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Key Points

• Teclistamab is
a BCMAxCD3 bispe-
cific antibody that can
induce T cell–mediated
killing of BCMA1 cells.

• Teclistamab is currently
in a phase 1 clinical
trial in patients with
relapsed/refractory
MM.

B-cell maturation antigen (BCMA), a member of the tumor necrosis factor family of

receptors, is predominantly expressed on the surface of terminally differentiated B cells.

BCMA is highly expressed on plasmablasts and plasma cells from multiple myeloma (MM)

patient samples. We developed a BCMAxCD3 bispecific antibody (teclistamab [JNJ-64007957])

to recruit and activate T cells to kill BCMA-expressing MM cells. Teclistamab induced

cytotoxicity of BCMA1 MM cell lines in vitro (H929 cells, 50% effective concentration [EC50] 5

0.15 nM;MM.1R cells, EC505 0.06 nM; RPMI 8226 cells, EC505 0.45 nM)with concomitant T-cell

activation (H929 cells, EC505 0.21 nM;MM.1R cells, EC505 0.1 nM; RPMI 8226 cells, EC505 0.28

nM) and cytokine release. This activity was further increased in the presence of a g-secretase

inhibitor (LY-411575). Teclistamab also depleted BCMA1 cells in bone marrow samples

from MM patients in an ex vivo assay with an average EC50 value of 1.7 nM. Under more

physiological conditions using healthy human whole blood, teclistamab mediated dose-

dependent lysis of H929 cells and activation of T cells. Antitumor activity of teclistamab was

also observed in 2 BCMA1 MM murine xenograft models inoculated with human T cells

(tumor inhibition with H929 model and tumor regression with the RPMI 8226 model)

compared with vehicle and antibody controls. The specific and potent activity of teclistamab

against BCMA-expressing cells from MM cell lines, patient samples, and MM xenograft

models warrant further evaluation of this bispecific antibody for the treatment of MM.

Phase 1 clinical trials (monotherapy, #NCT03145181; combination therapy, #NCT04108195)

are ongoing for patients with relapsed/refractory MM.

Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder that leads to clonal proliferation of terminally
differentiated plasma cells in the bone marrow (BM) and accounts for ;10% of all hematologic
cancers.1 MM is characterized by overproduction of M protein, which can lead to bone lesions,
increased susceptibility to infections, anemia, hypercalcemia, and renal insufficiency.2 Within the past
decade, the introduction of proteasome inhibitors, immunomodulatory drugs, and monoclonal antibodies
has changed the landscape of myeloma management, leading to improved disease control and
prolonged survival.3-12 Despite these therapeutic advances, nearly all patients will eventually relapse
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and become refractory to available therapies.4,13 Given the poor
prognosis and limited treatment options in the relapsed/refractory
disease setting, novel therapeutic approaches for MM are needed.

B-cell maturation antigen (BCMA, CD269, TNFRSF17) is a 20 kDa
receptor that is selectively expressed in the B-cell lineage and is
also widely expressed on MM cells (in addition to smoldering MM
and monoclonal gammopathy of undetermined significance).14-16

Upon binding to its ligands, a proliferation-inducing ligand (APRIL;
CD256) and BAFF (CD257), BCMA activates p38/NF-kB and
induces upregulation of antiapoptotic proteins to regulate B-cell
maturation, proliferation, and survival.16-20 Increased levels of
a soluble form of BCMA (sBCMA), produced through cleavage at
the transmembrane domain by g-secretase, have been correlated
with disease progression and shorter overall survival in patients with
MM.21 Altogether, these findings support targeting BCMA for novel
treatment approaches for MM.

Key factors for a successful T cell–redirecting therapeutic include
selective target expression on the tumor cells with minimal to no
expression in other tissues and a potent molecule that can eliminate
malignant cells to achieve long-term benefit. Therapeutic approaches
such as chimeric antigen receptor T-cell therapies and bispecific
T-cell engagers that use T cell–mediated cytotoxicity to target
BCMA on plasma cells have shown deep responses in patients
with relapsed or refractory disease.21-25 Another class of T-cell
redirecting therapy in development for MM is bispecific antibodies.
Teclistamab is a humanized immunoglobulin G4-proline, alanine,
alanine (IgG-4 PAA) bispecific DuoBody antibody (Genmab). It is
hypothesized that teclistamab will induce T cell–mediated cyto-
toxicity through recruitment of CD3-expressing T cells to BCMA-
expressing cells, which will lead to the activation of T cells and
subsequent target cell lysis mediated by secreted perforin and
various granzymes stored in the secretory vesicles of cytotoxic
T cells. The current study evaluated the potential efficacy of
teclistamab by using in vitro, ex vivo, and in vivo models of MM.

Materials and methods

Cell lines and cell culture

All cell lines used were of human origin and obtained from either
ATCC or DSMZ. Cell lines were cultured in RPMI 1640 medium
with 10% fetal bovine serum without antibiotics at 37°C in a 5%
carbon dioxide incubator.

Teclistamab (JNJ-64007957) generation

OmniRats (Open Monoclonal Technology) were immunized with
BCMA-Fc recombinant protein (R&D Systems) to generate anti-
BCMA antibodies, and hits were re-cloned on a relatively silent
IgG4-PAA scaffold. The DuoBody antibody (JNJ-64007957 or
teclistamab) was generated by controlled Fab-arm exchange of
a BCMA antibody and a CD3 parental antibody derived from SP34
clone26 following the method developed by Genmab.27 Null arm
controls were generated by controlled Fab-arm exchange of mouse
anti-human respiratory syncytial virus neutralizing antibody (Null)
with anti-CD3 antibody (NullxCD3) or anti-BCMA antibody
(BCMAxNull).28

Flow cytometry analysis of BCMA expression

Human BM mononuclear cells (BM MNCs; ProteoGenex) and MM
cell lines (13 106) were stained in Live/Dead staining solution (Life

Technologies) followed by 5 mg/mL of anti-BCMA antibody (clone
19F2), or corresponding isotype (clone MOPC-173) or anti-CD138
(clones MI15 and DL-101; BioLegend) antibodies in fluorescence-
activated cell sorting (FACS) stain buffer. Cells were incubated
at 4°C for 60 minutes, washed twice, and analyzed on a BD
FACSCanto II cytometer (Becton Dickinson). The BD QuantiBRITE
PE Beads kit (BD Biosciences) was used to quantify receptor
density by measuring the geometric mean fluorescence intensity of
BCMA staining on cells.

Healthy donor whole blood flow cytometry analysis

Fresh peripheral blood from 3 healthy human donors (Janssen
donor program) was pipetted into 96-well U-bottom plates in
100 mL aliquots. Cell lineage antibodies were added directly to
blood, along with teclistamab, BCMAxNull, NullxCD3, or isotype
control antibodies. After 30 minutes of incubation at room
temperature and 4 rounds of red blood cell lysis, samples were
stained with Live/Dead Near-IR Stain and 1:50 anti-human IgG4-
phycoerythrin for 15 minutes at room temperature and analyzed.
Cell types were gated by using specific markers (B-cell markers,
CD3– and CD191; natural killer [NK] cell markers, side scatter
[SSC]lo, CD3–, CD19–, CD161, and CD561; NK T-cell markers,
SSClo, CD31, CD561, and CD16–; CD4 T-cell markers, CD31 and
CD41; CD8 T-cell markers, CD31 and CD81; monocyte markers,
SSChi and CD141; and neutrophil markers, SSChi, CD451,
CD161, and CD11b1).

T cell–mediated cytotoxicity and T-cell activation

using MM cell lines and healthy donor T-cells

Tumor cell lines (H929, MM.1R, RPMI 8226, and MV4-11) were
incubated in 0.5 mM CellTrace CFSE (Life Technologies) for
8 minutes, washed twice, and resuspended at 2.223 105 cells/mL
in complete medium containing 2 mg/mL of Fc block.29 Assay was
established by using 90 mL (23 104) of target cells and 90 mL (13
105) of freshly thawed normal donor pan-T cells along with 20 mL of
103 concentration of antibody dilutions, and they were incubated
at 37°C with 5% carbon dioxide for 48 hours in a 96-well U-bottom
plate. After the incubation, plates were spun at 1500 rpm for
3 minutes, and the supernatants were collected for cytokine
analysis. The cell pellets were stained with Live/Dead solution
and phenotyping antibodies (CD25; BioLegend) for 20 minutes.
Samples were analyzed by using BD FACSCanto II. For cytotoxicity,
the percentage of dead cells in CFSE1 cells was measured; for
T-cell activation, the percentage of CD251 cells in live CFSE– cells
was measured.

T cell–mediated cytotoxicity and T-cell activation

using H929 target cells and human healthy

whole blood

Healthy human whole blood was collected into heparinized tubes,
and the frequency of CD31 T cells for each donor was calibrated by
using labeled H929 cells. The experiment was established by using
90 mL of fresh whole blood, 90 mL of CellTrace carboxyfluorescein
diacetate succinimidyl ester (CFSE)–labeled and diluted H929
cells to achieve a 5:1 effector to target (E:T) ratio, and 20 mL of
teclistamab antibody dilutions per well. Plates were incubated at
37°C for 48 hours, and cells were stained with anti-CD3 and anti-
CD25 antibodies for 20 minutes. After the red blood cell lysis, the
cells were labeled with Live/Dead stain for 15 minutes, and percent

22 SEPTEMBER 2020 x VOLUME 4, NUMBER 18 BISPECIFIC BCMAxCD3 ANTIBODY FOR MULTIPLE MYELOMA 4539

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/18/4538/1758726/advancesadv2020002393.pdf by guest on 02 June 2024



CD251 events in live CD31 cells and percent live events in CFSE-
labeled target cells were analyzed by using flow cytometry.

T cell–mediated cytotoxicity and T-cell activation

using CD1381 BM cells from patients and healthy

donor T cells

MM patient BM MNCs (ProteoGenex) and T cells were incubated
with 100 ng/mL of interleukin (IL)-6 and teclistamab or control
antibody for 48 hours. Samples were spun; washed; labeled with
Live/Dead stain, anti-CD3, anti-CD25, and anti-CD138 antibodies;
and analyzed for frequency of live CD1381 cells using a BD FACS
Canto II cytometer.

Cytokine measurement

Production of interferon-g, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-
12p70, IL-13, and tumor necrosis factor (TNF)-a was assayed by
using the Meso Scale Discovery human pro-inflammatory panel 1 kit
as per the instructions.30

sBCMA measurement

Plasma samples were from normal subjects (n 5 39) and patients
with MM (n 5 40); donors were acquired from Conversant
Biologics and subjected to proteolysis and subsequent mass
spectrometry using a reference multiple reaction monitoring
sequence (YCNASVTNSVK, MLQMAGQCSQNE). Plasma sam-
ples were subjected to depletion of medium and high abundance
plasma proteins with IgY14/Supermix resin followed by trypsin
digestion and reduction/alkylation before mass spectrometry
analysis. sBCMA levels in cell supernatants were measured by
using an enzyme-linked immunosorbent assay kit (R&D Systems).

g-secretase inhibition and BCMA expression

BCMA1 (H929) and BCMA– (MV4-11) cells were treated with
a g-secretase inhibitor (LY-411575; MilliporeSigma) or TAPI-1 (zinc
metalloprotease inhibitor; MilliporeSigma) at 0 to 100 nM for 0 to
72 hours. For primary BM MNC, BCMA surface expression was
determined after treating the samples with LY-411575 for 48 hours.
Teclistamab-mediated cytotoxicity and T-cell activation was tested
at a 5:1 E:T ratio as described earlier.30

Ligand-mediated p38 activation and teclistamab

agonistic effect

H929 and MM.1R cells were treated with human recombinant
APRIL, BAFF, teclistamab, BCMAxNull, or NullxCD3 at 0 to
10 000 ng/mL for 15 minutes after 24 hours of serum starvation.
p38 phosphorylation was assessed by using a phospho-p38
antibody (Thermo Fischer Scientific) and normalized to b-actin
(Cell Signaling Technology) levels. Total protein was extracted and
p38 phosphorylation was quantified by usingWes-Rabbit Master kit
(ProteinSimple).

Xenograft studies

For all studies, female NSG (NOD/SCID/gc2/2) mice (The Jackson
Laboratory) were used at 6 to 8 weeks of age. All experiments were
conducted in accordance with The Guide for the Care and Use of
Laboratory Animals31 and were approved by the Institutional Animal
Care and Use Committee of Janssen Research & Development.

H929 prophylactic model

Mice were injected IV with 1 3 107 human peripheral blood
mononuclear cells in 0.2 mL phosphate-buffered saline (PBS).
Seven days after peripheral blood mononuclear cells were
engrafted, each mouse received 5 3 106 H929 cells in 0.2 mL of
PBS. Cells were implanted subcutaneously in the right flank using
a 1-cc syringe and a 26-gauge needle; this was followed by IV
administration of 0.2 mL of PBS or teclistamab antibody at 0.1 mg
(0.005 mg/kg), 0.5 mg (0.025 mg/kg), or 1 mg (0.05 mg/kg) per
animal on days 0, 3, 5, 7, and 10.

RPMI 8226 regression model

Animals were implanted subcutaneously with 1 3 107 RPMI 8226
cells in 0.2 mL of PBS. The day of tumor cell implantation was
designated as day 0. On day 25 following tumor cell implantation,
animals received an IV injection of 2 3 107 human-purified and
expanded T cells in 0.2 mL of PBS. On day 25 following tumor cell
implantation, mice were randomized such that all groups had
a similar starting tumor volume of;115 mm3 (range, 108-126 mm3;
n 5 10 per group). Treatments were initiated on day 26, with each
mouse receiving intraperitoneal administration of 0.2 mL of PBS or
teclistamab at 1 mg (0.05 mg/kg), 10 mg (0.5 mg/kg), or 50 mg
(2.5 mg/kg) per mouse. NullxCD3 control antibody was dosed at
10 mg per dose. Treatments were administered for a total of 8
doses on days 26, 29, 33, 36, 40, 43, 47, and 50.

For each individual animal, body weight and tumor size were
measured at least twice weekly throughout the study. Animals were
monitored daily for clinical signs. Percent tumor growth inhibition
(TGI) was defined as the difference between mean tumor volumes
of the treated and control group, calculated as %TGI 5 ([TVc –

TVt]/TVc) 3 100, where TVc is the mean tumor volume of a given
control group, and TVt is the mean tumor volume of the treated
group. As defined by National Cancer Institute criteria,$60% TGI is
considered biologically significant.32 Animals were removed from
the studies when a maximum tumor volume of $1500 mm3 was
reached or when adverse clinical signs of pain and distress
were noted.

Data analysis

Analysis was performed by using Microsoft Excel (2010) and
GraphPad Prism software version 6. Statistical analysis was
performed by using the unpaired Student t test with Welch’s
correction. Best-fit linear equations, 1-way analysis of variance
values, and significance values were calculated in Prism. P , .05
was considered significant. Histograms were created by using
FlowJo version 10.1.

Results

Expression of BCMA in MM

Surface expression of BCMA was detected in 3 BCMA1 cell lines
(H929, MM.1R, and RPMI 8226) but not in the BCMA– cell line
(MV4-11) (Figure 1). BCMA surface expression was also observed
in several other MM cell lines (supplemental Figure 1A). Primary BM
MNC from patients with MM had a significantly higher CD1381

plasma cell count, and BCMA mean receptor density per cell was
2390 6 524 compared with 1875 6 168 for healthy samples
(supplemental Figure 1D-E).
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Figure 1. Teclistamab-induced cytotoxicity and activation of T cells in vitro. (A) Cytotoxicity of various BCMA1 MM cell lines (H929, MM.1R, and RPMI 8226) or

BCMA– cells (MV4-11) in the presence of teclistamab and healthy T cells for 48 hours. (B) Activation of T cells as evidenced by the CD25 cell surface marker. No lysis or

T-cell activation was observed in the BCMA– cell line MV4-11 or with the control antibodies BCMAxNull or NullxCD3. The data points closely aligned with the generated fit

curve with minimal donor-to-donor (n 5 6 donors) variability. (C) BCMA detection on the surface of various BCMA1 cells (H929, MM.1R, and RPMI 8226) and BCMA– cells

(MV4-11) by FACS. Solid red line, BCMA; dotted/gray shading, isotype control. (D) Ligand (APRIL and BAFF) mediated P38 phosphorylation and teclistamab failed to induce

any phosphorylation signal as measured by western blot.
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Teclistamab can induce T cell–mediated cytotoxicity

of BCMA1 cells in vitro

Teclistamab is an IgG4 bispecific antibody that recognizes BCMA
on target cells and CD3e on T cells. It was generated by using the
Genmab DuoBody technology and contains the S228P/L234A/
L235A mutations in the Fc region to stabilize and minimize its
immunological effector functions.29 To assess the activity of this
antibody, BCMA1 MM cell lines with varying levels of BCMA
expression (H929, MM.1R, and RPMI 8226 were 13173, 6670,
and 3705 BCMA receptors/cell, respectively) were incubated with
purified healthy human T cells at a 5:1 E:T ratio in the presence of
teclistamab for 48 hours. Teclistamab induced T cell–mediated
cytotoxicity of all BCMA1 cell lines (50% effective concentration
[EC50] values, 0.15 nM in H929, 0.06 nM in MM.1R, and 0.45 nM in
RPMI 8226) without eliciting a cytotoxic response to the BCMA–

cell line MV4-11 (Figure 1A). The BCMA receptor number did not
correlate with the cytotoxic activity of teclistamab (supplemental
Figure 1). As expected, the negative control bispecific antibodies
(BCMAxNull and NullxCD3) did not exhibit any cytotoxicity.
Teclistamab induced robust T-cell activation in the same assays,
as evidenced by the increase in CD25 expression on T cells (EC50

values, 0.21 nM in H929, 0.1 nM in MM.1R, and 0.28 nM in RPMI
8226); no activation was observed when T cells were cultured with
BCMA– cells or Null arm control antibodies, except at exceeding
concentrations, where low levels of activation were observed
(Figure 1B).

When testing T cells for additional markers such as CD107a (T-cell
activation marker), programmed cell death-1 (PD-1), and T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3) (check
point inhibitors) in a killing assay using H929 cells, we found that
they showed a pattern similar to that of CD25 and cytotoxicity, as
expected (supplemental Figure 2). To further characterize the
observed T-cell activation, the levels of secreted cytokines were
evaluated from the in vitro H929 and RPMI 8226 functional assays
described earlier. Teclistamab treatment led to the secretion of
interferon-g, TNF-a, IL-2, IL-6, IL-8, and IL-10, consistent with T-cell
activation (supplemental Table 1). In addition, cytokines such as
IL-1b, IL-4, IL-13, and IL-12p70 exhibited detectable but minimal
induction upon T-cell activation (data not shown). To determine
whether teclistamab can agonize the BCMA receptor, as has been
shown with its natural ligands APRIL and BAFF, we measured
phospho-P38 levels in H929 cells in the presence of antibody and
found no evidence of pathway activation (Figure 1D).

Teclistamab induces cytotoxicity and T-cell activation

in cells from patients with MM

The activity of teclistamab was assessed in patient BM MNCs
incubated with increasing concentrations of teclistamab and
healthy human T cells. In a dose-dependent manner, teclistamab
bound to CD1381 BM MNCs, whereas no binding was observed
with the control antibody (Figure 2). Teclistamab induced cytotox-
icity of BM MNCs with a comparable EC50 (range, 1.5-4.2 nM)
across all 3 patient samples. Teclistamab-mediated T-cell activation
was also similar in all BM MNC samples, with EC50 values ranging
from 0.93 to 1.75 nM. BCMAxNull and NullxCD3 control antibodies
did not induce a cytotoxic response or activate T cells, indicating
that concomitant binding to CD3 on T cells and BCMA on target
cells is necessary to drive activity.

Teclistamab mediates MM cell lysis when mixed with

healthy whole blood

The activity of teclistamab was evaluated in a more clinically relevant
setting by using an in vitro whole blood model system. First, we
evaluated the binding of teclistamab to various heme cells. The
results show that teclistamab specifically bound to T cells (NK,
CD41, and CD81) but not to other leukocytes from healthy human
whole blood (Figure 3A). Second, H929 cells were spiked into the
blood of healthy donors, at an E:T ratio of 5:1, along with increasing
concentrations of teclistamab for 48 hours to test target cell
cytotoxicity and T-cell activation. As expected, teclistamab induced
a dose-dependent lysis of H929 cells with concomitant activation of
T cells (Figure 3B).

Teclistamab cytotoxicity is not affected by sBCMA

BCMA can be cleaved by g-secretase at the transmembrane
domain to shed a ;6 kDa soluble form of BCMA that can exist as
free circulating sBCMA in blood.33 To examine whether sBCMA
can affect the activity of teclistamab, we first measured the level of
sBCMA in healthy donors and myeloma patients by using mass
spectrometry. sBCMA levels were significantly higher in myeloma
patient samples compared with samples from healthy donors
(P # .0001) (Figure 4A).

Mean sBCMA values were 8.04 6 1.08 ng/mL and 89.91 6
26.96 ng/mL in healthy and myeloma serum, respectively. The levels
of sBCMA also correlated with disease stage, revealing a significant
difference between the plasma samples from treatment-naive
patients and patients with active disease compared with refractory
patients (Figure 4B). Soluble BCMA was also secreted by only
B-cell lineage cell lines and not by other tissue-specific cell lines, as
detected by enzyme-linked immunosorbent assay (supplemental
Figure 3).

The potency of teclistamab in the cytotoxicity assay was not altered
significantly in the presence of sBCMA, APRIL, or BAFF except at
the high concentration of sBCMA above 55.5 nM and APRIL above
15.4 nM, at which point a significant decrease in potency was
observed (Figure 4C); these concentrations are higher than that
observed in myeloma patients.34 In contrast, exogenous BAFF had
no impact. The effect of sBCMA, APRIL, and BAFF on teclistamab-
induced T-cell activation correlated with the cytotoxicity data, as
expected (Figure 4D).

g-secretase inhibition potentiates teclistamab killing

capacity by elevating BCMA surface expression

g-secretase–mediated cleavage of BCMA was examined in H929
cells treated with the g-secretase inhibitor LY-411575 or with
a negative control zinc metalloprotease inhibitor (TAPI-1). Treat-
ment with LY-411575 increased BCMA surface expression in
H929 cells in a dose- and time-dependent manner (Figure 5A).
Treatment of H929 cells with TAPI-1 and treatment with either
inhibitor in the BCMA– cell line MV4-11 did not lead to any changes
in BCMA surface expression. Similar results were observed with
BM MNCs from patients with MM treated with LY-411575 for
48 hours (Figure 5B), although the magnitude of BCMA surface
expression varied widely across donor samples. To determine if the
increased cell surface expression of BCMA in the presence of a g-
secretase inhibitor influences activity, H929 cells were incubated
with isolated healthy human pan-T cells at a 5:1 E:T ratio and
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teclistamab in the presence or absence of LY-411575. Treatment
with the g-secretase inhibitor increased the potency of teclistamab
cytotoxicity, shifting the EC50 to 0.004 nM (20-fold) and 0.002 nM
(40-fold) with 0.1 nM and 1 nM LY-411575, respectively, compared
with an EC50 of 0.09 nM with vehicle control and TAPI-1 treatment.
More potent activation of T cells was also observed with teclistamab
in the presence of LY-411575 (EC50 of 0.001 and 0.0003 nM)
compared with TAPI-1 treatment or vehicle control (EC50 of 0.04
nM). No activity was observed with the BCMAxNull and NullxCD3
control antibodies, as expected (Figure 5C).

Teclistamab exhibits antitumor activity in

xenograft models

To assess the in vivo activity of teclistamab, two MM models were
used. In the first H929 prophylactic model, 0.5 and 1 mg doses of

teclistamab completely inhibited tumor growth throughout the study
period (up to day 22) compared with PBS control. At the
teclistamab 0.1 mg dose, no inhibition of tumor growth was
observed compared with PBS control (Figure 6A). Although the
BCMAxNull control antibody did not exhibit antitumor activity,
the NullxCD3 antibody had slight antitumor activity on day 22
(Figure 6A). The antitumor effects of teclistamab were not
associated with increased toxicity or graft-versus-host disease, as
suggested by the similar change in mean body weight across all
treatments (data not shown). In the RPMI 8226 regression model,
teclistamab inhibited tumor growth up to day 60, with both the
10 mg and 50 mg doses exhibiting significant tumor reductions
compared with PBS control.

However, the lowest dose of 1 mg/kg teclistamab had no antitumor
effect (Figure 6B). Control antibodies had no significant antitumor
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activity, as expected. Mean body weight changes were similar
between teclistamab-treated mice and control mice (data not
shown). The pharmacokinetic profile for teclistamab was favorable,

with a half-life of ;10 days in NSG mice (supplemental Figure 4),
which could potentiate the cytotoxic activity of this antibody in
patients with MM.
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Discussion

The success of T cell–mediated therapeutics depends, in part, on
the selective expression of cell surface target epitopes to minimize
the off-tissue toxicity. BCMA is selectively expressed on late-stage
B cells and plasma cells, and its expression levels correlate with
myeloma tumor burden.35 Data from a BCMA CAR-T clinical study
in patients with MM has shown a high overall response with
manageable safety, highlighting the potential for targeting BCMA in
the clinical setting.36 Here we describe a bispecific antibody
(teclistamab) that can recruit T cells to BCMA1 cells. This antibody

induces elimination of BCMA1 MM cells both in vitro and in vivo. In
vitro, teclistamab induced potent and specific T cell–mediated
cytotoxicity of cells expressing various levels of surface BCMA
receptors. As expected, the killing of BCMA1 cells corresponded
with T-cell activation and cytokine secretion. Cytotoxic activity was
also observed ex vivo in BM MNCs from patients with MM, in whom
teclistamab induced elimination of plasma cells.

sBCMA is present in the serum and could potentially neutralize
BCMA-directed therapy such as T-cell redirection. sBCMA is found
at significantly higher levels in plasma from patients with MM than
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from healthy donors.20 We also observed stratification of sBCMA
levels based on the disease stage, with significantly higher levels of
sBCMA in plasma from patients with refractory MM, compared with
treatment-naive patients or MM patients with active disease. These
findings are consistent with previous reports correlating increased
sBCMA with poor prognosis in MM.21 Because teclistamab
recognizes the same epitope present in both the soluble and
transmembrane forms of BCMA, sBCMA could serve as a potential
sink for teclistamab. Interestingly, teclistamab cytotoxic activity was
only moderately affected in the presence of sBCMA, with
cytotoxicity inhibited twofold at 166.5 nM of sBCMA. Because
the average concentration of sBCMA in plasma from patients
with MM was ;15 nM in our studies (highest level observed was
125 nM), it is unlikely that sBCMA would inhibit teclistamab
efficacy in patients. These results are also consistent with data
reported elsewhere with another BCMAxCD3 T-cell engager.37

Moreover, in a physiologically relevant whole blood assay, which
contains soluble factors such as APRIL, BAFF, and sBCMA,
teclistamab was able to effectively eliminate H929 cells, indicating
that shed sBCMA in the blood is unlikely to affect the efficacy of
teclistamab.

g-secretase has been shown to contribute to the shedding of
BCMA in the serum. Shedding can lead to reduced surface BCMA
levels and affect BCMA-directed therapy. This has led to the
hypothesis that g-secretase inhibitors may be useful in the clinic for
maintaining BCMA levels on the cell surface. In vitro, our antibody
has been shown to kill BCMA1 cells more potently with the
g-secretase inhibitor LY-411575, consistent with these observa-
tions. Resistance to BCMAxCD3 or BCMA CART therapy could
also potentially occur through the expansion of BCMA– cells in the
original cancer population. To address this, it may become relevant to
combine such therapeutics with other T-cell therapies targeting MM

targets such as CD38. Another possibility could be to create
multispecific antibodies or bispecific CARTs.

In vivo, teclistamab significantly inhibited tumor growth in 2
independent xenograft models: the H929 prophylactic model and
the RPMI 8226 regression model. In the aggressive, H929
prophylactic model, teclistamab significantly blocked tumor growth
at the 0.5 and 1 mg dose levels tested compared with control-
treated mice, indicating that teclistamab has the potential to control
the fast-growing myeloma plasma cells in patients. The antibody
also significantly regressed tumors in the RPMI 8226 model at 10
and 50 mg of teclistamab per animal. Both mouse models are
humanized and are missing components of the immune system
(accessory immune cells) and BM interactions that are present in
patients. To better understand potential resistance to T-cell
redirection drugs in patients, it would be relevant to profile T cells
in patients with MM at various stages of treatment and to study
interactions with BM stromal components to address T-cell
exhaustion, decreased persistence, and clearance.

In conclusion, our study shows the potent and specific elimination
of BCMA-expressing cells by teclistamab in MM cell lines, patient
samples, and xenograft models of MM. These findings support
targeting BCMA for MM therapies and validate the potential use of
BCMAxCD3 bispecific antibodies as a treatment approach for MM
with a potentially better pharmacokinetic profile than smaller
molecular weight biologics. Clinical evaluation of teclistamab in
patients with relapsed or refractory MM is currently ongoing
(ClinicalTrials.gov #NCT03145181 and #NCT04108195).38
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