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Abstract

Tissue-resident macrophages can self-maintain without contribution of adult hematopoiesis.
Herein we show that tissue-resident interstitial macrophages (Res-TAMS) in mouse lungs
contribute to the pool of tumor-associated macrophages (TAMs) together with CCR2-
dependent recruited macrophages (MoD-TAMs). Res-TAMs largely correlated with tumor cell
growth in vivo while MoD-TAMs accumulation was associated with enhanced tumor
spreading. Both cell subsets were depleted after chemotherapy, but MoD-TAMs rapidly
recovered and carried out phagocytosis-mediated tumor clearance. Interestingly, anti-VEGF
treatment combined with chemotherapy inhibited both Res and Mod-TAM reconstitution
without affecting monocyte infiltration and improved its efficacy. Our results reveal that the
developmental origin of TAMs dictates their relative distribution, function and response to

cancer therapies in lung tumors.



Introduction

The tumor-microenvironment (TME) can regulate malignant potential and contributes to
tumor heterogeneity. Tumor-associated macrophages (TAMs) are the most abundant host
cells within the TME (Qian and Pollard, 2010) and have been implicated in the promotion of
invasiveness (Wyckoff et al., 2007), growth (Pollard, 2004), angiogenesis (Lewis et al.,
2016), metastasis (Kitamura et al., 2015) and immunosuppression (Boissonnas et al., 2013;
Broz et al.,, 2014). TAMs have been suggested to limit the efficacy of chemotherapeutic
agents and to promote tumor relapse (Hughes et al., 2015), although they can in some cases

be required for optimal therapy response (De Palma and Lewis, 2013).

It is considered that TAMs mainly arise from the differentiation of monocytic precursors
(Cortez-Retamozo et al., 2012; Franklin et al., 2014). However, in many tissues, pools of
resident macrophages have been identified; these originate from embryonic precursors and
self-maintain independently of hematopoietic stem cells (Gomez Perdiguero et al., 2015).
Distinct transcriptional programs initiated in embryonic, fetal or adult progenitors (Mass et al.,
2016) and the exposure to specific tissue environments (Gosselin et al., 2014; Lavin et al.,
2014) may explain the specialization and diversity of macrophages in healthy as well as
neoplastic tissues. The lung environment is densely colonized by subsets of mononuclear
phagocytic cells displaying various spatial organizations, functions and dependence for blood
monocytes in their maintenance. Interstitial macrophages (IMs) represent a discrete
population in the steady state lung largely outnumbered by alveolar macrophages (AMSs)
(Gibbings et al., 2017; Rodero et al., 2015). IMs and AMs express different surface markers
which allow their identification and they have been described to arise from distinct
developmental waves without interconverting (Guilliams et al.,, 2013; Tan and Krasnow,

2016).

So far, the contribution of these different resident macrophage subsets in the generation of

lung TAMs has not been reported.



Herein, the TAM network in lung tumors was studied based on transgenic fluorescent
reporter mice and fate mapping models that enable the discrimination of the lung
mononuclear phagocyte subsets according to their origin and localization. We showed that
the TAM compartment is intermingled by both yolk sac-derived interstitial and monocyte-
derived recruited macrophages, differentially represented in the TME depending on the
anatomical site of tumor development in the lung. Finally, we highlight their respective

implication on lung tumor development and response to various anti-cancer therapies.



Results

Lung macrophage subsets differentially accumulate during tumor development

We studied the impact of tumor growth on the different subset of lung myeloid cells after
inoculating TC-1 lung carcinoma cells, which induce multifocal tumor nodules (Ji et al., 1998;
Lin et al.,, 1996). The tumor-associated myeloid signature was monitored along tumor
evolution using flow cytometry phenotyping combined with a non-supervised viSNE analysis.
The generated tSNE-plot was calculated with 12 parameters including cell anatomic
distribution between the tissue parenchyma and the vasculature. This distinction is
achievable using anti-CD45 antibody injected intravenously that allows a blood/tissue
partitioning of cells (see dashed gates Figure 1A and S1). Ten clusters obtained using
unsupervised analysis were subsequently assigned to a specific cell population according to
expression level of each marker and previously described phenotypes (Gibbings et al., 2017;
Misharin et al., 2013; Sabatel et al., 2017) (Figure S1A). Briefly, cluster 7 and cluster 8 were
identified as classical Ly6C"®" and non-classical Ly6C""" monocytes (Mo) respectively, with
CD11b"9"Siglec-FLy6G Fc-gamma receptor 1 (CD64"°") expression profile. Cluster 2
included CD11b°"CD11c""Siglec-F"" cells, representing alveolar macrophages (AMs),
while cluster 1 included CD11b"¥"Siglec-FLy6G CD64" cells representing a distinct subset of
lung macrophages named here Ly6C"°"CD64" Mac. These different macrophage subsets
were clearly distinguished from cluster 3, identified as CD11b’I-A[b]"CD11¢c*CD103*Ly6C
CD64" cells and cluster 5 identified as CD11b*I-A[b]"CD11c’Ly6C CD64 cells known as
conventional dendritic cells cDC1 and cDC2 respectively. Cluster 6 and 9 are defined as
CD11b""Ly6G" cells (representing two subsets of neutrophils with differential expression of
CD24). Cluster 10 represented CD11b"9"Siglec-F™ cells identified as eosinophils (Figure 1A,
S1A-B). In the absence of tumor, Ly6C"9"-Mo (cluster 7) and Ly6C'**"-Mo (cluster 8) resided
almost exclusively within lung vessels whereas AMs (cluster 2) and Ly6C"°""CD64" Mac
(cluster 1) were detected in the lung parenchyma only (Figure 1A and S1C). With tumor

expansion, cluster 4 including Ly6C""-CD64" cells appeared together with a progressive and



massive accumulation of Ly6C""CD64" Mac (cluster 1) (Figure 1A). Supervised analysis of
Ly6C, CD64 expression and intravascular cell labeling on CD11b*Siglec-FLy6G gated cells
suggested that Ly6C""-Mo progressively upregulate CD64 and differentiate into Ly6C'™""
CD64" Mac upon tumor infiltration (Figure S1C-D). In contrast, Ly6C""-Mo did not
apparently accumulate and they remained mostly intravascular (Figure 1 and S1).
Blood/tissue partitioning of monocyte and macrophage subsets (Figure 1C-D) was next
performed using supervised analysis and the observations made on tSNE plots were
confirmed. While the Ly6C°""CD64" Mac subset massively accumulated in the tumor
parenchyma exclusively, the number of AMs per mg of tissue strongly diminished with tumor
growth, leading to 50% reduction in their number per whole lungs after 20 days (Figure 1B).
Overall, these observations suggest that monocyte-derived macrophages (MoD-Mac) and

lung-resident macrophages might differentially contribute to the tumor microenvironment.

Macrophages have distinct origins within lung tumors

We previously demonstrated that the MacBlue x Cx3crl®¢F™* mouse can be used to
discriminate monocyte and macrophage subsets in lungs according to their relative
expression of the ECFP and EGFP fluorescent reporters (Rodero et al., 2015). Histological
analysis of TC1“™™° tumor-bearing mice along tumor expansion unveiled that tumor
nodules were infiltrated by distinct cell subsets expressing EGFP and ECFP (Figure 2A,
S2A). The fluorescent signatures of monocytes and macrophages in tumor-free and tumor-

bearing MacBlue x Cx3cr15¢F"*

mice were compared using tSNE algorithm and clusters
were assigned as previously described (Figure S2B). Briefly, classical Ly6C™" (cluster 4)
and non-classical Ly6C""" (cluster 6) monocyte subsets both expressed high level of ECFP
and respectively low and high levels of EGFP according to their relative expression of the
Cx3crl gene reporter. AMs (cluster 1) expressed high level of ECFP but no EGFP (Figure
S2C). Interestingly, the Ly6C™"CD64" Mac subset was distributed between clusters 2 and 3
suggesting different cell origin in this subset. In tumor-free animals, cluster 3 was dominant

and was mainly composed of EGFP"™" ECFP"™¢ (named EGFP" macrophages, representing

6



87+4.2% of the total Ly6C"°""CD64" Mac) (Figure S2D). We previously observed that this
subset typically represents interstitial macrophages (IMs) located in the pleura, along blood
vessels and nearby large airways of the lungs (Rodero et al.,, 2015). Following tumor
inoculation, cluster 2 including Ly6C"°""CD64" Mac subset, expressing high level of ECFP
and EGFP (named ECFP" macrophages), accumulated along with cluster 3 but became
dominant as soon as day 10 (70.4+9.8% of the Ly6C"“"CD64" Mac) (Figure S2).

The reduction of AMs was confirmed in the second tSNE signature (cluster 1) (Figure S2B).

Co-labeling of MacBlue x Cx3cr1®¢"

mice with Siglec-F on histological sections showed
that ECFP'Siglec-F* AMs remained exclusively localized in the healthy alveolar space,
outside tumor nodules (Figure S2E), suggesting that AMs are progressively eliminated
during tumor expansion or that they completely change their phenotype. We thus
hypothesized that tumor development leads to the accumulation of lung tumor-associated
macrophages (TAMs) from distinct origins. To address this, the distribution of EGFP* or
ECFP* cells was analyzed in tumor-bearing MacBlue x Cx3cr15¢7"* x Ccr2” mice. ECFP"
macrophages were substantially reduced in Ccr2” mice whereas EGFP* macrophages and
AMs were unaffected (Figure 2B). This suggests a monocytic origin of ECFP* macrophages
while EGFP* macrophage accumulation is CCR2-independent. Macrophage distribution was
next compared on histological lung sections of tumor-bearing MacBlue x Cx3cr15¢F™* (W),
MacBlue x Cx3cr1®¢F"* x Ccr2” (Ccr2™), and C57BI6 host parabiont with the MacBlue x
Cx3cr15¢F"™* donor mouse. In pulmonary nodules of WT mice, the ratio of ECFP*/EGFP*
cells was 0.57+0.10 whereas the corresponding ratio was 0.14+0.08 in Ccr2” mice and
0.96+0.07 in host parabiont mice (Figure 2C). These results support that TAMs in lung
tumors are composed of both ECFP* monocyte-derived macrophages (ECFP*-TAMs) and a
CCR2-independent local accumulation of EGFP* resident interstitial macrophages (EGFP™-
TAMS).

These two fluorescent subsets were also present within lewis lung carcinoma (LLC) nodules
with similar proportion. ECFP*/EGFP” cells ratio within nodules was 0.65+0.03 on histological

sections, among which ECFP+ TAMs represented 58+8.5% of total TAMs as depicted by
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flow cytometry analysis (Figure 2D). We next evaluated the origin of TAMs in spontaneous
pulmonary metastases using the PyMT-ChOVA breast cancer model. Within spontaneous
pulmonary metastases of MacBlue x Cx3cr1¢"* x PyMT-ChOVA mice the ECFP'/EGFP*
cells ratio was 0.54+0.14, while EGFP cells were absent in nodule of parabiont mice (Figure
2E). These results suggest that TAMs are of dual origins both during the growth of lung

carcinoma cells and metastatic cells.

Lung interstitial macrophages of embryonic origin accumulate within tumors
To further confirm that lung interstitial macrophages contributed to the TAM compartment, we

MeriCreMer.

performed fate mapping experiments using Csflr : Rosa-Sttdremato

reporter mice
pulsed with OH-TAM at E8.5 to label cells derived from erythro-myeloid progenitors
(EMP)(Mass et al., 2017; Schulz et al., 2012). In this context, a small fraction of Ly6C"""
CD64" Mac, and to some lesser extent Siglec-F* alveolar macrophages were labeled (Figure
3A). In the presence of tumor, the embryonic-derived tdTomato* Ly6C°""CD64* Mac strongly
expanded but not tdTomato” Siglec-F* AMs (Figure 3A, right panel) confirming the previous

observation made in the MacBlue x Cx3cr1=¢ "

model. Expression of Tnfrslla during early
EMP-derived macrophage differentiation allows more efficient and relatively specific lineage
tracing of tissue-resident macrophages using the Tnfrs11a“® (Mass et al., 2016). Ly6C"™""
CD64" Mac and Siglec-F* AMs were mostly YFP* in the healthy lungs of Tnfrs11a®";
Rosa26"*-""" mice whereas less than 20% of each Mo subsets and neutrophils were labeled
consistent with studies showing an embryonic origin of the former populations (Guilliams et
al., 2013; Tan and Krasnow, 2016). Upon tumor development, only the proportion of YFP*
cells among the total Ly6C"""CD64" Mac diminished in accordance with the appearance of a
YFP™ Ly6C"°""CD64" Mac (Figure 3B). YFP" Ly6C"°""CD64" Mac, but not Siglec-F* AMs,
dramatically increased in absolute count confirming the expansion of the embryonic-derived
interstitial subset with tumor growth (Figure 3B, right panel). These different fate mapping

models further confirm that interstitial resident macrophages of embryonic origin contribute to

the pool of TAMs in lung tumors together with monocyte-derived macrophages



Resident and MoD-TAMs harbor distinct phenotypes and distribution
Because of their different origin, we speculated that the distribution and phenotype of EGFP*-
and ECFP*-TAMs might be different. We previously demonstrated that, in tumor-free lungs of

15¢FP* EGFP" interstitial macrophages were mostly localized in the lung

MacBlue x Cx3cr
pleura and in the vicinity of large airways (Rodero et al., 2015). Accordingly, in tumor nodules
located nearby the lung pleura, EGFP" cells showed a gradient of distribution falling with
increase distance from the pleura, while the ECFP" cell distribution was equal (Figure 4A). In
tumors that developed in the central alveolar space of the lung, EGFP" cells represented
40.5+7.8% of total fluorescent cells while in tumors that developed near large airways, the
ratio of EGFP" cells was higher (65+8.6%) (Figure 4B). EGFP" cells displayed a more
stellar-like morphology compared to ECFP* cells. EGFP+ cells were relatively sessile but
interacted with each other and exhibited a highly protrusive activity across tumor cells
(Figure S3A and video 1 and 2). The dynamics of ECFP" cells was heterogeneous, likely
reflecting the diversity of their composition, including monocytes or macrophages with higher
displacement compared to EGFP* cells as depicted by the relative track straightness
distribution (Figure S3B).

Similarly to EGFP” cells, YFP* TAMs in Tnfrs11a“"®; Rosa26">-"" mice were more abundant
in tumor nodules developing next to the pleura compared to nodules located in the alveolar
space (Figure 4C). Along with tumor expansion (between day 15 and 20), accumulation of
ECFP" cells was observed at the tumor margin, whereas the proportion of EGFP* cells
remained higher in the tumor core (Figure S3C). This suggests that the relative composition
of EGFP*-TAMs and ECFP*-TAMs in the TME is determined by the specific site of tumor
development as well as the phase of tumor evolution. Based on phenotypic surface markers
(CD206, IA[b], CD11c), we did not find any distinct expression between the two TAM subsets
(Figure S2B) suggesting that both subsets are composed of M1/M2-like profiles. To further
compare the two TAM subsets, we performed whole transcriptome microarray analysis on

EGFP" and ECFP" TAMs sorted 20 days after TC-1 inoculation. Up to 604 differentially
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expressed genes (either up or down, with a p-value <0.05 by Student’s t-test) were identified
between the two TAM subsets (Figure S3D). The Ingenuity Knowledge Base identified their
association with functional groups and the most relevant groups (with a cut-off value at
p<0.01, given by the score from Fisher's Exact Test) were listed (Figure S3E). These
functional groups were involved in cellular signaling, cell morphology and trafficking, tissue
remodeling associated to cancer development. We found a set of transcripts related to
extracellular matrix and vasculature interactions that were differentially expressed between
EGFP*-TAMs and ECFP*-TAMSs. For instance, the transcripts Marco, Mmp8, F7, Tnfsf14 and
Thbs1 were found to be expressed at higher levels in ECFP*-TAMs compared to EGFP’-
TAMs (Figure 4D). The transcripts for Coll4al, Ccl2, Cxcll3 as well as Vcaml and Plxna4
(involved in adhesion-dependent processes and angiogenesis, Gambardella et al., 2010;
Tamagnone, 2012), were all up-regulated in EGFP*-TAMs compared to ECFP*-TAMs.
Coll4a Ccl2, Cxcl13 transcripts were also higher in YFP® TAMs in the Tnfrs11a°";
Rosa26"°"™ model, whereas YFP" TAMs expressed higher level of Mmp8. YFP* and YFP-
TAMs expressed similar levels of csflr transcripts (Figure 4E). VCAM1 expression was
confirmed at the protein level and defined a marker mostly restricted to the EGFP*-TAM
subset and was expressed accordingly in YFP* TAMs of Tnfrs11a®®; Rosa26"**""" lungs
(Figure 4F). Near the tumor vasculature, EGFP" cells were more abundant than ECFP*
cells, displaying a typical perivascular-like morphology around the vessels (Figure 4G). We
concluded that despite a similar surface marker expression profile, ECFP*-TAMs and
EGFP*-TAMs are distinct subsets and we speculated they might be differentially involved in

tumor growth.

Resident TAMs support tumor cell growth and MoD-cells are associated with tumor
spreading in the lung

The relative contribution of the TAM subsets on tumor growth was next evaluated comparing
tumor evolution in WT and CCR2-deficient mice. Tumor growth was similar in WT and Ccr2”

mice, as monitored by bioluminescence (Figure 5A). However, histological analysis showed
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that nodule surface was smaller in CCR2-deficient mice compared to WT mice (Figure 5B).
This discrepancy might be explained by a more disperse and lower density of tumor cells
within pulmonary nodules of WT compared to Ccr2” (Figure 5C). Overall, these results
confirm that even in the absence of monocyte-derived TAMs, tumor cells can efficiently grow
in vivo and suggest that resident TAMs are sufficient to support tumor cell expansion while
MoD-cells might contribute to tumor cell dissemination.

Transient anti-CSF1R treatment is known to target mature macrophages but does not block
monocyte infiltration into tumors (Kitamura et al., 2017). Compared to other resident
macrophages, AMs have been described to be uniquely dependent on GM-CSF (Guilliams et
al., 2013; Schneider et al., 2014) and as a result should not be targeted by the treatment.
Treatment of tumor-bearing WT mice with anti-CSF1R depleted ECFP*-TAMs and more
profoundly EGFP*-TAMs but not monocytes and AMs (Figure 5D). Anti-CSF1R treatment
does not allow to distinguish the relative contribution of monocytes, ECFP*-TAMs and
EGFP*-TAMs on tumor growth. To investigate the contribution of resident TAMs only on
tumor growth, we performed anti-CSF1R treatment on CCR2-deficient mice. This treatment
strongly depleted the remaining EGFP*-TAMs in tumor nodules of CCR2-deficient mice as
well and strongly reduced tumor burden (Figure 5D-E). Our results corroborate the role of
interstitial lung macrophages as a trophic support for tumor cells while MoD-cells are

associated with tumor remodeling and spreading.

Distinct sensitivity and recovery of Res-TAMs and MoD-TAMs after chemotherapy

TAMs play major roles in the response to anti-cancer therapies (Mantovani and Allavena,
2015). We next addressed how the two TAM subsets respond to conventional
chemotherapy. Cyclophosphamide (CP) is a classical alkylating agent with known
myeloablative properties (Jacquelin et al.,, 2013). A single injection of CP led to a strong
reduction in tumor burden, which relapsed 15 days after chemotherapy (Figure 6A). The
number of circulating Ly6C"™"-Mo was reduced 2 days after chemotherapy but recovered

with a significant overshoot between day 5 and day 10 post-therapy (Figure S4A).
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Circulating Ly6C"°""-Mo displayed a delayed recovery compared to Ly6C""-Mo but the
numbers of both monocyte subsets finally dropped at day 15 post CP, correlating with tumor
relapse (Figure S4A). Intravascular CD45 staining was performed and the recovery of
myeloid cells in the lungs was monitored (Figure 6B). Monocyte and macrophage subsets
were also depleted in both vascular and parenchymal compartments of the lungs within 2-3
days (Figure 6C). Monocyte subsets transiently rebounded at day 5 after CP treatment and
their accumulation was associated with macrophage recovery, peaking at day 10 (Figure
6C). Among macrophages, both EGFP* and ECFP" subsets were depleted by CP treatment
but the massive recovery at day 10 was mainly constituted by ECFP*-TAMs (Figure 6D).
ECFP" MoD-cells accumulated in the vicinity of living tumor cells between 5 and 10 days
post CP and participated in the clearance of the apoptotic debris (Figure 6E). The proportion
of phagocytic cells among different subsets was quantified by flow cytometry between 10 and
15 days post CP (Figure 6F). ECFP*-TAMs represented the most abundant phagocytic
subsets while EGFP*-TAMs poorly contributed to tumor clearance (Figure 6F). The numbers
of monocytes and macrophages were lower in Ccr2” mice compared to WT mice 15 days
after CP treatment (Figure S4B). This defect was associated with a reduced efficacy of
chemotherapy (Figure S4C-D). We conclude that CP treatment targets both EGFP*-TAMs
and ECFP*-TAMs but these subsets differentially recover and contribute to tumor elimination.
Because one single dose of CP was not sufficient to completely eradicate the tumor and led

to tumor relapse, we next aimed at improving therapy efficacy.

Anti-VEGF combination with CP reduces TAM recovery and enhances chemotherapy
efficacy

The pro-angiogenic molecule VEGF has been implicated in vessel reconstruction and tumor
relapse following chemotherapy (Hughes et al., 2015; Lewis et al., 2016). In addition, the
combination of anti-VEGF with chemotherapy has shown greater efficacy than chemotherapy
or targeted therapy alone in patients bearing non-small cell lung cancer and metastatic
breast cancer (Cohen et al., 2007; Montero and Gluck, 2012). Because TAMs have been
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shown to express VEGFR1 (FLT1) (Qian et al., 2015), we speculated that the combination of
anti-VEGF with CP could directly target TAMs and improve therapeutic outcome. Tumor-
bearing mice were treated or not with CP in combination or not with anti-VEGF (Figure 7A).
We determined the impact of the combined therapy on the myeloid signature of the tumor
microenvironment using the previous unsupervised ViSNE analysis based on 12 parameters
including intravascular CD45 staining (dashed gates) (Figure 1A, S1, and 7B). The myeloid
signature of the vascular compartment was similar in each condition. Anti-VEGF treatment in
combination with CP induced a striking reduction of the TAM signature (cluster 1) in
comparison to single treatments. Interestingly, in the combined regimen, the tumor-infiltrating
Ly6C"" CD64" cell subset (cluster 4) was increased compared to CP or anti-VEGF
treatments alone (Figure 7B). We thus quantified the recovery of monocytes and
macrophages between D5 and D10 after chemotherapy in mice treated with anti-VEGF or
isotype control (Figure 7C). The combination of CP and anti-VEGF blocked TAM recovery
between days 15 and 20, whereas neither the Ly6C"¥"-Mo rebound nor the infiltration of
Ly6C"" CD64" cells were affected, suggesting that TAM diminution was not a result of a
reduction of monocyte infiltration. AM number remained unaffected between the two
conditions (Figure 7C). The efficacy of the combined therapy was evaluated on advanced
stages of tumor development (day 20 after tumor inoculation). Compared to both treatments
alone, the combination resulted in prolonged mouse survival and normalization of the lung

weight (Figure 7D).

Anti-VEGF targets Res-TAM and MoD-TAM accumulation

To further investigate the action of anti-VEGF on myeloid cells, we adoptively transferred
bone-marrow monocytes in anti-VEGF or isotype-treated WT mice (Figure 8A). The
proportion of recovered TAMs was significantly reduced at the expense of Ly6C"%"-Mo
(Figure 8B) while the infiltration (measured by intravascular CD45 staining) of the latter was
unchanged (Figure 8C), indicating that anti-VEGF did not block monocyte infiltration but
rather reduced their differentiation into TAMs and/or TAM survival. FLT1 expression was
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already detected on Ly6C"9" CD64" cells, but the expression on Ly6C"" and Ly6C"""-Mo
was low (Figure S5A). EGFP*-TAMs and ECFP*-TAMs harbored similar expression of FLT1
(Figure 8D). VEGF was found mainly along blood vessels but also in the tumor parenchyma,
in proximity to TAMs without preferential co-localization with ECFP* or EGFP" cells (Figure
S5B). Anti-VEGF treatment of tumor-bearing mice led to a significant reduction in the number
of TAMSs, but the proportions of EGFP*-TAMs and ECFP*-TAMs were similar demonstrating
that both macrophage subsets are reduced by this treatment (Figure 8E). Our results
support that anti-VEGF targets both monocyte-derived and resident TAM accumulation
through a mechanism independent of their recruitment but rather affects their survival or

proliferation.
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Discussion

Embryonic-derived macrophages have recently been shown to contribute to the generation
of TAMs in the pancreas and in the brain (Bowman et al., 2016; Zhu et al., 2017). These
discoveries challenge the dogma on the origin of TAMs and raise the question whether this
observation is applicable to other tissues such as the lungs, which are colonized by distinct
macrophage subsets. AMs represent the main and typical resident macrophages of the
lungs, maintaining immune homeostasis in the alveoli lumen (Trapnell and Whitsett, 2002).
AMs acquire their unique signature and self-maintain via GM-CSF-dependent induction of
PPAR-y after birth (Guilliams et al., 2013; Schneider et al., 2014). Less is known about the
functions and origin of IMs, but it has been suggested that they develop earlier than AMs in
the embryo (Tan and Krasnow, 2016) and self-maintain independently of adult
hematopoiesis (Gibbings et al., 2017; Rodero et al., 2015).

The implication of the chemokine receptor CCR2 in the recruitment of monocytes and on
their subsequent differentiation into TAMs is well established in both primary and metastatic
sites of various tumor types. This CCR2/CCL2 axis can contribute to an amplification loop of
tumor progression (Franklin et al., 2014; Kitamura et al., 2015; Loyher et al., 2016). In these
studies, the role of this axis on resident macrophages could not be excluded. However, lung
IMs have been shown to expand independently of CCR2 and to display regulatory functions
in the context of allergy (Sabatel et al., 2017).

15" model, we unveiled the accumulation of an EGFP* TAM

Using the MacBlue x Cx3cr
subset that was unaffected by CCR2 deficiency and not reconstituted in parabiosis
experiments, demonstrating that this subset originates from macrophages that were already
present in the healthy lungs before tumor development. Preferential labeling of CD11b"* IMs
was previously achieved using Csf1r®c®™e" mice pulsed with OH-TAM at E8.5 (Schulz et al.,
2012). Using the same approaches to trace EMP-derived macrophages, we unveiled that
embryonically seeded lung-resident IMs persist and proliferate to represent a large fraction of

TAMs within pulmonary tumors and confirmed our hypothesis made using the MacBlue x

Cx3cr15F"™* mouse system. While we could not firmly exclude that some EGFP*-TAMs arise
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from AMs differentiation, it is unlikely that upon tumor parenchymal infiltration AMs lose the
expression of Siglec-F and ECFP reporter while upregulating CD11b and EGFP. No
progressive change in the expression of these surface markers that could support this
hypothesis was observed in the AM population during tumor development. Thus, resident
IMs are likely to represent a unique tissue-resident subset involved in the accumulation of
EGFP* TAMs. Loss of ECFP expression from monocyte-derived macrophages could lead to
overestimation of EGFP’-TAMs, however monocyte derived cells maintained ECFP
expression in parabiosis and transfer experiment, suggesting that this phenomenon barely
occurs during this time frame and would only minimally perturb our quantification of EGFP*-
TAMs. Fate mapping studies led to similar observations and strengthen the fidelity of the
MacBlue x Cx3cr15¢F"* system to study lung macrophages. Concomitantly, we observed an
increase in the number of Ly6C™" monocytes. Infiltrating Ly6C"%"-Mo seemed to up-regulate
CD64 suggesting an intermediate toward the progressive differentiation into TAMs. We
subsequently identified a distinct population of monocyte-derived TAMs arising from CCR2-
dependent monocyte recruitment. At later time points, these TAMs became from far the most
abundant population. The dual origin of macrophages was also observed in TAMs of LLC
lung nodules and PyMT-ChOVA spontaneous pulmonary metastases suggesting that it might
occur for any neoplastic tissue development in the lung.

Within lung tumor nodules, the relative distribution and abundance of EGFP*-TAMs
compared to the recruited ones were in accordance with the localization of IMs prior to tumor
development. We previously showed in the MacBlue x Cx3cr1®¢F"* mice that interstitial
EGFP* macrophages are abundant in the pleura, airways and at the periphery of large blood
vessels (Rodero et al.,, 2015). Lineage tracing of yolk sac-derived macrophages labeled
mostly IMs that persisted in adults and localized in these same particular locations but scarce
in the central lung parenchyma (Tan and Krasnow, 2016). The local environment can dictate
macrophage phenotypes in vivo (Gosselin et al., 2014; Lavin et al., 2014; van de Laar et al.,
2016). Despite a very close proximity between the two TAM subsets in tumor nodules, their
transcriptomic profiles were distinct and were associated with different distribution depending
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on the anatomic localization of the tumor, further arguing that origin poises macrophages for
differing functions. No typical M1 or M2 profile could be attributed to EGFP*-TAMs or ECFP"-
TAMSs, suggesting that this paradigm does not fully resolve the polarization process of TAMs.
Nevertheless, the relative proportion and specific features of tissue-resident macrophages
might contribute to the heterogeneity of different TME according to the anatomical site of
tumor development. Further studies are needed to investigate whether it could serve as a
prognostic factor of tumor growth and response to therapies.

Anti-CSF1R treatment depleted most of EGFP*-TAMs but ECFP*-TAMs were only partially
targeted while Ly6C"¥" monocytes and AMs were unaffected. Despite the lack of ECFP
expression in the MacBlue mouse, it was previously shown that adult tissue-macrophages
express CSF1R. The differential utilization of the truncated CSF1R promoter of the MacBlue
binary transgene in macrophages was proposed to reflect different survival dependency on
CSF1. Thus, cell expressing the ECFP reporter would be CSF1-independent in contrast to
EGFP" macrophages that require the upstream depleted region of the CSF1-regulated
promoter region of the MacBlue transgene (Hawley et al., 2018; Sauter et al., 2014). This
was supported by the reduced impact of anti-CSF1R treatment on ECFP*-TAMs compared to
EGFP*-TAMs. Depletion of EGFP*-TAMs in Ccr2” mice led to drastic reduction in tumor
growth, which links resident TAMs more directly to tumor trophic functions. ECFP*-TAMs
displayed increased motility, in accordance to enriched cellular movement associated
pathways and turned up to accumulate at the tumor margin. In this regard, Mmp8 and
Tnfsf14 enrichment (implicated in airway remodeling) (Doherty et al., 2011) could argue for a
licensing of monocyte-derived TAMs for remodeling of the surrounding environment and
modification of the tumor architecture. Indeed, recruitment of MoD-cells was associated with
reduced tumor cell density, higher spreading and increased invasion of pulmonary nodules.
We could not fully differentiate the relative contribution of tumor-infiltrating ECFP* monocytes
versus ECFP*-TAMs. Monocyte-dependent cytotoxic activity could be suspected as
observed after CP-induced monocyte rebound. Thus ECFP-cells represent a heterogeneous
population balancing between tumor destruction and remodeling, favoring spreading and
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invasiveness. This observation raises important questions about cancer therapies targeting
TAM subsets and suggests that depleting resident macrophages but keeping the phagocytic
activities of MoD-cells would yield a better outcome for chemotherapies.

The targeting of VEGF in combination with chemotherapy including CP (Dellapasqua et al.,
2008) has been shown to be beneficial (Motz and Coukos, 2011). Although TAMs have
clearly been shown to participate in the process of angiogenesis within tumor (Lewis et al.,
2016), few studies have investigated the impact of this therapeutic combination on the
immune cellular composition of the TME. Moreover, FLT1 expression and signaling by
pulmonary TAMs are implicated in their pro-tumor activity, partly via downstream regulation
of the master macrophage regulator CSF1 (Qian et al., 2015). VEGF has been proposed to
act as a chemoattractant factor for monocytes (Grunewald et al., 2006; Kaplan et al., 2005)
but the beneficial effect of anti-VEGF combination was associated with a drastic reduction of
both EGFP" resident and ECFP* monocyte-derived TAMs without affecting tumor-monocyte
infiltration, suggesting that VEGF contributes to monocyte differentiation and/or TAM
survival. Indeed, FLT1 expression was increased upon monocyte to macrophage
differentiation, which corroborates previous studies (Barleon et al., 1996; Qian et al., 2015).
This observation is in accordance with the hypothesis of a loss of anti-tumor activity of tumor-
infiltrating monocytes upon differentiation into TAMs. The clinical relevance of our results lies
in the fact that anti-VEGF could improve chemotherapy efficacy through functions that go
beyond its main expected role on angiogenesis and leukocyte recruitment. Increasing
knowledge of the impact of such molecule on the different TAM subsets according to their
origin might allo