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In Brief

Inhibitors of the receptor tyrosine kinase
c-MET are currently used in the clinic to
target oncogenic signaling in tumor cells.
Glodde et al. now show that c-MET
inhibition impairs reactive neutrophil
recruitment to tumors and lymph nodes,
potentiating T cell anti-tumor immunity.
Thus, c-MET inhibitor co-treatment may
improve responses to cancer
immunotherapy in settings beyond c-
MET-dependent tumors.
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SUMMARY

Inhibitors of the receptor tyrosine kinase c-MET are
currently used in the clinic to target oncogenic
signaling in tumor cells. We found that concomitant
c-MET inhibition promoted adoptive T cell transfer
and checkpoint immunotherapies in murine cancer
models by increasing effector T cell infiltration in
tumors. This therapeutic effect was independent
of tumor cell-intrinsic c-MET dependence. Mechanis-
tically, c-MET inhibition impaired the reactive mobili-
zation and recruitment of neutrophils into tumors
and draining lymph nodes in response to cytotoxic
immunotherapies. In the absence of c-MET inhibi-
tion, neutrophils recruited to T cell-inflamed microen-
vironments rapidly acquired immunosuppressive
properties, restraining T cell expansion and effector
functions. In cancer patients, high serum levels of
the ¢c-MET ligand HGF correlated with increasing
neutrophil counts and poor responses to checkpoint

P

@ CrossMark

blockade therapies. Our findings reveal a role for
the HGF/c-MET pathway in neutrophil recruitment
and function and suggest that c-MET inhibitor
co-treatment may improve responses to cancer
immunotherapy in settings beyond c-MET-dependent
tumors.

INTRODUCTION

Stromal release of hepatocyte growth factor (HGF) and in-
creased expression of its receptor c-MET are found in many solid
cancers (Finisguerra et al., 2016). c-MET is a receptor tyrosine
kinase encoded by the MET proto-oncogene that activates
several intracellular signaling pathways including RAS-MAPK,
PISK-AKT, RAC1, and PAK (Graveel et al., 2013). Thereby,
c-MET signaling regulates proliferation, cell survival, and migra-
tion in development, tissue regeneration, and tumorigenesis.
Clinical trials aimed at evaluating the therapeutic benefit of
¢-MET inhibitors in cancers with deregulated c-MET signaling,
either targeting c-MET as a primary oncogenic driver or
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preventing c-MET-driven resistance to other oncogenic kinase
inhibitors, are currently ongoing (Finisguerra et al., 2016).

c-MET signaling also participates in the regulation of immune
responses. Several studies reported immunosuppressive roles
for the HGF/c-MET axis such as an impairment of dendritic cell
(DC) functions and the induction of T cell tolerance (Benkhoucha
et al., 2010; Okunishi et al., 2005). On the other hand, c-MET
signaling was shown to promote immunity by driving the emigra-
tion of skin-resident DCs to the draining lymph node in a mouse
model of contact hypersensitivity (Baek et al., 2012).

Here, we investigated the influence of c-MET inhibition on the
efficacy of cancer immunotherapy. We found that c-MET inhibi-
tion improved different T cell-directed immunotherapeutic ap-
proaches such as adoptive T cell transfer and checkpoint
blockade in various solid cancer mouse models, regardless of
whether the tumor growth was c-MET dependent or not. Mech-
anistically, c-MET signaling promoted the reactive recruitment
of neutrophils from the bone marrow into lymph node and tumor
tissues where they restrained T cell expansion and effector
functions. Genetic or pharmacological blockade of c-MET-
dependent reactive neutrophil responses promoted T cell infil-
tration into tumors and thereby improved the efficacy of cancer
immunotherapies.

RESULTS

Concomitant c-MET Inhibition Enhances Adoptive T Cell
Transfer Inmunotherapy

Immunoregulation by c-MET inhibition could result from direct
effects on immune cells, on tumor cells, or both. To dissect these
possibilities, we used the HCmel12 and B16F1 melanoma cell
lines. HCmel12 cells were established from a primary melanoma
in Hgf-Cdk4™?4C mice (Bald et al., 2014a), where transgenic
expression of HGF provides constitutive c-MET signaling.
Accordingly, growth of HCmel12 cells in culture was inhibited
at low nanomolar concentrations by the selective c-MET inhibitor
capmatinib (Figure 1A, left; Liu et al., 2011). In contrast, B16F1
melanoma cells proved to be insensitive to capmatinib (Fig-
ure 1B, left), in line with previous reports (Shojaei et al., 2010).
Next, we established a protocol for capmatinib co-treatment of
C57BL/6 mice bearing intracutaneously (i.c.) injected syngeneic
HCmel12 or B16F1 melanomas. A 5-day capmatinib monother-
apy transiently blocked the growth of established HCmel12
melanomas (Figure 1A, right). We observed no significant
change in the growth of B16F1 melanomas treated in the same
way (Figure 1B, right). Immunoblots confirmed c-MET on-target
activity of capmatinib showing reduced c-MET phosphorylation
in vitro and in vivo in both models (Figures S1A and S1B). How-
ever, capmatinib blocked phosphorylation of ERK and AKT only
in HCmel12 but not in B16F1 verifying that mitogenic signaling is
c-MET dependent only in HCmel12.

To study immunoregulation by c-MET signaling, we first used
our previously established adoptive T cell transfer (ACT) proto-
col (Kohimeyer et al., 2009; Landsberg et al., 2012). It consists
of chemotherapeutic conditioning with a single dose of cyclo-
phosphamide, intravenous injection of CD90.1*CD8* TCR-
transgenic Pmel-1 T cells directed against the endogenous
melanocytic antigen gp100, activation of T cells in vivo with a
gp100-expressing adenovirus vaccine, and stimulation of the
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innate immune system with CpG+poly(l:C). We found that
short-term concomitant c-MET inhibition with capmatinib
further improved this effective ACT immunotherapy in mice
bearing c-MET-dependent HCmel12 melanomas (Figures 1C
and S1C). Interestingly, capmatinib also enhanced ACT efficacy
in mice bearing c-MET-independent B16F1 melanomas (Fig-
ures 1D and S1D). In both models we observed a significantly
prolonged survival and more tumor eradications in mice
receiving capmatinib together with ACT immunotherapy. Cap-
matinib co-administration also increased vitiligo-like fur depig-
mentation in ACT-treated mice with long-term survival (Figures
1E and 1F). Capmatinib co-treatment also improved ACT
immunotherapy in our primary Hgf-Cdk4724C melanoma model
(Figures S1E and S1F). PF-04217903, a second c-MET inhibi-
tor, showed similar ACT-promoting effects (Figures S1H-
S1K). Taken together, these findings demonstrated that phar-
macological c-MET inhibition enhanced T cell immunotherapy
regardless of the tumor cells’ dependence on c-MET signaling,
which strongly suggested a microenvironmental or systemic
immunoregulatory mechanism.

c-MET Inhibition Increases the Number

of Tumor-Infiltrating T Cells

The increased vitiligo-like fur depigmentation in capmatinib co-
treated mice indicated an intensified and prolonged systemic
activity of adoptively transferred Pmel-1 T cells, because they
also target gp100-expressing normal melanocytes in the skin
resulting in progressive hair graying. Indeed, we detected
increased numbers of Pmel-1 T cells in the blood of mice that
received short-term capmatinib co-treatment with the ACT pro-
tocol (Figures 2A, 2B, left, S1G, S1K, and S2A). We also
observed a significantly increased number of tumor-infiltrating
Pmel-1 T cells (Figures 2B, right, and S2B). More detailed flow
cytometric analyses revealed an increased proportion of
GrzB* Pmel-1 T cells indicating enhanced cytotoxic activity
(Figure 2C). We also found a reduced proportion of intratumoral
Pmel-1 T cells expressing the T cell exhaustion markers PD-1
and LAG3 (Figures S2C and S2D) or the T cell senescence
marker KLRG1 (Figure 2D). Of note, high expression of
KLRG1 has been shown to correlate with a reduced proliferative
capacity of CD8" T cells in several infectious disease mouse
models and humans (Hikono et al., 2007; Sarkar et al., 2008;
Voehringer et al., 2002). Thus, the increased number and the
phenotype change of tumor-infiltrating Pmel-1 T cells in capma-
tinib co-treated mice were in concert with an enhanced anti-tu-
moral activity of the combination treatment.

c-MET Inhibition Impairs the Reactive Recruitment

of Tumor-Infiltrating Neutrophils in Response

to Immunotherapy

In order to understand how concomitant c-MET inhibition pro-
moted T cell expansion and effector functions, we also searched
for changes in other immune cell populations, as these might be
involved in the immunoregulation. Interestingly, we observed a
reactive increase of CD11b*Ly6G* neutrophils in the peripheral
blood within days after ACT therapy that was significantly in-
hibited by capmatinib (Figures 2E and S2E and Table S1). To
investigate how ACT and capmatinib co-treatment affected the
number of circulating neutrophils, we analyzed the bone marrow.
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Figure 1. Concomitant Short-Term c-MET Inhibition Enhances the Efficacy of ACT Immunotherapy in Both c-MET-Dependent and c-MET-

Independent Melanoma Models

(A and B) Left: Effect of the c-MET inhibitor capmatinib on in vitro growth of melanoma cells shown in percent relative to controls (n = 3, mean + SEM). Right: In vivo
growth kinetics of tumor transplants treated as indicated (n = 6; mean tumor area + SEM).

(C and D) Experimental protocols for concomitant capmatinib treatment (5 mg/kg b.i.d.) with ACT immunotherapy (top; C, cyclophosphamide; LV, adenoviral
vaccination and Pmel-1 T cell transfer; |, innate immune activation with poly(I:C) and CpG) and Kaplan-Meier survival curves for cohorts of mice treated as
indicated (bottom; n = 10 or 15 for HCmel12, n = 10 or 14 for B16F1; numbers behind curves indicate mice with eradicated tumors).

(E and F) Representative pictures of vitiligo-like fur depigmentation on back skin (left) and corresponding quantification (right) in individual long-term surviving

mice (n = 6 for HCmel12, n = 9 for B16F1).

Cumulative results of three independent experiments are shown in (C)—(F). Statistics: unpaired two-tailed Student’s t test “p < 0.05 (A and B); log rank test for

survival curves (C and D). See also Figure S1.

We found an increase of mature neutrophils in bone marrow
mononuclear cells (BMMNCs) of ACT-treated mice, showing
that this regimen promoted neutrophil mobilization (Figures 2F
and 2G). Surprisingly, capmatinib co-treatment resulted in an
additional increase of mature neutrophils in the bone marrow
with a rise of c-MET-expressing neutrophils from ~2% to
~15% (Figures 2F and 2G). We concluded that c-MET inhibition
selectively impaired the reactive egress of neutrophils from the
bone marrow into the circulation in response to ACT immuno-
therapy. These findings agree with the recently described impor-
tant role of c-MET signaling in neutrophil transendothelial migra-

tion (Finisguerra et al., 2015). ¢c-MET signaling has been also
shown to enhance bone marrow progenitor expansion (Jalili
et al., 2010; Tesio et al., 2011) and we found a reactive increase
of granulocytic-macrophage progenitors (GMPs) upon ACT
immunotherapy, an effect that was again diminished by capma-
tinib co-treatment (Figures S2F and S2G). ACT immunotherapy
also elicited a reactive influx of c-MET™ neutrophils into tumor tis-
sues, which was again impaired by capmatinib co-treatment
(Figure 2H). Thus, c-MET signaling promoted neutrophil mobili-
zation from the bone marrow and their transendothelial migration
into inflamed tissues in response to ACT immunotherapy.
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Figure 2. Combining c-MET Inhibition with ACT Immunotherapy Increases the Infiltration of Tumors with Pmel-1 T Cells and Decreases the

Reactive Recruitment of c-MET* Neutrophils

(A) Experimental protocol for the analysis of immune cells in blood, tumors, and bone marrow.
(B) Flow cytometric quantification of Pmel-1 T cells in the blood and tumors of mice treated as indicated (n = 12; mean + SEM).
(C) Representative flow cytometric plots showing Granzyme B (GrzB) expression on CD90.1*CD8* Pmel-1 T cells in the tumor (left) and quantification in individual

mice treated as indicated (right, n = 7; mean + SEM).

(D) Corresponding data for KLRG1 (n = 10 for ACT, n = 9 for ACT+capmatinib; mean + SEM).
(E) Absolute neutrophil counts in the blood of mice on day 22 (for control and capmatinib) or day 28 (for ACT and ACT+capmatinib) treated as indicated (n = 5 for

control and capmatinib, n = 12 for ACT and ACT+capmatinib; mean + SEM).
(F) Gating strategy for c-MET* neutrophils in BMMNCs.

(G) Quantification of total and c-MET" neutrophils in BMMNCs of mice treated as indicated (n = 12; mean + SEM).

(H) Flow cytometric quantification of total and c-MET* neutrophils in tumors of mice treated as indicated (n = 12; mean + SEM).

Cumulative results of three independent experiments are shown. Statistics: unpaired two-tailed Student’s t test *p < 0.05, **p < 0.01 (E); unpaired two-tailed
Mann-Whitney test *p < 0.05, **p < 0.01, and ***p < 0.001 (B-D, G-H). See also Figure S2 and Table S1.

Neutrophils Acquire an Immunosuppressive Phenotype
in T Cell Inflamed Microenvironments

We hypothesized that reactive mobilization and recruitment of
neutrophils limited the efficacy of ACT immunotherapy, because
neutrophils have been shown to acquire T cell-suppressive ca-
pacity during tumor progression (Coffelt et al., 2015). Therefore,
we investigated the phenotype of neutrophils isolated from
different tissues in tumor-bearing mice following ACT immuno-
therapy by RNA-seq. Neutrophils from tumor tissue and tumor-
draining lymph node expressed typical immunosuppressive
genes (e.g., Nos2/iNOS, Arg1, Cd274/PD-L1) (Gabrilovich
et al.,, 2012), in contrast to neutrophils isolated from bone
marrow, blood, or spleen of the same mice (Figure 3A). Flow cy-
tometric analyses confirmed that more than 85% of neutrophils
from tumor tissue and from tumor draining lymph nodes of
ACT-treated mice expressed PD-L1 on their surface, in contrast
to fewer than 15% of neutrophils from bone marrow or spleen
(Figure 3B, top). This confirmed the results of our RNA-seq anal-
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ysis at the protein level. Most neutrophils from tumor tissue and
lymph nodes were also positive for c-MET surface expression
(Figure 3B, bottom). Given that PD-L1 is induced by IFN-y and
activated T cells release IFN-vy, we reasoned that neutrophils ac-
quired the immunosuppressive phenotype in response to acti-
vated Pmel-1 T cells which encounter their cognate antigen
and secrete IFN-y first in the lymph nodes and then in the tumor.
To test this hypothesis, we isolated neutrophils from a non-in-
flamed tissue (bone marrow) and co-cultured them with gp100
peptide/IL-2-activated Pmel-1 T cells. Neutrophils were able to
potently suppress Pmel-1 T cell proliferation and IFN-y secretion
(Figure 3C). In addition, RNA-seq analysis revealed that neutro-
phils acquired an immunosuppressive phenotype upon expo-
sure to T cell-conditioned medium (Figure 3D) and rapidly upre-
gulated PD-L1 surface expression upon IFN-y treatment
(Figure 3E). Functional analyses with PD-L1 blocking antibodies
and neutrophils from iINOS-deficient mice (Laubach et al., 1995)
verified that PD-L1 and iNOS, two previously described
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Figure 3. Neutrophils Acquire an Immunosuppressive Phenotype in
T Cell-Inflamed Microenvironments of Draining Lymph Node and Tu-
mor Tissues of ACT-Treated Mice

(A) Outline of 3 mRNA-seq analysis comparing neutrophils isolated from different
tissues 10 days after T cell transfer (left) and corresponding heatmap visualization
(right; numbers in boxes indicate number of pooled biological samples).

(B) Representative flow cytometric plots showing PD-L1 (top) and c-MET
(lower) surface staining on CD11b*Ly6G* neutrophils in indicated organs from
ACT-treated mice.

immunosuppressive mechanisms by neutrophils (Bowers et al.,
2014; Coffelt et al., 2015; Gabrilovich et al., 2012), impaired
T cell proliferation in an additive manner (Figure 3F). These
ex vivo assays showed that induction of immunosuppressive
genes and T cell-suppressive properties in neutrophils were
directly linked to the presence of activated T cells releasing
IFN-vy and other cytokines.

c-MET Inhibition Promotes T Cell Expansion in the
Tumor-Draining Lymph Node by Impairing Reactive
Neutrophil Recruitment

We were intrigued by our finding that neutrophils were recruited
to lymph nodes during ACT immunotherapy (Figures 3A and 3B).
Neutrophils are usually rare in lymph nodes under non-inflamma-
tory conditions but they can be recruited during acute infections
and participate in immunoregulation (Chtanova et al., 2008;
Hampton et al., 2015; Kastenmuller et al., 2012; Yang and Un-
anue, 2013; Yang et al., 2010). Using flow cytometric analyses
and a fluorescent reporter mouse model specific for neutrophils
(Hasenberg et al., 2015), we demonstrated that c-MET" neutro-
phils infiltrated the tumor draining lymph nodes in response to
ACT immunotherapy. In line with our findings shown so far, this
was diminished by capmatinib co-treatment (Figures 4A, 4B,
and S3A). Importantly, impaired recruitment of neutrophils was
associated with a reciprocal increase of Pmel-1 T cell numbers
in the tumor-draining lymph nodes (Figure 4C, left). Furthermore,
a higher fraction of Pmel-1 T cells expressed the proliferation
marker Ki67*, which suggested a more effective activation and
could also explain their increased systemic expansion observed
in mice co-treated with capmatinib (Figure 4C, right). Using fluo-
rescent reporter mice (Figure 4D), analyses of 3D fluorescent
images indicated close associations between tdTomato™* neu-
trophils and GFP* Pmel-1 T cells in lymph nodes (Figure 4E).
Automated distance analysis revealed that about half of
tdTomato™ neutrophils were closer than 20 um to GFP* Pmel-1
T cells (Figures S3B-S3D). Previously, we established these dis-
tance parameters as a relevant measure for functional CD8*
T cell interactions with antigen-presenting cells within the lymph
node (Eickhoff et al., 2015). Furthermore, two-photon intravital
microscopy provided evidence for direct physical interactions
between neutrophils and Pmel-1 T cells in lymph nodes
that lasted for several minutes (Figure S3E). Altogether, these

(C) T cell proliferation assay based on eF670 fluorescent dye labeling.
Representative flow cytometric plots at indicated conditions (left), cumulative
results shown as percent of proliferated Pmel-1 T cells (TC) (middle) and
percent of IFN-y* Pmel-1 T cells after activation with gp100 peptide and IL-2
and incubation with neutrophils (Neu) isolated from B16F1 melanoma-bearing
mice at a ratio 1:1 for 72 hr (right, n = 3; mean + SEM).

(D) 3‘'mRNA-seq analysis of neutrophils isolated from the bone marrow stim-
ulated with T cell conditioned medium (T cell-CM) compared to control.
Heatmap visualizes z-score transformed log2 rpm (reads per million) gene
expression values.

(E) Flow cytometric quantification of PD-L1 expression on bone marrow neu-
trophils upon IFN-y or T cell-CM stimulation over time (n = 3; mean + SEM).
(F) T cell proliferation assay with neutrophils isolated from C57BL/6 or INOS-
deficient B16F1 melanoma-bearing mice at aratio 1:1 + «PD-L1 for 72 hr (n=3;
mean + SEM).

Statistics: unpaired two-tailed Mann-Whitney test “p < 0.05, **p < 0.01, and
***p < 0.001 (C-F).
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Figure 4. c-MET Inhibition Decreases the Reactive Recruitment of c-MET* Immunosuppressive Neutrophils in Lymph Node Tissues and Pro-

motes Pmel-1 T Cell Expansion

(A) Experimental protocol for the analysis of neutrophils and Pmel-1 T cells in the B16F1 melanoma model.
(B) Flow cytometric quantification of total and c-MET™ neutrophils in the tumor draining lymph node of mice treated as indicated (right; n = 12; mean + SEM).
(C) Flow cytometric quantification of Pmel-1 T cells (left, n = 12; mean + SEM) and of Ki67* expression in Pmel-1 T cells (right, n = 6; mean + SEM) in the tumor

draining lymph node of mice treated as indicated.

(D) Experimental protocol for the analyses of neutrophils in tumor draining lymph nodes of Ly6G°"*ROSA26-S--tdTomate mice treated with ACT immunotherapy.
(E) Representative fluorescent images showing the localization of tdTomato* neutrophils and adoptively transferred GFP* Pmel-1 T cells in the tumor draining
lymph node on day 10 after ACT immunotherapy. White arrows indicate interaction between neutrophils and Pmel-1 T cells.

Cumulative results of three independent experiments are shown. Statistics: unpaired two-tailed Mann-Whitney test *p < 0.05, **p < 0.01, ***p < 0.001 (B and C).

See also Figures S3 and S4.

findings substantiated the notion that c-MET-dependent reac-
tive neutrophil infiltration into lymph nodes restrained anti-tumor
T cell expansion, likely through direct interactions as well as in-
direct mechanisms within a shared microenvironment.

Genetic Ablation of c-MET Kinase Activity Specifically in
Neutrophils Enhances ACT Immunotherapy

To corroborate whether c-MET inhibition in neutrophils was
indeed critical, we used the previously described mouse model
(Finisguerra et al., 2015; Huh et al., 2004), where c-MET kinase
activity is ablated by Cre-mediated conditional deletion of exon
16 encoding for the cytoplasmic ATP-binding pocket specifically
in neutrophils (Met®°"164Neu mice). ACT immunotherapy of
established B16F1 melanomas was significantly more effective
in Met®°n6aNeU mice than in littermate controls (Figures S4A-
S4C). Furthermore, Met®°"164Neu mice showed extensive viti-
ligo-like fur depigmentation (Figure S4D) and increased Pmel-1
T cell numbers in the blood, tumor, and draining lymph node
(Figure S4E). Again, this was linked to a diminished reactive
systemic neutrophil response (Figure S4F) through selective
retention of neutrophils in the bone marrow (Figure S4G). As
the N-terminal part of the kinase-inactive c-MET receptor is
still expressed and detectable by flow cytometry on the surface
of neutrophils from Met®*°"164NeU mice  the accumulation of
¢-MET™ neutrophils in ACT-treated Met®°"'®ANeU mice corrobo-
rated that c-MET kinase activity was critically required for the
reactive neutrophil egress from the bone marrow. Reactive
neutrophil infiltration of tumor and tumor-draining lymph node
was also impaired in Met®°"164NeU mice undergoing ACT immu-
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notherapy (Figure S4H). In conclusion, the genetic ablation of
¢-MET signaling specifically in neutrophils in the Met®xen16ANeu
model recapitulated the immunoregulatory effects of pharmaco-
logical c-MET blockade. These results provided strong evidence
that c-MET inhibitors enhanced ACT immunotherapy largely due
to inhibition of c-MET signaling in neutrophils.

Concomitant c-MET Inhibition Enhances the Efficacy

of Checkpoint Blockade Immunotherapy

Next, we asked whether concomitant c-MET inhibition could
also improve other types of cancer immunotherapy. We treated
mice bearing established B16F1 melanomas with a combination
of anti-PD-1 antibody and poly(l:C)+CpG (i.e., PCP regimen)
and found that concomitant c-MET inhibition also improved
this treatment approach (Figures 5A and S5A). Peritumoral
injection of poly(l:C)+CpG is commonly used to activate the
innate immune system in order to enforce immune responses
in T cell-poor tumors like B16F1, because PD-1 blockade
would be otherwise ineffective (Bald et al., 2014b; Nagato
et al., 2014). We obtained similar results when treating mice
bearing established LLC lung cancers (s.c.) with the PCP
regimen (Figures 5B and S5B). We also used the MC38 colon
cancer model, because it is more immunogenic and responsive
to systemic anti-PD-1 monotherapy (Ngiow et al., 2015). c-MET
inhibition with capmatinib was also effective in this experimental
setting (Figures 5C and S5C). Lastly, capmatinib co-administra-
tion also improved the treatment of 4T1.2 mammary tumors
orthotopically transplanted into the mammary fat pads of
BALB/c mice with anti-PD-1 blocking and anti-CD137 agonistic
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antibodies (Figures 5D and S5D). Of note, all four tumor models
used were insensitive to capmatinib in vitro and short-term cap-
matinib treatment alone had no effect on tumor growth in vivo
(Figures 5A-5D, S5E, 1D, and S1D). Hence, c-MET inhibition
synergistically improved different types of immunotherapies in
various solid cancer models regardless of the tumor cell’s
dependence on c-MET signaling. These results further corrobo-
rated the immunoregulatory capacity of concomitant c-MET
inhibition.

Concomitant c-MET Inhibition Reinforces Antigen-
Specific CD8* T Cell Responses during Immune
Checkpoint Therapy

Flow cytometric analyses demonstrated that capmatinib co-treat-
ment increased the number of CD8" T cells in tumor tissues and
regional lymph nodes following immunotherapy in the B16, LLC,

peutic interventions also consistently eli-
cited reactive recruitment of c-MET" neu-
trophils into tumor tissues and regional
lymph nodes, an effect that was significantly diminished by cap-
matinib co-administration (Figures 6D, 6E, and S6A-S6I). Further-
more, the proportion of gp70-specific KLRG1*CD8* T cells
decreased, whereas the proportion of gp70-specific GrzB*CD8"*
T cells increased in tumors of capmatinib co-treated mice, in
line with improved effector functions (Figures 6F and 6G). In the
tumor draining lymph node we also observed a decreased pro-
portion of gp70-specific KLRG1*CD8" T cells associated with
an increased proportion of gp70-specific Ki67*CD8" T cells in
concert with an enhanced expansion (Figures 6H and 6l). These
phenotype changes of CD8" T cells in tumors and lymph nodes
were also confirmed in mice bearing MC38 tumors receiving cap-
matinib in conjunction with anti-PD-1 immunotherapy (Figures
S6J and S6K). Taken together, our data support the notion
that concomitant c-MET inhibition impaired reactive neutrophil
recruitment in response to immune checkpoint therapy which in
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Figure 6. Combining c-MET Inhibition with Checkpoint Blockade Immunotherapy Promotes Effective T Cell Inmunity and Impairs Reactive
Neutrophil Responses

(A) Experimental protocol for the analysis of immune cells in the 4T1.2 mammary cancer model.

(B and C) Representative flow cytometric plots showing gp70 tetramer” CD8" T cells in tumors and draining lymph nodes (left) and quantification (right).

(D and E) Quantification of total and c-MET* neutrophils in tumors and draining lymph nodes.

(F and G) Expression of KLRG1* and GrzB* on gp70 tetramer™ CD8* T cells in tumors (left) and quantification (right).

(H and 1) Expression of KLRG1* and Ki67* on gp70 tetramer* CD8" T cells p70* T cells in draining lymph nodes (left) and quantification (right).

In all experiments n = 5 for control and capmatinib, n = 10 for «PD-1+aCD137 and «PD-1+aCD137+capmatinib (mean + SEM). Statistics: unpaired two-tailed
Mann-Whitney test; *p < 0.05, **p < 0.01, and ***p < 0.001 (B-). See also Figure S6.
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Figure 7. Increases of Serum HGF and Neutrophil Counts Correlate with Unresponsiveness to Anti-PD-1 Immunotherapy in a Subgroup of
Patients with Metastatic Melanoma

(A-D) Scatterplot showing absolute neutrophil counts in peripheral blood leukocytes (PBLs) versus HGF serum levels of individual mice bearing B16F1 (A), LLC
(B), MC38 (C), and 4T1.2 (D) tumors on day 7-10 after start of indicated therapy (n = 10 for each cohort).

(E) HGF levels per 100 pg protein in lymph node and melanoma tissues of B16F1 melanoma-bearing mice 10 days after start of indicated therapy (n = 12;
mean + SEM).

(F) Corresponding data for LLC tumor-bearing mice 7 days after start of indicated therapy (n = 12; mean + SEM).

(G) HGF levels in supernatants of bone marrow neutrophils isolated from B16F1 melanoma-bearing mice stimulated with indicated conditions for 18 hr (n = 3;
mean + SEM).

(H) Blood samples from 57 melanoma patients before and after 3 doses of «PD-1 immunotherapy from 3 different clinical centers have been assessed for
neutrophil counts and serum HGF levels.

(I) Changes in measurements of absolute neutrophil counts in PBLs (left) and HGF serum levels (right) before treatment onset and after the third treatment (n = 30
responder, n = 27 non-responder; mean + SEM).

(J) Corresponding scatterplot showing changes in absolute neutrophil counts in PBLs versus changes in HGF serum levels (n = 30 for responder; n = 27 for non-
responder). Correlation between neutrophil counts and HGF levels determined by Spearman’s rank correlation (rho).

Statistics: unpaired two-tailed Student’s t test *p < 0.05; **p < 0.01 (E and F); unpaired two-tailed Mann-Whitney test *p < 0.05; **p < 0.01 (I); Spearman’s rank
correlation test (J). See also Figure S7 and Table S2.

turn allowed for increased expansion and improved effector func-
tions of tumor antigen-specific CD8" T cells resulting in signifi-
cantly prolonged survival.

Reactive Neutrophil Responses Drive Systemically
Increased HGF Levels

All cancer immunotherapy strategies that we investigated in our
mouse models evoked reactive increases of blood neutrophil
counts, which were decreased by c-MET inhibition with capma-

tinib co-treatment. Across all models we also observed reactive
increases of serum HGF levels, which were again inhibited by
capmatinib (Figures S7TA-S7E, left). On treatment, HGF levels
correlated with blood neutrophil counts and separated samples
from mice that received concomitant capmatinib from those that
were treated with immunotherapy only (Figures 7A-7D). We also
observed increased HGF levels in lymph node and tumor tissues
in ACT-treated mice, which were again diminished by capmati-
nib co-treatment (Figures 7E and 7F). Thus, these tissues could
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be sources of elevated serum HGF levels in response to immu-
notherapy. In line with published observations (Grenier et al.,
2002), we found that TNF and T cell-conditioned medium caused
HGF release from isolated mouse neutrophils (Figure 7G).
This suggested that HGF release by neutrophils in a T cell-in-
flamed tumor microenvironment contributes to c-MET-depen-
dent neutrophil recruitment as a feed-forward mechanism. Of
note, capmatinib also lowered the ratios between neutrophils
and T cells in peripheral blood (Figures S7A-S7E, right). Consid-
ering the different treatment outcomes, our results show that
increasing blood neutrophil counts, increasing serum HGF
levels, and increasing neutrophil-to-T cell ratios correlated with
poor responses, whereas stable values correlated with good re-
sponses to immunotherapy in our mouse models. Correlations
between mRNA expression levels of HGF and neutrophil marker
genes in human tumors further supported direct links between
the HGF/c-MET axis and neutrophils (Figure S7F).

Increasing Blood Neutrophil Counts Are Associated with
Increasing Serum HGF Levels in a Subgroup of
Melanoma Patients that Poorly Respond to Checkpoint
Immunotherapy

It is well known that high blood neutrophil counts and high
neutrophil-to-lymphocyte ratios in patients with advanced can-
cer generally correlate with a poor prognosis (Shen et al.,
2014; Templeton et al., 2014). In patients with advanced mela-
noma, these parameters are specifically associated with a
poor response to checkpoint blockade immunotherapy (Ferrucci
et al., 2015; Gebhardt et al., 2015). We therefore asked whether
increasing blood neutrophil counts and a poor prognosis are also
associated with increasing serum HGF levels in the clinical situ-
ation, assuming that these parameters show much more vari-
ability in patients. For this purpose, we retrospectively deter-
mined the change of blood neutrophil counts and serum HGF
levels in patients with metastatic melanoma undergoing anti-
PD-1 immunotherapy at three independent clinical centers by
comparing measurements of pre- and on-treatment samples
(Figure 7H and Table S2). We found increases of serum HGF
levels along with blood neutrophil counts in a subset of non-re-
sponders, but only to a lesser extent in patients responding to
anti-PD-1 therapy (Figures 71 and 7J). Even though larger and in-
dependent patient cohorts are needed to confirm this, these ob-
servations mirror our data obtained in mouse models and are
compatible with the notion that the HGF/c-MET signaling axis
might also drive reactive neutrophil mobilization in a feed-for-
ward manner and thereby limit the efficacy of cancer immuno-
therapies in patients with advanced cancer. Our results provide
a scientific basis to further investigate this hypothesis in future
clinical trials.

DISCUSSION

In our work we demonstrated that a short course of c-MET inhibitor
co-treatment increased the efficacy of adoptive T cell and check-
point immunotherapy strategies in several widely studied mouse
tumor models. Importantly, this therapeutic effect was observed
even in the absence of tumor cell-intrinsic c-MET dependence.
c-MET inhibition also enhanced adoptive T cell immunotherapy
of primary autochthonous melanomas in a genetically engineered
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mouse model, further supporting the generality of our observa-
tions. c-MET inhibition in combination with immunotherapy further
increased the absolute numbers and enhanced the effector func-
tions of antigen-specific CD8" T cells in tumor tissues. Interest-
ingly, we discovered that c-MET inhibition substantially modulated
the phenotype of tumor-infiltrating CD8" T cells. An increased
proportion of CD8* T cells expressed GrzB whereas a reduced
proportion expressed KLRG1. This consistently correlated
with enhanced anti-tumor T cell responses across different
mouse tumor models. Of note, KLRG1 is considered as a CD8*
T cell senescence marker and indicates reduced proliferative
capacity (Voehringer et al, 2002). Moreover, KLRG1*
effector CD8" T cells have a reduced likelihood to enter the mem-
ory CD8* T cell state (Sarkar et al., 2008), and KLRG1* memory
CD8" T cells show reduced expansion after re-stimulation by
their cognate antigen (Hikono et al., 2007). Therefore, KLRG1
might represent an important biomarker for effective anti-tumor
CD8" T cell responses that needs to be considered in future
studies.

Mechanistically, our experiments in Me mice where
c-MET signaling is genetically blocked specifically in neutrophils
provided strong evidence that the immunoregulatory effect of
pharmacologic c-MET signaling blockade with capmatinib is
largely due to a direct effect on neutrophils. We concluded that
c-MET signaling in neutrophils promoted their reactive mobiliza-
tion from the bone marrow and their subsequent recruitment into
tumor tissue and draining lymph nodes in response to cytotoxic
immunotherapies. In T cell-inflamed tissues, neutrophils rapidly
acquired an immunosuppressive phenotype. This was at least
in part mediated through IFN-vy, which is secreted into the shared
environment by activated T cells. Our results support recent find-
ings that IFN signaling, though critical for adaptive immunity, also
activates multiple immunosuppressive pathways limiting check-
point immunotherapy (Benci et al., 2016). We implicate c-MET
signaling as a critical driver of a neutrophil-mediated resistance
program to cancer immunotherapy.

Our observations touch upon the controversial and Janus-
faced role of neutrophils, which can exert both anti- and pro-tu-
moral activities depending on the context. This was already
observed decades ago (Gerrard et al., 1981; Pekarek et al.,
1995). More recent studies defined molecular and cellular mech-
anisms of anti-tumoral (Blaisdell et al., 2015; Eruslanov et al.,
2014; Finisguerra et al., 2015; Granot et al., 2011; Singhal
et al., 2016) as well as pro-tumoral (Bald et al., 2014a; Coffelt
etal., 2015; Fridlender et al., 2009; Mishalian et al., 2013; Wculek
and Malanchi, 2015) effects of neutrophils in different experi-
mental settings. Our results shed further light on the highly
context-dependent regulation of neutrophil functions and sup-
port the emerging notion that neutrophils have anti-tumoral
properties early during tumor development and acquire pro-tu-
moral features in progressively growing tumors and in response
to immunotherapeutic intervention, as shown in our work. This
highlights the extraordinary plasticity of neutrophils, which is
increasingly appreciated as a critical driver of their functional di-
versity (Nicolas-Avila et al., 2017; Sagiv et al., 2015).

Our data also substantiate the emerging immunoregulatory
functions of neutrophils in lymph nodes, which have been
addressed so far largely in the context of immunization
and infection (Chtanova et al., 2008; Hampton et al., 2015;
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Kastenmuller et al., 2012; Yang and Unanue, 2013). Reactive
neutrophil recruitment to lymph nodes was shown to limit cellular
and humoral immune responses to vaccination antigens and
pathogens (Kamenyeva et al., 2015; Yang et al., 2010). We
show that different types of immunotherapies can drive reactive
c-MET-dependent neutrophil recruitment into tumor-draining
lymph nodes, which restrains the expansion of anti-tumoral
CD8"* T cells. As recently also appreciated by others (Spitzer
et al., 2017), our finding underscores the importance of systemic
immunity coordinated in secondary lymphoid organs to sustain
an effective anti-tumor T cell response.

Because the HGF/c-MET signaling axis regulates physiolog-
ical and pathophysiological tissue regeneration (Trusolino
et al., 2010), we propose that activation of this pathway occurs
as a wounding-like response to cancer immunotherapy (Holzel
et al., 2013). Infiltration of activated immune cells may release
HGF, which is normally sequestered at extracellular matrix com-
ponents (Hattori et al., 2004). Furthermore, inflammation and
other stress conditions like hypoxia have been described to acti-
vate c-MET signaling (Finisguerra et al., 2015; Pennacchietti
et al., 20083). Neutrophils themselves may contribute to this,
because they also release HGF, fuel inflammation, and locally
deplete oxygen upon transmigration (Campbell et al., 2014; Gre-
nier et al., 2002; Henry et al., 2016). Along this line we found that
neutrophils release HGF in response to TNF and T cell-condi-
tioned medium, which suggested that neutrophils could promote
their own recruitment into T cell-inflamed environments through
HGF release. This explains, at least in part, the increased serum
HGF levels observed in all our mouse cancer models undergoing
immunotherapy. Our results suggest that HGF links local tissue
damage evoked by cancer immunotherapy with a systemic
c-MET-dependent neutrophil response that limits therapeutic
efficacy.

In support of this concept, HGF cooperates with G-CSF (gran-
ulocyte-colony stimulating factor) to promote hematopoietic
progenitor cell expansion (Jalili et al., 2010; Tesio et al., 2011).
In agreement, we observed that immunotherapies caused
myeloid progenitor expansion and neutrophil mobilization from
the bone marrow. We uncovered that c-MET signaling was
particularly critical for the egress of a subset of (c-MET*) neutro-
phils from the bone marrow into the blood in mice undergoing
immunotherapy, which is in line with c-MET being implicated in
neutrophil transendothelial migration (Finisguerra et al., 2015).
The reactive neutrophil response to cancer immunotherapy is
reminiscent of the emergency granulopoiesis under infectious
conditions (Manz and Boettcher, 2014), but the underlying tumor
burden is likely to impose additional changes on neutrophil phe-
notypes as shown in tumor mouse models of disease progres-
sion and advanced stage cancer patients (Coffelt et al., 2015;
Sagiv et al., 2015).

High blood neutrophil counts and neutrophil-to-lymphocyte
ratios predict poor survival in cancer patients (Shen et al.,
2014; Templeton et al., 2014) and poor outcome to checkpoint
immunotherapy in melanoma patients (Ferrucci et al., 2015;
Gebhardt et al., 2015). Therefore, inhibiting reactive neutrophils
emerges as a strategy to enhance cancer immunotherapies. In
this respect, concomitant c-MET inhibition is a promising
approach, because it impairs a relevant subset of neutrophils
at critical tissue sites without blocking or ablating neutrophils

in total and thereby increasing the susceptibility for infections.
On a more general note, our data emphasize the importance
of understanding how oncogenic kinase inhibitors influence
immune cell functions, a knowledge that is critical to exploit
therapeutic synergism or to predict interference (Crompton
et al., 2015; Ebert et al., 2016). Our finding that concomitant
c-MET inhibition enhanced different immunotherapies in mouse
models for solid cancer provides a scientific basis for further clin-
ical investigation. Currently, c-MET inhibitors are evaluated in
clinical trials based on the rationale to target oncogenic c-MET
signaling in tumor cells. Exploiting the immunoregulatory capac-
ity of c-MET inhibitors, as demonstrated in our study, could
broaden their clinical applicability in combination with cancer
immunotherapies.
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STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Rabbit monoclonal p44/42 MAPK (Erk1/2) Cell Signaling Cat#9102; RRID: AB_330744
Mouse monoclonal phospho-ERK (Clone E-4) Santa Cruz Cati#sc-7383; RRID: AB_627545
Rabbit monoclonal phospho-p44/42 MAPK Cell Signaling Cat#4370; RRID: AB_2315112
(Erk1/2) (Thr202/Tyr204; Clone D13.14.4E)

Mouse monoclonal Akt (pan) (Clone 40D4) Cell Signaling Cat#2920; RRID: AB_1147620
Rabbit monoclonal Akt (pan) (Clone C67E7) Cell Signaling Cat#4691; RRID: AB_915783
Rabbit monoclonal phospho-Akt (Ser473; Cell Signaling Cat#4060; RRID: AB_2315049
Clone D9E)

Mouse monoclonal B-Actin (Clone C4) Santa Cruz Cat#sc-47778; RRID: AB_626632
Mouse monoclonal c-MET (Clone B-2) Santa Cruz Cat#sc-8057; RRID: AB_673755
Rabbit monoclonal phospho-MET (Tyr1234/ Cell Signaling Cat#3077S; RRID: AB_2143884

1235; Clone D26)

Goat polyclonal gp100

IRDye 680RD Donkey anti-Mouse IgG (H+L)
IRDye 800CW Donkey anti-Mouse I1gG (H+L)
IRDye 800CW Donkey anti-Rabbit IgG (H+L)
IRDye 800CW Donkey anti-Goat IgG (H+L)
IRDye 680LT Donkey (polyclonal) anti-Rabbit
19G (H+L)

Anti-Mouse CD16/CD32 (Clone 93)
Anti-Mouse CD45 PerCp (Clone 30-F11)
Anti-Mouse CD45.2 APC/Cy7 (Clone 104)

Anti-Mouse CD45 Brilliant Violet 421 (Clone
30-F11)

Anti-Mouse CD8 PE (Clone 53-6.7)

Anti-Rat CD90.1 Alexa Flour 647 (Clone OX-7)
Anti-Rat CD90.1 PerCP (Clone OX-7)
Anti-Mouse/Human CD11b FITC (Clone M1/70)
Anti-Mouse Ly6G PE (Clone 1A8)

Anti-Mouse Ly6C APC (Clone AL-21)

Anti-Mouse/Human Kirg1 PerCP/Cy5.5
(Clone 2F1)

Anti-Mouse CD279 (PD-1) FITC (Clone J43)

Anti-mouse monoclonal CD223 (LAG-3)
eFluor450 (Clone eBioC9B7W)

Anti-Mouse CD8a BV711 (Clone 53-6.7)

Anti-Mouse TCRb PerCP/Cy5.5 (Clone
H57-597)

Anti-Mouse Kirg1 PECy7 (Clone 2F1)
Anti-Mouse CD274 (PD-L1) BV711 (Clone
B7-H1))

Anti-Mouse/Human Ki67 Alexa Fluor 647
(Clone B56)

Anti-Mouse/Human GranzymeB Pacific Blue
(Clone GB11)

Novus Biologicals

LI-COR Biosciences
LI-COR Biosciences
LI-COR Biosciences
LI-COR Biosciences
LI-COR Biosciences

Biolegend
BD Bioscience
Biolegend
Biolegend

BD PharMingen
Biolegend

BD Bioscience
Biolegend

BD Bioscience
BD Bioscience

Biolegend

Thermo Fisher Scientific
ThermoFisher Scientific

Biolegend
Biolegend

eBioscience
Biolegend

BD Bioscience

Biolegend

Cat#NB100-41098 RRID: AB_2254576
Cat#926-68072; RRID: AB_10953628
Cat#926-32212; RRID: AB_621847
Cat#926-32213; RRID: AB_621848
Cat#926-32214; RRID: AB_621846
Cat#926-68023; RRID: AB_10706167

Cat#101302; RRID: AB_312801
Cat#557235; RRID: AB_396609
Cat#109824; RRID: AB_830789
Cat#103133: RRID: AB_10899570

Cat#553033; RRID: AB_394571
Cat#202508; RRID: AB_492884
Cat#557266; RRID: AB_396611
Cat#101206; RRID: AB_312789
Cat#551461; RRID: AB_394208
Cat#560595; RRID: AB_1727554
Cat#138418; RRID: AB_2563015

Cat#11-9985-82; RRID: AB_465472
Cat#48-2231-82; RRID: AB_11149866

Cat#100748; RRID: AB_2562100
Cat#109228; RRID: AB_1575173

Cat#25-5893-82; RRID: AB_1518768
Cat#124319; RRID: AB_2563619

Cat#561126

Cat#515408; RRID: AB_2562196

(Continued on next page)
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

H-2Ld tetramer to peptide SPSYVYHQF APC

Anti-Mouse c-MET (HGFr)

Polyclonal rabbit anti-goat IgG/biotinylated
Streptavidin-APC

Streptavidin-APC-eFlour 780

Anti-Mouse PD-L1 PE (Clone MIH5)
Mouse Hematopoietic Lineage Biotin Panel

Anti-Mouse monoclonal Granzyme B FITC
(Clone NGZB)

Monoclonal anti- Ki67 FITC (Clone SolA15)
Anti-Mouse IFNy APC (Clone XMG1.2)
Anti-Mouse CD34-FITC (Clone RAM34)
Anti-Mouse Sca-1 PE-Cy7 (Clone D7)
Anti-Mouse CD117 (c-Kit) APC (Clone 2B8)
Anti-Human/Mouse CD45R PerCP-Cy5.5
B220 PerCP/Cy5.5 (Clone R43-6B2)
Anti-CD16/32-eF450 (Clone 93)

Anti-Mouse CD3e PE-Cy7 (Clone 145-2C11)
Anti-Mouse CD11b eFlour450 (M1/70)
Anti-Mouse Ly-6A/E PE-Cy7 (Sca-1; Clone D7),
anti-mouse-PD-L1 (Clone 10F.9G2)

anti-GFP polyclonal Alexa Fluor 488

Cell Proliferation Dye eFluor 670

In vivo Mab anti-mouse PD-1 (Clone RMP1-14)
Zombie Yellow Fixable Viability Kit

Zombie Aqua Fixable Viability Kit

In vivo Mab rat IgG2a Isotype control
(Clone 2A3)

In vivo Mab anti-mouse CD137 (4-1bb)

National Institutes of Health
(NIH Tetramer Core Facility)

RnD

Agilent (DAKO)

BD Bioscience

Thermo Fisher Scientific
BD Bioscience

Thermo Fisher Scientific

Thermo Fisher Scientific

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
eBioscience
eBioscience

Bioxcell

Thermo Fisher Scientific
Thermo Fisher Scientific
BioXcell

Biolegend

Biolegend

BioXcell

Bioxcell

MuLV env gp70 423-431

Cat#AF527; RRID: AB_355414
Cat#E046601-2

Cat#554067; RRID: AB_10050396
Cat# 47-4317-82; RRID: AB_10366688
Cat#558091; RRID: AB_397018

Cati# 88-7774-75; RRID: AB_476399
Cat#11-8898-82; RRID: AB_10733414

Cat#11-5698-82; RRID: AB_11151330
Cat#17-7311-82; RRID: AB_469504
Cat#11-0341-82; RRID: AB_465021
Cat#25-5981-82; RRID: AB_469669
Cat#17-1171-82; RRID: AB_469430
Cat#45-0452-82; RRID: AB_1107006
Cati# 45-0452-82; RRID: AB_1107006
Cat#48-0161-82; RRID: AB_1272191
Cat#25-0031-82; RRID: AB_469572
Cat#48-0112-82; RRID: AB_1582236
Cat#25-5981-82; RRID: AB_469669
Cat#BE0101 RRID:AB_10949073
Cat#A-21311; RRID: AB_221477
Cat#65-0840-85

Cat#BE0146; RRID: AB_10949053
Cat#423103

Cat#423101

Cat#BE0089; RRID: AB_1107769

Cat#BE0239; RRID: AB_2687721

Bacterial and Virus Strains

Recombinant adenoviral vector Ad-gp100

Kohlmeyer et al., 2009

N/A

Biological Samples

Skin Cancer Centre, University Medical N/A
Center Mannheim, Germany (Biobank
core facility)

Human blood and serum samples

Human blood and serum samples Skin Cancer Centre, University Hospital N/A

Bonn, Germany (Biobank core facility)

Human blood and serum samples Melanoma Institute Australia, Sydney, N/A

Australia
Chemicals, Peptides, and Recombinant Proteins
c-MET inhibitor capmatinib (INC280) Selleck Chemicals Cat#S2788
¢c-MET inhibitor capmatinib provided by Novartis N/A
c-MET inhibitor PF-04217903 Selleck Chemicals Cat#S1094
Cyclophosphamide Endoxan, Baxter Cat#01469644
Polyl:C (HMW) Invivogen Cati#tlrl-pic
H2-DP binding peptide KVPRNQDWL JPT N/A
(9P1004225-33)

Recombinant human IL-2 (Aldesleukin) Novartis Pharma PZN:02238131

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
Recombinant murine IFNy Peprotech Cat#315-05
Recombinant murine TNFa Peprotech Cat#315-01A
Critical Commercial Assays

M-PER mammalian protein reagent Fermentas Cat#78501
Protease inhibitor cocktail Thermo Fisher Scientific Cat#78430
Pierce BCA protein assay Thermo Fisher Scientific Cat#23225
Mouse/rat HGF Quantikine ELISA kit RnD Cat#MHGO00
Human HGF Quantikine ELISA kit RnD Cat#DHGO00
Fixation/Permeabilization Solution Kit BD Cat#554714
Foxp3/ Transcription Factor Staining Buffer Set eBioscience Cat#00-5523-00

Deposited Data

Raw 3'mRNA-Seq data

EBI ENA: ERP023772/

http://www.ebi.ac.uk/ena/data/view/

PRJEB21513 ERP023772 or http://www.ebi.ac.uk/ena/data/
view/PRJEB21513
Experimental Models: Cell Lines
Mouse: HCmel12 melanoma Established in the laboratory of T.T. N/A

Mouse: B16F1 melanoma
Mouse: LLC lung cancer

Mouse: MC38 colon

Mouse: 4T1.2 breast cancer

(Bald et al., 2014a)
Obtained by T.T. from ATCC ATCC CRL-6323

University of Bonn, Germany; provided N/A
by J. vd. Boorn, Inst. f. Clinical
Chemistry and Clinical Pharmacology

QIMR Berghofer, Brisbane, Australia; N/A
M.J.S. laboratory
QIMR Berghofer, Brisbane, Australia; N/A

M.J.S. laboratory

Experimental Models: Organisms/Strains

Mouse: C57BL/6J (H-2DP) Janvier LABS sc-C57J
Mouse: C57BL/6J (H-2DP) Charles River JAX 000664
Mouse: C57BL/6J (H-2DP) Walter and Eliza Hall Institute for N/A
Medical Research
Mouse: BALB/c Walter and Eliza Hall Institute N/A
Mouse: Hgf-Cdk4®24C) Kohlmeyer et al., 2009; laboratory N/A
of T.T.
Mouse: TCR tg Pmel-1 Jackson Laboratory Cat# 005023
Mouse: GFP-TCRtg Pmel-1 This paper N/A
Mouse: Metexen 16/l Laboratory of M.M. N/A
Mouse: hMRP8-Cre-ires/GFPxMet®*° 61 Finisguerra et al., 2015; N/A
(Met®xon16ANEU) Huh et al., 2004
Mouse: Ly6GCROSA26-S--tdTomato Hasenberg et al., 2015 N/A
Mouse: Nos2-deficient Laubach et al., 1995 N/A
Oligonucleotides
CPG Oligo 1826; 5'-T*C*C*A*T*G*A*C*G*T* Biomers N/A

T*C*C*T*G*A*C*G*T*T-3

Software and Algorithms

FlowJo v10
Imaris
GraphPad Prism v7

R
Rstudio
Bioconductor - R-based computing platform

Tree Star, Inc.
Bitplane
GraphPad

R developer team
Rstudio

Bioconductor developer team

https://www.flowjo.com/
http://www.bitplane.com/

https://www.graphpad.com/
scientific-software/prism/

https://cran.r-project.org/
https://www.rstudio.com/
https://bioconductor.org/

(Continued on next page)
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Continued

REAGENT or RESOURCE

SOURCE

IDENTIFIER

Rsubread - Bioconductor package

edgeR - Bioconductor package

org.Mm.eg.db - Bioconductor package,
Genome wide annotation for Mouse. R
package version 3.4.1.

heatmap.3 - An Improved Heatmap Package. R
package.

coin - Conditional Inference Procedures in a
Permutation Test Framework. R package

cgdsr - R-Based API for Accessing the MSKCC
Cancer Genomics Data Server

Voom - algorithm (implemented in limma)

Liao et al., 2013

Robinson et al., 2010

Package author: Carlson, M.

Package authors: Zhao, S.,
Guo, Y., Sheng, Q., Shyr, Y.

Package authors: Hothorn, T.,
Hornik, K., van de Wiel, M.A.,
Winell, H., Zeileis, A.

Package author: Jacobsen, A.

Law et al., 2014

https://bioconductor.org/packages/release/
bioc/html/Rsubread.html

https://bioconductor.org/packages/release/
bioc/html/edgeR.html

http://bioconductor.org/packages/release/
data/annotation/html/org.Mm.eg.db.html

https://CRAN.R-project.org/packages/
heatmap3/index.html

https://CRAN.R-project.org/packages/coin/
index.html

https://CRAN.R-project.org/packages/cgdsr/
index.html

https://doi.org/10.1186/gb-2014-15-2-r29

https://bioconductor.org/packages/release/
bioc/html/limma.html

RNA-seq algorithm As described by Shi et al., http://bioinf.wehi.edu.au/RNAseqCaseStudy/
Bioinformatics Division, WEHI,

Melbourne, Australia

Moving Average plots Riesenberg et al., 2015 https://images.nature.com/original/
nature-assets/ncomms/2015/151104/

ncomms9755/extref/ncomms9755-s9.txt

CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for reagents may be directed to, and will be fulfilled by the Lead Contact Michael Holzel (michael.
hoelzel@ukbonn.de).

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Mice

C57BL/6J mice (H-2D°) were purchased from Charles River, Janvier or Walter and Eliza Hall Institute for Medical Research. BALB/c
mice were purchased from the Walter and Eliza Hall Institute for Medical Research. Melanoma prone Hgf-Cak4®24©) mice were bred
as described previously (Kohlmeyer et al., 2009; Landsberg et al., 2012). TCR-transgenic Pmel-1 mice expressing an af TCR
specific for amino acids 25-33 of human and mouse gp100 presented by H2-D° were bred as described previously (Landsberg
et al., 2012). GFP expressing Pmel-1 mice were generated by crossing Pmel-1 mice with Ubc-GFP transgenic mice. Met®*°n 16/
and hMRP8-Cre-ires/GFPxMet®*°" 16V (pjgexon16aNEYY mice were described previously (Finisguerra et al., 2015; Huh et al., 2004).
Ly6GC®ROSA26-S-tdTemate (Gatchup!YMed) and Nos2-deficient mice were bred as described previously (Hasenberg et al., 2015;
Laubach et al., 1995). All animals were maintained under specific pathogen-free conditions in individually ventilated cages and ex-
periments were performed with 6-8 week old mice. Age and sex matched cohorts of mice bearing successfully transplanted tumors
were randomly allocated to the different experimental groups at the start of each experiment. All animal experiments were approved
by the responsible authorities (Landesverwaltungsamt, SA, and LANUV, NRW, Germany; QIMR Berghofer AEC, Queensland,
Australia and Animal Care and Research Advisory Committee KU Leuven, Leuven, Belgium) and were performed according to the
institutional and national guidelines for the care and use of laboratory animals.

Cell lines

The melanoma cell line HCmel12 was established from a primary melanoma in the Hgf-Cdk47™24C mouse model by serial transplan-
tation in our laboratory as described previously (Bald et al., 2014a). B16F1 was originally obtained from ATCC and this model was
previously used for immunotherapeutic studies by our group (Kohlmeyer et al., 2009). Syngeneic MC38 mouse colon adenocarci-
noma cells were used as described previously (Ngiow et al., 2015). LLC mouse lung cancer cells were provided by J.v.d. Boorn (Insti-
tute for Clinical Chemistry and Clinical Pharmacology, Bonn). BALB/c-derived 4T1.2 mammary carcinoma cells were used as
described previously (Liu et al., 2016). All cell lines were routinely cultured in “complete RPMI medium,” i.e., RPMI 1640 medium
(Life Technologies) supplemented with 10% FCS (Biochrome), 2 mM L-glutamine, 10 mM non-essential amino acids, 1 mM HEPES
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(all from Life Technologies), 20 uM 2-mercaptoethanol (Sigma), 100 IU/ml penicillin and 100 pg/ml streptomycin (Invitrogen) in a hu-
midified incubator with 5% CO.. All cell lines used in this study were routinely tested for mycoplasma contamination by PCR on a
monthly basis.

Primary cell cultures

For in vitro studies single cell suspensions of bone marrow neutrophils and Pmel-1 T cells isolated from spleens of Pmel-1 TCRtg
mice were cultured in “complete RPMI medium,” i.e., RPMI 1640 medium (Thermo Fisher Scientific) supplemented with 10%
FCS (Biochrome), 2 mM L-glutamine, 10 mM non-essential amino acids, 1 mM HEPES (all from Life Technologies), 20 uM 2-mercap-
toethanol (Sigma), 100 IU/ml penicillin and 100 pg/ml streptomycin (Invitrogen) in a humidified incubator with 5% CO,. Pmel-1 T cell
culture medium was additionally supplemented with 30cU/ml recombinant human IL-2 (Aldesleukin) and 1 ng/ml of the H2-DP binding
peptide KVPRNQDWL (gp100,425_33)-

Human blood and serum samples

Patient samples (blood and serum) and clinical data were obtained with the approval of institutional Ethics Committee boards and
patients’ consents at the Skin Cancer Centre, University Medical Center Mannheim, Germany, at the Skin Cancer Centre of the Uni-
versity Hospital Bonn, Germany and at the Melanoma Institute Australia, Sydney, Australia. At the clinical centers serum samples
were collected on a routinely basis for institutional biobanking programs and were made available for our explorative retrospective
analyses. Serum aliquots were stored at —80°C until analysis in freezers with temperature surveillance. If applicable to our retrospec-
tive study, we followed the REMARK guidelines for tumor marker prognostic studies. All patients received either pembrolizumab or
nivolumab as anti-PD1 therapy for their confirmed diagnosis of stage IV melanoma according to the 2009 AJCC melanoma staging
and classification (Table S1). Patients had not any specific melanoma therapy during the previous 21 days or concomitant systemic
therapy for melanoma. Treatment efficacy was assessed using contrast-enhanced CT/MRI or PET-CT at around week 12 after the
first anti-PD-1 infusions. A clinical response was defined as complete response (CR), partial response (PR) and stable disease (SD)
based on immune-related response criteria (irRC).

METHOD DETAILS

Cell growth assays

Tumor cells were plated at low density (5000 cells for HCmel12, MC38 and LLC and 2000 cells for B16F1 and 4T1.2) in 12-well plates
and treated with capmatinib (INC280) or PF-04217903 (both from Selleck Chemicals) at indicated concentrations or vehicle control
for 6 days. Dishes were stained with a standard crystal violet staining procedure. In brief, cells were washed with PBS, fixed in 4%
formaldehyde solution and stained with 0.05% crystal violet in water for 30 min. Stained dishes were washed three times with water to
remove background staining. Colonies were scanned and quantified using the Odyssey SA Infrared Imaging System (LICOR
Biosciences).

Immunoblots

Protein lysates were prepared from cultured cells after two hours of incubation with capmatinib (INC280), PF-04217903 or vehicle
control and lysed directly in Laemmli buffer (SDS loading buffer). Melanoma tissues were harvested two hours after the last admin-
istration of capmatinib. Tumor samples were lysed using the M-PER mammalian protein reagent (Fermentas) with protease inhibitors
(Roche). Laemmli buffer was added to these samples after the protein concentration was spectrophotometrically measured with a
Bradford-based assay using Roti-Quant (Roth) according to manufacturer’s protocol. The lysates were incubated for five minutes at
95°C prior to loading. Samples were loaded and separated by SDS-PAGE gel electrophoresis and transferred to nitrocellulose mem-
brane with 0.2 pm pore size (GE Healthcare) according to standard protocols. Blots were immunostained with p44/42 MAPK (ERK1/2)
rabbit monoclonal antibody (#9102; Cell Signaling), phospho-ERK (E-4) mouse monoclonal antibody (sc-7383; Santa Cruz) for in vitro
samples or phospho-ERK rabbit monoclonal antibody (#4370; Cell Signaling) for tumor samples, AKT (pan) (40D4) mouse mono-
clonal antibody (#2920; Cell Signaling) for in vitro samples or AKT (pan) (C67E7) rabbit monoclonal antibody (#4691; Cell Signaling)
for tumor lysates; phospho-AKT (Ser473) (D9E) rabbit monoclonal antibody (#4060; Cell Signaling), B-Actin (C4) mouse monoclonal
antibody (sc-47778; Santa Cruz), c-MET (B-2) mouse monoclonal antibody (sc-8057; Santa Cruz), phospho-MET (Tyr1234/1235)
(D26) rabbit monoclonal antibody (#3077; Cell Signaling) and gp100 goat polyclonal antibody (#NB100-41098; Novus Biologicals).
Bound antibodies were visualized with IRDye 680RD or IRDye 800CW secondary antibodies (LICOR Biosciences) for detection in
the 700 nm and 800 nm channel, respectively. Blots were scanned with the Odyssey SA Infrared Imaging System (LICOR
Biosciences).

Tumor transplantation experiments

Cohorts of syngeneic C57BL/6 mice were injected intracutaneously (i.c.) with either 2 x 10° HCmel12, 2 x 10° B16F1 melanoma or
subcutaneously (s.c.) with either 2 x 10° LLC lung carcinoma cells or 2 x 10° MC38 colon adenocarcinoma cells in 100 ul PBS into
the flanks. Cohorts of BALB/c mice were injected with 5 x 10% 4T1.2 mammary carcinoma cells in 100 pl PBS into the mammary fat
pad. Tumor size was measured twice weekly and recorded as mean diameter in millimeter. Tumor area was calculated in mm? using
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the equation: A = length x width. Mice with tumors exceeding 100 mm? were sacrificed unless stated otherwise. Experiments were
performed in groups of four or more mice and repeated at least twice.

Induction of Primary Melanomas

The development of primary melanomas on the shaved back skin of 8 weeks old Hgf-Cdk4/*?4C mice was accelerated and synchro-
nized by a single epicutaneous application of the carcinogen DMBA (100 nmol in 200 pl Aceton) as described previously (Landsberg
etal., 2012). Tumor size was measured twice weekly and recorded as mean diameter in millimeter. Tumor area was calculated in mm?
using the equation A = length x width. Mice with tumors exceeding 100 mm? were sacrificed unless stated otherwise. Experiments
were performed in groups of five mice.

c-MET inhibition in vivo

For in vivo c-MET inhibition, tumor-bearing mice received 5 mg/kg capmatinib (INC280; purchased from Selleck Chemicals or kindly
provided by Novartis), PF-04217903 (Selleck Chemicals) or vehicle intraperitoneal (i.p.) in 100 pl distilled water every 12 hours (b.i.d.)
for 5 or 2 x 5 consecutive days as depicted in the manuscript.

Adoptive cell transfer (ACT) immunotherapy

ACT immunotherapy was performed as previously described (Landsberg et al., 2012). In brief, when transplanted HCmel12, B16F1 or
carcinogen-induced primary melanomas reached a size of > 5 mm in diameter mice were treated with our established ACT immu-
notherapy and preconditioned for ACT by a single i.p. injection of 2 mg (100 mg/kg) cyclophosphamide in 100 ul PBS one day before
intravenous delivery of 2 x 106 naive gp100-specific CD90.1*CD8" Pmel-1 T cells (in 200 pl PBS) isolated from spleens of Pmel-1
TCR transgenic mice. The adoptively transferred T cells were activated in vivo by a single i.p. injection of 5 x 108 PFU of a recom-
binant adenoviral vector Ad-gp100 in 100 pl PBS. 50 pg of CpG 1826 (MWG Biotech) and 50 pg of polyinosinic:polycytidylic acid
(poly(I:C), Invivogen) in 100 pl distilled water were injected peritumorally 3, 6, and 9 days after adoptive Pmel-1 T cell transfer.
When depicted in the manuscript or figures, treatments were combined with c-MET inhibitors as described above starting with
chemotherapeutic preconditioning.

Immunotherapies

When transplanted B16F1 or LLC tumors reached a size of > 5 mm in diameter, PCP immunotherapy was started. Mice received two
cycles of twice weekly peritumoral injections with 50 ng poly(l:C) (Invivogen) and 50 ng CpG (MWG Biotech) in 100 pl distilled water.
Therapeutic blockade of PD-1 was performed by twice weekly i.p. injections of 250 ug rat anti-mouse PD-1 IgG2a (clone RMP1-14;
BioXcell) or control-rat IgG2a mAb (clone 2A3; BioXcell) in 100 ul PBS. When depicted in the manuscript treatment was combined
with capmatinib (INC280) starting with the first administration of poly(l:C)/CpG. MC38-bearing mice received two treatment cycles of
anti-PD1 immunotherapy (200 png i.p. rat-anti-mouse PD-1 IgG2a; clone RMP1-14; BioXcell or control-rat IgG2a mAb; clone 2A3;
BioXcell; both in 100 ul PBS) when tumors reached a size of > 5 mm in diameter as described (Ngiow et al., 2015). 4T1.2 mammary
carcinoma-bearing mice received one treatment cycle of anti-PD-1 immunotherapy (200 ng i.p. rat-anti-mouse PD-1 IgG2a; clone
RMP1-14; BioXcell or control-rat IgG2a mAb; clone 2A3; BioXcell; both in 100 pl PBS) in combination with anti-CD137 (100 ng
i.p. rat-anti-mouse CD137; clone 3H3; BioXcell; in 100 pl PBS) when tumors reached a size of 5 mm. When depicted in the manuscript
treatment was combined with capmatinib (INC280) starting with the first administration of anti-PD-1/anti-CD137 antibody. Short-
term analyses were performed after the first treatment cycle.

Vitiligo scoring
The area of vitiligo-like fur depigmentation on the back of mice was scored on a scale of 0-4 as (0) 0%, (1) 1%—-25%, (2) 26%-50%, (3)
51%-75% and (4) 76%-100%. Long-term surviving mice were photographed and scored by three independent investigators in a
blinded fashion.

Tissue digestion

Tumor tissue, bone marrow, lymph nodes and spleens were harvested, dissociated mechanically, incubated with 1 mg/ml Collage-
nase D (Sigma) and 1 mg/ml DNase | (Roche) in PBS with 5% fetal bovine serum (Biochrom) at 37°C. After 30 min, tissues were
passed through 70 um cell strainers (BD Bioscience) and single suspensions were washed twice with PBS.

Flow cytometry

Immunostaining of single cell suspensions was performed according to standard protocols. Single suspensions were incubated with
anti-CD16/CD32 (clone 93; Biolegend) before staining with fluorochrome-conjugated monoclonal antibodies listed in the Key
Resource table. The combination of anti-CD45, anti-CD11b, anti-Ly6G, anti-c-MET (RnD), biotinylated anti-goat IgG (DAKO) and
appropriate Streptavidin (BD PharMingen) was used to identify c-MET" neutrophils. Intracellular staining was carried out
using the Fixation/Permeabilization Solution Kit (BD or eBioscience). Single- cell suspensions from tumors and lymph nodes were
stained with antibodies against cell-surface antigens, fixed and permeabilized followed by intracellular staining. Dead cell exclusion
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was performed using the Zombie Aqua™ or Zombie Yellow™ fixable viability kit (Biolegend) according to manufacturer’s protocol.
All data were acquired with a FACSCanto flow cytometer, LSR or LSRII flow cytometer (BD Biosciences) and analyzed using FlowJo
v10 software for Windows (Tree Star, Inc.).

Analysis of absolute immune cell counts

Absolute counts of white blood cells (WBC) were obtained using the Hemavet 950 Analyzer (Drew Scientific). The relative amount of
circulating immune cell subtypes (Relce) was determined by flow cytometry. Absolute counts of CD11b*Ly6G* neutrophils and
adoptively transferred gp100 tumor antigen-specific Pmel-1 CD90.1*CD8"* T cells, gp70 tumor antigen-specific CD8" T cells or
host CD8* T cells in the blood of mice were calculated using the following equation: Absolute cell counts (10%/pl) = total WBC
(10%/ul) x Relgen (%) /100 (%). To determine neutrophil-to-Pmel-1 T cell ratio (NPR) or neutrophil-to-T cell (NTR) the absolute neutro-
phil counts were divided by the absolute T cell counts.

Bone marrow analysis

Bone marrow was prepared by flushing the long bones from the hind legs of sacrificed mice on day 7-10 after immunotherapy. He-
matopoietic lineage discrimination of bone marrow samples was performed using B220 (Clone RA3-6B2), CD3e (Clone 145-2C11),
CD11b (Clone M1/70; all from Thermo Fisher Scientific), Ly6G (Clone1A8) and Ly6C (CloneAL-21; both from BD PharMingen). The
analysis of progenitor populations in bone marrow samples was performed using CD34 (Clone RAM34), Sca-1 (Clone D7), c-kit
(Clone 2B8), CD16/32 (Clone 93; all from Thermo Fisher Scientific), mouse hematopoietic lineage biotin panel (Thermo Fisher Scien-
tific) and SA-APC-Cy7 (#47-4317-82); All data were acquired with a FACSCanto flow cytometer, LSR or LSRII flow cytometer (BD
Biosciences) and analyzed using FlowJo v10 software for Windows (Tree Star, Inc.).

Isolation of neutrophils

CD11b*Ly6G™* neutrophils were isolated from the blood, bone marrow, spleen, lymph node and tumor tissue of untreated or ACT
immunotherapy-treated B16F1 tumor-bearing mice. Neutrophils were positively selected from single-cells suspensions by staining
with CD45 (Clone 30-F11), Ly6G (both BD Bioscience), CD11b (Biolegend) and sorting with a BD FACSAria Il Cell Sorter (BD
Biosciences).

T cell conditioned medium (T cell-CM)

For generation of T cell conditioned medium 1 x 10° Pmel-1 T cells were cultured in 24-well plates, stimulated with 1 ug/ml of the
H2-DP binding peptide KVPRNQDWL (gp100,a25-33) and 30cU/ml recombinant human IL-2 (Aldesleukin) in 1 mL complete RPMI me-
dium. T cell supernatants were collected after 18 hours.

3'mRNA-Seq analysis of neutrophils

Neutrophils isolated from the bone marrow as described above were stimulated over night with T cell-conditioned medium (T cell-
CM). In vitro stimulated or sorted neutrophils from ACT immunotherapy-treated mice were lysed in 200 puL RLT buffer (QIAGEN). Total
RNA was isolated using Zymo | spin columns (Zymo Research) and eluted in 8 uL of RNAase-free H,O. Because the yield of isolated
neutrophils differed between tissues, we pooled neutrophils from different mice if necessary: Bone marrow neutrophil samples were
from individual mice, spleen neutrophil samples were pools from two mice. Blood, draining lymph node and tumor neutrophil samples
were pools from four mice. RNA concentrations were determined using Qubit (LifeTech). Isolation of neutrophils from tumor tissues
and draining lymph nodes yielded low numbers of neutrophils. We expected and obtained lower yield and reduced quality RNA from
these samples e.g., in comparison to the isolated RNA from bone marrow neutrophils. For this reason, we decided to use a 3'mRNA-
seq method for our transcriptome discovery approach that is known to be more robust for RNA of reduced quality. 3'mRNA-seq li-
brary preparation was performed using the forward QuantSeq 3'mRNA-Seq Library Prep Kit for lllumina (Lexogen GmbH, Austria)
according to the manufacturer’s protocol with modifications for low-input and reduced quality input RNA. Depending on the amount
of input RNA between 14 or 18 PCR cycles were used for PCR-based library amplification. Size distribution and yield of the 3'mRNA-
seq library after the PCR step was determined by the D1000 high sensitivity tape station (Agilent) prior to pooling of the barcoded
libraries. The pooled 3'mRNA-Seq libraries were loaded on the lllumina HiSeq2500 platform and analyzed by a 50 cycles rapid
run with on-cartridge clustering. Computational 3mRNA-seq analysis was done with the Bioconductor/R computing environment
essentially as outlined: http://bioinf.wehi.edu.au/RNAseqCaseStudy/. FASTQ files were aligned to the mm10 mouse reference
genome using the RSubread aligner package. To adjust the alignment procedure for the 3mRNA-Seq data as suggested by Lexo-
gen, the Rsubread align function was executed without trimming but allowing for mismatches in the initial cycles. Only reads > 45
bases were included in the analysis (minFragLength = 45). Initial mapping with the Rsubread algorithm (align) was done with a relaxed
setting allowing for ambiguous mapping (max two genomic sites to allow for junction reads), but the gene level summary method
(featureCounts) was done with unique mapping requirement. The final percentage of reads assigned to mRNAs was lower in
3'mRNA-seq libraries prepared from lymph node and tumor neutrophils versus the other samples, because these libraries contained
a higher frequency of overrepresented reads (e.g., polyA sequences) favored by the lower input and reduced RNA quality. Therefore,
the voom method of the limma package was used for normalization and mRNA expression values were transformed to log2 values of
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read counts per million (com). The voom normalization method was shown to be robust and reliable when the total read counts per
sequenced RNA-seq library differ. Other Bioconductor and R packages used for the analyses and data visualization include (as listed
in the key resource table): edgeR, org.Mm.eg.db and heatmap.3.

T cell proliferation and IFN-y production assay

Antigen-dependent T cell proliferation or IFN-y production in the presence of neutrophils was assessed by a fluorescent dye dilution
assay or intracellular cytokine staining. Antigen specific T cells were isolated from spleens of TCR-transgenic Pmel-1 mice, labeled
with 5 uM cell proliferation dye eFluor 670 (eBioscience) according to standard protocols and cultured with neutrophils (ratio 1:1)
isolated from the bone marrow or spleens of B16F1 tumor-bearing mice in flat-bottom 96-well plates. Neutrophils from the bone
marrow or spleen of C57BL/6 or Nos2-deficient mice were isolated as described above. These co-cultures were stimulated with
1 pg/ml of the H2-DP binding peptide KVPRNQDWL (gp100,405-33) in complete RPMI medium with 30cU/ml recombinant human
IL-2 (Aldesleukin) in the presence or absence of anti-PD-L1 antibody (10 png/ml; clone:10F.9G2; BioXCell). Antigen-specific T cell pro-
liferation or IFN-vy production was determined by flow cytometry after 72 hours. All data were acquired with a FACSCanto flow cy-
tometer, LSR or LSRII flow cytometer (BD Biosciences) and analyzed using FlowJo v10 software for Windows (Tree Star, Inc.).

PD-L1 upregulation on neutrophils in vitro

Neutrophils were isolated from the bone marrow of B16F1 tumor-bearing mice as described above. Neutrophils were cultured in flat-
bottom 96-well plates and stimulated with recombinant murine IFN-y (1000 U/ml; Peprotech) or T cell conditioned medium. PD-L1
surface expression on neutrophils was determined by flow cytometry over time. All data were acquired with a FACSCanto flow cy-
tometer, LSR or LSRII flow cytometer (BD Biosciences) and analyzed using FlowJo v10 software for Windows (Tree Star, Inc.).

ELISA

HGF concentrations in sera and tissues from mice were measured using the mouse/rat HGF Quantikine ELISA kit (R&D, cat#MHGO0)
according to manufacturer’s protocols on day 7-10 after start of therapy. In brief, blood was collected from tumor-bearing mice
treated as indicated and serum was prepared according to manufacturer’s instruction. Tissue proteins were isolated using the
M-PER mammalian protein reagent (Fermentas) with protease inhibitors (Thermo Fisher Scientific) and quantified using a BCA pro-
tein assay (Pierce, Thermo Fisher Scientific) according to manufacturer’s protocol. To determine HGF protein levels in tissues 100 pg
protein were analyzed. To measure HGF release of neutrophils, cells were isolated from the bone marrow of B16F1 melanoma-
bearing mice as described above. 300.000 neutrophils were plated in flat-bottom 96 well plates and stimulated with LPS (1 pg/mi;
Invivogen), recombinant murine IFN-y (1000 U/ml; Peprotech), recombinant murine TNFa (1000 U/ml; Peprotech) or T cell condi-
tioned medium in serum-free RPMI 1640 medium (Thermo Fisher Scientific) supplemented with 2 mM L-glutamine, 10 mM non-
essential amino acids, 1 mM HEPES (all from Life Technologies), 20 uM 2-mercaptoethanol (Sigma), 100 1U/ml penicillin and
100 pg/ml streptomycin (Invitrogen) in a humidified incubator with 5% CO,. After 18 hours HGF concentration in neutrophil super-
natants was determined. HGF concentrations in sera from metastatic melanoma patients before and after the 3@ treatment with
anti-PD1 immunotherapy were measured using the human HGF Quantikine ELISA kit (R&D, cat#DHGO00) according to manufacturer’s
protocols. Optical density was measured in a microplate reader set to 450 nm (BIOTek).

Immunofluorescence staining of lymph nodes

Tumor draining inguinal lymph nodes from B16F1 tumor-bearing LyBG ™ ROSA26-S-9Tomato e treated as indicated were har-
vested on day 10 after adoptive transfer of GFP expressing Pmel-1 T cells and fixed in PLP buffer (0.05 M phosphate buffer containing
0.1 M L-lysine (pH 7.4), 2 mg/ml NalO4 and 10 mg/ml paraformaldehyde) for 12 hours, then dehydrated in 30% sucrose prior to
embedding in OCT freezing media (Sakura Finetek). 30 um sections were cut on a CM3050S cryostat (Leica), adhered to Superfrost
Plus slides (VWR), stained, mounted with Fluormount G (Southern Biotech), and acquired on a 710 confocal microscope (Carl Zeiss
Microimaging). Frozen sections were permeabilized and blocked in 0.1M Tris (AppliChem) containing 0.3% Triton X-100 (GERBU
Biotechnik), 1% FCS (Biochrom AG), 1% GCWFS (Sigma Aldrich) and 1% normal mouse serum (Life Technologies). GFP expressing
Pmel-1 T cells were stained with a rabbit polyclonal anti-GFP-Alexa488 antibody (#A21311; Thermo Fisher Scientific). Serial lymph
node sections were prepared, each section was visually inspected using epifluorescent light microscopy and several representative
sections from different LN areas were acquired using confocal microscopy for detailed 3D analysis. Further technical details were
described previously (Eickhoff et al., 2015).

Quantitative analysis of imaging data

Automated analysis was performed using the Imaris software tools (Eickhoff et al., 2015). Neutrophils and T cell populations were
localized using Imaris surface function and T cell populations were localized using Imaris spot function. Quantification of the relative
distance (T cell spot to Neutrophil spot) was calculated using Excel software calculating the minimal distance in 3D.

Intravital two-photon imaging

B16F1 tumor-bearing LyBGS®ROSA26-S-dTomate mjce were anesthetized with isoflurane (Baxter; 2.5% for induction, 1~1.5%
for maintenance, vaporized in a 80:20 mixture of O, and air), tumor draining inguinal lymph node were exposed and intravital micro-
scopy was performed. The imaging system was composed of a Chameleon laser (Coherent) tuned to 930nm and a Zeiss 780 upright
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microscope equipped with a 20 x water immersion lens (NA 1.0, Zeiss) and ZEN acquisition control software. The microscope was
enclosed in an environmental chamber in which anesthetized mice were warmed by heated air and the surgically-exposed inguinal
(tumor draining) lymph node was kept at 36-37°C with warmed PBS. For dynamic imaging we typically used a z stack of 57 um and
3 um step size and acquired every 40 s. Raw imaging data were processed and analyzed with Imaris (Bitplane).

TCGA transcriptomic analysis

Gene expression data (RNA-seq) of TGCA cancer cohorts was accessed through the cBioportal for Cancer Genomics (http://www.
cbioportal.org) using the R-based package CGDS-R and following the TCGA guidelines for the use of TCGA data (https://
cancergenome.nih.gov/). We retrieved individual gene expression values for the genes of interest as RPKM normalized read counts.
RPKM-values less than 1 were set to 1 to avoid negative expression values upon log2-tranformation. All melanoma samples were
ordered by increasing expression values of the averaged neutrophil signature. The following genes were used to build the neutrophil
signature: CD93, CSF3R, FCGR3B, TECPR2, FPR1, S100A12, TNFRSF10C, CYP4F3, CXCR2, CXCR1, FCAR, LILRB2, FPR2,
CEACAMS3, ALPL, SIGLEC5, VNN3. The moving average of HGF gene expression in tumor tissues was calculated using a
sample window size of n = 20 and respective colored trend lines (HGF expression) were added to the barplots (Riesenberg et al.,
2015). Significance of non-parametric Spearman rank correlation was determined by an asymptotic Spearman correlation test
(coin - R package) using the original log2 expression values and not the moving average values.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyses

Statistical significance of experimental results was evaluated with GraphPad Prism4 software using the parametric unpaired two-
tailed student’s t test, Mann-Whitney test, Wilcoxon test, asymptotic Spearman correlation test, log-rank test depending of the
type of source data. P values less than 0.05 were considered significant. Raw p values were corrected for multiple comparisons if
required using the Benjamini & Hochberg methods ( = false discovery rate).

Selection of statistical tests

Tumor area, cell proliferation, white blood cell counts and HGF concentrations were considered as normally distributed values with
similar variances. Parametric tests (t test) were used for significance analysis in these cases. Frequencies of cell populations deter-
mined by flow cytometry and Neutrophil-to-T cell ratios were compared with non-parametric Mann-Whitney test statistics. Changes
in patients’ absolute neutrophil blood counts and changes in serum HGF levels were also compared by non-parametric Mann-Whit-
ney test statistics, and correlation between these two parameters by Spearman’s rank correlation. Survival probabilities with 95%-Cl
were calculated according to Kaplan-Meier and compared with long-rank test statistics. Statistical tests were performed with the
GraphPad Prism 4 software or the R computing platform and specified in the respective figure legends including their test direction
(e.g., unpaired two-tailed Student’s t test).

DATA AND SOFTWARE AVAILABILITY

The accession number for the 3'mRNA-Seq data reported in this paper is ENA: ERP023772/PRJEB21513. Bioinformatic analyses
were done with standard routine implemented in the R/Bioconductor environment. R-programming code is available on request.
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