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Supplementary Notes

Supplementary Note 1. Development and analysis of CRISPRko ADCP screens

To establish a scalable platform for genetic screening in a macrophage-cancer cell co-culture
system (Fig. 1a), we introduced Cas9 and a genome-wide CRISPR knockout library containing
10 sgRNAs targeting every protein-coding gene' into Ramos B-cell lymphoma cells, whose
uptake by macrophages is stimulated by rituximab (anti-CD20) (Extended Data Fig. 1a). As a
source of macrophages, we selected the macrophage cell line J774 because it exhibits high rates
of cancer cell phagocytosis? (Extended Data Fig. 1b), and can be both readily cultured at scales
(>10'° cells) necessary for robust genome-wide screens and efficiently manipulated genetically.
The Ramos genome-wide knockout pool was subjected to two rounds of killing by LPS-activated
macrophages, which exhibited higher ADCP than untreated macrophages (Extended Data Fig.
1c,d, Supplementary Table 1), in the presence of anti-CD20 mAbs. By sequencing the
population of sgRNAs in the treated and untreated cell populations, we identified genes whose
deletion increases or decreases Ramos cell abundance following treatment with macrophages
and anti-CD20 (Fig. 1b, Extended Data Fig. 1e, Supplementary Table 2)

Supplementary Note 2. Development and analysis of CRISPRa ADCP screens

To enable CRISPRa screening in Ramos cells, we stably transduced Ramos cells with a VPR
CRISPRa construct (i.e. deactivated Cas9 fused to the transcriptional activator domains of Vp64,
p65, and Rta)® (Extended Data Fig. 2a) and a genome-wide activation library again containing
10 sgRNAs targeting each protein-coding gene*. We subjected the Ramos activation library to
two rounds of selection by macrophages using the same screening strategy. Analysis of the
screen revealed a large number of both anti-phagocytic hits (i.e. genes whose overexpression
increases cell survival upon incubation with macrophages and anti-CD20 and anti-CD47
antibodies) and pro-phagocytic hits (Fig. 1e, Extended Data Fig. 2b, Supplementary Table 4).
We noted that several of the sialic acid biosynthesis genes that scored as hits have been
associated with immunosuppression but have unclear mechanistic roles in cancer progression.
For example, STEGALNACT overexpression in cancer is known to generate the sialyl-Tn antigen,
a well-known pan-carcinoma carbohydrate antigen associated with immunosuppressive
microenvironment whose abundance is correlated with poor patient prognosis across a range of
cancers®®. APMAP was not detected as a hit, possibly because it is already expressed at high

levels in Ramos cells.



Supplementary Note 3. Additional validation and control experiments for APMAP

Role of Fc receptor in APMAP-CD47 synergy

Anti-CD47 antibodies can induce phagocytosis via Fc-dependent and Fc-independent
mechanisms, raising the question of whether an intact Fc domain is required for synergy between
anti-CD47 and APMAP loss. We found that Fc receptor function was not required for synergy
between APMAP deletion and anti-CD47 antibodies (Extended Data Fig. 3e), suggesting that
the possible opsonizing effect of these antibodies is not required for APMAP loss to sensitize cells
to phagocytosis. We also found that APMAP loss synergized with genetic deletion of CD47
(Extended Data Fig. 3f), even in the absence of an antibody, further demonstrating that APMAP

loss can synergize with the absence of CD47 even in the absence of any opsonizing antibody.

Additional control experiments for APMAP

We confirmed that Karpas-299 cells were also sensitized to phagocytosis in the presence of anti-
CD30 antibodies (Extended Data Fig. 4a) We monitored sensitivity of Ramos cells to
phagocytosis driven by anti-CD20 mAbs in the presence of human U937 macrophages and
observed that APMAP*C cells were strongly sensitized to phagocytosis in the presence of
antibodies, but not in the absence of antibodies (Extended Data Fig. 4b). We also confirmed that
APMAP knockout cells were sensitized to ADCP in the presence of primary human peripheral
blood monocyte-derived macrophages (Extended Data Fig. 4c). We also found that the effect of
APMAP on ADCP susceptibility was not dependent on LPS treatment of macrophages (Extended
Data Fig. 4d). We noted that cell surface levels of the canonical “eat-me” signals
phosphatidylserine and calreticulin were comparable in Safe®® and APMAP*® cells (Extended
Data Fig. 4e), suggesting that the increase in phagocytosis was not due to increase in a known
“eat-me” signal. Additionally, we found that Ramos APMAP*® cells did not exhibit altered cell
surface levels of CD20 (Extended Data Fig. 4f), CD47 (Extended Data Fig. 4g), or sialic acids
detected by lectin staining (Extended Data Fig. 4h). Ramos APMAPX® cells also did not exhibit
detectable differences in sensitivity to a panel of diverse cytotoxic agents (Extended Data Fig.
4i), or exhibit detectable alterations in cell size (Extended Data Fig. 4j), or in binding to
macrophages in the presence of anti-CD20 across a range of concentrations (Extended Data
Fig. 4k). The effect of APMAP on ADCP was not explained by any effects on lysosomal
acidification, as APMAP loss also increased ADCP as measured using pH-independent dyes
(Extended Data Fig. 41). Thus, APMAP is a potent suppressor of ADCP in Ramos cells, but does
not appear to operate through known ‘eat-me’ signals or by affecting binding of antibodies that
induce ADCP.



Supplementary Note 4. Development of J774 screening platform

To establish and optimize a complementary genome-wide screening platform for ADCP regulators
in J774 macrophages, we first conducted a genome-wide screen for uptake of IgG-opsonized 2.8
um magnetic beads (Extended Data Fig. 7a). This screen identified numerous known positive
and negative regulators of phagocytosis (consistent with our previous work’), including all
members of the ARP2/3 and WAVE complexes, the Fc Receptor, and the Mac-1 integrin
subunits®, as well as many novel candidate phagocytosis regulators (Extended Data Fig.
7b,c,d,e, Supplementary Table 6). Though these beads differ greatly from cancer cells in terms
of their size, stiffness, and surface composition, this proof of principle screen established that

J774 macrophages can be used to robustly identify phagocytic regulators and surface receptors.

Supplementary Note 5. Discussion, limitations, and future directions

An important limitation of our study is that the experiments we conducted did not directly compare
the potential of targeting APMAP with that of CD47 or other anti-phagocytic factors. We
nevertheless find that the effect of APMAP on tumour-targeting antibodies is preserved in vivo
and in the context of a complex immune system. While there are known inter-species limitations
to studying CD47 blockade in mice®, our finding that APMAP loss enhances the anti-tumor effects
not only of anti-CD47, but of rituximab and anti-TRP1 antibodies in mice, indicates that the effect
of APMAP on tumour development is not limited to one particular antibody or tumour type. Further
assessment of APMAP in additional pre-clinical models will be critical in evaluating its therapeutic
promise in the context of different mAb therapies. While we identify GPR84 as critical for
enhanced uptake of Ramos and Karpas-299 APMAP*® cells by J774 macrophages in vitro, we
did not evaluate the role of GPR84 in this process in vivo. Macrophages are known to express a
large number of fatty acid binding GPCRs (such as FFAR1, FFAR2, FFARS, FFAR4, HCAR3)
that exhibit overlapping specificities, several of which were not detectably expressed in J774
macrophages (Supplementary Table 1). Further work will be required to determine whether other
macrophage receptors are influenced by cancer-cell knockout of APMAP, and to what extent
GPR84 contributes to control of APMAP*® tumors in mice. Indeed, Nod mice were recently found
to carry a putative loss of function allele of GPR84'° so it may be that other factors are required

for enhanced control of APMAPX® tumours in those mice.

Surprisingly, unlike previously identified anti-phagocytic factors such as CD47 and CD24, in many

cases APMAP loss on its own does not sensitize cancer cell lines to phagocytosis, but requires



the presence of tumour-targeting mAbs or CD47 blockade to induce phagocytosis. In other cases
(such as with K562, HelLa, and B16-F10 cells), APMAP loss strongly enhances antibody-
dependent phagocytosis but also sensitizes cells to phagocytosis in the absence of antibodies.
The possible cancer-intrinsic factors that determine whether APMAP loss on its own is sufficient
to sensitize cells to phagocytosis, as well as the pro-phagocytic signals that mediate cell uptake
in these cases, are unknown, but may be uncovered using the screening platform we have

established in this work.

Future biochemical identification of APMAP’s endogenous substrates and evaluation of their
relevance to ADCP regulation will clarify the mechanism by which APMAP regulates ADCP in a
GPR84-dependent manner. Intriguingly, the list of known paraoxonase substrates partly
overlaps with the list of known GPR84 agonists, as both can recognize medium chain hydroxy
fatty acids'"'?. Because Rac activation is sufficient to drive the formation of the pseudopods that
mediate target cell engulfment' and is a critical regulated step in the initiation of phagocytosis®,
the role we establish for the Rac1 GEF PREX1 in the APMAP-GPR84 axis suggests that
cancer-cell APMAP may ultimately exert its effects on phagocytosis through modulation of Rac
signaling (Fig. 4f). While these mechanistic details will require further biochemical elucidation,

our studies uncover the APMAP-GPR84 axis as a novel regulator of cancer cell phagocytosis.
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Supplementary Figure 1

Extended Data Fig. 5b
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Supplementary Table Descriptions

Supplementary Table 1. RNA sequencing data for J774 macrophages with p-values from two-
tailed Wald test, adjusted for multiple comparisons with Benjamini-Hochberg correction. n = 3
biologically independent samples for each condition.

Supplementary Table 2. Genome-wide ADCP CRISPR knockout screen in Ramos lymphoma
cells in presence of anti-CD20. P-values were determined by permuting the gene-targeting guides
in the screen and comparing to the distribution of negative controls using casTLE, and a 5% FDR
threshold was used to defining hits using the Benjamini-Hochberg procedure. Two biologically
independent screen replicates.

Supplementary Table 3. Batch re-test ADCP CRISPR knockout screen in Ramos lymphoma
cells in presence of anti-CD20. Genes were noted as hits when their combination effect score at
95% credible interval did not include zero. Two biologically independent screen replicates.

Supplementary Table 4. Genome-wide ADCP CRISPR activation screen in Ramos lymphoma
cells in presence of anti-CD20 and anti-CD47. P-values were determined by permuting the gene-
targeting guides in the screen and comparing to the distribution of negative controls using casTLE,
and a 5% FDR threshold was used to define hits using the Benjamini-Hochberg procedure. Two
biologically independent screen replicates.

Supplementary Table 5. ADCP CRISPR knockout screen in Ramos lymphoma cells in presence
of anti-CD20, +/- anti-CD47, and in sgSafe and sgCD47 genetic backgrounds, using
transmembrane protein enriched sub-library. P-values were determined by permuting the gene-
targeting guides in the screen and comparing to the distribution of negative controls using casTLE,
and a 5% FDR threshold was used to define hits using the Benjamini-Hochberg procedure. Two
biologically independent screen replicates in each screen.

Supplementary Table 6. Genome-wide IgG-bead phagocytosis magnetic CRISPR knockout
screen in J774 macrophages. P-values were determined by permuting the gene-targeting guides
in the screen and comparing to the distribution of negative controls using casTLE, and a 5% FDR
threshold was used to defining hits using the Benjamini-Hochberg procedure. Two biologically
independent screen replicate screens were conducted but one unbound replicate had insufficient
coverage so only one unbound replicate was compared to both of the bound replicates.

Supplementary Table 7. Genome-wide ADCP FACS CRISPR knockout screen in J774
macrophages for uptake of Safe“® and APMAPX® Ramos cells. P-values were determined by
permuting the gene-targeting guides in the screen and comparing to the distribution of negative
controls using casTLE, and a 5% FDR threshold was used to define hits using the Benjamini-
Hochberg procedure. Two biologically independent screen replicates.



Supplementary Table 8. ADCP FACS CRISPR knockout screen in J774 macrophages for
uptake of SafeX® and APMAPX° Ramos cells, using phagocytosis regulator-enriched sublibrary.
P-values were determined by permuting the gene-targeting guides in the screen and comparing
to the distribution of negative controls using casTLE, and a 5% FDR threshold was used to define
hits using the Benjamini-Hochberg procedure. Two biologically independent screen replicates.

Supplementary Table 9. sgRNA sequences used in this study.
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