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FLT3 (FMS-like tyrosine kinase 3), expressed on the surface of
acute myeloid leukemia (AML) blasts, is a promising AML
target, given its role in the development and progression of
leukemia, and its limited expression in tissues outside the
hematopoietic system. Small molecule FLT3 kinase inhibitors
have been developed, but despite having clinical efficacy, they
are effective only on a subset of patients and associated with
high risk of relapse. A durable therapy that can target a wider
population of AML patients is needed. Here, we developed an
anti-FLT3-CD3 immunoglobulin G (IgG)-based bispecific
antibody (7370) with a high affinity for FLT3 and a long half-
life, to target FLT3-expressing AML blasts, irrespective of
FLT3 mutational status. We demonstrated that 7370 has
picomolar potency against AML cell lines in vitro and in vivo.
7370 was also capable of activating T cells from AML patients,
redirecting their cytotoxic activity against autologous blasts at
low effector-to-target (E:T) ratio. Additionally, under our
dosing regimen, 7370 was well tolerated and exhibited potent
efficacy in cynomolgus monkeys by inducing complete but
reversible depletion of peripheral FLT3+ dendritic cells (DCs)
and bone marrow FLT3+ stem cells and progenitors. Overall,
our results support further clinical development of 7370 to
broadly target AML patients.

INTRODUCTION
Acute myeloid leukemia (AML) is the most frequent acute leukemia
in adults, yet it remains an area of high unmet medical need as stan-
dard therapy, including chemotherapy with or without allogeneic
bone marrow transplantation has limited efficacy. The cure rate for
adult patients who are 60 years of age or younger is 35% to 40%,
and only 5% to 15% in patients who are older than 60.1 Despite recent
advances in understanding the disease heterogeneity and efforts in
targeted molecular therapy, there remains an opportunity for an
agent that targets a broad range of AML patients and results in
complete and durable responses.2,3

FMS-like tyrosine kinase 3 (FLT3) is a class III receptor tyrosine
kinase with a well-recognized and essential role in hematopoiesis.4
It is expressed in human hematopoietic stem and progenitor cells
(HSPCs), inducing their proliferation and differentiation into mono-
cytes, dendritic cells (DCs), B cells, and T cells.5,6 FLT3 expression in
the mature human immune system remains largely limited to DCs.
FLT3 also plays a key role in driving leukemogenesis and malignant
progression of AML, promoting leukemic cell proliferation and
survival.7 Mutations in FLT3 resulting in constitutive activation of
the receptor are commonly found in AML patients and are associated
with poor prognosis and a high propensity to relapse after
remission.8,9 Overall, FLT3 signaling is a hallmark of both normal
hematopoiesis and the development of AML.

FLT3 expression has been detected in almost all AML blasts and is
generally higher than that on normal bone marrow HSPCs and circu-
lating DCs.10–12 The presence of an overexpressed oncogenic receptor
on the surface of most leukemic blasts provides a unique opportunity
for the development of antibody-based immunotherapies that would
work in all AML patients irrespective of the FLT3 mutational status.
Indeed, a monoclonal antibody targeting FLT3 (IMC-EB10) to drive
antibody-dependent cell cytotoxicity (ADCC) has been developed
and evaluated in the clinic.13 However, likely due to the insufficient
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level of FLT3 surface expression to induce potent ADCC, clinical
response was not observed.14 Development of another antibody
(4G8) with enhanced effector function was also recently described,
but clinical activity has yet to be demonstrated.15

Alternatively, to enhance the elimination ofAMLcells, including those
with a low level of FLT3 expression, T cell redirection, and chimeric
antigen receptor (CAR) T cell-based therapies have also been pur-
sued.16–19 Using amouse anti-human FLT3 4G8 antibody to construct
a FLT3-CD3 bispecific antibody, Durben et al. demonstrated that the
bispecific antibody can effectively redirect T cells to kill AML cell lines
in vitro and in vivo; they also reported that the bispecific antibody can
reduce patientAMLblasts in assays with autologous T cells, albeit with
most of the samples having high E:T ratio (>1:5).16 Although the pre-
clinical results were promising, FLT3 CD3 bispecific antibody
described by Durben et al. may not have the most optimal character-
istics as a therapeutic, namely because of short half-life and potentially
higher immunogenicity risk associated with its mouse origin.16 Mean-
while, CAR T cells targeting FLT3, derived from healthy donor T cells,
could also efficiently mediate lysis of AML cell lines and patient AML
blasts, but it remains unclearwhetherT cells fromAMLpatients can be
expanded sufficiently to generate autologous CAR T cells of equal
potency.20 One major concern for both of these T cell-based
approaches is that, due to the expression of FLT3 on HSPCs, dose-
dependent reductions ofHSPCshave been observed in vitro.15,18How-
ever, the in vivo consequence of such potential on-target/off-tumor
toxicity is not understood. It would be highly beneficial to determine
whether myelosuppression or even myeloablation occurs following
anti-FLT3-CD3 treatment in clinically relevant species.

When selecting a target for T cell redirection, important factors to
consider are target expression in healthy tissues as well as the
frequency of healthy cells expressing the target. Target expression
in healthy tissues can contribute to immune-cell-mediated toxicity
and limit the therapeutic dose that is required to mediate killing of
cancer cells. FLT3 has very limited expression in normal tissues
outside of bone marrow (Figure S1A).15 In fact, comparison of the
enrichment of target expression in AML compared to healthy non-
hematopoietic tissues for FLT3 and three other commonly studied
AML targets, CD33, CD123, and CLL1, suggested that agents target-
ing FLT3 may have the largest therapeutic index compared to agents
targeting other AML targets. Blood, brain, pancreas, and lung are the
top four healthy tissues expressing low levels of FLT3 RNA (Fig-
ure S1A). The expression of FLT3 protein in the brain was recently
shown to be limited to the cytoplasm of Purkinje cells,21 and the
expression in the pancreas and lung tissue has not been confirmed
at the level of cell surface protein expression.15 Therefore, outside
of potential hematological toxicities, FLT3-targeted T cell redirection
therapies are expected to have little to no healthy tissue toxicity and
present an opportunity to achieve therapeutic doses that are suffi-
ciently high to mediate strong anti-tumor efficacy.

Here we describe the development of a human anti-FLT3 CD3 IgG-
based bispecific antibody that was engineered to have a high affinity
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for FLT3 and a long half-life. We characterized its in vitro and in vivo
efficacy using both AML cell lines and AML patient samples. We also
evaluated its hematological toxicity in cynomolgus monkeys and
show that it is reversible and potentially manageable in the clinical
setting. The fully human IgG format with good manufacturability,
long half-life, and high affinity for FLT3, as well as the choice of target
make this bispecific antibody a very attractive clinical candidate with
potential to induce durable remissions in AML patients.
RESULTS
Anti-FLT3 CD3 IgG-Based Bispecific Antibody Targeting

Domain 4 Has the Most Optimal In Vitro and In Vivo Activity

A panel of human antibodies against human FLT3 was isolated using
phage display technology. The binding epitopes of the antibodies
were mapped to specific FLT3 extracellular domains using the
truncation variants of FLT3 (Figure 1A; Figure S2). Representative
antibodies targeting various domains of FLT3 were selected to pair
with an anti-CD3 antibody to construct full-length bispecific anti-
bodies (Figure 1B). Additional bispecific antibodies using previously
described BV10 and 4G8 anti-FLT3 antibodies, which target domains
2 and 4 of FLT3, respectively, were also generated.15 To compare the
relative in vitro potency of these bispecific antibodies, we tested them
in a cytotoxicity assay with a FLT3-expressing AML cell line EOL-1.
Intriguingly, despite not having the highest affinity, domain 4 (D4)-
targeting 4G8 bispecific antibody demonstrated the highest in vitro
cytotoxicity, followed by mAb_E, which targets the most membrane
proximal domain 5 (D5) (Figure 1C). The activities of 4G8 and
mAb_E bispecifics were further compared in a subcutaneous AML
(EOL-1) model in NOD scid gamma (NSG) mice. Figure 1D shows
that although both bispecifics were efficacious in reducing tumor
burden, 4G8 bispecific demonstrated much greater efficacy at
0.01 mg/kg dose, suggesting that domain 4 is likely to be the most
optimal region for IgG-based bispecific targeting.
Properties of Domain 4-Targeting 7370 Anti-FLT3CD3Bispecific

IgG

Additional human antibodies targeting FLT3 D4 were isolated and
subsequently affinity matured to generate a lead clone. The
engineered anti-FLT3 antibody was then paired with an anti-CD3
antibody (2B4) to generate the bispecific antibody 7370 (detailed bio-
physical characterization is shown in Figures S3A–S3D), which
bound recombinant human FLT3 and CD3 proteins with dissociation
constants of 49 pM and 27 nM, respectively (Figure S3E). In addition,
7370 demonstrated specific binding to human T cells, and AML cell
lines EOL-1 and MV4-11 expressing high and low levels of FLT3,
respectively (Figure S3F).22 Epitope mapping studies indicated that
binding of 7370 to FLT3 was abolished with an arginine substitution
at D4 residue serine 370, confirming the 7370’s binding specificity
against FLT3 D4 (Figure S3G). The pharmacokinetic analysis of
7370 in NSG mice confirmed that 7370 had a terminal half-life of
approximately 6 days (Figure S3H), in line with the half-lives of other
typical human IgGs in mice. Similar half-life of approximately 6 days
was also observed in cynomolgus monkeys (data not shown).
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Figure 1. Identification of Domain 4 of FLT3 as theMost Optimal Domain for

IgG-Based Bispecific Antibody Targeting

(A)StructureofhumanFLT3showing thedomains1 to5 (D1–D5) of FLT3,modified from

PDB: 3QS9 using PyMOL (Schrodinger). (B) Schematic representation of anti-FLT3-

CD3 bispecific antibody. Bispecific IgGs were generated on the human IgG2DA back-

bonewithD265Amutation (EUnumbering) toabolish interactionswith complement and

Fcg receptors. (C) In vitrocytotoxicityofhealthydonorTcellsagainstEOL-1 (E:T5:1,24h

assay) induced by FLT3-CD3 bispecific IgGs targeting different domains of FLT3. Table

summarizes the binding affinity at 37�C for each bispecific antibody using surface

plasmon resonance and calculatedEC50 for cytotoxicity. Data shownare average±SD.

Data are representative of at least 2 donors. (D) Growth of s.c. implanted EOL-1 in NSG

mice treated with 0.01 mg/kg 4G8 or mAb E FLT3-CD3 bispecific IgGs, targeting FLT3

D4 and D5, respectively (n = 10mice per group). Data shown are average± SEM. Data

are representative of two studies with different donors. See also Figures S2 and S3.

www.moleculartherapy.org
7370 Anti-FLT3 CD3 Bispecific IgG Redirects Healthy Donor T

Cells against AML Cell Lines with Picomolar Potency In Vitro

The activity of 7370 FLT3 bispecific antibody was then further char-
acterized in the short-term cytotoxicity assay with healthy donor
T cells and EOL-1 or MV4-11 AML cell lines (Figure 2). Maximal
and near complete target cell lysis was observed at E:T ratio of 1:1,
while substantial target cell lysis was detected at E:T ratios as low as
1:20 (Figures 2A and 2B). At E:T ratio of 1:20 (5% T cells), 7370
induced lysis of 33% of EOL-1 (Figure 2A) and 14% of MV4-11 (Fig-
ure 2B) cells. In this short-term cytotoxicity assay, lowering the E:T
ratio affected only the maximal killing while the EC50s did not appear
substantially different. Likely, the capacity of individual T cells to
mediate serial killing of targets presents a limitation for this short-
term in vitro assay; therefore, E:T ratio of 1:1 was chosen to determine
the in vitro potency of 7370 across multiple healthy donors.23 At this
ratio, 7370 redirected healthy donor T cells against AML cell lines at
average EC50 of 1.4± 0.7 pM and 14.6± 5.6 pM for EOL-1 (Figure 2C)
and MV4-11 (Figure 2D), respectively. Of note, no killing was
induced by 7370 when a target cell line not expressing FLT3 was
used (Figure S4). 7370 also potently induced interferon-g (IFN-g),
tumor necrosis factor alpha (TNF-a), and interleukin-2 (IL-2) cyto-
kines from healthy donor T cells in the presence of EOL-1 and
MV4-11 cell lines (Figure S5).

The ability of 7370 to induce four activation markers on T cells,
CD25, CD69, 41BB, and PD1 was also determined at E:T of 1:1 using
EOL-1 as target cells. 7370 induced all four activation markers with
similar single-digit pM potency (Figures 2E–2H; Figure S6). The
kinetics of the induction of each activation marker were consistent
with that described for antigen and T cell receptor (TCR)-mediated
T cell activation; CD69 expression was transient, peaking at day 1,
and decreasing thereafter; 41BB and PD1 induction was more sus-
tained, peaking at day 2, decreasing slightly at day 3, and decreasing
to baseline after 6 days; while CD25 stayed upregulated through day 6
of the culture, likely due to presence of cytokines secreted by activated
T cells.24–28 Therefore, 7370 induced transient T cell activation
including the transient expression of the activation/exhaustion
marker PD1.

Collectively, 7370 bispecific antibody potently redirected the
cytotoxic and cytokine-secreting function of human T cells against
cancer cells in vitro, accompanied by a transient induction of an
activated state in T cells. The decrease in the expression of
activation/exhaustion markers coincided with the complete
elimination of tumor cells in vitro.

7370 Anti-FLT3 Bispecific IgG Is Efficacious in Established

Orthotopic Xenograft Models of AML

To analyze the in vivo efficacy of 7370, we generated orthotopic
AML xenograft models by IV injection of luciferase-labeled AML
cell lines into NSG mice. Following the cell line engraftment, leuke-
mia-bearing mice were first injected with previously activated and
expanded human T cells (Figure S7) and subsequently treated
with different doses of 7370 administered only once (Figure 3A).
Molecular Therapy Vol. 28 No 3 March 2020 891
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Figure 2. FLT3 Bispecific Mediates In Vitro Killing of AML Cell Lines at pM Potency

(A–D) Cytotoxicity induced by healthy donor T cells against luciferase-expressing EOL-1 (A and C) and MV4-11 (B and D) cells in the presence of 7370 for 2 days at different

E:T ratios as depicted. Data shown are average ± SD. (E–H) Expression of activation markers CD69 (E), 41BB (F), PD1 (G), and CD25 (H) on healthy donor CD8+ T cells at

indicated time points after co-culture with EOL-1 (E:T 1:1) in the presence of 7370. Data in (A), (B), and (E)–(H) are representative of 2 donors. See also Figures S4–S6.
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Figure 3. FLT3 Bispecific Is Highly Efficacious in Orthotopic Mouse Models of AML

(A) Experimental design for in vivo studies with 7370. (B) Surface expression of FLT3 on AML cell lines as indicated prior to injection into NSG mice. (C–E) Tumor growth as

measured by bioluminescence imaging of EOL-1 (FLT3 wild-type) (C), MOLM-13 (FLT3-ITD) (D), and MV4-11 (FLT3-ITD) (E) in NSG mice, n = 10 per group. Data shown are

average ± SEM. Data are representative of at least two studies per cell line. See also Figure S7.
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To determine the effect of receptor density on in vivo efficacy of
FLT3 bispecific antibody, we used three different cell lines for these
studies, representing high (EOL-1), medium (MOLM-13), and low
(MV4-11) levels of FLT3 antigen expression (Figures 3B–3E). In
addition, we also chose these three cell lines in order to study repre-
sentative FLT3 wild-type (EOL-1) and FLT3 mutant cell lines
(MOLM-13 and MV4-11).29,30 The results showed that a single
dose of 7370 resulted in complete elimination of EOL-1 (Figure 3C)
and MOLM-13 cells (Figure 3D) with 10 out of 10 mice remaining
tumor-free for at least 40 days post tumor implantation. A lower
dose of 7370 induced complete efficacy in the EOL-1 model than
in the MOLM-13 model (0.01 mg/kg for EOL-1 and 0.03 mg/kg
for MOLM-13), consistent with higher surface FLT3 expression
on EOL-1 compared to MOLM-13. In the model with MV4-11,
the cell line with the lowest FLT3 expression, a single dose of 7370
up to 0.3 mg/kg mediated significant reduction in tumor burden
although it did not completely eliminate all AML cells (Figure 3E).
Therefore, 7370 potently redirected human T cells against AML
in vivo in a manner that was dependent on the expression of FLT3
antigen on AML cells but not on FLT3 mutational status.

7370 Anti-FLT3 Bispecific IgG Redirects AML Patient T Cells

against Autologous AML Blasts

To determine whether AML patient T cells can be redirected
against their own AML blasts in the presence of 7370, we obtained
PBMCs from 5 AML patients with a substantial number of AML
blasts present (Figure 4; Figure S8). E:T ratio calculated on the start
of each culture (day 0) in these samples ranged from 1:25–1:64 and
Molecular Therapy Vol. 28 No 3 March 2020 893
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Figure 4. 7370 Anti-FLT3-CD3 IgG Redirects AML Patient T Cells against Autologous AML Blasts

(A) Flow cytometry plots depicting percent expression of FLT3 in PBMCs from 3 AML patients (x axis) and CD4 and CD8markers (y axis). (B and C) Cell counts for AML blasts

(B) and T cells (C) 0, 4, and 7 days after co-culture with 7370. E:T ratio was calculated for day 0 determined by identifying AML blasts as CD45dimCD3�, and T cells as sum of

CD45+CD4+ and CD45+CD8+ T cells. See also Figure S8.
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all expressed varying levels of FLT3 (Figure 4A; Figure S4A).
Assessment of AML blast killing (Figure 4B; Figure S8B) and
T cell proliferation (Figure 4C; Figure S8C) after up to 7 days in
the presence of 7370 demonstrated that 7370 could redirect autol-
ogous T cells to proliferate and mediate cytotoxicity against
autologous blasts. T cells from all 5 patients proliferated in a
dose-dependent manner typically requiring 7370 at 0.5 nM or
higher concentration. Furthermore, substantial cytotoxicity was
induced in 4 out of 5 samples (Figure 4B; Figure S8B). Greater
than 80% of blasts were depleted by day 7 for patients 1 and 2,
while for patient 3 a maximum of �35% decrease in blast counts
was observed at day 4 and but no decrease at day 7. These data
demonstrate that 7370 anti-FLT3 bispecific IgG was capable of
activating AML patient T cells and inducing their cytotoxicity
against autologous blasts, although in some cases AML blasts
may be resistant to in vitro T cell killing even in the presence of
FLT3 antigen expression.15,31
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7370 Anti-FLT3 Bispecific IgG Is Well Tolerated in Cynomolgus

Monkey at Doses that Achieve On-Target Efficacy with

Reversible Hematological Toxicity

To study the pharmacology and tolerability of 7370 in cynomolgus
monkey, we first demonstrated that it has reasonable cross-reactivity
to cynomolgus FLT3 (Figure S9).We also confirmed that cynomolgus
FLT3 was expressed in cynomolgus blood DCs and CD34+ HSPCs in
the bonemarrow (Figures S10 and S11). FLT3 expression in cynomol-
gus and human blood immune cell subsets are similar (Figure S12).
The cynomolgus study design is depicted in Figure 5A. Weekly doses
of 3 mg/kg were administered twice to 4 monkeys as prior studies
determined that 2 weekly doses as high as 0.9 mg/kg were tolerated
(data not shown). Blood and bone marrow from 2 of 4 treated mon-
keys and 2 untreated controls were examined 2 days following the sec-
ond dose of 7370. The remaining 2 treated monkeys were followed for
an additional 2 weeks prior to study termination. This study design
allowed us to assess both acute toxicity as well as the ability of treated
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DC subsets: FLT3+, CD123+, and CD1c+ in the blood of control and treated monkeys as indicated. Percent of baseline was calculated by dividing percent positive cells at

indicated time point with that at baseline. (C) Flow cytometry plots showing FLT3+ DCs (top panels) and CD123+ and CD1c+ DCs (bottom panels) for treated monkey 3 over

the treatment and recovery period. DCs were identified by gating on lineage-negative cells as depicted in Figure S6. (D) Percentage of CD14lowCD16+ cells in the blood of

control and treated monkeys. See also Figures S9–S15.
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monkeys to recover following discontinuation of treatment
(Figure 5A).

The results showed that a near-complete depletion of FLT3+ DCs,
including theCD1c+ andCD123+DCsubsets,wasobserved1weekafter
a single dose of 7370 (Figures 5B and 5C). The extent of depletionwas in
good agreement with the expression of FLT3 in different immune cell
subsets in cynomolgus blood. CD14lowCD16+ cells that don’t express
FLT3 (Figure S10) did not change during the treatment (Figure 5D).
While DC depletion wasmaintained 2 days after the second dose, given
a recovery period of additional 2 weeks, FLT3+ DCs and CD1c+ and
CD123+ DC subsets recovered to baseline levels (Figures 5B and 5C).
Decreases in blood immune subsets other than DCs were also detected
1 week following the first dose, most notably of B cells and monocytes,
but all evaluated immune subsets returned back to baseline levels
following the 2-week recovery period (Figures S13 and S14). Similarly,
FLT3+CD34+CD38+ HSPCs in the bone marrow were depleted in 2
treated monkeys analyzed 2 days following the second dose, but after
the recovery period their percentagewas similar to baseline in 1monkey
for which the tissue was available for analysis (Figure 6).

The pattern of cytokine release post treatment was in accordance with
previously described CD3 bispecific studies.32–34 An increase in IL-6,
IL-10, and IFN-g was observed after the first dose while no change in
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cytokine levels was observed after the second dose (Figure S15). Only
1 out of 4 treated monkeys (treated 4) showed minimal clinical
symptoms, including soft or liquid feces and body weight decreases
of 0.92� of baseline at day 21. Microscopic findings in the monkeys
included minimal to mild decreased cellularity in the bone marrow
involving all components of hematopoiesis and minimal to moderate
increased cellularity in the spleen and axillary lymph nodes. These
findings were consistent with target-mediated depletion of FLT3-ex-
pressing cells and T cell activation. Examination of additional organs,
including those that express FLT3 at the RNA level, such as brain,
pancreas, and testes, demonstrated no changes to these organs by
gross pathology and histopathology. Altogether, our results demon-
strated that administration of two doses of 7370 resulted in a robust
but transient FLT3+ target cell elimination in both peripheral blood
and the bone marrow without overt toxicities observed in other
tissues.

DISCUSSION
We presented the preclinical characterization and toxicity assessment
of a full-length IgG-based bispecific antibody targeting FLT3 for the
treatment of AML. Although several other myeloid target antigens
have been pursued in the context of CD3 bispecific antibodies for
AML, including CD123, CD33, and CLL-1,34–37 we chose to target
FLT3 given its role as an oncogenic driver that is highly enriched in
AML cells but has very limited expression in normal tissues outside
of bone marrow (Figure S1A).15 While brain, pancreas, and lung
express low levels of FLT3 RNA (Figure S1A), the expression of
FLT3 protein in the brain was recently shown to be limited to the cyto-
plasm of Purkinje cells,21 and its expression in the pancreas and lung is
lower than that of CD123 (Figure S1A). In the hematopoietic system,
FLT3 expression is very limited in mature immune cells. Notably, the
expression of FLT3 in mature myeloid cells, such as monocytes and
neutrophils, was the lowest compared to other AML targets (Fig-
ure S1B). Consequently, CLL1-CD3 bispecific antibody treatment in
cynomolgus monkeys resulted in neutrophil depletion,34 whereas
our studies showed that neutrophil counts in 7370-treated animals
stay similar to those of untreated animals (Figure S14). Overall, the
absence of a large off-tumor sink in healthy tissues should enable
administration of higher doses of FLT3-CD3 bispecific antibody by
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minimizing the cytokine release syndrome and toxicities arising
from on-target engagement in healthy tissues.

CD3 bispecific antibodies are promising therapeutics for cancer,
exemplified by the success of the CD19-targeting BiTE, blinatumu-
mab.38 Here, we have fully optimized an IgG-based CD3 bispecific
antibody against FLT3. First, we have carefully engineered the affin-
ities of both FLT3 and CD3 targeting arms. The pM affinity of FLT3
antibody should allow the antibody to efficiently recognize low num-
ber of surface FLT3, estimated to be on the order of hundreds to low
thousands,15 and this is similar to a previously reported study on a
CD3 bispecific modality targeting major histocompatibility complex
(MHC)-peptide complex.39 Also, the approximately 500-fold affinity
difference between the FLT3 and CD3 targeting arms should allow
preferential saturation of the FLT3 receptors over CD3, thereby
avoiding any potential non-desirable T cell activation mediated by
off-target binding of antibody-bound T cells. Second, we screened
for and identified the FLT3 D4, instead of the membrane proximal
D5, to be the most optimal region for our IgG-based bispecific anti-
body to target. Our results here are in contrast with previous studies
suggesting that targeting the most membrane-proximal region of the
receptor yielded the highest efficacy.40,41 Such a difference is likely
due to the distinctive binding geometry mediated by the unique struc-
tural fold of FLT3 and our IgG-based bispecific antibody, where such
geometry is more favored in driving the proper synapse formation be-
tween T cells and AML cells.42,43 This highlights the need to screen for
a proper targeting region for individual formats of CD3 bispecific
antibodies.44 Lastly, we generated our bispecific antibody in full-
length IgG format with abolished FcgR binding to have extended
half-life (Figure S3H), to avoid non-specific T cell activation and to
have favorable manufacturability. Such stable format enables a
more convenient weekly or less frequent dosing regimen in the clinic
without the need for continuous infusion.15

We demonstrated that 7370 was effective in redirecting autologous
T cell in patients’ samples to kill AML blasts, achieving more than
40% blast killing in 4 out of 5 samples after only 4 days in the presence
of 10 nM of 7370. This extent of blast killing is in line with what has
been reported for anti-CD33 BiTE.45 In fact, Krupka et al.45 showed
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that for E:T between 1:10 and 1:80, a longer incubation (12–15 days)
with the CD33 BiTE resulted in near complete blast killing in vitro,
regardless of the CD33 expression level on AML blasts. Indeed, for
patients 1 and 2, we also observed greater blast killing after 7 days, in
particular for patient 2 (E:T = 1:64) for which complete elimination
of the blasts was observed after 7 days of incubation with 7370.45

Our study suggests that likely a nanomolar concentration of 7370
may be required in circulation to mediate substantial killing of the
blasts through endogenous T cells, much higher than the picomolar
EC50 observed for AML cell line killing by healthy T cells. This
difference could be due to the lesser fitness of T cell in AML patients,
low E:T ratio, and upregulation of immune checkpoints to resist
killing.20,31,35,45,46 Due to the limited expression of FLT3 in healthy
tissues, such a high level of circulating drug concentration is potentially
achievable for FLT3 bispecific antibody, as evidenced by the minimal
toxicity observed for the 3 mg/kg dose administered in the cynomolgus
study. Additionally, immune-modulating agents like anti-PD1/PDL1
antibodies45 and cytokines35 could potentially further enhance the
effectiveness of the bispecific antibodies in the treatment of AML.

Because FLT3 is expressed in healthy HSPCs in the bone marrow,
and, although AML blasts have been reported to have higher expres-
sion of FLT3 than healthy cells,15,47,48 administration of FLT3 bispe-
cific antibody at therapeutically relevant doses is likely to result in the
depletion of healthy HSPCs and other cells expressing FLT3 such as
DCs. We indeed observed depletion of FLT3+ target cells in cynomol-
gus monkeys given 2 weekly doses of 7370 at a high dose level (3 mg/
kg). Such a regimen was sufficient to deplete even FLT3+ DCs that
have been reported to have very low levels of surface FLT3 (<300mol-
ecules/cell) in addition to FLT3+ HSPCs in the bone marrow.15 Not
only was this dose level tolerable and did not induce anymajor clinical
signs in treated monkeys, but the induced hematological toxicity was
also not severe. We observed decreases in B cells and monocytes,
although not as complete as with FLT3+ DCs, that could be attributed
to on-target effects. Furthermore, we also observed a reversibility of
immune toxicities induced by this 2-dose regimen following a
2-week recovery period with both bone marrow and blood immune
cells recovering to baseline. This suggests that it may be possible to
manage hematological toxicity in the clinic by intermittent dosing
in order to avoid severe myelosuppression and the need for allogeneic
bone marrow transplantation. Potential combination with AML
maintenance therapies could also be considered to avoid continuous
dosing of FLT3 bispecific.

Unfortunately, no good preclinical models exist for studying the effects
of long-term repeat dosing with FLT3 CD3 bispecific antibody. We
have performed studies in the CD34+ cell-humanized NSG-SGM3
model from The Jackson Laboratory (Bar Harbor, ME) and detected
virtually no changes in the peripheral immune cell composition and
numbers in time points after the administration of 7370 (data not
shown). However, we could not detect FLT3 on the surface of human
stem cells in the humanized NSG-SGM3 bone marrow to the same
extent as on human HSCs in vitro, pointing at the challenges of using
this model to conclude on the safety of FLT3-targeting agents (data not
shown). On the other hand, the cyno model showed us that indeed
FLT3 bispecific antibody could eliminate healthy cells expressing
FLT3 and this is what is to be expected in the clinic, at least for patients
with blasts that express similar levels of FLT3 as healthy stem cells
(most patients express somewhat higher levels, though, as shown in
Durben et al.16). Unfortunately, monkeys can develop anti-drug
antibodies to human antibodies after 2–3 doses, and long-term repeat
dosing may not be feasible. Future studies with surrogate anti-mouse
FLT3 antibodies in human CD3-transgenic mouse models and/or
with antibodies optimized for cynomolgous monkeys should be
designed to further understand the effect of long-term dosing.

In conclusion, the robust anti-tumor activity of 7370 combined with
good tolerability in cynomolgus monkeys, reversible hematological
toxicity, and absence of non-hematological toxicity support its further
clinical development in AML with carefully designed clinical dosing
regimen to mitigate the potential for long-term hematopoietic
toxicity risk. The FLT3 bispecific is potentially accessible to a broad
AML population, irrespective of mutational status, while allowing
for a safe and tolerable dosing regimen.

MATERIALS AND METHODS
Generation of the Recombinant FLT3 Antigens

Recombinant ectodomain of human FLT3 sequence and various
truncation variants of FLT3 (Figure S2) with C-terminal histidine
tag were synthesized by GeneArt (Thermo Fisher Scientific) and
cloned into a CMV promotor-based expressing vector. Sequenced-
verified vectors were then transfected into Expi293 cells for expres-
sion (Thermo Fisher Scientific). After 4–5 days of expression, the su-
pernatant was purified over Ni Sepharose (GE Healthcare). Eluted
proteins were further purified by size exclusion chromatography us-
ing a Superdex 200 column (GE Healthcare).

Isolation and Engineering of Anti-FLT3 Antibodies

A synthetic human single-chain Fv (scFv) phage library was used to
isolate antibodies targeting FLT3. Four rounds of panning were per-
formed against recombinant full-length human FLT3 according to a
previously reported protocol.49 FLT3 binding clones with unique
sequences were then reformatted into human IgG expression vector.
Human IgGwere expressed using the Expi293 system (Thermo Fisher
Scientific) and purified with MabSelect (GE Healthcare). The FLT3
binders were screened against recombinant full-length FLT3, and
various FLT3 truncation variants (Figure S2) to map the binding
domain of each antibody. D2-4 binders were further triaged by their
ability to block commercially available FLT3 ligand (R&D Systems),
BV10 antibody (anti-FLT3 D2 binders; Biolegend BV10A4H2), and
4G8 antibody (anti FLT3 D4 binders; BD Bioscience).

To isolate additional D4 binders, we constructed an antibody yeast
display library using the antibody genes isolated from the ensemble
phage library after the third round of panning. The yeast library
was screened using 50–100 nM of recombinant hFLT3 D2-4.
BV10-APC (Biolegend BV10A4H2) and anti-Cmyc-FITC (Thermo
Fisher, 9E10) were used as the detection and normalization
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antibodies, respectively. After three rounds of fluorescence-activated
cell sorting (FACS) screening, individual yeast clones were cultured in
96-well plates, induced and incubated with hFLT3 D2-4. The binding
of each clone was separately screened using two different detection
antibodies, BV10-APC or 4G8-Alexa Fluor 647 (BD Bioscience).
Selected clones were chosen for reformatting as human IgG for
further characterization.

An anti-FLT3 lead clone mAb called P4H11 is chosen for affinity
maturation using yeast display. The library was constructed by shuf-
fling variable heavy region of P4H11 against human naive variable
kappa light chains cloned from human donors. Four rounds of equi-
librium based screening using biotinylated FLT3 with concentration
starting from 20 nM down to 5 nM were performed. Two more
rounds of kinetic-based screening were then carried out with cells be-
ing first labeled with 100 nM of biotinylated FLT3 and then followed
by competition with 1 mM of free FLT3. Selected clones with unique
sequences were reformatted as human IgG for affinity measurement.

Isolation and Engineering of Anti-CD3 Antibodies

The anti-CD3 antibody was generated using hybridoma technology.
Briefly, BALB/c mice were immunized with keyhole limpet hemocya-
nin (KLH)-conjugated peptides representing the N-terminal residues
22–48 of human and cyno CD3 epilson. After repeated immunization
and detectable serum titers against the immunogen, mouse spleens
were harvested and fused with myeloma cells to generate hybridoma.
Binding of the hybridoma antibodies were then screened against bio-
tinylated human and cyno CD3 epilson peptides (residues 22–48), re-
combinant human and cyno CD3 epilson-delta (CD3εd) protein. An-
tibodies were then further screened by their ability induce human and
cynomolgus T cell proliferation. One clone, 2B4, was selected from the
assay and subsequently humanized using conventional methods.

Generation of the Anti-FLT3/CD3 Bispecific Antibody

Anti-FLT3-CD3 hIgG2DA-based bispecific antibodies containing
D265A were generated as previously described.50 Briefly, anti-FLT3
antibody on the negatively charged (EEE) arm was exchanged with
the anti-CD3 antibody on the positively charged (RRR) arm to
generate the bispecific antibody.

Determination of Binding Affinities by Surface Plasmon

Resonance

The affinities of antibodies binding to recombinant full-length FLT3
extracellular domain at 37�C were determined either using Biacore
(GE LifeSciences) or ProteOn XPR36 SPR (BioRad). For characteriza-
tion of 4G8 and BV10, a multi-cycle kinetics method was used on a
Biacore T200 equipped with a CM4 sensor chip with anti-human Fc
amine-coupled in all flow cells. The running and dilution buffer for
the assay was PBS-TB (PBS, 0.05% Tween-20 (v/v), 1 mg/mL BSA,
pH 7.4). Anti-FLT3 antibodies were first captured onto separate flow
cells of the sensor chip at 0.75 mg/mL and a flow rate of 10 mL/min
for 30 s. Antibody was not captured on flow cell 1 to serve as a reference
surface. Recombinant FLT3 was then injected over all flow cells at
500 nM and 50 nM (in separate analysis cycles) for 2 min. Surfaces
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were regenerated with two 20 s injections of 75 mM phosphoric acid
between analysis cycles. Sensorgrams were double-referenced and fit
globally to the 1:1 Langmuir with mass transport model (KD = koff/
kon) using Biacore T200 Evaluation Software version 2.0.

Binding affinity for Req7370 was determined using a one-shot kinetic
method on a ProteOn XPR36. Antibodies were first amine-coupled to
the NLC sensor chip. Then, 2-fold dilutions of FLT3 from 10 nM to
0.62 nM in PBS-TB were injected for 3 min and dissociation was
monitored for 2 h. Surfaces were regenerated with three 30 s injec-
tions of 2:1 (v/v) Pierce IgG Elution Buffer (Thermo Fisher): 4 M
NaCl between analysis cycles. Sensorgrams were double-referenced
and fit to a 1:1 Langmuir model using ProteOn Manager Software
(version 3.1.0.6).

The affinities of antibodies binding to human recombinant CD3 at
37�C were determined using a multi-cycle kinetics method on a
Biacore T200 equipped with CM4 sensor chip with anti-HIS antibody
amine-coupled on all flow cells, using a running buffer of HBS-TB
(10 mM HEPES, 150 mM NaCl, 0.05% Tween20, pH 7.4, 1 mg/mL
BSA). In-house generated histidine-tagged human CD3εd hetero-
dimer protein was diluted in running buffer to 0.125 mg/mL and
captured onto flow cell 2 of the sensor surface for 1 min at 10 mL/
min. Then, bispecific antibodies from 300 nM to 4.7 nM (2-fold dilu-
tion series) were injected over flow cell 1 and 2 for 1 min and allowed
to dissociate for 3 min. Surfaces were regenerated with two 30 s injec-
tions of 10 mM Glycine pH 1.7 between analysis cycles. Sensorgrams
were double-fit to the 1:1 Langmuir with mass transport model using
Biacore Evaluation Software version 2.0.

Cell Culture

EOL-1 cells were obtained from Sigma (St. Louis, MA), andMOLM-13
and MV4-11 cells were obtained from the American Type Culture
Collection (ATCC) (Manassas, VA). AML cell lines were cultured in
RPMI, 10% fetal bovine serum (FBS), penicillin-streptomycin at
37�C under 5% CO2. Cells were engineered to express luciferase and
GFP using Luc2AGFP lentivirus (AMSbio). Peripheral bloodmononu-
clear cells (PBMCs) were isolated from blood obtained from healthy
donors at Stanford Blood Center (Palo Alto, CA). Frozen PBMCs
from AML patients were acquired from Fred Hutch (Seattle, MA).
AML patient samples were thawed and rested for 4 h in SFEM IImedia
(StemCell Technologies) after which they were supplemented with
HSC expansion cocktail (CC110, StemCell Technologies). All experi-
ments with patient samples were performed with appropriate consent.

In Vitro Cytotoxicity Assays

Cytotoxicity assays with AML cell lines were performed by mixing
luciferase-expressing cell lines and purified human T cells. Cytotox-
icity was assessed after 2 days (unless otherwise indicated) by
measuring residual luciferase activity (One-Glo, Promega).
Activation markers were detected by staining with antibodies against
human CD45 (HI30), CD33 (WM53), CD4 (SK3), CD8 (SK1), CD25
(2A3), CD69 (FN50), 41BB (4B4-1), and PD-1 (EH12.2H7) and
analyzed by flow cytometry.
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For assays with AML patient samples, 7370 was added on day 0 and
day 4 of the assay. Culture was also replenished with fresh SFEM II
media and CC110 on day 4. AML blasts and T cells were identified
by flow cytometry, and cell counts on day 4 and 7 calculated using
counting beads (Thermo Fisher). The panel contained antibodies
against the following: CD45 (HI30), CD33 (WM53), CD38 (HIT2),
FLT3 (4G8), CD34 (8G12), CD4 (SK3), and CD8 (SK1). AML blasts
were identified as CD45lowCD3�.

AML Xenograft Models

Animal studies were carried out as per protocols approved by the
Pfizer Animal Care and Use Committee. For subcutaneous (s.c.)
screening models, bispecific antibodies were injected s.c. into NSG
mice (Jackson) as indicated 1 day prior to injection with 1 � 106

EOL1 cells (s.c., in 50% growth-factor reduced Matrigel), and 2 �
106 freshly isolated human T cells intravenously (i.v.). Tumor growth
was monitored by measuring tumor size.

For orthotopic models, luciferase-expressing AML cells were i.v.
injected into NSGmice. After tumor engraftment (day 6–7), animals
were administered 2 � 107 expanded human T cells (T cells pur-
chased from Allcells; activated according to Miltenyi manufacturing
protocol) by i.v. injection and 2 days later given either 7370 or a
bispecific control antibody that lacks FLT3 binding in 100 mL of
PBS. Tumor growth was monitored on the IVIS imager
(Perkin Elmer).

Cynomolgus Monkey Studies

The study protocols for cynomolgus monkeys were approved by the
Animal Care and Use Committee of the AAALAC certified institu-
tion. Blood and bone marrow were stained with antibodies against
the following: CD3 (SP34.2), CD20 (2H7), HLADR (G46-6), CD8
(SK1), CD4 (SK3), CD16 (3G8), CD14 (M5E2), CD1c (L161),
CD123 (7G3), CD49d (9F10), CD11c (3.9), FLT3 (BV10), CD45
(D058-1283), CD38 (AT-1), and CD34 (563).
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Figure  S1. Gene expression profiles of FLT3, CD33, CLL1 and CD123 in AML 
and various major healthy tissues. (A) Comparison of gene expression (RNA-seq) 
for FLT3, CD123, CD33, and CLL1 from publicly available gene expression 
databases. AML gene expression was imported from The Cancer Genome Atlas 
(TCGA). Gene expression from 18 major healthy tissues was imported from 
Genotype-Tissue Expression data (GTEx) portal. (B) Gene expression analysis 
(RNA-seq) from sorted immune cells imported from the BLUEPRINT Data Analysis 
Portal. FLT3 expression in monocytes and neutrophils was the lowest compared to 
three other AML targets.
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Figure  S2. Schematic representation of the recombinant full length FLT3 and 
various truncated forms of FLT3. Recombinant his-tagged full length and truncated 
FLT3 proteins were expressed in HEK293 cells and purified using Nickel affinity 
chromatography. The recombinant proteins were used to map the binding domains of 
anti-FLT3 antibodies using ELISA. D1, D4 and D5 binders could be straightforwardly 
identified from the ELISA. Recombinant FLT3 D2 and D3 could not be expressed without 
the other domain, therefore binders against D2 and D3 could not be segregated into 
individual domain binders using these truncation variants. These clones were labeled as 
D2-D3 binders. “+” denotes positive binding in ELISA; “-” denotes no binding in ELISA.
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Figure S3. Properties of 7370 FLT3-CD3 bispecific IgG. (A) Analytical ion-exchange 
chromatographic analysis for heterodimer detection. Purified 7370 was analyzed using a 
MonoS column. (GE Healthcare). Running condition was 20mM MES buffer pH 5.4 with 
increasing NaCl concentration from 25mM to 1M. The heterodimeric bispecific antibody 
represent >95% of the injected materials.  (B) Size-exclusion chromatographic and multi-
angle light scattering (SEC-MALS) analysis. 7370 (Peak1) was determined to be 99% 
monomeric by SEC with an average molar mass of 1.49x105 (+ 0.061%) g/mol by light 
scattering. (C) Purity analysis of 7370 and parental E & R arms in reducing protein gel 
electrophoresis. (D) Intact mass analysis of 7370 by mass spectrometry. The 
experimental mass of 7370 matched well to the theoretical mass of 7370. (E) The 
dissociation constant of 7370 against recombinant human FLT3 and CD3ed heterodimer. 
Binding at 37oC was determined using surface plasmon resonance. Binding sensorgram
from 1 representative experiment out of 3 independent experiments was shown. Binding 
affinity of 7370 against recombinant cyno CD3ed heterodimer is also summarized in the 
table.  (F) Binding of 7370 to human T cells and AML cell lines, EOL-1 and MV4-11 by 
flow cytometry. CHO was used as the negative control cell line.  (G)  Binding of 7370 to 
arginine substitution variants at various human FLT3 domain 4 positions. Four residues 
(D358, S370, S389 and E421) at spatially distinct regions of FLT3 D4 (shown as blue 
ribbon) were selected to generate single-point arginine substitution variants. Binding of 
antibodies against FLT3 D4 arginine variants coated on plate was determined using 
ELISA. (H) Pharmacokinetic study of a single injection of 7370 in MOLM-13-bearing NSG 
mice. Three different groups of mice were injected IV with 10, 30 and 100 µg/kg of 7370. 
Serum concentration of 7370 was monitored over time. N=3 mice per group; LLOQ –
lower limit of quantitation.

G

H

F



Figure S4 

Figure  S4. 7370 did not exhibit cytotoxicity against a FLT3-negative cell line 
FLT3-negative 293 cells were incubated with T cells isolated from one healthy 
human donor at E:T ratio of 1:1 and 1:5 in the presence of various concentrations 
of 7370.  Cytotoxicity was determined after 2 days.
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Figure  S5. IFN-g, TNF-a, and IL-2 cytokine secretion is induced by 7370. 
Measurement of the three cytokines in the supernatant 1 days after coculture of 
healthy donor human T cells with 7370 in the presence of EOL-1 (left) or MV4-11 
(right) at two different E:T ratios (1:1 and 1:5). Human T cells were isolated from 
one human donor. Data shown is the average and error from three replicates.
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Figure  S6. CD4+ T cells are activated following exposure to EOL-1 in the 
presence of 7370. Change in activation markers for CD4+ T cells over time. EOL-1 
cells were co-cultured with human T cells (E:T of 1:1) and 7370 at indicated 
concentrations. CD4+ T cells were analyzed by flow cytometry for the kinetics of 
expression of activation markers at 1, 2, 3 and 6 following the start of co-culture. 
Activation markers CD69 (A), 41BB (B), PD1 (C) and CD25 (D) of CD4 T cells are 
shown as a function of bispecific concentration. Human T cells were isolated from 
one human donor. Each data point represents one measurement.
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Figure S7
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Figure S7. Immune phenotype of T cells injected into NSG mice.
Cryopreserved T cells isolated from a representative human donor were thawed
and analyzed for the expression of CD4, CD8, CD25, CD69, and PD1 immediately
after thawing (A) or 11 days after activation with anti-CD3 and anti-CD28 antibodies
and expansion in IL-2 (B).
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Figure  S8: Autologous T cells proliferate and kill AML blasts in the presence 
of 7370 in a dose-dependent manner (A) Expression of FLT3 (x-axis) and CD4 
and CD8 (y-axis) in PBMCs from two AML patients. Percent of CD4+ (middle left 
gate), CD8+ (upper left gate) and FLT3+ cells (bottom right gate) is depicted. FLT3 
expression was detected only in CD45low blasts. (B-C) AML blast (B) and T cell 
counts (C) in patients 4 and 5 after 4 days of culture with 7370. Black dot on the 
graphs denotes the cell count at Day 0 before the addition of 7370. Each 
measurement is an average of three technical replicates.
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Figure  S9: Binding EC50 of 7370 to cyno FLT3 is ~13 fold lower than that 
of human FLT3. Binding affinity using recombinant cynomolgus FLT3 protein 
could not be reliably measured due to the instability and aggregation of the 
purified protein (data not shown), so we tested the binding of 7370 on CHO 
cells expressing human (black line) or cynomolgus FLT3 (red line). Engineered 
cell lines were incubated with increasing concentrations of 7370 at 4oC. Binding 
of 7370 to the cells was analyzed by flow cytometry in two independent 
experiments. Each data point represents one measurement.
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Figure S10 

Figure  S10: FLT3 expression in cynomolgus monkey blood immune cell subsets. 
(A) Flow cytometry gating strategy that identifies the following subsets from red blood 
cell-lysed whole blood is shown: eosinophils (CD45+CD49d+SSChi), granulocytes 
(CD45+CD49d-SSChi), T cells (CD45+SSClowCD3+CD20-), B cells (CD45+SSClowCD3-

CD20+), NK cells (CD45+SSClowCD3-CD20-CD16+/-CD8+), classical monocytes 
(CD45+SSClowCD3-CD20-CD8-CD14+CD16-), inflammatory monocytes 
(CD45+SSClowCD3-CD20-CD8-CD14+CD16+), nonclassical monocytes 
(CD45+SSClowCD3-CD20-CD8-CD14lowCD16+), and dendritic cells (CD45+SSClowCD3-

CD20-CD8-HLADR+CD14-CD16-). Two subsets of dendritic cells were additionally 
identified CD1c+ (myeloid) and CD123+ (plasmacytoid). FLT3 expression in total 
dendritic cells is depicted. (B) Percentage of FLT3-expressing cells in the indicated 
blood immune cell subsets. Bone marrow HSPCs (CD34+CD38+) are also depicted for 
comparison. N=6 monkeys. FLT3 was detected by BV10 antibody as 4G8 does not 
cross-react to cynomolgous FLT3.
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Figure  S11: FLT3 expression in cynomolgus monkey bone marrow. Flow 
cytometry gating strategy that identifies CD34+CD38+ HSPCs from red blood cell-
lysed bone marrow is shown. Identified CD34+CD38+ HSPCs were CD45+SSClow

but negative for the following lineage-specific markers: CD3, CD20, CD4, CD8, 
CD16, HLADR, CD14, CD123, CD1c. The expression of FLT3 in the CD34+CD38+ 

HSPC subset is shown. FLT3 was also expressed in bone marrow dendritic cells 
identified as in Supplementary Figure 6 (data not shown). Expression pattern of  
FLT3 in other differentiated immune subsets in the bone marrow was similar to that 
in the blood (data not shown).
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Figure  S12: FLT3 expression in human blood immune cell subsets. (A) Flow 
cytometry gating strategy that identifies the following subsets from red blood cell-lysed 
whole blood is shown: eosinophils (CD45+CD49d+SSChi), granulocytes (CD45+CD49d-

SSChi), T cells (CD45+SSClowCD3+CD20-), B cells (CD45+SSClowCD3-CD20+), 
classical monocytes (CD45+SSClowCD3-CD20-CD14+CD16-), inflammatory monocytes 
(CD45+SSClowCD3-CD20-CD14+CD16+), nonclassical monocytes (CD45+SSClowCD3-

CD20-CD14-CD16+HLADR+), NK cells (CD45+SSClowCD3-CD20-CD14-CD16+HLADR-), 
and dendritic cells (CD45+SSClowCD3-CD20-CD14-CD16-HLADR+). CD1c+, CD123+, 
and CD1c-CD123- subsets are also indicated. FLT3 expression in total dendritic cells is 
shown (control with no antibody is included to show how FLT3+ cells were identified). 
(B) Percentage of FLT3-expressing cells in the indicated blood immune cell subsets of 
4 healthy donors as measured by staining with 4G8 or BV10 antibody. 
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Figure  S13: 7370 is well tolerated and exhibits on-target efficacy in peripheral 
blood of cynomolgus monkeys. Cell counts per microliter in the blood of 
cynomolgus monkeys treated with 7370 (monkeys “Treated 3” and “Treated 4” as 
depicted in Figure 5A). Immune cell subsets were identified as shown in 
Supplementary Figure 6. Cell counts were determined using counting beads. 
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Figure  S14: Peripheral immune cell populations in Cynomolgus monkeys 
based on hematology counts. Six monkeys were treated with PBS (Control 1 and 
2) or 2 doses of 7370 at 3mg/kg at days 1 and 8 (Treated 1-4) (see Figure 5A). 
Standard hematology was performed at the indicated time points. Day -1 and day 1 
samples were collected before the first injection of 7370. Day 8 samples were 
collected before the second dose of 7370. Results for (A) red blood cell (RBC), (B) 
platelets, (C) white blood cells (WBC), (D) lymphocytes, (E) neutrophils, (F) 
monocytes, (G) eosinophils and (H) basophils are shown. 
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Figure  S15: Serum cytokines in cynomolgus monkeys after treatment with 7370. 
Six monkeys were treated with PBS (Control 1 and 2) or 2 doses of 7370 at 3mg/kg at 
days 1 and 8 (Treated 1-4) (see Figure 5A). Serum levels for selected cytokines were 
monitored pre-dose (0), 6 and 24 hours post first dose, before (0) and 6 hours post 
second dose. Serum concentration of (A) IL-6, (B) IL-10, (C) IFNg, (D) TNFa, and (E) 
IL-2 are shown. Compared to the other monkeys, treated monkey 4 had higher pre-
dose levels for all evaluated cytokines, and had much higher IL-6 levels post first dose. 
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Supplementary methods:

Cell binding assays of 7370

FLT3-negative CHO cells, CHO cells engineered to express human or cynomolgus FLT3, EOL-1 
and MV4-11 cells, and human T cells were assessed for binding to 7370. 200,000 cells were 
plated and incubated with 7370 at concentrations 500nM to 0.0016nM (fivefold serial dilution) for 
20 minutes at 4°C. Cells were washed, stained with Fab fragment of goat anti-human IgG-Fc

antibody and analyzed on a LSRII with FACS Diva software (BD Biosciences). 

Cytokine detection in supernatants of T cell-AML cell line co-cultures

In a 96 well U bottom plate, AML cell lines (EOL-1, and MV4-11) were co-cultured with human T 
cells under different concentrations of 7370 in E:T ratios of 1:1 and 1:5 for 24hrs. Supernatants of 
the co-cultures at 24hrs were harvested, diluted at 1:50 with the diluent provided in the MSD kit 
(Mesoscale discovery kit) and analyzed for cytokines (IL2, IFNg and TNFa) on MSD plates as 
per manufacturers protocol. 

Detection of 7370 in mouse serum 

Mouse anti-hCD3 Id antibody Biotin captured onto streptavidin-coated beads on the affinity 
capture column of the Gyrolab Bioaffy microstructure was used to bind 7370. Bound 7370 was 
detected with Alexa 647-labeled goat anti-human IgG (H+L).  A fluorescent signal on the column, 
representative of the amount of bound 7370, allows for visualization of the antibody. Response 
Units are read by the Gyrolab instrument at 1% Photomultiplier tube (PMT) setting. Sample 
concentrations are determined by interpolation from a standard curve that is fit using a 5-
parameter logistic curve fit with 1/y2 response weighting. The standard points in 2.5% K2 EDTA 
mouse plasma ranged from 0.057 ng/mL to 150 ng/mL. The range of quantitation in mouse 
plasma was 5.45 ng/mL to 2500 ng/mL.

Serum cytokine detection

IL-2, IL-6, IL-10, IFN-g, and TNF-a were simultaneously quantified in serum samples using the 
Millipore Milliplex MAP Non-Human Primate Cytokine Magnetic Bead Panel reagent kit (cat. 
#PRCYTOMAG-40K). Limits of detection for the cytokine assays are 3.20 pg/mL for IL-2, IL6, 
and IFN-g, 12.20 pg/mL for IL-10, and 16.00 pg/mL for TNF-a. 
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