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A novel BCMA/CD3 bispecific T-cell engager for the
treatment of multiple myeloma induces selective lysis in vitro
and in vivo
S Hipp1, Y-T Tai2,3, D Blanset4, P Deegen5, J Wahl5, O Thomas5, B Rattel5, PJ Adam1, KC Anderson2,3 and M Friedrich5

B-cell maturation antigen (BCMA) is a highly plasma cell-selective protein that is expressed on malignant plasma cells of multiple
myeloma (MM) patients and therefore is an ideal target for T-cell redirecting therapies. We developed a bispecific T-cell engager
(BiTE) targeting BCMA and CD3ε (BI 836909) and studied its therapeutic impacts on MM. BI 836909 induced selective lysis of BCMA-
positive MM cells, activation of T cells, release of cytokines and T-cell proliferation; whereas BCMA-negative cells were not affected.
Activity of BI 836909 was not influenced by the presence of bone marrow stromal cells, soluble BCMA or a proliferation-inducing
ligand (APRIL). In ex vivo assays, BI 836909 induced potent autologous MM cell lysis in both, newly diagnosed and relapsed/
refractory patient samples. In mouse xenograft studies, BI 836909 induced tumor cell depletion in a subcutaneous NCI-H929
xenograft model and prolonged survival in an orthotopic L-363 xenograft model. In a cynomolgus monkey study, administration of
BI 836909 led to depletion of BCMA-positive plasma cells in the bone marrow. Taken together, these results show that BI 836909 is a
highly potent and efficacious approach to selectively deplete BCMA-positive MM cells and represents a novel immunotherapeutic
for the treatment of MM.
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INTRODUCTION
Multiple myeloma (MM) is the second most common hematolo-
gical malignancy in USA and Europe. MM is characterized by
uncontrolled proliferation of monoclonal plasma cells in the bone
marrow, resulting in the over-production of monoclonal immu-
noglobulin and immunosuppression, as well as osteolysis and
end-organ damage.1 Treatment advances in the past decade have
significantly improved survival of MM patients, and recently the
first two monoclonal antibodies have been approved, daratumu-
mab and elotuzumab, targeting CD38 and CS-1/SLAMF7,2–4

respectively. Nonetheless, there is still unmet medical need for
more effective treatments, in particular, for relapsed/refractory
patients who are resistant to current therapies.
BiTE (bispecific T-cell engager) antibody constructs represent a

novel class of immunotherapy. BiTE molecules bind concomitantly
to T cells and tumor cells and direct the cytolytic activity of T cells
selectively to tumor cells. After formation of a cytolytic synapse,
the T cells release perforin and granzyme B, finally leading to
apoptosis of the tumor cells.5 Activation of T cells leads to
transient release of cytokines, which engages other immune cells
and broadens the immune response against the tumor tissue and
ultimately leads to proliferation of T cells and serial killing of tumor
cells.5–8 Due to their small size (55 kDa), BiTE antibody constructs
are highly potent and efficacious molecules. In 2014, blinatumo-
mab, the first BiTE, has been approved by the U.S. Food and Drug
Administration for the treatment of Philadelphia chromosome-
negative relapsed/refractory B-cell precursor acute lymphocytic
leukemia.9

The BiTE mode of action requires target cell antigens that are
selectively expressed in diseased cells to maximize the therapeutic
window. Many known MM antigens, including some that are
targeted by antibody-based therapies (for example, CD56, CD138,
CD74), show overexpression in myeloma cells but are also known
to be expressed in normal tissues,2,4,10,11 thus may not be optimal
targets for a T-cell re-direction approach.
B-cell maturation antigen (BCMA) is a highly plasma cell specific

antigen which has a central role in regulating B-cell maturation
and differentiation into plasma cells by engaging a proliferation-
inducing ligand (APRIL), and is required for optimal survival of
long-lived plasma cells in the bone marrow.12 BCMA− /− mice
have impaired long-term plasma cell survival but do not show
defects in short-term production of immunoglobulins, early
humoral immune response and B-cell development.13,14 BCMA is
expressed on MM cell lines and malignant plasma cells with high
prevalence and increased expression levels during disease
progression from monoclonal gammopathy of undetermined
significance (MGUS) to smoldering myeloma to active MM.15–21

BCMA is also expressed on plasmacytoid dendritic cells, which
promote MM cell growth, survival and drug resistance.21–23

Expression levels on plasmacytoid dendritic cells are also elevated
in MM patients versus normal donors.21 Apart from expression on
peripheral and bone marrow resident plasma cells and plasma-
cytoid dendritic cells, BCMA is not expressed on naive and most
memory B cells, CD34+ hematopoietic cells, or any other normal
tissue cells.12,14,17,24 Furthermore, BCMA overexpression or APRIL
stimulation via BCMA in MM cells can directly upregulate key
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immune checkpoint molecules, which may contribute to the
immunosuppressive bone marrow microenvironment.25

In this manuscript, we describe the preclinical profile of a novel
BCMA BiTE antibody construct (BI 836909). BI 836909 shows
selective and highly potent T-cell redirected lysis of MM cells
in vitro, in vivo and ex vivo and has entered clinical trials for the
treatment of MM (NCT02514239).

MATERIALS AND METHODS
Expression and purification of BI 836909
BI 836909 was constructed by recombinant DNA technology and purified
from the supernatants from transfected Chinese hamster ovary cells.
Purification of the monomeric protein was performed in a two-step
process using immobilized nickel chelate chromatography followed by
size exclusion chromatography, as described for other BiTE antibody
constructs.26,27

Cell lines and cell culture
Cell lines were obtained from ATCC and DSMZ. The cells were cultured as
described in the supplier’s description and tested to exclude mycoplasma
contamination.

Blood and bone marrow samples
The blood samples from healthy volunteers were obtained from the
Austrian Red Cross and Dana Farber Cancer Institute. They were obtained
after informed consent in accordance with the Declaration of Helsinki and
with approval of the cantonal ethical committee in Austria and Dana
Farber Cancer Institute in the USA. MM patient bone marrow mononuclear
cells were collected from fresh buffy coat of bone marrow aspirates
obtained after informed consent, in accordance with the Declaration of
Helsinki and under the auspices of a Dana Farber Cancer Institute
Institutional Review Board approved protocol. Bone marrow stromal cells
(BMSCs) were derived after 2-week culture of CD138-negative cells from
bone marrow mononuclear cells as described previously.21

T-cell activation, cytotoxicity and T-cell proliferation assays
Redirected T-cell cytotoxicity was assayed by flow cytometry using human
PBMCs (peripheral blood mononuclear cells) or purified T cells and various
tumor cell lines or primary myeloma cells. Effector cells were co-incubated
with target cells and serial dilutions of BI 836909. After incubation, anti-
human CD138 antibody or anti-CD33 (for HL-60 cells) antibody (Miltenyi
Biotec, San Diego, CA, USA) was added to the cells to distinguish target
from effector cells. For detection of T-cell activation, the cells were stained
with anti-CD4, anti-CD8, anti-CD25 and anti-CD69 antibodies (all from
Becton Dickinson, Franklin Lakes, NJ, USA). For analysis of T-cell
proliferation, the T cells were labeled with CFDA-SE (Becton Dickinson).
The cells were analyzed by flow cytometry. Number of depleted target cells
has been determined with the following formula: % Lysis = 100− (viable
cells of treatment group× 100/viable cells of untreated control group).

Quantification of cytokines in cell culture supernatants
Cytokine concentrations were analyzed from supernatants of cytotoxicity
assays using the V-PLEX Proinflammatory Panel1 (human) Kit (Mesoscale
Discovery, Rockville, MA, USA) following the manufacturer’s instructions.

Bioluminescence-based cell lysis assays
To determine lysis of INA6luc or MM1Sluc cells by T cells induced by BI
836909, serial dilutions of the drug were co-incubated with these MM cells,
alone or with BMSCs derived from patients. The luciferase signal produced
by surviving MM cells was determined after 24 h with a luminometer
SpectraMax (Molecular Devices, Sunnyvale, CA, USA) within 20 min after the
addition of 125 μg/ml beetle luciferin (Promega).

Mouse xenograft studies
Antitumor activity was evaluated in 7- to 8-week-old NOD.CB17-Prkdcscid/
J mice purchased from Charles River (Charles River Laboratories, Sulzfeld,
Germany). All the experiments were performed according to the German
Animal Welfare Law with permission from the responsible local authorities.

NCI-H929 xenograft model. The NCI-H929 cells (5x106) were injected
subcutaneously into the right dorsal flank of sublethally irradiated (2 Gy)
female NOD/SCID mice. Eight days later, the animals received a single
intravenous dose of anti-asialo GM1 (WAKO, Neuss, Germany) antibody.
On day 9, 2 × 107 in vitro expanded human T cells (T-cell isolation,
activation/expansion kits from Miltenyi Biotec) were injected into the
peritoneal cavity. The animals were randomized based on tumor size on
day 12 and treatment with BI 836909 was initiated on day 13. Tumor
growth was monitored by caliper measurements. The study was
terminated on day 30, when tumors of vehicle-treated mice exceeded
2000 mm3.

L-363 orthotopic model. The L-363 cells (1 × 107) were injected intrave-
nously into irradiated NOD/SCID mice. Mice received anti-asialo antibody
as described above. On day 5, the mice were reconstituted with human
T cells, as described above. The animals were randomized and treatment
with BI 836909 was started on day 8. Survival was statistically analyzed
with the log-rank test. A P-value o0.05 was considered to be statistically
significant.

Cynomolgus monkey studies
Groups (two or three animals/group) of male and female cynomolgus
monkeys were given 0, 5, 15, 45 or 135 μg/kg/day of BI 836909 via
continuous intravenous infusion at a dose volume of 20 ml/kg/day or 135
or 405 μg/kg/day at a dose volume of 2 ml/kg/day via subcutaneous
injection for 7 days at WIL Research, Lyon, France. To evaluate effects on
plasma cells, differential analysis of bone marrow cytological smears was
performed microscopically on a minimum of 400 cells or ten × 1000 fields
at Boehringer-Ingelheim, Ridgefield, CT, USA. The experiment was
approved by the ethical committee of WIL Research as per the appropriate
animal health and welfare guidelines.

RESULTS
Structural characteristics, production and binding properties of BI
836909
BI 836909 is a bispecific single-chain variable fragment consist-
ing of two linked single-chain variable fragments (scFvs). The
BCMA scFv is positioned N-terminally, and the CD3ε scFv
C-terminally followed by a hexahistidine (His6 tag) (Supple-
mentary Figure S1a). Purity of purified monomeric BI 836909
protein was demonstrated by SDS-PAGE and anti-His6 western
blot (Supplementary Figures S1b, c). BI 836909 binds mono-
valent to BCMA and CD3ε and is cross-reactive to cynomolgus
monkey BCMA and CD3ε as shown in FACS analysis of human or
cynomolgus monkey-transfected Chinese hamster ovary cells
and human and cynomolgus monkey T cells (Supplementary
Figure S2).

BI 836909 induces BCMA-dependent T-cell activation and cytokine
release resulting in apoptosis of MM cells and proliferation of
T cells
Upon simultaneous binding to BCMA-positive MM cells and CD3-
positive T cells, BI 836909 forces cross-linking of both cell types,
formation of a cytolytic synapse and subsequently activation of
T cells and lysis of BCMA-positive MM cells. As shown in Figure 1,
BI 836909 induces activation of T cells, as indicated by
upregulation of expression of CD25 and CD69 expression, lysis
of MM.1R cells and secretion of cytokines, a hallmark of T-cell
activation upon target cell lysis. The tumor cells were incubated
with PBMCs (n= 3) for 24 h followed by FACS analysis to
determine the activation status of T cells and the survival of
CD138/BCMA-positive MM.1R cells or CD33-positive/BCMA-nega-
tive HL-60 cells. In the presence of BCMA-positive MM.1R cells but
not BCMA-negative HL-60 cells, BI 836909 induced activation of
both CD4 and CD8 T cells in a dose-dependent manner, as
evidenced by upregulation of CD25 and CD69 expression
(Figure 1a). Importantly, BI 836909 induces highly potent (mean
EC50 value of 4.3 pg/ml) and selective lysis of MM.1R but not of
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HL-60 cells (Figure 1b). In total, 12 MM and plasma cell leukemia
cell lines were analyzed, and EC50 values ranged from 4 to 589 pg/ml
with a mean of 180 pg/ml (Supplementary Table S1). Using MM.1R
cells and purified T cells, activity of BI 836909-mediated lysis was
observed at effector to target (E:T) cell ratios of 1:100 or higher,
and maximal tumor lysis was achieved at E:T ratios of 1:1 or higher,
with EC50 values decreasing with increasing E:T cell ratios
(Supplementary Figure S3). Using a luciferase activity assay in a
Luciferase-transfected INA6 (INA6luc) MM cell line, BI 836909 only
induced significant MM cell lysis when PBMCs and target cells
were present (Figure 1c). Without PBMC effector cells, BI 836909
did not induce any lysis of NCI-H929 MM cells even with the
highest levels of BCMA among all MM cell lines21 (Figure 1d).
Furthermore, BI 836909 induced a dose-dependent secretion of
cytokines (IFNγ, IL-2, IL-6, IL-10, TNFα), a hallmark of T-cell
activation (Figure 1e).
CD4, as well as CD8 T cells contribute to cytotoxicity of BI

836909. Lysis activity by CD4-positive T cells was slightly lower
than with CD8-positive T cells after 8 h of incubation. After 16 to
24 h, cytotoxicity activity was comparable between CD4-positive
(0.02/0.007 ng/ml, respectively) and CD8-positive (0.008/0.004 ng/ml
respectively) T cells (Figure 2a). Treatment with BI 836909 induced
translocation of phosphatidylserine from the inner to the outer
leaflet of the plasma membrane, as shown by Annexin V binding
(Figure 2b). Activation of T cells, cytolytic activity and subsequent
cytokine release ultimately led to the proliferation of T cells after
4 days of incubation (Figure 2c). Treatment of BCMA-negative cells
did not trigger any of the activities described above demonstrating
that the cytotoxic activity of BI 836909 is highly selective to BCMA
expressing cells.

BI 836909 is active against myeloma cells co-cultured with BMSCs
As BMSCs protect MM cells from drug treatment and significantly
induce MM cell growth and survival, we determined whether BI
836909 still induces killing of MM cells when co-cultured with
BMSCs derived from MM patients. Using a luciferase activity assay
following 1 day co-cultures of either INA6luc or MM.1Sluc target
cells with patient PBMCs in the presence of BMSCs, BI 836909
remains active and lyse MM cells (Figure 3a). There was no
difference in responses to the drug with or without BMSCs. In an
additional FACS-based assay, BI 836909-mediated redirected lysis
of NCI-H929 cells was only slightly reduced in the presence of
BMSCs following 48 h of incubation (Supplementary Figure S4).
The EC50 values were 2.2 and 0.5 ng/ml with and without BMSCs,
respectively. Furthermore, after 24 h incubation of U266 MM cell
line with purified T cells in the presence of BMSCs, BI 836909
induced cell surface CD107a expression on CD8-gated T cells in a
dose-dependent manner (Figure 3b), indicating significant MM
cell lysis in the bone marrow microenvironment.

Soluble APRIL and BCMA have only a minor impact on BI 836909
activity
Presence of soluble forms of APRIL15 and BCMA20 in the serum of
MM patients have been described. A cytotoxicity assay with NCI-
H929 and purified T cells in the presence and absence of
pathological APRIL levels (100 ng/ml) showed that cytolytic
activity of BI 836909 is not impacted in the presence of
recombinant APRIL (Figure 4a). Further biochemical studies
demonstrated that BI 836909 can replace APRIL that is bound to
BCMA (Supplementary Figure S5a) and that BI 836909 inhibits
binding of APRIL to BCMA (Supplementary Figure S5b). Soluble

Figure 1. BI 836909 induces highly potent and BCMA-dependent tumor cell lysis via activation of T cells. BCMA-positive MM.1R cells (black
curves) or BCMA-negative HL-60 cells (gray curves) were incubated with PBMCs from three donors (circle, square, triangle) at an E:T of 6:1 in
the presence of increasing concentrations of BI 836909 for 24 h. (a) Activation markers CD25 and CD69 on CD4-positive and CD8-positive
T cells as well as (b) % of tumor target lysis in CD138-positive (MM.1R) and CD33-positive (HL-60) cells was determined by flow cytometric
analysis. (c) INA6luc MM cells, alone or with PBMCs, were treated with BI 836909 for 24 h and viable cells were determined by luciferase activity
assay. (d) NCI-H929 MM cells, alone or with PBMCs were treated with BI 836909 for 24 h at an E:T of 10:1 followed by flow cytometry analysis.
(e) Cytokine levels were determined in cell culture supernatant.
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BCMA-containing medium was collected from BCMA-positive cell
lines (Supplementary Figure S6), and cytotoxicity assays with
MM.1R cells and PBMCs were subsequently performed in
conditioned medium containing different levels of soluble BCMA.

Soluble BCMA slightly influenced the potency (shift in EC50 values)
but not the maximal lysis mediated by BI 836909 (Figure 4b).
Presence of soluble BCMA had no effect on off-target activity of BI
836909, as no lysis of BCMA-negative HL-60 cells was observed in

Figure 2. In vitro MoA studies. (a) MM.1R cells were co-cultivated for up to 24 h with purified CD4 or CD8 T cells at an E:T ratio of 10:1, and
increasing concentrations of BI 836909. (b) MM.1R cells were incubated with purified human T cells at an E:T cell ratio of 10:1 without and with
BI 836909 (100 ng/ml) for 24 h before staining with Annexin/PI. (c) Purified T cells were labeled with the CFDA-SE and subsequently incubated
at an E:T cell ratio of 10:1 in the presence (1 μg/ml) or absence of BI 836909 for 4 days.

Figure 3. Presence of BMSCs does not influence activity of BI 836909. (a) BMSCs derived from patients were plated in culture plates 1 day
before the addition of INA6luc (left) or MM1Sluc (right) MM cells, in the presence or absence of PBMCs with increasing concentrations of BI
836909. The cells were collected following 1 day incubation and %bioluminescence+live cells was measured. (b) U266 MM cells and purified
human T cells were added into BMSC-plated 96-well tissue culture plates for 3 h. FACS analysis for CD107a was done on CD8-gated T cells to
determine % degranulated T cells.
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the presence of soluble BCMA, while L-363 cells showed similar
results as MM.1R cells (Figure 4c).

BI 836909 potently induces autologous tumor cell lysis
We next assessed tumor lysis activity of BI 836909 against
autologous patient MM cells. The bone marrow mononuclear cells
were purified from BM aspirates collected from MM patients and
incubated with autologous PBMCs at an E:T ratio of 10:1 and in the
presence of serial dilutions of BI 836909 for 24 h, followed by FACS
analysis to determine percentage of viable CD138-positive cells. BI
836909, in a dose-dependent manner, induced autologous lysis of
CD138-positive cells from patients with both, newly diagnosed
(n= 4) and relapsed/refractory (RR) MM (n= 4; Figure 5a). BI
836909 potently induces patient MM cell lysis, regardless of
disease status. In all tested MM patient samples, BI 836909 at
40 ng/ml induced maximal autologous patient MM cell lysis
following 24 h ex vivo culture (Figure 5b). As expected, the
intensity of BCMA expression was high in CD138-positive plasma
cells in MM patients, as observed in previous reports.21 These
results suggest that BI 836909 has potent cytolytic activity in MM
patients, regardless of disease status.

In vivo activity of BI 836909
BI 836909 is cross-reactive to cynomolgus monkey but does not
recognize the cognate antigens in rodent species, therefore the
in vivo efficacy experiments have been conducted in mouse
xenograft models reconstituted with human T cells. The antitumor
activity was initially assessed using a human MM (NCI-H929)
xenograft model. In this model NCI-H929 cells were injected
subcutaneously into the NOD/SCID mice followed by intraper-
itoneal transfer of purified and in vitro expanded T cells once

tumors reached a median size of 107 mm3. Treatment with BI
836909 or vehicle was started on day 13, 4 days after T-cell
transfer when tumors had reached a median size of 207 mm3.
Treatment with BI 836909 at a daily dose of 0.5 mg/kg/day led to
continuous tumor shrinkage in 6 of 10 animals, with all 6
responders tumor free at the end of the study (Figure 6a). Four out
of 10 animals did not respond to treatment and had tumor
volumes in the same range as the vehicle control group
(Figure 6a).
Subsequent analysis of bone marrow, spleen and tumor tissue

of non-responding mice (when available) revealed that BCMA
expression on tumor cells of non-responders is maintained but
that engraftment of T cells failed in non-responding animals. FACS
analysis of tumor tissue of these non-responding mice (NR1–4)
demonstrated that in all four mice 498% of tumor cells express
BCMA. Tumor tissue of all four non-responding mice were also
examined for the presence of T cells: in three mice (NR1, 3, 4), no
T cells were detected in the tumor tissue and in one mouse (NR2)
only very few T cells were detected in the tumor tissue. A tissue
sample from the site of the previous tumor from a responding
animal (R1) was also examined; although no tumor cells were
observed in this tissue sample, a high amount of human T cells
was detectable in this tissue sample. In addition, bone marrow and
spleen from two non-responding mice (NR2, NR4) and one
responding mouse (R1) were analyzed for presence of T cells. In
the responding animal, T cells were present in spleen and bone
marrow, whereas in the non-responding animals no T cells were
detected in the bone marrow and spleen (Figure 6a).
In vivo activity of BI 836909 was also tested in an orthotopic

L-363 xenograft model. In this model, L-363 cells were injected
intravenously into the lateral tail vein, on day 5, before in vitro
expanded T cells were injected into the peritoneal cavity of

Figure 4. Influence of soluble APRIL and BCMA on cytolytic activity of BI 836909. (a) T cells, NCI-H929 cells and increasing concentrations of BI
836909 were incubated in the presence of 100 ng/ml recombinant soluble APRIL. (b) NCI-H929 cells were incubated with T cells and increasing
BI 836909 concentrations in conditioned medium containing different levels of soluble BCMA produced by NCI-H929 (containing soluble
BCMA) and HL-60 (without soluble BCMA) cells. (c) L-363 and HL-60 cells were incubated with T cells and increasing BI 836909 in conditioned
medium from BCMA-positive and -negative cells. All assays have been performed at an E:T ratio of 6:1 with 24 h incubation and depletion of
target cells was measured by FACS analysis after 24 h of incubation.
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animals. Treatment with BI 836909 was started on day 8, with daily
intravenous bolus injection for 26 consecutive days. BI 836909
significantly prolonged survival of the animals at dose levels of
0.005 mg/kg/day day or higher. Treatment with BI 836909 resulted
in prolonged median survival of 43.5 days (for the 0.5 and
0.05 mg/kg/day cohorts) and 43 days (for 0.005 mg/kg/day cohort)
compared with 34 days in the vehicle-treated group (Figure 6b).

BI 836909 induces depletion of BCMA-positive plasma cells in
cynomolgus monkeys
In vitro activity of BI 836909 in cynomolgus monkey was
determined in a cytotoxicity assay using purified cynomolgus
monkey T cells as effector cells and Chinese hamster ovary cells
stably transfected with cynomolgus monkey BCMA as target cells.
Figure 7a shows representative examples with three different
PBMC donors where the mean EC50 value was 0.2 ng/ml (range
0.08–0.3 ng/ml).
In a 7-day dose-range finding study, groups (two or three

animals/group) of male and female cynomolgus monkeys were
given 5, 15, 45 or 135 μg/kg/day of BI 836909 via continuous
intravenous infusion at a dose volume of 20 ml/kg/day or 135 or
405 μg/kg/day via subcutaneous injection at a dose volume of
2 ml/kg/day for 7 consecutive days. The administration of BI
836909 was well tolerated. All the animals survived until the
scheduled termination. Clinical signs of toxicity were limited to
vomiting and increased body temperature at 4 to 8 h after the
start of administration at dose levels⩾ 15 μg/kg/day and were

accompanied by transient increases in serum cytokines (MCP-1,
IL-2, IFNγ and/or IL-6). Cytokine levels returned to background
level at 24 h.
Dose-dependent decreases in bone marrow plasma cells were

detected in animals given BI 836909 at doses ⩾ 15 μg/kg/day
continuous intravenous infusion or ⩾ 135 μg/kg/day subcutaneous
(Figure 7b). At these lowest dose levels tested with either route of
administration, two of three animals had plasma cell values below
published ranges (0.7–2.3%)28 and the values in all animals at any
of these dose levels were below the lowest value detected in the
intravenously treated vehicle group.

DISCUSSION
BI 836909 induces highly selective lysis of BCMA-positive MM cells
in vitro, ex vivo and in vivo.
In vitro assays using purified CD4- and CD8-positive T-cell

subsets indicate that both T-cell subpopulations contribute to BI
836909-mediated redirected lysis of MM.1R cells. Maximal target
cells lysis by CD4-positive T cells was slightly lower after 8 h
compared with CD8-positive T cells, but comparable at later time
points. This is in line with previously published data with an
EpCAM/CD3 BiTE demonstrating that both T-cell subsets con-
tribute to the lysis activity with slightly different kinetics.5 Maximal
cytotoxic activity was reached after 16 to 24 h and we show that
T cells are proliferating after 4 days. We observed (data not shown)
that the T cells reach their maximal cell size after 72 h of
incubation, assuming that this time is needed for the T cells to

Figure 5. BI 836909 significantly induced autologous patient MM cell lysis via activated T cells. (a) Bone marrow mononuclear cells (BMMCs)
from a newly diagnosed (ND, upper panel) and relapsed and refractory (RR) patients (lower panel RR1-2) were incubated with PBMCs derived
from the same individual at a ratio of 1 to 10 in the presence of serial dilutions of BI 836909 (0–40 ng/ml). After 1 day, the cells were then
subjected to flow cytometry analysis to determine % of viable CD138+ MM cells. (b) BMMCs collected from additional three ND (MM1–3) and
four RR (RR1–4) MM patients were tested and results are shown on the left and middle panels. BCMA antigen-binding capacity using
quantitative flow cytometry is shown on the right.
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prepare for progressing through the cell cycle. This finding is in
line with published data showing T-cell proliferation after 5 days,
whereas cell lysis was already seen after 24 h.29

BMSCs are known to protect MM cells from apoptosis and can
be involved in drug resistance,23 therefore we tested BI 836909 in
in vitro assays where we co-cultured BMSCs with two different MM

Figure 7. BI 836909 is cross-reactive to cynomolgus monkey BCMA and CD3 and induces depletion of BCMA-positive plasma cells in the bone
marrow of cynomolgus monkey. (a) Cynomolgus monkey T cells, Chinese hamster ovary (CHO) cells transfected with cynomolgus monkey
BCMA and increasing concentrations of BI 836909 were incubated for 48 h at an effector to target cell ratio of 10:1. The assay was performed
with three different PBMC donors indicated by different symbols. (b) BI 836909 was administered to cynomolgus monkeys at doses up to
135 μg/kg/day via continuous intravenous infusion, and up to 405 μg/kg/day via daily subcutaneous injection. Plasma cell numbers in bone
marrow were determined by cytological evaluation of bone marrow smears.

Figure 6. BI 836909 eradicates established xenograft tumors and significantly prolongs survival. (a) Antitumor activity of BI 836909 in an NCI-
H929 human multiple myeloma xenograft model. NCI-H929 xenografts were grown subcutaneously for 10 days until they reached a volume of
approximately 100 mm3. Then mice were injected with activated and ex vivo expanded human T cells into the peritoneal cavity. Three days
later (day 13), when tumor volumes had reached approximately 207 mm3 without significant deviations among study groups, the mice were
treated once daily for 19 days with 0.5 mg/kg of BI 836909 or vehicle by intravenous bolus injection. Tumor growth was determined by
external caliper measurements and tumor volumes were calculated using a standard hemiellipsoid formula. Dunnett’s posttest; z, no tumors
were visible at necroscopy in three animals of the subcutaneously-treated group. Remaining tumor tissue, spleen and bone marrow from four
non-responding animals (NR1–4) and one responding animal (R1) was analyzed for the presence of T cells (staining with anti-CD3 antibody)
and tumor tissues for expression of BCMA (staining with anti-BCMA antibody) by flow cytometry (b) Orthotopic L-363 xenograft model.
Human L-363 cells (1 × 107 cells/mouse) were injected intravenously into female NOD/SCID mice. In vitro expanded and activated human
T cells were transplanted into the peritoneal cavity of mice on day 5, and treatment was initiated on day 8. BI 836909 BiTE antibody construct
was administered by intravenous bolus injections for a maximum of 26 consecutive days, depending on individual survival. The control
animals were treated intravenously with vehicle. Asterisks in the figure legend denote statistically significant differences (log-rank test; NS: not
significant; *Po0.05) between vehicle- and BI 836909-treated groups.
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cell lines and PBMCs. Importantly, the presence of BMSCs did not
influence the activity of BI 836909. In addition, published data
indicate that there are high levels of soluble APRIL and BCMA in
MM patient serum, which could potentially interfere with the
binding of BI 836909 to BCMA or act as a drug sink. Our data
demonstrate that the presence of pathological levels of soluble
APRIL and BCMA has only a small impact on potency of BI 836909
and thus are unlikely to limit the clinical activity.
In vitro assays using MM cell lines and PBMCs or purified T cells

from a normal blood donor have some limitations and do not fully
reflect the nature of patient-derived target as well as effector cells.
Therefore we performed ex vivo assays using MM cells and T cells
from the same patients (autologous system) that mimic the
situation in patients more closely than in vitro assays. BI 836909
potently stimulates and redirects patient T cells from newly diag-
nosed, as well as relapsed/refractory patients to lyse autologous
MM cells, regardless of the disease status. These experiments
demonstrate that T cells from MM patients, both newly diagnosed
and relapsed/refractory patients, are engaged by BI 836909 and
that their cytolytic activity lyses MM cells, supporting the clinical
evaluation of BI 836909 in both treatment lines.
BI 836909 treatment led to the depletion of BCMA-positive

plasma cells in the bone marrow of cynomolgus monkeys. This
represents an important preclinical PD read-out of activity that
supports the selection of the optimal therapeutic dose. To date,
two additional BCMA-targeting concepts have shown promising
preclinical activity and have entered clinical trials, anti-BCMA
chimeric antigen receptor T cells (BCMA-CAR),17,30 and a BCMA
antibody drug conjugate (GSK2857916).21 However, the optimal
therapeutic concept for targeting BCMA to treat MM patients still
needs to be fully evaluated in clinical trials.
In summary, the preclinical data presented in this manuscript

show that BI 836909 selectively and potently redirects T cells to
MM cells, and supports clinical testing in MM patients.
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