
Citation: Matula, Z.; Uher, F.;

Vályi-Nagy, I.; Mikala, G. The Effect

of Belantamab Mafodotin on Primary

Myeloma–Stroma Co-Cultures:

Asymmetrical Mitochondrial Transfer

between Myeloma Cells and

Autologous Bone Marrow Stromal

Cells. Int. J. Mol. Sci. 2023, 24, 5303.

https://doi.org/10.3390/

ijms24065303

Academic Editor: Pierosandro

Tagliaferri

Received: 1 February 2023

Revised: 25 February 2023

Accepted: 8 March 2023

Published: 10 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

 International Journal of 

Molecular Sciences

Brief Report

The Effect of Belantamab Mafodotin on Primary Myeloma–Stroma
Co-Cultures: Asymmetrical Mitochondrial Transfer between
Myeloma Cells and Autologous Bone Marrow Stromal Cells
Zsolt Matula 1,* , Ferenc Uher 1, István Vályi-Nagy 2 and Gábor Mikala 2

1 Laboratory for Experimental Cell Therapy, Central Hospital of Southern Pest,
National Institute of Hematology and Infectious Diseases, 1097 Budapest, Hungary; uher.ferenc@dpckorhaz.hu

2 Department of Hematology and Stem Cell Transplantation, Central Hospital of Southern Pest,
National Institute of Hematology and Infectious Diseases, 1097 Budapest, Hungary;
valyi-nagy.istvan@dpckorhaz.hu (I.V.-N.); gmikala@dpckorhaz.hu (G.M.)

* Correspondence: matula.zsolt@dpckorhaz.hu

Abstract: Belantamab mafodotin (belamaf) is an afucosylated monoclonal antibody conjugated to
the microtubule disrupter monomethyl auristatin-F (MMAF) that targets B cell maturation antigen
(BCMA) on the surface of malignant plasma cells. Belamaf can eliminate myeloma cells (MMs)
through several mechanisms. On the one hand, in addition to inhibiting BCMA-receptor signaling
and cell survival, intracellularly released MMAF disrupts tubulin polymerization and causes cell
cycle arrest. On the other hand, belamaf induces effector cell-mediated tumor cell lysis via antibody-
dependent cellular cytotoxicity and antibody-dependent cellular phagocytosis. In our in vitro co-
culture model, the consequences of the first mentioned mechanism can be investigated: belamaf binds
to BCMA, reduces the proliferation and survival of MMs, and then enters the lysosomes of malignant
cells, where MMAF is released. The MMAF payload causes a cell cycle arrest at the DNA damage
checkpoint between the G2 and M phases, resulting in caspase-3-dependent apoptosis. Here, we show
that primary MMs isolated from different patients can vary widely in terms of BCMA expression
level, and inadequate expression is associated with extremely high resistance to belamaf according
to our cytotoxicity assay. We also reveal that primary MMs respond to increasing concentrations
of belamaf by enhancing the incorporation of mitochondria from autologous bone marrow stromal
cells (BM-MSCs), and as a consequence, MMs become more resistant to belamaf in this way, which is
similar to other medications we have analyzed previously in this regard, such as proteasome inhibitor
carfilzomib or the BCL-2 inhibitor venetoclax. The remarkable resistance against belamaf observed in
the case of certain primary myeloma cell cultures is a cause for concern and points towards the use of
combination therapies to overcome the risk of antigen escape.

Keywords: multiple myeloma; belantamab mafodotin; mitochondrial transfer; cancer drug resistance;
bone marrow mesenchymal stromal cell

1. Introduction

Multiple myeloma is the second most common hematological malignancy worldwide
and accounts for approximately 10% of all hematologic malignancies [1], with an average
of 400–500 newly diagnosed patients registered in Hungary every year. With conventional
therapies, the median survival is approximately 6 years, which can be extended with autol-
ogous stem cell transplantation [2]. In the past two decades, there has been a substantial
breakthrough in the treatment of multiple myeloma as many new classes of drugs have been
introduced for clinical care; the approval and routine clinical use of immunomodulatory
drugs (IMiDs) and proteasome inhibitors (PIs), followed by the availability of monoclonal
antibodies (mAbs), have been fundamental breakthroughs in improving survival outcomes
in patients. Nevertheless, multiple myeloma remains a largely incurable malignancy [3,4].
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Based on the results of a study involving 14 academic centers in the US, the median overall
survival (OS) of patients refractory to anti-CD38 mAb was only 8.6 months. The median OS
was 11.2 months for patients not simultaneously refractory to an IMiD and a PI, but only
5.6 months for patients who were refractory to anti-CD38 mAb, two proteasome inhibitors,
and two IMiDs, showing the dismal chances of survival for these patients [5]. However, it
is encouraging that the therapeutic options have been greatly expanded in recent years,
and the incorporation of further new agents into routine clinical practice will hopefully
significantly improve the chances of survival of these multi-refractory patients.

New approaches such as chimeric antigen receptor (CAR) T lymphocytes, bispecific
antibodies, and antibody–drug conjugates (ADCs) can significantly improve outcomes
for multi-refractory patients not responding to standard therapies, and these approaches
represent a generational paradigm shift in the treatment of multiple myeloma [6]. B-cell
maturation antigen is one of those antigens expressed on the surface of plasma cells that
can be targeted by these new approaches [7]. BCMA is essential for the proliferation
and survival of plasma cells and is expressed at a much higher level in the surface of
myeloma cells than in the case of other cell types, minimizing the off-target effect of BCMA
targeting antibody–drug conjugates [8]. In August 2020, the Food and Drug Administration
granted accelerated approval to belantamab mafodotin (BLENREP; GlaxoSmithKline),
a BCMA-targeted antibody–drug conjugate for the treatment of patients with relapsed
or refractory multiple myeloma [9]. Belamaf treatment can be administered to patients
who have previously received at least four therapies including an anti-CD38 monoclonal
antibody, an IMiD, and a proteasome inhibitor [10]. The DREAMM (Driving Excellence
in Approaches to Multiple Myeloma) clinical trials initially demonstrated that belamaf
treatment results in a promising overall response rate and progression-free survival even
when employed as a monotherapy [11,12]. Subsequent DREAMM studies demonstrated
deep and durable responses in the heavily pretreated population [13–15], and several
ongoing studies are still investigating the effectiveness of belamaf as a monotherapy
(NTC04162210, NTC04398745, NTC04398680, NTC05064358) or in combination with other
medications (NTC03848845, NTC04126200, NTC03544281, NTC04246047, NTC04484623,
NTC04091126, NTC03715478) [16–23].

Belantamab mafodotin specifically binds BCMA and eliminates multiple myeloma cells
by a multimodal mechanism of action including the inhibition of BCMA receptor signaling
and microtubule polymerization, the induction of antibody-dependent cellular cytotoxicity
(ADCC), and antibody-dependent cellular phagocytosis (ADCP) [24]. Moreover, the release
of markers characteristic of immunogenic cell death potentially leads to an adaptive immune
response and immunologic memory [25]. An important difference between belantamab and
other therapeutic antibodies such as daratumumab and isatuximab is based on the structure
of the Fc region. For daratumumab and isatuximab, the majority of the N-linked biantennary
complex-type oligosaccharides are core fucosylated, whereas belantamab is afucosylated,
which provides an improved binding to FcγRIIIa on the surface of natural killer cells and
enhances ADCC [26]. The in vitro mechanism of action in the co-culture of bone marrow
stromal cells (BM-MSCs) and MMs relies on two processes. On the one hand, its binding to the
BCMA receptor inhibits BCMA signaling and reduces the proliferation and survival of MMs.
On the other hand, belamaf is internalized into the cell and transported to the lysosomes,
where monomethyl auristatin-F is released through proteolytic cleavage. MMAF disrupts the
intracellular microtubule network, causing cell cycle arrest in the G2/M phase checkpoint
and resulting in caspase 3-dependent apoptosis [27].

Here, we show that, in the case of primary myeloma cell cultures established from
bone marrow aspirates of MM patients, the BCMA expression of the malignant plasma cells
derived from different donors is dissimilar, as their positivity varies between 31 and 96%,
according to the flow cytometric analyses. To determine the drug sensitivity of MMs in
either monoculture or their co-culture with autologous BM-MSCs, we selected three primary
myeloma cell cultures with relatively low, medium, or high BCMA expression. Depending
on BCMA expression level, very different cytotoxicity curve patterns were measured with
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high-content screening analysis by applying the same belamaf concentrations in our in vitro
viability assays. In the vast majority of cases, although not for all concentrations of belamaf,
we observed that the survival of MMs was improved when cultured together with BM-
MSCs, rather than without the stromal cells. Therefore, we performed mitochondrial
transfer assays as we previously demonstrated that bone marrow stromal cells led to the
drug resistance of MMs via mitochondrial transfer (MT) in their co-culture in response
to in vitro carfilzomib, venetoclax, or Na-valproate treatment [28]. We found that the MT
from the stromal cells toward the MMs increases proportionally with increasing belamaf
concentrations. In contrast, in the opposite direction, from the MMs to the stromal cells, the
intensity of MT decreased proportionally with increasing concentrations of belamaf. We
found no significant difference between BCMAhigh and BCMAlow myeloma cells regarding
the alteration in MT intensity in the presence of belamaf: the BCMAlow myeloma cells
acquired a significantly higher amount of MSC-derived mitochondria compared to the
untreated co-cultures, similar to the BCMAhigh MMs.

2. Results
2.1. BCMA Positivity of Myeloma Cells in Primary BM-MSC–MM Co-Cultures Derived from
Different Multiple Myeloma Patients

First, we determined the BCMA positivity of primary MMs obtained from ten patients
with intramedullary myeloma. Primary BM-MSC–MM co-cultures were established by
in vitro culturing the mononuclear cells previously separated from bone marrow aspirates by
density gradient centrifugation using Ficoll-Paque. The myeloma cells were removed from
the adherent stromal cells by washing immediately before antibody staining (anti-BCMA
or the corresponding isotype control antibody) and flow cytometric measurement to avoid
phenotypic changes of the MMs that could be caused by the absence of the stromal cells. The
BCMA expression of the MMs was highly variable, as the frequency of BCMA-positive MMs
ranged between 31 and 96% in our primary BM-MSC–MM co-cultures (Figure 1A). These
values were highly similar across the three independent measurements, as shown by the low
standard deviations (Figure 1C). The age, gender, primary genetic alteration and Ig isotype
of the malignant plasma cells, the disease and treatment stage, and drug resistance of the
patients involved in this study are detailed in Supplementary Table S1.

2.2. Cytotoxic Effects of Belantamab Mafodotin on Primary BM-MSC or Myeloma Monocultures,
or Their Co-Cultures

To determine the cytotoxicity of belantamab mafodotin on primary myeloma cell
cultures, first, we analyzed the effect of belamaf on the viability of MMs and BM-MSCs in
their monocultures. To reveal the presumable protective effect of BM-MSCs on myeloma
cells’ survival in the presence of increasing concentrations of the antibody–drug conjugate,
we measured the viability of malignant plasma cells in the BM-MSC–MM co-cultures as
well using the concentration range of belamaf between 0.1 and 1000 µg/mL. Three distinct
myeloma cell cultures were selected for these experiments with different BCMA expressions.
A low (31% positivity), an intermediate (58% positivity), and a high (96% positivity) BCMA-
expressing cell culture were analyzed using a high-content screening method after 72 h of
incubation. Our results show that the BCMA expression level strongly correlates with drug
toxicity on myeloma cells in monocultures and co-cultures (Figure 1B,C).

Based on our results, it can also be concluded that the viability of malignant plasma
cells is higher when cultured together with autologous stromal cells than in monocultures;
thus, BM-MSCs somehow support the survival of malignant plasma cells and delay their
apoptosis in the presence of belamaf. However, the differences observed between the
mono- and co-cultures in terms of the viability of MMs were not significant at each drug
concentration, as shown in Figure 1B. Finally, it is also evident from the viability assay
that the stromal cells are also eradicated by the higher concentrations of belamaf, although
not to the same extent as the malignant plasma cells. Although BCMA is not expressed
on the surface of BM-MSCs, the microtubule disrupter monomethyl auristatin-F certainly
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penetrates the stromal cells and induces programmed cell death. This mechanism most
likely occurs due to pinocytosis.
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cells from the BM-MSC–MM co-cultures were labeled with PE-conjugated anti-BCMA antibody or 
the corresponding isotype control and analyzed by flow cytometry; (B) the cytotoxic effect of in-
creasing belantamab mafodotin concentrations (0.1–1000 µg/mL) was determined in myeloma (red 
line) and BM-MSC (green line) monocultures or the case of myeloma cells in BM-MSC–MM co-cul-
tures (orange line); (C) the BCMA positivity of the three selected myeloma cell cultures for mito-
chondrial transfer assay with a high, medium, and low BCMA expression. Each column shows the 

Figure 1. BCMA positivity of primary myeloma cells, the cytotoxic effect of belantamab mafodotin
on BM-MSC–myeloma cell cultures, and the consequence of in vitro exposing the primary myeloma
cell cultures to belantamab mafodotin regarding the bidirectional mitochondrial transfer between the
malignant plasma cells and the bone marrow stromal cells. (A) CD38-positive primary myeloma cells from
the BM-MSC–MM co-cultures were labeled with PE-conjugated anti-BCMA antibody or the corresponding
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isotype control and analyzed by flow cytometry; (B) the cytotoxic effect of increasing belantamab
mafodotin concentrations (0.1–1000 µg/mL) was determined in myeloma (red line) and BM-MSC
(green line) monocultures or the case of myeloma cells in BM-MSC–MM co-cultures (orange line);
(C) the BCMA positivity of the three selected myeloma cell cultures for mitochondrial transfer
assay with a high, medium, and low BCMA expression. Each column shows the average of three
independent measurements; (D) the effect of belantamab mafodotin on mitochondrial transfer from
BM-MSCs to MMs after 48 h of co-culture. BM-MSCs were labeled with Mitotracker Red FM and then
cultured together with MMs in the presence or absence of belamaf and colcemid. BM-MSC-derived
mitochondria+ MMs were analyzed by flow cytometry within the CD38+ myeloma cell population;
(E) the effect of belantamab mafodotin on mitochondrial transfer from MMs to BM-MSCs after 48 h of
co-culture. MMs were labeled with Mitotracker Red FM and then cultured together with BM-MSCs
in the presence or absence of belamaf and colcemid. MM-derived mitochondria+ BM-MSCs were
analyzed by flow cytometry within the CD146+ stromal cell population.

2.3. Mitochondrial Transfer between BM-MSCs and Malignant Plasma Cells in the Presence of Higher
Doses of Belantamab Mafodotin

Previously, we revealed that conventional anti-myeloma medicines such as the pro-
teasome inhibitor carfilzomib, the BCL-2 inhibitor venetoclax, or the HDAC inhibitor
Na-valproate induce an intensive, bidirectional transfer of functional mitochondria be-
tween bone marrow stromal cells and MMs, which provides remarkable resistance to these
pharmaceuticals for the malignant plasma cells. To uncover whether belamaf induces a
similar process and enhances bidirectional MT between the stromal cells and MMs, we mon-
itored the change in MT in primary BM-MSC–MM co-cultures utilizing high concentrations
of belamaf (500 µg/mL, 1000 µg/mL). Colcemid was also tested as a control reagent, which
similarly acts like the MMAF payload of belamaf and inhibits tubulin polymerization.

The functional mitochondria derived from BM-MSCs previously labeled by Mito-
Tracker Red FM dye were incorporated by MMs (identified by their positivity for CD38)
even without belamaf treatment after 48 h of co-culture, but 500 µg/mL and 1000 µg/mL
belamaf significantly increased the MT in a dose-dependent manner by 22% and 33%, re-
spectively, compared to the untreated cell cultures (Figure 1D). Increasing the concentration
of belamaf led to the elevated apoptosis of MMs, as shown by the cytotoxicity assays, but
MMs that survived incorporated an increasing amount of BM-MSC-derived mitochondria
in response, resulting in elevated resistance to the cytotoxic and pro-apoptotic effect of
belamaf. The transmission of mitochondria from the malignant plasma cells toward the
BM-MSCs in the presence of belamaf was also investigated by measuring the positivity of
CD146+ BM-MSCs for MM cell-derived mitochondria after 48 h of co-culture. Importantly,
while belamaf boosted the MT from BM-MSCs to MM cells, 500 µg/mL and 1000 µg/mL
belamaf significantly reduced the MT in the opposite direction in a dose-dependent manner
by 11% and 24%, respectively (Figure 1E). The effect of colcemid was almost identical to
belamaf regarding the alteration of MT intensity as 1 µM colcemid significantly enhanced
the MT from BM-MSCs to MMs (by 44% on average), but partially blocked the organelle
transfer from MMs towards the BM-MSCs (by 14.5% on average). These results are only
partially comparable to those obtained with the aforementioned medicines (carfilzomib,
venetoclax, Na-valproate), where the number of transferred mitochondria was greatly
increased by these drugs both from BM-MSCs to MMs and from MMs to BM-MSCs. Inter-
estingly, we found no correlation between the drug sensitivity of the malignant plasma cells,
which correlates with their BCMA positivity, and the increase in MT under the influence of
belamaf; although the viability of the three cell cultures was dissimilar at a defined belamaf
concentration depending on the BCMA expression of the MMs, the percentage increase
in the MT was almost identical in all three cultures compared to the untreated control
cultures. This highlights that myeloma cells respond to even mild mitochondrial damage
by intensive mitochondrial incorporation derived from the stromal cells to counteract the
mitochondrial dysfunction and promote survival.
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3. Discussion

Although multiple myeloma accounts for approximately 10% of hematologic malig-
nancies and has the second highest incidence, it is still generally considered an incurable
disease. However, with the introduction of novel therapies into the standard of care in the
recent decade, such as second-generation proteasome inhibitors (carfilzomib, ixazomib),
third-generation immunomodulatory drugs (pomalidomide), HDAC inhibitors (panobi-
nostat), monoclonal antibodies (daratumumab, isatuximab, elotuzumab), and the BCL-2
inhibitor venetoclax, approximately 90% of myeloma patients have a considerable chance
of reaching complete remission and measurable residual disease negativity [4,29,30]. More-
over, the latest therapies including bispecific antibodies, antibody–drug conjugates, and
chimeric antigen receptor T cells show promising efficacy even for multi-refractory patients
with high-risk features and may help to achieve and maintain deep and highly durable
responses [6,31–33].

The antibody–drug conjugate belantamab mafodotin was first approved in 2020 by
the FDA for relapsed/refractory multiple myeloma (RRMM) patients as a monotherapy
treatment [9]. The original authorization was applicable for those myeloma patients who
have received at least four prior therapies including an anti-CD38 monoclonal antibody, a
proteasome inhibitor, and an immunomodulatory drug. Belamaf is an afucosylated IgG1
bioconjugated to the microtubule disrupter monomethyl auristatin-F (MMAF) via a non-
cleavable maleimide linker. It targets B-Cell Maturation Antigen and eliminates MMs by
several mechanisms: (i) the inhibition of the proliferation and survival of MM cells via pro-
hibiting BCMA receptor signaling; (ii) the disturbance of microtubule polymerization and thus
inducing cell cycle arrest in the G2/M phase checkpoint, and a caspase 3-dependent apoptosis;
(iii) the induction of antibody-dependent cellular cytotoxicity (ADCC); (iv) the induction of
antibody-dependent cellular phagocytosis (ADCP); and (v) causes the release of immunogenic
cell death markers and possibly promotes an adaptive immune response [25,27,34,35]. Cur-
rently, a total of 37 clinical trials, including the studies of the DREAMM clinical development
program, are in progress worldwide and investigating the BCMA-targeted antibody–drug
conjugate belamaf therapy in multiple myeloma either as a third- or fourth-line monotherapy
or as a first-, second-, third-, or fourth-line combination therapy using belamaf together with
different anti-cancer drugs or monoclonal antibodies [16–23,36,37].

We started our experiments by determining the BCMA protein expression level of
primary MMs isolated from the bone marrow of multiple myeloma patients by flow cy-
tometry. BCMA is a cell surface receptor belonging to the tumor necrosis factor receptor
family, which shows high expression in both mature B-lymphocytes and plasma cells, but
its expression is significantly increased on the surface of MMs compared to normal plasma
cells. For this reason, many clinical trials are currently using the BCMA-targeted treatment
strategy with antibody–drug conjugates or CAR-T cell products [7,34,38–40]. However,
several studies have reported contrary data regarding the BCMA expression of primary
MMs isolated from the bone marrow of myeloma patients. Based on these investigations,
the BCMA expression seems to vary greatly from patient to patient, and it is even possible
that only ~25% of neoplastic plasma cells show positivity for the BCMA receptor based on
the flow cytometric measurements [41–45]. Of course, this does not exclude the possibility
of detecting BCMA expression at the mRNA level with more sensitive laboratory tech-
niques (e.g., mRNA microarray, real-time qRT-PCR, or RNA-seq). Still, for the appropriate
therapeutic efficacy of an antibody–drug conjugate, there must be a suitable antigen density
on the target cells’ surface. A recently published important study also highlighted that the
biallelic loss of BCMA is one of the mechanisms of resistance to anti-BCMA CAR T-cell
therapy with idecabtagene vicleucel [46]. Our results also show that in primary BM-MSC–
MM co-cultures established from bone marrow aspirates of myeloma patients, the BCMA
expression of neoplastic plasma cells varies greatly between patients (~31–96%) according
to the flow cytometric measurements. As a result of clonal competition with alternating
dominance in multiple myeloma, BCMA-negative myeloma subclones or myeloma sub-
clones with low BCMA expression can develop alternative pathways to survive without
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BCMA. Of course, there is a chance that these subclones only lost their BCMA expression
under in vitro conditions or became dominant in the cell culture during in vitro cultivation,
but this is not at all certain to be the case. On the one hand, 70–80% of our primary cell
cultures showed robust BCMA expression according to flow cytometric analysis, and this
level did not decrease during culture, which was only a few passages from the isolation
until the end of the three repeated measurements. Similar to the myeloma cell lines, much
more intensive and long-term cultivation would be required for a subclone to lose its BCMA
positivity and outgrow the BCMA-positive cell population. On the other hand, even if the
reason for low BCMA subclones becoming dominant is due to cell cultivation, this could
also happen in the bone marrow of the patients due to the high selection pressure caused
by drug treatments, especially since it is a heavily pretreated patient group.

In our subsequent experiments, we selected three different myeloma cell cultures
with high (96%), medium (58%), and low (31%) BCMA expression for testing the cytotox-
icity of belamaf in the case of myeloma and BM-MSC monocultures, or BM-MSC–MM
co-cultures at the concentration range of 0.1–1000 µg/mL using the HCS method. Our
results confirmed that the expression level of BCMA strongly correlates with drug toxicity
exerted on MMs both in monocultures and co-cultures. Based on our results, it can also
be concluded that the viability of malignant plasma cells is higher when cultured together
with autologous BM-MSCs than alone; thus, BM-MSCs somehow support the survival
and delay the apoptosis of malignant plasma cells in the presence of belamaf. It should be
noted that the observed differences between mono- and co-cultures regarding the viability
of MMs were not significant for each drug concentration. These results are consistent with
our previous findings, where the resistance of MMs increased when they were cultured
together with autologous BM-MSCs in the presence of either the proteasome inhibitor
carfilzomib, the BCL2 inhibitor venetoclax, or the HDAC inhibitor Na-valproate [28].

Finally, our mitochondrial transfer assay revealed how BM-MSCs can support the
survival and delay the apoptosis of malignant plasma cells in the presence of belamaf. Pre-
viously we demonstrated that the transfer of BM-MSC-derived mitochondria into the MMs
was greatly increased by carfilzomib, venetoclax, and Na-valproate in a dose-dependent
fashion. The results obtained in the case of belamaf were highly similar: compared to
untreated co-cultures, malignant plasma cells received even more functional mitochon-
dria from BM-MSCs due to the treatment, which promoted their resistance to belamaf.
However, importantly, we obtained different results regarding the MT for the opposite
direction, from MMs towards the stromal cells. In the presence of carfilzomib, venetoclax,
and Na-valproate, the MT from MMs towards the BM-MSCs was also increased compared
to the untreated co-cultures, promoting MMs to discard their damaged or dysfunctional
mitochondria, resulting in decreased ROS levels. However, in the presence of belamaf, MT
was inhibited in this direction, and additionally, the same results were obtained using col-
cemid, which similarly to the MMAF payload of belamaf, inhibits tubulin polymerization.
Additionally, we previously observed a similar trend using cytochalasin D, which inhibits
actin polymerization; the MT was increased from BM-MSCs to MMs, but prohibited in the
opposite direction. One hypothesis explaining this phenomenon might be that the inhibi-
tion of actin or tubulin polymerization hinders the transfer of mitochondria through the
tunneling nanotubes (TNTs) of plasma cell origin, since it has already been demonstrated
that MT through TNTs requires both actin and tubulin polymerization [47]. However,
when TNT formation and organelle transfer are inhibited through these structures between
MMs and BM-MSCs, either by cytochalasin D, colcemid, or belamaf, MMs respond with
very close adherence to the stromal cells and MT continues from BM-MSCs to MM cells
even more intensively through myeloma cell-derived cell projections after the partial cell
membrane fusion of the two cell types. We previously demonstrated the rising dominance
of this mechanism in the presence of cytochalasin D, where the number of TNTs between
BM-MSCs and MMs was radically reduced, but the MSC-derived mitochondrial incorpora-
tion by MMs was significantly increased. In light of the current results, the same process
occurs in the presence of belamaf in terms of mitochondrial transfer.
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4. Materials and Methods
4.1. Cell Isolation and Culture

Experiments using primary cells from patients with intramedullary myeloma were
approved by the Ethics and Scientific Committee of the Central Hospital of Southern Pest—
National Institute of Hematology and Infectious Diseases (OGYÉI/50268-8/2017). Bone
marrow aspirates were collected by sternal bone marrow puncture after patients provided
written informed consent. Bone marrow mononuclear cells (BM-MNCs) were isolated
by density gradient centrifugation using Ficoll-Paque PLUS (GE Healthcare Bio-Sciences,
Pittsburgh, PA, USA) according to the manufacturer’s instructions. The BM-MNCs were
then cultured for 3 days in DMEM/F12 growth medium supplemented by 10% v/v FBS,
2 mM L-glutamine, 100 IU/mL of penicillin, and 100 µg/mL of streptomycin. Medium
and all supplements were purchased from Thermo Fisher Scientific (Waltham, MA, USA).
After 3 days, the growth medium was changed, and the cells were cultured for at least four
weeks. Cell cultures containing only stromal cells and intensively proliferating malignant
plasma cells were trypsinized, washed with PBS buffer (purchased from Thermo Fisher
Scientific), and finally cryopreserved or prepared for subsequent experiments. BM-MSCs
intended for experimental purposes were rid of the MMs by repetitive thorough washing
with culture media and passaging. If needed for pure separation, stromal cells were labeled
with anti-CD146 Alexa Fluor 488 antibody (BioLegend, San Diego, CA, USA) and sorted by
the FACSAria flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). Homogeneous
primary MMs were obtained from BM-MSC–MM co-cultures by washing off the MMs
attached to the adherent BM-MSC monolayer with the growth medium. Only completely
separated homogeneous BM-MSC or MMs cultures were used for further experiments.

4.2. Flow Cytometry

To determine the BCMA positivity of primary MMs, co-cultures were washed with
PBS buffer, trypsinized, and resuspended in 0.5% BSA/PBS buffer (buffers and trypsin were
purchased from Thermo Fisher Scientific). Anti-CD38 Alexa Fluor 488 (BioLegend) was
used to distinguish MMs from BM-MSCs. The cells were incubated with the fluorescently
labeled monoclonal antibody in 0.5% BSA/PBS for 30 min at 37 ◦C, washed twice with 0.5%
BSA/PBS buffer (centrifuged at 300× g for 10 min), and finally resuspended in fresh buffer.
Then, the BCMA positivity of MMs was determined by labeling the MMs with anti-CD269
(BCMA) PE-conjugated antibody (Miltenyi Biotech, Bergisch Gladbach, Germany) or the
corresponding isotype control antibody according to the manufacturer’s instructions: cells
were washed with 0.5% BSA/PBS buffer, resuspended in fresh buffer, and incubated with
the antibody for 10 min in the dark at 4 ◦C. After washing with buffer, the cells were
resuspended and analyzed with a MACSQuant Analyzer 10 Flow Cytometer; the data were
analyzed with MACSQuantify Software 2.13 (Miltenyi Biotech).

4.3. In Vitro Cytotoxicity Assay

The cytotoxic effects of belantamab mafodotin on separate BM-MSC or myeloma
cultures, or BM-MSC–MM co-cultures were determined utilizing a high-content screening
(HCS) method using the ImageXpress Pico Automated Cell Imaging System (Molecular
Devices, San Jose, CA, USA). In the case of monocultures, 1 × 103 BM-MSCs/well or
1 × 104 MMs/well, while in the case of co-cultures, 1 × 103 BM-MSCs + 1 × 104 MMs/well
were seeded on 96-well TC plates (Eppendorf, Hamburg, Germany). The cells were
incubated in the presence of Blenrep (stock solution: solution for infusion—50 mg/mL),
employing a concentration range of 0.1–1000 µg/mL for 72 h at 37 ◦C in a CO2 incubator.
After incubation, Hoechst 33342 dye was added to each well in a final concentration of
100 ng/mL for 1 h to discriminate stromal cells and malignant plasma cells based on their
nucleus size. Finally, propidium iodide was added to each well at a final concentration of
1 µg/mL. The viability of belamaf-treated or untreated cell cultures was evaluated using
the CellReporterX-press Image Acquisition and Analysis Software (Molecular Devices).
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4.4. Mitochondrial Transfer Assay

Separated BM-MSCs or MMs were labeled with MitoTracker Red FM dye (Thermo
Fisher Scientific) at a final concentration of 200 nM in 1X HBSS buffer at 37 ◦C for 15 min.
Next, cells were washed with supplemented DMEM/F12 growth medium three times.
BM-MSCs were seeded in a 24-well plate (Eppendorf) at a density of 2.5 × 104 cells/well,
while MMs were transferred into T75 flasks (Eppendorf). Stained MMs or BM-MSCs were
further cultured for 72 h at 37 ◦C in a CO2 incubator then the stained cells were washed
again with DMEM/F12 growth medium. Co-cultures were established using a 1:10 BM-
MSC (2.5 × 104 cells/well): MM cell (2.5 × 105 cells/well) ratio. MitoTracker-labeled
BM-MSCs and unlabeled MMs or MitoTracker-labeled MMs and unlabeled BM-MSCs were
seeded on 24-well plates, and the cells were incubated for 48 h in the presence or absence of
belantamab mafodotin (500 µg/mL or 1000 µg/mL final concentration). After culturing the
cells together for 48 h, the cells were trypsinized, washed, and incubated with fluorescently
labeled anti-CD146 Alexa Fluor 488 or anti-CD38 Alexa Fluor 488 monoclonal antibody
(BioLegend) to distinguish MitoTracker unlabeled BM-MSCs/MMs and the other cell type
previously stained with the MitoTracker Red FM dye. MitoTracker red fluorescence was
analyzed by a MACSQuant Analyzer 10 Flow Cytometer (Miltenyi Biotec).

4.5. Statistical Evaluation

The data are presented as the mean of three repeated experiments of biological parallels
± SD. Statistical significance was tested using paired Student’s t-tests, and p < 0.05 was
considered to indicate a significant difference.

5. Conclusions

In summary, we can conclude that the cytotoxic effect of belantamab mafodotin on
primary myeloma cells varies depending on the BCMA protein level of the malignant
plasma cells. However, when cultured with autologous BM-MSCs, the resistance of MMs
to belamaf increases, although not significantly at each concentration. In our co-culture
model, the resistance and survival of MMs were significantly enhanced by the acquisition
of functional mitochondria derived from BM-MSCs in answer to belamaf treatment, similar
to the proteasome inhibitor carfilzomib, the BCL-2 inhibitor venetoclax, or the HDAC in-
hibitor Na-valproate. As we previously demonstrated, these medicines ultimately damage
the mitochondria of MMs, to which the response involves the recruitment of functional
mitochondria from the stromal cells. Here, we show that the same resistance mechanism
occurs in vitro as a result of belamaf treatment. It is important to emphasize that the BCMA
positivity of some myeloma subclones can be radically reduced spontaneously or as a
possible result of long-term drug treatment, which can be a resistance mechanism against
BCMA-targeted therapies. These subclones may not only be detectable in primary cell
cultures, but probably also in the patient’s bone marrow. Therefore, it is definitely worth
giving priority to combined therapies over belamaf monotherapy, as this way the chance of
antigen escape can be significantly reduced, and hopefully, we may get closer to challenging
the dogma that multiple myeloma is an incurable disease.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijms24065303/s1.

Author Contributions: Conceptualization: Z.M., G.M. and F.U.; formal analysis: Z.M.; funding ac-
quisition: I.V.-N.; investigation: Z.M. and G.M.; methodology: Z.M., G.M. and F.U.; writing—original
draft: Z.M.; writing—review and editing: G.M., F.U. and I.V.-N. All authors have contributed sub-
stantially to the work. All authors have read and agreed to the published version of the manuscript.

Funding: This work was implemented within the projects NVKP_16-1-2016-0005 and TKP2020-
NKA-19 with the support of the Ministry of Innovation and Technology and the National Research,
Development and Innovation Office, Hungary. Publication costs were in part covered by a grant from
the Hungarian Society for Hematology and Transfusiology.

https://www.mdpi.com/article/10.3390/ijms24065303/s1
https://www.mdpi.com/article/10.3390/ijms24065303/s1


Int. J. Mol. Sci. 2023, 24, 5303 10 of 12

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics and Scientific Committee of the Central Hospital
of Southern Pest—National Institute of Hematology and Infectious Diseases (OGYÉI/50268-8/2017).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in the study.

Data Availability Statement: All data analyzed during this study are included in this manuscript
and the Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. van de Donk, N.; Pawlyn, C.; Yong, K.L. Multiple myeloma. Lancet 2021, 397, 410–427. [CrossRef]
2. Rajkumar, S.V. Multiple myeloma: 2022 update on diagnosis, risk stratification, and management. Am. J. Hematol. 2022, 97, 1086–1107.

[CrossRef]
3. Moreau, P. How I treat myeloma with new agents. Blood 2017, 130, 1507–1513. [CrossRef]
4. Bal, S.; Giri, S.; Godby, K.N.; Costa, L.J. New regimens and directions in the management of newly diagnosed multiple myeloma.

Am. J. Hematol. 2021, 96, 367–378. [CrossRef]
5. Gandhi, U.H.; Cornell, R.F.; Lakshman, A.; Gahvari, Z.J.; McGehee, E.; Jagosky, M.H.; Gupta, R.; Varnado, W.; Fiala, M.A.;

Chhabra, S.; et al. Outcomes of patients with multiple myeloma refractory to CD38-targeted monoclonal antibody therapy.
Leukemia 2019, 33, 2266–2275. [CrossRef]

6. Lakshman, A.; Kumar, S.K. Chimeric antigen receptor T-cells, bispecific antibodies, and antibody- drug conjugates for multiple
myeloma: An update. Am. J. Hematol. 2022, 97, 99–118. [CrossRef]

7. Davis, J.A.; Shockley, A.; Hashmi, H. The emergence of b-cell maturation antigen (BCMA) targeting immunotherapy in multiple
myeloma. J. Oncol. Pharm. Pract. Off. Publ. Int. Soc. Oncol. Pharm. Pract. 2022, 28, 960–968. [CrossRef]

8. Cho, S.F.; Anderson, K.C.; Tai, Y.T. Targeting B Cell Maturation Antigen (BCMA) in Multiple Myeloma: Potential Uses of
BCMA-Based Immunotherapy. Front. Immunol. 2018, 9, 1821. [CrossRef]

9. Markham, A. Belantamab Mafodotin: First Approval. Drugs 2020, 80, 1607–1613. [CrossRef]
10. Becnel, M.R.; Lee, H.C. The role of belantamab mafodotin for patients with relapsed and/or refractory multiple myeloma. Ther.

Adv. Hematol. 2020, 11, 2040620720979813. [CrossRef] [PubMed]
11. Tai, Y.T.; Mayes, P.A.; Acharya, C.; Zhong, M.Y.; Cea, M.; Cagnetta, A.; Craigen, J.; Yates, J.; Gliddon, L.; Fieles, W.; et al. Novel

anti-B-cell maturation antigen antibody-drug conjugate (GSK2857916) selectively induces killing of multiple myeloma. Blood
2014, 123, 3128–3138. [CrossRef] [PubMed]

12. Trudel, S.; Lendvai, N.; Popat, R.; Voorhees, P.M.; Reeves, B.; Libby, E.N.; Richardson, P.G.; Anderson, L.D., Jr.; Sutherland, H.J.;
Yong, K.; et al. Targeting B-cell maturation antigen with GSK2857916 antibody-drug conjugate in relapsed or refractory multiple
myeloma (BMA117159): A dose escalation and expansion phase 1 trial. Lancet Oncol. 2018, 19, 1641–1653. [CrossRef]

13. Lonial, S.; Lee, H.C.; Badros, A.; Trudel, S.; Nooka, A.K.; Chari, A.; Abdallah, A.O.; Callander, N.; Lendvai, N.; Sborov, D.; et al.
Belantamab mafodotin for relapsed or refractory multiple myeloma (DREAMM-2): A two-arm, randomised, open-label, phase 2
study. Lancet Oncol. 2020, 21, 207–221. [CrossRef] [PubMed]

14. Trudel, S.; Lendvai, N.; Popat, R.; Voorhees, P.M.; Reeves, B.; Libby, E.N.; Richardson, P.G.; Hoos, A.; Gupta, I.; Bragulat, V.; et al.
Antibody-drug conjugate, GSK2857916, in relapsed/refractory multiple myeloma: An update on safety and efficacy from dose
expansion phase I study. Blood Cancer J. 2019, 9, 37. [CrossRef] [PubMed]

15. Lonial, S.; Lee, H.C.; Badros, A.; Trudel, S.; Nooka, A.K.; Chari, A.; Abdallah, A.O.; Callander, N.; Sborov, D.; Suvannasankha, A.;
et al. Longer term outcomes with single-agent belantamab mafodotin in patients with relapsed or refractory multiple myeloma:
13-month follow-up from the pivotal DREAMM-2 study. Cancer 2021, 127, 4198–4212. [CrossRef] [PubMed]

16. Nooka, A.K.; Weisel, K.; van de Donk, N.W.; Routledge, D.; Otero, P.R.; Song, K.; Quach, H.; Callander, N.; Minnema, M.C.;
Trudel, S.; et al. Belantamab mafodotin in combination with novel agents in relapsed/refractory multiple myeloma: DREAMM-5
study design. Future Oncol. 2021, 17, 1987–2003. [CrossRef]

17. Hultcrantz, M.; Kleinman, D.; Ghataorhe, P.; McKeown, A.; He, W.; Ling, T.; Jewell, R.C.; Brunner, J.; Byrne, J.; Eliason, L.; et al.
Exploring Alternative Dosing Regimens of Single-Agent Belantamab Mafodotin on Safety and Efficacy in Patients with Relapsed
or Refractory Multiple Myeloma: DREAMM-14. Blood 2021, 138, 1645. [CrossRef]

18. Weisel, K.; Hopkins, T.G.; Fecteau, D.; Bao, W.; Quigley, C.; Jewell, R.C.; Nichols, M.; Opalinska, J. Dreamm-3: A Phase 3,
Open-Label, Randomized Study to Evaluate the Efficacy and Safety of Belantamab Mafodotin (GSK2857916) Monotherapy
Compared with Pomalidomide Plus Low-Dose Dexamethasone (Pom/Dex) in Participants with Relapsed/Refractory Multiple
Myeloma (RRMM). Blood 2019, 134, 1900. [CrossRef]

19. Popat, R.; Nooka, A.; Stockerl-Goldstein, K.; Abonour, R.; Ramaekers, R.; Khot, A.; Forbes, A.; Lee, C.; Augustson, B.; Spencer,
A.; et al. DREAMM-6: Safety, Tolerability and Clinical Activity of Belantamab Mafodotin (Belamaf) in Combination with
Bortezomib/Dexamethasone (BorDex) in Relapsed/Refractory Multiple Myeloma (RRMM). Blood 2020, 136, 19–20. [CrossRef]

http://doi.org/10.1016/S0140-6736(21)00135-5
http://doi.org/10.1002/ajh.26590
http://doi.org/10.1182/blood-2017-05-743203
http://doi.org/10.1002/ajh.26080
http://doi.org/10.1038/s41375-019-0435-7
http://doi.org/10.1002/ajh.26379
http://doi.org/10.1177/10781552211073517
http://doi.org/10.3389/fimmu.2018.01821
http://doi.org/10.1007/s40265-020-01404-x
http://doi.org/10.1177/2040620720979813
http://www.ncbi.nlm.nih.gov/pubmed/33403093
http://doi.org/10.1182/blood-2013-10-535088
http://www.ncbi.nlm.nih.gov/pubmed/24569262
http://doi.org/10.1016/S1470-2045(18)30576-X
http://doi.org/10.1016/S1470-2045(19)30788-0
http://www.ncbi.nlm.nih.gov/pubmed/31859245
http://doi.org/10.1038/s41408-019-0196-6
http://www.ncbi.nlm.nih.gov/pubmed/30894515
http://doi.org/10.1002/cncr.33809
http://www.ncbi.nlm.nih.gov/pubmed/34314018
http://doi.org/10.2217/fon-2020-1269
http://doi.org/10.1182/blood-2021-152224
http://doi.org/10.1182/blood-2019-129893
http://doi.org/10.1182/blood-2020-139332


Int. J. Mol. Sci. 2023, 24, 5303 11 of 12

20. Rifkin, R.M.; Boyd, K.; Grosicki, S.; Kim, K.; Di Raimondo, F.; Dimopoulos, M.A.; Weisel, K.; Arnulf, B.; Hajek, R.; Hungria,
V.T.M.; et al. DREAMM-7: A Phase III Study of the Efficacy and Safety of Belantamab Mafodotin (Belamaf) with Bortezomib, and
Dexamethasone (B-Vd) in Patients with Relapsed/Refractory Multiple Myeloma (RRMM). Blood 2020, 136, 53–54. [CrossRef]

21. Trudel, S.; Davis, R.; Lewis, N.M.; Bakshi, K.K.; Chopra, B.; Montes de Oca, R.; Ferron-Brady, G.; Eliason, L.; Kremer, B.E.;
Gupta, I.; et al. DREAMM-8: A Phase III Study of the Efficacy and Safety of Belantamab Mafodotin with Pomalidomide and
Dexamethasone (B-Pd) Vs Pomalidomide Plus Bortezomib and Dexamethasone (PVd) in Patients with Relapsed/Refractory
Multiple Myeloma (RRMM). Blood 2020, 136, 4. [CrossRef]

22. Usmani, S.Z.; Alonso Alonso, A.; Quach, H.; Koh, Y.; Guenther, A.; Min, C.-K.; Zhou, X.L.; Kaisermann, M.; Mis, L.M.; Williams,
D.; et al. DREAMM-9: Phase I Study of Belantamab Mafodotin Plus Standard of Care in Patients with Transplant-Ineligible
Newly Diagnosed Multiple Myeloma. Blood 2021, 138, 2738. [CrossRef]

23. Callander, N.S.; Ribrag, V.; Richardson, P.G.; Nooka, A.K.; Song, K.; Uttervall, K.; Minnema, M.C.; Weisel, K.; Quach, H.; Min,
C.-K.; et al. DREAMM-5 Study: Investigating the Synergetic Effects of Belantamab Mafodotin Plus Inducible T-Cell Co-Stimulator
Agonist (aICOS) Combination Therapy in Patients with Relapsed/Refractory Multiple Myeloma. Blood 2021, 138, 897. [CrossRef]

24. Fu, Z.; Li, S.; Han, S.; Shi, C.; Zhang, Y. Antibody drug conjugate: The “biological missile” for targeted cancer therapy. Signal
Transduct. Target. Ther. 2022, 7, 93. [CrossRef] [PubMed]

25. Montes de Oca, R.; Alavi, A.S.; Vitali, N.; Bhattacharya, S.; Blackwell, C.; Patel, K.; Seestaller-Wehr, L.; Kaczynski, H.; Shi, H.;
Dobrzynski, E.; et al. Belantamab Mafodotin (GSK2857916) Drives Immunogenic Cell Death and Immune-mediated Antitumor
Responses In Vivo. Mol. Cancer Ther. 2021, 20, 1941–1955. [CrossRef] [PubMed]

26. Satoh, M.; Iida, S.; Shitara, K. Non-fucosylated therapeutic antibodies as next-generation therapeutic antibodies. Expert Opin. Biol.
Ther. 2006, 6, 1161–1173. [CrossRef]

27. Offidani, M.; Corvatta, L.; More, S.; Olivieri, A. Belantamab Mafodotin for the Treatment of Multiple Myeloma: An Overview of
the Clinical Efficacy and Safety. Drug Des. Dev. Ther. 2021, 15, 2401–2415. [CrossRef]

28. Matula, Z.; Mikala, G.; Lukacsi, S.; Matko, J.; Kovacs, T.; Monostori, E.; Uher, F.; Valyi-Nagy, I. Stromal Cells Serve Drug Resistance
for Multiple Myeloma via Mitochondrial Transfer: A Study on Primary Myeloma and Stromal Cells. Cancers 2021, 13, 3461.
[CrossRef]

29. Joseph, N.S.; Kaufman, J.L.; Dhodapkar, M.V.; Hofmeister, C.C.; Almaula, D.K.; Heffner, L.T.; Gupta, V.A.; Boise, L.H.; Lonial,
S.; Nooka, A.K. Long-Term Follow-Up Results of Lenalidomide, Bortezomib, and Dexamethasone Induction Therapy and
Risk-Adapted Maintenance Approach in Newly Diagnosed Multiple Myeloma. J. Clin. Oncol. 2020, 38, 1928–1937. [CrossRef]

30. Boudreault, J.S.; Touzeau, C.; Moreau, P. Triplet combinations in relapsed/refractory myeloma: Update on recent phase 3 trials.
Expert Rev. Hematol. 2017, 10, 207–215. [CrossRef]

31. Su, C.T.; Ye, J.C. Emerging therapies for relapsed/refractory multiple myeloma: CAR-T and beyond. J. Hematol. Oncol. 2021, 14, 115.
[CrossRef] [PubMed]

32. Steinbach, M.; Julian, K.; McClune, B.; Sborov, D.W. Toxicity management strategies for next-generation novel therapeutics in
multiple myeloma. Ther. Adv. Hematol. 2022, 13, 20406207221100659. [CrossRef]

33. Yu, B.; Jiang, T.; Liu, D. BCMA-targeted immunotherapy for multiple myeloma. J. Hematol. Oncol. 2020, 13, 125. [CrossRef]
34. Nobari, S.T.; Nojadeh, J.N.; Talebi, M. B-cell maturation antigen targeting strategies in multiple myeloma treatment, advantages

and disadvantages. J. Transl. Med. 2022, 20, 82. [CrossRef]
35. Fucikova, J.; Kepp, O.; Kasikova, L.; Petroni, G.; Yamazaki, T.; Liu, P.; Zhao, L.; Spisek, R.; Kroemer, G.; Galluzzi, L. Detection of

immunogenic cell death and its relevance for cancer therapy. Cell Death Dis. 2020, 11, 1013. [CrossRef] [PubMed]
36. Lassiter, G.; Bergeron, C.; Guedry, R.; Cucarola, J.; Kaye, A.M.; Cornett, E.M.; Kaye, A.D.; Varrassi, G.; Viswanath, O.; Urits, I.

Belantamab Mafodotin to Treat Multiple Myeloma: A Comprehensive Review of Disease, Drug Efficacy and Side Effects. Curr.
Oncol. 2021, 28, 640–660. [CrossRef] [PubMed]

37. Richardson, P.G.; Nooka, A.; Quach, H.; Trudel, S.; Routledge, D.; Song, K.; Nahi, H.; Paul, S.; Khan, J.; Brouch, M.; et al.
Dreamm-5 Platform Trial: Belantamab Mafodotin (Belamaf) in Combination with Four Different Novel Agents in Patients with
Relapsed/Refractory Multiple Myeloma (RRMM). Blood 2020, 136, 1–2. [CrossRef]

38. Paul, B.; Rodriguez, C.; Usmani, S.Z. BCMA-Targeted Biologic Therapies: The Next Standard of Care in Multiple Myeloma
Therapy. Drugs 2022, 82, 613–631. [CrossRef]

39. Manier, S.; Ingegnere, T.; Escure, G.; Prodhomme, C.; Nudel, M.; Mitra, S.; Facon, T. Current state and next-generation CAR-T
cells in multiple myeloma. Blood Rev. 2022, 54, 100929. [CrossRef]

40. Nishida, H. Rapid Progress in Immunotherapies for Multiple Myeloma: An Updated Comprehensive Review. Cancers 2021, 13, 2712.
[CrossRef]

41. Bu, D.X.; Singh, R.; Choi, E.E.; Ruella, M.; Nunez-Cruz, S.; Mansfield, K.G.; Bennett, P.; Barton, N.; Wu, Q.; Zhang, J.; et al.
Pre-clinical validation of B cell maturation antigen (BCMA) as a target for T cell immunotherapy of multiple myeloma. Oncotarget
2018, 9, 25764–25780. [CrossRef] [PubMed]

42. Quinn, J.; Glassford, J.; Percy, L.; Munson, P.; Marafioti, T.; Rodriguez-Justo, M.; Yong, K. APRIL promotes cell-cycle progression
in primary multiple myeloma cells: Influence of D-type cyclin group and translocation status. Blood 2011, 117, 890–901. [CrossRef]
[PubMed]

http://doi.org/10.1182/blood-2020-139181
http://doi.org/10.1182/blood-2020-139785
http://doi.org/10.1182/blood-2021-153315
http://doi.org/10.1182/blood-2021-152662
http://doi.org/10.1038/s41392-022-00947-7
http://www.ncbi.nlm.nih.gov/pubmed/35318309
http://doi.org/10.1158/1535-7163.MCT-21-0035
http://www.ncbi.nlm.nih.gov/pubmed/34253590
http://doi.org/10.1517/14712598.6.11.1161
http://doi.org/10.2147/DDDT.S267404
http://doi.org/10.3390/cancers13143461
http://doi.org/10.1200/JCO.19.02515
http://doi.org/10.1080/17474086.2017.1285694
http://doi.org/10.1186/s13045-021-01109-y
http://www.ncbi.nlm.nih.gov/pubmed/34301270
http://doi.org/10.1177/20406207221100659
http://doi.org/10.1186/s13045-020-00962-7
http://doi.org/10.1186/s12967-022-03285-y
http://doi.org/10.1038/s41419-020-03221-2
http://www.ncbi.nlm.nih.gov/pubmed/33243969
http://doi.org/10.3390/curroncol28010063
http://www.ncbi.nlm.nih.gov/pubmed/33494319
http://doi.org/10.1182/blood-2020-139182
http://doi.org/10.1007/s40265-022-01697-0
http://doi.org/10.1016/j.blre.2022.100929
http://doi.org/10.3390/cancers13112712
http://doi.org/10.18632/oncotarget.25359
http://www.ncbi.nlm.nih.gov/pubmed/29899820
http://doi.org/10.1182/blood-2010-01-264424
http://www.ncbi.nlm.nih.gov/pubmed/20709908


Int. J. Mol. Sci. 2023, 24, 5303 12 of 12

43. Lee, L.; Bounds, D.; Paterson, J.; Herledan, G.; Sully, K.; Seestaller-Wehr, L.M.; Fieles, W.E.; Tunstead, J.; McCahon, L.; Ger-
maschewski, F.M.; et al. Evaluation of B cell maturation antigen as a target for antibody drug conjugate mediated cytotoxicity in
multiple myeloma. Br. J. Haematol. 2016, 174, 911–922. [CrossRef]

44. Bluhm, J.; Kieback, E.; Marino, S.F.; Oden, F.; Westermann, J.; Chmielewski, M.; Abken, H.; Uckert, W.; Hopken, U.E.; Rehm, A.
CAR T Cells with Enhanced Sensitivity to B Cell Maturation Antigen for the Targeting of B Cell Non-Hodgkin’s Lymphoma and
Multiple Myeloma. Mol. Ther. J. Am. Soc. Gene Ther. 2018, 26, 1906–1920. [CrossRef]

45. Dogan, A.; Siegel, D.; Tran, N.; Fu, A.; Fowler, J.; Belani, R.; Landgren, O. B-cell maturation antigen expression across hematologic
cancers: A systematic literature review. Blood Cancer J. 2020, 10, 73. [CrossRef]

46. Samur, M.K.; Fulciniti, M.; Aktas Samur, A.; Bazarbachi, A.H.; Tai, Y.T.; Prabhala, R.; Alonso, A.; Sperling, A.S.; Campbell, T.;
Petrocca, F.; et al. Biallelic loss of BCMA as a resistance mechanism to CAR T cell therapy in a patient with multiple myeloma.
Nat. Commun. 2021, 12, 868. [CrossRef]

47. Zaccard, C.R.; Rinaldo, C.R.; Mailliard, R.B. Linked in: Immunologic membrane nanotube networks. J. Leukoc. Biol. 2016, 100, 81–94.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/bjh.14145
http://doi.org/10.1016/j.ymthe.2018.06.012
http://doi.org/10.1038/s41408-020-0337-y
http://doi.org/10.1038/s41467-021-21177-5
http://doi.org/10.1189/jlb.4VMR0915-395R

	Introduction 
	Results 
	BCMA Positivity of Myeloma Cells in Primary BM-MSC–MM Co-Cultures Derived from Different Multiple Myeloma Patients 
	Cytotoxic Effects of Belantamab Mafodotin on Primary BM-MSC or Myeloma Monocultures, or Their Co-Cultures 
	Mitochondrial Transfer between BM-MSCs and Malignant Plasma Cells in the Presence of Higher Doses of Belantamab Mafodotin 

	Discussion 
	Materials and Methods 
	Cell Isolation and Culture 
	Flow Cytometry 
	In Vitro Cytotoxicity Assay 
	Mitochondrial Transfer Assay 
	Statistical Evaluation 

	Conclusions 
	References

