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Abstract

Macrophages are one of the key mediators of the therapeutic effects exerted by monoclonal
antibodies, such as the anti-CD19 antibody tafasitamab, approved in combination with
lenalidomide for the treatment of relapsed or refractory (r/r) diffuse large B cell lymphoma
(DLBCL). However, antibody-dependent cellular phagocytosis (ADCP) in the tumor
microenvironment can be counteracted by increased expression of the inhibitory receptor
SIRPo. on macrophages and its ligand, the immune checkpoint molecule CD47 on tumor cells.
The aim of this study was to investigate the impact of the CD47-SIRPa axis on tafasitamab-
mediated phagocytosis and explore the potential of anti-CD47 blockade to enhance its anti-
tumor activity. Elevated expression of both SIRPa and CD47 was observed in DLBCL
patient-derived lymph node biopsies compared to healthy controls. CRISPR-mediated CD47
overexpression impacted tafasitamab-mediated ADCP in vitro and increased expression of
SIRPo. on macrophages correlated with decreased ADCP activity of tafasitamab against
DLBCL cell lines. Combination of tafasitamab and an anti-CD47 blocking antibody enhanced
ADCP activity of in vitro generated macrophages. Importantly, tafasitamab-mediated
phagocytosis was elevated in combination with CD47 blockade using primary DLBCL cells
and patient-derived lymphoma-associated macrophages (LAMS) in an autologous setting.
Furthermore, lymphoma cells with low CD19 expression were efficiently eliminated by the
combination treatment. Finally, combined treatment of tafasitamab and an anti-CD47
antibody resulted in enhanced tumor volume reduction and survival benefit in lymphoma
xenograft mouse models. These findings provide evidence that CD47 blockade can enhance
the phagocytic potential of tumor targeting immunotherapies such as tafasitamab and suggest

thereis value in exploring the combination in the clinic.



I ntroduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin
lymphoma. Approximately 60-70% of newly diagnosed DLBCL patients can be cured using
first-line standard of care - a combination of the anti-CD20 antibody rituximab and
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). The remaining 30-
40% of DLBCL patients experience relapse or refractory disease with poor survival rates.
This highlights an unmet clinical need for more effective therapies for a substantial subset of

patients™ 2,

Tafasitamab is an Fc-modified, humanized monoclona anti-CD19 antibody immunotherapy.
Tafasitamab received accelerated approval by the FDA (2020) and conditional marketing
authorization by the EMA (2021) for the treatment of transplant-ineligible adult patients with
relapsed or refractory (r/r) DLBCL in combination with the immunomodulatory drug
lenalidomide (LEN). The Fc region of tafasitamab was engineered to bind Fcy receptors with
higher affinity than a wild type counterpart, resulting in enhanced antibody-dependent cell-

mediated cytotoxicity (ADCC)* and antibody-dependent cellular phagocytosis (ADCP)°.

Macrophages are critical mediators of antibody therapy in DLBCL and represent one of the
key components of the lymphoma microenvironment® ’. However, lymphoma-associated
macrophages (LAMs) are often compromised by the tumor microenvironment in executing
their effector functions®*°. In particular, the checkpoint molecule CD47 has been shown to be
highly expressed by various types of B-cell-derived lymphomas. CD47 mediates immune
escape from macrophage-mediated phagocytosis upon interaction with phagocyte-expressed
signa regulatory protein alpha (SIRPa), a protein expressed by macrophages, granulocytes,
and dendritic cells™. Furthermore, frequency of SIRPu-expressing LAMs was reported to be
increased in patients with follicular lymphoma (FL), who relapse after initial treatment with

lenalidomide and rituximab, indicating that macrophages with reduced phagocytic capacity
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may influence the outcome of antibody immunotherapy regimens?. However, antibody
blockade of either CDA47 or SIRPu was shown to strongly enhance ADCP by macrophages'®
3 Furthermore, a recent report of a phase Ib study suggested there may be promise in the
combination of CD47 blockade with rituximab in B-NHL patients'. Based on the reported
properties of the CD47-SIRPo axis to interfere with innate and antibody-dependent
phagocytosis, we hypothesized that combining tafasitamab with a CD47 blocking antibody

can increase its ADCP activity and has the potential to improve its efficacy.

M ethods

Isolation of LAMs, macrophages or lymphoma cells from human samples

Bone marrow (BM) samples from healthy individuals or DLBCL patients (with pre-confirmed
tumor cell infiltration), and lymph node biopsies (single cell suspension) from DLBCL
patients (with pre-confirmed tumor cell infiltration) were stained with CD163, CD15 and
CD20 antibodies. Macrophages (CD163+/CD15-) and B cells (CD20+) were isolated by
fluorescence-activated cell sorting (FACS). Purity was greater than 95%, determined via flow
cytometry. All human material was obtained with written informed consent in accordance
with the declaration of Helsinki and its use was approved by the institutional ethics committee

(Aachen: EK206/09; Erlangen: Ref. number 3555, 36_12 B, 219 14B, 200_12B).

Flow cytometry-based phagocytosis assay

CPD labelled lymphoma cells were co-cultured with macrophages (E:T=5:1) in sterile FACS
tubes in the presence or absence of tafasitamab (1ug/ml) and/or anti-CD47 antibody (B6H12,
lpg/ml) for 24 hours in R10 supplemented with heat inactivated FCS (56 °C or for 30
minutes, to inactivate complement). In some experiments, the CD47-1gGo clone (1pug/ml) was

used instead™. Target lymphoma cells were stained with CPD and macrophage effector cells
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were counterstained with anti-human CD11b-PeCy7 antibody. Absolute numbers of surviving
CD11b-/CPD+ lymphoma cells were determined using 123count eBeads (eBioscience).
Percentage of antibody mediated phagocytosis was calculated using the following formula:
[%] = 100 — ((absolute number of surviving lymphoma cells in the presence of antibody /

absolute number of surviving lymphoma cells in absence of antibody) x 100).

Fluorescence microscopy-based phagocytosis assay

Lymphoma cells were stained with Incucyte® Cytolight Rapid Green Dye and co-cultured
with macrophages (E:T=1:1) on an 8-chamber slide in the presence or absence of tafasitamab
(1pg/ml) and/or anti-CD47 antibody (B6H12, 1ug/ml), for 3 hours. Adherent cells were
washed with PBS and stained with anti-human CD11b-APC antibody and subsequently fixed
with 4% paraformaldehyde (PFA) in PBS. The slide was overlaid with 4',6-diamidino-2-
phenylindole (DAPI) medium and covered with a glass cover slide. Slides were stored in the
dark at 4°C. Sides were analyzed in z-stack sections creating up to 10 optical slices (0.5 pm
thick each) using a confocal microscope (LSM700, Zeiss) at X630 magnification. To analyse
phagocytosis activity, at least five different fields of view per condition and up to 100

macrophages in total were counted in a blinded manner.

Satistical analysis

GraphPad Prism and Microsoft Excel software were used for statistical analyses.
Comparisons between patients and controls were performed with nonparametric Mann-
Whitney U-test. For in vitro experiments, two tailed Students t test was performed pairwise
between treatment and control groups or between single and combination treatment groups.
Results are presented as mean + standard error of the mean (SEM). For in vivo experiments,
survival data was analyzed using logrank (Mantel-Cox) test. Differences were considered

significant if p<0.05.



Additional methods used in this study are described in the supplemental Methods, available

on the Haematologica website.



Results

Increased expression of CD47 and SIRPa in DLBCL

Interaction of CD47 with SIRPu triggers a “don’t eat me” signal in macrophages, inhibiting
efficient ADCP. To investigate whether the CD47-SIRPa axis is altered in DLBCL patients,
we performed multiplex immunostaining including CD47, CD19, CD68 (pan-macrophage
marker), and SIRPo. in DLBCL specimens (n=9) or healthy controls (n=7) (for patient
characteristics see Supplemental table 1 and Supplemental table 2). In fact, we found strongly
enhanced CD47 expression on lymphoma cells compared to healthy donor B-cells (mean
value of the DLBCL group: 777+135 MFI vs. mean value of the control group: 277+58 MFI;
p<0.0001) (Figure 1A and Supplemental Figure 1A). Moreover, the percentage of CD47" B
cells in DLBCL specimens was also significantly increased compared to healthy donors
(Supplemental Figure 1C). Simultaneously, SIRPa levels were significantly elevated on
LAMs of DLBCL patients (mean value of the DLBCL group: 1824+462 MFI vs. mean value
of the control group: 627+102 MFI; p<0.0001) in comparison to healthy donor macrophages
(Figure 1B and Supplemental Figure 1B). To determine whether this observation is limited
to the lymph node or aso found in the bone marrow (BM) of lymphoma patients, we
examined CD47 and SIRPo. expression in tumor-infiltrated BM biopsies of DLBCL patients
(n=9) using flow cytometry (for patient characteristics see Supplemental table 2) (Figures 1C
and 1D). Similar to the pattern observed in lymph node samples, BM-infiltrating lymphoma
cells displayed significantly increased expression of CD47 compared to B-cells in BM
samples from healthy individuals (n=8) (controls: 5977+3530 MFI vs. DLBCL: 12535+3744
MFI, p = 0.002) (Figure 1C). In addition, LAMs in the BM of DLBCL patients showed an
increased expression of SIRPo, (controls: 8981+2206 MFI vs. DLBCL: 12856+1781 MH, p =
0.001) in comparison to BM macrophages of healthy controls (Figure 1D). Furthermore, we
used publicly available transcriptomics data (GSE178965) from lymph node biopsies of

newly diagnosed or relapsed DLBCL patients to analyse CD47 and SIRPo expression patterns
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(Supplemental Figure 2). Transcriptomic analysis revealed that CD47 and SIRPa mRNA
expression levels in relapsed patients were similar to those in newly diagnosed patients,
suggesting that in both relapsed and newly diseased DLBCL patients, the CD47-SIRPa axis

may represent a hurdle to effective antibody therapy.

The CD47-S RPa, axis impairs tafasitamab-mediated phagocytosis

Based on the elevated expression of CD47 and SIRPa in DLBCL, we reasoned that the “don’t
eat me” axis could affect tafasitamab-mediated phagocytosis. To test this, we performed a
flow cytometric phagocytosis assay’® using macrophages with variable levels of SIRPu
expression as effector cells and different DLBCL cell lines (HT, Toledo, U2946) as target
cells. CD19 and CD47 expression were in a similar range on the tested cell lines
(Supplemental Figure 3). Interestingly, we discovered a significant inverse correlation
between the level of SIRPa expression (determined as the SIRPa MFI) and tafasitamab-
mediated phagocytosis (HT: coefficient = 0.39, p = 0.017; Toledo: coefficient = 0.75, p <
0.001; U2946: coefficient = 0.56, p = 0.002) (Figure 2A), suggesting that a high SIRPa
expression on macrophages can attenuate tafasitamab’s phagocytic potential in vitro. Next, we
examined the effects of differential CD47 expression on tafasitamab-mediated phagocytosis.
Using CRISPR/Cas9 genome editing, we generated a CD47 knockout variant (CD47<°) and a
CDA47 overexpressing variant (CD47"%") from the wild type (WT) cell line Toledo. While
CDA47 was barely detectable on CD47¢° cells by flow cytometry, CD47"%" cells showed a
twofold increase compared to WT (Figure 2B). Macrophages were co-incubated with the
different variants in the presence or absence of tafasitamab and phagocytosis was measured
by flow cytometry. Compared to the wild type cells, the CD47 knockout variant was
increasingly phagocytosed by macrophages, whereas the CD47 overexpressing cells were
resistant to tafasitamab-mediated phagocytosis (WT: 31+6%; CD47% 55+5%; CDA47"":

7+4%) (Figure 2C). To confirm this result, we analyzed tafasitamab-mediated uptake of the
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Toledo variants by confocal microscopy. After 3h incubation, tafasitamab induced a nearly
complete uptake of all observable CD47° cells, whereas most CD47"9" lymphoma cells were
not phagocytosed (Figure 2D and 2E). Overall, these data suggest that elevated expression of
both CD47 on lymphoma cells and SIRPo. on macrophages may negatively influence the

ADCP activity of tafasitamab.

Blocking CDA47 incr eases tafasitamab-mediated phagocytosis

Next, we aimed to counteract the effects of the CD47-SIRPa-axis by using an anti-CD47
monoclonal antibody (mAb). For this purpose, we analyzed phagocytosis of lymphoma cells
upon combined treatment of tafasitamab and an anti-CD47 mAb (clone: B6H12). Using
confocal microscopy, we observed that the combination resulted in significantly increased
phagocytosis of all tested cell lines, compared to the single treatments (Supplemental Figure
4, and Figure 3A). This result was confirmed in flow cytometric phagocytosis assays,
demonstrating that combined treatment with tafasitamab and anti-CD47 mAb significantly
increased phagocytosis rates (%) of Toledo (tafasitamab: 32+24% vs. tafasitamab + anti-
CD47. 72+21%; p<0.001), U2946 (tafasitamab: 32+18% vs. tafasitamab + anti-CDA47:
72+19%; p=0.002), and HT (tafasitamab: 32+17% vs. tafasitamab + anti-CDA47: 72+16%;
p<0.001) cells (Figure 3B). Since the previous experiments represent only a snapshot at the
time point of 3 hours, we performed real-time Incucyte® analysis to observe phagocytosis
over a longer period (Figure 3C). Measured over a time span of 6 hours, clearance of
lymphoma cells was increased under combined treatment of tafasitamab and anti-CD47 mAb
compared to single treatments. Since it cannot be excluded that the anti-CD47 clone (B6H12,
mouse 1gG1), used in the above experiments, triggers ADCP on its own via engagement of Fc
receptors, we used an Fc-modified antibody variant (CD47-1gGo) with abrogated FcyR

binding as a control™. Independent of their Fc domain, both CD47 antibodies significantly
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increased tafasitamab-mediated phagocytosis of lymphoma cells (Supplemental Figure 5),
suggesting that enhanced phagocytosis results from blockade of the CD47 signalling pathway.
Next, the effect of combination treatment was examined on primary patient samples (for
patient characteristics see Supplemental table 2). LAMs were isolated from lymph node (LN)
or bone marrow (BM) biopsy samples of DLBCL patients (newly diagnosed) using
fluorescence-activated cell sorting and co-cultured with isolated autologous lymphoma cells
in the presence or absence of tafasitamab + anti-CD47 mAb (Figure 4A and Figure 4B).
LAMs isolated from LN or BM samples showed similar tafasitamab-mediated phagocytosis
efficiency to in vitro differentiated macrophages. Furthermore, combination treatment of
tafasitamab and anti-CD47 resulted in significantly increased phagocytosis of autologous
lymphoma cells ex vivo, compared to monotherapy arms (LN, tafasitamab: 40+£14% vs.
tafasitamab + anti-CD47: 60+£12%; p=0.002) (BM, tafasitamab: 41+23% vs. tafasitamab +
anti-CD47: 60+28%; p=0.05) (Figure 4C). These results suggest that CD47 blockade can
improve the phagocytic activity mediated by tafasitamab targeting primary DLBCL patient

cells.

Combination of tafasitamab and anti-CD47 enhances phagocytosis of CD19-low
lymphoma cells.

CD19 expression in lymphoma is characterised with high variability and diminished CD19
expression was observed in a substantial percentage of DLBCL patients (24% to 33%) in
different studies'” **. Thus, we aimed to determine whether CD47 blockade can boost the
phagocytic potential of tafasitamab against lymphoma cells with low CD19 expression. To
simulate this scenario, we sorted Toledo cells based on their CD19 expression level into a
high (CD19high) and low CD19 (CD19low) population (CD19low with four times lower MFI

than CD19high cells) (Figure 5A and Supplemental Figure 6A) and co-incubated them with
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macrophages in the presence or absence of tafasitamab, anti-CD47 or the combination of
both. Notably, isolated lymphoma cells showed no significant difference in terms of viability
or CD47 expression (Supplemental Figure 6B) and the difference in CD19 expression was
stable for 24h after sorting. As expected, tafasitamab-mediated phagocytosis of CD19low
cells was decreased compared with phagocytosis of CD19high target cells (CD19high: 41+7%
vs. CD19ow: 15+9%) (Figure 5B). Treatment with anti-CD47 alone mediated a similar
increase in phagocytosis in both CD19low- and high-expressing lymphoma cells compared to
control samples. Most importantly, combination treatment compared to tafasitamab alone
significantly increased phagocytosis of CD19low cells, which was in a similar range as the
phagocytosis rate of CD1%high cells (CD19high: 56£7% vs. CD19low: 54+10%). These
results could aso be verified using confocal microscopy. While ~40% of CD19 high cells
were ingested by macrophages upon tafasitamab treatment, only ~10% of CD19low cells
were phagocytized (Figure 5C and Figure 5D). Consistent with the flow cytometry data,
combination treatment of tafasitamab and anti-CD47 induced similar level of increase in
phagocytosis of both CD19high and CD19low cells when compared to tafasitamab treatment
alone. Taken together, these data suggest that addition of anti-CD47 blockade enhances

tafasitamab-mediated phagocytic elimination of lymphoma cells with low CD19 expression.

Combination therapy of tafasitamab and anti-CD47 antibody prolongs animal survival

and deceleratestumor growth in mice.

To assess the combination of tafasitamab and an anti-CD47 antibody in vivo, we used two
different lymphoma xenograft models. First, we used a disseminated Ramos C.B-17 SCID
model. SCID mice have functional NK cells mediating ADCC, which is an additional
important mode of action of tafasitamab besides ADCP. Ramos cells express high levels of

CD47 and CD19 (Supplemental Figure 7) and are commonly used to assess the in vivo
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performance of antibody therapeutics™ ?°. Between days 5 and 21 post tumor cell inoculation,
mice were treated with either vehicle control (PBS), tafasitamab, anti-CD47 antibody (clone
B6H12) or the antibody combination (Figure 6A). While control-treated mice reached
endpoints after a median of 25 days, treatment with tafasitamab or anti-CD47 alone showed
significantly improved outcomes with a median survival of 35 days or >99 days, respectively
(Figure 6B: tafasitamab vs. control: p <0.0001, anti-CD47 vs. control: p <0.0001).
Combination treatment yielded significantly improved survival compared to the single
treatments, as 0/15 tafasitamab-treated, 11/15 anti-CD47-treated and 15/15 combination-
treated mice were alive at the end of the study (tafasitamab vs. tafasitamab + anti-CD47: p

<0.0001, anti-CD47 vs. tafasitamab + anti-CD47: p=0.035).

Next, the combination was tested in a flank Ramos xenograft model in NOD/SCID mice. In
NOD/SCID mice, NK cell function is partially compromised and binding affinity of murine
SIRPa. to human CDA47 is increased compared to SIRPa from other mouse strains or human
SIRPo*?. Treatment with either vehicle control (PBS), tafasitamab, anti-CD47 antibody
(clone B6H12) or the antibody combination started on day 6 after tumor cell inoculation and
continued for up to 4 weeks (Figure 6C). While tumor growth delay was observed in the
tafasitamab- and anti-CD47- monotherapy groups when compared to the vehicle control (2 or
14 days respectively), the combination outperformed the monotherapies (Figure 6D). Percent
survival was determined by the number of animals reaching maximal tumor volume of 1500
mm? until the end of the study (Figure 6E). On day 55, 0/10 control-, 0/10 tafasitamab-
treated, 1/10 anti-CD47 antibody-treated animals were still alive, while, 7/10 animals were
till alive in the combination treatment group, demonstrating a significant survival benefit of
the combination treatment compared to the single treatments (tafasitamab vs. tafasitamab +

anti-CD47 mAb: p < 0.0001; anti-CD47 vs. tafasitamab + anti-CD47: p = 0.0017). In
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summary, CD47 checkpoint blockade enhances the anti-tumor efficacy of tafasitamab in

lymphoma tumor modelsin vivo.
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Discussion

In high grade B-cell lymphomas such as DLBCL, macrophages represent a key component of
the tumor microenvironment and significant sentinels of the anti-tumor immune response 2*
% Despite the fact that macrophages are important effector cells for antibody-based therapies,
lymphoma cells can manipulate the effector functions of macrophages via altered expression
of proteins 2% and counteract their ADCP capacity via the CD47/SIRPu axis™®. In this study,
we show that expression of CD47 and SIRPu is upregulated in primary DLBCL samples.
While the studied patient population in this work was small, a significant increase in CD47
expression was detected in both lymph nodes and tumor-infiltrated bone marrow of DLBCL
patients, which isin line with previous studies ** *°. It has also been reported that high CD47
MRNA expression is associated with a poorer clinical prognosis in DLBCL, B-chronic
lymphocytic leukemia (B-CLL) and mantle cell lymphoma (MCL) and a higher risk of death
in DLBCL patients' *. Moreover, we found that primary human LAMs from DLBCL
patients exhibited increased expression of the CD47 interaction partner SIRPa. Interestingly,
a correlation of high SIRPa gene expression with a favorable survival patients with R-CHOP
treatment was reported for DLBCL *!, while high SIRPu. expression on LAMs was reported to
correlate with poorer survival in patients with FL*. In addition, patients with FL who relapse
or progress after frontline lenalidomide and rituximab (R?) treatment, displayed an increased
percentage of SIRPo positive LAMs™, which may suggest that this is a mechanism of
resistance to R? in these patients.

It is unclear why LAMs exhibit increased SIRPo. expression in comparison to non-malignant
controls. While CDA47 expression is regulated by the MY C oncogene® and cytokines such as
IL-4 *, not much is known about the regulation of SIRPa. However, a recent study showed
that SIRPo. expression in tumor-associated macrophages is transcriptionally repressed by the

cyclin-dependent kinase inhibitor CDKN1A (p21)®. Thus, it would be interesting to clarify in
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future studies whether p21 or other factors are also responsible for the high SIRPa. expression
in DLBCL associated LAMSs.

Using cell line models, we demonstrated that the CD47/SIRPa axis can negatively impact
phagocytic activity mediated by the CD19-targeting antibody tafasitamab. In line with this,
phagocytosis was significantly reduced upon overexpression of CD47 in lymphoma cells,
suggesting that lymphomas with particularly high CD47 expression may be resistant to
tafasitamab-mediated phagocytosis. Furthermore, we found that combining tafasitamab with
an anti-CD47 blocking antibody can enhance tafasitamab-mediated phagocytosis using co-
cultures of lymphoma cell lines and in vitro differentiated macrophages from healthy donors.
Notably, an Fc-modified antibody variant with abrogated FcyR binding (CD47-1gGe), which
did not result in notable phagocytosis when applied alone, was also able to increase
tafasitamab-mediated phagocytosis indicating that blocking the CD47/SIRPa. axis to decrease
the CD47 "don’t eat me” signal is sufficient to achieve a combination benefit together with
tafasitamab. The combination of the Fc-silent CD47-1gGo with rituximab previously also led
to enhanced ADCP compared to rituximab alone™. Recently, Wang et al. reported that a
SIRPo, variant fused to an Fc with inactivated effector function (nNFD164) in combination with
the anti-CD20 antibody rituximab showed a synergistic antitumor effect in a lymphoma
xenograft mouse model suggesting a concordant conclusion®. A more recent study by Osario
et al. however suggests that anti-CD47 antibodies require both blockade of CD47/SIRP@ axis
and engagement of activating FcyR signaling to achieve significant in vivo antitumor
activity®’. More important, the findings that the combination of tafasitamab with an Fc-
competent anti-CD47 resulted in increased phagocytosis could be confirmed testing primary
lymphoma cells and LAMs ex vivo in an autologous setting. This observation is of particular
importance, as these effector cells represent up to 50% of the total leukocyte content in
lymphomas* *® and have the potential to rapidly eradicate lymphoma cells by phagocytosis’.

Similar combination benefits as seen for the CD19-targeting antibody tafasitamab in
17



combination with CD47 blockade were observed for the CD20-targeting antibody rituximab
in combination with CD47 blockade in experiments with cell lines and macrophages from
healthy donors as well as primary lymphoma cells and LAMs™ **. Our study mainly focused
on CD47 blockade with a CD47- targeting antibody in the context of macrophages. In recent
years, several reports indicated that also other immune cells including T cells and even NK
cells might be affected by blocking of the CD47/SIRPa axis™*. As the CD47/SIRPu. axis is
contributing to bridging the innate and adaptive immunity, it would be interesting to take this
interplay into account in future studies with tafasitamab — especially as ADCC is one of its
major modes of action. In DLBCL, CD19 loss or downregulation after CD19-directed
therapies such as CART19 treatment is observed * *. Moreover, CD19 expression in
lymphoma is characterized with high variability’®. Here, we show that Toledo cells with low
CD19 expression are as efficiently phagocytosed by macrophages as Toledo cells with high
CD19 expression through the combination of tafasitamab and anti-CD47. This observation
implies that combination therapy targeting CD19 and CD47 could overcome reduced ADCP
efficiency of therapies targeting only CD19 in CD19-low expressing cells.

Finaly, the combination of tafasitamab and the anti-CD47 clone B6H12 was tested in two
different in vivo models engrafted with Ramos cells. Our focus here was to reflect different
modes of action including not only ADCP, but also ADCC when examining the drug
combination benefit of both antibodies in vivo, wherefore SCID mice containing functional
NK cells were selected as one model. The NOD/SCID model was performed as second
model, allowing good s.c. tumor engraftment, but having some limitations: compromised NK
cells, which likely result in underestimation of tafasitamab’'s ADCC capacity as well as
increased binding affinity of NOD murine SIRPa to human CD47 associated with potentially
artificially high anti-tumor effects of anti-CD47 molecules compared to other mouse strains
223 |mportantly, both approaches yielded significantly improved survival rates of mice

compared to the respective mono treatments. In the past, Chao et a. had obtained similar
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combination benefits investigating rituximab and an anti-CD47 in both disseminated as well
as localized Raji xenograft mouse models'®. More recently, Dheilly et al. generated a dual-
targeting bispecific antibody blocking CD47 and CD19 and reported that treatment with the
bispecific antibody anti-CD47/CD19 induced significant tumor regression compared to
treatment with either anti-CD47 or anti-CD19 antibodies in a Raji mouse model “°. In this
model, the combination of anti-CD47 and anti-CD19 antibodies resulted in a similar reduction
of tumor volume as the bispecific antibody, confirming the potent anti-tumor activity upon
combination of CD47 blockade with CD19-targeting. Most recently, a fusion protein of a
CD20 antibody with the CD47 binding domain of SIRPa was shown to reduce tumor size and
activate both macrophages and NK cells via blockade of the CD47/SIRPa. interaction and
FcyR engagement in different mouse xenograft tumor models®™. In summary, numerous
approaches combining targeting of B cell surface proteins such as CD19 or CD20 and the
CD47/SIRPa. axis in different molecule formats are currently under investigation and it
remains to be elucidated in the future which antigen and format combination will display the
best anti-tumor and lowest side effects in lymphoma treatment*”.

In conclusion, the results presented in this study confirm the relevance of the CD47/SIRPa
axis in DLBCL and demonstrate that CD47 blockade with a CD47- targeting antibody
enhances the phagocytic and anti-tumor activity of the CD19-targeted antibody tafasitamab in
vitro and in vivo.

Whether combination of tafasitamab with other compounds inhibiting the CDA47/SIRPa
pathway is beneficial is currently investigated in a respective phase 1/2b trial assessing the
safety, tolerability and potential clinical benefits of the CD47-targeting SIRPo fusion protein
maplirpacept (TTI-662) in combination with tafasitamab and lenalidomide in R/R DLBCL

patients (NCT05626322).
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About tafasitamab

Tafasitamab is a humanized Fc-modified cytolytic CD19 targeting monoclonal antibody. In
2010, MorphoSys licensed exclusive worldwide rights to develop and commerciaize
tafasitamab from Xencor, Inc. Tafasitamab incorporates an XmAb® engineered Fc domain,
which mediates B-cell lysis through apoptosis and immune effector mechanism including
Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC) and Antibody-Dependent Cellular
Phagocytosis (ADCP). MorphoSys and Incyte entered into: (a) in January 2020, a
collaboration and licensing agreement to develop and commercialize tafasitamab globally;
and (b) in February 2024, an agreement whereby Incyte obtained exclusive rights to develop
and commercialize tafasitamab globally. Following accelerated approva by the U.S. Food
and Drug Administration in July 2020, Monjuvi® (tafasitamab-cxix) is being commercialized
in the United States by Incyte. In Europe, Minjuvi® (tafasitamab) received conditional
Marketing Authorization from the European Medicines Agency in August 2021. XmAb® isa

registered trademark of Xencor Inc.
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FigureL egends

Figure 1. Increased expression of CD47 and SIRPa in diffuse large B cel lymphoma
(DLBCL). (A) Expression of CD47 on B-cells (CD19+) was quantified using confocal
microscopy on tonsils as benign controls (white circles, white bars) (n=7) or DLBCL
specimens (red circles, red bars) (n=9). (B) SIRPo. on macrophages (CD68+) was quantified
using confocal microscopy on tonsils as benign controls (white circles) (n=7) or DLBCL
specimens (red circles) (n=9). Regions of Interest (ROI) matching B-cells or macrophages
were segmented using Zeiss-software (ZEN 2.6) or the open-source software QuPath
(https://qupath.github.io), and the mean fluorescence intensity (MFI) of CD47 or SIRPa was
assessed for each ROI. Data of 25 cells of each donor were plotted for CD47 or SIRPa. Lines
show the mean value. (C-D) Bone marrow (BM) biopsies of healthy controls (n=8, white
circles) or DLBCL patients with tumor infiltration (n=9, red circles) were analyzed for (C) the
expresson of CD47 on B-cellglymphoma cells (CD19+/CD20+) or (D) SIRPa on
macrophages/LAMs (CD163+/CD15-). The graphs (C-D) show the result of five independent
experiments. Each dot represents a tested donor. Nonparametric Mann-Whitney U-test was

performed. Lines show the mean value.

Figure 2. The CD47-SIRPa axis impairs tafasitamab-mediated phagocytosis. (A) In
vitro differentiated macrophages were analyzed for SIRPo expression by flow cytometry
before they were used for ADCP assays (n=13). Tafasitamab-induced phagocytosis of HT,
Toledo and U2946 cell lines was correlated with SIRPo expression on macrophages. A simple
linear model was fitted to the data and the R? value was calculated. (B) The CRISPR/Cas9
system was used for altering gene expression in Toledo cells. CD47 expression on CD47
knock out (CD47"°, light grey), CDA47 overexpression (CD47"%", red) and wild type Toledo

(control, dark grey) cells, determined by flow cytometry (n=5). The dotted line represents the
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isotype control. MFI is defined as median fluorescence intensity. The bar chart shows average
MFI values of three independent measurements. Error bars show SEM. Two tailed paired
Students t test was performed. (C) Tafasitamab-mediated phagocytosis of control, CD475° or
CD47"%" cells measured by flow cytometry. Lines show the mean value. The graph shows the
result of five independent experiments. Two tailed paired Students t test was performed. (D)
Immunofluorescence of in vitro differentiated macrophages co-cultivated with different cell
lines (control, CD47%°, CD47"%") and tafasitamab (1ug/ml) for three hours. Lymphoma cells
lines were stained with Cytolight Rapid Green Dye (green), macrophages were stained with
CD11b-APC (red). The microscopy images show representative sections of five experiments.
(E) Quantification of phagocytosis of Toledo cells (control, dark grey) and the genetically
modified cells (CD47X®: light grey; CD47"%": red) by confocal microscopy. 100 macrophages
per condition were counted and the percentage with ingested lymphoma cells was calcul ated.
The graph shows the result of five independent experiments. Two tailed paired Studentst test

was performed. Lines show the mean value. Scale bar: 20pm.

Figure 3. Blocking CD47 increases tafasitamab-mediated phagocytosis

(A) For quantification of phagocytosis of different DLBCL cell lines (Toledo, U2946, HT) by
confocal microscopy, 100 macrophages per condition were counted and the percentage with
ingested lymphoma cells was calculated. Lines show the mean value. The graph shows the
result of five independent experiments. Two tailed paired Students t test was performed. (B)
Percentage phagocytosis of lymphoma cell lines using in vitro differentiated macrophages as
effector cells, in the presence/absence of tafasitamab and anti-CD47-mAb. Phagocytosis was
measured with flow cytometry. The diagrams show the results of several independent
experiments (Toledo: n=11; U2946: n=23; HT: n=12). Two tailed paired Students t test was
performed. Lines show the mean value. (C) Phagocytosis of lymphoma cell lines in

presence/absence of tafasitamab and/or anti-CD47-mAb for six hours. Incubation and
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measurements were performed in absence (white circles) or presence of tafasitamab (dark
grey circles) or anti-CD47 (light grey circles) or a combination of both (red circles).
Measurements and analysis were conducted using an Incucyte® Live Cell Imaging system
microscopy and Incucyte® 2022A software. Total red signal per image was evaluated for all
conditions and time points. The course of total red signal is shown in the plots for three cell

lines. The graph shows a representative result of three independent experiments.

Figure 4. Blockade of CD47 enhances tafasitamab-mediated phagocytosis of lymphoma-
associated macr ophages (LAMSs).

(A) Schematic illustration of flow cytometric isolation of lymphoma-associated macrophages
(LAMs) and primary lymphoma cells from bone marrow (n=11) and lymph nodes (n=6) of
DLBCL patients. Schematic was created using BioRender.com. (B) Representative gating
strategy and FACS plots for phagocytosis determination: Isolated lymphoma cells were
stained with CPD and co-cultured with isolated LAMs (gate R1). Macrophage effector cells
were counterstained with an anti-CD11b antibody and absolute numbers of remaining CD11b-
/CPD+ lymphoma cells were determined using counting beads (gate R2). (C) Phagocytosis of
primary lymphoma cells by LAMs isolated from DLBCL patient bone marrow (BM, left
graph) or lymph node (LN, right graph) samples, in the presence/absence of tafasitamab and
anti-CD47 mAb. Phagocytosis was measured with flow cytometry. The graphs show the
results of several independent experiments (LAMs BM: n=11; LAMs LN: n=6). Two tailed

paired Students t test was performed. Lines show the mean value.

Figure5. Combination of tafasitamab and anti-CD47 increases the elimination of CD19
low-expressing lymphoma cells. (A) CD19ow (blue histogram) or CD1%high (red
histogram) Toledo cells were isolated by flow cytometric cell sorting. (B and C) Sorted cell

populations were immediately incubated with in vitro differentiated macrophages and
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phagocytosis in the presence or absence of tafasitamab and/or anti-CD47 was determined
after three hours by (B) flow cytometry or (C) confocal microscopy. The diagrams (B)
summarize the results of 8 macrophage donors tested by FACS in 8 independent experiments.
Two tailed paired Students t test was performed. Lines show the mean value. (C) CD19low
and CD1%high Toledo cells were stained with Cytolight Rapid Green Dye (green),
macrophages were stained with CD11b-APC (red) and phagocytosis was analyzed by
confocal microscopy. Images were taken after washing steps, removing non-adherent and/or
non-phagocytosed cells. The microscopy images show representative sections of five
performed experiments. Scale bar: 20um. (D) For quantification of phagocytosis of sorted
CD19low (upper panel) or CD1%high (lower panel) Toledo cells by confocal microscopy, 100
macrophages per condition were counted and the percentage with ingested lymphoma cells
was calculated. The graph shows the result of five independent experiments. Two tailed

paired Studentst test was performed. Lines show the mean value.

Figure 6. Combination treatment of tafastamab and anti-CD47 antibody prolongs
animal survival and decelerates tumor growth in mice. (A) Schematic illustration of the
disseminated xenograft model. Ramos cells were injected intravenously on DO. Treatment
with tafasitamab, anti-CD47 (clone B6H12) and the combination commenced on D5 until
D21, followed by continuous monitoring of animals for signs of morbidity until D99. (B)
Kaplan—Meier plot of the disseminated survival model following treastment with tafasitamab,
CD47 mAb or the combination. Tafasitamab vs. control: p <0.0001, anti-CD47 vs. control: p
<0.0001, tafasitamab vs. tafasitamab + anti-CD47: p <0.0001, anti-CD47 vs. tafasitamab +
anti-CD47: p=0.035 (C) Schematic illustration of the flank xenograft model. Ramos cells
were injected subcutaneously in the right flank of each mouse on DO. Treatment with
tafasitamab, anti [1CD47 (clone B6H12) mAb was started and continued for up to 4 weeks and

study termination was on day 55. (D) Spider plots showing tumor growth curves for
27



individual animals (n=15) for each treatment group. (E) Kaplan—Meier plot showing animal
survival until a final tumor volume of 1500 mm® was reached. Tafasitamab vs. control:
0.0095, anti-CD47 vs. control: p < 0.0001, tafasitamab vs. tafasitamab + anti-CD47 mAb: p <

0.0001; anti-CDA47 vs. tafasitamab + anti-CD47: p = 0.0017
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Biedermann et al.

Blockade of the CD47/SIRPa checkpoint axis potentiates the macrophage-mediated

anti-tumor efficacy of tafasitamab

Supplement

Materials and Methods

Cell-culture reagents

Cells were cultured in complete medium (referred to as R10), which comprised RPMI 1640
medium (Cat. #11875085, Biochrom, Berlin, Germany) supplemented with glutamine (2 mM;
Cat. #G8540, Sigma), 10 mM HEPES (Cat. #P05-0110), 13 mM NaHCO3 (Cat. #P06-22100),
100 pg/ml streptomycin (Cat. #P06-11100P), 60 ug/ml penicillin (Cat. #P06-08100P) (all from

Biochrom) and 10% Fetal Calf Serum (C.C.Pro, Charge Nr. C 591).

Cell lines

The DLBCL cell lines Toledo (CRL-2631) and HT (CRL-2260) were purchased from ATCC
and U2946 (ACC 795) was purchased from the German Collection of Microorganisms and Cell
Cultures (DSMZ, Braunschweig, Germany). Cell lines were used for no longer than 16
passages. All cell lines used in this study were monitored for mycoplasma contamination

monthly using polymerase chain reaction (PCR) on all cell lines used in this study.

Antibodies and reagents

The following antibodies were used for immunofluorescence, flow cytometry or functional
assays: CD19-APC (SJ25-C1, BD Pharmingen), CD19-Pe-Cy7 (SJ25C1, BD Pharmingen),
CD19-BV421 (HIB19, BD Pharmingen), CD19-PE (FCM63, Merck/Milipore), CD19-PE

(HIB19), CD19-PE (REA675, Miltenyi), CD68 (PG-M1, Dako Cytomation, Hamburg,
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Germany), CD163 (10D6, Novocas-tra/Leica, Newcastle Upon Tyne, United Kingdom),
CD163-PE (GHI/61, eBioscience, Frankfurt, Germany), CD163-BV421 (GHI/61, Biolegend),
CD15-BV510 (W6D3, Biolegend), CD11b-FITC (M1/70.15.11.5, Miltenyi Biotec), CD11b-
PeCy7 (ICRF44, BD Pharmingen), CD11b-APC (M1/70.15.11.5, Miltenyi Biotec), Annexin-
V-APC (BD), 7-AAD (Sigma), CD47-FITC (B6H12, BD Pharmingen), CD47-PE (CC2C6,
Biolegend), CD47-BV421 (B6H12, BD Pharmingen), SIRPa-PE (SE5AS, Biolegend), rabbit
IgG F(ab’)2 Fragment-488 conjugate, mouse IgG F(ab’)2 Fragment Alexa-488, rabbit IgG
F(ab’)2 Fragment-674 conjugate, and mouse IgG F(ab’)2 Fragment-647 conjugate (all from
Cell Signaling Technology, Frankfurt, Germany). The Fc-silent antibody CD47-IgGo was
generated as described previously'®. Tafasitamab was provided by MorphoSys (MorphoSys
AG, Planegg, Germany). The fluorescent probes were purchased from Essen Bioscience
(Cytolight Rapid Green and IncuCyte® pHrodo® Red Cell Labeling Kit), from Sigma (DAPI,
CFSE) and from eBioscience (VPD, Cell Proliferation Dye eFluor® 450; CPD, Cell

Proliferation Dye eFluor® 670). 123count eBeads were purchased from eBioscience.

Lymph node biopsy and immunohistochemistry

Sections of 9 formalin-fixed and paraffin-embedded DLCBL or 7 reactive tonsil (benign
controls) specimens were selected from the archive of the Institute of Pathology, University
Hospital Erlangen, Germany. Sections were deparaffinized with xylol and rehydrated with
graded ethanol. Antigen retrieval for all staining’s was performed in a steam-cooker using a
target retrieval solution pH 6 (TRS6; DAKO S1699) for 5 minutes at 120°C. Primary antibodies
were incubated over night at room temperature. A triple-staining was performed with primary
antibodies against CD68 (1:100, DAKO, monocloal, mouse, M0876), SIRPa (1:50,
CellSignalling, monoclonal, rabbit; D613M) and CD206 (1:100, Novus, monoclonal, mouse,
NBP2-52927) and fluorescence labelled secondary antibodies which were incubated for 30

minutes at room temperature (1:500, Alexa 488 labelled goat anti mouse IgG3, Dianova, 115-
2
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545-209; 1:500, Alexa 555 labelled donkey anti rabbit, Lifetechnologies, A31572; 1:500 Alexa
647 labelled goat anti mouse IgG2b, Thermo Fischer A21242). Additionally, a double-staining
for CD19 (1:50, Zytomed, monoclonal, mouse, MSK043-05) and CD47 (1:50; R&D,
monoclonal, sheep, AF4670) was performed with fluorescence labelled secondary antibodies
(1:500, Alexa 488 labelled donkey anti mouse, Lifetechnologies, A21202 and 1:500; Alexa 633
labelled donkey anti goat cross-reacting with sheep; Lifetechnologies, A21082). TrueVIEW
autofluorescence Quenching Kit (Vector Labs; SP-8400) was applied for quenching in all
staining’s. Analyses of FFPE samples (9 DLBCL patients and 7 benign controls) were
performed in a blinded fashion. After staining, the entire sections were scanned (Zeiss Axio
Scan.Z1) and images were analyzed. Regions of Interest (ROIs) matching lymphoma cells/B-
cells (CD19%) or macrophages/LAMs (CD68") were segmented using Zeiss-software (ZEN 2.6)
or the open-source software QuPath (https://qupath.github.io), and the mean fluorescence
intensity (MFI) of CD47 or SIRPa was assessed for each ROI. The frequency of double-positive
B cells (CD19*/CD47*%) on the entire section was analysed using QuPath. Data from 25
lymphoma cells or macrophages from each donor were used for CD47/SIRPa expression levels.
For this purpose, five image fields were selected per section and a total of more than 25
lymphoma cells (CD19%) or macrophages (CD68") were analysed for their respective CD47 or

SIRPa expression.

In vitro differentiation of human macrophages

PBMC were isolated by density gradient centrifugation of buffy coat preparations from the
peripheral blood of healthy donors (Department of transfusion medicine, University Hospital
Erlangen, Germany). Monocytes were isolated by plastic adherence and cultured in the presence
of M-CSF (50 ng/ml, R&D) to generate macrophages. Macrophages were detached with EDTA
(1mM, Sigma) after 6d of culture. Purity of generated macrophages was greater than 90% and

minimally contaminated by CD3+ and CD19+ cells, determined via flow cytometry.
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CPD, pHrodo or Cytolight green labelling of cells

Cells were stained in an incubator for 20 min in sterile PBS containing cell proliferation dye (5
uM, CPD) or Cytolight Rapid Green (0.5uM). Cell count was determined after washing the
cells three times with R10 supplemented with heat inactivated FCS. To label with pHrodo dye,
cells were washed twice with PBS and stained in with100 ng/mL IncuCyte® pHrodo® Red Cell
Labeling Dye in an incubator for 1h. Cell count was determined after washing the cells once

with IncuCyte® pHrodo® Wash buffer.

CRISPR Cas9

The CRISPR/Cas9 system was used to generate CD47-knockout and CD47-overexpressing
Toledo cells. All necessary reagents were purchased from Horizon Discovery, as follows:
Dharmacon, Inc. Edit-R™ Inducible Lentiviral Particles hEF1a-Blast-Cas9 (VCAS11227),
Dharmacon, Inc. Edit-R™ CRISPRa Lentiviral Particles hCMYV-Blast-dCas9-VPR
(VCAS11918), Edit-R predesigned lentiviral sgRNA, CD47 human (CD47-Plasmid:
GSGH11838-247009754). Target cells were infected with lentivirus particles encoding the
Cas9 sequences for at least 24 hours, and subsequently selected with blasticidin (7.5 pg/mL 2
days, 10 pg/mL 3 days). Cells were cultivated for 7 days after removal of blasticidin and single
cells were sorted in cell culture plates. Clones for further transduction were selected based on
Cas9 expression determined via Western Blot. The CD47-plasmid was transfected with the
packing plasmids into 293T cells to generate lentiviruses. Virus containing supernatant was
collected 48—72 hours after transfection. To achieve infection, target cells were incubated with
lentivirus particles for 48 hours and subsequently selected with puromycin (0.5-1 pg/mL), 48
hours after removal of the virus. The following sgRNA target sequence was used: Human

CD47: TTGCTGGGCTCGGCGTGCTG (Exon 1).
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Bioinformatical analysis

We searched the gene expression omnibus (GEO) for public transcriptomics data that would
elucidate fundamental concepts of our hypothesis concerning DLBCL, the levels of CD47 and
SIRPA. Accordingly, we found the study GSE178965 which profiled DLBCL patients and
provided diseases status and outcomes. Hence the study presents an ideal fit for our
investigation. Subsequently, we downloaded the raw count matrix provided on GEO and
performed bioinformatic analysis to gauge possible trends in the expression of the genes. First,
raw counts were fed into DESeq?2 for differential expression analysis. Subsequent results were
investigated of SIRPA or CD47 where both did not show significant differential expression.
We further investigated however if there were trends observable over the patient cohort. Since
primary patient data is usually marred with heterogeneity, we first performed outlier depletion
by calculating the 25th and 75th percentile of expression measured by DESeq2’s normalized
and setting the upper and lower bound to 1.5 times the interquartile above or below the 25th or
75th percentile respectively. The R code for the analysis can be found under

https://github.com/liscruk/cd47_analysis.

Incucyte®-based phagocytosis assay

Lymphoma cells were labeled with IncuCyte® pHrodo® Red Cell Labeling Kit and co-cultured
with macrophages (E:T=5:1) in a 96-well flat bottom plate in the presence or absence of
tafasitamab (1ug/ml) and/or anti-CD47 antibody (B6H12, 1ug/ml). The plate was placed in
Incucyte® S3 Live Cell Imaging Microscope and measured every 15-30 minutes. Recorded
images were later analyzed using Incucyte® 2022A software. Phagocytosis was determined by

measuring the Total integrated intensity [RCUxum?/image] of red fluorescent signal.

In vivo experiments
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Orthotopic tumor model: 1 x 10° Ramos cells were injected into the tail veins of C.B-17 SCID
mice on study day 0. Two days after cell inoculation, animals were randomized into four
treatment groups of 15, based on body weight. On study day 5, treatment with vehicle control
(PBS), tafasitamab (3 mg/kg), or anti-CD47 antibody (clone B6H12, BEO019-1, BioXCell; 4
mg/kg) commenced in mono- or a combination regimen. Tafasitamab was administered via an
intravenous injection (i.v.), twice a week and anti-CD47 antibody by intraperitoneal injection
(i.p.) three times per week for up to three weeks. Treatment volume was calculated and adjusted
based on the animal’s individual body weight before each dose administration. Clinical signs
and body weight loss were monitored until individual ethical endpoint or study termination on

day 99 after cell inoculation.

Flank tumor model: 1x10’ Ramos cells mixed with 50% (v/v) matrigel (ref. 356237, Corning)
were injected into the right flank of NOD/SCID (NOD.CB17-Prkdcscid/J) mice. On study day
6, when mean tumor volume reached 100 - 200 mm?, animals were randomized and treatment
with vehicle, tafasitamab (10 mg/kg/dose) or anti-CD47 antibody (clone B6H12, BE0019-1,
BioXCell, 4 mg/kg/dose) either alone or in combination commenced. Tafasitamab and the anti-
CD47 antibody were administered i.p. two and three times weekly, respectively, for four weeks.
Clinical signs and body weight loss were monitored until individual ethical endpoint or study
termination on day 55 after cell inoculation. Tumor size was measured twice weekly and tumor
volume was calculated using the following formula: width? x length/2. Kaplan Meier curves
depict the time until tumor size reached a volume of 1500 mm?.

Animal procedures and experimentation were authorized by the French Comité National de
Réflexion Ethique sur I’Expérimentation Animale and the Pennsylvania State College of

Medicine Institutional Animal Care and Use Committee.
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Supplementary Figure 1

(A) Expression of CD47 (red) on B-cells (CD19, green) (upper panel) and (B) SIRPa (red) on
macrophages (CD68, green) (lower panel) was quantified using confocal microscopy on tonsils as
benign controls (n=7) or DLBCL specimens (n=9). The microscopy images show representative
sections of all experiments. (C) The percentage of CD47 expressing B-cells was quantified using
confocal microscopy on tonsils as benign controls (white bars) (n=7) or DLBCL specimens (red
bars) (n=9). QuPath (https://qupath.github.io) was used to segments the cells and calculate the
percentage of CD47-expressing CD19" lymphoma/B cells on the whole sections. Each bar

represents a tested donor. Nonparametric Mann-Whitney U-test was performed.
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Supplementary Figure 2

Expression of CD47 and SIRPa in lymph node biopsies of newly diagnosed (red dots, n=11) or
relapsed (grey dots, n=9) DLBCL patients from publicly available transcriptomics data are shown
as normalized counts. Normalized counts were extracted after running DESeq2. Shown are the
expression values in the analyzed samples after removal of strong outliers, defined by removal of
all samples lying outside the 1.5-fold interquartile range in both directions. Two tailed paired

Students t test was performed.
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Supplementary Figure 3

CDA47 (upper panel) and CD19 (lower panel) expression in DLBCL cell lines. Cells (Toledo,
orange; U2946, blue and HT, green) were stained for CD47 and CD19 and surface expression was
measured by flow cytometry. Grey histogram represents the isotype control. Surface expression
was calculated as Mean Fluorescence Intensity (MFI) of cells stained with anti-CD19 or anti-
CDA47 antibodies. The graph shows the average result of four independent experiments. Error bars

show SEM.
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Supplementary Figure 4

Immunofluorescence of in vitro differentiated macrophages (red) co-cultivated with indicated cell
lines (Toledo, U2946, HT) (green) and tafasitamab +/- anti CD47-mAb (1pg/ml) for three hours to
detect phagocytosis. Images were taken after washing steps, removing non-adherent and/or non-
phagocytosed cells. The microscopy images show representative sections of five performed

experiments. Scale bar: 20pm.
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Quantification of phagocytosis by Incucyte microscopy. Macrophages were co-incubated with

fluorescently labeled lymphoma cells (as indicated) in the absence (white circles) or presence of

tafasitamab (dark grey circles) or anti-CD47 (CD47-IgGo, light grey circles) or a combination of

both (red circles). After 3 hours, phagocytosis was analyzed and quantified by Incucyte

microscopy and Incucyte® 2022A software. The graphs show the result of five independent

experiments. Lines show the mean value. Two tailed paired Students t test was performed.
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Supplementary Figure 6
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Phenotype of sorted Toledo cells. The cell line Toledo was stained with an anti-CD19 antibody and

separated in CD19 low expressing (CD19-low, grey circles) or CD19 high expressing (CD19-high,

red circles) cells by flow cytometry. Isolated cells were subsequently analyzed for their (A) CD19

surface expression or for their (B) viability and CD47 expression. Surface expression was

calculated as Mean Fluorescence Intensity (MFI) of cells stained with anti-CD19 or anti-CD47

antibodies. Viability of isolated cells was measured by Annexin-V and 7-AAD by flow cytometry.

The graphs shows the average result of eight independent experiments. Lines show the average

value. Two tailed paired Students t test was performed.
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Supplementary Figure 7

Flow cytometric analysis of CD19 and CD47 expression on Ramos cells. (A) Ramos cells were
stained for CD47 and CD19 (blue histograms) or isotype control (grey histograms) and surface
expression was measured by flow cytometry. (B) Surface expression of CD19 and CD47
receptors was analyzed using the Quantibrite system (BD Biosciences), according to
manufacturer’s instructions. Mean fluorescence intensity (MFI) values were measured upon
staining with PE-labeled anti-CD19 or anti-CD47 antibodies, and the MFI values of reference
beads were used to correlate MFI to the number of antibodies bound per cell via linear
regression. The graph shows the average result of three independent experiments. Error bars

show SEM.
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Supplemental Table 1: Patients’ characteristics (FFPE)

Sex

[m/f]

Age
[years]

53
77
68
75
81
59
80
87
81

Cell-of-origin subtype IPI risk group
Hans criteria

GCB
GCB
non-GCB
non-GCB
non-GCB
non-GCB
GCB

Low-intermediate
high-intermediate
high
Low-intermediate
high
Low-intermediate
Unknown

non-GCB (not clear) Low-intermediate

non-GCB

Low-intermediate

Supplemental Table 2: Patients’ characteristics (viable cell data)

Sex

[m/f]

=2 |2 |2 (S =2 |2 =2 |2 |3 S |=2|3 B |=2 ===

Age

[years]

47
57
61
48
53
28
67
75
54
61
75
39
62
65
60
79
63

Cell-of-origin subtype

Hans criteria

non-GCB
non-GCB
non-GCB
GCB
non-GCB
non-GCB
non-GCB
GCB
non-GCB
non-GCB
non-GCB
non-GCB
non-GCB
GCB
GCB
non-GCB
GCB

Figure

1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1
1A, 1B, Suppl.1

Figure

1C, 1D, 4C
1C, 1D, 4C
1C, 1D, 4C
1C, 1D, 4C
1C, 1D, 4C
1C, 1D, 4C

4C
1C, 1D, 4C

4C

4C

4C

4C

4C
1C, 1D, 4C
1C, 1D, 4C

4C

4C

FFPE: formalin-fixed paraffin-embedded; m: male; f: female; GCB: germinal center B-cell like





