary myeloma cells from patient #27 (Figure 4F).

Although the MCL1/NOXA complexes were mostly disrupted at
3 hours, 40% of BIM still remained bound to MCL1 (Figure 4E),
likely reflecting the higher affinity of BIM forMCL1.24 Because we
observed that a short A1210477 treatment (1 hour) increased
MCL1 protein levels, we analyze the ubiquitination status of
MCL1. We demonstrated that a very short A1210477 treatment
(30 min) induced a robust and rapid decrease of MCL1 ubiquiti-
nation, indicating that the accumulation of MCL1 under A1210477
treatment was reflected in an impaired MCL1 proteasome degra-
dation (Figure 4G). This result is in agreement with previous data
showing that A1210477 binding to MCL1 promotes a conforma-
tional switch in MCL1, leading to the inhibition of ubiquitination.25

Altogether, these results demonstrated that A1210477 induced
apoptosis by dissociating endogenous MCL1/proapoptotic com-
plexes while excluding a mechanism-mediatedMCL1 degradation.

Contribution of BCLXL in the resistance to the
MCL1 BH3 mimetic
Because it has been suggested that a high expression of BCLXL
impaired A1210477-induced cell death,9 we assessed whether
BCLXL was implicated in resistance to A1210477 in MM cells.
We transiently silenced this antiapoptotic member in the BCLXL-
dependent MM1SHMCL, aswell as in the nondependent LP1 and
U266 HMCLs. As observed in Figure 5A, the efficient BCLXL
knockdown significantly sensitized the 3 HMCLs to the MCL1
BH3 mimetic; the strongest sensitization was found in MM1S
BCLXL-dependent HMCL. To further study the contribution of
BCLXL in A1210477 response, we tested the combination of low
doses of both A1210477 and A1155463 in LP1 and U266 HMCLs.
Interestingly, whereas these cell lines were insensitive to either in-
hibitor alone, the combined low dose of both drugs triggered apo-
ptosis, showing that the combination was highly synergistic and that
the pharmacologic inhibition of BCLXL could overcome A12104777
resistance (Figure 5B). To go deeper into BCLXL-induced resistance,
we performed endogenous sequential immunoprecipitations after
short-term exposure of the resistant MM1S and U266 HMCLs to
A1210477. Analyses of MCL1 immunoprecipitations demonstrated,
as in sensitivemyeloma cells, that the endogenous interaction of BAK
with MCL1 was completely dissociated after 1 hour of A1210477
treatment inbothMM1SandU266HMCLs (Figure6A-B),whereas the
interactionofBIMwithMCL1wasnot fully inhibited, evenafter 3hours
of treatment (Figure 6A-B). We next performed BCLXL immuno-
precipitations, using the MCL1 depleted lysates. Interestingly, we
found that BCLXL was able to recapture the fraction of BAK released
from MCL1 under A1210477 treatment as early as 1 hour after
treatment, as shown by the increased BAK bound to BCLXL in both
MM1S and U266 HMCLs (Figure 6C-D). In addition, after BAK’s re-
capture, BCLXL was also able to recapture BIM released from MCL1
(Figure 6C-D). These results suggest that BCLXL may act as a sink to
bind freed proapoptotic proteins fromMCL1 and limit MM cell death
triggered by the specific targeting of MCL1.
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Discussion
The BH3 mimetics ex vivo assay of primary myeloma cells, an-
alyzed by an unbiased approach of cell death clustering, allowed
the identification of subgroups with specific dependencies on
antiapoptotic BCL2 proteins. We found a significant increase in
MCL1 dependency from diagnosis to relapse, mostly as a result of
the increase in intermediate-dependent MCL1 samples. Further, we

identified a groupof patient samples not sensitive to any of the 3 BH3
mimetics. Unexpectedly, a large proportion of those samples was
found in the diagnosis group. We showed that BCLXL dependency
was minor and rarely alone, but often accompanied with a co-
dependency either on BCL2 and/or MCL1. We confirmed previous
findings showing that BCL2 dependence was mostly found in the
CCND1 subgroup of patients, but also extended to other subgroups.
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Table 2. Sensitivity of HMCLs to the BH3 mimetics

Viability was determined after 24 hours of treatment with increasing concentrations of venetoclax and A1155463 (0.001-10mM) or A1210477 (5mM). Cell death was assessed by flow cytometry
after Annexin V staining. LD50 values for venetoclax (Ven) and A1155463 were calculated from 3 independent experiments. Apoptosis % induced by 5mMA1210477 is indicated. Red, high
(LD50 ,300 nM for Ven and A115543, $65% apoptosis for 5 mM A1210477). Orange, intermediate (LD50 300 #1000 nM for Ven and A115543, 33-65% apoptosis for 5 mM A1210477).
Green, not dependent (LD50 .1000 nM for Ven and A115543, ,33% apoptosis for 5 mM A1210477).
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The striking increase in MCL1 dependency or codependency at
relapse, mostly found in the group of patients lacking recurrent
translocations, but also in the CCND1 group, suggests a plas-
ticity of the cellular dependency toward MCL1 in these specific
groups. It appears, therefore, that previous treatments or clonal
selection during the course of the disease could favor MCL1
dependency. The predominance of MCL1 dependence also
found in HMCLs, as previously reported,26 is probably because
all HMCLs were generated from relapsed patients, mainly with
extramedullary disease. Therefore, extrapolation of results
obtained on HMCLs for preclinical purpose must be done with
caution.

BCL2 dependency was mainly found in the CCND1 molecular
subgroup, either at diagnosis or at relapse, and was characterized
by a high BCL2/BCLXL mRNA expression, as already reported.13,14

Because a significant proportion of CCND1 patients with MM at
diagnosis are only sensitive to venetoclax, therapeutic intervention
targeting BCL2 could be proposed from the early phase of the
disease. It should be noted that the incidence of CCND1patients is
slightly higher (37%) in our cohort than the reported incidence for
MM.27 At relapse, more than 40% of patients showed different
codependencies, suggesting that these patients could be poten-
tially targeted by either venetoclax or MCL1 BH3 mimetics.

Because targeting BCLXLwith a BH3mimetic remains a problem in
clinic because of the induction of thrombocytopenia,28 it is in-
teresting to note that BCLXL dependency of patients with MM
was rarely exclusive, and MCL1 and BCL2 mimetics could be
potentially used in these patients. Of note, the identification of
a group of patient samples not sensitive to any of the 3 BH3
mimetics confirmed a similar observation reported by Touzeau
et al.15 Interestingly, a large proportion of these samples was
found at diagnosis and decreased at relapse. In addition, most
of them did not harbor recurrent translocations. These findings
suggest that nondependent patients could acquire dependen-
cies on antiapoptotic proteins during the progression of the dis-
ease. They also show the extraordinary ability of tumor adaptation
to conventional therapy, highlighting the interest of targeting
antiapoptotic proteins, and particularly MCL1, at relapse stage.

Our mechanistic studies showed that MCL1 BH3 mimetic killed
myeloma cells in a BAK-dependent manner and led to the
complete disruption of BAK/MCL1 and NOXA/MCL1 complexes.
We also demonstrated that A1210477 treatment decreasedMCL1
ubiquitination in agreement with the results of in vitro ubiquiti-
nation assays already reported by Song et al.25 The preferential
role of BAK vs BAX in apoptosis induced by MCL1 BH3 mimetic
was already reported in other models9,29 and consistent with our
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previous findings demonstrating the privileged role of BAK inMM
cell death induced on endoplasmic reticulum stress.30 The exclusive
BAK implication is in contrast with data reported in Hela cells
showing that the pharmacologic inhibition of MCL1 killed cancer

cells in a BAX- and BAK-dependent manner.10 This result should be
carefully analyzed because MCL1 was overexpressed in Hela cells;
thus, the analysis of cells under endogenous conditions could
eventually warrant a more reliable conclusion. Of interest, we
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unraveled the mode of innate resistance to A1210477-induced cell
death and demonstrated the major implication of BCLXL in this
process. Indeed, the dual pharmacological inhibition of BCLXL and
MCL1 was found to be highly synergistic, reinforcing the role of
BCLXL in MCL1 BH3-mimetic resistance. Furthermore, the disso-
ciation pattern of MCL1/proapoptotic proteins in resistant MM cell
lines was similar to that observed in myeloma-sensitive cells.
However, released proapoptotic proteins were recaptured by
BCLXL, explaining the role of BCLXL in the innate resistance to
A1210477. An analogous mechanism of redistribution of pro-
apoptotic proteins from both BCL2 and BCLXL to MCL1 was
observed on ABT-737 treatment.31

Because the knockout of MCL1 in a murine model causes hepatic,
hematologic, and cardiac toxicities, including rapid development of
heart failure,32,33 the question of MCL1 BH3 mimetics tolerability
remains crucial. The fact that MCL1 BH3 mimetics affect only the
ability of MCL1 to sequester proapoptotic proteins and not the
other additional roles of MCL1, such as its implication in the mi-
tochondrial respiration,34 may in part explain its tolerance in animal
models.10,29 Furthermore, the episodic inhibition of MCL1 is also
enforced by the stabilization of MCL1 under the binding of
A1210477 or S63845 BH3 mimetics. Accordingly, we could hy-
pothesize that the stabilization of MCL1 under the binding of BH3
mimetics might also be beneficial for its clinical application.
However, we cannot rule out a detrimental effect resulting from the
stabilization of MCL1, impairing its efficacy. Further preclinical
studies are necessary to better understand themechanismofMCL1
BH3 mimetics that warrant its safety in therapeutic application.

In conclusion, our study highlights the ex vivo testing of primary
myeloma cell dependencies, using the BH3 toolkit as a potential
guide for the respective and tailored use of venetoclax and MCL1
BH3 mimetics in myeloma at diagnosis and/or relapse. Although
this functional assay requires viable cells, it can be broadly appli-
cable, as it is conducted as a simple cell viability assay analyzed by
flow cytometry. Finally, the analysis of a larger cohort of patients
should bemandatory to further tailor the use of the appropriate BH3
mimetic, according to the heterogeneity of the disease represented
by the common cytogenetic subtypes, as well as the secondary
cytogenetic abnormalities associated with adverse prognosis.35
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