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Coagulation factor X promotes resistance to
androgen-deprivation therapy in prostate cancer
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In brief

Cali et al. demonstrate that CD84*
immunosuppressive PMNs release in the
tumor microenvironment of castration-
resistant prostate cancer the coagulation
factor X (FX). FX promotes androgen-
independent cell proliferation and
therapy resistance, independently from
the coagulation cascade, by binding
PAR2 on prostate cancer cells. This
research reveals a new interplay between
coagulation factors, immune cells, and
cancer.

PMNs are a key source of coagulation factor X (FX) in the
tumor microenvironment

PMN-derived FX directly fuels tumor growth and CRPC
CD84 marks F10"9"Cxcr2°” PMNs in CRPC

High FX, CD84, and PAR2 levels predict poorer survival in
PCa patients
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SUMMARY

Although hypercoagulability is commonly associated with malignancies, whether coagulation factors directly
affecttumor cell proliferation remains unclear. Herein, by performing single-cell RNA sequencing (scRNA-seq)
of the prostate tumor microenvironment (TME) of mouse models of castration-resistant prostate cancer
(CRPC), we report that immunosuppressive neutrophils (PMN-MDSCs) are a key extra-hepatic source of
coagulation factor X (FX). FX activation within the TME enhances androgen-independent tumor growth by
activating the protease-activated receptor 2 (PAR2) and the phosphorylation of ERK1/2 in tumor cells. Genetic
and pharmacological inhibition of factor Xa (FXa) antagonizes the oncogenic activity of PMN-MDSCs, reduces
tumor progression, and synergizes with enzalutamide therapy. Intriguingly, F710"9" PMN-MDSCs express the
surface marker CD84 and CD84 ligation enhances F10 expression. Elevated levels of FX, CD84, and PAR2 in
prostate tumors associate with worse survival in CRPC patients. This study provides evidence that FXa
directly promotes cancer and highlights additional targets for PMN-MDSCs for cancer therapies.

INTRODUCTION wide." Since PCa initiation and disease progression are driven

by androgen receptor (AR) signaling, several effective AR
Prostate cancer (PCa) is the second most frequent cancer diag-  signaling inhibitors (ARSIs) have been developed in the last few
nosis made in men and the fifth leading cause of death world- years. However, despite initial clinically significant therapy
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responses, PCa patients invariably progress to metastatic
castration-resistant prostate cancer (NCRPC).?

mCRPC are defined as immunologically “cold” tumors largely
unresponsive to immune checkpoint inhibitors,® partially due to
the accumulation of immunosuppressive myeloid cells,” driving
chronic inflammation® often accompanied by enhanced coagula-
tion.®’ We previously reported that the intratumor accumulation
of CD11b* Ly6G* Ly6C'" myeloid cells, also known as polymor-
phonuclear myeloid-derived suppressor cells (PMN-MDSCs) or
immunosuppressive neutrophils, drives the onset of castration
resistance in multiple mouse models of PCa through IL23-medi-
ated paracrine signaling.” We recently identified HGF, SPP1, and
BGN as the key tumor secreted factors regulating PMN-MDSCs
infiltraton and T cells suppression.® Of note, intratumor
PMN-MDSCs recruitment can be decreased by the administra-
tion of a CXCR2 antagonist in Pten null prostate conditional
(Pten®°~'~) mice, consequently enhancing the efficacy of both
chemotherapy and androgen-deprivation therapy (ADT).5~'°

mCRPC patients commonly show a high neutrophil-lymphocyte
ratio (NLR), a biomarker associated with systemic myeloid
inflammation and immunosuppression, which portends a negative
prognosis.’’ We recently provided clinical evidence that the
administration of the CXCR2 inhibitor AZD5069 plus enzalutamide
in a subset of patients with mCRPC progression despite
ARSiIs treatment reduces intratumor infiltration of CD11b*HLA-
DR°CD15*CD14~ PMN-MDSCs and associates with a significant
downregulation of AR activity signatures, eventually increasing pa-
tients’ disease-free survival.'? However, in both mouse models
and patients affected by mCRPC, inhibition of PMN-MDSCs
does not lead to durable responses.

Here, by using single-cell RNA sequencing (scRNA-seq), we
report the identification of a subset of CD84* CD11b* Ly6G*
Ly6C'" immunosuppressive PMNs that secreted the coagula-
tion factor X (FX) into the prostate TME to directly promote
PCa growth. FX is a vitamin K-dependent coagulation factor of
the blood coagulation cascade,'® synthesized as a zymogen in
the liver and secreted into the bloodstream.'* FX occupies a
central position in the coagulation system, as both the intrinsic
and extrinsic pathways of the coagulation cascade converge
on its activation.'® Rapid and localized conversion of FX into
its enzymatically active form, factor Xa (FXa), occurs by proteo-
lytic cleavage by either the transmembrane protein tissue factor
(TF) complexed with FVlla, or the activation by FVllla/FIXa. Once
activated, FXa, in complex with its cofactor FVa, catalyzes the
cleavage of prothrombin (FIl) to thrombin (Flla) to eventually
promote the formation of insoluble fibrin clots.'®

Beyond its central role in blood clotting, FXa is synthesized by
immune and other cells'” and elicits cell signaling in extravas-
cular milieus by proteolytically activating the G protein-coupled
protease-activated receptor 2 (PAR2). PAR2 activation by TF-
FVlla induces tumor cell signaling’® and ERK-dependent im-
mune cell migration,'® whereas FXa-dependent PAR2 activation
is implicated in inflammation and innate immune responses.??’

Intriguingly, several evidence demonstrates a tight relation-
ship between venous thromboembolism (VTE) and cancer.”?**
However, whether coagulation factors directly cause tumor
growth remains poorly understood.?* Here, we find that PMN-
derived FXa supported androgen-independent prostate tumor
growth by paracrine activation of PAR2 expressed on prostate
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tumor cells, leading to the emergence of therapy resistance in
different mouse models of PCa.

RESULTS

Tumor-infiltrating PMNs upregulate F70 in CRPC
Immunosuppressive PMNs, characterized in mice by the
expression of CD11b* Ly6G* Ly6C'" markers, represent the
major myeloid subset recruited into prostate tumors, particularly
in mice and patients resistant to castration.”®'° We previously
demonstrated that CXCR2 inhibition or anti-IL-23 antibody treat-
ment can reverse neutrophil-driven CR and enhance the efficacy
of enzalutamide in different mouse models of PCa.* However,
secondary resistance to these treatments eventually emerges,
probably due to the secretion of additional factors that support
androgen-independent PCa growth.

To identify additional soluble factors upregulated by immuno-
suppressive PMNs in CRPC, we investigated the secretome of
CD11b* Ly6G* Ly6C'" cells within two tumor models with vary-
ing genetic backgrounds, growth rates, and driver mutations.
The models used were the Pten®~'~ transgenic mouse model,
featuring a conditional deletion of the Pten allele driven by a Pro-
basin (Pb) promoter and Cre recombinase expression,®® and the
TRAMP-C1 murine cell line, derived from the TRAMP mouse
model.?® We performed scRNA-seq of Pten”°~~ and TRAMP-
C1 tumors either sensitive (HS) or resistant to surgical castration
(CR) followed by bioinformatic analysis (Figures 1A, 1B, S1A, and
S1B). To identify PMNs among the tumor-infiltrating cells, we
employed uniform manifold approximation and projection
(UMAP) dimensionality reduction analysis and a previously pub-
lished PMN-MDSCs signature®’ (Figures S1C-S1F). Notably,
and in line with our previous findings,” the CR phase was accom-
panied by significant alterations of the PMN secretome when
compared to HS phase (Figures 1C, 1D, and S1G).

Next, by performing differential expression analyses, we identi-
fied seven secreted factors commonly upregulated in PMNs in
both models, namely F10, Cxcl1, Cxcl2, Thbs1, Emilin2, Cxcl3,
and Osm (Figure 1E). Among them, we found that F70 was almost
exclusively upregulated in PMNs in CRPC as compared with other
cells in the TME (Figure 1F). Also, F10 expression levels in PMNs
significantly increased as the disease progressed, being positively
associated with the emergence of CRPC (Figures 1G and 1H).
More relevant, F10 was also one of the most upregulated
factors identified in PMNs in tumors treated with enzalutamide,
the CXCR2 inhibitor AZD5069,'” and an anti-IL-23 antibody
(Figures 11-1K and S1H-S1M). Intriguingly, we found that pro-
longed treatment with enzalutamide, either alone or in combina-
tion with AZD5069 or an anti-IL-23 antibody, was associated
with significant upregulation of F70 in intratumor PMNs, while
there were no consistent changes in the expression levels of the
other factors identified. Altogether, these findings demonstrate
that CD11b* Ly6G* LyBC'°" cells from CRPC tumors are a key
extrahepatic source of F10 in the prostate TME.

Local activation of FX requires tumor-derived TF and
PMN-expressed FVIl in CRPC

As FX can be converted to FXa by proteolytic cleavage by either
the extrinsic (TF-FVIla) or intrinsic (FVIlla-FIXa) coagulation path-
ways, ' we first verified the expression of all the coagulation
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Figure 1. Intratumor PMNs upregulate F70 in CRPC

(Aand B) UMAP of all the integrated datasets identified in Pten°°~'~ mouse prostates (A) and in TRAMP-C1 allografts (B), either sham-operated (HS) or castration-

resistant (CR).
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factors in the TME of CR Pten®°~'~ prostate tumors by scRNA-
seq. We found low to negligible levels of the factors involved in
the intrinsic pathway (F72, F9, and F8), and identified the pros-
tate epithelium as the cell subset expressing the highest levels
of F3 in the prostate TME (Figure 1L). Additionally, in Pten”*~/~
prostates, we found that F3 and F7 expression increased with
disease progression in epithelial cells and PMNs, respectively,
and their levels were even higher in CR phase (Figures 1M and
1N). In line with this evidence, in CR prostate tumors, FX was
mainly detectable at lower molecular weight, thus indicating
the presence of its cleaved active form (FXa) (Figure 10). Intrigu-
ingly, FXa was only detectable in prostate tumors, but not in
plasma samples from CR Pten®°~’~ mice (Figure S1N), thereby
suggesting a critical contribution of the TME in its activation pro-
cess. Moreover, CR tumors, which were characterized by higher
FXa levels, showed increased protein levels of FVIlI and TF (Fig-
ure 1P). To further clarify the mechanism of FX activation in pros-
tate tumors, we performed FXa generation assays in vitro by
exposing prostate tumor cells to recombinant FX. We found
that murine PCa cells required an exogenous FVlla source to
convert FX in FXa, and this process was dependent on TF, as
both the pharmacological and genetic blockade of TF reduced
FXa generation in vitro (Figures 1Q and S10). Taken together,
these data suggest a critical crosstalk between PMNs and the
prostate epithelium, which promotes local activation of FX in
the proximity of malignant cells.

The intratumor FX-PAR2 axis sustains CRPC

We next assessed whether FXa could directly promote prostate
tumor growth by monitoring the proliferation of different prostate
tumor cells kept in full-androgen deprivation (FAD).” Our results
showed that the addition of recombinant FXa to PCa cells kept in
FAD was sufficient to promote their androgen-independent cell
proliferation both in murine TRAMP-C1 and Pten™'~; Trp53~/~
RapidCaP prostate tumor cells®® (Figures 2A and S2A). These
data were also validated with human LNCaP cells kept in FAD
(Figure 2B). Note that exposure to FXa in vitro increased the
growth of prostate tumor cells more than 50% as compared to
untreated cells, similarly to IL-23 treatment.
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Next, we investigated the mechanism by which FXa drove
androgen-independent cell proliferation by looking at the FX
binding receptors expressed in PCa cells. Beyond its targets in
the coagulation cascade, FXa has been reported to activate
epithelial and endothelial cells by cleavage of PAR1 and
PAR2.?° PARs are G-protein coupled receptors (GPCRs) broadly
involved in the regulation of platelet function, endothelial perme-
ability, leukocyte adhesion and nitric oxide release, and vascular
smooth muscle tension.>’ The four PARs, PAR1-4, are widely
expressed in vascular, immune, and epithelial cells and the ner-
vous system. Whereas PAR1, PAR3, and PAR4 are mainly acti-
vated by thrombin; PAR2 is activated by trypsin, tryptase, and
tissue proteases, as well as by FVlla and FXa, the two coagula-
tion factors found upregulated in CRPC.*"

Therefore, to verify the specific targets for FXa activity on pros-
tate tumor cells, we analyzed RNA-seq datasets of either wild-
type or Pten°~'~ prostates.® Differential expression analysis
showed that only the F2ri1 gene, encoding for PAR2, was signif-
icantly upregulated in PCa as compared to non-tumoral prostate
tissue (Figure 2C). Further bioinformatic analysis of our scRNA-
seq data from either HS or CRPC mouse Pten™'~ tumors
confirmed the expression of F2r/1 but did not show relevant
expression levels of F2r gene, which encodes for PAR1 protein,
in prostate epithelial cells (Figures S2B and S2C). Additionally,
F2ri1 gene was almost exclusively expressed by the epithelial
cell subset in the prostate TME, both in HS and CR prostate tu-
mors (Figure S2B), and its epithelial expression further increased
as the disease progressed to CRPC (Figure 2D). Consistently,
western blotting analysis of four different PCa cell lines
confirmed the presence of PAR2 and the absence of PAR1 pro-
tein in prostate epithelial cells (Figure S2D). Of note, by analyzing
publicly available scRNA-seq datasets from PCa patients,* we
confirmed that F2RL1 gene was mainly expressed by tumor cells
in the TME, showing lower expression in immune cells and
normal epithelial cells (Figure S2E). Tumor-specific F2RL1
expression was further verified by performing western blotting
of PAR2 protein in multiple human PCa cell lines, showing very
low/negligible expression of PAR2 in benign prostate hyperpla-
sia (BPH) (Figure S2F).

(C and D) Heatmap of the differentially expressed secreted factors in PMNs from Pten°°~’~ mouse prostates (10-weeks of age = low PIN, 24-weeks of age = high
PIN/invasive adenocarcinoma) (C) and TRAMP-C1 allografts (D) as the disease progresses from HS to CRPC.

(E) PMN-secreted factors upregulated in CR in both models.

(
(
(H) F10 mRNA levels in PMNs from either HS or CR TRAMP-C1 allografts.
(

F) Heatmap showing the average expression levels of the commonly upregulated secreted factors in the different cell subsets in CR Pten®®~~ tumors.
G) Violin plot showing the expression levels of F10 in PMNs from Pten®®~'~ mouse prostates as the disease progresses to CRPC.
H

1) F10 mRNA levels in PMNs from TRAMP-C1 tumors at either the early phase or the late phase of response to enzalutamide.

(J and K) F70 mRNA levels in PMNs from TRAMP-C1 tumors at either the early phase or the late phase of response to enzalutamide + «CXCR2 (J) and to

enzalutamide + anti-IL-23 antibody (K).

(L) Dot plot showing average expression (color-scaled) of coagulation factors and mediators in each cell cluster in CR Pten”® /= tumors. The dot size reflects the

proportion of cells expressing the selected gene.

(M) F7 mRNA levels in PMNs from Pten°~/~ tumors with disease progression.

N) Expression levels of F3 in epithelial cells from Pten°®~/~ tumors with disease progression.

0) Western blot showing both the FX heavy chain (HC) and the activated fractions (FXa) in prostates from healthy wild-type (WT), sham-operated and castrated
Ctx) Pten”°~’~ mice. HSP90 was used as loading control (n = 2 for WT, n = 3 for sham, n = 2 for Ctx).

P) Western blot of FX/FXa, FVII, and TF of Pten®°~'~ mouse prostates (n = 4 for sham, n = 4 for Ctx). Numbers indicate protein levels normalized to HSP90 per

(
(
(
(

each sample.

(Q) FXa generation from either parental (Scramble) or TF knock-down (shF3) TRAMP-C1 cells kept in FAD and exposed to FX with or without FVlla, and the TF
inhibitor NAPc2. Data in (Q) are represented as mean + SEM and analyzed using two-way ANOVA followed by Tukey’s post-hoc test. Statistical test in (C and D),

(G-K), and (M and N), false discovery rate (FDR) < 0.05.
See also Figure S1.
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Figure 2. Intratumor FXa-PAR2 axis sustains CRPC

(A and B) Proliferation kinetics of TRAMP-C1 (A) and LNCaP (B) cells kept in FAD and exposed to FXa, IL-23 or optimal culture conditions (normal medium).
Results from three independent experiments (mean + SEM). Two-way ANOVA followed by Dunnett’s test.

(C) Heatmap showing the expression levels of F2r, F2rl1, F2ri2, and F2ri3 in healthy (WT) and PtenP°~/~ prostates. FDR < 0.05.

(D) Expression levels of F2ri1 in Pten”® '~ prostate epithelium with PCa progression. FDR < 0.05.

(E) ERK1/2 phosphorylation levels in TRAMP-C1 cells kept in FAD and stimulated with either FXa or IL23 as internal control.

(F) Phosphorylation levels of ERK1/2 and SRC kinases in LNCaP cells kept in FAD and stimulated with FXa.

(G and H) Proliferation of TRAMP-C1 (G) and LNCaP (H) cells kept in FAD and exposed to their cognate MDSC-CM. Results from three (G) to four (H) independent
experiments (mean + SEM). Two-way ANOVA followed by Tukey’s post-hoc test.

(I and J) ERK1/2 phosphorylation in TRAMP-C1 () and LNCaP (J) cells kept in FAD and stimulated with MDSC-CM either alone or in the presence of rivarox-
aban (Riva).

See also Figure S2.

Next, we investigated the mechanism by which activated mouse and human PCa cells we found that FXa stimulation
FXa-PAR2 promoted androgen-independent PCa cell prolifer- induced ERK phosphorylation (pERK1/2) (Figures 2E and
ation. We exposed PCa cells kept in FAD to recombinant FXa  2F), in line with previous findings showing increased pERK1/
and then probed the cell lysates by western blotting. In both 2 downstream of PAR2 stimulation.®® To further validate these
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results, we performed experiments in the presence of two
different PAR2 specific antagonists, AZ3451 and ENMD-
1068.%*7%° We found that FXa-triggered ERK phosphorylation
was mediated by PAR2 signaling, as it was reduced in the
presence of both antagonists (Figure 2F). As PAR2 belongs
to the GPCR superfamily, we also tested the effect of either
the Gi antagonist pertussis toxin or the protein kinase C inhib-
itor Go6983 in PCa cells exposed to recombinant FXa. West-
ern blotting analysis showed that FXa-triggered ERK phos-
phorylation was insensitive to pertussis toxin but required
the activity of protein kinase C (PKC) (Figure S2G). Of note,
differently from previous results in a breast tumor model,*’
FXa binding to PAR2 did not induce SRC activation in PCa
cells (Figure 2F). After validating that both murine and human
in vitro-generated MDSCs express FX (Figures S2H and S2I),
we performed in vitro experiments with both TRAMP-C1 and
LNCaP cells kept in FAD and treated with the conditioned me-
dia of MDSCs (MDSC-CM) in the presence of either
AZ3451°%3° or the FXa inhibitor rivaroxaban (Figures 2G and
2H). While the MDSC-CM induced the proliferation of PCa
cells kept in FAD, the specific PAR2 and FXa inhibitors
decreased the paracrine oncogenic activity of MDSCs,
partially antagonizing ADT resistance (Figures 2G and 2H).
FXa inhibition also decreased the proliferation of two different
patient-derived prostate organoids (PDOs) treated with the
MDSC-CM (Figure S2J). In line with these data, while
MDSC-CM increased pERK1/2 in TRAMP-C1 and LNCaP
cells, treatment with rivaroxaban strongly abrogated ERK
signaling in PCa cells (Figures 2| and 2J). Altogether, these
findings provide evidence of the critical role of FXa-PAR2
axis in androgen-independent PCa progression.

PMN-derived FX drives CRPC in vivo

To validate these data in vivo, we used F10 - LysM-Cre mice
that lack the F10 gene product in the myeloid cell lineage'” to
generate Pten®°~'~; F10™°M~'~ mice deficient for FX synthesis
in the myeloid compartment. Upon recovery from bone marrow
reconstitution, Pten”°~'~ mice were either surgically castrated
(Ctx) or sham-operated and prostate tumors were analyzed after

Cancer Cell

8 weeks (Figure 3A). Interestingly, castrated Pten®°~'~ mice re-
constituted with F10 #- | ysM-Cre* (Cre*) bone marrow pre-
sented significantly smaller tumors as compared with those
receiving F10 ™" littermate control (Cre”) bone marrow
(Figures 3B and 3C), despite a higher frequency of intratumor
neutrophils (Figure S3A). Additionally, prostate glands from cas-
trated Pten®° '~ mice reconstituted with £10 ": L ysM-Cre™ cells
showed less aggressive tumors (Figure 3D) and decreased
staining for Ki-67 and p-ERK1/2%® (Figures 3E and 3F). These
effects were not seen in Pten®~'~; F10 ™" [ysM-Cre sham-
operated mice (Figures S3B-S3D). These results suggest that
PMN-derived FX has a critical oncogenic role specifically in
castration-resistant settings. Consistently, transcriptomic anal-
ysis of tumors from castrated mice showed that Pten®~’~;
LysM-Cre* tumors downregulated the AR signaling when
compared to control tumors (Figures 3G, 3H, and S3E). We
next assessed whether F70 deletion in PMN-MDSCs could
affect theirimmunosuppressive functions. Bioinformatic analysis
using five different immunosuppressive gene signatures did not
show any significant difference in Pten~'~; F10 ™": | ysM-Cre*
tumors as compared to control tumors (Figure 3l). Also, bone
marrow derived MDSCs (BM-MDSCs) from either F10 ™" or
F10 ™" | ysM-Cre* mice did not show any significant difference
in their immunosuppressive ability (Figure S3F).

To corroborate our findings, we also performed surgical
castration of F10 ™" and F10 ": LysM-Cre mice challenged
with either TRAMP-C1 or Ras*Myc-induced RM-1°° mouse
PCa cells (Figures 3J and S3G). Interestingly, the kinetics of tu-
mor growth was significantly delayed in castrated F10 ™"
LysM-Cre* mice compared with control littermates (Figures 3K
and S3H). Of note, we found that F70 mRNA expression levels
significantly increased in CD11b* Ly6G* Ly6C'¥ cells infiltrating
prostate tumors compared to those from bone marrow (Fig-
ure S3l), and that intratumor F10 ™" [ysM-Cre* PMNs ex-
pressed lower F10 levels as compared with control mice in
both models (Figures S3J and S3K). High-dimensional fluores-
cence-activated cell sorting (FACS) analysis of the tumor im-
mune infiltrate did not show any significant change in the accu-
mulation ofimmune cell subsets belonging to either the lymphoid

Figure 3. PMN-derived FXa promotes CRPC in vivo

(A) Scheme of the experiment with F10 *7: [ ysM-Cre; Pten®~'~chimeric mice.

(B and C) Whole prostate weights (B) and volumes of the anterior prostate lobes (C) from BM-reconstituted castrated Pten”®~’~ mice. Student’s t test (n = 7
F10 ¥: Pten°°~/~ mice, n = 7 F10 ™": LysM-Cre*; Pten°°~'~ mice; 2 anterior lobes per mouse were analyzed).

(D) Representative images and relative gland histopathological score of prostates from BM-reconstituted castrated Pten®®~'~ mice (n=5F10 . PtenP°~/~ mice,
n=7F10™"; LysM-Cre*; Pten®°~'~ mice). Two-way ANOVA followed by Sidak’s post-hoc test.

(E) Representative images of Ki-67 staining of prostates from BM-reconstituted castrated Pten®°~'~ mice and relative quantification. Student’s t test (1 = 5 F1
Pten®°~'~ mice, n = 6 F10 "M  ysM-Cre*; Pten®®~'~ mice).

(F) Representative images of phospho-ERK1/2 and relative quantification. Student’s t test (n = 3 F10 ™"; Pten®°~'~ mice, n= 3 F10™"; LysM-Cre*; Pten”°~'~ mice).
(G) Heatmap of differentially expressed genes between CR tumors from F10 ", Pten”®~/~ (Cre™) and F10 ™"; LysM-Cre*; Pten®°~'~ (Cre™*) mice.

(H) GSEA querying hallmark genes in mouse CR Pten”~'~ tumors, depicting significant enrichment of androgen genes (HALLMARK_ANDROGEN_RESPONSE)
in F10 ™", ptenP°~'~ (Cre™) as compared to F10 "": L ysM-Cre*; Pten°°~'~ (Cre*) mice.

(1) Barplot showing immunosuppression signatures in CR tumors from F10 ™": pten°°~/~ (Cre™) and F10 ""; LysM-Cre*; Pten°°~/~ (Cre*) mice. FDR>0.05.

(J and K) Scheme of the experiment (J) and tumor growth of TRAMP-C1 allografts (K) in either F10 ™ (n = 7) or F10 ™"; L ysM-Cre™ (n = 7) castrated mice. Two-way
ANOVA followed by Dunnett’s multiple comparisons test.

(L and M) Scheme of the experiment (L) and tumor growth of LNCaP xenografts in castrated (Ctx) NRG mice (n = 7) injected with IVD-hMDSCs and treated (n = 6)
or not (n = 6) with rivaroxaban (M). Two-way ANOVA followed by Tukey’s post-hoc test.

(N) ERK1/2 phosphorylation levels of LNCaP xenografts from either sham or castrated NRG mice injected with [IVD-hMDSCs and treated or not with rivaroxaban
(n =2 for sham, n = 2 for Ctx, n = 3 for IVD-hMDSCs, n = 2 for IVD-hMDSCs+ Riva). Plots in (B), (C), (D), (E), (F), (K), and (M) show mean + SEM. (D, E, and F), scale
bar, 100 um.

See also Figure S3.
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or myeloid compartment in the F10 - [ ysM-Cre* endogenous
mouse model (Figures S3L and S3M). FACS analysis of CR tu-
mors showed that PMNs were the main myeloid source of FX
in the TME and that intratumor PMNs from F10 - [ ysM-Cre*
mice expressed lower levels of FX as compared with control
F10 "™ mice (Figures S3N and S30).

We previously reported that exogenous administration of
hMDSCs promotes the onset of CRPC in human PCa xeno-
grafts.4 Therefore, to further validate the role of A(MDSCs-derived
FX in a human CRPC model, we challenged immunodeficient
NRG mice with human LNCaP cells, performed surgical
castration when tumors became palpable, and treated the
mice with in vitro-derived hMDSCs (IVD-hMDSCs), with or
without rivaroxaban®®*!(Figure 3L). Of note, despite their immu-
nosuppressive activity in vitro (Figures S3P and S3Q), IVD-
hMDSC directly supported androgen-independent tumor growth
of LNCaP xenografts (Figure 3M). Further, we found that FX
inhibition abrogated the oncogenic impact of exogenously
administered IVD-hMDSCs, proving the direct involvement of
myeloid-derived FX also in human CRPC (Figure 3M). Consis-
tently, treatment with rivaroxaban strongly abrogated ERK
signaling in CR LNCaP tumors from mice treated with IVD-
hMDSCs (Figure 3N). Taken together, these results provide evi-
dence that myeloid-derived FX has a direct role in PCa biology,
which is independent from their immunosuppressive functions,
and promotes CRPC growth in vivo.

Direct FXa inhibition enhances the efficacy of
enzalutamide

Based on our results showing increased intratumor FXa levels in
CR settings, we assessed the efficacy of FXa inhibitors in block-
ing CRPC by treating castrated Pten°°~'~ mice with rivaroxaban
(Figure 4A).**? Intriguingly, we found that prostate tumors from
castrated Pten”°~'~ mice were significantly smaller upon treat-
ment with rivaroxaban than untreated mice (Figures 4B and
4C), despite higher infiltration of PMNs (Figure S4A). Of note,
FXa levels were significantly reduced in tumor lysates from
rivaroxaban-treated castrated Pten®°~’~ mice (Figures S4B
and S4C). Lower FXa levels also associated with lower numbers

Cancer Cell

of glands affected by aggressive PCa as compared with pros-
tates from untreated mice, decreased percentage of Ki-67*
cells (Figures 4D and 4E), and did not impact apoptosis or
cellular senescence (Figures S4D-S4G). Interestingly, we did
not observe any effect of rivaroxaban treatment on tumor
growth, histology, or immune infiltrate in sham-operated mice
(Figures S4H-S4K).

The efficacy of FXa inhibition was also validated by chal-
lenging C57BL/6 mice with either the TRAMP-C1 (Figures S4L
and S4M) or RM-1 allografts (Figures S4N and S40). Of note,
administration of low-molecular-weight heparin (LMWH), which
requires the natural anticoagulant antithrombin (AT) to indirectly
target FXa, did not affect tumor growth of castrated prostate tu-
mor-bearing mice (Figures S4M and S40). Collectively, these re-
sults indicate that direct FXa inhibitors significantly impact PCa
progression, whereas LMWH does not, probably due to the
very low levels of AT, encoded by Serpin C1 gene, in the TME
and poorer tissue distribution of LMWH when compared to
rivaroxaban.**

Encouraged by these results, we then investigated whether
FXa inhibition could antagonize resistance to ADT in Pten®°~/~
mice treated with the ARSI enzalutamide, mimicking a clinically
relevant scenario. First, we treated mice carrying Pten®®~~ tu-
mors with surgical castration; next, we administered enzaluta-
mide either alone or in combination with rivaroxaban (Figure 4F).
Analysis of prostates from CR Pten°°~~ mice showed that,
although not different in weight (Figure 4G), tumors from mice
treated with enzalutamide plus rivaroxaban were smaller, less
aggressive, and showed reduced pERK1/2 levels, as compared
to those receiving enzalutamide alone (Figures 4H-4J). Then, we
assessed the efficacy of the combination therapy in castrated
TRAMP-C1 allografts (Figure 4K). Our results showed that rivar-
oxaban in addition to enzalutamide significantly decreased tu-
mor growth when compared with enzalutamide alone (Figure 4L).
Combination treatment also decreased the percentage of Ki-67*
cells and increased cleaved caspase3 (Figures 4M and 4N) when
compared with enzalutamide alone. A similar effect was
observed in the RM-1 model (Figure S4P), where administration
of enzalutamide plus rivaroxaban significantly delayed tumor

Figure 4. Direct FXa inhibition enhances the efficacy of enzalutamide

(A) Scheme of the experimental setting to verify the efficacy of FXa inhibitors in castrated Pten”°~~ mice.
(B and C) Whole prostate weights (B) and volumes of the anterior lobes (C) from castrated Pten®® '~ mice treated with rivaroxaban or left untreated (). (n = 4

control, n = 5 for Riva; 2 anterior lobes per mouse were analyzed).

(D) Representative images of PtenP°~'~ prostate tumors stained with H&E and relative gland histopathological score (n = 3 control, n = 4 for Riva).
(E) Representative images of tumors stained for Ki-67 and quantification of Ki-67* nuclei (n = 3 control, n = 4 for Riva).
(F) Scheme of the experimental setting to verify the efficacy of FXa inhibitor in antagonizing resistance to enzalutamide in Pten”®~'~ mouse model.

(G and H) Whole prostate weights (G) and volumes of the anterior lobes (H) from castrated Pten’

P°~/~ mice treated with enzalutamide + rivaroxaban (n = 6 mice

treated with Enza, n = 5 mice for Enza+Riva: 2 anterior lobes per mouse were analyzed).
(I) Representative images of H&E staining and gland scoring of prostate tumor slides from Pten°®~’~ mice treated with enzalutamide + rivaroxaban (n = 5 for Enza,

n = 5 for Enza+Riva).

(J) Representative images of pERK1/2 staining and relative quantification in castrated Pten”°~’~ mice treated with enzalutamide =+ rivaroxaban (n = 5 for Enza,

n = 5 for Enza+Riva).

(Kand L) Experimental scheme (K) and tumor growth of TRAMP-C1 allografts (L) in castrated C57BL6/N mice treated with enzalutamide =+ rivaroxaban (n = 7 for

Enza, n = 11 for Enza+Riva).

(M) Representative images and quantification of Ki-67 positive nuclei in TRAMP-C1 allografts from castrated mice either treated with enzalutamide + rivaroxaban

(n = 4 for Enza, n = 4 Enza+Riva).

(N) Representative images and quantification of cleaved Caspase3 (cC3) positive cells in TRAMP-C1 allografts from castrated mice either treated with
enzalutamide + rivaroxaban (n = 3 for Enza, n = 4 Enza+Riva). (D, E, I, M, and N), scale bar, 100 um. (J), scale bar, 50 um. (B, C, E, G, H, J, M, and N), plots showing
mean + SEM. Student’s t test. (D, |, and L), plots showing mean + SEM. Two-way ANOVA followed by Sidak’s post-hoc test.

See also Figure S4.
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Figure 5. CD84 is a cell surface marker for F10"9" PMNs

“ 6 s F10m  F1om
Cxcr2 thCD84

A) UMAP view of the nine PMNs clusters identified in Pten®®~'~ mouse prostates colored by sample origin (either HS or CR) and by inferred cluster identity.
B) mRNA expression levels of F10 in the nine intratumor PMNs clusters from Pten®~/~ mice.

C and D) UMAP plot (C) and violin plot (D) showing the classification of PMNs based on F70 expression levels in CR Pten”°~ prostate tumors.

E) Feature plots showing the co-expression of Cd84 and F10 in the PMN clusters from Pten”®~'~ mice.

G) Feature plots showing the co-expression of Cxcr2 and F10 in the PMN clusters from Pten”®~'~ mice.
H) Expression levels of Cxcr2 in F10"9" and F10°°" PMN subsets from Pten°°~'~ mouse prostates.

(s
(
(
(
(F) Expression levels of Cd84 in F10"9" and F10°* PMN subsets from Pten°°~/~ mouse prostates.
(
(
(

1) gRT-PCR analyses of the indicated genes in IVD-hMDSCs stimulated with either an anti-CD84 antibody (CD84 agonist) or isotype control. Plot shows means +
SEM. (n = 9 independent experiments). Two-way ANOVA test, followed by Sidak’s post-hoc test.
(J) gRT-PCR analyses of F10 in IVD-hMDSCs stimulated with recombinant human CD84. Plot shows means + SEM (n = 4 independent experiments). Mann-

Whitney test. (A-H), FDR < 0.05.
See also Figure S5.

growth (Figure S4Q). Taken together, these results provide evi-
dence that direct FXa inhibitors can antagonize resistance to
ADT and enhance the efficacy of enzalutamide in PCa.

F10™9" PMNSs express the cell surface marker CD84 and
are Cxcr2'°"

To further characterize the F10"9" PMNs in CRPC, we performed
differential expression analysis of the transmembrane proteins
significantly upregulated in the F10"9" PMNs as compared
with F10°" (Figure S5A). We found that Cd84 was significantly
enriched in F10"9" PMNs and positively correlated with F10 in
PMNs from CR Pten°~’~ mouse prostates (Figures 5A-5F). Of
note, PMNs showed the highest expression level of Cd84 as
compared with other cells in the TME (Figure S5B).

CD84 (SLAMFS5) is a pan-leukocyte cell surface molecule,**
that establishes homophilic interactions to support prolonged
T cell:B cell contact, optimal T follicular helper function, and
germinal center formation for efficient antibody production.*®
Recently, CD84 was described as a phenotypic marker of immu-
nosuppressive myeloid cells in multiple myeloma and breast
cancer.*®~* In line with these findings, FACS analysis of human

prostate adenocarcinoma confirmed CD84 expression in tumor
infiltrating myeloid cells (Figure S5C). We found that both Cd84
and F10 expression were increased in BM-MDSCs differentiated
under ADT in vitro (Figure S5D). Intriguingly, Cd84*, F10""
PMNs were also characterized by low expression levels of
Cxcr2 (Figures 5G and 5H). These data were further validated
in intratumor PMNs from castration-resistant TRAMP-C1 tumor
bearing mice (Figure S5E). These F10"9" Cxcr2°” PMNSs identi-
fied in CRPC mouse tumors were not characterized by gene
expression signatures of either aged or senescent-like neutro-
phils, but they rather showed lower expression of genes related
to neutrophil maturation (Figure S5F)."%“°52 Further bio-
informatic analysis of F10"9" Cxcr2°” PMNs indicated that,
despite a lower Cxcr2 mRNA expression, this cell subset ex-
pressed higher levels of several genes associated with
leukocyte intrinsic cell motility, cytokinesis, and trans-endothe-
lial migration, including Bsg, Gna13, Plgrkt, and Alcam (Fig-
ure S5G).°*°° Taken together, these findings suggest the
existence of an aggressive PMNs subset in CRPC with lower
sensitivity to CXCR2 inhibitors. To investigate whether CD84
was functionally associated with F70, we used IVD-hMDSCs,
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Figure 6. A F10"9"/CD84/PMN signature is prognostic of worse disease in PCa patients
(A) Pearson’s correlation between NLR and FX (ug) plasma levels in mCRPC patients (n = 106; R = 0.21; p = 0.028).
(B) Multivariable-Cox regression analysis for 89 mCRPC patients. Hazard ratio for FX (ug) is calculated for per 10 ug change in serum FX levels.
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which express both CD33 and CD84 markers in vitro (Fig-
ure S5H), as a model to assess the effect of CD84 ligation on
F10 expression. Hence, we stimulated IVD-hMDSCs with an
activating anti-CD84 antibody.”” Interestingly, we found that
exposure to a CD84 agonist enhanced the expression levels of
F10, without significantly affecting CD84 expression in vitro (Fig-
ure 5l). These data were further validated by stimulating IVD-
hMDSCs with a recombinant human CD84 protein (Figure 5J).
We next looked at the promoter sequence of F70 and we found
an IRF8 binding site located 1.6 kb from the transcription start
site. We therefore checked by western blotting IRF8 levels in
cells stimulated with CD84 agonist and found that IRF8 levels
were strongly upregulated upon CD84 ligation (Figure S5I).
These results, in line with previous chromatin immunoprecipita-
tion sequencing (ChlP-seq) data showing high binding scores
for IRF8 in the F10 gene promoter region,®’ suggest that CD84
ligation induces F10 expression by stabilizing IRF8 protein. Alto-
gether, these data demonstrate a strong association between
CDB84 activation and the upregulation of F70 in immunosuppres-
sive myeloid cells.

CD84/F10"9" PMNs increase in CRPC and are
associated with poor survival in PCa patients

We next assessed the relevance of these data on PCa patients.
Intriguingly, analyses of data from 106 patients with mCRPC
showed that plasma FX level positively associated with NLR (Fig-
ure 6A) and peripheral blood neutrophil counts (Figure S6A), and
that high plasma FX level was independently prognostic
of poorer overall survival (Figure 6B) on multivariate analyses.
In line with these findings, FACS analysis of blood from mCRPC
patients showed higher FX expression specifically in CD11b*
CD84* CD15" cells as compared with CD11b* CD84* CD14*
cells (Figures 6C-6E). These results suggested that the
increased plasma level of FX was a consequence of the expan-
sion of FX-producing PMNs in CRPC.

Next, we assessed FX levels in human tumor samples. Bio-
informatic analysis of a large cohort of more than 600 PCa pa-
tients®® showed that F70 mRNA levels positively associated
with three different PMN-MDSCs signatures®°"*° and strongly
correlated with CD84 mRNA levels in human prostate tumor bi-
opsies (Figures 6F-6H and S6B-S6K). FACS analysis of human
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prostate adenocarcinoma confirmed FX expression in tumor-
infiltrating CD15" cells (Figures 61 and 6J). Additionally, we
performed F10 RNA-in situ hybridization (RNAish) on prostate
tissues from patients affected by either benign hyperplasia or
adenocarcinoma, followed by immunofluorescence for CD15.
Our analysis showed that F10*/CD15" myeloid cell numbers
were significantly higher in human prostate adenocarcinoma as
compared with benign hyperplasia tissue samples, showing a
growing trend with higher Gleason scores (Figures 6K and S6L).

Next, to verify that intratumor neutrophil-derived FX was asso-
ciated with the survival of PCa patients, we generated a F10"9"/
CD84/PMN gene signature, which included the canonical
markers of PMN-MDSCs, F10, CD84, and other six genes found
to be commonly elevated in the F10"9" PMN subset in human
and mouse settings (Figure S6M). By stratifying the patients of
the publicly available The Cancer Genome Atlas (TCGA) cohort
and two different proprietary mCRPC cohorts for the F10"9"/
CD84/PMN gene signature, we found that a high F10"9"/
CD84/PMN signature was associated with significantly shorter
survival (Figures 6L and 6M). Altogether, these data suggest
that the presence of F10"9" myeloid cells in human PCa samples
is predictive of worse prognosis.

We next verified the expression of F2RL7 in human prostate
tumor samples. Bioinformatic analysis of the publicly available
human PCa tissue datasets®® showed that F2RL7 mRNA levels
were significantly increased in prostate tumors as compared
with healthy prostates (Figure 6N). Further, immunostaining of
human prostate tissue microarrays (TMAs) from 79 HS to 71
CRPC patients showed that PAR2 levels increased with tumor
progression, being higher in CRPC than in HSPCs and prostate
hyperplasia (Figures 60 and SEN). Of note, PAR2 levels were
elevated in both primary and metastatic tumor samples from a
second cohort of 63 metastatic hormone-sensitive (mHS) pa-
tient-matched tumor samples (Figure S60). Interestingly, and
in line with our preclinical results, we found that both F70 and
F2RL1 mRNA levels correlate with AR activity signature in one
out of two human CRPC datasets analyzed (Figure S6P). Finally,
analysis of PAR2 staining of human prostate tumors revealed
that negative PAR2 scores were associated with a significantly
longer disease-free survival in patients with adenocarcinoma
(Figure S6Q).

(C) Frequency of CD15" CD84* and CD14* CD84* cells in peripheral blood of healthy donors (HD, n = 10) and patients affected by either localized PCa (n = 7) or
mCRPC (n = 5) patients. Plot showing means + SEM. Two-way ANOVA, followed by Sidak’s post-hoc test.

D) Representative FACS plot showing FX intensity in circulating CD15" and CD14* cells from CRPC patients.

E) Representative FACS histogram showing FX intensity in circulating CD15* and CD14* cells from mCRPC patients.

F) F10 expression levels in human PCa stratified based on the PMN-MDSCs signature 1. Two-way ANOVA followed by Tukey’s post-hoc test.

H) Pearson’s correlation between CD84 and F10 in human PCa (R = 0.14, p = 0.00024).

(
(
(
(G) Pearson’s correlation between the PMN-MDSCs signature 1 and F70 in human PCa (R = 0.36, p < 2.2e-16).
(
(

1) Frequency of FX* CD15" cells in human PCa biopsies (n = 10). Horizontal line in the dot plot represents the median.

(J) Representative FACS plot showing FX positive signal in CD11b* CD15* cells in human PCa biopsies.

(K) Representative confocal fluorescence images and counts of F10 (red)/CD15 (green) positive cells per area analyzed in human benign hyperplasia and
adenocarcinoma. Scale bar, 10 um. Horizontal lines in the dot plot represent medians (n = 22 for BPH, n = 44 for adenocarcinoma). Mann-Whitney U

test. ”p < 0.01.

(L) Kaplan-Meier curves for disease-free survival in primary PCa sample from TCGA dataset stratified based on the F10"9"/CD84/PMN signature.
(M) Kaplan-Meier curves for overall survival in mCRPC sample from SU2C (left, n = 141) and RMH cohorts (right, n = 94) stratified based on the F10"9"/CD84/PMN

signature.

(N) F2RL1 expression levels in human prostate tissues. Two-way ANOVA followed by Tukey’s post-hoc test.
(O) Representative images of human prostate TMAs stained for PAR2 and violin plot showing the PAR2 score (n = 44 for BPH, n = 79 for hormone-sensitive
adenocarcinoma and n = 71 for CRPC). Scale bar, 50 pm. One-way ANOVA test, followed by Tukey’s post-hoc test.

See also Figure S6.
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DISCUSSION

The relationship between VTE and cancer was first described in
1865 by Armand Trousseau, who found that tumors promoted
coagulation and platelet activation in patients.?? Pre-clinical
studies have reported that coagulation factors can enhance
metastasis formation, by activating either endothelial-cancer
cell adhesion or migration and invasion.®°? Also, the expres-
sion of procoagulant factors, including TF, by cancer cells ap-
pears to correlate with advanced disease and poor survival in
multiple cancer histotypes.?*5°

Several clinical studies in cancer patients with or without VTE
have suggested that LMWH prolongs the overall survival of
different cancer patients, with no difference in death related to
VTE or bleeding.®*°° Notably, VTE prophylaxis with warfarin
decreased the incidence of different malignancies, particularly
PCa, in a large cohort of Swedish patients prospectively followed
up for several years.®” Together, these puzzling clinical observa-
tions suggest that coagulation factors have a direct role in tumor-
igenesis and PCa progression.

Intriguingly, two clinical studies have recently highlighted that
the use of ADT associates with a ~80% increased risk of VTE in
PCa patients.®®° This can be explained by the expansion of
circulating PMNs, which is commonly reported in CRPC
patients.

The role of neutrophils in promoting thrombosis in inflamma-
tory non-cancer related diseases has been extensively stud-
ied.”® However, the contribution of immunosuppressive PMNs
to intravascular coagulation events has been only recently sug-
gested in the context of severe COVID-19.”"

The discovery that tumor infiltrating PMNs associate with
resistance to taxanes’ and AR signaling inhibitors (ARSIs),
such as abiraterone and enzalutamide,’ in mCRPC patients
has prompted the clinical investigation of therapeutic strate-
gies aimed at blocking either their intratumor recruitment
(NCT03177187) or their oncogenic functions (NCT04458311).
On this line, we recently demonstrated that blocking myeloid
chemotaxis can reduce tumor-elicited myeloid inflammation
and reverse therapy resistance in a subset of NCRPC patients. '

Once inside the tumors, PMNs secrete tumor-promoting fac-
tors, including IL-23, by which they drive castration-resistance
in PCa.* Here, we discovered that PMNs within the prostate
TME are a key extrahepatic source of FX, which sustains resis-
tance to ADT.

Intriguingly, we identified CD84 as a key marker of this onco-
genic myeloid subset expressing high levels of F70 in both pre-
clinical and clinical PCa cancer settings. High expression levels
of CD84 were previously reported in both intratumor and splenic
mouse PMNs showing T cell-suppressive capacity and
increased ROS production.*® In humans, CD84 was found to
be expressed by both Mo-MDSCs and PMN-MDSCs, with
CD84 co-expressed with LOX1 in PMN-MDSCs.?’ In line with
these findings, we proved that in vitro ligation of CD84 enhances
F10 expression in IVD-hMDSCs, indicating a functional associa-
tion between CD84 and F70 in immunosuppressive cells. Of
note, increased CD84 expression levels were found in platelets
from COVID-19 and sepsis patients and were associated with
poor outcome in a cohort of stroke patients, emphasizing the
role of CD84 in thrombo-inflammation.”®"*
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Differently from IL-23, which drives the transcription of AR and
downstream target genes via the pSTAT3-RORY axis,* PMN-
derived FX triggers tumor growth by activating the ERK pathway
in epithelial cancer cells through PAR2. These results indicate a
direct role of FX on PCa cell biology, other than the indirect FXa
pro-angiogenic and pro-metastatic effects already described for
other malignancies.®®~°? Autocrine TF-PAR2 axis in myeloid cells
has been shown to promote profibrotic activation in myocardial
infarction”® and macrophage reprogramming in immunologically
hot tumors.'” Here, we show a distinctly different paracrine
signaling that is mediated by PMN-released FX and promotes tu-
mor growth despite androgen-deprivation by activation of PAR2
on cancer epithelial cells. Of note, our data demonstrate that
immunosuppressive PMNs are the most abundant, and thus
relevant, myeloid cell subset producing FX in CR mouse prostate
tumors.**?

From a clinical perspective, we demonstrated that elevated
plasma levels of FX, as well as a high F10"9"/CD84/PMN
gene signature on tumor samples associate with worse survival
in PCa. Also, while low PAR2 levels in prostate tumor samples
are associated with longer disease-free survival, high F10 and
F2RL1 expression correlate with higher AR signature, thus un-
veiling an unprecedented prognostic role for FX-PAR2 axis in
CRPC patients. Furthermore, we found that administration of
specific FXa inhibitors effectively hampers tumor growth in
different prostate tumor cells and human organoids and affect
CRPC progression in multiple syngeneic and xenograft mouse
models. Finally, we proved that FXa inhibition enhances the ef-
ficacy of enzalutamide treatment in multiple mouse models of
CRPC. Altogether, our results lead the way for the design
and exploitation of novel combinatorial strategies targeting
the coagulation cascade for the treatment of castration-resis-
tant PCa.
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Anti-IL-23 monoclonal antibody clone (G23-8) eBioscience Cat#16-7232-85; RRID: AB_469241
Rat IgG1 kappa Isotype Control eBioscience Cat#16-4301-81; RRID: AB_470153

CD84/SLAMF5 Antibody (152-1D5)

Mouse IgG1 Isotype Control (11711)

anti-Ki67 Clone SP6

Cleaved Caspase-3 (Asp175) Antibody
Anti-CDKN2A/p16INK4a antibody [EPR20418]
Anti-PAR2 antibody [EPR13675]

Factor X antibody

CD15/SSEA1 (MC480) Mouse mAb

Anti-FX (f21-4.2)-488

Anti-Factor VIl antibody
Anti-PAR-1, clone ATAP2 Antibody
Tissue Factor/CD142 (E2L3B) Rabbit mAb

Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Rabbit
Antibody

p44/42 MAPK (Erk1/2) Rabbit Antibody

Phospho-Src Family (Tyr416) (D49G4) Rabbit mAb

Src (32G6) Rabbit mAb

IRF-8 (D20D8) Rabbit mAb

Anti-C/EBP epsilon antibody [N1C3]

a-Tubulin (DM1A) Mouse mAb

HSP90 (C45G5) Rabbit mAb

Purified Rat Anti-Mouse CD16/CD32 (Mouse BD Fc Block™)
anti-Epcam-FITC (clone G8.8)

anti-CD45-bv605 (clone 30-F11)

anti-CD11b-bv421 (clone M1/70)

and anti-Gr1-APC (clone RB6-8C5)

BUV805 Rat Anti-Mouse CD45 Clone 30-F11

PE/Cyanine7 anti-mouse CD3 Antibody (clone17A2)
BUV496 Rat Anti-Mouse CD8a (clone 53-6.7)

BD OptiBuild™ BUV395 Rat Anti-Mouse CD4 (clone RM4.5)
BD OptiBuild™ BUV563 Rat Anti-Mouse CD19 (1D3)

BD Pharmingen™ PE-Cy™5 Rat Anti-Mouse CD45R/B220
(RA3-6B2)

BD OptiBuild™ BUV615 Mouse Anti-Mouse NK-1.1
(clone PK136)

BD OptiBuild™ BV650 Hamster Anti-Mouse CD49b (HMa2)
Cd11b Rat anti Mouse, APC Cy7, (clone M1/70)
BD OptiBuild™ BUV737 Rat Anti-Mouse Ly-6G, (clone 1A8)

Anti-Ly-6C Rat Monoclonal Antibody (Brilliant Violet® 711)
(clone HK1.4)

IL-23 p19 Monoclonal Antibody, PerCP-eFluor 710,
(clonefc23cpg)

Novus Biologicals

Novus Biologicals
Histocom

Cell signaling Technology
Abcam

Abcam

Genetex

Cell signaling Technology
Muller-Calleja et al.”®

Ruf Lab

Abcam

Sigma-Aldrich

Cell signaling Technology
Cell signaling Technology

Cell signaling Technology
Cell signaling Technology
Cell signaling Technology
Cell signaling Technology
Genetex

Cell signaling Technology
Cell signaling Technology
BD Bioscience

Thermo Fisher

Biolegend

Biolegend

Biolegend

BD Bioscience

Biolegend

BD Bioscience

BD Bioscience

BD Bioscience

BD Bioscience

BD Bioscience

BD Bioscience
BD Bioscience
BD Bioscience
Biolegend

eBioscience

Cat#NBP2-44345

Cat#MABO002; RRID: AB_357344
Cat#MAD-000310QD-7

Cat#9661; RRID: AB_2341188

Cat# ab211542; RRID: AB_2891084

Cat# ab180953

Cat# GTX110300; RRID: AB_1950240
Cat#4744; RRID: AB_1264258

Cat#ab97614; RRID: AB_10680440

Cat#MABF244

Cat# 44861; RRID: AB_3076292
Cat#9101; RRID: AB_331646

Cat#9102; RRID: AB_330744
Cat#6943; RRID: AB_10013641
Cat#2123; RRID: AB_2106047
Cat#5628; RRID: AB_10828231
Cat#GTX109155; RRID: AB_10630221
Cat#3873; RRID: AB_1904178
Cat#4877; RRID: AB_2233307

Cat#553141; RRID:

AB_394656

Cat#11-5791-82; RRID:11151709

Cat#103140; RRID:
Cat#101236; RRID:
Cat#108412; RRID:
Cat#748370; RRID:
Cat#100220; RRID:
Cat#750024; RRID:
Cat#740208; RRID:
Cat#749028; RRID:
Cat#561879; RRID:

Cat#751111; RRID:

Cat#740496; RRID:
Cat#561039; RRID:
Cat#741813; RRID:

AB_2562342
AB_11203704
AB_313377
AB_2872789
AB_1732057
AB_2874242
AB_2734761
AB_2873425
AB_10898014

AB_2875140

AB_2740219
AB_2033993
AB_2871151

Cat#128037; $RRID: AB_2562630

Cat# 46-7023-80; RRID: AB_2573824
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R718 Rat Anti-Mouse CD182 (CXCR2) (clone V48-2310)
F4/80 Rat anti Mouse, BV480 (clone T45-2342)

BD Horizon™ PE-CF594 Rat Anti-Mouse CD103
(clone M290)

PE anti-mouse CD84 Antibody (clone mCD84.7)

Brilliant Violet 650™ anti-mouse CD11c Antibody
(clone N418)

BD OptiBuild™ BV786 Rat Anti-Mouse I-A/I-E (cloneM5/
114.15.2)

Brilliant Violet 421 anti-CD3e (clone 145-2c11)
PerCP/Cyanine5.5anti-CD8a (clone 53-6.7)

PE anti-CD4 (clone GK1.5)

Human BD Fc Block™(Clone Fc1-RUO)

Brilliant Violet 650 anti-CD3 (clone UCHT1)
PE/Cyanine7 anti-human CD8 Antibody (clone SK1)
APC anti-human CD4 Antibody (clone SK3)

Brilliant Violet 605™ anti-human CD45 Antibody
(clone HI30)

CD33 Monoclonal Antibody (WM-53), APC
Alexa Fluor® 700 anti-human CD14 Antibody(clone 63D3)

PE/Cyanine7 anti-human CD15 (SSEA-1) Antibody
(clone HI98)

PE anti-human CD84 Antibody (clone CD84.1.21)
Goat anti-Rabbit IgG (H&L) - Alexa Fluor™ 647
Donkey anti-Rabbit IgG (H&L) - Alexa Fluor™ 488

Alexa Fluor® 594 anti-mouse/human CD11b Antibody
(clone M1/70)

BD Bioscience
BD Bioscience
BD Bioscience

Biolegend
Biolegend

BD Bioscience

Biolegend
Biolegend
Biolegend
BD Bioscience
Biolegend
Biolegend
Biolegend
Biolegend

eBioscience
Biolegend
Biolegend

Biolegend
Thermo Fisher
Thermo Fisher
Biolegend,

Cat#752139; RRID:
Cat#565635; RRID:
Cat#565849; RRID:

Cat#122805; RRID:
Cat#117339; RRID:

Cat#742894; RRID:

Cat#100341; RRID:
Cat#100734; RRID:
Cat#100408; RRID:
Cat#564220; RRID:
Cat#300476

Cat#344711; RRID:
Cat#344613; RRID:
Cat#304041; RRID:

AB_2917248
AB_2739313
AB_2739377

AB_2074757
AB_2562414

AB_2734759

AB_2562556
AB_2075238
AB_312693

AB_2869554

AB_2044007
AB_2028485
AB_2562105

Cat#17-0338-41; RRID: AB_10667747

Cat#367114; RRID:
Cat#301924; RRID:

Cat#326008; RRID:

AB_2566716
AB_2783155

AB_2229003

Cat#A-21244; RRID: AB_2535812
Cat#A-21206; RRID: AB_2535792
cat#101254; RRID: AB_2563231

Biological samples

Human prostate formalin-fixed paraffin-embedded (FFPE)
samples

Human prostate biopsies

Blood from PCa patients

Plasma from PCa patients and patient-derived organoids
Buffy coats from healthy donors

University of Padova &
University Hospital Zurich

(USZ)?

Urology Clinic of the University
of Padova, Zhong et al.

(2016)""

Urology Clinic of the University

of Padova
de Bono Lab®*

Swiss Blood Donation Center
of Basel and Lugano,

Welti et al. (2018),”®
Gil et al. (2021)"°

reference no. CESC 5480/A0/22

reference no. CESC 5170/A0/21

reference no. CESC 5170/A0/21

reference no. REC 04/Q0801/60
reference no. AO00197/2

Chemicals, peptides, and recombinant proteins

Matrigel

ACK lysing buffer

Recombinant Murine GM-CSF
Recombinant Murine IL-6

Recombinant Human GM-CSF
Recombinant Human IL-6

Ficoll-Hypaque

CD33 MicroBeads, human
Charcoal-stripped FBS

Recombinant Mouse Coagulation Factor Xa
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Corning

Gibco
Peprotech
Peprotech
Peprotech
Peprotech
Sigma-Aldrich
Miltenyi Biotec
Gibco

R&D Systems

Cat#A1049201
Cat#315-03

Cat# 216-16
Cat#300-03
Cat#200-06
Cat#GE17-1440-03
Cat#130-045-501
Cat#12676029
Cat#6724-SE-010
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Recombinant Human Coagulation Factor Xa R&D Systems Cat#1063-SE-010

Recombinant Mouse IL-23

Recombinant Human IL-23
Recombinant Human CD84
CFSE

Dynabeads™ Mouse T-Activator CD3/CD28 for T-Cell
Expansion and Activation

Dynabeads™ Human T-Activator CD3/CD28 for T Cell
Expansion and Activation

NapC2

Factor VII

Rivaroxaban

AZ3451

ENMD-1068

Go6983

Pertussis Toxin
Enzalutamide
AZD5069

Dalteparin (LMWH)
Rnase Inhibitor Murine
FVS BD Horizon™ Fixable Viability Stain 440UV for viability

R&D Systems
R&D Systems
R&D Systems
Thermo Scientific
Thermo Scientific

Thermo Scientific

ARCA biopharma
NovoNordisk
Selleckchem
MedChem Express
MedChem Express
MedChem Express
Sigma-Aldrich
APExBio
AstraZeneca

Pfizer

New England Biolabs
BD Biosciences

Cat#1887-ML
Cat#1290-IL
Cat#1855-CD-050
Cat# C34554
Cat#11452D

Cat#11131D

Cat#S3002
Cat#HY-112558
Cat#HY-124748A
Cat# HY-13689
Cat# P7208

Cat# MDV3100

Cat# M0314L
Cat# 566332

Critical commercial assays

Human Coagulation Factor X ELISA Kit

Chromium Single Cell 3" GEM, Library & Gel Bead Kit v3
RNAscope Multiplex Fluorescent Reagent Kit v2
RNAscope H202 and protease reagents

RNAscope Target retrieval reagent

RNAscope Probe- Hs FX-C2

TSA Vivid 650 fluorophore

RNAscope Multiplex FL v2 DAPI

NEBNext® Ultra™ |l Directional RNA Library Prep with Sample
Purification Beads

NEBNext UltraExpress™ RNA Library Prep Kit

NEBNext® Poly(A) mRNA Magnetic Isolation Module for
cDNA synthesis

Novus Biologicals
10x Genomics
ACD Bio

ACD Bio

ACD Bio

ACD Bio

ACD Bio

ACD Bio

New England BiolLabs Inc.

New England BiolLabs Inc.
New England BioLabs Inc.

Cat# NBP2-60625
Cat# PN-1000075
Cat#323110
Cat#322381
Cat#322000
Cat#1333641-C2
Cat#323273
Cat#323110
Cat#E7765L

Cat#E3330L
Cat#E7490

Deposited data

SU2C cohort RNA-seq and clinical data

RMH cohort RNA-seq and clinical data
Bulk-RNAseq human prostate cancer

scRNA-seq HS Pten”®”” mouse prostate (10-week)

Robinson et al.*®

Fenor de la Maza et al.?°
Bolis et al.”®

Guccini et al.®

https://doi.org/10.1016/j.cell.2015.05.001
https://doi.org/10.1016/j.euo.2022.04.004
https://www.pcaprofiler.com.
ArrayExpress: E-MTAB-9578

scRNA of human PCa patients Hirz et al.* GEO: GSE181294

Bulk RNA-seq of wild-type and Pten”®” mouse prostate Brina et al.® ArrayExpress: E-MTAB-9624
scRNA of the immune infiltrate of TRAMP-C1 allografts This paper GEO: GSE272999

scRNA of HS (24-week) and CR Pten°®~ mouse prostate This paper GEO: GSE272965

Bulk RNA-seq of IVD-hMDSCs upon CD84 ligation This paper GEO: GSE272966

Bulk RNA-seq of CRPC Pten°”~ mice reconstituted with This paper GEO: GSE272967

either F10™" or F10"": LysM-Cre* mice

Experimental models: Cell lines

TRAMPC1 ATCC Cat#CRL-2730; RRID: CVCL_3614
LNCaP clone FGC ATCC Cat#CRL-1740; RRID: CVCL_1379
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RapidCaP Cho et al.”®

Trotman laboratory (Cold

Spring Harbor Laboratory,

Cancer Center)
RM-1 ATCC Cat#CRL-3310

RRID: CVCL_B459

LapC4 Theurillat laboratory RRID:CVCL_4744
DU 145 ATCC Cat# HTB-81
22Rv1 ATCC Cat#CRL-2505; RRID: CVCL_1045
PC3 ATCC Cat#CRL-1435; RRID: CVCL_0035
LNCAP-AbI Theurillat laboratory
VCAP Theurillat laboratory Cat# CRL-2876
RWPE-1 ATCC Cat#CRL-11609; RRID: CVCL_3791
BPH-1 Sigma-Aldrich Cat. # SCC256
HEK-293T (human embryonic kidneys) ATCC Cat#CRL-3216; RRID: CVCL_0063
Experimental models: Organisms/strains
PtenP°”- Chen et al.®”
F10™"; L ysM-Cre Graf etal.’”

Mouse- C57BL/6N
Mouse- NOD-Rag2tm1-IL2rgtm1 (NRG)

Charles River
Charles River

RRID:MGI:2159965
RRID:IMSR_RJ:NRG

Oligonucleotides

Primer:hF10 For 5 ~AGATGGCGACCAGTGTGAGA- 3’
Primer:hF10 Rev 5’~-GTGCAGGTGTATTCCCCGAG- 3’
Primer:hCD84 For 5° ~ACCGCAGCTAGGAATAATG- 3’
Primer:hCD84 Rev 5'-CGGAATAAACTGTGTTCACTG- 3’
Primer:mF10 For 5-TTCCGGATGAACGTGGCCCCT-3’
Primer:mF10 Rev 5~ATGCGTGCGTCCAAAACCGCT-3’

Primer:mCd84 For 5-ATATAGCTGGAGTCCCTTTGGAG- 3’

Primer:mCd84 Rev 5’AAAGAGCACGGCCAATCCTC- 3’
Primer:r18S For 5’~ACCGCAGCTAGGAATAATG -3’
Primer:r18S Rev 5’-GCCTCAGTTCCGAAAACCA-3’

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich

Recombinant DNA

pLV[shRNA]-Puro-U6>mF3[shRNA#1]
pLV[shRNA]-Puro-U6>Scramble_shRNA#1

VectorBuilder
VectorBuilder

Cat#VB220216-1140ycj
Cat#VB010000-0005mme

Software and algorithms

Leica Application Suite X (LAS X)
Graphpad Prism v.9

BD FACSDiva software version 8.0.1
FlowJo_10.8.1

UMAP plugin FlowJo

FlowSOM plugin FlowJo

CellRanger (version 3.1.0)
R (v.4.3.2)

STAR (v.2.7.10a)

RMagic

Seurat

ggplot2 (v.3.4.0)
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Leica

GraphPad by Dotmatics
BD

BD

BD, https://arxiv.org/abs/
1802.03426

BD, Van Gassen et al.®®

N/A

R CRAN
Dobin et al.®*
van Dijk et al.®®

Stuart et al.®®

N/A

RRID:SCR_013673
RRID: SCR_002798
RRID: SCR_001456
RRID: SCR_008520

https://www.flowjo.com/exchange/#/plugin/
profile?id=6, RRID:SCR_018217

https://www.flowjo.com/exchange/#/plugin/
profile?id=7, RRID:SCR_016899

https://www.r-project.org/
https://github.com/alexdobin/STAR
https://github.com/cran/Rmagic

https://cran.r-project.org/web/packages/
Seurat/index.html

https://github.com/tidyverse/ggplot2,
RRID:SCR_014601
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REAGENT or RESOURCE SOURCE IDENTIFIER

Survival R CRAN https://cran.r-project.org/web/packages/
survival

fgsea N/A https://github.com/ctlab/fgsea

Pheatmap N/A RRID:SCR_016418

GSVA (v.1.50.5) Hanzelmann et al.?” https://github.com/rcastelo/GSVA

DESeq2 Love et al.®® https://github.com/mikelove/DESeq2

biomaRt package

Fgsea package

IncuCyte imaging system
Aperio ImageScope

Durinck et al,®°
Korotkevich et al.°
Essen BioScience

Leica (V 12.3.2.8013)

https://github.com/grimbough/biomaRt
https://github.com/ctlab/fgsea
RRID:SCR_019874
https://www.leicabiosystems.com/digital-

pathology/manage/aperio-imagescope/,
RRID: SCR_014311

Leica Application Suite X (LAS X) Leica RRID:SCR_013673

FIJI Image J https://imagej.net/software/ RRID:SCR_002285
fiji/downloads

Adobe lllustrator RRID:SCR_010279

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Cell lines

TRAMP-C1 (ATCC® CRL-2730™), RM-1 (ATCC® CRL-3310™), LNCaP (ATCC® CRL-1740™), PC-3 (ATCC® CRL-1435), 22Rv1
(ATCC® CRL-2505™), DU145 (ATCC® HTB-81™) PCa epithelial cells were purchased from ATCC. RapidCap were obtained from
Lloyd C Trotman laboratory.?® VCaP, LapC4 and LNCaP-Abl were provided by Jean-Philippe Theurillat laboratory. TRAMP-C1,
RM-1, RapidCap, VCaP, HEK-293T (ATCC® CRL-3216) were cultured in DMEM (Thermo Fisher Scientific), 10% heat-inactivated
FBS (Capricorn Scientific GmbH), 100 U/ml penicillin, 0.1 mg/ml streptomycin (Sigma-Aldrich).

LNCaP, PC-3, 22Rv1, DU145, were cultured in RPMI 1640 (Thermo Fisher Scientific), 10% heat-inactivated FBS (Capricorn Sci-
entific GmbH), 100 U/ml penicillin, 0.1 mg/ml streptomycin (Sigma-Aldrich). For LNCAP-AbI charcoal-stripped FBS medium was
used (Gibco).

BPH-1 cells were maintained in RPMI 1640 medium supplemented with 20 ng/ml of testosterone, 5 pg/ml of transferrin, 5 ng/ml of
sodium selenite, 5 pg/ml of insulin, 20% fetal bovine serum, and 100 U/ml penicillin, 0.1 mg/ml streptomycin (Sigma-Aldrich).
RWPE-1 human normal prostate epithelial cells were cultured according to the manufacturer’s instructions in Keratinocyte
Serum-Free Medium (K-SFM) Medium (17005-042, GIBCO) supplemented with 0.05 mg/ml Bovine Pituitary Extract (BPE), 5 ng/
ml human recombinant Epidermal Growth Factor (EGF), 0.1 mg/ml streptomycin (Sigma-Aldrich).

All the cell lines were regularly tested for Mycoplasma by using (MycoAlert Mycoplasma Detection kit, Lonza, Cat. LT07-218).

For in vitro experiments, TRAMP-C1, RM-1, RapidCaP, and LNCaP cells were starved in charcoal-stripped FBS medium plus En-
zalutamide (APExBio, cat. MDV3100) 10 uM for 72 hours and then kept in full androgen-deprivation medium for all the duration of the
experiment (FAD; either DMEM or RMPI 1640 containing 10% heat-inactivated charcoal-stripped FBS plus ENZA 10 uM).

Mouse models

Mice were maintained under specific pathogen-free conditions in the BIOS+ Animal Facility and experiments were approved by the
local ethical committee (T 32/2018 and T134303). For ethical reasons the minimum number of animals necessary to achieve the sci-
entific objectives was used. Prostate specific Pten™~ (Pten°°”") mice were generated and genotyped as previously described.*°":¢2

Female Pten'""*F mice were crossed with male PB-Cre4 transgenic mice and genotyped for Cre using following primers: primer
1 (5>-~AAAAGTTCCCCTGCTGATGATTTGT-3) and primer 2 (5’-TGTTTTTGACCAATTAAAGTAGGCTGTG-3’) for Pten"o*F: primer1
(5’ TGATGGACATGTTCAGGGATC 3’) and primer2 (5’CAGCCACCAGCTTGCATGA 3’) for Probasin-CRE.

F10™"- | ysM-Cre mice were obtained from Wolfram Ruf laboratory.'” Surgical castration was performed on 8-week-old Pten”~/~
mice and, for allografts, when tumors were approximately 100 mm?, under anesthesia with isoflurane as previously described.”

For allografts experiments, 5-week-old male C57BL6/N, C57BL6/J and NRG mice were purchased from Charles River (Calco, Italy)
and acclimatized for two weeks before experimentation. TRAMP-C1 cells (2.5x106) were injected in 8-week-old male C57BL6/
N mice.

RM-1 cells (0.2 x10°%) were injected in 8-week-old male C57BL6/J mice. LNCaP cells (2.5x10°) were subcutaneously injected in
matrigel (Corning®, Cat.356231) of male 8-week-old NRG mice. All the allografts were performed by subcutaneous injection in
the right flank of the mice. Tumor volume was calculated as 4/3 (R1 x R2 xR3), where R1 and R2 are the longitudinal and lateral
radii and R3 is the thickness of the tumor that protrudes from the surface of normal skin.*
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Human samples
Blood from healthy donors was obtained from the Swiss Blood Donation Center of Basel and Lugano and used in compliance with the
Federal Office of Public Health (authorization no. AO00197/2 to Prof. Federica Sallusto, IRB, Bellinzona, Switzerland).

Patient blood and tumor samples were collected at the Urology Clinic of the University of Padova. Patients had at diagnosis a me-
dian age of 64 years. Tissue samples were collected from prostatic needle biopsies, transurethral resections of the prostate or pros-
tatectomies. All patients had given written informed consent and were enrolled in institutional protocols approved by the Padova
Province Clinical Experimentation Ethics Committee (reference no. CESC 5170/A0/21).

CRPC plasma and organoids from patient-derived-xenografts’®’° were obtained from patients identified from a population of men
with CRPC treated at the Royal Marsden NHS Foundation Trust. All patients had given written informed consent and were enrolled in
institutional protocols approved by the Royal Marsden Hospital (London, UK) ethics review committee (reference no. 04/Q0801/60).
Patients did not receive compensation. All tissue blocks were re-sectioned and reviewed by a pathologist who confirmed adequacy
of the material.

Human TMA samples were processed and obtained from Universitatsspital Ziirich (USZ).”” Specimens were collected between
1993 and 2007 from the Institute of Surgical Pathology, University Hospital of Zurich, Switzerland. Median follow-up was 132 months.

In vitro-generation of MDSCs and collection of MDSC-CM

Mouse immunosuppressive myeloid cells were differentiated in vitro as previously described.’? Briefly, bone marrow precursors were
flushed from the femurs of C57BL/6, F10™";, LysM-Cre* or F10™"; LysM-Cre ~ mice with RPMI 1640 (Thermo Fisher Scientific). The cell
pellet was devoid of red blood cells using ACK lysing buffer (Gibco; A1049201). Then cell suspensions were filtered through 40 um cell
strainers, checked for viability using trypan blue, and resuspended in RPMI 1640 containing 10% heat-inactivated FBS (Capricorn
Scientific GmbH), 100 U/ml penicillin, 0.1 mg/ml streptomycin (Sigma-Aldrich). Cells were cultured in the presence of 40 ng/ml
mGM-CSF (Peprotech, 315-03) and 40 ng/ml mIL-6 (Peprotech) for 4 days. On day 4, the cells were analyzed by flow cytometry
and used for in vitro experiments.

Human immunosuppressive myeloid cells were differentiated in vitro as previously described.®® Briefly, human PBMCs were iso-
lated from healthy volunteer donors by venipuncture, followed by differential density gradient separation (Ficoll-Hypaque; Sigma-
Aldrich, St. Louis, MO). CD33* myeloid cells were then isolated using anti-CD33 magnetic microbeads and LS column separation
(Miltenyi Biotec, Germany) as per manufacturer’s instructions. The purity of the isolated cell population was greater than 90% by
flow cytometry and the viability of isolated cells was confirmed using trypan blue dye exclusion. Purified CD33* cells were then
cultured in RPMI 1640 (Thermo Fisher Scientific) 10% heat-inactivated FBS (Capricorn Scientific GmbH), 100 U/ml penicillin,
0.1 mg/ml streptomycin (Sigma-Aldrich) in the presence of 50 ng/ml hGM-CSF (Peprotech) and 50 ng/ml hiL-6 (Peprotech) for
one week. Cytokines were refreshed after 4 days. At day 7, cells were analysed by flow cytometry and used for in vitro experiments.

For the preparation of conditioned media, immunosuppressive myeloid cells were resuspended at the density of 0.5 x 108 /ml in
fresh medium containing 10% heat-inactivated charcoal-stripped FBS (Gibco), 100 U/ml penicillin, 0.1 mg/ml streptomycin (Sigma-
Aldrich) and cultured in 6-well plates. Cells were incubated 24 hours at 37°C, 5% CO,. Then, the conditioned medium (CM) was
centrifuged at 500g for 5 min, 2,000 g for 10 min and 4,600 g for 20 min at 4°C to remove dead cells and debris. The medium
was then aliquoted in single-use tubes and stored at -80°C.

Cell proliferation assays

PCa cells were kept in full androgen-deprivation medium (FAD) for three days before performing the experiments.” Then, mouse
TRAMP-C1 and RapidCaP cells were seeded in 96-well plates in fresh FAD medium and treated or not with 100ng/ml recombinant
mouse FXa (6724-SE, R&D Systems) or recombinant IL-23 (1887-ML, R&D Systems). Human LNCaP cells kept in FAD were treated or
not with 100ng/ml recombinant FXa (6723-SE, R&D Systems) or recombinant human IL-23 (1290-IL, R&D Systems). For experiments
with conditioned media, both human and mouse CM was diluted 1:1 in fresh FAD medium. When indicated, Rivaroxaban and AZ3451
were used at the final concentration of 50 pM and 10 uM, respectively. Optimal culture medium (Normal) was used as internal control
of proliferation. Images were recorded using a 10x objective and the IncuCyte imaging system (Essen BioScience). The IncuCyte
software was used to calculate mean confluence from four non-overlapping bright phase images of each well every 6 hours for at
least 3 days.

PDX-O proliferation assay

Tumor tissue from patient-derived xenografts were mechanically dissociated into small pieces in Petri dishes using sterile scalpel
blades mixed with sterile PBS and additional ROCK inhibitor Y27632 at 10 uM (S1049, Selleckchem). Samples were filtered through
cell strainers 40um (431750, Corning). Red blood cell lysis was performed using ammonium chloride solution (07850, StemCell Tech-
nologies). If a large piece of tissue remained undissociated, cell strainers were used to obtain a pellet for single-cell suspension. Sam-
ples were rinsed with cold PBS-containing Y27632, centrifuged at 2000 rpm for 5 minutes and CellTrics® 50um (Sysmex) was used to
generate single-cell suspensions. Cells were embedded at a ratio of 2/1 (matrix:cells) onto Matrigel® (356231, Corning). A standard
sterile 24-well plate was pre-warmed at 37°C before use, an aliquot of 50 pl/well was placed in the center of the well; the plate was
turned upside down to generate a ‘hanging-drop’ and immediately incubated at 37°C. Freshly prepared culture medium was overlaid
and replenished weekly. PDO cultures were monitored daily and organoid visualized after 3-5 days. PDO culture largely followed the
protocol published by Drost et al., 2016 using epithelial prostate niche factors: EGF, Noggin and R-Spondin (Peprotech).®* Organoid
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growth conditions were optimized for each PDX-O model. PDO base media was modified with additional metabolites and growth
factors to improve proliferation and viability. Additional factors included: Glutamine (Gibco), Sodium Pyruvate (Sigma), and recom-
binant human NRG1 (100-03, Peprotech). PDOs were embedded in Matrigel® matrix (356231, Corning) and seeded in replicates in
96-well format optical plates (3904, Corning). Measurements started when organoids developed (baseline, day 0) and proliferation/
viability was assessed after 4-days exposure to IVD-hMDSC. Image analysis was performed using Cytation 5 Multimode Reader from
Biotek.

In vitro mouse T cell suppression assay

Immunosuppression assays were carried out as previously described.*° Briefly, naive mouse splenocytes were labelled with 5uM
CFSE (Molecular Probes) and activated in vitro with anti-CD3 and anti-CD28 beads (11452D, Thermo Fischer Scientific) according to
the manufacturer’s instructions. Either F10™": LysM-Cre* or F10"" BM-MDSCs were added to the culture at different ratios with
T cells. After 3 days, cells were stained with Brilliant Violet 421 anti-CD3e (clone 145-2¢c11); PerCP/Cyanine5.5anti-CD8a (clone
53-6.7); PE anti-CD4 (clone GK1.5) and the proliferation of CFSE-labelled CD8* T cells was was analyezd using the BD LSR Fortessa.

In vitro human T cell suppression assay

Frozen PBMCs from the matched donors were thawed on the same day of the experiments. After 4 hours in culture, PBMCs were
labelled with 5uM CFSE (Molecular Probes) and activated in vitro with anti-CD3 and anti-CD28 beads (11161D, Thermo Fischer Sci-
entific) according to the manufacturer’s instructions.®” IVD-hMDSCs were added to the culture at different ratios with T cells, in the
presence of 30 U/mL recombinant hiL-2 (Peprotech). After 4-5 days, cells were stained with Birilliant Violet 650 anti-CD3 (clone
UCHT1); PeCy7 anti-CD8a (clone SK1); APC anti-CD4 (clone SK3) and the proliferation of CFSE-labelled CD8" T cells was analyzed
using the FACSymphony™ A5 (BD Biosciences).

Generation of a shF3 TRAMP-C1 cells

TRAMP-C1 cell cells were infected with either the human TF-directed shRNA pLV[shRNA]-Puro-U6>mF3[shRNA#1] or pLV[shRNA]-
Puro-U6>Scramble_shRNA#1 from VectorBuilder. Briefly, lentiviral particles were produced by transfection of HEK-293T cells using
JetPRIME transfection reagents (JetPRIME, Polyplus transfection, 114-07/712-60) according to the manufacturer’s instructions.
TRAMP-C1 cells were then infected with the filtered lentiviral supernatant suspension obtained from transfected HEK-293T cells.
Infected PCa cells were subsequently selected using Puromycin (5 pg/ml).

FXa generation assay

TRAMP-C1 cells were seeded in 12-well plates (1x10%/well) and cultured for three days in a medium containing charcoal-stripped
FBS (CS-FBS) for full-androgen deprivation as well as enzalutamide. Medium was replaced with serum free medium for 20 min,
followed by one wash with HBSS/Ca®*. FXa generation was measured in the same buffer containing 50 nM FX with or without
2 nM mouse Vlla, and 200 nM of the TF inhibitor nematode anticoagulant protein c2(NAPc2).”>°° Supernatants were quenched
and FXa activity was measured with Spectrozyme FXa in a Spectramax kinetic plate reader.

In vitro FXa-PAR2 stimulation

PCa cells were kept in full androgen-deprivation medium (FAD) for three days, before performing the experiments.* Cells were gently
detached using a cell scraper, centrifuged and resuspended in fresh FAD medium at the cell density of (1-2x10%/ml). 100ng/ml re-
combinant mouse FXa (6724-SE, R&D Systems) was used to stimulate TRAMP-C1 cells. Human LNCaP cells were treated or not
with 100ng/ml human recombinant FXa (6723-SE, R&D Systems). For experiments with conditioned media, both human and mouse
CM was diluted 1:1 in fresh FAD medium. When indicated, cells were pretreated with Rivaroxaban (50 uM, S3002, Selleckchem),
AZ3451 (10 uM, HY-112558, MedChem Express), ENMD-1068 (0.5mM, HY-124748A, MedChem Express), Go6983 (10 uM, HY-
13689, MedChem Express) and Pertussis Toxin (100ng/ml, P7208, Sigma-Aldrich) for 30 min at 37°C before stimulation with either
FXa or CM. Cells stimulation was performed for 30 min at 37°C. Then, samples were washed with ice-cold DPBS and immediately
processed for protein extraction.

In vitro CD84 activation

At day 5 of their differentiation, 1 x 10% hIVD-MDSC were exposed with either 2.5 ng/ml of CD84 (Novus Biologicals, Clone 152-1D5)
stimulating antibody”°®°” or recombinant human CD84 (1855-CD, R&D Systems 10ug/ml). Stimulation was performed in RPMI
1640 (Thermo Fisher Scientific) 10% heat-inactivated FBS (Capricorn Scientific GmbH), 100 U/ml penicillin, 0.1 mg/ml streptomycin
(Sigma-Aldrich) in the presence of 50 ng/ml hGM-CSF (Peprotech) and 50 ng/ml hIL-6 (Peprotech) at for 48 hours.

qPCR

CD45* CD11b™ Ly6G* myeloid cells were isolated from tumors by FACS sorting and collected in TRIzol™ LS Reagent (Thermo
Fischer Scientific, # 10296028). RNA isolation and reverse-transcription were performed using ImProm-II™ Reverse Transcription
System (Promega, #A3802) following manufacturer’s instructions. gPCR reactions (Promega, #A6002) were performed in duplicates
using KAPA SYBR FAST gPCR green (KK4605; Applied Biosystems) and the specific primers reported below. Primer sequences
were obtained from PrimerBank (http://pga.mgh.harvard.edu/primerbank/index.html) or Bio-Rad. The human primer sequences
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used were as follows'"*": F10 Forward 5-AGATGGCGACCAGTGTGAGA-3’; F10 Reverse 5'-GTGCAGGTGTATTCCCCGAG-3’;
CD84 Forward 5'-ACCGCAGCTAGGAATAATG-3’; CD84 Reverse 5-CGGAATAAACTGTGTTCACTG-3’. The mouse primer se-
quences used were as follows'”": F10 Forward 5'-TTCCGGATGAACGTGGCCCCT-3";F10 Reverse 5'-ATGCGTGCGTCC
AAAACCGCT-3’; Cd84 Forward 5- ATATAGCTGGAGTCCCTTTGGAG- 3’; Cd84 Reverse 5’ AAAGAGCACGGCCAATCCTC- 3'.
Expression levels were normalized to the expression of the housekeeping gene r18S, analyzed using the following primers: r18S For-
ward 5'-ACCGCAGCTAGGAATAATG -3’; r18S Reverse 5'-GCCTCAGTTCCGAAAACCA-3'.

Western blotting

Tissue and cell lysates were prepared with RIPA buffer (1x PBS, 1% Nonidet P40, 0.5% sodium deoxycholate, 0.1% SDS and pro-
tease and phosphatase inhibitor cocktail; Roche). The total protein concentration was measured using a BCA Protein Assay Kit
(23225; Pierce). Equal amounts of proteins were separated by SDS-PAGE. Membranes were blocked in 5% BSA in phosphate-buff-
ered saline containing 0.1% Tween-20 (PBST), probed with diluted antibodies, and incubated at 4°C overnight. The following primary
antibodies were used: Factor X antibody (Genetex, GTX110300), Anti-Factor VII antibody (Abcam, ab97614); Anti-Par2 antibody
(Abcam, ab180953); Anti-Par1 antibody (Sigma-Aldrich, MABF244); Tissue Factor/CD142 (E2L3B) Rabbit mAb (#44861); Phos-
pho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Rabbit Antibody (#9101), p44/42 MAPK (Erk1/2) Rabbit Antibody (#9102), Phospho-
Src Family (Tyr416) (D49G4) Rabbit mAb (#6943), Src (32G6) Rabbit mAb (#2123), IRF-8 (D20D8) Rabbit mAb (#5628), Anti-C/EBP
epsilon antibody [N1C3] (Genetex, GTX109155), a-Tubulin (DM1A) Mouse mAb (#3873), HSP90 (C45G5) Rabbit mAb (#4877), all
from Cell Signaling. Membranes were incubated with secondary antibodies that were conjugated to horseradish peroxidase
(HRP) (1:5000 dilution, Cell Signaling). The protein bands were visualized using the ECL Western Blotting Substrate (Pierce) and
analyzed by Imaged Software.

In vivo treatments
Surgical castration was performed on 8-week-old Pten°®~ mice and, for allografts, when tumors were approximately 100 mm?, un-
der anesthesia with isoflurane as previously described.”

When specified, enzalutamide (APExBio, cat. MDV3100) was administered on a Monday through Friday schedule by oral gavage
(30mg/kg); anti-IL-23 monoclonal antibody (clone G23-8; eBioscience™) and Rat IgG1 kappa Isotype Control (eBRG1; eBioscience)
were intraperitoneally injected twice a week (100png/mouse). «CXCR2 (AZD5069; AstraZeneca) was administered with daily intraper-
itoneal injections at a final concentration of 100 mg/kg on a Monday through Friday schedule. Based on tumor growth curves, early
phase of therapy response was defined as the first two weeks of treatment.

Rivaroxaban (BAY 59-7939; Selleck Chemicals S3002) was administered on a Monday through Friday schedule by oral gavage
(5 mg/kg), at least 4 hours later enzalutamide administration. LMWH (Dalteparin) was administered subcutaneously daily (200
IE/Kg) on the dorsal back of the mice. In vitro-derived hMDSCs were intraperitoneally injected twice a week (1.5 x108/mouse) in
LNCaP-tumor bearing mice. Mice were routinary weighted and checked for their behavior. Animals were allocated randomly to
each treatment group.

Bone marrow reconstitution

Bone marrow reconstitution with F71 precursors was performed on 6-week-old Pten°~’~ mice. Recipient Pten®*”" mice
were lethally irradiated (900 rad) and transplanted i.v. two hours later with 1 x 107 viable bone marrow cells from either F10™"
LysM-Cre* or F10™": | ysM-Cre™ mice. Bone marrow were flushed under sterile conditions with PBS using a 21-gauge needle.
Red blood cells were removed by using ACK lysing buffer (Gibco; A1049201) and cell suspensions were filtered and checked for
viability using trypan blue.

Oﬂ/ fl

Bulk RNA-sequencing analysis

Mouse prostate tumor tissues were quickly excised and homogenized for RNA extraction. RNA was extracted using TRIzol RNA
isolation reagent (Invitrogen, Cat n=15596026), followed by RNase-Free DNase set (Qiagen, Cat n=79254) treatment, following man-
ufacturers’ guidelines. RNA integrity was checked with Agilent 2100 Bioanalyzer system. NEBNext® Ultra™ Il Directional RNA Library
Prep with Sample Purification Beads (New England BioLabs Inc) and NEBNext poly (A) mRNA magnetic isolation module (New En-
gland BioLabs Inc) were used for cDNA synthesis. The libraries were sequenced using the NextSeq 2000 and P2 kit High (100 cycles;
lllumina). Samples were processed starting from stranded, single-ended 120bp-long sequencing reads.

RNA from IVD-hMDSCs was extracted using RNeasy Micro Kit (Qiagen, Cat n=74004), following manufacturers’ guidelines. RNA
integrity was checked with Agilent 2100 Bioanalyzer system. NEBNext UltraExpress™ RNA Library Prep Kit (New England BioLabs
Inc,) and NEBNext poly (A) mMRNA magnetic isolation module (New England BioLabs Inc) were used for cDNA synthesis. The libraries
were sequenced using the NextSeq 2000 and P2 kit High (100 cycles; lllumina). Samples were processed starting from stranded,
single-ended 120bp-long sequencing reads.

STAR (v2.7.102)%* was used for sequence alignments. Bulk RNAseq data of Pten®®”~ tumors from mice reconstituted with bone
marrow precursors from either F10™": LysM-Cre* or F10"": L ysM-Cre “mice were aligned to mouse genome (GRCm38), whereas,
bulk RNAseq data from human IVD-hMDSCs treated or not with recombinant CD84 were aligned to human genome (GRCh38).
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Genes with zero expression in all samples were removed and DESeq2°® (alpha = 0.05 and Independent Filtering feature= T) was used
to obtain differentially expressed genes. Gene-set enrichment analysis was performed on Hallmark. Collection using fgsea
package.

Single - cell RNA-sequencing analysis

Prostate tumors were resected from either 10-week-old, sham-operated (hormone-sensitive, HS) or castration-resistant (16 weeks
after surgical castration, CR) 24-week-old Pten®®~'~ mice. All prostate lobes were collected and processed to obtain a single-cell
suspension. TRAMP-C1 allografts were resected from C57/BL6N-tumor bearing mice either 12 days (Early phase) or 24 days
(Late phase) after the initiation of the treatment. Enzalutamide, Enzalutamide + anti-IL-23 and Enzalutamide + aCXCR2 therapies
were started the day after surgical castration.

For single-cell RNAseq, tissues were digested in Digestion Buffer composed by RPMI 1640 Normal medium, Collagenase D
(5 ng/mL) and DNAse (100 U/mL), in the presence of RNase Inhibitor Murine (New England Biolabs). The cell suspension was incu-
bated for 40 min at 37°C on a rocker. The digestion was stopped adding normal medium and cell suspension was filtered by a 100 pum
cell strainer and kept on ice for 4 min. After further filtering, cell suspension was spun down at 1500 rpm for 5 min at 4°C and cell
subsets were enriched by FACS sorting. Flow Cytometry staining of tumors was performed using the following antibodies:
anti-Epcam-FITC (clone G8.8), anti-CD45-bv605 (clone 30-F11), and anti-CD11b-bv421 (clone M1/70); and anti-Gr1-APC (clone
RB6-8C5), and 7AAD (eBioscience). For Pten”®~~prostate samples, the 7AAD negative cells were sorted: i) Epcam*™ CD45", ii)
Epcam™ CD45* CD11b* Gr1*; iii) Epcam™ CD45" CD11b™ Gr1~. For TRAMPC-1 allografts, the 7AAD negative cells were sorted as fol-
lows: i) CD45" CD11b* Gr1™;ii) CD45* CD11b™ Gr17; iii) CD45". After counting, cells were mixed together in ratio 1:1:1 to perform sin-
gle-cells sequencing.

Single-cell suspensions were processed with Single Cell 3’ Reagent Kit v3 (Chromium Single Cell 3’ Library & Gel Bead Kit v3, Chro-
mium Single Cell G Chip Kit, 10x Genomics) and Chromium Controller (10x Genomics) according to the protocol at the BIOS+ Ge-
nomics Facility in Bellinzona. The generated libraries were sequenced using lllumina NextSeq500 Systems accordingly with the 10x
Genomics manual.

Sequencing data were processed by CellRanger (version 3.1.0) and reads were aligned to mouse genome (mm10 v3.0.0) with
STAR (v.2.7.10a). To reduce the ‘dropout’ phenomenon, RMagic package was used on gene-counts.®°

To filter the cells, we removed those that had more than 25% expression on mitochondrial genes, fewer than 100 total genes ex-
pressed and we considered only protein-coding genes defined using getBM (biomaRt package).?® All the samples were integrated
using Seurat package®® (FindIntegrationAnchors and IntegrateData functions). Principal component analysis (PCA) dimensionality
reduction considered the top 2000 most variable features identified. Moreover, the dimensional reduction technique t-distributed
stochastic neighbor embedding (t-SNE) and UMAP were applied using the RunTSNE and RunUMAP functions from Seurat.®®

Differentially expressed genes (DEGs) were identified using FindAllMarkers or FindMarker functions (test.use=MAST). Genes were
identified as differentially expressed in a particular set of cells if FDR < 0.05 and minimum expression in at least 30% of cells.

Common PMN-MDSCs secreted factors between the two mouse models were identified using the list of Human Protein Atlas
(https://www.proteinatlas.org). Expression of genes was visualized using the VInPlot, DotPlot or FeaturePlot functions. All graphs
were performed using Seurat®® package, ggplot2 package and pheatmap package.

Human sc-RNA seq data were downloaded from GEO (GSE181294 °?) and analyzed with the same pipeline described above.

F10™9"/CD84/PMN signature

To identify F10"9" PMNs in PCa bulk RNA-seq datasets, we generated a F10"9"/CD84/PMN signature, as follows; starting from sin-
gle-cell RNA-seq analysis of Pten®®”- and TRAMP-C1 CR tumors we identified a list of genes commonly upregulated in the F10"9"
PMNSs as compared with F70°°" in both models. Next, by analyzing bulk RNA-seq data of human IVD-hMDSCs treated with hrCD84
as compared with the untreated ones, we selected the significantly upregulated genes upon CD84 ligation in human PMNs. Then, we
analyzed mouse F70"9" PMNs and human IVD-MDSCs stimulated with CD84 and found only six genes, namely SPP1, SLC2A1,
RSRP1, TFRC, EGLN3, SLC26A1, commonly upregulated in the F10™9" subset independently from the organism. Finally, we com-
bined these six genes together with four unique markers of human PMNs (ITGAM, CD33, FUT4, CD14), F10 and CD84 to define the
F10"9"/CD84/PMN signature. Kaplan-Meier curve for disease free survival in the TCGA dataset of PCa patient was then generated by
stratifying the patients based on GSVA-score®” of F10"9"/CD84/PMN signature. In particular, with HIGH we selected patients
belonging to the third tertile, while with LOW, the others. Kaplan-Meier curve for overall survival in the SU2C and RMH datasets
of MCRPC patients was generated by stratifying the patients based on GSVA-score®’ of F10"9"/CD84/PMN signature. HIGH and
LOW were defined using the Maxstat method.®%°

Bioinformatic analysis of PCa RNA-seq data

For mouse, RNA-seq data from wild-type and Pten”°”~ mice were used from previous paper of Alimonti’s group.®' For human sam-
ples, almost 1200 bulk RNA-seq samples were downloaded from a recent paper by Bolis et al.,*® comprehensive of normal, primary
and CRPC human samples. We checked the expression of different genes and various signatures of interest calculated using GSVA®’
(method = “ssgsea”) package. The PMN-MDSCs signatures evaluated included: PMN-MDSCs signature 1, a PMN-MDSCs
signature described by Veglia et al.>’; PMN-MDSCs signature 2, a short list of canonical markers (ITGAM, CD33, CD14, FUT4);
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PMN-MDSCs signature 3, an enriched list of canonical markers of PMN-MDSCs activation.®’"'°° Senescent_PMNs signature was
derived from Bancaro et al.,'® whilst signatures of aged or mature neutrophils were defined as previously described.*%-°%°2

Kaplan-Meier curves for overall survival from the time of CRPC biopsy were generated by stratifying PCa patients using the Max-
stat method®®°° on the basis of their expression levels of the F10™9"/CD84/PMN signature from either the RMH (n=94)%° or SU2C/
PCF (n=141)°® patients, cohorts. AR activity score is an accumulation measurement of AR pathway activity based on 43 genes regu-
lated by AR in PCa cell lines and metastatic PCa.”®

Flow cytometry and analysis

Mouse and human tumors were disaggregated and digested in Collagenase D (5 pg/ml) and DNase (100 U/ml) for 45 minutes at
37°C on rotation to obtain single-cell suspension. Cells were first stained with FVS BD Horizon™ Fixable Viability Stain 440UV
for viability (BD; 566332). After neutralization of unspecific binding with anti-CD16/CD32 (clone 93), single-cell suspensions
were stained with specific mAb (primary antibodies directly conjugated) to assess the phenotype. The antibodies used were: anti-
CD45 (clone 30-F11); anti-CD3 (clone17A2); anti-CD8a (clone 53-6.7); anti-CD4 (clone RM4.5); anti-CD19 (1D3); anti-B220
(RA3-6B2); anti-NK1.1 (clone PK136); anti-CD49b (HMa2); anti-CD11b (clone M1/70); anti-Ly-6G (clone 1A8); anti-Ly6C (clone
HK1.4); anti-IL-23p19 (clonefc23cpg); anti-CXCR2 (clone V48-2310); anti-F4/80 (clone T45-2342); anti-CD103 (clone M290); anti-
CD84 (clone mCD84.7); anti-CD11c (clone N418); anti MHCII (cloneM5/114.15.2). All the antibodies were purchased from eBio-
science or Biolegend or R&D or BD. Staining of mouse samples for FX was performed using a polyclonal anti-FX Factor X antibody
(Genetex, GTX110300), and appropriate anti-Rabbit IgG (H&L) - Alexa Fluor™ 647 or anti-Rabbit IgG (H&L) - Alexa Fluor™ 488 sec-
ondary antibody (Thermo Scientific).

Human tumors were disaggregated and digested in Collagenase D (5 pg/ml) and DNase | (100 U/ml) for 30 min at 37°C to obtain
single-cell suspensions. Single-cell suspensions were stained with specific monoclonal antibodies (primary antibodies directly con-
jugated) to assess the phenotype. The antibodies used were: CD45 (clone HI30), CD33 (clone WM-53), CD11b (clone M1/70), CD14
(clone 63D3), CD15 (clone HI98), CD84 (clone CD84.1.21), Human BD Fc Block™ (Clone Fc1-RUO). All the antibodies were pur-
chased from eBioscience or Biolegend or R&D or BD. Anti-FX (f21-4.2)-488 labeled antibody was kindly provided by Wolfram Ruf.”®

Samples were acquired using a FACSymphony™ A5 (BD Biosciences) and analyzed using FlowJo software (BD Biosciences).®*
28-Parameter Flow Cytometry Standard (FCS) 3.0 files were imported into FlowJo software version 10 and left untreated or biexpo-
nentially transformed (the same transformation for all files, performed in version 10) prior to UMAP analysis. Following transformation,
28-Flow Cytometry Standard (FCS) 3.0 files were assigned with a computational barcode for their unique identification, concatenated
and visualized with UMAP ("https://arxiv.org/abs/1802.03426”) in FlowJo. The following parameters were used: Euclidean; nearest
neighbors: 10; minimum distance: 0.11; number of components: 2. All parameters except for CD45 and Fixable viability Staining as
dead cell marker, were included in the analysis. The clusterization was automatically defined by the X-Shift algorithm. The default
parameters were used to run the algorithm except for the K-nearest neighbor value set at 250 to reduce the number of clusters.
The identity of the clusters was determined by the heatmap generated by Cluster explorer.'?"-1%?

Immunohistochemistry and immunofluorescence

For immunohistochemistry (IHC), tissues were fixed in 10% formalin (Thermo Scientific, 5701) and embedded in paraffin in accor-
dance with standard procedures. Preceding immunohistochemical staining, tumor sections (4um) were exposed to two washes
with OTTIX plus solution (Diapath, X0076) and subsequent hydration with OTTIX shaper solution (Diapath, X0096) followed by deion-
ized water. Antigen unmasking was performed by heating sections in the respective pH solutions based on the antibodies used at
98°C for 20 minutes. Subsequently, the sections were blocked for peroxidases and nonspecific binding of antibodies using 3%
H202 (VWR chemicals, 23615.248) and Protein- Block solution (DAKO Agilent technologies, X0909) respectively for 10 mins each
split by 0.5% PBST washing. H&E staining was performed according to standard procedures. Sections were stained with anti-
Ki67 (Clone SP6; Histocom), anti-Cleaved Caspase 3 (Cell signaling #9661), anti-p16 (Abcam #ab211542) antibodies.'®® Images
were scanned with Aperio and analyzed with ImageScope v12.3.2.8013 (Leica Biosystem). For PAR2 immunohistochemical evalu-
ation a four-point system was utilized, where score 0 = no stain; score 1 = faint stainin >1 < 30 % of cells; score 2: faint or moderate
stain in >30 < 70 % of cells; score3: strong stain in >71 % of cells. Patients who had already undergone radical prostatectomy for
localized PCa were stratified based on PAR2 score as negative (Score 0, +1), moderate (Score 2+) and high (Score 3+) PAR2. Survival
analysis (DFS) at a median follow-up of 114 months was performed using survival and survminer packages.

For immunofluorescence, BM-MDSCs were seeded on coverslips and fixed with 4% PFA for 10 mins before staining. Then cells
were permeabilized with Tween 0.1% for 10 min, washed twice with 1xPBST (0.1% Tween 20), and incubated with blocking solution
(10 % FBS in 1xPBST). Sections were stained with Factor X antibody (Genetex, GTX110300) at 4°C overnight, followed by 3 washes
with 1xPBST. Alexa Fluor 488-conjugated anti-rabbit IgG secondary antibody (Thermo Scientific, cat # A-11008), anti-CD11b 594
(clone M1/70; Biolegend, cat # 101254), were incubated at room temperature for 1 hour. The nuclei were counterstained with Hoechst
33342 1pg/ml (Invitrogen, cat # H3570) and slides were mounted with ProLong (Invitrogen, cat # P36931). Images were acquired by a
confocal microscope Leica SP5, with an oil-immersion objective (63 x/1.4 NA Plan-Apochromat; Olympus), using laser excitation at
405, 488, or 594 nm. Images were processed using ImagedJ software.
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RNAish

For RNAish, tissues were fixed in 10% formalin (Thermo Scientific, 5701) and embedded in paraffin in accordance with standard pro-
cedures. RNAish for human F10 was performed according to the manufacturer’s protocol (RNAscope Multiplex Fluorescent Reagent
Kit v2 Assay) with minor adaptations followed by an IF staining for CD15. After the inclusion of the organs in paraffin, were cut into
sequential sections of 4 um and then baked in a dry oven at 60°C for 1 hour. The slides were then deparaffinized using two steps of
5 min in OTTIX Plus (Diapath, X0076) and one Step of 5 min in OTTIX Shaper (Diapath, X0096). For the pretreatment steps, the sec-
tions were covered for 10 min at RT with RNAscope Hydrogen Peroxide, incubated for 15 min in RNAscope Target retrieval reagent
(ACDBio 322000), and then treated 30 min at 40°C with RNAscope Protease Plus (RNAscope H202 and protease reagents ACDBio
Cat 322381).

The FX-C2 probe (1:50 ACDBIo 1333641-C2) was prepared according to the manufacturer’s protocol and used to incubate the
samples for 2h at 40°C. The following steps of amplification and development of the signal were also performed following exactly
the RNAscope Multiplex Fluorescent Reagent Kit v2 Assay protocol (ACDBio Cat 323110). TSA Vivid 650 fluorophore was used
for F10 detection (1:1000 ACDBio 323273). Once completed the RNAscope protocol, but prior to DAPI staining, IF for CD15 was per-
formed. All the steps of the IF staining were done at RT and avoiding the direct light exposure as follows: after 30 min in Protein block-
ing buffer (DAKO X0909) the samples were incubated for 90 min with CD15 (1:100 Cell Signaling #4744) and, after two wash steps in
PBS-Tween, with anti-rabbit IgG AF594 (1:400 Invitrogen #A11012) for 30 min. After nuclear counterstaining with DAPI (RNAscope
Multiplex FL v2 DAPI ACDBio RTU Cat #323110), the slides were mounted with Fluoromount-G (Invitrogen 00-4958-02) and air
dried for 30 min at RT. Images were acquired using a confocal Leica Stellaris SP8 microscope with a Leica HCX PL APO lambda
blue 40 x 1.40 OIL UV objective and the Leica LAS X software. The threshold for F10 RNAish was set to 3 puncta/cell. A constant
area of 0.38 mm? was analyzed per each sample.

Quantification of plasma levels of FX in CRPC patients and survival analysis

Plasma samples were obtained from 106 patients with mCRPC. Clinical data, including hematology, biochemistry, PSA, and other
prognostic factors for PCa were retrospectively collected from the hospital electronic medical record system. 106 patients had he-
matology results available for analyses but one or more of the prognostic factors were missing from 17 patients, leaving 89 patients
for the multivariable survival analyses. Results from hematology and biochemistry samples taken at the closest available time point to
the plasma samples (within 14 days) were obtained. PSA results obtained at the closest available time point to the plasma samples
(within 6 weeks) were obtained. Plasma levels of FX were quantified by using the Human Coagulation Factor X ELISA Kit from Novus
Biologicals (NBP2-60625) following manufacturer’s instructions.

Overall survival was calculated from the date of serum sample collection for measurement of serum FX level to the date of death or
the date of last follow-up/contact (data cut-off: 1st Dec 2022). Overall survival analyses were performed using the Kaplan-Meier
method. Univariate analysis of the association between FX level and overall survival from the time of serum collection was performed
using Cox proportional hazards models. Multivariable analysis of the associations between overall survival from the time of serum
collection was performed and covariates including Gleason Score, PSA, lactate dehydrogenase, albumin, hemoglobin, alkaline
phosphatase, and the presence of metastatic disease (M1 status) at diagnosis were performed using Cox proportional hazard
models. Non-parametric variables were log-transformed. Pearson correlation and linear regression were used to measure associa-
tions between blood neutrophil count, NLR and plasma FX level. All analyses were conducted using R version 2022.07.2.

Statistical analysis

For ethical reasons, the minimum number of animals necessary to achieve the scientific objectives was used. Animals were allocated
randomly to each treatment group. Different treatment groups were processed identically and animals in different treatment groups
were exposed to the same environment. For FACS, RNAish, IF and IHC analysis, there were no pre-established criteria for sample
exclusion, except evident insufficient sample quantity and/or poor histological quality.

All statistical analyses were performed using GraphPad Prism 8, or R-Studio. Shapiro-WilK normality test was performed to
analyze data distribution. Statistically significant differences between control and experimental groups were determined using either
the Student’s t-test or the Mann-Whitney test, according to the data distribution. For multiple comparisons, either one-way ANOVA or
two-way ANOVA tests were performed, followed by the appropriate post-hoc test, as indicated in figure legends. For bioinformatic
analyses, the data were considered statistically significant with FDR<0.05. All the statistical details of experiments, including number
of animals, number of experimental replicates, and the statistical test used, can be found in the figure legends. Differences were
considered significant when p < 0.05 and are indicated in figures as following: * p < 0.05, ** p < 0.01, ** p < 0.001, *** p < 0.0001.
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