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ABSTRACT

We have recently reported that human slan"-monocytes, a major subset of non-classical
CD14dimCD16+monocytes, exert a remarkable anti-CD20/Rituximab-mediated antibody-dependent
cellular cytotoxicity (ADCC) of neoplastic B cells, as well as that slan’-cells infiltrate lymphomas.
Herein, by performing blocking experiments and flow cytometry analyses, as well as confocal
microscopy and live-cell imaging assays, we extended the latter findings to other humanized
antibodies, as well as deciphered the underlying effector mechanism(s). Specifically, we show that,
after coculture with anti-CD20- and anti-CD38-coated target cells, slan’-monocytes perform
trogocytosis, a cell-cell contact dependent, antibody-mediated, process that triggers an active,
mechanic, disruption of target cell membranes. Importantly, trogocytosis by slan’-monocytes was
found to lead to a necrotic type of target cell death, known as trogoptosis, that once initiated was
partially sustained by endogenous TNFo. By the same types of analyses, we also report that slan -
monocytes, unlike NK cells, perform a direct ADCC with all types of anti-CD47 antibodies used,
independently from their IgG isotypes. The latter findings are noticeable as they unveil a potentially
relevant contribution by slan’-monocytes in mediating the therapeutic efficacy of anti-CD47
antibodies in the clinical practice, even more so when NK cells are exhausted or deficient in
number. All in all, our observations shed new light on the cytotoxic mechanisms exerted by slan'-
monocytes in antibody-dependent tumor cell targeting, as well as advance our knowledge on how to

expand our weapons for cancer therapy.



INTRODUCTION

Human monocytes, representing approximately 7-10 % of the peripheral leukocytes, are
conventionally divided by flow cytometry into classical CD14" "CD16 monocytes (~ 85 % of the
total), intermediate CD14 " CD16 monocytes (~ 5 %), and non-classical CD14dinV'CD16++monocytes
(~ 10 %) (1). However, such a monocyte separation may result inaccurate due to the different
approaches used to set a cut-off between CD14 and CD16 expression (2,3). Hence, an alternative
identification of the CD14"™CD16 ™ non-classical monocytes based on the detection of the 6-sulfo
LacNac (slan) antigen by antibodies known as MDCS8 and DD1/DD2 (4) has been recently proposed
(5,6). As a result, the slan'-monocytes emerge as 50/60 % of the non-classical CD14%™"
CD16 "monocytes. These cells have been widely characterized in terms of phenotype, functions,
and disease localization, especially by Schékel and coworkers (4,7), who initially named them as
slan’-dendritic cells (slanDCs) since endowed by a marked proinflammatory nature (given their
production of IL12p70 and TNFa in remarkable amounts) and a potent capacity to induce T cell
responses and Th1/Th17 cell polarization in vitro (6,7). However, with the advent of the “omics”,
slanDCs have been recognized to consist of a subset of non-classical CD14%™ "CD16 'monocytes,
as previously mentioned (6,7).

Our group has recently explored the role of slan"-monocytes in lymphomas and solid cancer.
We reported that slan’-cells locate to metastatic tumor-draining lymph nodes (M-TDLNs) - but not
to primary or metastatic tumors - where they align along the tumor front and adjacent to dead tumor
cells, even appearing to contain dead cell bodies (8). We also showed that the circulating slan'-
monocyte compartment from patients with advanced colorectal cancer remains intact in terms of
number and functions (i.e., TNFo and IL-12p70 production), suggesting that they are not
developmentally/functionally hijacked or converted into immunosuppressive cells by growing
tumors (8). In a following study, we could detect slan'-cells in various types of non-Hodgkin
lymphomas (NHL), particularly in diffuse large B cell lymphomas (DLBCL), in a status of either
slan " DC-like or macrophage-like cells (9). Notably, peripheral slan’-monocytes were found to exert
a remarkable anti-CD20/Rituximab (RTX)-mediated antibody-dependent cellular cytotoxicity
(ADCC) of B cells from healthy donors (HD), neoplastic B cells from patients or B cell lines, at
levels almost comparable to those exerted by NK cells (9). The latter cells, in fact, play a crucial
role in tumor immunosurveillance, including in B cell lymphoma (10). Accordingly, an association
between peripheral NK cell number decrease and non-Hodgkin’s lymphoma development has been
reported (11). Moreover, patients with low NK cell numbers are penalized by poor NK cell

activities including RTX-dependent cytotoxicity (12). Hence, according to our previous findings



(9), it would be tempting to speculate that slan’-monocytes might partially rescue NK cell-inability
to mediate RTX-dependent ADCC.

In this study, not only we extend the knowledge on the therapeutic antibodies that slan'-
monocytes may use for ADCC, but also provide evidence that trogoptosis represents the final

mechanism whereby slan’-monocytes kill therapeutic antibody-coated tumor cells.



MATERIALS AND METHODS

Cell isolation and culture. Peripheral blood mononuclear cells (PBMCs) were isolated from buffy
coats of healthy donors (HDs) by density centrifugation over Ficoll-Paque gradient (GE Healthcare)
under endotoxin-free conditions (9). Natural killer (NK) cells and slan’-monocytes were purified
by, respectively, the EasySep' ™ Human NK Cell Enrichment Kit (Stem Cell Technologies, > 95 %
purity) and the slan (M-DC8)" Monocyte Isolation Kit (Miltenyi Biotec, > 96 % purity) (9), to be
both used right after isolation in the various functional assays. In selected experiments, slan'-
monocytes were cultured in vitro for 5 days in the presence of 100 ng/mL IL-34 (R&D Systems) to
generate slan’-monocyte-derived macrophages (9). Burkitt's lymphoma Daudi (CCL-213,
purchased in 2021) and myeloma U266 (TIB-196, purchased in 2019) cell lines were obtained from
ATCC, tested for mycoplasma contamination by RT-qPCR, and cultured in RPMI 1640 medium
supplemented with 10 % low-endotoxin FBS [< 0.5 endotoxin unit (EU) ml '], in the presence of
penicillin/streptomycin (from now on termed as “culture medium”). All cell lines were used in
passages 2—10. Neoplastic CD43'B cells from MCL, DLBCL, FL2, NLPHL patients were isolated
from lymph node suspensions by using the human B Cell Isolation Kit II (Miltenyi Biotec; > 98 %
purity), as previously described (9). Neoplastic B cells were identified from their monoclonal

expression of either the k- or the |-light chain by flow cytometry.

Flow cytometry analysis. Cocultured cells, including target cells (Daudi and U266 cell lines,
neoplastic CD43™ B cells) and effector cells (freshly isolated NK cells or slan"-monocytes) were
resuspended in 50 pL of 1x PBS, 2 % FBS and 2 mM EDTA for antigen expression analysis and
ADCP assays, or 15 mM EDTA for trogocytosis experiments (13). Cells were immediately
incubated for 10 min at room T with 5 % human serum, and then stained for 30 min in ice using
different panels of fluorochrome-conjugated mAbs (depending on the experiment type), including:
CD45 BV510 (clone H130), CD16 PerCP-Cy5.5 (clone 3G8), CD38 APC-Cy7 (clone HIT2) from
BioLegend; slan/MDC8 FITC (clone DD1), CD19 PE-VIO770 (clone LT19), CD56 PE (clone
AF12-7H3), CD107a APC-Cy7 (clone REA792), CD47 APC (clone REA220) from Miltenyi
Biotec. Phenotypic analysis was performed on live cells, identified by excluding either SytoxBlue"
or SytoxAAD" dead cells. Sample fluorescence was measured by either 8-color MACSQuant10, or
14-color MACSQuant16, flow-cytometers (Miltenyi Biotec), while data analysis was performed by
FlowlJo software Version 10.1 (Tree Star Inc.). For CD19, CD38 and CD47 expression levels, their
median fluorescence intensity (MFI) was compared to the MFI of the correspondent fluorescent
minus one control (FMO). To detect intracellular TNFo, we used the FIX & PERM™ Cell

Permeabilization Kit (Thermo-Fisher). Briefly, freshly isolated slan’-monocytes were cocultured



for 1 h with Daudi cells (either uncoated or coated with 5 pg/mL RTX or 5F9/Magrolimab ) at an
E:T ratio of 10:1. Then, cocoltures were treated with 2 pg/mL Brefeldin A (BFA, InvivoGen) and
incubated for 3 more h. Cells were then prepared for flow cytometry analysis and stained by
slan/MDCS8 FITC (Miltenyi Biotec) and (to exclude dead cells) Viobility 405/452 Fixable Dye
(Miltenyi Biotec). Cocoltures were then fixed and permeabilized to detect intracellular TNFa by
anti-human TNFo APC mAbs (clone MADbI11 from Biolegend).

ADCC and phagocytosis assays. ADCC of Daudi or U266 cell lines was evaluated by the Calcein-
Acetyoxymethyl (Calcein AM, Molecular Probes) cytotoxicity assay, as previously reported (9).
Briefly, Daudi or U266 cell lines were initially stained with 10 uMol Calcein AM in 1x PBS plus 2
% FBS for 15 min at 37°. Cells were then adjusted to 1*10%/mL in culture medium and either left
untreated or incubated for 20 min at 37° with: 0.5-10 pg/mL Rituximab (MABTHERA from
Roche), and/or 0.5-10 pg/mL HuS5F9-G4/Magrolimab (kindly provided by M.P.C), depending on
what specifically indicated in the results, or 5 pg/mL anti-CD38 (Daratumumab from Selleck
Chemicals), 1-10 pg/mL anti-hCD20 IgG4 (InvivoGen), 10 pg/mL anti-CD47 B6H12
(ThermoFisher), 1-10 pg/mL anti-hCD47 IgG1 (BPS Bioscience). Then, 5%10° target cells were
transferred into U-bottom 96-well plates and cocultured with 5*10* of freshly isolated NK cells or
slan’-monocytes (at an E:T ratio of 10:1) in a final volume of 150 pl. After 1-4 h of incubation,
plate(s) were centrifuged and 50 pL of cell-free supernatants from each well were transferred, in
duplicate, into a flat-bottom 96-well plates (Corning) and sample fluorescence was measured by a
VICTOR’® multilabel reader (PerkinElmer). Percent of specific lysis was calculated according to the
formula: [(test release - spontaneous release)/(maximum release - spontaneous release)] x 100.
Spontaneous and maximum release represent, respectively, Calcein AM release from target cells in
medium alone or in medium plus 1 % Triton X-100 (9). In selected experiments, before coculture
with target cells, effector cells were pre-treated at 37° for 1 h for with 100 nMol Concanamycin A
(Sigma-Aldrich), or for 30 min with selected inhibitors, including: 10 pg/mL oFas mAbs (clone
ZB4 from Sigma-Aldrich), 100 ng/mL sTRAILR (R&D), 500 uMol aNO L-NAME (Santa Cruz),
10 pg/mL Certolizumab (CIMZIA, kindly provided by C.T.), 50 pg/mL SOD (Merck, Sigma-
Aldrich), 5 pg/mL Citochalasin B (Sigma-Aldrich), 5 pg/mL Citochalasin D (Sigma-Aldrich), 10
ug/mL F(ab'), anti-CD16 (Ancell). Conversely, target cells were pre-treated with 10 ug/mL Z-
VAD-FMK (InvivoGen) or 10 pMoL NEC-1 (Santa Cruz) before coculture with effector cells, in

other experiments. Phagocytosis experiments were done exactly as previously described (9).



Trogocytosis assay. Daudi, U266 or neoplastic B cells were initially stained with the PKH26 Red
Fluorescent Cell Linker Midi Kit for General Cell Membrane Labelling (Sigma-Aldrich), according
to the manufacturer's instructions (9). Then, cells were adjusted to 1*10%mL and either left
untreated, or incubated for 20 min at 37° with 5 pg/mL Rituximab, 5 pg/mL Hu5F9-G4/Magrolimab
or 5 pg/mL anti-CD38/Daratumumab. PKH26-labeled target cells were then cocultured with freshly
isolated NK cells or slan’-monocytes under the same conditions described for the Calcein AM
release assay. After 1-4 h of incubation, plates were centrifuged and pelleted cells prepared for the
flow cytometry staining. In some experiments, before coculture, effector or target cells were pre-

treated for 30 min at 37° with the inhibitors listed in the ADCC section.

Evaluation of trogocytosis by fluorescence and confocal microscopy. For experiments by
fluorescence microscopy, Daudi cells were labeled using the MemBrite Fix 640/660 Cell Surface
Staining Kit (Biotium), while slan’-monocytes were labelled with 1 pMol Calcein AM dye. Then,
1*¥10° effector cells and 1*10* target cells (10:1 E:T ratio) were cocultured in a U-bottom 96-well
plates, in a final volume of 150 uL. After 1 or 4 h, cells were collected and cytospins prepared for
immunofluorescence microscopy analysis. Cells were centrifuged on Polysine Adhesion slides
(Thermo Fisher), then fixed using 4 % paraformaldehyde in 1x PBS for 20 min at room T. After
fixation, cells were washed with 1x PBS and permeabilized using 1x PBS containing 0.1 % Triton
X-100 for 10 min at room T. Cells were then stained by DAPI to label the cell nuclei. High
resolution images were acquired by a Axiolmager.Z2 microscope equipped with Zen blue software
at 63x magnification (Plan-Apochromat 63x/1.40 Oil DIC M27 objective lens) using Hamamatsu
camera (Zeiss, Germany). Data are expressed as fluorescent area for both DAPI (nuclei marker) and
Calcein AM dye (cytoplasm marker). Images were analyzed using Imaris software 9.6 (Oxford
Instruments), adjusting brightness and contrast over the whole image by utilizing a Gaussian filter
(0.103 pm). For confocal microscopy experiments, slan’-monocytes and Calcein AM-labeled Daudi
cells were collected from the same cocultures for ADCC assays and cytospins prepared as described
above. In addition, after fixation, slan'-monocytes were labeled by non-fluorescent anti-MDCS8 IgM
antibodies followed by APC anti-IgM secondary antibodies. Images were acquired by confocal

laser scanning microscopy (LSM 510, Zeiss) (9).

Time-lapse microscopy. For live imaging studies, slan'-monocytes were resuspended in Hank’s
buffer, while target cells (Daudi cells) were initially stained with 1 uMol Calcein AM and right
after with PKH26 dye (as described above). Double-stained target cells were then incubated for 20
min at 37° with 5 pg/mL Rituximab, 5 ng/mL Hu5F9-G4/Magrolimab or 5 pg/mL Daratumumab,



and then resuspended in Hank’s buffer. 1¥10° effector cells and 1*10* target cells (10:1 E:T ratio)
were cocultured in 96 flat-well plates in a final volume of 100 pL. 0.5 pM TO-PRO™.-3 Todide
DNA binding dye (ThermoFisher) was also added to the coculture medium to assess cell viability
(14). Live imaging acquisition started after 5-10 min of cell coculture by using a LD Plan-
Neofluar 40%/0.6 Korr M27 objective lens assembled on the Axio Observer.Z1/7 microscope,
equipped with a Hamamatsu camera and a thermostatic chamber (37°C, 5% CO2) (Zeiss,
Germany). Exposure time was automatically set and left unchanged for the entire duration of the
experiment. Time-lapse was acquired for 4 h under controlled conditions. Brightness and contrast

were adjusted over the whole time-lapse duration with Imaris software 9.6 (Oxford Instruments).

Immunohistochemistry and digital analysis of tissues. FFPE tissue blocks were retrieved from
the tissue bank of the Department of Pathology (Spedali Civili di Brescia, Brescia, Italy). Tissue
analysis involved different lymphomas, including Burkitt lymphoma (BL, n=2), mantle cell
lymphoma (MCL, n=1), double-hit diffuse large B cell lymphoma (DLBCL, n=1) and a case of
DLBCL relapse after treatment with Rituximab (n=1). Four-micron thick tissue sections were used
for double/triple immunohistochemical staining by antibodies from Leica Biosystems, including
anti-CD19 (clone BT51E, diluted 1:40), anti-CD20 (clone L26, diluted 1:200) or anti-CD38 (clone
SPC32, diluted 1:100). Antigens were revealed using Novolink Polymer followed by 3-amino-9-
ethylcarbazole (AEC) chromogen. After completing the first immune reaction, anti-MDC8 antibody
(from Miltenyi Biotec, clone DD1, diluted 1:120) was revealed after 40 min in EDTA-buffer pH 8.0
as antigen retrieval-using Mach4AP followed by Ferangi Blue. For triple staining, double stained
slides were subjected to antigen retrieval, and then incubated with anti-PAXS5 antibody (from BD,
clone 24/PAXS, diluted 1:40) and visualized using Novolink polymer and 3,3’-diaminobenzidine
(DAB) as chromogen. Omission of primary antibody as well as irrelevant antibody staining (anti
Napsin from Leica Biosystems, clone IP64) were performed on two representative lymphoma
samples as control staining. Samples were digitalized and optically analyzed with Aperio Scanscope

CS. Images were taken as snapshot at 80X digital magnification.

Statistical analysis. Data are expressed as mean = SEM. Depending on the experiment, statistical
analysis between two groups were tested by two-tailed Student t test, while multiple comparisons
were tested by one-way ANOVA followed by Tukey post-hoc test, or two-way ANOVA followed
by Sidak post-hoc test. Evaluation of the percentages of ADCC inhibition in the presence of
inhibitors was performed by using one sample t test. Statistical analysis was performed by Prism

Version 9 software (GraphPad).



Study approval. Human samples were obtained following informed written consent. All
experimental protocols were approved by the Ethic Committee of the Azienda Ospedaliera Integrata
di Verona and Spedali Civili of Brescia (Italy). The methods were carried out in accordance with
the approved guidelines. Retrospective analysis of archival material was conducted in compliance
with the Declaration of Helsinki and with policies approved by the Ethics Board of Spedali Civili di

Brescia.



RESULTS
slan"-monocytes and NK cells exert ADCC via different effector mechanisms

Initial experiments using either blocking antibodies, or pharmacologic inhibitors, excluded
that Fas ligand (FasL), TNF-related apoptosis-inducing ligand (TRAIL), nitric oxide (NO) or
reactive oxygen species (ROS) function as cytotoxic mediators of RTX-dependent ADCC exerted
by freshly isolated slan’-monocytes and NK cells (Supplementary Fig. S1IA and S1B). By
contrast, concanamycin A (CMA), which is a specific inhibitor of lysosomal H'-ATPase (the latter
being necessary for perforin maturation) (15), was found to significantly reduce RTX-dependent
ADCC by NK cells, but not slan’-monocytes (Supplementary Fig. S1A and S1B).

We then explored whether Hu5F9-G4/Magrolimab (from hereafter SF9/Magrolimab) could
influence RTX-dependent ADCC, given their promising activity in patients with aggressive and
indolent lymphoma when used in combination with RTX (16). 5F9/Magrolimab consist of
humanized IgG4 antibodies designed to interfere with the recognition of CD47 by the SIRPo
receptor, hence to remove a "don't eat me" signal used by cancer cells to escape cell clearance, for
instance performed by macrophages (17,18). Control experiments confirmed that CD47 is
expressed by our target cells (i.e., Daudi cells) (19), at higher levels than those expressed by slan'-
monocytes or NK cells (Supplementary Fig. S1C). Addition of increasing concentrations of
5F9/Magrolimab to RTX was found to increase the ADCC levels exerted by slan’-monocytes (Fig.
1A), but not NK cells (Fig. 1B). However, simply by themselves, 5SF9/Magrolimab were found to
significantly promote ADCC by slan’-monocytes, even more potently than RTX (Fig. 1A and 1B).
5F9/Magrolimab-mediated ADCC by slan"-monocytes was optimal at 5 pg/ml (Supplementary
Fig. S1D), as well as additive with RTX when both antibodies were used at 0.5 pg/ml
(Supplementary Figure S1E). In addition, 5F9/Magrolimab-mediated ADCC by slan'-monocytes
was almost completely prevented by anti-FcyRIIIA/CD16A F(ab'), antibodies (Supplementary
Fig. S1F), which were also found to inhibit RTX-mediated ADCC by both slan’-monocytes
(Supplementary Fig. S1F) and NK cells (Supplementary Fig. S1H). Similarly to previous
findings on monocyte-derived macrophages (17), 5SF9/Magrolimab alone were also found to favor
phagocytosis of Daudi cells by slan’-macrophages generated in vitro (9), without however
influencing the effect of RTX (Supplementary Fig. S2A and S2B). Notably, also other anti-CD47
antibodies, precisely murine (IgG1) B6H12 (20) were found to promote slan’-monocyte-, but not
NK cell-, mediated ADCC (Fig. 1C), confirming previous studies in the case of NK cells
(17,19,21). Such an inability could be explained by the fact that NK cells very inefficiently bind
either human IgG4 or murine IgG1 (22,23). Accordingly, even anti-CD20-hIgG4 antibodies did not
trigger any NK cell-mediated ADCC in our hands (Fig. 1D), while they efficiently promoted ADCC



by slan’-monocytes (Fig. 1E). Moreover, flow cytometry experiments uncovered that NK cells bind
neither 5F9/Magrolimab nor B6H12 via FcyRIIIA/CD16A (Supplementary Fig. S11I). By contrast,
anti-CD47-hlgG1 antibodies (hence matching the same IgG isotypes of RTX) were found to
directly promote NK cell-mediated ADCC of Daudi cells (Figure 1F). These new results confirm
that discrete IgG isotypes only allow NK cells to perform ADCC.

In a further series of experiments, we found that Certolizumab, a PEGylated Fab' fragment
of a humanized mAb inhibiting TNFa (24), partially, but significantly, reduced either RTX-, or (at
higher levels) 5F9/Magrolimab-, dependent ADCC by slan'-monocytes, without however
influencing that by NK cells (Fig. 1G). On the other hand, either Z-VAD-FMK (an irreversible
inhibitor of apoptosis induction), or NEC-1 (an inhibitor of death domain receptor-associated
adaptor kinase RIP1), were found not to affect ADCC by slan'-monocytes (Fig. 1H), therefore
ruling out an induction of, respectively, extrinsic apoptosis and caspase-independent necroptosis.

Taken together, these experiments demonstrated that slan'-monocytes and NK cells exert
ADCC of target cells through different mechanisms, namely: i) a non-apoptotic lytic type of cell
death, putatively involving TNFo,, undertaken by slan’-monocytes; ii) a perforin-dependent, TNFo-
independent, cytotoxicity by NK cells, as expected (25). These experiments also uncovered that
slan’-monocytes, but not NK cells, perform a 5F9/Magrolimab-dependent ADCC of target cells
requiring FcyRIIIA/CD16A.

slan"-monocytes perform trogocytosis of antibody-coated target cells

Subsequent experiments demonstrated that supernatants harvested from cocultures of slan'-
monocytes with target cells (coated or not with either RTX or 5SF9/Magrolimab), and successively
transferred to fresh target cells, do not alter the viability of the latter cells (Supplementary Fig.
S3A). These results suggested that soluble mediator(s), likely released by slan’-monocytes, are
unable to directly trigger target cell death. Consistently, experiments by confocal microscopy
demonstrated that, in the presence of RTX, slan"-monocytes (i.e., MDC8 cells in panels I and IIT of
Supplementary Fig. S3B and S3C) engage interactions with Calcein AM-loaded target cells (i.e.,
green cells in panels I and II of Supplementary Fig. S3B and S3C). Moreover, as compared to
those unbound, target cells bound to slan’-monocytes were found to display a reduction in
intracellular Calcein AM labeling (indicated by the arrows in panel II of Supplementary Fig. S3B
and S3C), a change in the nuclear structure (indicated by the arrows in panels III of
Supplementary Fig. S3B and S3C) and a destabilization of the membrane integrity/shape
(indicated by the arrows in the brightfield plot in panel IV of Supplementary Fig. S3B and S3C).

Consistently, quantification of the fluorescent area related to the intracellular Calcein AM dye



demonstrated significant reductions exclusively when RTX-coated Daudi cells are in direct contact
with slantmonocytes, but not if unbound to them, or as compared to uncoated Daudi cells, bound
or not to slan"-monocytes (Supplementary Fig. S3D). Similar results were obtained for DAPI
staining of Daudi cell nuclei, which was found to significantly decrease in fluorescence under the
same conditions described for the Calcein AM dye measurement (Supplementary Fig. S3E). In
other words, target cells bound to slan’-monocytes were found to display features of dying cells,
pointing toward the requirement of strict interactions between slan"-monocytes and antibody-coated
target cells to ultimately trigger the death of the latter ones. The findings shown in Supplementary
Fig. S3A-D, together with the those on the non-involvement of soluble cytotoxic mediators or
perforin in the slan’-monocyte-mediated ADCC (Supplementary Fig. S1A-B), recalled analogous
observations that led Matlung et al. (14) to discover that human neutrophils perform trogocytosis.
This process occurs via cell-cell contact dependent mechanisms and may trigger an active,
mechanic, disruption of target cell membranes that ultimately might lead to a lytic (i.e., necrotic)
type of cell death renamed as trogoptosis (26). Thus, to investigate whether slan’-monocytes
perform trogocytosis too, we performed immunofluorescence microscopy experiments in which
target cells and slan’-monocytes were labelled with, respectively, MemBrite Fix Dye and Calcein
AM (Fig. 2A and 2B), thus allowing the visualization of membrane transfer. As expected from
Supplementary Fig. S3, slan"-monocytes (green cells in panels I and V of Fig. 2A and 2B) were
found to establish direct contacts with either RTX-coated (Fig. 2A) or 5F9/Magrolimab-coated
(Fig. 2B) target cells (red cells). Noticeably, both merged images (panels III and VI of Fig. 2A and
2B) and single MemBrite/red fluorescence (panels I and IV of Fig. 2A and 2B), revealed dots of
red fluorescence localized on slan’-monocyte membranes (indicated by the arrows), suggesting that
fragments of target cell membranes were physically extracted by slan’-monocytes. In these
experiments, nuclear staining with DAPI confirmed that none of the slan"-monocytes contained
more than one nucleus (Fig. 2A and 2B), demonstrating that phagocytosis was neither the cause of
the transferred membrane fragments, nor the cytotoxic mechanism.

All in all, these immunofluorescence microscopy experiments suggest that slan"-monocytes,
once attached to target cells, nibble fragments of their membranes, thus pointing for a trogocytic

phenomenon.

Flow cytometry experiments confirm that slan’-monocytes exert trogocytosis
In subsequent experiments, we aimed at further confirming, as well as quantifying, the
capacity of slan"-monocytes to exert trogocytosis. By flow cytometry, slan’-monocytes (i.e., purple

MDCS8" cells in Fig. 3A) cocultured with PKH26-labelled target cells (i.e., red cells in left panels of



Fig. 3A) were found to become PKH26" as early as after 1 h in the presence of either RTX or
5F9/Magrolimab (i.e., PKH26 MDC8 cells in middle panels of Fig. 3A), as well as to greatly
increase their PKH26 positivity after 4 h (Fig. 3B). slan'-monocytes were also found to
progressively downmodulate their FcyRIIIA/CD16A levels (histograms in right panels of both Fig.
3A and 3B), likely as a result of antibody-mediated binding to CD16A, and similarly to what
observed in the case of NK cells after RTX- (dotted arrow in right panel of Supplementary Fig.
S4A), but not 5SF9/Magrolimab-, dependent ADCC. Consistently, expression of CD107a/LAMP-1
(a degranulation marker) was found to increase in NK cells only upon RTX-dependent ADCC, in
concomitance to Daudi cell death (Supplementary Fig. S4A). Moreover, by monitoring cell
viability up to 4 h, we found that slan"-monocyte-mediated trogocytosis ultimately leads to target
cell death exclusively in the presence of either RTX or 5F9/Magrolimab. In fact, the increased
percentage of PKH26 MDCS8 -monocytes observed at 4 h (Fig. 3B) was found to coincide with a
reduction of the number of PKH26-labelled target cells (red cells in left panels of Fig. 3B).
Importantly, a concomitant quantification of both ADCC (Fig. 3C) and trogocytosis (Fig. 3D)
demonstrated that the killing of target cells by slan'-monocytes always occurs after the initiation of
the trogocytic events.

Since the "shaving" by effector cells of membrane molecules from the target cells,
concomitantly with their acquisition, represents one of the hallmarks of trogocytosis (27), we then
investigated whether slan’-monocytes trim CD19 and CD38 from target cells and acquire them.
Flow cytometry experiments confirmed so (Fig. 3E), in concomitance with a decrease of CD19 and
CD38 expression by target cells (Fig. 3F). Furthermore, two cytoskeleton inhibitors acting via
different mechanisms (28), namely cytochalasin B and cytochalasin D, were found to suppress both
slan"-monocyte-mediated trogocytosis (Supplementary Fig. S4B) and slan'-monocyte-mediated
ADCC (Supplementary Fig. S4C), thus linking the two processes. In these groups of experiments,
Certolizumab was found to significantly inhibit antibody-dependent trogocytosis of target cells by
slan"-monocytes after 4, but not 1, h of coculture (Fig. 4A and 4B), thus only in coincidence with
ADCC (Fig. 1F). Certolizumab was also found to inhibit FcyRIIIA/CD16A downmodulation by
slan’-monocytes (see Fig. 3A and 3B), again after 4 h (Fig. 4B), but not 1 h (data not shown), of
coculture. Notably, only slan’-monocytes were found to express intracellular TNFo, when
cocultured with either RTX or 5F9/Magrolimab Daudi cells (Fig. 4C), thus demonstrating that they
represent the sole TNFo-producing cells. Finally, flow cytometry experiments confirmed (29) that
also NK cells perform trogocytosis in the presence of RTX-coated Daudi cells (but not
5F9/Magrolimab) (Supplementary Fig. S4D), however at lower levels than those by slan'-

monocytes. Moreover, NK cells were found to perform maximal trogocytosis already after 1 h



(Supplementary Fig. S4D), without increasing it at 4 h (as in the case of slan'-monocytes), and
thus not matching their ADCC kinetics (Supplementary Fig. S4E).

In summary, data from flow cytometry experiments detecting the capture of target
membrane fragments and antigens, combined with those from the effects exerted by cytoskeletal
inhibitors, further strengthened the findings that slan"-monocytes perform trogocytosis. The latter
process is sustained by endogenous TNFo and is causally related to the death of antibody-coated

target cells.

slan"-monocytes kill cancer cells by trogoptosis

Then, we investigated the correlation between antibody-mediated trogocytosis and target
cell death by live cell imaging of slan"-monocytes cocultured with RTX-/Magrolimab-coated target
cells. As shown in Supplementary Videos 1 and 2, as well as selected frames in Fig. 5A and 5B,
slan"-monocytes were found to display a very active and motile behavior, distinguished by
transient, but repetitive, cell-cell contacts with antibody-coated target cells, likely dependent on the
binding to either RTX (Supplementary Video 1) or 5F9/Magrolimab (Supplementary Video 2).
Some of these contacts were found to promote swelling and bleb formation of target cell
membranes (Supplementary Videos 1 and 2, and green boxes Fig. SA and SB). Cell-cell contacts
were found to become tighter over time, with slan’-monocytes surrounding and nibbling off target
cell membranes (Supplementary Videos 1 and 2, and red boxes in Fig. 5A and 5B). At the latter
stage, loss of plasma membrane integrity, rapid reduction of cytoplasmic labelling due to membrane
rupture/permeabilization and, ultimately, death of target cells could be observed (Supplementary
Videos 1 and 2, and blue boxes in Fig. SA and 5B).

All in all, live cell imaging unequivocally demonstrated that the antibody-mediated
trogocytic process exerted by slan'-monocytes ultimately ends into target cell death, likely into

trogoptosis.

slan"-monocytes mediate Daratumumab-dependent trogoptosis

We then explored whether slan’-monocytes promote antibody-mediated ADCC also via
Daratumumab (DARA). The latter are human IgG1 antibodies recognizing CD38, an antigen
expressed at high levels in multiple myeloma (MM) cells (30), as well as in malignant lymphoid
cells of patients with DLBCL, mantle cell lymphoma (MCL) or B cell chronic lymphocytic
leukemia (B-CLL) (31). Noticeably, a very bright CD38 expression by lymphoma cells_appears to
correlate with an adverse prognosis (31). DARA also represent the first-in-class human-specific

anti-CD38 mAbs approved for the treatment of MM patients (30), and known to promote NK cell-



mediated ADCC (32). In this context, we found that slan"-monocytes perform an efficient ADCC of
both Daudi (Fig. 6A) and U266 myeloma (Fig. 6B) cells in the presence of DARA. By flow
cytometry (Fig. 6C) and immunofluorescence microscopy (Fig. 6D) experiments, we also found
that slan’-monocytes perform a DARA-mediated trogocytosis of target cells. DARA-mediated
ADCC was found not influenced by SOD (a ROS inhibitor) (Fig. 6E), while both DARA-mediated
ADCC and trogocytosis were TNFa-independent (Fig. 6F, 6G), as observed for RTX. Moreover,
live cell imaging (Supplementary Video 3 and Fig. 6H) ultimately demonstrated that slan’-
monocytes kill DARA-coated Daudi cells by trogoptosis, substantially recapitulating our previous

observations using RTX or 5F9/Magrolimab.

slan"-monocyte mediated-trogocytosis of neoplastic B cells from lymphoma patients

In final experiments we found that slan'-monocytes, in the presence of either RTX or
SF9/Magrolimab, perform trogocytosis of neoplastic B cells isolated from neoplastic tissues of
patients affected by various lymphoma types (9), including DLBCL, MCL and FL (Fig. 7A-D).
These results were obtained by flow cytometry investigating either trogocytosis of lymphoma cells
(Fig. 7A-C), or CD19 and CD38 acquisition (Fig. 7D). Under these experimental settings, RTX
appeared to be more effective than 5F9/Magrolimab (Fig. 7C). Moreover, by
immunohistochemistry, we could detect indirect evidence of endogenous trogocytosis of neoplastic
B cells by slan'-cells in different types of B cell lymphoma samples (Fig. 7E). More specifically,
by either double or triple immunostaining using MDCS antibody to stain slan'-cells, we could
detect partial (or punctate) co-expression of CD19, CD20 (arrows in Fig. 7E) and CD38 (inset in
panel I of Fig. 7E) on the cell membranes of MDC8"-cells in Burkitt lymphoma (BL, arrows in
panels I and II of Fig. 7E), double hit lymphoma DLBCL (DHL, arrows in panel III of Fig. 7E),
MCL (arrows in panel IV of Fig. 7E), and a case of DLBCL relapse after Rituximab treatment
(arrows in panels V-VI of Fig. 7E). In these experiments, Pax5 nuclear reactivity allowed an
unequivocal identification of lymphoma cells (panels VII of Fig. 7E). On the other hand, linear or
punctate staining on the membrane of MDCS8 -cells was completely lacking on negative control
stain for CD19 (Supplementary Fig. S5), CD20 and CD38 (data not shown) Altogether, these data
suggest that, very likely, spontaneous antibodies towards surface receptors of lymphoma cells are
produced, and that lymphoma-associated slan’-cells likely mediate endogenous trogocytosis of

neoplastic B cells.



DISCUSSION

Data from this study indicate that slan’-monocytes and NK cells utilize different effector
mechanisms for ADCC. In fact, while we excluded the involvement of FasL, TRAIL and [as
previously reported (33)] ROS or NO as mediators for RTX-dependent ADCC of neoplastic B cells
by both slan"-monocytes and NK cells, perforin was ruled out only for RTX-dependent ADCC by
slan"-monocytes. Diverse results between slan’-monocytes and NK cells were also obtained by
examining the effect of 5F9/Magrolimab on RTX-dependent ADCC. 5F9/Magrolimab are
humanized IgG4 anti-CD47 antibodies designed to interfere with the recognition of CD47 by the
SIRPa receptor, hence to remove a "don't eat me" signal used by cancer cells to escape cell
clearance by phagocytes (18). Among the variety of therapeutic anti-CD47 antibodies to date
developed, 5F9/Magrolimab are among the most clinically advanced CD47-targeting agent used for
a series of hematologic and solid neoplasms (18,34)(Clinicaltrials.gov Identifier: NCT04827576,
NCT05627466, NCT04313881). Specifically, SF9/Magrolimab are typically used in combination
with other therapeutic antibodies and/or pharmacological agents for hematologic cancers including
myelodysplastic syndrome (MDS), acute myeloid leukemia (AML) and relapsed/refractory B-cell
non-Hodgkin lymphoma (NHL) (18). Moreover, 5SF9/Magrolimab are used in combination with
Rituximab in refractory NHL, with a promising efficacy and tolerability (16)(Clinicaltrials.gov
Identifier: NCT02953509). In our in vitro experiments, 5SF9/Magrolimab did not significantly
increase the RTX-mediated ADCC by both slan"-monocytes and NK cells, as well as the ADPC of
Daudi cells by slan’-macrophages. On the other hand, 5SF9/Magrolimab alone were found to directly
promote ADCC by slan’-monocytes, but not by NK cells, as well as cancer cell phagocytosis by
slan"-macrophages, in the latter case similarly to monocyte-derived macrophages (17). Moreover,
not only other anti-CD47 antibodies such as B6H12 (20), but even anti-CD20-hIgG4 antibodies
were found unable to promote ADCC of target cells by NK cells. Since ADCC by both slan’-
monocytes and NK cells depends on the involvement FcyRIIIA/CD16A, we speculated that the
inability to perform 5F9/Magrolimab-mediated ADCC by NK cells could derive from the poor
affinity of their FcyRIIIA/CD16A for the IgG4 subclass (23). Indeed, NK cells and non-classical
monocytes/slan -monocytes express FcyRIIIA/CD16A with different properties, as revealed by a
glycoproteomic characterization of their purified FcyRIIIA/CD16A molecules revealing differences
in the glycosylation of several regions (35,36). Moreover, N-Acetyllactosamine (LacNAc) repeats
have been consistently detected in several N-glycan sites of FcyRIIIA/CD16A present in non-
classical monocytes (35). In this context, experiments done to revise the manuscript demonstrated
that anti-CD47-hlgG1 antibodies can directly promote ADCC by NK cells. All in all, our data
ultimately confirm that 5F9/Magrolimab does not directly trigger ADCC by NK cells since its



hIgG4-containing fragment does not bind to FcyRIIIA/CD16A as instead likely done by the hlgG1
portion of the anti-CD47-hlgG1 antibodies. In any case, our observations that 5SF9/Magrolimab
alone directly promote both tumor cell phagocytosis by slan’-macrophages and ADCC by slan'-
monocytes, but not by NK cells, are clinically remarkable for their potential contribution to the
eradication of tumor cells, as observed in AML (Clinicaltrials.gov Identifier NCT04778397), MDS
(Clinicaltrials.gov Identifier NCT04313881) and NHL (Clinicaltrials.gov Identifier NCT02953509)
patients. The involvement of slan’-monocyte-mediated trogoptosis, in fact, might contribute to
amplify the anti-cancer effect of 5SF9/Magrolimab when these antibodies are associated to other
therapeutic agents.

Confocal microscopy experiments demonstrated that slan’-monocytes engage direct
interactions with RTX-covered target cells, similarly to neutrophils cocultured with anti-HER2-
coated SKBR3 breast cancer cells that ultimately were shown to perform trogocytosis (14). The
latter is a process of cell-cell interaction during which an effector cell nibbles, and then rapidly
ingests, membrane fragments of a target cell. Among various consequences of trogocytosis (26,27),
trogoptosis represents a form of trogocytosis-related process characterized by a lytic (i.e., necrotic)
type of cell death, for example exerted by neutrophils (14,37). Immunofluorescence microscopy
experiments uncovered that also slan'-monocytes perform, as early as after 1 h, either RTX- or
5F9/Magrolimab-dependent trogocytosis. As shown by flow cytometry-based analysis, slan'-
monocytes acquire membrane fragments of PKH26-labeled target cells already within 1 h in the
presence of either RTX or 5F9/Magrolimab, further increasing membrane transfer up to 4 h, in
concomitance with target cell death, thus matching ADCC kinetics. Not surprisingly, slan’-
monocytes were found to acquire CD19 and CD38 antigens from target cell membranes, a well-
known phenomenon consequent to trogocytosis named as “shaving effect”. Consistent with these
novel set of in vitro findings, our microscopic studies of human biopsies displaying slan’-cells
closely interacting with lymphoma cells (9) provide evidence for an endogenous shaving of
neoplastic B cells by slan'-cells, not only in a case of DLBCL relapse after Rituximab treatment,
but also in untreated BL, MCL, DHL patients. We would thus speculate that, in the latter patients,
spontaneous antibodies towards surface receptors of lymphoma cells are produced and engage
slan'-cells. Finally, we could additionally show that, in the presence of either RTX or
5F9/Magrolimab, peripheral slan’-monocytes perform trogocytosis of neoplastic B cells from
various lymphoma types, including DLBCL, MCL and FL. Collectively, our data prove that slan'-
monocytes, as well as their tissue counterparts, efficiently perform trogocytosis of target cells. In
addition, live cell imaging demonstrated that slan"-monocytes perform repeated trogocytic attacks

of either RTX- or Magrolimab-coated target cells, which ultimately undergo cell death due to loss



of plasma membrane integrity. Similarly to what described for neutrophils (14), or for the amoeba
Naegleria fowleri (27,38), these findings resembled the process of trogoptosis.

Notably, trogocytosis and ADCC of target cells by slan’-monocytes partially require
endogenous TNFa, especially in the presence of 5F9/Magrolimab. These observations are
consistent with previous studies pointing a role for TNFa in the ADCC of either 17-1A-coated
COLO 205 cell line by slan~-monocytes (39) or of KM966-coated A549 cell line by non-classical
monocytes (33). However, they are in contrast with concomitant data excluding that soluble
mediators derived from slan’-monocyte/Daudi cell cocultures could directly kill target cells, or that
RTX- or 5F9/Magrolimab-mediated ADCC relies on a TNFo-dependent apoptosis/necroptosis
phenomenon. These contrasting findings were reconciled by experiments from this study
demonstrating that endogenous TNFo sustains trogocytosis once it is already initiated. How
endogenous TNFo maintains an ongoing trogocytosis remains, however, to be investigated. It is
possible that endogenous TNFou may autocrinally activate slan’-monocytes, thus potentiating their
cytotoxic effects. Accordingly, incubation of Daudi cells for 4 h with 100 and 1000 ng/mL of
recombinant TNFo. was found not to affect their viability. We also found that slan’-monocytes
perform an efficient Daratumumab-mediated trogocytosis and trogoptosis/ADCC of target cells, an
observation that not only extends the cytotoxic potential by slan"-monocytes via additional
therapeutic antibodies, but that also has important implications for MM patients. In fact, a reduction
of Daratumumab-mediated NK-cell ADCC has been observed in MM patients (40), explained as a
Daratumumab-induced fratricide NK cytotoxicity phenomenon (41,42) due to high levels of CD38
by NK cells (43). However, the remaining PBMC fractions of the same patients maintain the ability
to carry out an eX Vivo Daratumumab-mediated ADCC (40), thus pointing for other ADCC effector
cells. Since a rapid trogocytosis-dependent shaving of CD38 from MM cells by myeloid cells was
described following Daratumumab infusion (44), we propose a role for slan"-monocytes under this
therapeutic setting. It is worth mentioning that our experiments also confirmed (29) that NK cells
perform trogocytosis of RTX- (but not SF9/Magrolimab)-coated Daudi cells. However, supporting
previous data (14), our observations also indicate that trogocytosis by NK cells does not directly
induce target cell death via trogoptosis, differently from that by slan’-monocytes.

In conclusion, this work uncovers that slan’-monocytes kill tumor cells via trogoptosis.
Several targeted agents and approaches are being developed to enhance the immune system to more
efficiently eliminate cancer cells (45,46), including the infusion of compatible NK cells (47), the
generation of mAbs with higher binding capacity to the target antigen (48), and the
glycoengineering the Fc N-glycan region of antibodies to increase affinity to CD16 (49). Based on

our findings, it would be reasonable to exploit slan'-monocyte-mediated trogoptosis as a novel



weapon to kill cancer cells, especially when NK cells are ineffective. Moreover, even though
induction of phagocytosis/promotion of “eat me” signaling to macrophages is supposed to be the
cytotoxic mechanism whereby 5F9/Magrolimab function in cancer patients (50), our data suggest
that ADCC mediated by slan"-monocytes could represent an unsuspected 5F9/Magrolimab-

triggered effect, which must be carefully investigated in vivo.
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Abbreviation list

ADCP

AML

B-CLL

BL

Calcein AM
CMA

DARA
DLBCL

DHL

FFPE

FasLL
LAMP-1/CD107a
5F9/Magrolimab
MCL

MDS

MM

NHL

NEC-1

aNO L-NAME
PKH26

RTX

ROS

slan

slanDC

SIRPa

TRAIL
TRAILR
Z-VAD-FMK

Antibody-dependent cellular phagocytosis
Acute myeloid leukemia
B cell chronic lymphocytic leukemia
Burkitt lymphoma
Calcein-Acetoxymethyl
Concanamycin A
Daratumumab/anti-CD38 monoclonal antibodies
Diffuse large B cell lymphoma
Double hit lymphoma DLBCLs
Formalin Fixed Paraffin Embedded
Fas ligand
Lysosomal Associated Membrane protein 1
Hu5F9-G4/Magrolimab/anti-CD47 monoclonal antibodies
Mantle cell lymphoma
Myelodysplastic syndrome
Multiple myeloma
Non-Hodgkin lymphoma
Necrostatin-1
NG-Nitro-L-arginine methyl ester hydrochloride
PKH26 Red Fluorescent Cell Linker Midi Kit
Rituximab/anti-CD20 monoclonal antibodies
Reactive oxygen species
6-sulfo LacNac (N-Acetyllactosamine)
slan’-dendritic cell
Signal regulatory protein alpha
TNF-related apoptosis-inducing ligand
TNF-related apoptosis-inducing ligand receptor
N-Benzyloxycarbonyl-Val-Ala-Asp(O-Me) fluoromethyl ketone
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Figure Legends

Figure 1

slan"-monocytes, but not NK cells, perform anti-CD47-dependent ADCC.

ADCC assays were performed using either slan-monocytes (A,C,E,F,G) or NK cells (B,C,D,F)
cocultured for 4 h with Daudi cells, the latter cells either uncoated (black bars) or coated with:
(A,B) 5 pg/ml RTX (white bars) and/or 1 or 5 pug/ml (light grey and grey bars, respectively)
5F9/Magrolimab (n=3-6); (C) 10 pg/mL anti-CD47 B6H12 mAbs (dotted bars, n=3); (D,E) 1-10
pg/ml anti-hCD20 IgG4 (white bars, n=3); (F) 1-10 pg/ml anti-CD47-hIgG1 mAbs (white bars,
n=3); (G) 5 pg/ml RTX (white bars) or 5 pg/ml 5F9/Magrolimab (grey bars), in the presence or not
of 10 pg/ml Certolizumab (n=9-12); (H) RTX (white bars) or SF9/Magrolimab (grey bars) in the
presence of either 10 ug/ml Z-VAD-FMK or 10 uMol NEC-1 (n=6-7). In (A-F, H), graphs show
the percentages of Daudi cell cytotoxicity (means = SEM) exerted by either slan’-monocytes or NK
cells, as determined by the Calcein AM release assay. In (G), graph shows the percentages of
ADCC inhibition (means £ SEM) in the presence of Certolizumab. *p < 0.05; **p < 0.01; ***p<
0.001

Figure 2

Trogocytosis by slan’-monocytes as determined by immunofluorescence microscopy.

Daudi cells were first labeled with MemBrite Fix Dye (in red), then coated with either RTX (A) or
5F9/Magrolimab (B), and finally co-incubated for 1 h with Calcein AM-labeled slan’-monocytes
(green cells), to be then analyzed by immunofluorescence microscopy. Two different fields were
taken from the same slides (i.e., image #1 and #2). DAPI staining was used to detect cell nuclei
(blue, in all panels). White arrows in panels I, III, IV and VI point to dots of red fluorescence

corresponding to Daudi cell membranes acquired by slan’-monocytes. Scale bars = 5 um.

Figure 3

Trogocytosis by slan"-monocytes as determined by flow cytometry.

(A,B) Representative flow cytometry plots displaying the gating strategy to identify trogocytosing
(MDC8")slan"-monocytes in coculture with uncoated, RTX- or 5F9/Magrolimab-coated Daudi
cells for 1 h (A) and 4 h (B). Left panels of (A) and (B) display Sytox PKH26 " MDCS8™ Daudi cells
(red cells) and (MDC8")slan"-monocytes (purple cells). Middle panels of (A) and (B) show the
expression of both PKH26 and CD16 by (MDC8")slan"-monocytes (purple cells). Black gates

include slan’-monocytes performing trogocytosis (i.e., MDC8 PKH26" cells) and indicate their



percentages. Right panels of (A) and (B) show the CD16 expression (as MFI values) by slan'-
monocytes. One representative experiment out of 9 is shown; (C,D) Graphs displaying the ADCC
(C) and trogocytosis (D) levels (means + SEM, n=5) performed by slan’-monocytes after 1 and 4 h
of coculture with Daudi cells; (E) Representative flow cytometry plots displaying the acquisition of
CD19 and CD38 by slan’-monocytes trogocytosing for 1 h. In left panels, MDC8 PKH26" cells
represent trogocytosing slan'-monocytes. In middle and right panels, histogram overlays show
CDI19 and CD38 expression by PKH26 slan"-monocytes (darker histograms) and PKH267slan'-
monocytes (lighter histograms), as compared to their FMO (black dashed histograms); (F) CD19
and CD38 expression by uncoated (gray histograms), RTX- (dark purple histograms) or
5F9/Magrolimab (light purple histograms)-coated Daudi cells from the same cocultures shown in
E. MFI values of CD19 by uncoated, RTX- or 5F9/Magrolimab-coated Daudi cells are,
respectively, 14000, 3727 and 5612, while those of CD38 are 55539, 29166 and 34509. One

representative experiment out of 9 is shown. *p < 0.05; **p < 0.01; ***p< 0.001

Figure 4

Effect of Certolizumab on trogocytosis by slan'-monocytes

(A) Percentages of trogocytosing slan’-monocytes cocultured with RTX- or 5F9/Magrolimab-
coated Daudi cells for 1 h and 4 h, with or without 10 pg/ml Certolizumab (i.e.,
oTNFo antibodies)(means £ SEM, n=7); (B) Left panels show representative flow cytometry plots
displaying PKH26 MDC8 Daudi cells (red cells) and (MDC8") slan"-monocytes (purple cells)
cultured for 4 h with or without Certolizumab. Black gates include slan’-monocytes performing
trogocytosis (i.e., MDC8 PKH26" cells) and indicate their percentages relative to Sytox,slan’-
monocytes. Right panels show the CD16 expression by slan’-monocytes under the various
coculture conditions (as MFI values). One representative experiment out of 7 is shown; (C)
Representative flow cytometry plots displaying intracellular TNFo. expression in cocultures of
slan"-monocytes (SSC™MDCS8" purple cells) with either RTX- or 5F9/Magrolimab-coated Daudi
cells (SSC"MDCS8" light blue cells) for 4 h. Contour plot overlays in middle and right panels show
the expression of TNFo as compared to fluorescence FMO (gray contour plot), and illustrate that
only slan’-monocytes (i.e., SSC“MDC8 TNFa." cells) express TNFa (see black gates in middle
panels including the related percentages). One representative experiment out of 3 is shown. **p <

0.01Pannello A. Le significativia vanno in fondo

Figure 5
slan"-monocytes kill RTX/5F9-coated cancer cells by trogoptosis



Panels (A,B) display selected images taken from live cell imaging experiments (i.e.,
Supplementary Video 1 and 2) of slan"-monocytes (unstained cells) incubated for 4 h with Daudi
cells stained by intracellular Calcein AM (green fluorescence) and membrane PKH26 (red
fluorescence) and coated with either RTX (A) or 5F9/Magrolimab (B). Green framed panels
exemplify membrane destabilization of, and formation of blebs by, Daudi cells. Red framed panels
exemplify trogocytosing slan"-monocytes. Blue framed panels exemplify TO-PRO™-3 binding to
cell nuclei (blue fluorescence), thus pointing to Daudi cell death. Panels framed in green, red and
blue exemplify, respectively, membrane destabilization of, and formation of blebs by, Daudi cells;
trogocytosing slan"-monocytes; TO-PRO3™ binding to cell nuclei (blue fluorescence), thus
pointing to Daudi cell death. One representative experiment out of 3 performed is shown. Scale bars

=3 um in panel A, 10 um in panel B.

Figure 6

slan"-monocytes perform Daratumumab-mediated trogoptosis

(A,B) Percentages of cytotoxicity exerted by slan'-monocytes cocultured for 4 h with Daudi (A) or
U266 (B) cell lines either uncoated (black bars) or coated (dotted bars) with 5 pg/ml DARA (mean
+ SEM, n=5-12); (C) Graphs display the levels of trogocytosis performed by slan'-monocytes after
1 h of coculture with DARA-coated Daudi cells; (D) immunofluorescence microscopy experiments
of Daudi cells labeled with MemBrite Fix Dye (red cells), coated with DARA, and finally co-
incubated with Calcein AM-labeled slan"-monocytes (green cells) for 1 h. DAPI staining detect cell
nuclei (blue, in all panels). White arrows in panels I and III point to dots of red fluorescence
corresponding to Daudi cell membrane acquired by slan'-monocytes; (E, F) Percentages of
cytotoxicity exerted by slan’-monocytes cocultured for 4 h with DARA-coated Daudi cells, in the
absence or the presence of (E) either 25 pg/ml superoxide dismutase (SOD), or (F) 10 pg/mL
Certolizumab (mean + SEM, n=3); (G) Percentages of trogocytosing slan’-monocytes cocultured
with DARA-coated Daudi cells for 1 and 4 h, with or without 10 pg/ml Certolizumab (means +
SEM, n=4); (H) Panels display selected images taken from live cell imaging experiments
(Supplementary Video 3) of slan'-monocytes (unstained cells) incubated for 4 h with DARA-
coated Daudi cells, exactly as described in Fig. 5. **p < 0.01; ***p<0.001. Scale bars = 5 um.

Figure 7

slan"-monocytes perform RTX/5F9-mediated trogocytosis of neoplastic B cells



Representative flow cytometry plots displaying the gating strategy to identify trogocytosing
(MDC8")slan"-monocytes after 1 (A) and 4 h (B) of coculture with neoplastic B cells isolated from
MCL lymph nodes. Left panels of (A) and (B) display Sytox, PKH26 MDCS8™ neoplastic B cells
(red cells) and (MDC8")slan"-monocytes (purple cells). Black gates include slan’-monocytes
performing trogocytosis (MDC8 PKH26" cells) and indicate their percentages relative to Sytox’,
slan’-monocytes. Right panels show the CD16 expression by slan’-monocytes (as MFI values). One
representative experiment out of 5 is shown; (C) Bar graphs reporting the percentages of
trogocytosing slan-monocytes after 1 h of coculture with neoplastic B cells from MCL, DLBCL,
and FL (mean = SEM, n=5); D) Representative flow cytometry plots displaying the acquisition of
CD19 and CD38 by slan’-monocytes trogocytosing B cells isolated from DLBCL lymph nodes for
1 h, as described in Fig. 3. One representative experiment out of 5 is shown; (E) Panels show
sections from human FFPE tissue blocks of BL (panels I-II, n=2), double hit lymphoma (DHL,
panels III, n=1), MCL (n=1, panel IV) and DLBCL relapse after RTX treatment (panels V-VII,
n=1) stained with antibodies detecting the antigens indicated by labels. Yellow arrows point for
examples of trogocytosis, as indicated by red dots of B cell markers present within the membrane of

(MDCS8/blue) slan"-cells. Original magnification 80X. Scale bars = 33 pm (I-VII). *p < 0.05
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