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MPO0533, a multispecific LSC-targeting CD3-engaging DARPiIn
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Synopsis

In preclinical studies on the T-cell engager MP0533, the authors show that targeting
multiple tumor-associated antigens may lead to better selectivity and efficacy in eliminating
leukemic stem cells and blasts, representing a promising therapeutic strategy for AML.
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Abstract

The prognosis of patients with acute myeloid leukemia (AML) is limited, especially for
elderly or unfit patients not eligible for hematopoietic stem cell (HSC) transplantation. The
disease is driven by leukemic stem cells (LSCs), which are characterized by clonal
heterogeneity and resistance to conventional therapy. These cells are therefore believed to
be a major cause of progression and relapse. We designed MP0533, a multispecific CD3-
engaging DARPin (designed ankyrin repeat protein) that can simultaneously bind to three
antigens on AML cells (CD33, CD123, and CD70), aiming to enable avidity-driven T cell-
mediated killing of AML cells co-expressing at least two of the antigens. In vitro, MP0533
induced selective T cell-mediated killing of AML cell lines, as well as patient-derived AML
blasts and LSCs, expressing two or more target antigens, while sparing healthy HSCs, blood,
and endothelial cells. The higher selectivity also resulted in markedly lower levels of cytokine
release in normal human blood compared to single antigen—targeting T-cell engagers. In
xenograft AML mouse models, MP0533 induced tumor-localized T-cell activation and
cytokine release, leading to complete eradication of the tumors while having no systemic
adverse effects. These studies show that the multispecific-targeting strategy used with
MPO0533 holds promise for improved selectivity towards LSCs and efficacy against clonal
heterogeneity, potentially bringing a new therapeutic option to this group of patients with
high unmet need. MP0533 is currently being evaluated in a dose-escalation phase 1 study in
patients with relapsed or refractory AML (NCT05673057).
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Introduction

Treatment options for patients with acute myeloid leukemia (AML) have increased
with the recent introduction of several new drugs targeting abnormal karyotypes, such as
FMS-like tyrosine kinase 3 (FLT3) (1) and isocitrate dehydrogenase 1 or 2 (IDH1/2) (2)
inhibitors, or targeted effector molecules like B-cell lymphoma 2 (BCL2) inhibitors (3,4) and
hypomethylating agents (HMA) (5). Despite these advances, the prognosis of AML patients is
still dismal, with a 5-year overall survival (OS) rate of 40-50% for patients younger than 60
years and less than 5% for elderly patients (=70 years) who in general are not eligible for a
stem cell transplant (6). All of this highlights the need for novel therapeutic strategies (7-9).
A major factor in treatment failure is the poor ability of current therapies to kill leukemic
stem cells (LSCs) whilst sparing healthy hematopoietic stem cells (HSCs), emphasizing the
need to develop agents with high selectivity for killing LSCs (10,11). In contrast to
differentiated leukemia cells, LSCs are less sensitive to tyrosine kinase inhibitors and drugs
inducing hypomethylation (12,13). Furthermore, LSCs have been shown to be resistant to
chemotherapy and show a vast capacity for long-term self-renewal (7,14). Targeted
immunotherapy in AML has proven to be difficult due to both the lack of AML-specific target
antigens and clonal heterogeneity of tumors, within and between patients (15). Investigation
of T-cell engager (TCE) therapies targeting single AML antigens has been hampered by
toxicities resulting from on-target binding to healthy HSCs and myeloid cells, as well as to
relapse from the outgrowth of leukemic clones not expressing the targeted antigen. To
overcome this, it has been proposed that combinatorial targeting of multiple antigens on
AML blasts and LSCs might enhance therapeutic efficacy (16,17), ideally without increasing
toxicity.

Here we report nonclinical results of an off-the-shelf approach to combinatorial
targeting of AML by a multispecific T-cell engaging designed ankyrin repeat protein (DARPin).
MP0533 was designed to bind CD3 on T cells while simultaneously binding three AML tumor-
associated antigens (TAAs) that have been targeted individually by investigational
immunotherapy agents: CD33 (18-21), CD123 (22-24), and CD70 (25). These targets are
expressed and co-expressed on AML blasts and LSCs (26,27). While CD70 is not detectable in
normal tissue and on HSCs or other hematopoietic cells during homeostasis (28,29), CD33
and CD123, which are low or absent on HSCs (26,27), are present on healthy hematopoietic
cells, potentially leading to off-tumor toxicities of single-targeting agents. The optimal
binding affinity of MP0533 to each TAA is intended to enable an avidity-like selectivity and
efficacy window to preferentially kill AML cells co-expressing at least two of these TAAs
while sparing single-expressing healthy cells. Our findings show that MP0533 was indeed
able to induce selective killing of AML blasts and stem/progenitor cells (defined throughout
the text as LSCs). In line with this, MP0533 demonstrated markedly reduced cytokine release
both in ex vivo studies and in mouse xenograft models, while maintaining potent antitumor
activity in vivo.

Materials and Methods

MPO0533 generation

Selection of DARPin domains against CD33, CD123, CD33, and CD3. DARPin libraries
(30) (N2C) were used in ribosome display selections (31,32) against recombinant protein
targets of CD33, CD123, CD70, and CD3. Specifically, the following targets were used: a)
CD33 and CD123: extracellular domain of human CD33 or CD123 containing a C-terminal Fc-
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and an Avi-tag which were biotinylated using the enzyme BirA (produced in-house); b) CD70:
extracellular domains of human CD70 (ACROBiosystems) containing a C-terminal Fc-tag
which was chemically biotinylated using 5-fold excess of biotin; and c¢) CD3: single-chain
heterodimeric extracellular domain of human CD3epsilon (CD3e) and CD3gamma (CD3g)
linked by a 26 amino acid linker (scCD3eg) and a C-terminal Avi-tag for site-directed
biotinylation. scCD3eg was expressed as previously described (33) in Escherichia coli (E. coli),
followed by refolding from inclusion bodies and purified by preparative size exclusion
chromatography (SEC). The material was up-concentrated in 10 mM Tris-HCI, 50 mM NacCl,
pH 8.0 to 3.4 mg/ml and in vitro biotinylated using recombinant BirA. To isolate functional
target material, the material was re-purified using an OKT3-loaded column (HiTrap NHS-
activated HP column, Cytiva). The final material was monomeric on size exclusion and stored
at the final concentration of 0.39 mg/ml in 10 mM Tris, 100 mM NaCl, pH 8.0, 10% glycerol.

For each target, four selection rounds were performed with the selection stringency
continuously increased by decreasing target concentration and increasing washing
incubation time over rounds. For CD3 selection rounds 2-4, mRNA was recovered by
competitive elution using an excess of CD3 binding antibody OKT3 (produced in CHO
expression system with a human IgG2 heavy and kappa light chain).

To enrich for DARPins with high affinity binding for CD33, CD123, and CD70, the
output from the fourth round of standard ribosome display selection (above) was subjected
to an off-rate selection round with increased selection stringency (32). A final standard
selection round was performed after the off-rate selection round to amplify and recover the
off-rate selected DARPins.

Functional screening of the CD3-binding DARPin. Screening of the CD3-binding
DARPin was conducted in bivalent format by cloning the domains into derivatives of the
pQE30 (Qiagen) expression vector containing a Jun leucine-zipper construct with His-tag,
which allowed testing for functionality by cross-linking of T-cell receptors and activation of T
cells. In short: single colonies were picked into a 96-well plate (each clone in a single well)
containing 160 pl growth medium (TB medium containing 1% glucose and 50 pg/ml
ampicillin [Carl Roth]) and incubated overnight at 37°C, shaking at 800 rpm. 150 pl of fresh
TB medium containing 50 pug/ml ampicillin was inoculated with 8.5 pl of the overnight
culture in a fresh 96-well plate. After incubation for 120 min at 37°C and shaking at 850 rpm,
expression was induced with Isopropyl B-D-1-thiogalactopyranoside (IPTG, dioxan-free,
Apollo Scientific) (0.5 mM final concentration) and continued for 4 h. Cells were harvested,
and the pellets frozen at -20°C overnight before resuspension in 8.5 ul B-PERII (ThermoFisher
Scientific) and incubation for 1 h at room temperature (RT) with shaking at 600 rpm. Then,
160 ul PBS (Gibco) was added and cell debris was removed by centrifugation (3,220 g for 15
min) and stored at -20°C for further usage. For the CD3 functional screen, a T-cell activation
screen was performed using BK112 CD8" monoclonal T cells (34,35) (kindly provided by Dr.
Victor Levitsky). The extract of each lysed clone was applied as a 1:20 dilution (final
concentration) in PBSB (PBS pH 7.4 supplemented with 12% [w/v] fetal bovine serum [FBS,
Biowest]) to an anti-penta-His-antibody (Qiagen) coated 96-well plate and incubated at 4°C
overnight. Plates were washed five times with PBS before 100 pl with 100,000 BK112 T cells
were added per well, cultured in T-cell assay medium (RPMI-1640 [Gibco] containing 10%
FBS, 1% L-glutamine [Gibco], 1% Penicillin/Streptomycin [Gibco], and 200 IU IL-2
[Peprotech]). 0.1 pg/100 ul of Golgi Stop (BD Biosciences) were added and plates were
centrifuged at 200 g for 3 min at RT before incubation for 4-5 h at 37°C in a CO; incubator.
Cells were centrifuged at 350 g for 5 min at 4°C and the supernatant decanted. Cells were
stained for surface CD8 expression before preserving the cells using Cytofix (BD Biosciences),
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incubated overnight at 4°C. Cells were washed with PBS + 2% FBS and stained for
intracellular IFNy by adding 50 ul of anti-IFNy-APC (BioLegend, clone B27 in Cytoperm buffer
(BD Biosciences) and incubating for 30 min at 4°C. Cells were washed again in PBS and
analyzed using a Cytometer FACS Canto Il and FlowJo analysis software (version 10) (BD
Biosciences).

Identified functional DARPin hits were subcloned into derivatives of the pQE30
(Qiagen) expression vector containing an N-terminal His-tag, a Her-2 binding DARPin (G3
derivative (36)) and CD3 binding DARPin. Constructs were expressed in E. coli and purified
using their His-tag according to standard protocols (37). Binding to recombinant protein was
tested using a homogeneous time-resolved fluorescence (HTRF) assay using 48 nM human
biotinylated scCD3eg. In brief, HTRF was performed in a 384-well plate using a DARPin
protein dilution range of 5-640 nM in PBSTC (PBS, 0.1% Tween-20 [Sigma-Aldrich], 0.1%
[w/v] Casein [Sigma-Aldrich], pH 7.4) and 48 nM of biotinylated scCD3eg target, and was
detected with anti-6His-d2 HTRF (Cisbio, 1:100) and anti-strep-Tb (Cisbio, 1:100) after 120
min incubation at RT. The plates were measured with a Tecan M1000 using standard HTRF
settings.

Competitive binding was observed in the presence of a 20-fold excess of CD3 binding
antibody OKT3 (BioLegend). Dose-dependent in vitro T-cell activation was confirmed (EC50 =
0.4 nM) using a BK112 T-cell activation assay (BK112 CD8" monoclonal T cells which were
pre-activated with CD3/CD28 Dynabeads [ThermoFisher Scientific]), in the presence of
(HER2") SKOV3 cells.

To improve the affinity of the parental low affinity binding CD3 DARPin, three
additional rounds of affinity maturation were conducted by using error-prone PCR and DNA
shuffling combined with rational design, as previously described (32).

Screening of CD33, CD123, and CD70 DARPin binding domains. Initial screening of
DARPin molecules was performed by HTRF binding assays using crude extracts of DARPin-
expressing E. coli cells using standard protocols with the following modifications: a) CD70
DARPins were screened in standard monovalent format, and b) CD33 and CD123 DARPins
were screened in a bispecific format, by cloning the different domains into derivatives of the
pQE30 (Qiagen) expression vector, which contains a C-terminal CD3-specific DARPin
followed by a Flag-tag. Screening for binding was performed in crude extract by HTRF. In
short: HTRF was performed by using crude extract dilutions in PBSTB (PBS, 0.1% Tween-20,
0.2% [w/v] bovine serum albumin [BSA, from Sigma-Aldrich], pH 7.4) (final dilution was
1:2000 for CD70, and 1:1000 for CD123 and CD33) and biotinylated target (2 nM for CD70, 4
nM for CD123, 6 nM for CD33) and detected as described above.

To further optimize binding of the initially identified DARPins to the different TAAs,
binders with very high affinity were generated by affinity maturation. Thereby, initially
identified binding DARPins (the “parental” binding DARPins) with desirable activity and
developability profiles were selected as starting points for affinity maturation for each TAA.
First, the affinity maturation procedure entailed saturation mutagenesis of each randomized
position of the ankyrin repeat domain used. Sequences generated by the affinity maturation
procedure were then screened for lower off rates by competitive HTRF. In short: crude
extracts of ankyrin repeat proteins, containing an N-terminal His-flag-tag were incubated
with the biotinylated target before the addition of at least a 1000-fold excess of non-flag-
tagged parental DARPin (1,000-fold for CD70, and 2,500-fold for CD123 and CD33) and
measurement of HTRF signal over time. Beneficial mutations, identified based on higher
HTRF signals compared to parental clone, were combined in the binding proteins by rational
protein engineering.
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Engineered DARPin hits showed improved in vitro T-cell activation EC50 compared to
parental clones by 6-fold for CD70, 52-fold for CD123, and 66-fold for CD33. Affinity matured
DARPins hits were subcloned into derivatives of the pQE30 (Qiagen) expression vector,
containing an N-terminal His-tag, followed by the TAA binding DARPin variant and a C-
terminal CD3 binding DARPin. Constructs were expressed in E. coli cells and purified using
their His-tag according to standard protocols.

Generation of multi-specific DARPin molecule MP0533. For the generation of the
multi-specific T-cell engaging DARPin molecule MP0533, targeting simultaneously three
different TAAs, multiple optimization steps were applied. In a first step, combinations of
CD123- and CD33-targeting T-cell engagers (TCEs) were screened for an avidity-driven
selectivity window measured by T-cell activation and tumor cell killing using MOLM-13 N1
(CRISPR control) and MOLM-13 knock out (KO) cells (KO for CD33, CD123, CD70, and
combinations thereof, generated as described below). In a second step, a third TAA-binding
DARPin against CD70 was introduced. Again, CD70 binders were used to generate a
selectivity window when at least two TAA are expressed on the target cells. Additionally, two
N-terminal human serum albumin (HSA)-binding DARPin were introduced for half-life
extension (38). Third, in order to achieve high potency on primary samples from patients
(expressing lower TAA levels compared to MOLM-13 cells or other AML cell lines), several
rational design approaches were conducted to improve the molecule, including a) the usage
of affinity matured variants of initial TAA-binding or CD3-binding DARPins, and b) format
optimization (optimal orientation of TAA-binding domains). For format optimization,
combinations of 4-6-domain constructs, all containing 1-2 N-terminal anti-HSA domains
followed by 2-3 domains that specifically bind to the TAAs on AML cells and a C-terminal
CD3-binding domain were generated by using a Gibson assembly or standard cloning
approach with suitable restriction enzymes. All individual DARPins were linked with standard
proline-threonine-rich polypeptide linkers (31). The constructs were all cloned into
derivatives of pQE30 (Qiagen) expression vector. Correctly assembled constructs were then
transformed into E. coli BL21, expressed and purified using their His-tag according to
standard protocols.

Once the optimal CD33, CD123, and CD70-specific DARPins were identified,
multispecific DARPins with permutations of the TAA-binding domains were generated and
the constructs screened again for functional activity. The final order of the TAA-specific
DARPins in MP0533 (CD33-CD123-CD70) resulted in the best therapeutic window towards
MOLM-13 cells expressing at least two TAAs vs. only one TAA (Supplementary Fig. S1A),
reduced killing of CD123-expressing HUVEC (Supplementary Fig. S1B), reduced depletion of
healthy white blood cells and platelets (Supplementary Fig. S1C), and reduced induction of
cytokine release in healthy whole blood (Supplementary Fig. S1D and E) compared to other
tested formats (CD70-CD123—CD33 and CD70-CD33—-CD123).

Negative-control DARPins lacking either TAA- or CD3-binding domains were also
generated, using non-binding DARPins instead. Control DARPins used in these studies,
named NB-CD3 and TAA-NB, are both composed of six domains: HSAXHSAXNBxNBxNBxCD3
and HSAxHSAxCD33xCD123XCD70XNB, respectively (where NB represent the same non-
specific DARPin).

Surface plasmon resonance (SPR) affinity determination

In addition to binding to human CD33, CD123, CD70, CD3, and HSA (hCD33, hCD123,
hCD70, hCD3, HSA) (Table 1 and Supplementary Fig. S2A), cross-reactive binding to

Page 8 of 41

¥20¢ Idy 0g uo Jasn uiag Jo Ausiaaun Aq jpd z690-€2-110/086.L7E/2690-€C-H1D"9909-92€2/8S | L0 1/10p/4pd-ajoie/saijounwiwiLaoued/Bio sjeunolioee//:dyy wouy papeojumog



cynomolgus target material was observed for CD123 and CD70 (cCD123, cD70) with
respective affinities of 12 nM and 0.2 nM (208- and 3-fold increase compared to human,
respectively), while no binding to cynomolgus CD3 and CD33 was observed. The HSA-binding
DARPin in MP0533 has also been used in other clinical-stage DARPins (eg MP0317 or
MP0310) and is cross-reactive to both cynomolgus and mouse serum albumin. No cross-
reactivity to target mouse proteins other than serum albumin was observed. For all targets,
affinities were measured by SPR as indicated below.

SPR measurements against hCD33, hCD70, hCD3, HSA, and cCD70 were performed
using a ProteOn XPR36 instrument (Bio-Rad), and against hCD123 and cCD123 with a Sierra
SPR-32 Pro instrument (Bruker). The running buffer was PBS pH 7.4 containing 0.005%
Tween 20 (PBST) for all measurements.

For hCD33, hCD3, and HSA, a Xantec HC200M sensor chip was initialized and
conditioned according to the manufacturer’s protocol. The sensor chip was activated with
EDAC/NHS (1:1, 300 sec, 30 ul/min), MP0533 was immobilized to ~1400 Rus (10 pg/ml in 10
mM NaOAc pH 4.0, 30 ul/min, 50 sec), and the surface was deactivated with 1 M
ethanolamine for 300 sec, 30 pl/min. The analyte hCD33 was injected at 66.7-0.82 nM, 240
sec on-rate and 500 sec off-rate were recorded (100 pl/min). A pause of 10 min was
introduced between the triplicates measured. The data was double-referenced (interspot +
L6 buffer reference) and globally fitted to a 1:1 Langmuir model. The experiment for
measuring affinity binding of MP0533 to hCD3 (using scCD3eg) was conducted in the same
way as described for hCD33 with the following modification: MP0533 was immobilized to
~1600 Rus (18.2 pg/ml in 10 mM NaOAc pH 4.5, 30 pl/min, 1050 sec), and the analyte hCD3
was injected at 450-5.6 nM (in 3-fold dilutions). The experiment for measuring affinity
binding of MP0533 to HSA was conducted in the same way as described for hCD33 with the
following modification: the analyte concentration of HSA was 450 nM-5.6 nM (in 3-fold
dilutions).

For hCD70 and cCD70, a Xantec PAGD200L Protein A/G sensor chip was initialized
and conditioned according to the manufacturer’s protocol. hCD70 (hCD70-Fc-trimer) was
captured ~200 Rus (10 pg/ml, 10 pl/min, 33 sec). The analyte MP0533 was injected in a
three-fold dilution series of 600-7.4 nM; 240 sec on-rate and 2700 sec off-rate are recorded
(100 pl/min). The surface was regenerated with a 18 sec pulse of 10 mM glycine, pH 2.0, 100
pl/min before fresh ligand was captured. The data was double-referenced (interspot + L6
buffer reference) and globally fitted to a 1:1 Langmuir model. Due to drift, the highest
concentration (600 nM) was omitted from the analysis. The experiment for measuring
affinity binding of MP0533 to cCD70 was conducted in the same way as described for hCD70
with the following modification: cCD70 (5x BioCD70 cyno (CD27 Ligand)) was captured to
~320 Rus (1.25 pg/ml, 30 ul/min, 50 sec) before running dilution series of MP0533 (150 nM-
1.9 nM), recording association for 240 sec (25 pl/min) and dissociation for 7200 sec (25
ul/min). No regeneration was needed because measurement for cCD70 was conducted only
once.

For hCD123 and cCD123, a Bruker IgG Capture sensor chip was initialized and
conditioned according to the manufacturer’s protocol. hCD123 was captured to ~150 Rus
(0.95 pg/ml, 10 pl/min, 50 sec). A dilution series from 200 nM — 91 pM of MP0533 (3-fold
dilutions) was prepared and injected sequentially in triplicates. Association was recorded for
240 sec (25 pl/min), dissociation was measured for 1500 sec (25 ul/min). The surface was
regenerated with a 20 sec pulse of 10 mM glycine, pH 2.0, 25 ul/min before fresh ligand was
captured. After each capture, a PBST blank injection was performed (240 sec injection, 1500
sec off-rate, 25 pl/min). The sensorgrams were double referenced (surface and buffer). The
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triplicates measured were globally fitted according to a 1:1 Langmuir model. The experiment
for measuring affinity binding of MP0533 to cCD123 was conducted in the same way as has
been described for cCD123 with the following modification: cCD123 was captured to ~150
Rus (10 pg/ml, 10 pl/min, 50 sec) before running serial dilutions of MP0533, recording
association for 240 sec (25 pl/min) and dissociation for 600 sec (25 pl/ min).

Simultaneous binding of MP0533 to all its targets

SPR measurements were performed on a Sierra SPR-32 instrument (Bruker). PBS pH
7.4 containing 0.005% Tween 20 was used as running buffer. 2600 Rus of 300 nM HSA was
immobilized on an HCA sensor chip. To the HSA immobilized chip successively 1 uM MP0533
(association 60 sec, dissociation 0 sec), 200 nM hCD70 (association 40 sec, dissociation 0
sec), and 500 nM hCD123 (association 120 sec, dissociation 0O sec) were applied as
independent analyte injection steps. Immediately after, a dual injection step was performed
injecting 150 nM hCD33 (association 150 sec, dissociation 0 sec) followed by 1.35 uM hCD3
(association 150 sec, dissociation 180 sec). The setup allows binding of hCD70, hCD123,
hCD33, and hCD3 only if MP0533 is already bound to HSA. A requirement for this set-up was
that MP0533 binds HSA with high avidity and hCD70/hCD123 with high affinity to prevent
rapid signal loss before applying the last targets. To overcome the faster dissociation rates of
hCD33 and hCD3, a dual injection was used for these targets to shorten the time between
hCD33 injection stop and hCD3 injection start. Furthermore, single injections control runs
have been conducted by injecting none (PBST) or only one of the targets (Analyte 2-5) as
described in injection scheme in Supplementary Table S1. The signals were referenced to an
empty control spot on the same channel. All steps were performed at a flow rate of 10
ul/min, except for the dual injection at 20 pl/min (20 pl/min is the lowest flow rate possible
using the dual-injection mode).

Generation of non-DARPin reference molecules

All non-DARPin comparator molecules used in this study were produced in CHO cells
by Evitria (Schlieren, Switzerland).

The CD33-CD3 Bispecific T-cell Engager (BiTE) molecule binding to human CD33 and
CD3 was produced as a single-chain antibody using the sequence of patent W02017129585
(sequence 100 — referred to as AMG330 (39)) containing in addition a C-terminal His-tag for
purification.

The CD33-CD3 bivalent molecule, consisting of two binding domains for CD33 and
CD3 each, was produced as a TandAbs by using the sequence of Vixtimotamab described in
INN Recommended List 86 with the addition of a C-terminal His-tag (WHO Drug Information,
vol. 35, no. 3, 2021 — referred to as T564 (40) or AMV564 (18)).

The CD123-CD3 Dual-Affinity Re-Targeting (DART) molecule binding to human CD123
and CD3 was produced using the sequence of patent US9822181B2 (sequences 1 and 3 —
referred to as MGDO0O06 (41)). A C-terminal Flag- and His-tag was added to sequence 1 and 3,
respectively (42).

The half-life extended (HLE)-CD123-CD3 DART molecule binding to human CD123 and
CD3 was produced as DART molecule containing an Fc for half-life extension using the
sequence of patents US_2021 0155694 A1 (sequence 179) and W02021257334 (sequences
28 and 30, putative MGD024 (43)).
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The CD123-CD3 ADAPTIR molecule, consisting of two binding domains to CD123 and
CD3 each, and an Fc for half-life extension, was produced using the sequence from patent
WO_2021_ 146328 (sequence 337 —referred to as APVO436 (23)).

Mice

NXG mice (NOD-Prkdc*®-iL2rg"™/Rj) were obtained from Janvier and NSG mice
(NOD.Cg-Prkdcscid I12rgtm1Wijl/Sz)) from Charles River Laboratories. All mice were housed in
accredited animal facilities and maintained in specific pathogen-free conditions. Female 8-
to-12-weeks-old mice were used in all experiments. Experiments performed with NXG mice
at Molecular Partners AG (Switzerland) and NSG mice at the University of Bern (Switzerland)
were done according to the Swiss Animal Protection Law with authorization from the
cantonal and federal veterinary authorities (study protocols PD1091, PD1094, PD1095, and
PD1101 approved under license ZH2013/16, CH23590).

Cell lines

MOLM-13 (ACC-554, RRID CVCL_2119, received in 2015), OCI-AML-5 (ACC-247, RRID
CVCL_1620, received in 2015), and THP-1 (ACC-016, RRID CVCL_0006, received in 2016),were
purchased from DMSZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen); MV4-
11 (CRL-9591, RRID CVCL_0064, received in 2015), HL-60 (CCL-240, RRID CVCL_0002,
received in 2015), KG1la (CCL-246.1, RRID CVCL_1824, received in 2019), U937 (CRL-1593.2,
RRID CVCL_0007, received in 2010), RPMI8226 (CRM-CCL-155, RRID CVCL_0014, received in
2013), and SKOV3 (HTB-77, RRID CVCL_0532, received in 2016) from ATCC (American Type
Culture Collection); MOLM-13 LUC (received in 2021) from Creative Biolabs (I0C-02P004);
HUVEC (received in 2015) from Lonza (C2519A). All suspension cell lines were maintained at
a density of 0.5x10° - 2x10° cells/ml in RPMI 1640 (Gibco) supplemented with 10% FBS
(Biowest) at 37°C, 5% CO,. SKOV3 cells were grown in McCoy's 5A (Gibco) + 10% FBS. HUVEC
were cultured in EGM-2 (Lonza) supplemented with 5% FBS, 20 uM HSA (CSL Behring), and
Endothelial Cell Growth Medium Supplement Mix (PromoCell). Cells were passaged every 2
to 4 days and number of passages was limited to 20 (or 5 for HUVEC). All cell lines were
tested for mycoplasma (MycoAlert mycoplasma detection kit; Lonza) and have not been
reauthenticated within the past year.

Patient samples: ethical statement

Whole blood from healthy donors was obtained from Swiss Red Cross (SRK) blood
donation centers or Immuneed (Sweden), and buffy coats from SRK centers. Bone marrow of
healthy donors or AML patients was collected by the University Hospital of Bern
(Switzerland), and by hospitals collaborating with Vivia Biotech (Spain). All human samples
were analyzed with the approval of local ethical committees, in accordance with local
regulations and the principles of the Declaration of Helsinki. Written informed consent was
obtained from each participant.

Isolation of mononuclear and pan T-cells
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Buffy coats or bone marrow samples from healthy donors or AML patients were
diluted with PBS and PBMCs or BMMCs isolated by density-gradient centrifugation using
LeucoSep tubes (Greiner) according to the vendor’s manual. Pan T cells were purified from
PBMCs using a negative selection human pan T cell isolation Kit (Miltenyi) according to the
manufacturer’s recommendations (Greiner), and then used fresh or after freezing at -180°C
in CryoStor CS10 medium (STEMCELL Technologies). If needed, total pan T cells were stained
with Cell Trace Violet (CTV; ThermoFisher Scientific) at a ratio of 1 ul dye per 30x10° T
cells/ml in PBS. After 20 min incubation at RT and protection from light, cells were washed
with complete culture medium to quench and remove free remaining dye.

TAA expression on healthy whole blood cells

A total of 200 ul whole blood were added per well to a round-bottom 96 well plate
and the erythrocytes lysed with High-Yield Lyse Fixative-Free Lysing Solution (Life
Technologies) according to the manufacturer’s instructions. After 2 wash steps with 200 pl
PBS + 2% FBS (FACS buffer), 50 uL of human Fc blocking reagent (BD Biosciences), diluted in
Brilliant Stain Buffer (BD), was added for 15 min at 4°C. Antibodies and viability reagent were
prepared in FACS buffer. The lowest saturating concentration was used for each antibody to
reduce the spreading error. After blocking, 50 pl of the staining antibody mixture was added
on top of the blocking solution. To aid gating and calculation of median fluorescence
intensities (MFls), fluorescence minus one (FMO) stained cells were prepared for CD33,
CD123, and CD70. The staining mixture was incubated for 40 min at 4°C. Cells were then
washed twice in FACS buffer + 2 mM EDTA, fixed for 30 min in 1x Cell-Fix (BD Biosciences) at
4°C, washed twice again, and resuspended in PBS + 2 mM EDTA for acquisition. The panel of
antibodies used is summarized in Supplementary Table S2 and the markers used for the
identification of different cell populations are summarized in Supplementary Table S3.
Representative flow cytometry plots and gating are shown in Supplementary Fig. S3A.

Acquisition was performed using an Aurora 4L 16V-14B-10YG-8R Full Spectral Flow
Cytometer (SFC) (Cytek) within 24 hours of staining. The machine was calibrated using
fluorescent standard setup beads to provide reproducible day-to-day performance and
consistency over time. Settings used for acquisition on SFC Aurora were: FSC 48; SSC 160;
SSC-B 164; Thr 200k. To provide data for channel unmixing, single stained controls were
performed using healthy donor whole blood. Ten seconds of delay was applied before
commencing acquisition, acquisition speed was limited to medium, 4 sec mixing was applied
before acquisition and the plate reader was cooled to 5°C prior to acquisition. Unmixed files
were exported and analyzed using FlowJo analysis software (version 10) and MFls exported
to Excel (Microsoft) for further analysis. Visualizations were performed using Graph Pad
Prism (version 9).

Quantification of data for CD33, CD123, and CD70 was achieved using the Quantum
Simply Cellular (QSC) system as per the manufacturer’s instructions (Bangs Laboratories).
QSC Anti-mouse IgG consists of one blank and 4 calibration beads, bearing a range of
receptors from ~3k to 300k. Beads were stained using a saturating concentration of antibody
using the same method as for cells and acquired without fixation. The MFI values were
applied to a provided standard curve for the calculation of antibody binding capacity (ABC)
of the population and antigen of interest. The regression coefficient and detection threshold
are also calculated.
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Generation of MOLM-13 KO cell lines

MOLM-13 cells were genetically modified using TAA-specific CRISPR guide RNAs (all
from IDT) (CD33: GACAACCAGGAGAAGATCGG; CD123: GACCAACTACACCGTCCGAG; CD70:
CTCACCCCAAGTGACTCGAG and AGCGCTGGATGCACACCACG) to KO selected TAAs, or by a
non-targeting guide RNA (Alt-R CRISPR-Cas9 Negative Control crRNA#1, IDT #1072544) as
CRISPR control to generate the N1 cell line. Generation of all KO cell lines was performed
sequentially. Successfully modified cells were single-cell sorted by flow cytometry, and the
resulting clones expanded and validated by both binding and functional assays using CD33,
CD123, or CD70 single-targeting antibodies (clones WM53, 6H6, and 113-16, respectively) or
TCEs (CD33-CD3 BiTE, CD123-CD3 DART, CD70-CD3 DARPin, respectively).

TAA expression on MOLM-13 KO clones

All cell clones were collected, counted with Luna FL (Logos Biosystems), and seeded
at 1x10° cells/well in a round-bottom 96 well plate. Cells were pelleted by centrifugation at
350 g for 5 min at 4°C (used for all centrifugation steps) and then washed once with PBS +
2% FBS (Biowest) (FACS buffer). Antibodies for TAA-detection (anti-human CD33 [WM53]
and CD123 [6H6] diluted 1:50, and CD70 [113-16] diluted 1:200; all antibodies from
BioLegend) and isotype controls were prepared in FACS buffer. The cell pellets were
resuspended in 100 pl/well of antibody or isotype control dilution and incubated for 45 min
at 4°C. 150 pl FACS buffer was added after incubation and the cells were again pelleted by
centrifugation, followed by another washing step with 200 ul FACS buffer. Cells were then
resuspended in 100 pl LIVE/DEAD fixable cell stain (1:3,000, ThermoFisher Scientific) diluted
in PBS and incubated for 20 min at 4°C. Finally, the cells were washed again twice with PBS
and fixed using BD Cell Fix solution diluted 1:10 in water according to the manufacturer’s
recommendations. TAA expression was assessed by flow cytometry using FACS Attune Nxt
(ThermoFisher Scientific). The instrument compensation was performed with compensation
beads according to the manufacturer’s recommendations (ArC Amine Beads for LIVE/DEAD
dye and UltraComp eBeads for labeled antibodies, both from ThermoFisher Scientific). Raw
flow cytometry standard files (fcs) were exported and analyzed using FlowJo software
(version 10). Cell gating was applied to identify the cells of interest, single cells, and to
discriminate live cells. Overlay histograms of isotype controls and antibody staining were
exported from FlowJo. MFI values were exported from Flowlo and plotted using GraphPad
Prism software (version 9).

TAA quantification on cell lines

Quantification of TAAs was performed using QIFIKIT (Agilent Dako) according to the
manufacturer’s instructions. Briefly, cells were centrifuged at 350 g for 5 min at 4°C (same
centrifugation step throughout the whole staining procedure) and then washed once with
PBS. Total cell numbers were obtained with Luna FL (Logos Biosystems), and then 1x10’
cells/well were seeded in a round-bottom 96 well plate in 100 pl PBS. First, 2 pl of human Fc
block (BD Biosciences) was added to the wells (2.5 pg/ml final concentration) and incubated
for 10 min at RT, then 2 pl of TAA-specific antibody (pre-diluted to 125 ug/ml) was added on
top (again to have 2.5 pg/ml final concentration) and incubated for 30 min at 4°C. Cells were
then centrifuged and washed with FACS buffer and the supernatant discarded. Cell pellets
were resuspended in 100 pl of 1:50 diluted fluorescein isothiocyanate (FITC)-conjugated
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anti-mouse secondary antibody (included in QIFIKIT) and incubated 45 min at 4°C in the
dark. Finally, the cells were washed again with PBS, fixed using BD Cell Fix solution diluted
1:10 in water according to the manufacturer’s recommendations (BD Biosciences), and
finally resuspended in PBS for the analysis.

Target expression by antibody binding on cells was then assessed by flow cytometry
using a FACS Canto Il (BD Biosciences). To establish the proper fluorescence range for the
analysis, the configuration of the instrument was performed with the provided setup beads
according to the manufacturer’s recommendations. Cell gating was applied to exclude debris
and identify FITC-positive cells to determine the expression of TAAs on all different cell lines.
MFI values were exported from FlowJo (version 10) as raw fcs files and normalized to the
values obtained with the isotype control antibody (background correction). The antibody
binding capacity for each TAA was interpolated from the generated standard curve obtained
with the provided calibration beads and plotted using GraphPad Prism software (version 9).

Binding of MP0533 to cell lines and pan T cells

Cell lines or pan T cells were washed with PBS and then seeded at 1x10° cells/well in
a round-bottom 96-well plate. Cells were pelleted by centrifugation at 400 g for 5 min at 4°C
(used for all centrifugation steps). DARPin dilutions were prepared at 500 nM in FACS buffer
containing 10 uM HSA (note that all subsequent washing and staining steps in FACS buffer
contained 10 uM HSA; CSL Behring) and serially diluted 1:5 for a total of 8 dilutions. The cell
pellets were resuspended in 50 pl DARPin dilutions per well and incubated for 1 h at 4°C. 150
pul FACS buffer was added after incubation and the cells were again pelleted by
centrifugation, followed by another washing step with 200 ul FACS buffer + HSA. Cells were
then resuspended in 50 pl rabbit anti-DARPin 1.1.1 (2 pg/ml, unlabeled, produced in house)
+ LIVE/DEAD fixable cell stain (1:3,000 diluted in PBS, Thermo Fisher Scientific) diluted in
FACS buffer + HSA. After 1 h incubation and two washing steps with 200 ul FACS-buffer +
HSA, a secondary goat anti-rabbit-AF647 antibody (1:1,000, ThermoFisher Scientific) was
added and again incubated for 30 min at 4°C. Finally, the cells were washed again twice with
PBS and fixed using BD Cell Fix solution diluted 1:10 in water according to the
manufacturer’s recommendations. Cell binding was assessed by flow cytometry using a FACS
Canto Il (BD Biosciences). The instrument compensation was performed with compensation
beads according to the manufacturer’s recommendations (ArC Amine Beads for LIVE/DEAD
dye and UltraComp eBeads for labeled antibodies, both from ThermoFisher Scientific). Raw
fcs files were exported and analyzed using FlowJo software (version 10). Cell gating was
applied to identify T cells, single cells, and to discriminate live cells using LIVE/DEAD dye. MFI
values were exported from FlowJo and plotted using GraphPad Prism software (version 9).

In vitro human CD8" T-cell activation and tumor cell killing assay

Freshly isolated, Cell Trace Violet (CTV; ThermoFisher Scientific)-stained pan T cells
(1x10° cells/well) were co-incubated with indicated AML cell lines (2x10* cells/well) at a 5:1
ratio (to reach complete killing, an E:T ratio of up to 5:1 was used for experiments performed
within 48 h, while 1:1 was used for experiments lasting 72 h or longer) in RPMI 1640 medium
(Gibco) + 10% FBS (Biowest) and 10 uM HSA (to provide saturation of the HSA-binding
DARPins; CSL Behring) in 96-well plates together with titrations of MP0533 or comparator
molecules. Cultures were incubated for 48 h at 37°C, 5% CO,. Supernatants for cytokine
release determination were collected and stored at -80°C until further analysis (see below).
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CD25 upregulation on CD8" T cells, as well as the percentage of killed tumor cells were
assessed by flow cytometry (staining of cells and acquisition described below). Isolated pan T
cells were used in all killing assays reported in this study, as no difference in cytotoxicity and
relative release of cytokines was observed vs. PBMCs (Supplementary Fig. S4).

Cell staining for flow cytometry acquisition and analyses

Cells were washed with 150 ul PBS, centrifuged at 1,800 rpm for 2 min at 4°C, the
supernatant discarded, and the cell pellet resuspended in 50 ul of LIVE/DEAD fixable cell
stain (1:3,000 diluted in PBS; ThermoFisher Scientific). After an incubation time of 30 min at
4°C, cells were washed as described above, and the cells resuspended in 50 ul antibody
cocktail against human CD8a (RPA-T8) (1:400; BioLegend) and CD25 (BC96) (1:100;
BioLegend) diluted in PBS + 2% FBS (Biowest). After 30 min incubation at 4°C and in the dark,
cells were washed again with PBS and fixed using BD Biosciences Cell Fix buffer diluted 1:10
in water according to the manufacturer’s recommendations.

Instrument (FACS Canto Il [BD Biosciences] or Attune NxT [ThermoFisher Scientific])
compensation was performed with beads according to the manufacturer’s
recommendations (ArC Compensation Beads for LIVE/DEAD dye and UltraComp eBeads for
labeled antibodies, both from ThermoFisher Scientific). Raw fcs files were exported and
analyzed using FlowJo software (version 10). Cell gating was applied to discriminate live cells
using LIVE/DEAD dye, followed by gating on CD8'CD25" cells to determine the population of
activated T cells. Killing of tumor cells was evaluated by absolute cell counting of living CTV"
cells per fixed volume (90 ul). MFI and percentage values were exported from Flowlo and
plotted using GraphPad Prism software (version 9). EC50 values were determined by
converting the x values (concentrations) in log scale and fitting a non-linear mode log
(agonist) vs. response with a variable slope (three parameters) equation.

Kinetics of T-cell activation

Freshly isolated pan T (5x10” cells/well) and MOLM-13 cells (5x10* cells/well) were
co-incubated at 1:1 ratio (generally used for experiments lasting 72 h or longer, while up to
5:1 was used for experiments performed within 48 h) in RPMI 1640 medium + 10% FBS and
10 uM HSA (to provide saturation of the HSA-binding DARPins; CSL Behring) in round-bottom
96-well plates together with titrations of MP0533 or comparator molecules in 200 pl final
volume. Co-cultures were incubated for various times (24 h, 48 h, 5 days, 8 days) at 37°C and
5% CO, and then the cells were analyzed for various markers related to T-cell activation,
proliferation, exhaustion, and cytotoxic granules.

At all timepoints analyzed, cells were washed with PBS and incubated with 100 ul Fc-
block (1:100, BD Biosciences) for 20 min at RT. After an additional wash step with 100 ul PBS,
cells were incubated with FVD eFluor 506 dye (ThermoFisher Scientific) in PBS (1:600) for
another 20 min at 4°C in the dark. In a next step, cells were washed with 100 ul FACS buffer
and stained for surface markers by using directly labeled antibodies against human CD4
(OKT4, 1:200), CD8a (RPA-T8, 1:100), CD25 (BC96, 1:200), CD69 (FN50, 1:100), PD-1
(EH12.2H7, 1:100), LAG-3 (7H2C65, 1:200), and TIM-3 (F38-2E2, 1:200) (all from BioLegend)
in 100 pl FACS buffer for 30 min at 4°C in the dark. Two washes were then performed, first
with 100 pl and then 200 pl FACS buffer, before continuing with cell permeabilization.
Intracellular staining was performed according to Invitrogen’s protocol from the FoxP3
transcription factor buffer kit (Invitrogen): cells were washed and permeabilized with
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permeabilization/fixation buffer for 20 min at RT, followed by 20 min incubation with
antibodies specific for intracellular markers (Ki-67, 1:200 [BD Biosciences] and Granzyme B,
1:100 [BioLegend]) in permeabilization buffer in the dark and RT. After this step, cells were
washed again twice with permeabilization buffer before fixation with BD fixation buffer (1:10
diluted in water). All centrifugation steps were carried out at 4°C with spinning at 450 g for 5
min.

UltraComp beads were used for all compensation controls according to manufacturer
instructions, except FVD, where CD4 and CD8 stimulated co-cultures from the corresponding
timepoints were used. Fixed cells were analyzed by flow cytometry using either FACS Canto
Il (BD Biosciences) or Attune NxT (ThermoFisher Scientific) instruments.

Competition/inhibition assay with soluble TAAs and ligands

Pan T cells (1x10° cells/well) and MOLM-13 cells (2x10* cells/well) were co-incubated
at a 5:1 ratio in RPMI 1640 medium + 10% FBS and 10 uM HSA in round-bottom 96-well
plates together with titrations of MP0533 or comparator molecules, with or without
competitor molecules (soluble CD33, CD123, CD70, CD27 [AcroBiosystems], and IL-3
[Peprotech]) at a final concentration of 10 nM, 1 nM, or 0.1 nM. Note that the
concentrations of soluble TAAs or ligands used in the assay were at least 10-fold higher than
those reported in the literature for healthy or diseased individuals (44-46), and for CD123
and CD70 the same concentrations as for CD33 were applied (due to the lack of literature).
Cultures were incubated for 48 h at 37°C, 5% CO, and then CD8'CD25" T-cell activation
status was assessed by flow cytometry using FACS Canto Il (BD Biosciences) as indicated
above. Tumor cell killing was analyzed by lactate dehydrogenase (LDH) release in the
supernatants using a cytotoxicity detection kit and according to the manufacturer’s
instructions (Roche). Overall, competition of CD27, IL-3, and sialic acids for binding of
MPO0533 to CD70, CD123, and CD33, respectively, was not expected due to the lower
affinities of these natural ligands compared to MP0533: binding affinity of CD27 with CD70:
Kp ~120-130 nM (47), IL-3 with CD123: Kp ~100-200 nM (and 0.2 nM if Bc also present in the
complex) (48), sialic acids with CD33: Kp ~0.1-3 mM (49); MP0533 with CD70, CD123 and
CD33: Kp ~0.61 nM, 0.056 nM, and 5.1nM, respectively (as reported in Table 1).

Isolation and killing assay with basophils

Basophils and pan T cells were purified from PBMCs of the same donor using
negative selection kits (Miltenyi) according to the manufacturer's recommendations. Cells
were counted with Luna FL (Logos Biosystems), and then pan T cells were stained with CTV
(ThermoFisher Scientific) as described above. CTV-stained pan T cells (8x10* cells/well) and
basophils (2x10* cells/well) were co-incubated at a 4:1 ratio in RPMI 1640 medium + 10%
FBS and 10 uM HSA + 10 ng/ml IL-3 in 96-well plates together with titrations of MP0533 or
comparator molecules. Cultures were incubated for 45 h at 37°C, 5% CO,, and then CD25"
activation status on CD4" and CD8" T cells, as well as the percentage of killed basophils were
assessed by flow cytometry as described above.

Measurement of cytokines in assay supernatants

For whole blood assays, human fresh blood was collected from anonymous healthy
volunteers in accordance with the declaration of Helsinki. TCEs were incubated with whole
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blood for 24 h, reduced to 6 h in the presence of MOLM-13 cells due to the higher number of
TAA-expressing cells and corresponding higher induction of cytokines. Cytokine release in co-
cultures of purified T cells with tumor cells and TCEs was measured after 24 h or 48 h
incubation, as indicated throughout the manuscript.

Cytokines in assay supernatants were measured using Meso Scale Discovery (MSD)
Multi-Spot Assay System’s U Plex Immuno-Oncology Group 1 (Human) kits customized for
Granzyme B, IFNy, IL-2, IL-6, and TNFa quantification. The experiments were performed as
directed in the manufacturer’s guide. Briefly, supernatants were defrosted at RT and diluted
5-fold before being added to antibody-coated MSD plates. Samples were incubated for 2 h at
RT on an orbital shaker at 700 rpm, followed by the addition of detection antibody for an
hour again with shaking at RT. Plates were read using MSD MESO QuickPlex SQ. All data files
were analyzed using the MSD discovery workbench software and the output values were
plotted as non-linear regression graphs using GraphPad Prism (version 9).

Cytokine release and cell count in ex vivo whole blood loops

Fresh whole blood was taken from three healthy volunteers and a low amount of
soluble heparin was added. The blood was immediately transferred into closed loops
followed by administration of the test items, and set to rotate (to mimic the blood
circulation) at 37°C to prevent clotting (50). For each donor the same test conditions were
analyzed: fresh blood was used for hematology measurements directly after blood collection
(baseline value) and then each test condition was sampled at 4, 8 and 24 h after the addition
of the test items, with 10 mM EDTA added to each sample to stop the reactions at sampling
time points. After each time point, blood samples were analyzed for hematology and flow
cytometry, and then processed to plasma for cytokine analysis. Hematology parameters
were measured with an XN-L350 analyzer (Sysmex). Cytokines (IFNy, IL-2, IL-6, TNFa) were
measured using the MSD multiplex technology with samples diluted 1:4 and run in
duplicates according to the manufacturer’s instructions. Data was plotted as area under the
curve (AUC) overtime (0-4-8-24 h) values.

hPBMC mouse model xenografted intravenously with MOLM-13 LUC cells

Ten weeks old NXG mice (NOD-Prkdc*-I1L2rg"™*/R], Janvier) were humanized by i.p.
injection of 5x10° PBMC prepared from buffy coats in 0.1 ml PBS. After two days, 2x10°
MOLM-13 LUC cells in 0.1 ml PBS were injected i.v. in the caudal tail vein. Four days after
tumor implantation, mice were randomized based on the first imaging timepoint (day 3 after
tumor implantation), on PBMC donors and body weight into the different groups of
treatment. Treatments with MP0533 or control molecules were initiated five days after
tumor implantation (three times per week for MP0533 or daily for CD123-CD3 DART (51) as
not half-life extended). Blood was retro-orbitally collected 4 hours after the first treatment
for serum isolation and cytokine analysis (performed as described below). Mice were
followed until they reached the defined termination time point (day 34 after tumor
implantation) or other humane termination criteria (scoring defined in the animal
experiment license). Bioluminescence image acquisition was performed using a Newton 7.0
device (Vilber). In vivo imaging was performed every 3-4 days starting at day 3 until day 34
post-tumor implantation (10 acquisitions in total). Photos were taken with animals lying on
their stomachs, without prior hair removal. Each mouse was injected i.p. with 150 mg/kg of
D-luciferin (Promega) in 100 ul PBS 10 min before bioluminescence acquisition, with
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aperture set to 0.7. Images were acquired with several exposure times to get images of mice
without saturation of the signals. Photon emission per second was then quantified. During
bioluminescence acquisitions, mice were anesthetized with a mix of isoflurane and oxygen
as a carrier gas. All parameters were analyzed using GraphPad Prism software (version
9.3.1).

hPBMC mouse model xenografted subcutaneously with MOLM-13 cells

NXG mice (NOD-Prkdc*™-IL2rg"™/Rj, Janvier) were humanized by intraperitoneal
(i.p.) injection of 5x10° PBMC in 0.2 ml PBS. After two days, 10° MOLM-13 cells (expressing
CD33, CD123, and CD70) or MOLM-13 triple knock-out (KO) cells were injected
subcutaneously (s.c.) in a volume of 0.2 ml PBS. Eight days after tumor implantation, mice
were randomized, assigned to groups with the same mean tumor volume, and treatment
was initiated. To assess efficacy, groups were treated for two weeks by i.v. injections:
different doses three times per week for MP0533 (this administration schedule was selected
to maintain MP0533 at active concentration within all tested doses, based on the measured
MPO0533 half-life of 8.0 h determined in MOLM-13 tumor-bearing NXG mice engrafted with
human PBMCs) and control DARPins or 0.5mg/kg daily for non-half-life extended CD33-CD3
Bispecific T-cell Engager (BiTE) and CD123-CD3 Dual-Affinity Re-Targeting (DART) molecule as
previously reported (51,52)). Tumor growth was then measured 3 times a week with a
caliper until a maximum tumor size of 2,000 mm? (calculated using length x width x height x
1t/6) or other termination criteria. Tumors of euthanized mice were collected in formalin. To
further dissect the mode of action of MP0533, serum was collected four hours after the first
injection to analyze cytokine secretion. Additionally, mice were sacrificed three days after
the first injection and blood was collected for validation of humanization by flow cytometry.
Serum was also collected to test drug exposure. Tumors were removed and dissociated to
assess lymphocyte infiltration/activation (CD8'CD25'CD69" cells) and TAA expression by flow
cytometry. Cytokine release was also quantified in tumor supernatants.

hPBMC mouse model xenografted subcutaneously with RPMI8226 cells

On day 0, NXG mice (NOD-Prkdc*-iL2rg"™/Rj, Janvier) were xenografted s.c. with
10’ RPMI8226 cells in a volume of 0.2 ml PBS and then humanized by i.p. injection of 5x10°
PBMC in 0.2 ml PBS on day 17. On day 22 after tumor implantation, mice were randomized,
assigned to groups with the same mean tumor volume, and treatment was initiated. To
assess efficacy, groups were treated by i.v. injections: different doses three times per week
for MP0533 or 0.5mg/kg daily for non-half-life extended CD33-CD3 Bispecific T-cell Engager
(BiTE) as previously reported (52). Tumor growth was then measured with a caliper until day
32 and tumor size was calculated using the formula length x width x height x rt/6.

hPBMC subcutaneous xenograft mouse models: sample preparation, acquisition,
and analysis

Single-cell suspension preparation for flow cytometry analyses. Mouse blood was
harvested in EDTA tubes (SARSTEDT). 100 puL mouse blood was aliquoted in deep 96-well
plates and lysed using Fixative-Free Lysing Solution, High-Yield Lyse (ThermoFisher scientific)
according to the manufacturer’s instructions.
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Tumor dissociation. Tumors were cut into small pieces and resuspended in 5 ml
dissociation buffer (RPMI 1640 [Gibco], 1/50 Liberase TL [Roche], 1/250 DNase | [Merck])
and processed with a GentleMACS Octo Dissociator (Miltenyi Biotech) to obtain single cell
suspensions. The cells were washed in cold PBS and filtered twice through 70 um and 40 pum
cell strainers (Corning). Cell pellets were resuspended in 5 ml DNase | buffer to eliminate cell
clumping.

Staining for flow cytometry. Cell pellets were washed by centrifugation at 350 g for 5
min at 4 °C and resuspended in cold Cell Stain Buffer (BD Pharmingen) (0.1 g of tumor in 0.1
ml or 100 ul lysed blood). To reduce Fc receptor-mediated binding by antibodies of interest,
single cell suspension samples from each tissue were incubated in Fc block buffer (purified
rat anti-mouse CD16/CD32 [BD Biosciences] and purified mouse anti-human CD16/32 [BD
Biosciences]) prior to immunostaining. A pre-titrated antibody cocktail including selected
markers and TAAs was used to discriminate different immune cell subpopulations and assess
their activation, exhaustion, and proliferation state (details in Supplementary Table S4 and
Supplementary Table S5), and to evaluate TAA expression on immune and cancer cell
populations. Additionally, DARPin binding was determined using an anti-DARPin AF647-
conjugated antibody (produced in house).

Data collection and processing. Stained and fixed samples were acquired on the
Cytek Aurora full spectral flow cytometer using SpectroFlo acquisition software (version 2.2,
Cytek), and data were analyzed with Flowlo (version 10). Samples were unmixed using
selected bead and cell-based reference controls. To determine fluorescence spread and
identify positively stained cell populations, FMO controls were used for the manual gating.
For each gated subpopulation, frequency of the parental population or absolute count of
cells (cells/ul) per gate in 0.1 g tumor or 100 pl blood were used for statistical analysis.
Expression levels of selected functional markers were evaluated using MFI.

Detection of cytokine/chemokine levels in humanized mouse sera by Luminex.
Human cyto-/chemokine levels in humanized mouse sera were measured using a human
custom multiplex-4 bead array (R&D Systems) to determine the following
cytokines/chemokines: IFN-y, IL-6, IL-2, and TNF-a according to the manufacturer’s
recommendations using a Luminex MAGPIX instrument. All test samples were thawed on
ice, centrifuged at 2,000 rpm for 3 min, and then diluted 1:2 in a calibrator diluent. Each test
sample was assayed as duplicates. In addition, four QC samples were diluted 1:2 in calibrator
diluent from various cytokine standard samples in duplicates. Cytokine/chemokine standards
supplied by the manufacturer were assayed in duplicates and used to calculate the
concentrations of the test samples as well as the QC sample. Cytokine/chemokine levels
were measured in serum samples taken 4 h after the first injection.

Detection of cytokine/chemokine levels in humanized mouse sera by multiplex
MSD. Human cytokine levels in humanized mouse sera were measured using a human
custom multiplex assay (MSD) to determine the following cytokines/chemokines: IL-2, IL-6,
IL-8, IL-12p70, IFN-y, and TNF-a according to the manufacturer’s recommendations using a
MESO QuickPlex SQ120 instrument. All test samples were thawed on ice, centrifuged at
2,000 rpm for 3 minutes, and then diluted 1:2 in assay diluent 2. Each test sample was
measured in duplicates. In addition, four QC samples were diluted 1:2 in assay diluent 2 from
four different standard samples (S2, S3, S5, S6) in duplicate on each plate.
Cytokine/chemokine standards supplied by the manufacturer were assayed in duplicates and
used to calculate the concentration of the test samples as well as the QC samples.
Cytokine/chemokine levels were measured in serum samples taken 4 h after the first
injection.
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Detection of cytokine/chemokine levels in tumor supernatants by multiplex MSD.
Human cytokine levels in tumor supernatant were measured using a human custom
multiplex assay (MSD) to determine the following cytokines/chemokines: Eotaxin, Granzyme
A, Granzyme B, IFN-y, IL-1a, IL-1B, IL-1RA, IL-2, IL-3, IL-5, IL-6, IL-7, IL-10, IP-10, MCP-1, MIP-
1la, MIP-1B, TNF-a (19- or 20-plex), and Rantes (19-plex) or IL-8, IL-12p70 (20-plex) according
to the manufacturer’s recommendations using a MESO QuickPlex SQ120 instrument. All test
samples were thawed on ice and centrifuged at 2,000 rpm for 3 min. Each test sample was
measured undiluted in duplicates. In addition, four QC samples were diluted 1:2 in assay
diluent 2 from four different standard samples (S2, S3, S5, S6) in duplicate on each plate.
Cytokine/chemokine standards supplied by the manufacturer were assayed in duplicates and
used to calculate the concentration of the test samples as well as the QC samples.
Cytokine/chemokine levels were measured in tumor supernatant samples taken 3 days after
the first injection.

CD123 expression on HUVEC

Expression of CD33, CD123, and CD70 was analyzed on HUVEC after 24 h culture
under unstimulated, low (0.3 ng/ml TNFa and 1 ng/ml IFNy), or high (10 ng/ml TNFa and 10
ng/ml IFNy) cytokine (Peprotech) treatment conditions. Cells were washed with PBS and
incubated with 100 ul Fc-block (1:100 in PBS; BD Biosciences) for 20 min at 4°C. After an
additional wash step with 100 ul PBS, cells were incubated in 100 pul FACS buffer with anti-
TAA specific antibodies CD70 (Ki-24), CD123 (6H6), and CD33 (WM53) (all from BioLegend)
or isotype controls and LIVE/DEAD fixable cell stain (1:3,000 diluted in PBS; ThermoFisher
Scientific) for 30 min at 4°C in the dark. Two wash rounds were then performed, first with
100 pl FACS buffer and then with 200 ul FACS buffer before fixation with BD Fixation Buffer
(1:10 diluted in water). All centrifugation steps were carried out at 4°C and 450 g for 5 min.
After fixation, cells were analyzed on an Attune Nxt (ThermoFisher Scientific) flow
cytometer. Instrument compensation was performed with beads according to the
manufacturer's recommendations (ArC Compensation Beads for LIVE/DEAD dye and
UltraComp eBeads for labeled antibodies, both from ThermoFisher Scientific).

MP0533 binding to HUVEC

Binding of MP0533 and comparator molecules to HUVEC was assessed after 24 h
culture under unstimulated, low (0.3 ng/ml TNFa and 1 ng/ml IFNy), or high (10 ng/ml| TNFa
and 10 ng/ml IFNy) cytokine (Peprotech) treatment conditions. Cells were washed with PBS
and incubated with 100 pl LIVE/DEAD fixable cell stain (1:3,000 diluted in PBS; ThermoFisher
Scientific) for 20 min at 4°C. After an additional wash step, cells were incubated in 100 pl
FACS buffer containing 10 uM HSA (CSL Behring) and DARPin or comparator molecules, for
30 min at 4°C. Two wash rounds were then performed, first with 100 ul FACS buffer and then
with 200 pl FACS buffer. Next, the cells were incubated for another 30 min with 100 pl/well
with either a rabbit anti-DARPin 1.1.1 antibody (2 pg/ml, unlabeled), or FACS buffer for
comparator (non-DARPin) molecules. After again two washing steps, 100 ul/well goat anti-
rabbit 1gG (for detection of DARPins) (ThermoFisher Scientific), goat-anti human IgG (for
detection of CD123-CD3 ADAPTIR) (ThermoFisher Scientific), or mouse anti-Penta His (for
detection of CD33-CD3 BIiTE and CD123-CD3 DART) (Qiagen) antibodies (1:1000 diluted in
FACS buffer) were added to wells. After subsequent incubation at 4°C for 20 min, cells were
again washed twice with FACS buffer and finally fixed with BD Biosciences Fixation Buffer
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(1:10 diluted in water). All centrifugation steps were carried out at 4°C and 450 g for 5 min.
After fixation, cells were analyzed on an Attune Nxt (ThermoFisher Scientific) flow
cytometer. Instrument compensation was performed with beads according to the
manufacturer's recommendations (ArC Compensation Beads for LIVE/DEAD dye and
UltraComp eBeads for labeled antibodies, both from ThermoFisher Scientific).

HUVEC killing assay

HUVEC were thawed 5 days before the experiment and cultured at 37°C, 5% CO; in
EGM-2 (Lonza) supplemented with 5% FBS, 10 uM HSA, and the following supplement mix
(Promocell): ascorbic acid, heparin, recombinant human FGF-B, EGF, hydrocortisone, and
VEGF. Culture medium was then substituted for medium containing either low (0.3 ng/ml
TNFa and 1 ng/ml IFNy) or high (10 ng/ml TNFa and 10 ng/ml IFNy) cytokine (Peprotech)
treatment for additional 24 h (unstimulated cells were used to assess baseline TAA
expression). HUVEC were collected using Accutase (Innovative Cell Technologies), washed,
and resuspended in PBS for the subsequent Cytolight rapid red labeling (Sartorius) according
to the provided protocol. HUVEC (final 10,000 per well) were seeded in a 96-well flat bottom
plate and incubated for 4 h until adherent. Once HUVEC were adherent, 50,000 purified and
freshly thawed human pan T cells were added to the wells (E:T ratio 5:1) in assay medium
containing 1 mM CaCl, and Annexin V green (final dilution 1/200; Sartorius), followed by
serial dilutions of selected DARPin, comparator, or control proteins in duplicates. Assay
medium also contained 10 uM HSA. The co-culture was incubated for 48 h in an IncuCyte S3
(Sartorius) and the wells scanned in red and green channels every 3 h (10x magnification) to
identify living vs. apoptotic HUVEC (respectively). Exported values were analyzed and plotted
using GraphPad Prism software (version 9).

Ex vivo autologous killing assay with fresh bone marrow of AML patients

Fresh bone marrow samples from adult patients with AML (see Supplementary Table
S6 for details) were collected in tubes containing heparin as an anticoagulant, at the
respective hospital centers within the patient’s regular treatment schemes, following clinical
practice at the center. A fraction of the extracted sample, together with the signed patient’s
informed consent, was sent to the laboratory under Center’s Ethical Committees approved
research study protocols.

As previously described (53), a fraction of the sample was stained with specific
monoclonal antibodies (mAbs) to identify pathological cells and determine cell viability. The
combination of mAbs used for the initial evaluation of each sample included anti-human
CD34, CD117, CD45, CD5, CD25, CD64, HLADR, together with Annexin V. Each sample was
then diluted 1:5 in appropriate volume of IMDM/L-Glutamine 4 mM, supplemented with
20% FBS and 1% antibiotics to a final volume of 60 uL per well containing the pathological
cells (the number of pathological cells depended on the infiltration of the sample). The
mixture containing the cells was dispensed into 96-well plates containing 60 ul of
compounds, previously prepared using an automated Echo 550 liquid handler (Labcyte). The
plates were incubated for 48 and 120 h at 37°C in humidified atmosphere containing 5% CO,.
At final endpoints and after the supernatants were collected, red blood cells were lysed, and
the remaining cells were stained with Annexin V and the mAbs that better discriminated
pathological cells according to baseline characterization. Parameter estimation was
performed by an individual modeling approach to dose-response experiments. The used
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model to fit the data was a single-dose-response inhibitory logistic model based on the Hill
equation (see equation below), where the dependent variable analyzed was the number of
live cells of a particular population counted by the cytometer at every tested concentration
of drug.

Y=E0X Emax_EO ]
1+ 10(€—x)*D

Concentration data points were input as logio transformation and were fitted using
the Levenburg Marquardt algorithm with the XIfit software package by IDBS. For a more
comprehensive interpretation of results, a normalization was done where an independent
variable was referenced to the basal parameter value from each curve fitted using cell count.

Primary LSC and HSC killing and clonogenicity assay

For colony-forming unit (CFU) assays only AML samples that contained between 50-
80% tumor cells and displayed a CD34" immunophenotype were used. Furthermore, only
AML samples were used where the previous analysis of the variant allele frequency of
mutations unrelated to CHIP (clonal hematopoiesis of indeterminate potential) in colony
assays indicated the growth of leukemia cells.

TAA expression on AML (peripheral blood or bone marrow, Supplementary Table S7)
and healthy donor bone marrow samples was assessed by flow cytometry of CD34" LSC and
HSC cells (gated as CD45%™Lineage CD90"CD34CD38"") using anti-human CD70 (Ki-24),
CD123 (6H6), and CD33 (WM53) monoclonal antibodies (BiolLegend) as shown in
Supplementary Fig. S5. MFI values were exported from FlowJo (version 10) (individual values
in Supplementary Table S8) and plotted using GraphPad Prism software (version 9).

Sorted CD45%™Lin"CD90 CD34* AML (2,000 to 50,000 cells/well) or healthy donor
(500 cells/well) cells were co-cultured at an effector to target (E:T) ratio of 1:1 with
allogeneic pan T cells and treated with the indicated compounds and concentrations for four
days in 96-well U-bottom plates in StemSpan SFEM medium containing a cytokine mix
(StemSpan CC100, containing SCF, IL-6, IL-3, and FIt3L; all STEMCELL Technologies) and in the
presence of 10 uM HSA. After incubation, cells were transferred into cultivation medium
containing cytokines and 1.27% methylcellulose to assess the colony-forming capacity for
each condition. After 14 days additional culture colonies were counted by light microscopy.

Assessment of LSC killing in vivo

Fresh CD45'CD34" human AML PDX (Supplementary Table S7) cells were isolated
from bone marrow of NSG mice by magnetic depletion of mouse cells (Mouse Cell Depletion
Kit, CD45-specific, Miltenyi) following the manufacturer’s recommendations, and then 10°,
10°, 10%, or 103 cells/well were co-cultured at an E:T ratio of 1:1 with allogeneic pan T cells
and 10 pM of indicated compound in triplicate as described above. After 2 days of
incubation, cells were pooled by treatment, and OKT3 antibody was added at 1 pug/10° cells
to allow depletion of human T cells once injected into mice (54). NSG mice (NOD.Cg-PrkdcSCid
12rg™™/Sz), Charles River Laboratories) were sub-lethally irradiated with 150 cGy,
randomized in 3 animals/group, and injected i.v. the same day with each cell concentration.
Engraftment was monitored in blood by staining for human CD45'CD34" cells, and the
experiment terminated once the disease was successfully established (9 weeks for PDX1 and
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15 weeks for PDX2). Bone marrow, spleen, and blood were collected and stained for
hCD45*CD34" for cell identification and CD33, CD123, and CD70 (as described above) for TAA
expression analysis at termination. Both engraftment and TAA expression were analyzed by
flow cytometry. Additionally, to assess colony-forming capacity, 20,000 whole bone marrow
cells from each NSG mouse were cultivated in medium containing cytokines and 1.27%
methylcellulose for 14 days and counted as above. Statistical significance was calculated
using the Extreme Limiting Dilution Analysis (ELDA) software (55).

Combination of MP0533 with azacitidine and venetoclax

CTV-labeled pan T cells (1.5x10* cells/well) and MOLM-13 cells (1.5x10* cells/well)
were co-incubated at 1:1 ratio (generally used for experiments lasting 72 h or longer, while
up to 5:1 was used for experiments performed within 48 h) in RPMI 1640 medium + 10% FBS
and 10 uM HSA in round-bottom 96-well plates with titrations of MP0533, azacitidine (Aza),
or venetoclax (Ven). Killing EC50s for each compound after 72 h incubation were determined
by tumor cell count and calculated using Graph Pad Prism (version 9). Combination of
MPO0533 with Aza and/or Ven was then assessed by repeating the same killing assay with
EC50 concentrations of each compound vs. 2-fold incremental/decremental titrations.
Synergy, based on the Chou-Talalay method (56,57), was calculated using the CompuSyn
software (58) by assessing combination index (Cl) and fraction affected (FA) values, with Cl
values <1 indicating synergism, =1 additive effect, >1 antagonism.

Additionally, combination of MP0533 with Aza/Ven at EC50 concentrations was also
assessed on primary AML CD34" sorted LSCs (25). Briefly, AML samples (PBMC or BMMC)
were flow-sorted for CD45™Lin"CD90 CD34" cells and then co-cultured at an E:T ratio of 1:1
with PBMC-purified allogenic pan T cells and treated with 10 pM MP0533 or control NB-CD3
DARPin + 1 uM Aza and 5 nM Ven for four days in round-bottom 96-well plates in StemSpan
SFEM medium containing a cytokine mix (StemSpan CC100, containing SCF, IL-6, IL-3, and
FIt3L; STEMCELL Technologies) and in presence of 10 uM HSA. After incubation, cells were
transferred into cultivation medium containing cytokines and 1,27% methylcellulose to
assess colony forming capacity for each condition. Colonies were counted after 14 days
additional culture by light microscopy and plotted using GraphPad Prism (version 9).

Data availability

The data generated in this study are available within the article and its
Supplementary Data files or upon request from the corresponding author.

Results

Design of the multispecific DARPin molecule MP0533

MPO0533 consists of a single polypeptide chain, comprising six DARPin domains: two
N-terminal anti-HSA domains for in vivo half-life extension (38); three domains that
specifically bind to TAAs CD33, CD123, and CD70; and a C-terminal CD3-binding domain for
T-cell engagement. The selection of the final format (Figure 1A) with optimized efficacy and
safety is described in detail in the Materials and Methods section and Supplementary Fig. S1.
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MPO0533 binding affinities

SPR measurements showed binding of MP0533 to human CD33, CD123, and CD70
with affinities of 5 nM, 0.06 nM, and 0.6 nM, respectively (Table 1, Supplementary Fig. S2A).
Lower binding affinities were measured on human CD3 and HSA, with 24 nM and 120 nM,
respectively. More specifically, the anti-CD3 DARPin, with its double-digit nM affinity against
CD3, was selected for optimal activity vs. safety (59). The HSA-binding DARPin in MP0O533 has
also been used in other clinical-stage DARPins (eg MP0317 or MP0310) and is cross-reactive
to mouse serum albumin. No cross-reactivity to target mouse proteins other than serum
albumin was observed.

In addition, the simultaneous binding of MP0533 to HSA, CD33, CD123, CD70, and
CD70 was also demonstrated by SPR (Supplementary Fig. S2B).

MPO0533 shows preferential killing of tumor cells expressing combinations of TAAs

Exploiting the principle of avidity, MP0533 was engineered for enhanced binding to
cells that co-express two or three TAAs, thereby intensifying T cell-mediated cytotoxicity
against these cells. To validate this, we assessed MP0533 in potency assays in the presence
of healthy allogeneic T cells and engineered MOLM-13 tumor cell lines expressing one, two,
or all three TAAs (Supplementary Fig. S6). Figure 1B shows similar dose-dependent activation
of CD8" T cells and killing of MOLM-13 cells expressing >2 TAAs (red and orange curves, half
maximal effective concentrations [EC50s] of 8-27 pM and 10-46 pM for T-cell activation and
cell killing, respectively), while an approximate 10-fold lower potency was measured on cells
expressing a single TAA (green curves, EC50s of 38-431 pM and 107-457 pM for T-cell
activation and cell killing, respectively) (all values in Supplementary Table S9). TAA-specific
binding of MP0533 to MOLM-13 cell lines and CD3-specific binding to T cells are shown in
Supplementary Fig. S7.

MPO0533 induces killing of AML cell lines with limited release of cytokines

MPO0533 activity in situations of tumor heterogeneity was modeled by performing
additional tumor cell killing assays with various AML cell lines expressing different TAA levels
(Supplementary Fig. S8). As shown in Figure 1C, MP0533 induced killing of all cell lines
tested, with EC50s ranging from 3 to 60 pM. Also, when compared to other TCEs, at equal
efficacious dose (equal % of cell killing), MP0533 showed reduced release of cytokines in
supernatants (Figure 1D) without impaired production of the cytotoxic granule protein
granzyme B, suggesting a more favorable therapeutic window for MP0533. While other TCE
comparators were also inducing lower levels of cytokines than CD123-CD3 DART, the levels
measured for MP0533 were constantly the lowest, including for IL-6, considered a key
cytokine in the manifestation of cytokine release syndrome (CRS) events (60).

Additionally, the kinetics of T-cell activation were not different between MP0533 and
other TCEs: T-cell activation, proliferation, and cytotoxic markers were all similar among the
tested molecules (Supplementary Fig. S9).

MPO0533 activity is not inhibited by the presence of soluble TAAs or natural ligands

We checked the potential influence of soluble TAAs or natural ligands (IL-3 for CD123
and CD27 for CD70) and found that none interfered with MP0533 activity (Supplementary
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Fig. S10). Only the simultaneous presence of all three soluble TAAs at supraphysiological
concentrations led to a reduced potency in T-cell activation and tumor cell killing assays, but
we consider such a condition to be non-physiological: while IL-3, soluble CD27, and soluble
CD33 can be measured in serum of healthy and/or diseased individuals (44-46), no data on
soluble CD123 or CD70 could be found in the literature, suggesting that both CD123 and
CD70 are either not shed or not found at detectable or relevant concentrations.

MPO0533 induces tumor regression and is well tolerated in hPBMC mouse xenograft
models

As MP0533 binds to human TAAs on human immune and AML cells but not their
murine orthologs, in vivo pharmacodynamic (PD) activity was demonstrated in xenograft
models in which human AML tumors were grown in immune-suppressed NXG mice
implanted with PBMCs from healthy human donors before the xenograft of human AML
cancer cells.

In the first study, mice were grafted s.c. with MOLM-13 tumors expressing the three
TAAs targeted by MP0533 (Figure 2A). A dose-dependent antitumor activity of MP0533 and
comparator TCEs against MOLM-13 tumors is shown in Figure 2B. This correlated with the
induction of T-cell activation in the tumors (Figure 2C) in the absence of significant T-cell
activation in the blood. In addition, MP0533 did not induce systemic cytokine release 4 h
after the first dose while the CD123-CD3 DART comparator induced the release of a broad
range of human cytokines (Figure 2D) into the blood. Analysis of tumors harvested 3 days
after treatment initiation (after 2 doses of MP0533 or comparator molecules) showed that
the highest dose of MP0533 and the CD123-CD3 DART comparator induced human cytokine
release in the tumors (Figure 2E), correlating with tumor regression. In a similar model,
MPO0533 efficacy was also demonstrated in vivo against s.c. RPMI8226 tumors
(Supplementary Fig. S11). RPMI8226 cells are CD33- and CD123-expressing cells, but with
very low expression of CD70 (Supplementary Fig. S8), more closely mimicking the expression
profile found on primary AML cells.

The specificity of MP0533 for tumors expressing the three targeted TAAs was then
demonstrated in a study that compared MP0533 activity in NXG mice xenografted s.c. with
both MOLM-13 wild-type (WT) tumors expressing CD33, CD123, and CD70 and MOLM-13
triple KO tumors (KO for CD33, CD123, and CD70) (Supplementary Fig. S12A). MP0533
demonstrated TAA-specific antitumor activity against MOLM-13 WT tumors while MOLM-13
KO tumors were not significantly affected (Supplementary Fig. S12B). This activity correlated
with the observation that MP0533 induced T-cell activation and cytokine/chemokine release
only in MOLM-13 WT tumors (Supplementary Fig. S12C and D). MP0533 did not induce
systemic T-cell activation in the blood (Supplementary Fig. S12F). Similarly to MP0533, CD33-
CD3 BITE also showed activity against MOLM-13 WT tumors only (Supplementary Fig. S12B),
but cytokine/chemokine release (Supplementary Fig. S12E) and T-cell activation
(Supplementary Fig. S12F) were also detected systemically in the blood and in MOLM-13 KO
tumors (Supplementary Fig. S12C and D). Rather than caused by a direct unspecific activity
of CD33-CD3 BITE against the MOLM-13 KO tumors, our data suggest that the cytokines
found in the KO tumors were the consequence of a higher infiltration of systemically
activated human T and CD33" cells (Supplementary Fig. S12E-G), the latter also potentially
acting as target in the KO tumors.

Potent MPO0533 activity in vivo was additionally demonstrated in NXG mice
xenografted i.v. with MOLM-13 LUC cells to produce disseminated tumor growth (Figure 3A).
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MPO0533 inhibited the growth of tumor cells at all tested doses (Figure 3B-D). Comparable
antitumor activity to that of the lowest dose of MP0533 (0.02 mg/kg every 3 days) was
produced by the CD123-CD3 DART comparator dosed daily at 0.5 mg/kg, which also induced
significant release of cytokines 4 hours after treatment. MP0533 showed no significant
increases in cytokines (Figure 3E) and, similarly to CD123-CD3 treated mice, no significant
body weight loss (Supplementary Fig. $13), indicating that MP0533 induced dose-dependent
antitumor activity while being well tolerated.

MPO0533 induces low levels of cytokine release ex vivo in blood

By limiting on-target, off-tumor effects, MP0533 has the potential to reduce dose-
limiting toxicities, such as CRS and the hematological toxicities often observed in clinical
development with potent bispecific TCEs and chimeric antigen receptor (CAR) T-cell
therapies (17). We assessed the impact of MP0533 on cytokine release and healthy blood
cells with different ex vivo healthy whole blood assays.

When incubated in rotating whole blood loops, MP0533 induced only minimal
release of cytokines and decrease of white blood cell (WBC) or platelet counts compared to
the CD123-CD3 DART and CD33-CD3 BiTE molecules, as shown in Figure 4A and B (and
Supplementary Fig. S14) as area under the curve (AUC) over 24 h incubation. For MP0533,
the decrease in WBC counts appears to be driven only by decreases in monocytes, whereas
for the other TCEs, lymphocytes, granulocytes as well as monocytes decreased. Reduction in
platelet counts was likely caused by indirect effects related to effects on WBCs. Red blood
cell counts were not affected by any of the molecules.

Cytokine release in healthy whole blood was also measured in plate-based assays,
either in the absence (Figure 4C) or presence of MOLM-13 cells to mimic a diseased status
with about 20% AML blast content (Figure 4D) after 24 or 6 h incubation, respectively. Again,
with both setups, we saw a marked reduction of cytokine release with MP0533 compared to
competitor TCEs.

Overall, these results show that MP0533 did induce the release of cytokines, a
hallmark of T-cell activation, but with 14- and 5-fold lower AUC and 8- and 3-fold lower c-
max levels than CD123-CD3 DART and CD33-CD3 BIiTE comparator molecules, respectively
(calculated as average of median cytokine AUCs or c-max values across all measurements
shown in Figure 4).

MP0533 shows a favorable on-target, off-tumor profile

Overall, no major impact of MP0533 on white blood cells and platelets (Figure 4B), or
lymphocytes, monocytes, and neutrophils (Supplementary Fig. S14), was observed when
assessed in whole blood loops over 24 h, while decreased cell counts were observed with
both CD33-CD3 BIiTE and CD123-CD3 DART comparator molecules. However, effective
targeting of basophils, the highest TAA co-expressing (CD123 and CD33, Supplementary Fig.
S3B-C) non-tumoral cells, was shown ex vivo by the activation of autologous T cells and
killing of basophils when co-cultured with MP0533 or comparator CD123 or CD33 targeting
TCEs (Figure 5A).

T-cell fratricide has been reported with a potent CD70-specific TCE (61), as CD70 is
upregulated on activated T cells so can become a target on effector cells (62,63). Therefore,
we assessed potential MP0533-induced killing of T cells in co-culture with MOLM-13 cells
and did not find any impact on CD4" and CD8" T-cell viability or count/proliferation (Figure
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5B), and no difference vs. the non-CD70 targeting TCEs CD123-DART (also shown in
Supplementary Fig. S15) and CD33-BiTE.

CD123, expressed on endothelial cells (64) and further upregulated under
inflammatory conditions (65), can become a safety concern with CD123-targeted therapies,
where capillary leak syndrome (CLS) has been reported (as shown for tagraxofusp (66,67)).
To assess the effects of MP0533 on endothelial cells, we measured T cell-mediated killing of
HUVEC previously stimulated with IFNy and TNFa to induce expression of CD123 (to mimic
inflammatory status, see Supplementary Fig. S16A, top panels). Figure 5C shows that
MPO0533, despite binding to the cells (Supplementary Fig. S16A and B), did not induce the
killing of HUVEC, even with over-expressed CD123. In contrast, the CD123-CD3 targeting
DART molecule effectively killed CD123-expressing HUVEC. The CD33-CD3-targeting BIiTE
showed no killing (or binding) of HUVEC, confirming that potential off-tumor targeting of
endothelial cells is not CD33-mediated.

These data, together with the absence of T-cell fratricide, support the hypothesis
that MP0533 has a low capacity to induce cell killing when only a single TAA is expressed on
target cells.

MPO0533 induces killing of primary AML blasts and is selective for LSCs

MPO0533 activity was analyzed in five primary AML bone marrow samples, from 2
newly diagnosed and 3 previously treated patients with different TAA expression/co-
expression levels and E:T ratios (from 10:1 to 1:28). Fresh bone marrow samples were
diluted into assay medium without prior purification of cells and incubated for 48 and 120 h
with serial dilutions of MP0533 or comparator molecules. Figure 6A shows that MP0533
induced T-cell activation (left panel), proliferation (right panel, black curves), and tumor cell
killing (right panel, red curves) with similar kinetics and efficacy to the more potent CD123-
CD3 DART and CD33-CD3 BiTE molecules. These data show that MP0533 could successfully
induce both activation of patient autologous T cells and killing of tumor cells presenting very
different levels of TAAs (CD33: =200-8,000 molecules/cell; CD123: =500-2,500
molecules/cell, CD70: at limit of quantification), the latter supporting the hypothesis that the
multitargeting approach of MP0533 has the potential to counteract tumor heterogeneity in
AML patients.

We further addressed LSC killing and specificity in a cell killing and colony-forming
assay with CD34" sorted AML (LSC) and healthy donor (HSC) cells. Co-cultures of LSCs with
allogeneic T cells in the presence of MP0533 resulted in a dose-dependent reduction in
colony formation, with almost no CFUs being detected at the highest DARPin concentration
of 1,000 pM (Figure 6B, left panel). The comparator molecules CD33-CD3 BiTE and CD123-
CD3 DART showed a higher efficacy in inhibiting LSC colony-forming capacity at lower
concentrations (i.e. higher potency, as seen on MOLM-13 cell line, Figure 1D). However,
MPO0533 only marginally affected colony formation of normal HSCs, while both comparator
molecules substantially reduced the clonogenic potential of normal HSCs in a dose-
dependent manner. Moreover, as CD70 expression was close to the limit of detection by
flow cytometry for most LSC samples (Figure 6B, right panel), we also addressed whether
CD70 is an effective target for a TCE on LSCs by using a single-targeting CD70-CD3 DARPin
control molecule. As shown in Figure 6B, such a molecule was also able to reduce CFUs of
LSCs, while HSCs were unaffected, confirming that CD70 is indeed a selective target on LSCs
(as previously reported (46)).
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The ability of MP0533 to induce killing of LSCs was additionally confirmed in vivo.
AML PDX samples were first co-incubated ex vivo with MP0533 and allogeneic T cells, and
then injected in sub-lethally irradiated NSG mice to assess residual engraftment capacity. As
shown in Figure 6C (left panel), treatment with MP0533 at an EC50 concentration of 10 pM
resulted in a >10-fold (p<0.05 for both PDX samples) reduction of engraftment in mice
compared to the non-TAA binding (NB-CD3) control DARPin (see also Supplementary Fig. S17
for TAA expression analysis on PDX1 cells at endpoint). The difference between MP0533 and
CD123-CD3 DART was not significant. In addition to engraftment in vivo, the presence of
LSCs in engrafted mice was also assessed by subsequent cultivation of isolated bone marrow
cells ex vivo. Colony counts after 14 days of culture (Figure 6C, right panel) confirmed a >10-
fold reduction of LSCs after treatment with MP0533, compared to the NB-CD3 control
DARPin.

MPO0533 activity is increased in combination with azacitidine/venetoclax

Finally, we addressed a potential treatment combination in co-culture killing assays
with primary AML CD34" LSCs (confirmed on MOLM-13 cells) and allogeneic T cells. Synergy
was observed when MP0533 was used together with azacitidine and venetoclax (treatments
commonly used and indicated in the US for newly diagnosed AML patients aged = 75 years or
with co-morbidities that preclude the use of intensive induction chemotherapy) at sub-
optimal (ECsp) doses (Supplementary Fig. S18).

Altogether, data collected on primary cells show that MP0533 is efficacious in
engaging patient T cells, inducing the killing of AML tumor cells as well as effectively
eliminating LSCs while sparing HSCs, and has synergistic effect in combination with
azacitidine and venetoclax.

Discussion

Despite treatment progress made in recent years, the prognosis for AML remains
poor. The disease is mainly driven by LSCs that resist conventional chemotherapy and are
the primary cause of relapse (7,13,14). Additionally, aberrant proliferation, symmetric self-
renewal, increased survival, and defective differentiation of malignant blasts are other key
oncogenic drivers in AML.

The development of targeted immunotherapy treatments is challenging due to both
the lack of AML-specific target antigens and clonal heterogeneity of the disease (15). Agents
targeting single antigens on tumor cells have been assessed in the clinic but only
gemtuzumab ozogamicin, a CD33-targeted ADC, was approved (68). More recently
investigated agents include TCEs (like the CD123-targeted DART flotetuzumab (22) and the
CD33-targeted BiTE AMG330 (19)) and CAR T cells (69-71). However, clinical development of
both TCEs has been stopped also due to limited therapeutic indices. Nevertheless, non-
clinical versions of the two were included in the studies reported here as efficacy and safety
comparators.

Despite numerous attempts to identify specific cell surface markers on AML cells that
might overcome the problems identified to date with single targeted agents (72,73), none
has been found so far. We propose here an innovative approach involving combinatorial
targeting of different validated TAAs on AML cells and LSCs (16,17) to enhance the
therapeutic efficacy, reduce toxicity, and address TAA expression heterogeneity both within
and between patients. MP0533 is a CD3-binding T-cell engaging DARPin that can bind
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simultaneously to three AML antigens: CD70, CD33, and CD123 as well as to HSA to extend
the circulatory half-life of the molecule. Optimal binding affinity to each target was
engineered to enable an avidity-like selectivity to facilitate preferential T cell-mediated
killing of AML cells co-expressing at least two of these TAAs, while sparing non-tumor cells
expressing single TAAs.

In the presented in vitro studies, MP0533 achieved the desired selectivity against
AML cells co-expressing at least two targets, while cells expressing single TAAs are killed only
at 10-fold higher concentrations. Moreover, efficacy of MP0533 on all tested AML cell lines
showed that MP0533 can tolerate target expression heterogeneity: its potency depending
on the number of different TAAs expressed rather than on the level of expression of each
single TAA. This correlates with previous findings that showed absence of association
between CD123 or CD33 expression and cytotoxicity induced by the TCEs flotetuzumab (22)
and AMG330 (74), respectively. This was confirmed in ex vivo studies with primary bone
marrow samples from different AML donors, where activation of autologous T cells led to
the killing of AML blasts having different TAA expression levels (and co-expression profiles).
Importantly, MP0533 showed a preferential targeting of LSCs compared to HSCs. Effective
targeting of LSCs was also demonstrated by the reduced engraftment in vivo of CD34" PDX
cells after ex vivo treatment with MP0533. Samples from patients with 50-80% tumor
burden and showing variant allele-frequency of mutations indicating the growth of leukemia
cells were used for CFU assays with CD34" AML cells. Based on these selections, we can
assume that the effect on CFU observed in our assays was caused by the reduction in AML
LSCs rather than in remaining normal hematopoietic stem and progenitor cells. Additionally,
similar efficacy in both autologous and allogeneic settings and the lack of cytotoxicity with
TAA- or CD3-missing control DARPins suggest that the effect of HLA mismatch was negligible
in our data.

Mouse antitumor studies complemented the in vitro and ex vivo findings. The in vivo
activity of MP0533 was demonstrated in humanized mice xenografted s.c. with human
MOLM-13 tumors. MP0533 induced dose-related antitumor activity as well as T-cell
activation and cytokine release in the tumors. T-cell activation and cytokine release were not
observed in the blood. Comparable PD activity was seen in the tumors by a CD33-CD3 BiTE
and a CD123-CD3 DART but, in contrast to MP0533, these agents also activated T cells and
induced cytokine and chemokine release systemically. MP0533 antitumor function was also
demonstrated in a mouse tumor model expressing lower levels of TAAs (RPMI8226) and was
shown to be TAA-dependent, having no effect on the growth of MOLM-13 triple KO tumors.
Finally, the dose-dependent antitumor activity of MP0533 was confirmed in a tumor model
closer to leukemia, where MOLM-13 cells were xenografted i.v. to produce disseminated
tumor growth.

A finding across all studies was that cytokine release was markedly lower at active
concentrations of MP0533 than was observed with TCEs targeting single TAAs (CD123-CD3
DART and CD33-CD3 BiTE), suggesting that MP0533 may be better tolerated with respect to
CRS than has been reported for other agents in clinical development for AML patients
(22,75). Our data show that the geometry and format of MP0533 are linked to its lower
cytokine secretion profile vs. other TCEs. However, the format of the different TCEs,
affinities to the TAAs and CD3, epitopes, and the derived immunological synapse are likely
also contributing to the different profiles observed.

With respect to safety, the presented data indicate that MP0533 may also have a
lower propensity than single-targeting TCEs to induce CD70-dependent T-cell fratricide (61)
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or CLS (66,67) due to on-target, off-tumor effect on endothelial cells activated under
cytokine-induced inflammatory conditions to express CD123 (64,65).

In conclusion, these studies demonstrated that the intended avidity-driven PD
activity of MP0533 resulted in a favorable therapeutic window, as shown by the increased
selective T cell-mediated killing of AML cells and LSCs vs. HSCs. Further, this selective T cell-
mediated killing resulted in significantly lower cytokine and chemokine release than is seen
with single TAA targeting TCEs. Collectively, our data suggest that the tolerance of MP0533
to expression heterogeneity and its selective activity could translate into deeper and more
durable responses in the clinic.

The multitargeting approach adopted with MP0533 has the potential to bring a new
therapeutic option to patients with high unmet need, principally older or unfit patients. At
the time of writing, a phase 1, first-in-human, open-label, multicenter, dose-escalation study
(NCT05673057) evaluating the safety, tolerability, and efficacy of MP0533 is ongoing in
patients with relapsed/refractory AML. The study additionally includes a range of secondary
endpoints, like the effect on LSCs, T-cell activation, cytokine release, and pharmacokinetics.
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Tables

Table 1. Kinetic parameters of MP0533 to human recombinant targets by SPR

Protein name k., [M™s™] ‘ kot [s™] Ky[M] Rmax [RU] Chi’/Rmax [%]
HSA 9.3E+04 1.1E-02 1.2E-07 103.4 4.7

hCD33 9.6E+05 4.9E-03 5.1E-09 148.5 23.1

hCD123 6.9E+05 3.9E-05 5.6E-11 119.2 0.8*

hCD70 7.6E+04 4.7E-05 6.1E-10 69.6 14.4

hCD3 1.4E+05 3.4E-03 2.4E-08 50.6 10.6

*Value is calculated using Chi’/ndof (given readout on Sierra Analyzer) instead of Chi® (standard

readout) - (ndof=number of degrees of freedom)

h, human; HSA, human serum albumin
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Figure Legends

Figure 1. MP0533 induces potent killing of AML cell lines. (A) The six domains of the
MPO0533 molecule from N- to C-terminus: two HSA-binding domains (grey), CD33-binding
domain (yellow), CD123-binding domain (orange), CD70-binding domain (green), CD3-
binding domain (blue). (B) MP0533-induced T-cell activation and tumor cell killing in co-
cultures with MOLM-13 cell lines expressing different TAA combinations (as indicated in the
legend). (C) Tumor cell killing of different AML cell lines with corresponding EC50s. A
representative experiment in duplicate = SD is shown. (D) Tumor cell killing vs. cytokine
release induced by MP0533 and comparator TCEs. The average of MOLM-13 and RPMI8226
killing assays * SD is shown. For all panels, T-cell activation and tumor cell killing were
assessed by flow cytometry by upregulation of CD25 on CD8 T cells and by cell count of
remaining living cells, respectively, after 48 h co-incubation of T cell and tumor cells at E:T of
5:1. Control molecules shown: NB-CD3 DARPin (non-TAA binding) and TAA-NB DARPin (non-
CD3 binding). Other TCEs shown: CD33-CD3 Bivalent (based on AMV564 sequence), CD33-
CD3 BIiTE (based on AMG330 sequence), CD123-CD3 DART (based on flotetuzumab
sequence), HLE-CD123-CD3 DART, and CD123-CD3 ADAPTIR (based on APV0436 sequence).

Figure 2. MP0533 efficacy and safety profile in hPBMC mouse model xenografted
subcutaneously with MOLM-13 cells. (A) Study design. (B) Tumor growth over time in mice
injected intraperitoneally with hPBMC (n=5 mice per donor, 2 to 6 hPBMC donors used),
xenografted subcutaneously with MOLM-13 cells. Mice randomization was based on MOLM-
13 tumor size and hPBMC donors. Therapeutic treatments were initiated eight days after
tumor cell injection, when the average tumor volume was around 150 mm?®. MP0533 and
control DARPins (NB-CD3 DARPin = non-TAA binding and TAA-NB DARPin = non-CD3 binding)
were administrated intravenously (i.v.) three times per week for 2 weeks, while CD33-CD3
BiTE and CD123-CD3 DART were administrated i.v. daily (as not half-life extended) for 2
weeks. Data are presented as mean + SEM. (C) Three days after the first treatment, some
mice were sacrificed for ex vivo analysis. Tumors were dissociated and analyzed by flow
cytometry, and data are shown as % of activated T cells (CD8+CD25+CD69+) in the tumors.
Release of cytokines was measured in the blood (D) and in the tumors (E) 4 h and 3 days
after first treatment, respectively. Lines in C-E represent median values.

Figure 3. MP0533 efficacy and safety profile in hPBMC mouse model xenografted
intravenously with MOLM-13 cells. (A) Study design. (B-C) Tumor growth over time in mice
injected intraperitoneally (i.p.) with hPBMC (n=5 mice per donor, 2 hPBMC donors used,
n=10 mice per group), xenografted intravenously (i.v.) with MOLM-13 LUC cells. Mice were
treated with vehicle, serial dilutions of MP0533, or CD123-CD3 DART at 0.5 mg/kg starting
five days after tumor cell injection. MP0533 was administrated i.v. three times per week for
2 weeks, while CD123-CD3 DART was administrated i.v. daily (as not half-life extended) for 2
weeks (no treatment was administered anymore after day 19 post-engraftment). Mouse
randomization was based on imaging (photons/sec) at day 4 after tumor injection.
Bioluminescence was then measured every 3-4 days using a Newton 7.0 device 10 min after
i.p. injection of 150 mg/kg of D-luciferin and is plotted as photons/sec. Data in (B) are
presented as mean + SEM, while in (C) single mouse data are shown. (D) Representative
pictures of MOLM-13 LUC-engrafted mice at day 21 after treatment initiation, 10 min
exposure. (E) Release of cytokines was measured in the blood 4 h after first treatment.
Single values and median are shown, with open vs. filled symbols indicating PBMCs from two
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different donors. Samples under the lower limit of detection were assigned an arbitrary
value below the assay range, indicated with the dotted line. Statistical significance was
calculated by one-way ANOVA, Dunnett's multiple comparisons test: ****P<0.0001;
***P<0.001; ns, not significant.

Figure 4. MP0533 induces low cytokine release in whole blood. (A) Cytokine release and (B)
cell counts in healthy donor (HD) whole blood loops after 0-24 h incubation and are shown
as AUC overtime (0-4-8-24 h), average + SD of 6 HD over 2 independent studies. Additional
cytokine release in HD whole blood was measured in a 96-well plate format after 24 h
incubation without (C) or after 6 h incubation with (D) MOLM-13 spiked into the blood to
simulate a blast content of about 20%. Open symbols in (D) indicate whole blood without
MOLM-13 cells, only assessed at 10 nM (shown off axis for clarity). Average + SD of 3 and 2
HD is shown for (C) and (D), respectively. For all panels, quantification of cytokines was
performed by MSD MULTI-ARRAY technology. Hematology parameters in (B) were
automatically measured by a Sysmex Hematology Analyzer instrument. Control molecules
shown: NB-CD3 DARPin (non-TAA binding) and TAA-NB DARPin (non-CD3 binding). Other
TCEs shown: CD33-CD3 BiTE (based on AMG330 sequence) and CD123-CD3 DART (based on
flotetuzumab sequence).

Figure 5. Safety profile of MP0533 on healthy cells. (A) MP0533-induced T-cell activation
and killing of basophils were assessed by flow cytometry by upregulation of CD25 on CD4
(left panel) and CD8 (middle panel) T cells, and by cell count of remaining living basophils
(right panel) after 48 h co-incubation of autologous T cell and basophils at E:T of 4:1. (B)
Viability (left panels) and proliferation (right panels) of CD4 and CD8 T cells after 5 days co-
culture with MOLM-13 cells at E:T of 5:1. (C) Killing of CD123+ HUVEC was followed overtime
with IncuCyte. HUVEC were first stimulated with TNFa and IFNy (low = 0.3 ng/ml TNFa and 1
ng/ml IFNy; high = 10 ng/ml each) to induce expression of CD123, and then co-incubated
with allogeneic pan T cells for 2 days at E:T of 5:1. Killing of HUVEC is shown as ratio of AUC +
SD of Annexin V green (dead HUVEC)/Cytolight red (living HUVEC) overtime. For all panels,
the average + SD of experiments using T cells and/or basophils from 2 different donors is
shown. Control molecules shown: NB-CD3 DARPin (non-TAA binding) and TAA-NB DARPin
(non-CD3 binding). Other TCEs shown: CD33-CD3 BiTE (based on AMG330 sequence), CD123-
CD3 DART (based on flotetuzumab sequence), and CD123-CD3 ADAPTIR (based on APV0O436
sequence).

Figure 6. MP0533 induces potent killing of primary AML cells and LSCs. (A) T-cell activation
(left panel), proliferation (right panel, black curves), and tumor cell killing (right panel, red
curves) were assessed on primary autologous whole bone marrow samples from 5 AML
donors. The percentage of CD25" total T cells + SD (left panel) and median curve fits (right
panel) after 48 h and 120 h are shown. (B) LSC or HSC killing and colony forming assay (left
panel) and TAA expression (right panel). CD45int/Lin-/CD90-/CD34+ cells were sorted from
AML or HD PBMC or BMMC samples and TAA expression measured by flow cytometry and
shown as AMFI over isotype control. Cell killing was assessed after 4 days co-incubation with
allogeneic T cells from healthy donors at E:T of 1:1 followed by 14 days colony culture in
semi-solid medium. Median of AMFI and percentage (of vehicle) colony count + SEM are
shown (from 5 AML samples and 4 HD samples). Control molecules shown: NB-CD3 DARPin
(non-TAA binding) and CD70-CD3 DARPin (CD70 single-targeting TCE DARPin). Other TCEs
shown: CD33-CD3 BIiTE (based on AMG330 sequence) and CD123-CD3 DART (based on
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flotetuzumab sequence). (C) Killing of LSCs in two AML PDX samples was assessed in vivo
after 2 days ex vivo co-culture with allogeneic T cells at E:T of 1:1 and 10 pM MP0533 or
control. Serial dilutions of treated cells were then injected into irradiated NSG mice and
engraftment determined by the presence of hCD45+CD33+ in the bone marrow (left panel).
Additionally, presence of LSCs in bone marrow of engrafted mice was confirmed ex vivo by
14 days colony culture in semi-solid medium (right panel). LSC frequencies were estimated
with the ELDA software (http://bioinf.wehi.edu.au/software/elda/) and significant
differences in LSC frequencies were calculated by chi-squared test (for PDX1: NB-CD3 vs.
MP0533: P = 0.026; NB-CD3 vs. CD123-CD3 DART: P = 1.36x10'4; MP0533 vs. CD123-CD3
DART: P =0.105. For PDX2: NB-CD3 vs. MP0533: P =0.011; NB-CD3 vs. CD123-CD3 DART: P =
0.011; MP0533 vs. CD123-CD3 DART: P = 1). Data from PDX1 (circles) and PDX2 (squares)
engrafted mice are shown individually and as mean + SD.
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