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Abstract

Lung interstitial macrophages (IMs) are monocyte-derived parenchymal macrophages whose
tissue-supportive functions remain unclear. Despite progress in lung IM diversity and
transcriptional regulation, the signals driving their development from monocytes and their
functional specification remain unknown. Here we found that lung endothelial-derived Tgfp1
triggered a core TgfP receptor-dependent IM signature in mouse bone marrow-derived monocytes.
In vivo, myeloid-specific impairment of TgfP} receptor signaling severely disrupted monocyte-to-
IM development, leading to the accumulation of perivascular immature monocytes, reduced IM
numbers, and a loss of IM-intrinsic identity - a phenomenon similarly observed in the absence of
endothelial-specific TgfB1. Mice lacking TgfP} receptor in monocytes and IMs exhibited altered
monocyte and IM niche occupancy, impaired immunoregulation, hyperinflation and fibrosis —
hallmarks of aging. Our work reveals a Tgf]3 signaling-dependent endothelial — IM axis that shapes
IM development and sustains lung integrity, providing foundations for IM-targeted interventions
in aging and chronic inflammation.

One-Sentence Summary

Endothelial TgfB1 shapes the development and functional identity of lung interstitial macrophages.
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Introduction

In the lung, resident tissue macrophages (RTM) represent the major immune compartment at
steady-state and are thought to exert important tissue-supportive, homeostatic and immune
functions. Depending on their localization, two main RTM populations exist, with alveolar
macrophages (AMs) residing in the alveolar lumen while interstitial macrophage (IMs) populating
the lung parenchyma (/-3). AMs have been extensively studied and are known to be long-lived,
self-maintaining RTM whose development and maintenance require type 2 alveolar epithelial cell
(AT2)-derived granulocyte monocyte colony-stimulating factor (GM-CSF, also called Csf2) and
AM-intrinsic transforming growth factor B1 (TgfP1). Such microenvironmental signals trigger
sustained expression of peroxisome proliferator-activated receptor (PPAR)-y and imprint a niche-
specific functional specification important for host defense and surfactant homeostasis (4-7).

Conversely, IMs are less numerous, less accessible and more enigmatic cells (2, §). Our
understanding of IM development and diversity has benefited from the analysis of their
transcriptomic profile at the single cell level and the development of transgenic tools allowing their
specific depletion (9—/4). While up to 10 different IM subsets have been recently proposed (/2),
a consensus seems to have emerged that IMs can be primarily categorized into two main subsets,
namely CD206" IMs and CD206~ IMs, which occupy distinct niches (9, 10, 12, 14). Parabiosis,
bone marrow (BM) chimeras and fate-mapping studies have shown that both IM subsets are slowly
replenished by classical monocytes in adult mice (9-117, 15). IM development from monocytes
requires the activity of the transcription factor MafB and relies on Csfl receptor signaling when
the IM niche is in need of replenishment (/7). Moreover, mature IMs share a core signature
characterized by elevated expression of MafB, the fractalkine receptor Cx3crl, the transmembrane
protein 119 (Tmem119) and the complement component 1q (Clq) (/0—12). According to the
macrophage niche model, these findings are consistent with the idea that as-yet-unknown signals
released from the lung microenvironment are able to imprint a core developmental program and
identity of IMs that precedes their subsequent specification into distinct subsets (9, 10, 12, 13, 16).

Functionally, IMs have been attributed distinct roles upon exposure to allergens (12, 15, 17-19),
bleomycin (9), influenza virus (/4) or bacteria (/2) and are thought to exert immunoregulatory
functions in the context of allergic asthma (75, /7-19), to dampen inflammatory responses (9, /2,
16) and to organize tertiary lymphoid tissues (/2). However, in these non-homeostatic contexts,
monocytes can also be recruited to the lung and contribute to a pool of recruited macrophages that
often overlap phenotypically with IMs (/, 3, 20). Such convoluted landscape can complicate
conclusions regarding the precise contributions of resident IMs vs. recruited macrophages in
various lung disorders. Hence, the potential tissue-supportive and homeostatic functions of IMs at
steady-state are still unclear.

Here, we found that TgfB1, produced by lung vWF* blood vessel endothelial cells, shapes IM
differentiation and imprints a core IM identity in the lung. In the absence of Tgfp receptor in
myeloid cells and of TgfB1 in endothelial cells, monocytes accumulating in lung tissue could not
fully differentiate into functional IMs. Moreover, disruption of IM-intrinsic Tgfp receptor
signaling triggered development of age-related mechanical abnormalities, hyperinflation and
collagen deposition. Our findings identify an endothelial-IM axis that contributes to IM
development and can prevent the premature development of age-related defects, demonstrating a
TgfP receptor-dependent homeostatic function of resident IMs.
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Results

Lung endothelial Tgfpf1 — interstitial macrophage TgfB receptor interactions are inferred
from single cell transcriptomics

IM development and function are thought to be shaped by microenvironmental cues, yet the ligand-
receptor interactions involved remain poorly defined. To address this, we aimed to predict putative
ligand-receptor interactions originating from lung structural cells and acting on IMs. Using
NicheNet analyses (27), we analyzed single cell RNA-sequencing (scRNA-seq) data of lung IMs,
Ly6C" classical monocytes (cMo) and non-hematopoietic lung niche cells including endothelial,
epithelial and stromal cells captured at steady-state (/0) (fig. S1). The top interactions between
ligands expressed by niche cells and the corresponding receptors on IMs were visualized using a
Circos plot (22) (Fig. 1A). Csfl, coding for Csfl or macrophage colony-stimulating factor (M-
CSF), was expressed by the three niche cell populations and was predicted to be involved in IM
development via Csflr signaling, consistent with previous findings (71, /4). Of note, an interaction
between endothelial cell-derived 7gfb/ and IMs was also predicted (Fig. 1A). Analysis of
predicted target genes triggered by TgfPB1 signaling within receiver IMs revealed a high regulatory
potential for the receptors 7gfbrl and Tgfbr2, as well as for various migration-related genes
associated with integrin binding (i.e., ltghl, Itga4, Itgb5, Icam?2, Itgax, Fnl, Igfl, Itga5, Calr,
Thbsli, Icaml) (Fig. 1B). Moreover, Tgfbl expression was higher in endothelial cells as compared
to epithelial or stromal cells (Fig 1C).

TgfP1 can bind to membrane TgfP receptor II (TgfBRII) subunit, allowing cooperative binding
to TgfBRI and downstream signaling (23). We assessed 7gfbr! and Tgfbr2 expression in lung cMo,
AMs, CD206~ IMs and CD206" IMs in previously published bulk RNA-seq data (/7). AMs and
IMs expressed higher levels of Tgfbrl and Tgfbr2 as compared to cMo (Fig. 1D). We next
evaluated the protein expression of TgfBRI and TgfBRII on lung myeloid cells from WT mice by
flow cytometry (fig. S2A). Lung monocytes, AMs and IMs expressed TgfBRI, whose levels were
lower in both IM subsets as compared to AMs or cMo (fig. S2, B and C). While lung cMo and
Ly6C™ patrolling monocytes (pMo) expressed low levels of TgfBRII, its expression was elevated
in AMs and in IMs, especially in the CD206* IM subset (Fig. 1, E and F). Lung neutrophils (Neu),
conventional dendritic cells (cDCs) and blood myeloid cells also expressed lower levels of
TgfPRII as compared to lung IMs (fig. S2, D and E). Together, our results indicate that IMs could
be effective responders to TgfP through TgfBRII signaling, and that endothelial cells may represent
an important source of TgfB1.

Lung endothelial Tgfp1 triggers a core lung IM identity on Csfl-grown monocytes and
macrophages ex vivo

We sought to investigate the potential impact of soluble factors including Tgf} released from
primary lung endothelial, epithelial, and stromal cells on monocyte differentiation and the
acquisition of a distinct lung IM profile. To this end, bone marrow-derived monocytes (BM Mo)
were isolated from the BM of WT mice, cultured for 48 hours in basal medium (Ctrl) or
conditioned medium (CM) from FACS-sorted endothelial cells (CM-Endo), epithelial cells (CM-
Epi) or stromal cells (CM-Stro) (fig. S2F) and subjected to bulk RNA sequencing (Fig. 2A).
Principal component analysis (PCA) showed distinct clustering patterns for BM Mo exposed to
distinct CM, indicating unique gene expression profiles induced by each CM (Fig. 2B). We
generated gene set signatures of lung CD206" IMs, CD206™ IMs and AMs based on our previously
published scRNA-seq data (/0) and mapped these signatures to CM-stimulated BM Mo using
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Gene Set Enrichment Analysis (GSEA) (24). Of note, CM-Endo and CM-Stro triggered an
enrichment in an IM signature regardless of the IM subset, but CM-Endo was the only treatment
that stimulated a specific IM signature while not inducing an AM signature (Fig. 2C). These data
suggest that lung endothelial cells release soluble signals that can imprint a specific IM signature.

Next, we investigated whether recombinant Tgf31 was sufficient to shift Csfl-grown BM Mo
towards a lung IM gene expression profile. As opposed to AMs, bulk IMs can be specifically
defined by elevated expression of Cx3crl, Tmem119, MafB and Clq (/0—12). Hence, BM Mo
from WT (i.e., Tgfbr2"") mice were cultured with Csfl in the presence or absence of TgfB1 for 48
hours and assessed for expression of IM identity genes and proteins (Fig. 2D). TgfB1 significantly
upregulated the transcript levels of Mafb, Clgc, Cx3crl, Tmeml119 and Csf1r in Csfl-treated BM
Mo, while it had no effect on 7gfbr2 expression and downregulated the expression of the AM-
specific transcription factor Pparg (Fig. 2E). At the protein level, MafB, Clqga, Cx3crl and
Tmem119 were also significantly increased in TgfBl-treated Csfl-grown WT BM Mo as
compared to untreated controls (Fig. 2, F and G).

To evaluate the impact of TgfP signaling through TgfBRII in this model, we used myeloid-
specific Tgfbr2-deficient mice (Lyz2<"¢ Tgfbr2"" mice). A decrease in Tgfbr2 expression and
partial excision of the floxed allele were observed in BM Mo from Lyz2¢"¢ Tgfbr2/! mice as
compared to Tgfbr2"/" littermate controls (fig. S3). Of note, induction of IM identity marker genes
and proteins were all decreased in Tgfpl-treated 7gfbr2-deficient Csfl-grown BM Mo as
compared to the WT counterparts, while TgfP31-triggered downregulation of Pparg was no longer
observed in the absence of Tgfbr2 (Fig. 2E-G). We also generated WT or Tgfbr2-deficient BM-
derived macrophages (BMDMs) and treated them from day 7 till day 9 of culture with TgfB1 (fig.
S4A-C). TgfPl-triggered and TgfBRII-mediated increases in the expression of IM-specific
markers on differentiated BMDMs were also observed, as seen in BM Mo (fig. S4, D and E).
Treatment of BM Mo with Csf2 and TgfPB1, two cytokines required for AM development and
identity (5—7), triggered an AM-associated signature independently of the concomitant presence
of Csfl (fig. S5, A and B) and did not induce expression of IM signature genes. Of note, the
addition of Csf2 to Csfl- or TgfB1- and Csfl-grown BM Mo exerted an inhibitory effect on the
expression of IM signature genes and 7gfbr2 (fig. S5, C and D). Altogether, these results show
that, in the presence of Csfl, TgfB1 can signal through TgfBRII to imprint a core IM signature in
BM Mo or in BMDMs.

Finally, we asked whether co-culture of Csfl-grown BM Mo with lung primary endothelial cells
(Endo) would trigger a similar TgfBRII-dependent IM signature (Fig. 2D). Co-culture of BM Mo
with Endo induced an increase in the expression of the IM markers Cx3crl, Tmem119, MafB and
Clqa (Fig. 2, H and I). Of note, such induction of IM identity was abolished in the presence of
LY364947, a TGF receptor inhibitor, and was decreased in BM Mo from Lyz2¢"¢ Tgfbr2"/ mice
as compared to BM Mo from Tgfbr2"" controls (Fig. 2, H and ). Our ex vivo results demonstrate
that in the presence of Tgf31 and Csfl or lung primary endothelial cells, BM Mo can acquire a
TgfP receptor-dependent lung IM-specific phenotypic profile during macrophage differentiation.

Myeloid TgfB receptor signaling mediates lung IM development and identity in vivo

Next, we employed Tmem119°¢ Cx3criI*E-PTR mice (i.e., IMPTR mice) (/7), in which diphteria
toxin (DT) treatment causes a bolus depletion of the IM niche that is rapidly refilled by cMo-
derived de novo IMs. In order to evaluate the contribution of TgfP receptor signaling to IM
development, we combined IM depletion in IMP™® mice with intraperitoneal (i.p.) injections of the
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TgfP receptor inhibitor LY363947 at days 2, 4 and 6 post-DT (Fig. 3A). At day 7 post-DT, the
numbers of lung cMo and IMs were lower in LY363947-treated IMP™R mice as compared to PBS-
treated controls, while numbers of pMo and AMs remained unchanged (Fig. 3B). Of note, Tgfp
receptor inhibition was associated with a decrease in the numbers of both CD206~ IMs and CD206*
IMs (fig. S6A). Interestingly, this was associated with an increase in the proportion of apoptotic
Annexin V' lung cMo and IMs in LY364947-treated mice as compared to vehicle-treated
counterparts (fig. S6B), while the proportion of blood Ly6C* cMo was higher in LY363947-treated
IMPTR mice as compared to PBS-treated counterparts (fig; S6C) and the viability of BM and blood
cMo were not affected by LY363947 (fig. S6D). These results suggested that TgfP receptor
signaling impacted lung cMo and IM survival capacity, and was important for lung cMo
recruitment or lung IM differentiation.

To assess whether myeloid-intrinsic TgfP} receptor signaling played a role in either lung cMo
recruitment or IM differentiation from cMo in vivo, we generated BM competitive chimeras in
thorax-protected CD45.1/CD45.2 IMP™® mice engrafted with a 1:1 BM cell mix from CD45.1 WT
and CD45.2 Lyz2¢" Tgfbr2™/ mice (Fig. 3C). At week 4 post-transfer, donor chimerism of blood
cMo exceeded 80 %, while AM donor chimerism was below 5%, indicating efficient BM donor
reconstitution and thorax protection, respectively (Fig. 3, D and E). Seven days post-DT, we found
that more than 85 % of IMs were of donor origin, confirming efficient depletion and BM
reconstitution (Fig. 3, D and E). Lung cMo of donor origin arose equally from CD45.1 WT and
CD45.2 Lyz2¢ Tgfbr2"! cells, indicating that lung cMo recruitment was independent of Tgf3
receptor (Fig. 3, D-F). However, CD45.1 WT BM cells had a competitive advantage over CD45.2
Lyz2¢ Tgfbr2! cells to become IMs, regardless of the IM subset, suggesting that TgfBRII-
deficient monocytes, once in the lung, failed to fully differentiate into IMs and reconstitute the IM
pool (Fig. 3, D-F).

To further characterize lung monocytes and macrophages in the absence of myeloid-intrinsic
TgfPRII, we compared their numbers, localization and identity by flow cytometry between
myeloid-restricted Tgfbr2-deficient mice and littermate controls. First, IMs from Lyz2¢"¢ Tgfbr2"!
mice exhibited a 60% reduction in 7gfbr2 expression as compared to those from littermate controls
(fig. S7TA). Second, no abnormalities were found in the blood leukocyte composition of such
transgenic mice (fig. S7TB). As expected (7), AM numbers exhibited a 2-fold reduction in Lyz2¢"
Tgfbr2/ mice as compared to controls (Fig. 3G). Of note, IM numbers were also lower in Lyz2¢"
Tgfbr2™/ mice as compared to controls (Fig. 3G) and the remaining IMs in Lyz2"¢ Tgfbr2"/ mice
exhibited a higher percentage of Annexin V™ cells as compared to control IMs, supporting that IMs
are more sensitive to apoptosis in the absence of TgfBRII signaling (fig. S7C). The percentage of
Ki-67" cells was also higher in IMs from Lyz2¢¢ Tgfbr2"" mice as compared to control IMs,
suggesting that reduced cell proliferation does not account for the lower IM numbers in these mice
(fig. S7TD).

Flow-cytometry-based UMAP plot representation of monocytes and macrophages highlighted
the appearance of a distinct cell population in Lyz2¢¢ Tgfbr2"" mice (Fig. 3H). Back-gating
analysis identified this population as Ly6C*CD64" monocytes (called CD64" Mo) (Fig 31), whose
numbers were significantly increased in Lyz2" Tgfbr2"! mice as compared to littermate controls
(Fig. 3G). The phenotype of CD64" Mo was reminiscent to that of transitioning CD64" monocytes
that appear during IM development in IMP™® mice (77), but could also correspond to inflammatory
monocytes or macrophages recruited when inflammation is present (10, /5). Hence, we evaluated
the expression of pro-inflammatory genes on lung extracts of Lyz2¢"¢ Tgfbr2" and littermate
control mice and found no evidence of inflammation in the absence of myeloid 7gfbr2 in 8-12-
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week-old mice (fig. S7E). Next, we assessed the localization of CD64" Mo. To this end, we labeled
intravascular cells by intravenous (i.v.) injection of anti-CD45-FITC antibodies 10 minutes before
sacrifice, and airway cells by intratracheal (i.t.) injection of anti-CD45-APC antibodies 5 minutes
before sacrifice. As expected, most cMo and pMo were intravascular, most AMs were in the airway
lumen and most IMs were parenchymal, regardless of the mouse genotype (fig. S7, F and G).
While the few lung CD64" Mo present in control mice were mostly intravascular, 70% of lung
CD64" Mo from Lyz2¢"¢ Tgfbr2™/ mice were parenchymal (Fig. 3, J and K). These data further
support the idea that, while monocyte entry in the tissue is not affected in the absence of intrinsic
Tgfbr2, monocyte-to-IM differentiation is impaired and blocked at an early differentiation stage in
the tissue. Finally, we found that both CD64" Mo and IMs from Lyz2¢"¢ Tgfbr2"/' mice exhibited
a decrease in the expression of Cx3crl and Tmem119 as compared to CD64" Mo and IMs from
littermate control mice (Fig. 3, L and M), supporting a loss of IM identity in the absence of myeloid
Tgfbr2. Numbers of heart and skin macrophages were, however, similar between Lyz2"<Tgfbr2/"/
and control mice (fig. S7TH-J), suggesting that myeloid-intrinsic TgfP receptor signaling may play
a more dominant role in the lung compared to other organs. Together, these results demonstrate
that intrinsic TgfPBR signaling plays an important role in imprinting a core IM identity during lung
IM development in vivo.

TgfB1 acts in synergy with Csfl to trigger a MafB-dependent IM identity

Next, we asked whether TgfB1 could trigger MafB expression, a transcription factor involved in
IM development (/7), in BM Mo (Fig. 4A). We observed that, while Tgfp1 or Csfl alone could
trigger Mafb, the combination of both treatments was the most potent in upregulating Mafb
expression, which correlated with the strongest induction of the IM identity genes Clqc, Cx3crl,
Tmem119 and Csf1r (Fig. 4B). Of note, Csfl treatment increased 7gfbr2 expression, while TgfB1
treatment alone did not trigger expression of Csflr nor Tgfbr2 (Fig. 4B), suggesting that
engagement of Csfl signaling primes IM responsiveness to Tgf31. Supporting this hypothesis,
Csfl target gene activation preceded that of Tgfp1 along monocyte-to-IM trajectory (/7) (Fig. 4C).

Next, we asked whether Tgfp1-mediated induction of IM identity on BM Mo was dependent on
MafB by analyzing BM Mo from Lyz2¢"¢ Mafb/" mice (11) (Fig. 4D), which did not express Mafb
(Fig. 4E). In the absence of MafB, TgfB1 treatment was no longer able to trigger an IM identity
gene expression profile in BM Mo (Fig. 4E). Moreover, Tgfbr2 expression itself was decreased in
the absence of MafB, suggesting that MafB could also directly or indirectly regulate 7gfbr2
expression (Fig. 4E). This was further evidenced by the differential expression of Mafb, Tgfbr2
and TgfBRII target genes along monocyte-to-IM trajectory (/7). Indeed, Mafb and Tgfbr2 showed
similar upregulation patterns, and TgfB1 target gene activation progressively increased in both
CD206~ IM and CD206" IM differentiation pathways, supporting Tgfp signaling engagement in
both subsets (Fig. 4F). Moreover, many predicted target genes downstream of TgfBRII signaling
with the highest regulatory potential (Fig. 1B) were upregulated during monocyte-to-IM
development (Fig. 4G) but showed reduced expression in Mafb-deficient IMs from Lyz2¢"¢ Mafb™"
mice (//) as compared to the WT counterparts (Fig. 4H).

Finally, we quantified TgfBRII expression on IMs from Lyz2¢"¢ Mafb"" and control mice and,
while IMs from Lyz2¢¢ Mafb™" mice expressed detectable levels TgfBRIIL, TgfBRII expression was
lower on IMs from Lyz2¢"¢ Mafb"/ mice as compared to the WT counterparts (Fig. 4, I and J),
indicating that MafB could regulate TgfBRII expression in IMs. Altogether, these data support that
TgfP1-TgfP receptor interactions can activate MafB-dependent pathways, which then regulates
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IM-intrinsic TgfBRII expression and TgfBRII-dependent signaling events to mediate full
development of mature IMs, in concert with Csfl.

vWF"* blood vessel endothelial cells release TgfB1 to shape IM development and identity

Next, we sought to identify the cellular source of TgfB1 necessary for IM development in vivo.
We assessed intracellular expression of latent TgfB1 in lung structural cells at steady-state by flow
cytometry (fig. S2F). No TgfB1" cells were found in CD45 EpCam*CD31~ epithelial cells nor in
CD45 EpCam CD31" stromal cells (Fig. 5, A and B). However, we found a substantial proportion
of TgfB1" cells within CD45 EpCam CD31* endothelial cells, which was restricted to the vWF*
blood vessel compartment but not the CD90.2* lymphatic nor the vVWF CD90.2™ capillary
compartment (25) (Fig. 5, A and B). We reasoned that latent Tgf31 would be released more readily
in the lung microenvironment during replenishment of the IM niche. Thus, we depleted IMs by
DT treatment in IMP™ mice and tracked TgfBl* vWF* endothelial cells during IM niche
replenishment. We found a decrease in the percentage of Tgff1* cells among vWF* endothelial
cells at days 3, 5 and 7 post-DT, while levels had returned to baseline at day 14 post-DT (Fig. 5,
C and D), consistent with the idea that vVWF" endothelial cells release more latent Tgf1 when IM
development from monocytes is accelerated. Accordingly, the levels of latent Tgfp1 found in lungs
of DT-treated IMP™® mice at day 4 post-DT were higher as compared to those found in lungs of
PBS-treated IMP™ mice (Fig. S5E). We also found that CD68" myeloid cells were present in the
vicinity of Ergl*TgfB1" endothelial cells in lungs from IMP™ mice that were treated with DT 4
days before (Fig. 5F), and we observed an increase in pairs of CD68" myeloid cells and
Ergl*TgfB1* endothelial cells that were less than 10 um apart in such lungs as compared to PBS-
treated controls (Fig. 5G). These data suggest that vVWF" blood vessel endothelial cells could
release TgfP1 and interact with tissue monocytes differentiating into IMs.

Lastly, we sought to formally address the contribution of endothelial TgfB1 to IM development
and identity. We generated Cdh5°ERT? Tgfb I/l mice that would be conditionally deficient in
Tgfbl in endothelial cells upon tamoxifen treatment. After weaning, Cdh5°ERT? Tgfb 1"/ and
Tgfb """ littermate controls were fed tamoxifen for 28 days, followed by a normal diet. At day 49
post-weaning, we confirmed a decrease in Tgfbl mRNA levels within lung CD45 EpCam CD31*
endothelial cells from tamoxifen-fed Cdh5*ERT? Tgfb "' compared to controls (Fig. 5, H and I).
Similarly, the percentage of TgfB1" cells within vVWF* endothelial cells and the levels of latent
TgfB1 were lower in lungs from tamoxifen-fed Cdh5 R Tgfb I’/! mice as compared to controls
(Fig. 5, H and I). Following co-culture of BM Mo with Csfl and FACS-sorted endothelial cells
from tamoxifen-fed Cdh5ERT? Tgfb "/ mice or control counterparts, we found that endothelial
cell-triggered induction of the IM markers Cx3crl, Tmem119, MafB and Clqa was lower when
TgfB1 was knocked down (Fig. 5J-L). In a separate cohort of mice, we lethally irradiated mice at
day 35 post-weaning to deplete hematopoietic cells and IMs, and reconstituted them with donor
CD45.1/CD45.2 BM cells (Fig. SH). At day 14 post-reconstitution, the majority of blood cells and
50% of CD45" lung cells were of donor origin, regardless of the host genotype (fig. S8). In vivo,
both the numbers and the percentage of donor IMs within CD45" cells were decreased in
Cdh5CERT? Tofb I/ mice as compared to littermate controls (Fig. 5M), demonstrating that IM
development was impaired when endothelial Tgf1 expression was decreased. In addition,
expression levels of Cx3crl and Tmem119 were decreased in IMs from Cdh5°ERT? Tgfp "'/ mice
as compared to those from control mice (Fig. 5, N and O), indicating that endothelial TgfB1 can
shape IM identity. Altogether, these data provide evidence that vWF" blood vessel endothelial
cells represent an important source of TgfB31 to support IM development.
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Myeloid 7gfbr2 deficiency is associated with a proliferative and dysfunctional IM profile

Next, we explored the potential functional consequences of IM-specific 7gfbr2 deficiency. To this
end, we generated a mouse strain in which AMs would retain TgfBRII expression while IMs would
be deficient. CD45.1/CD45.2 IMP™ mice were lethally irradiated with thorax protection and were
fully reconstituted with BM cells either from CD45.2 Tgfbr2/' mice or CD45.2 Lyz2¢" Tgfbr2!
mice (Fig. 6A). Four weeks later, chimeric IMP™ mice were treated with DT to specifically empty
the IM niche and trigger IM niche refilling from either control or 7gfbr2-deficient monocytes. We
confirmed that AMs and IMs were of host and donor origin, respectively (Fig. 6B). Bulk RNA-
seq was performed on donor CD64" cells encompassing CD64" Mo and IMs at day 10 post-DT
(fig. S9A) and knock-down of Tgfbr2 exon 2 was confirmed (fig. S9B). PCA and unsupervised
hierarchical clustering showed that control IMs clustered separately from Tgfbr2-deficient IMs
(Fig. 6, C and D). Differential expression (DE) analyses showed 79 upregulated genes in WT IMs
and 152 upregulated genes in 7gfbr2-deficient IMs (adjusted P value < 0.05 and log> fold change
> or < 1, respectively) (Fig. 6E). We confirmed the downregulation of the IM identity genes
Cx3crl and Tmem119 in the absence of 7gfbr2 (Fig. 6F). Further, using Gene Set Enrichment
Analyses (GSEA), genes known to be upregulated or downregulated upon TgfB1 stimulation were
enriched in Tgfbr2-sufficient or deficient IMs, respectively, validating the model (Fig. 6G). Of
note, 7gfbr2-deficient IMs were enriched in responses related to cell cycling and proliferation,
further supporting that, in the absence of 7gfbr2, IMs are blocked in a premature proliferative stage
that precedes IM differentiation (/7). Moreover, responses related to cell-cell adhesion were
enriched in Tgfbr2-deficient IMs. Conversely, a range of responses associated with homeostatic
and immunoregulatory functions of macrophages were enriched in 7gfbr2-sufficient IMs, such as
activation of mTORCI signaling (26), antigen processing and presentation (/9), and a signature
of tolerogenic macrophages (Fig. 6G).

ScRNA-seq analysis of lung CD45.1 CD45.2"Ly6G SiglecF CD11b"SSC°CD64" cells isolated
at day 90 post-DT from myeloid-intrinsic Tgfbr2-deficient chimeric IMP™ mice indicated an
accumulation of monocytes (Ly6c2, Ccr2, Irf8) expressing Fcgr4, reminiscent of tissue monocytes
(10), at the expense of CD206~ IMs (Cd72, Cd74, H2-EbI) and CD206" IMs (Mrcl, Folr2),
compared to controls (Fig. 6H-J). DE and gene Ontology (GO) analyses highlighted an enrichment
in monocytes from Tgfbr2-deficient chimeric IMP™ mice in the response to type II interferons
(Irfl, Cxcl9, Statl), cell-cell adhesion (Vasp, Sdc4, Ccl5), cell proliferation (Mif, Cd38) and
apoptotic signaling as compared to those from 7gfbr2-sufficient controls (Fig. 6, K and L),
supporting that tissue monocytes substantially contribute to the transcriptional changes observed
by bulk RNA-seq. Our data thus support that TGFfB receptor signaling is essential for the
differentiation and homeostatic functions of IMs, preventing their accumulation in an immature,
proliferative state.

Myeloid TgfB receptor signaling drives monocyte and IM spatial organization in the lung
microenvironment

Next, we used codetection by indexing (CODEX)-enabled multiplex imaging to investigate how
monocyte and IM spatial niche occupancies were affected by the loss of TgfP receptor signaling
(27, 28). Using a 28-parameter staining panel, we identified donor monocytes and IMs (fig. S10)
as well as other lung immune and structural cell types using established markers (Table S2). Within
the donor CD45.1 " CD45.2" population, we observed a higher proportion of monocytes in lungs
from myeloid-intrinsic Tgfbr2-deficient chimeric IMP™ mice compared to Tgfbr2-sufficient
controls (Fig. 7A), confirming our flow cytometry and scRNA-seq data. Monocytes in myeloid-
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intrinsic Tgfbr2-deficient chimeric IMP™ mice predominantly accumulated in the adventitial cuffs
surrounding larger blood vessels (Fig. 7, B and C), which are composed of vVWF* endothelial cells
(25). We next examined how cell interactions between monocytes, IMs and their
microenvironment were influenced by the loss of IM-intrinsic TGFf receptor signaling. Interaction
scores of monocytes with endothelial cells and fibroblasts, and to a lesser with epithelial cells,
were reduced in lungs from myeloid-intrinsic 7gfbr2-deficient chimeric IMP™ mice as compared
to the Tgfbr2-sufficient controls (Fig. 7D). A similar reduction in interaction score with endothelial
cells was observed for Tgfbr2-deficient IMs (Fig. 7D), consistent with a role for Tgfp receptor
signaling in the positioning of monocytes and IMs in dedicated niches. We also found that the
interaction score of monocytes with IMs was higher in the absence of myeloid TgfBRII (Fig. 7D),
suggesting that IMs were retained in close proximity to monocytes and failed to migrate properly
towards their specific niches. While in control lungs, monocytes were closer to Tgf" endothelial
cells than to TgfP~ endothelial cells, supporting a preferential interaction, the distance between
monocytes and TgfB* endothelial cells was markedly increased in the absence of myeloid TgfbRII
(Fig. 7, E and F). These data suggested that TGFP receptor signaling is crucial for guiding
monocytes and IMs to their dedicated niches and facilitating interactions with lung structural cells.

Loss of myeloid Tgfp receptor signaling leads to premature development of lung age-
associated abnormalities

To assess the consequences of IM-intrinsic 7gfbr2 deficiency on lung homeostasis, we performed
lung function measurements, histopathological analyses and protein quantification in chimeric
IMPTR mice whose IMs were sufficient or deficient in Tgfbr2, at 4 months post-DT (Fig. 6A). Of
note, blood myeloid cells, lung neutrophils and lung DCs expressed lower levels of TgfBRII as
compared to IMs (fig. S2, D and E), indicating that they are unlikely to represent major
confounding factors in the model. We noticed a substantial death of chimeric IMP™ mice in the
absence of myeloid 7gfbr2 from 2 months post-DT (fig. S11A), in line with previous reports
suggesting that myeloid 7gfbr2 deficiency can trigger stroke (29). Importantly, we only analyzed
mice that were healthy without weight loss or other signs of morbidity. Lungs from myeloid-
intrinsic 7gfbr2-deficient mice displayed higher inspiratory capacity, higher compliance and lower
elastance as compared to control lungs (Fig. 8A; fig. S11B), a phenotype that was similarly
observed in 18-month-old WT mice as compared to 2-month-old WT mice (Fig. 8A; fig. S11B).
These data are consistent with the hypothesis that, in the absence of 7gfbr2 on IMs, lungs develop
age-related functional abnormalities. A higher degree of alveolar dilatation was observed in lungs
of donor Lyz2¢"¢ Tgfbr2" mice as compared to donor Tgfbr2"/ mice (Fig. 8, B and C), a phenotype
similar to senile hyperinflation (30). Perivascular accumulation of leukocytes, among which
CD68" monocytic cells close to vVWF* endothelial cells, was observed in lungs of donor Lyz2¢"
Tgfbr2™" mice (Fig. 8, B, D and E). At the protein level, lungs of donor Lyz2¢"¢ Tgfbr2' mice
contained lower levels of many cytokines, chemokines and growth factors as compared to those
of donor Tgfbr2™ mice (Fig. 8E), supporting an impairment of lung immune surveillance when
IMs cannot engage TgfB receptor pathways. Moreover, lungs of donor Lyz2"¢ Tgfbr2"/ chimeric
mice displayed lower levels of IL-10, an immunosuppressive cytokine produced by IMs (9, 10,
15, 17) (Fig. 8F), lower levels of elastin (Fig. 8G) and higher levels of soluble collagen (Fig. 8H)
as compared to those of donor Tgfbr2/! mice. Altogether, these data supported that disruption of
IM-specific TgfBRII signaling has a profound impact on the lung immunoregulatory environment
and triggers age-related changes.
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Discussion

Here, we found that blood vessel-associated vVWF* endothelial cells provide TgfB1 to monocytes
entering the lung tissue in order to allow their transition towards functional lung IMs. Disruption
of myeloid-intrinsic Tgfp receptor signaling resulted in the accumulation of monocytes and
immature IMs in adventitial cuffs and an impairment of IM development, identity and niche
occupancy, which was associated with changes in the lung immunoregulatory environment and
age-related abnormalities. These observations highlight a previously undescribed endothelial-IM
axis involved in lung homeostasis and the preservation of lung integrity at steady-state.

TgfP signaling plays an important role in RTM biology and tissue adaptation. In the gut, neuron-
associated muscularis macrophages are instructed by TgfP from the enteric nervous system (37)
and colonic macrophage differentiation also requires TgfP} receptor signaling (32). In the lung,
AMs rely on both Csf2 and autocrine TgfP for their development, maintenance and homeostatic
functions (7). Notably, Csf2-cultured fetal monocytes can differentiate into AM-like cells when
treated with Tgfp (7). Similarly, BM Mo cultured with Csf2 and TgfP31 upregulated AM signature
genes. However, in Csfl-treated BM Mo, TgfB1 induced MafB expression, thus promoting IM-
like differentiation while repressing PPAR-y. Adding Csf2 to Csfl- and TgfPB1-containing cultures
suppressed IM-specific genes and Tgfbr2, suggesting that Csf2 dominates over Csfl by favoring
AM fate. Thus, TgfB1 appears to act as a context-dependent co-factor, synergizing with Csfl to
drive MafB-dependent IM-associated pathways, but enhancing AM-specific programs in the
presence of Csf2. The substantial downregulation of 7gfbr2 in Csf2-treated cultures might limit
the ability of TgfB1 to drive IM-like differentiation, although it could also paradoxically constrain
its ability to promote full AM development. /n vivo, these dynamics are likely influenced by the
spatial and temporal availabilities of Csfl, Csf2 and TgfB1. In the brain, microglia rely on TgfB1
for their development and identity, and disruption of TgfP receptor signaling in adult microglia
results in an aberrant activation phenotype and neurological disorders (33—-36). While lung IMs
and microglia differ in origin and other aspects, they share a common gene signature characterized
by elevated Cx3crl, Tmemli19, MafB and Clq expression (11, 33, 37), a signature that is induced
by TgfB1. The source of TgfP1 is, however, different, as microglia produce Tgfp1 autonomously
(38, 39), while lung IMs receive it from endothelial cells. Our observations suggest that a
combination of signals can act in concert to imprint a functional specification of RTMs in tissues.
In the lung, besides Csfl and TgfB1 contributing to global IM development (11, 14, 40, 41), the
identification of IM subset-specific microenvironmental signals that act within tissular niches to
functionally imprint distinct IM subpopulations will require further investigation.

In the IMP™® mouse model, previously developed to investigate monocyte-to-IM differentiation
(11), we observed a decrease in intracellular Tgfp1 within vWF" blood vessel endothelial cells
during IM differentiation and niche refilling. This was accompanied by a concomitant increase in
lung TgfB1 level and decreased distance between TgfB1" endothelial cells and CD68* monocytes,
suggesting a direct interaction during IM development. Furthermore, inhibiting Tgfp receptor
signaling during IM niche refilling led to a reduction in both CD206" and CD206~ IM subsets,
supporting a role for TgfPB1-Tgf receptor interactions in IM development before subset-specific
differentiation occurs. BM mixed chimeras experiments in thorax-protected, DT-treated IMPTR
mice further supported that myeloid-intrinsic 7gfbr2 expression conferred a competitive advantage
to differentiate into both IM subsets. Of note, we found that Tgf31 could synergistically act with
Csf1 to trigger MafB, a regulator of IM development (/7), the expression of IM signature genes
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(i.e., Cx3crl, Tmeml19, Clq), as well as the upregulation of TgfBRII expression. In microglia,
TgfB1 has been shown to promote Cx3crl (42) and Tmem119 (43) expression, possibly via Smad
activation downstream of TgfP receptor signaling and the presence of Smad binding elements in
their promoter sequences (42, 43). Although CD206- IMs express lower levels of TGFBRII
compared to CD206" IMs, our findings suggest that TGFf signaling plays a role in the
differentiation of both IM subsets from monocytes, likely at an early stage of monocyte-to-IM
transition. This is consistent with the early requirement for MafB in IM differentiation, despite its
higher expression in CD206" IMs (11). Hence, our data are consistent with the idea that monocytes,
once extravasated in the tissue, first require activation of Csfl signaling to upregulate TgfBRII.
Such process primes IM precursors for Tgf} responsiveness and allows sensing of endothelial
TgfP1 and TgfP signaling engagement to trigger MafB, induce expression of migration-associated
genes downstream of TgfBRII and pursue their migration and differentiation trajectory in the lung.
Further supporting this idea, myeloid 7Tgfbr2 deficiency was associated with the accumulation of
parenchymal CD64" monocytes held in a proliferative state, i.e., the precursors of IMs (//) and a
reduction in IM numbers, as well as a loss of their identity markers Cx3crl and Tmem119. While
the decrease in IM numbers in Lyz2¢" Tgfbr2 mice was modest, we speculate that some
remaining IMs may still express TgfBRII, given that LysM-Cre-driven 7gfbr2 depletion is not
complete in myeloid cells.

In the last part of the study, we uncovered a role for endothelial Tgf31-IM TgfBRII interactions
in the prevention of age-related lung abnormalities. To this end, we generated a chimeric mouse
strain in which IMs, but not AMs, did not express 7gfbr2, overcoming previous limitations due to
the lack of tools specifically targeting IMs. Bulk and single-cell RNA-seq analyses of monocytes
and IMs in these chimeric mice revealed an immature, proliferative and dysfunctional IM profile
in the absence of Tgfbr2. Multiplex imaging further supported that TgfPB-signaling mediated
endothelial-IM interactions guide IM precursors towards specific niches in the lung. Without
TgfPRII signaling, monocytes and immature IMs accumulated in adventitial cuffs, suggesting that
they failed to activate intrinsic migration programs or sense extrinsic positional cues, such as
chemokines from lung structural niche cells. Such reduced interaction with their
microenvironment likely impaired IM imprinting, survival and functional specification.
Consequently, niche cells might lack the necessary IM support to sustain their homeostatic
functions. Additionally, the perivascular accumulation of immature monocytes could itself
contribute to the development of age-related abnormalities developing when IM-intrinsic TgfBRII
is disrupted. By 6 months of age, the lungs of those mice exhibited increased compliance and
decreased elastance, resembling the phenotype of 18-month-old WT mice. Alveolar enlargements,
increased collagen and decreased elastin contents were also observed as compared to control lungs,
processes known to occur with age and predispose to lung diseases (30, 44). Moreover, the levels
of many cytokines and growth factors, including IL-10, were reduced in the absence of IM-
intrinsic 7gfbr2, potentially compromising immune surveillance and tissue integrity. IMs may
directly or indirectly regulate the extracellular matrix (ECM) by modulating ECM-degrading
enzymes such as matrix metalloproteinases, which were decreased in lungs containing 7gfbr2-
deficient IMs, or by producing IL-10, know to regulate ECM deposition (45, 46). While their
cellular source remains to be identified, other factors found to be decreased in lungs with 7gfbr2-
deficient IMs are potential suppressors of fibroblast-driven collagen deposition, such as
adiponectin (47), HGF (48) or pentraxin-2 (49). Excessive collagen deposition and elastin
degradation could then contribute to lung stiffening and alveolar enlargements, both hallmarks of
aging lungs (50-52). Finally, IMs may also play a role in preserving the integrity of the alveolar-
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capillary barrier by interacting with epithelial and endothelial cells. Loss of TGFBRII signaling in
IMs may disrupt their ability to occupy dedicated niches and to promote the production of growth
factors and cytokines that maintain endothelial and epithelial integrity and functions, including
adiponectin (53), angiopoietin-1 (54), amphiregulin (55) and lipocalin-2 (56). Identifying the
precise IM-driven mechanisms involved, and whether specific IM subsets preferentially carry out
such homeostatic functions, represent interesting avenues for future research.

In conclusion, our work identifies an endothelial-myeloid crosstalk involving Tgfp1-TgfB
receptor interactions, which constantly takes place during IM transition from monocytes in adult
mice. Disruption of such pathway critically impacts lung homeostasis and triggers the premature
development of age-related changes, highlighting an essential role for lung IMs in supporting
tissue integrity and immune homeostasis at steady-state via Tgfp} receptor-dependent mechanisms.
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Materials and Methods
Study design

In this study, we investigated the niche-derived signals instructing lung IM development and
identity and the functional consequences for lung homeostasis. To this end, we employed ex vivo
and in vivo approaches combined with transcriptional profiling, flow cytometry, multiplex
imaging, bone marrow (BM) chimeras, IMP™® mice, gene targeting and lung functional and
histopathological analyses. For most mouse experiments, group sizes ranged from 3 to 6 mice to
ensure sufficient statistical power (>80%) with a significance threshold of 5%. In some
experiments, sample sizes were not predetermined using statistical methods; however, they were
consistent with those reported in previous studies (10, 11, 57, 58). Unless specified otherwise, data
from independent experiments were pooled for analysis with each panel. No data were excluded,
and all replication attempts were successful, yielding comparable results. Lung section
histopathological were assessed in a blinded manner. Detailed information on sample sizes,
experimental replicates, and the statistical analyses can be found in the corresponding figure
legends.

Mice

All experiments, unless otherwise specified, were performed on age-matched 8—12-wk-old male
and female mice on the C57BL/6 background. In this study, the following mice were used on the
C57BL/6 background: CD45.2 WT (The Jackson Laboratory), CD45.1 WT (The Jackson
Laboratory, 002014), Lyz2¢ (The Jackson Laboratory, 004781), Mafb"" (11), Tgfbr2™" (The
Jackson Laboratory, 012603), Cdh5FRT? (Taconic Biosciences, 13073), Tgfb /" (The Jackson
Laboratory, 065809), and TmemlI19°¢ Cx3crI*SE-PTR* mice, called IMP™ mice (/7). Myeloid-
restricted Tgfbr2 or Mafb depletion was achieved by crossing Tgfbr2™" or Mafb"!" mice with
Lyz2¢ mice. CD45.1/CD45.2 IMP™® mice were generated by crossing CD45.1 Tmem 119 with
CD45.2 Cx3crI™SE-PTR mice. Cdh5<°FRT? and Tgfb /' mice were crossed to produce Cdh5¢ eERT?
Tgfb "' mice.

Mice were housed under specific pathogen-free conditions and maintained in a 12-h light—dark
cycle with food and water ad libitum. Experiments were reviewed and approved by the Institutional
Animal Care and Use Committee of the University of Liége (ethical approval #1956). The ‘Guide
for the Care and Use of Laboratory Animals’, prepared by the Institute of Laboratory Animal
Resources, National Research Council, and published by the National Academy Press, as well as
European and local legislations, was followed carefully. Accordingly, the temperature and relative
humidity were 21°C and 45-60%, respectively.

In vivo treatments with chemicals and antibodies

For DT-induced depletion of IMs, IMP™ mice were administered a single i.p. injection of 50 ng
DT (List Biological Labs, 150), while control mice were injected with PBS. In TgfBR inhibitor
experiments, IMPT™® mice received three i.p. injection of 1mg/kg body weight 1LY364947
(Selleckchem, S2805) in 200 ul PBS at days 2, 4 and 6 post-DT. Control mice were injected with
200 pl PBS i.p..

For assessment of cell localization in the lung, 1 ng of FITC-conjugated anti-mouse CD45.2
(clone 104, BD Biosciences, 564616) was injected i.v. 10 minutes before, and 1 pg of APC-
conjugated anti-mouse CD45.2 (clone 104, BD Biosciences, 558702) was injected i.t. 5 min before
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sacrifice to distinguish intravascular (CD45-FITC" CD45-APC"), parenchymal (CD45-FITC™
CD45-APC") and airway (CD45-FITC™ CD45-APC) cells.

To achieve endothelial-specific Tgfbl deletion, four-week-old Cdh5"¢ERT? Tgfb /! mice or
Tgfb """ control were fed tamoxifen diet (0.25g/kg, SAFE, E8404A01R 00008) for 4 weeks, then
were fed with normal diet afterwards.

Reagents and antibodies
A complete list of the reagents and antibodies used in this manuscript can be found in Table S1.
Flow cytometry

Cells (0.5 - 5 x 10°) were pre-incubated with Mouse Fc¢ Block (BD Biosciences, 553142) to avoid
nonspecific binding to Fc receptors and then stained with appropriate antibodies at 4 °C in the dark
for 10 mins. Unless otherwise instructed, all antibodies are diluted 1:100 for staining at 4 °C for
30 mins. Cell viability was assessed using LIVE/DEAD Fixable Near-IR (775) stain (Thermo
Fisher, L34976), and cell apoptosis was detected by Annexin V after surface staining, according
to the manufacturer’s instructions. TgfBRII (R&D Systems, FAB532P), Cx3crl (R&D systems,
FAB5825G) and Tmem119 (ThermoFisher, 12-6119-82) stainings were performed at 37 °C for 30
mins with a 1:50 dilution. Intracellular cytokine staining was performed using an intracellular
staining set (ThermoFisher, 00-5523-00). For Ki-67 staining, cells were permeabilized and stained
extracellularly using FITC Mouse Anti-Ki67 Set (BD Biosciences, 556026). Annexin V/PI
stainings were performed at room temperature for 15 min. The cell suspensions were analyzed
with an LSRFortessa (BD Biosciences). FlowJo software (BD Biosciences) was used for data
analysis. For the bulk and scRNA-seq experiments, lung
CD45.1 CD45.2"Ly6G SiglecF CD11b"SSC'°CD64" Macs (CD64" Mo and IMs) were sorted
using a Sony MA900. To generate conditioned medium (CM), endothelial cells
(CD45°CD31*'Epcam™), epithelial cells (CD45°CD31 Epcam®) and stromal cells
(CD45 CD31 Epcam") were sorted using a FACSAria III (BD Biosciences). The list of antibodies
used can be found in the Table S1.

Generation of BM (competitive) chimeras

Eight-week-old CD45.17°CD45.2* IMP™® mice were anesthesized via i.p. injection of xylazine
(10 mg/kg; Bayer, 0076901) and ketamine (75 mg/kg; Dechra, 804132) in 200 ul PBS. A 0.6-cm-
thick lead shield was used to protect the thoracic cavity, and the mice underwent lethal irradiation
in two 6 Gy doses, spaced 15min apart. After regaining consciousness, they were i.v.
administrated with 107 BM cells from either CD45.2% Tgfbr2™ or CD45.2" Lyz2¢*Tgfbr2"f
donors. For generating mixed BM chimeras, mice received 10’ BM cells comprising an equal
mixture of CD45.1" WT cells and CD45.2" Lyz2¢"Tgfbr2 cells via i.v injection. Nine-week-old
Cdh5CERT? Tofp "'/ mice were lethally irradiated with two doses of 4 Gy, 15 mins apart. The mice
were injected i.v. with 107 BM cells from CD45.1.2 wild-type mice after 2 h irradiation and were
treated with 0.05 mg/ml of enrofloxacin (Baytril, Bayer) in drinking water for 4 weeks from the
day of irradiation.

Ex vivo BM Mo and BMDM experiments

To generate conditioned medium (CM), FACS-sorted lung endothelial cells, epithelial cells and
stromal cells were cultured in RPMI medium (ThemoFisher, 21875-034) containing 10% vol/vol
FBS, 50 U/ml Penicillin-Streptomycin (ThemoFisher, 15070-063), 1 mM sodium pyruvate
(ThemoFisher, 11360-070), 1 x MEM NEAA (ThemoFisher, 11140-035) and 50 puM 2-
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Mercaptoethanol (ThemoFisher, 31350-010) at 37 °C. After 12 h, the conditioned medium was
collected by centrifugation to obtain the supernatant. BM Ly6C" monocytes were isolated from
mice using the Monocyte Isolation Kit (Miltenyi Biotec, 130-100-629). These monocytes were
then treated with CM, while the control monocytes were cultured in the medium at 37 °C for 48 h.
BM Mo were then collected and RNA was extracted by Trizol.

BM Ly6C" monocytes were isolated from Tgfbr2™!, Lyz2"¢ Tgfbr2"", Maft"", Lyz2¢"¢ Mafb'"
mice and treated with or without 20 ng/ml TgfB1 together with 40 ng/ml Csfl or Csf2 at 37 °C for
48h. All samples were analyzed by flow cytometry or RT-qPCR.

For co-culture experiments, endothelial cells were isolated from mouse lung single cell
suspensions using the CD31 MicroBeads Kit (Miltenyi Biotec, 130-097-418) and co-cultured with
BM Mo from Tgfbr2"! or Lyz2¢"¢ Tgfbr2™" mice with 40 ng/ml Csfl at 37 °C for 48h. One co-
culture group from Tgfbr2"" mice were treated with 5 pM TgfBR inhibitor LY-
364947(Selleckchem, S2805). The ratio of endothelial cells and BM Mo was 2:1 in Fig. 2 H-I and
1:2 in Fig. 5 J-L.

For the generation of BMDM, BM Mo were treated with 40 ng/ml Csfl on first day, and the
medium containing 40 ng/ml Csfl was changed twice at day 3 and day 5 day. At day 7, 95% cells
were F4/80°CD11b" as confirmed by flow cytometry.

CODEX stainings, imaging, processing and analysis

Frozen lung sections from chimeric IMP™ mice were prepared for CODEX staining using a 28-
plex antibody panel. Following fixation, photobleaching, and blocking, samples were stained
overnight and processed for imaging. CODEX imaging was performed using a widefield
fluorescence microscope, capturing multiple channels with z-spacing of 1.5 um. Raw files were
processed for background subtraction, stitching, and cell segmentation.

Cell populations were identified and classified using fluorescence markers and a strategy akin to
flow cytometry (Table S2), and downstream analyses were performed. Additional details can be
found in the Supplementary Materials.

Statistical analysis

Graphs were generated using GraphPad Prism 10 (GraphPad software) or R Bioconductor (version
3.5.1). As indicated in the figure legends, parametric tests were conducted under the assumption
of normal data distribution. No data were excluded from the analyses. Statistical tests were
conducted using Prism 9 (GraphPad Software) and R Bioconductor (3.5.1) with the Seurat package
utilized for scRNA-seq data analysis. The specific statistical methods used for each experiment
are detailed in the corresponding figure legends. Statistical significance was defined as P < 0.05,
with significance levels indicated as follows: *, P < 0.05; ™, P < 0.01; ™, P < 0.001; *™*, P <
0.0001; ns, not significant).

Additional sections and details about Materials and Methods can be found in the Supplemental
Materials.
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Supplementary Materials

Materials and Methods

Fig. S1. Transcriptional identity of lung structural and myeloid cells analyzed by NicheNet
analyses.

Fig. S2. Flow cytometry gating strategies and expression of TgfP receptors by blood and lung
myeloid cells.

Fig. S3. Efficiency of Tgfbr2 deletion in BM Mo from Lyz2"¢ Tgfbr2/! mice.

Fig. S4. Stimulation of Csfl-grown BM-derived Macs (BMDMs) with TgfP1 triggers a core IM
identity.

Fig. S5. Csf2 and TgfB1 drive AM-associated gene expression while suppressing IM-specific
signature in BM Mo.

Fig. S6. Numbers of IM subsets and viability of Ly6C* cMo, Ly6C™~ pMo, AMs and IMs in
LY363947-treated IM-depleted IMP™ mice at day 7 post-DT.

Fig. S7. Analysis of 2-month-old myeloid-restricted 7gfbr2-deficient mice.

Fig. S8. Donor CD45.1/CD45.2 chimerism in the blood and lung of chimeric Cdh5¢¢ERT?
Tgfb """ mice.

Fig. S9. Tgfbr2 depletion in donor IMs from donor Tgfbr2"/" or donor Lyz2¢" Tgfbr2"/' chimeric
IMPTR mice.

Fig. S10. Identification of donor CD45.1"CD45.2* monocytes and IMs in lungs of donor
Tgfbr2" and donor Lyz2"¢ Tgfbr2™" chimeric IMP™R mice.

Fig. S11. Survival and lung function of donor 7gfbr2" or donor Lyz2¢"¢ Tgfbr2" chimeric
IMPTR mice.

Table S1. List of reagents, antibodies, commercial assays, primers and softwares used in this
study.

Table S2. CODEX phenotypes.

Data file S1. Raw data file

Reproducibility checklist
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Fig. 1. Endothelial Tgffl — IM TgfB receptor interactions are predicted during IM
development. (A) Circos plot depicting the putative interactions between structural cell-derived
ligands (bottom) and IM-intrinsic receptors (top), evaluated by NicheNet analysis of scRNA-seq
data of lung monocytes, IMs and structural cells from naive C57BL/6 WT mice (/0). Opacity of
the arrows correlates with the interaction score. (B) Heatmap depicting predicted ligand activity
within lung endothelial cells and IM-intrinsic target gene activation during IM development, based
on NicheNet analyses as in (A). (C) Expression of 7gfb/ within lung primary endothelial cells
(Endo), epithelial cells (Epi) and stromal cells (Stro), extracted from the scRNA-seq data, as in
(A), and depicted by violin plots (height: expression; width: abundance of cells). (D) Expression
of Tgfbrl and Tgfbr2 within lung cMo, AMs, CD206~ IMs and CD206" IMs of naive C57BL/6
WT mice, extracted by bulk RNA-seq data analyses (/7). (E) Representative histograms and (F)
bar graph showing normalized MFI of TgfBRII expression in lung cMo, pMo, AMs and IMs from
naive C57BL/6 WT mice. (D,F) Data show mean +/- SEM (D) n=3 biological replicates of FACS-
sorted cells; (F) Data are representative of 3 independent experiments (#=3 mice). P values were
calculated using (C) a one-way ANOVA with Games-Howell’s post hoc tests or (D) a two-way
ANOVA with Dunnett’s post hoc tests or (F) a one-way ANOVA with Dunnett’s post hoc tests. *,
P<0.05; ", P<0.001; ***, P<0.0001. MFI, mean fluorescence intensity.
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Fig. 2. Lung endothelial Tgfp1 triggers a core IM signature on Csfl-grown BM Mo and
BMDMs. (A) Experimental outline for (B, C). BM Mo from WT mice were cultured in basal
medium (Ctrl) or conditioned medium (CM) from lung primary endothelial (CM-Endo), epithelial
(CM-Epi) or stromal (CM-Stro) cells and subjected to bulk RNA-seq analyses 48 hours later. (B)
Principal Component Analysis (PCA) plot of the BM Mo bulk RNA-seq data, as in (A). (C) Gene
Set Enrichment Analysis (GSEA) comparing the transcriptome of CM-stimulated BM Mo, as in
(A), with signature gene sets characteristic of CD206" IMs, CD206~ IMs and AMs. D)
Experimental outline for (E-I). BM Mo from Tgfbr2"" or Lyz2¢" Tgfbr2™" mice were (E-G)
stimulated with Csfl or Csfl + TgfB1 or (H,I) co-cultured with or without lung primary endothelial
cells (Endo) in the presence or absence of the TgfBR inhibitor LY364947, and analyzed 48 hours
later. (E) Relative mRNA expression of the indicated genes in BM Mo, as in (D). (F)
Representative histograms and (G) bar graph showing MFI of MafB, Clqa, Cx3crl and Tmem119
expression in BM Mo, as in (D). (H) Representative histograms and (I) bar graph showing MFI of
MafB, Clga, Cx3crl and Tmem119 expression in BM Mo, as in (D). (E,G,I) Data show mean +/-
SEM and are representative of 3 independent experiments (n=3-6 mice). P values were calculated
using (E) a two-way ANOVA with Tukey’s post hoc tests, (G,I) a one-way ANOVA with
Dunnett’s post hoc tests. *, P<0.05; ™, P<0.01; ™, P<0.001; "™ P<0.0001. MFI, mean
fluorescence intensity; ns, not significant. FDR, Falso Discovery Rate; NES, Normalized
Enrichment Score.
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Fig. 3. Loss of TgfP receptor signaling impedes monocyte-to-IM development and IM
identity in vivo. (A) Experimental outline for (B, C). (B) Absolute numbers of lung cMo, pMo,
AMs and IMs in PBS- or LY364947-treated IMP™ mice at day 7 post-DT, as in (A). (C)
Experimental outline for (D-F). (D) Representative CD45.1 and CD45.2 contour plots and (E) bar
graph showing % of host CD45.1/CD45.2, donor CD45.1 WT and donor CD45.2 Lyz2¢"¢ Tgfbr2!
chimerism in the indicated cell populations, assessed 7 days post-DT treatment in chimeric IMPTR
mice, as in (C). (F) Quantification of donor CD45.2 Lyz2¢"¢ Tgfbr2" chimerism relative to donor
CD45.1 WT chimerism in the indicated cell populations, as in (D). (G) Absolute numbers of the
indicated lung myeloid cell populations evaluated by flow cytometry in Lyz2¢"¢ Tgfbr2™/ mice and
in Tgfbr2"" littermate controls. (H) Representative UMAP plots of lung CD45"CD11b" and/or
CDl11c" cells analyzed by flow cytometry in Lyz2<"¢ Tgfbr2/! mice and in Tgfbr2"" littermate
controls (merged data from 2 mice per group). (I) Representative Ly6C and CD64 plots of lung
CD45*SSC°CD11b"F4/80" cells from Lyz2¢"¢ Tgfbr2" mice and Tgfbr2"/ littermate controls. (J)
Representative CD45-i.v. and CD45-i.t. plots of lung CD64* Mo from Lyz2¢"¢ Tgfbr2™/' mice and
Tgfbr2! littermate controls injected with anti-CD45-FITC Ab i.v. and anti-CD45-APC Ab i.t.
before sacrifice. (K) Percentages of tissue (CD45-i.v.”/CD45-i.t.7), airway (CD45-i.v.”/CD45-i.t.")
and intravascular (CD45-1.v."/CD45-i.t.”) CD64" Mo, as in (K). (L) Representative histograms and
(M) bar graph showing MFI of Cx3crl and Tmem119 expression in IMs and the indicated lung
myeloid cell populations of Lyz2<¢ Tgfbr2™ mice and Tgfbr2™" littermate controls.
(B,E,F,G,K,M) Data show (B,M) mean +/- SEM and are representative of 2-3 independent
experiments (n=4-6 mice), and (F) individual mice are representative of 3 independent experiments
(n=4 mice), (G,K) mean +/- SEM are pooled from 3-4 replicates (n=4 mice). P values were
calculated using (B,M) a unpaired Student’s ¢ test, (F) a paired multiple ¢ test, (G) a Wilcoxon rank
sum test or (K) a two-way ANOV A with Sidak’s post-hoc tests. *, P<0.05; **, P<0.01; ", P<0.001;
#** P<0.0001. Ab, antibody; MFI, mean fluorescence intensity; ns, not significant.
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Fig. 4. Reciprocal regulation of MafB- and Tgfp receptor-dependent pathways in IMs. (A)
Experimental outline for (B). BM Mo from WT C57BL/6 mice were stimulated with Tgf31, Csfl
or Csfl + TgfPB1 for 48 hours and were analyzed by RT-qPCR. Freshly isolated BM Mo were used
as controls. (B) Relative mRNA expression of the indicated genes in BM Mo, as in (A). (C)
Signature scores of Csfl and TgfPl target genes along pseudotime during monocyte-to-IM
development, based on the sScRNA-seq mapping of monocyte-to-IM trajectory (/7). (D) BM Mo
from Mafb™" or Lyz2"¢ Mafb/"" mice were stimulated with Csf1 or Csfl + TgfB1 for 48 hours and
were analyzed by RT-qPCR. (E) Relative mRNA expression of the indicated genes in BM Mo, as
in (D). (F) Expression of Mafb (left), Tgfbr2 (middle), and signature scores of TgfP1 target genes
(right) along pseudotime evaluated by TradeSeq in monocyte-to-IM trajectories (both CD206 and
CD206" IM trajectories) (/7). (G) Heatmap showing expression of the indicated genes along
pseudotime during monocyte-to-IM trajectories, as in (F). (H) Dot plot showing average
expression and % of cells expressing the indicated genes in clusters of classical monocytes (cMo),
patrolling monocytes (pMo), WT IMs and MafB-deficient IMs, based on previously published
scRNA-seq data (/7). (I) Representative histograms and (J) bar graph showing normalized MFI
of TgfBRII expression in lung from Lyz2¢"¢ Mafb™" mice or Mafb"" littermate controls. (B.E,J)
Data shown mean +/- SEM and are representative of 3 independent experiments (n=3-4 mice). P
values were calculated using (B) a two-way ANOVA with Dunnett’s post hoc tests, (E) a two-way
ANOVA with Tukey’s post hoc tests or (J) a two-tailed unpaired Student’s ¢ test. *, P<0.05; ™,
P<0.01; ™, P<0.001; ***, P<0.0001. MFI, mean fluorescence intensity; ns, not significant.
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Fig. 5. Lung vVWF" endothelial-derived TgfB1 contributes to IM development and identity.
(A) Representative histogram of latent Tgf31 expression in lung epithelial cells (Epi), stromal cells
(Stro) and endothelial cells (Endo) from C57BL/6 WT mice. Endo were further divided into
CD90.2"vWF~ capillary, CD90.2" lymphatic and vWF" blood vessel Endo. (B) Percentage of
TgfB1" cells in the indicated cell populations, as in (A). (C) Representative histogram of latent
TgfB1 expression in lung vVWF* blood vessel Endo from DT-treated IMP™® mice at the indicated
time points post-DT. (D) Percentage of TgfB1" cells within lung vWF" blood vessel Endo, as in
(C). (E) Levels of latent TgfB1, assessed by ELISA on lung extracts from PBS-treated (Ctrl) and
DT-treated IMP™® mice at day 4 post-treatment. (F) Representative confocal microscopy images
of CD68* mononuclear phagocytes and TgfB1"Erg" Endo in lungs of DT-treated IMP™® mice at
day 4 post-DT. (G) Percentages of CD68" mononuclear phagocytes - TgfB1"Erg” Endo pairs
according to the distance separating the 2 cell types in lungs from PBS-treated (control) or DT-
treated IMP™R mice at day 4 post-DT. (H) Experimental outline for (I-O). (I) Tgfbl expression
(left) and percentage of TgfB1* cells (middle) in Endo, and levels of latent Tgfp1 in lung extracts
from chimeric Cdh5¢ERT? Tofb I/ mice or Tgfb I/ controls, as in (H). (J) Experimental outline
for (K, L). (K) Representative histograms and (L) bar graph showing MFI of MafB, Clqa, Cx3crl
and Tmem119 expression in BM Mo, as in (J). (M) Numbers (left) and percentages (right) of
CD45.1 donor IMs from chimeric Cdh5¢ERT2 Tgfb "' mice or TgfbI! controls. (N)
Representative histograms and (O) bar graph showing MFI of Cx3crl and Tmem119 expression
in IMs from chimeric Cdh5<°ERT? Tgfh "' mice or Tgfb " controls. (B,D,E,G,I,LL,M,0) Data
show (B.E,G,I,L,M,0) mean +/- SEM and are representative of 3 independent experiments (n=3-
7 mice), (D) mean +/- SEM are pooled from 4 replicates (n=3 mice). P values were calculated
using (B,D,L) a one-way ANOVA with Dunnett’s post-hoc tests, (E,[,M,0) a two-tailed unpaired
Student’s 7 test or (G) a two-way ANOVA with Sidak’s post-hoc tests. *, P<0.05; ™, P<0.01; ™",
P<0.0001. MFI, mean fluorescence intensity; ns, not significant.
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Fig. 6. Disruption of IM-intrinsic TgfBRII signaling is associated with an immature and
dysfunctional IM profile. (A) Experimental outline. Thorax-protected CD45.1/CD45.2 IMPTR
mice were lethally irradiated and reconstituted with BM cells from either CD45.2 Tgfbr2"/" mice
(group “Donor Tgfbr2’) or Lyz2¢"¢ Tgfbr2"" mice (group “Donor Lyz2¢"¢ Tgfbr2!'). Chimeric
mice injected 4 weeks later with DT i.p. and analyzed at days 10, 60 and 120 after DT. (B)
Representative CD45.1 and CD45.2 plots (left) and chimerism (right) of AMs and IMs, assessed
at day 10 post-DT, as in (A). (C) PCA plot showing the transcriptional identity of IMs, evaluated
by bulk RNA-seq at day 10 post-DT, as in (A). n= 4 replicates per group, each replicate
representing a pool of IMs sorted from 3 mice in 2 independent sorting experiments. (D)
Unsupervised hierarchical clustering of IMs, as in (C). (E) Volcano plot of the differentially
expressed (DE) genes between Tgfbr2-sufficient and 7gfbr2-deficient IMs, as in (C). (F) Bar
graphs showing expression of genes between 7gfbr2-sufficient and 7gfbr2-deficient IMs, as in (C).
(G) GSEA analyses of Tgfbr2-sufficient and 7gfbr2-deficient IMs, as in (C). The Normalized
Enrichment Score (NES) and, False Discovery Rate (FDR) are shown. (H) Global and genotype-
specific UMAP plots depicting the transcriptional identity of lung CD64* Mo and IMs isolated
from donor Tgfbr2""" and donor Lyz2¢" Tgfbr2™" chimeric IMP™® mice at day 60 post-DT, as in
(A) (n=5 pooled mice per group). (I) Frequency of each cell cluster from donor 7gfbr2"/' and donor
Lyz2¢ Tgfbr2" chimeric IMP™® mice. (J) Dot plots showing average expression of the indicated
genes and the percentages of cells expressing the genes within each cluster. (K) Volcano plot
depicting DE genes between the monocyte cluster from donor Tgfbr2™" and donor Lyz2¢"
Tgfbr2"" chimeric IMP™ mice. (L) Dot plot showing Gene Ontology (GO) enrichment results
comparing CD64"Ly6C" monocyte coming from donor Tgfbr2" and donor Lyz2¢"¢ Tgfbr2!
chimeric IMP™R mice. (B,F) Data show mean +/- SEM and (B) are representative of 2 independent
experiments (n=5 mice/group); (F) represent 4 biological replicates of FACS-sorted cells. P values
were calculated using (B) a two-way ANOVA with Tukey’s post-hoc tests or (E,F,K) a Wilcoxon
rank sum test. (E,K) Significantly expressed genes were defined by log:FC > 0.5 and adjusted P
value < 0.05. %, P<0.05; ™", P<0.0001. MFI, mean fluorescence intensity; ns, not significant.
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Fig. 7. Tgfp receptor signaling in monocytes and IMs regulates niche occupancy and
interactions with lung structural cells. (A) Bar graphs showing the proportion of monocytes and
IM subsets within donor CD45.1"CD45.2" cells, as in (Fig. 6A). (B) Bar graphs showing the cell
numbers of CD45.1"CD45.2" monocytes in the 4 anatomical area, peribronchial space,
perivascular space, adventitial cuff and alveolar space, as in (Fig. 6A). (C) Representative imaging
showing adventitial cuffs in donor Tgfbr2"/ and donor Lyz2" Tgfbr2"/' chimeric IMP™ mice lung
with presence of CD45.1"CD45.2" monocytes and IMs, as in (Fig. 6A). (D) The interaction score
of CD45.17CD45.2" monocyte or IM with indicated cell in donor Tgfbr2"/! and donor Lyz2¢"
Tgfbr2"" chimeric IMP™ mice lung, as in (Fig. 6A). (E) The proximity between CD45.1 CD45.2"
monocyte and TgfB* CD317cells in donor Lyz2¢"¢ Tgfbr2"/" chimeric IMP™ mice lung, as in (Fig.
6A). (F) Violin plots showing the shortest distance between CD45.1"CD45.2" monocyte with
TgfB" CD31"cells or TgfB~ CD31"cells in donor Tgfbr2" and donor Lyz2¢"¢ Tgfbr2"" chimeric
IMP™R mice lung, as in (Fig. 6A). (B,F) Data show mean +/- SEM. P values were calculated using
a Wilcoxon rank sum test. *, P<0.05; ™", P<0.0001. ns, not significant. Scale bars: (C) 50 pm; (E)
10 pm.
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Fig. 8. IM-intrinsic 7gfbr2 deficiency triggers age-related lung functional, structural and
immune abnormalities. (A) Invasive measurements of inspiratory capacity, lung compliance and
lung elastance in donor Tgfbr2"" or donor Lyz2¢" Tgfbr2™'" chimeric IMP™® mice at day 120 after
DT, as in Fig. 6A, and in 2-month-old or 18-month-old C57BL/6 WT mice. (B) Representative
Hematoxylin & Eosin stainings of lung sections of chimeric IMP™® as in (A). (C) Alveolar
dilatation assessed through measurements of alveolar MLI in lungs of chimeric IMP™R  as in (B).
(D) Quantification of perivascular leukocyte infiltration in lungs of chimeric IMP™R  as in (B). (E)
Representative confocal microscopy pictures of lung sections of chimeric IMP™® as in (B).
Pictures are representative of one of 6 mice, each giving similar results. (F) Heatmap depicting the
relative abundance of the indicated proteins in lung extracts from chimeric IMP™® mice at day 120
post-DT, as in (A). (G-I) Levels of (G) IL-10, (H) elastin and (I) soluble collagen in lung extracts
from chimeric IMP™® mice, as in (A). (A,C,D,G,H,I) Data show mean +/- SEM, (A,C,D) are
representative of 2 independent experiments (n=5-7 mice/group) or (G,H,I) are pooled from 2
independent experiments (n=11-12 mice/group). (F) Data represent biological replicates of FACS-
sorted cells. (A,C,D,G,H,I) P values were calculated using a two-tailed unpaired Student’s ¢ test.
¥, P<0.05; ", P<0.001; ™, P<0.01; ™, P<0.0001. MLI, mean linear intercept; MFI, mean
fluorescence intensity.
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Materials and methods
Bone marrow, blood and tissue single-cell suspension preparation

Blood was collected via retro-orbital plexus bleeding from terminally anesthetized mice. For BM
cell collection, mice were sacrificed via cervical dislocation, femurs and tibias were dissected and
cleaned of soft tissue. Distal and proximal ends were opened to flush out BM cells. After
centrifugation, cell pellets were resuspended in ice-cold PBS (Thermo Fisher, 14190094)
containing 10 mM EDTA (Merck Millipore, 1084181000), and single-cell suspension were
filtered using a 70 um cell strainer (Corning, 352350). To isolate lung leukocytes, lungs were
finely minced with razor blades and digested for 1 h at 37 °C in digestion medium No.1, consisting
of 5% vol/vol FBS (Thermo Fisher, 10270098), 1 mg/mL collagenase A (Sigma, 14190094) and
0.05 mg/mL DNase I (Sigma, 11284932001) in HBSS (Lonza, BE10-508F). After 45 min of
digestion, the suspension was passed through an 18-gauge needle to dissociate cell aggregates. Ice-
cold PBS (Thermo Fisher, 14190094) with 10 mM EDTA (Merck Millipore, 1084181000) was
added to stop the digestion, and cell suspensions were filtered using a 70 pm cell strainer (Corning,
352350). Mononuclear leukocytes from lungs were enriched using a Percoll density gradient (GE
Healthcare, 17089101), with cells collected from the 1.080:1.038 g/mL interface. For heart single-
cell suspensions, the same digestion procedure was used as described for lung leukocytes, but
without applying a Percoll gradient. Ear single-cell suspensions were prepared by harvesting the
ears from the base, splitting them into dorsal and ventral layers, and placing them in HBSS
containing 5 U/mL Dispase (Sigma, D4693) for 90 min at 37 °C. Ear tissues were cut into small
pieces using razor blades and further digested for 1 h at 37°C in digestion medium No.1, following
the same procedure as for lung leukocytes but without applying a Percoll gradient.

To isolate lung structural cells, mice were administrated i.t with 1 mL digestion medium No.2
(1 U/mL Dispase (Merck Millipore, D4693), 4 U/mL Elastase (Merck Millipore, E1250) and 0.05
mg/mL DNase 1 in HBSS) for 1 min. The entire lung with the trachea was harvested and digested
for 30 min at 37 °C in 1 ml digestion medium No.2. Subsequently, the lungs were minced into
small pieces using razor blades and further digested as described above with digestion medium
No.1 (HBSS containing 5% vol/vol FBS, 1 mg/mL collagenase A, and 0.05 mg/mL DNase I) for
30 mins at 37°C to obtain a single-cell suspension.

Immunofluorescence

For lung immunofluorescence staining, lungs were perfused with 10 mL PBS via the left ventricle
and collected. Lungs were fixed in 4% paraformaldehyde (Thermo Fisher, F/1501/PB15) at 4 °C
for 24 h. Subsequently, the fixed lungs were cryoprotected in 30% sucrose (VWR, Avantor, 57-
50-1) in PBS at 4 °C for 4 h. Following cryoprotection, the lungs were embedded in optimal cutting
temperature compound (OCT; Tissue-Tek, 4583) and stored at -80 °C overnight. The lung OCT
sections were cut into 7-um-thick sections and blocked-in methanol 100% (Merck, 67-56-1) at -
20 °C for 20 min. For staining, samples were incubated overnight at 4 °C in blocking buffer (PBS
with 0.3% Triton X-100 (Merck, 648466) and 2% donkey serum (Sigma Aldrich, D9663))
containing rat anti-mouse antibodies CD68 (Bio-rad, MCA1957GA), mouse anti-mouse
antibodies directed against Tgffl (R&D Systems, MAB2402), rabbit anti-mouse antibodies
directed against Erg (Abcams, ab92513) at a 1:100 dilution, FITC-conjugated anti-mouse
antibodies against vVWF (Santa Cruz, sc-365712) at a 1:75 dilution. After washing with PBS, the
samples were incubated with secondary antibodies: anti-rat [gG antibodies conjugated with AF488
(ThermoFisher, A-11034), anti-mouse IgG antibodies conjugated with AF750 (ThermoFisher, A-
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21037) and anti-rabbit IgG antibodies conjugated with AF647 (BioLegend, 405416) in blocking
buffer at a 1:500 dilution in the dark at room temperature for 2 h. Finally, samples were washed
with PBS, mounted with 10 pul ProLong Antifade reagent with DAPI (ThermoFisher, P36966) on
glass slides, and stored at room temperature in the dark overnight. All samples were analyzed using
spectral fluorescence microscopy. Images shown in Fig. SF were acquired on an LSM 880 inverted
confocal microscope using Plan-Apochromat 40x/1.3 Oil objectives. Fluorophores were excited
simultaneously at 405/488/561/633 nm with detection wavelength at 350-499/380-548/573-
627/659-735 with Airyscan in Zeiss SuperResolution mode and unidirectional acquisition. Images
shown in Fig. 8E were acquired on an LSM 980 inverted confocal microscope using Plan-
Apochromat 63x/1.4 Oil objectives. Fluorophores were excited simultaneously at 405/488/639 nm
with detection wavelength at 350-499/380-548/659-735 with GaAsP-PMT in Zeiss
FastAiryScanSheppardSum SR-4y:4.2 mode and bidirectional acquisition. Analysis was
performed with Zeiss Blue software 3.6.

The cell distance analysis was performed by Imaris 9.5. The CD68" cells and TgfB1Erg” cells
were identified by the intensity of fluorescence. The distance of TgfB1"Erg™- CD68" cells pairs
was calculated the minimum surface distance from TgfB1Erg" cells to CD68" cells. All images in
Imaris were performed in batch mode with the same algorithm.

Real-time quantitative PCR

Total RNA was extracted from the samples using TRIzol reagent (ThermoFisher, 10296010).
cDNA was synthesized using with RevertAid H Minus First Strand ¢cDNA Synthesis Kit
(ThermoFisher, K1631), RT-qPCR was performed using SYBR green supermix (Bio-rad,
1725121). The cycle threshold (CT) values obtained from triplicate qPCR reactions were extracted
from the QuantStudio 5 (ThemoFisher) and transferred onto spreadsheets for analysis using the
relative quantification method 2-2A€T The primers for the test genes are listed in Table S1.

CODEX staining

Five um-thick slices of frozen lungs from chimeric IMP™® mice (Fig. 6A) were prepared and used
for CODEX staining, as described (59). Briefly, after drying the sections, they were fixed for 10
min in ice-cold acetone. After fixation, coverslips were transferred to hydration buffer and
subsequently photobleached twice for 45 min each. Afterwards, sections were blocked and stained
with a 28-plex CODEX antibody panel overnight at 4°C. Samples were washed twice with staining
buffer, fixed in ice-cold methanol for 5 min, washed with 1x PBS, and fixed with BS3 fixative for
20 min (ThermoFisher, 21580). After washing off the fixative, the samples were stored at 4°C
before imaging.

CODEX imaging, processing and analysis

Coverslips and reporter plate were equilibrated at room temperature for 30 min before imaging. A
multicycle CODEX experiment was performed using a Zeiss Axio Observer widefield
fluorescence microscope with a 20x objective (NA 0.85), and the 405, 488, 568, and 647 nm
channels. A z-spacing of 1.5 um was used for acquisition. Raw files were exported using the
CODEX Instrument Manager (Akoya Biosciences) and processed with CODEX Processor v1.7
(Akoya Biosciences). Processing included background subtraction, stitching, shading, shading
correction, and cell segmentation.



Images were inspected and analyzed using the CODEX MAYV (Akoya Biosciences) plugin in
Fiji. Regions out of focus were removed for the analysis. Cells were selected using the DAPI
counterstain and subsequently classified using a similar strategy to the one used in flow cytometry.
Mature IMs were defined as CD45.2*CD45.1 Lin CD11b"SiglecF~
F4/80"Ly6C MerTK MHCII"'CD206"cells. Monocytes were defined as CD45.2°CD45.1 Lin~
CD11b*SiglecF F4/80"Ly6C""°CD64"°MerTK!®~ cells. After cell classification, the generated
.csv files were exported to CytoMAP (60) and cell interactions of monocytes and IMs with other
immune and structural cells (Table S2) were calculated using pearson correlation.

To determine the distribution of monocytes and IMs interstitial macrophages in the major
anatomical areas of the lung, images were exported to QuPath. The perivascular, peribronchial,
interstitial spaces and the adventitial cuffs were manually annotated in the whole image.
Afterwards cells were detected using the DAPI counterstain and multiple classifiers were
established using the single stains and used to gate the same populations as above. To calculate
the distances between TgfB" or TgfB~ endothelial cells (CD45 EpCAM PDGFRa CD31") and IMs
and monocytes, the nearest distance between centroids was calculated.

ELISA, Collagen and Proteome Assays

Lungs of chimeric IMP™ mice were perfused with 10 mL PBS through the right ventricle and
isolated. The dissected lungs were snap frozen in liquid nitrogen and homogenized using a tissue
homogenizer (IKA) in 360 pl ice-cold lysis buffer (40 mM Tris-HCI (pH 7.4), 150 mM NacCl, 10%
glycerol and protease inhibitor cocktail (Sigma, 11697498001)). The samples were added 1% NP-
40 (Sigma, 74385), then centrifuged for 20 min at 4 °C, and supernatants were collected after
centrifugation. The protein concentration was determined by Pierce BCA Protein Assay Kit
(Thermo Fisher), following to the manufacturer’s instructions. The supernatants were stored at -
80 °C. TgfP1, IL-10 and soluble collagen level were quantified in lung homogenates using TgfB1
Human/Mouse Uncoated ELISA Kit (Thermo Fisher, 88-8350-88), IL-10 Mouse uncoated ELISA
Kit (Thermo Fisher, 88-7105-88), mouse Elastin ELISA Kit (Novusbio, NBP3-06918) and Sircol
Soluble Collagen Assay Kit (Biocolor, S1000), respectively, according to the manufacturer’s
instructions.

For Proteome profiler assay, 200 ng total protein were tested for the presence of cytokines and
chemokines using a proteome profiler mouse XL cytokine array (R&D Systems), according to
manufacturer instructions. Results were visualized using an ImageQuant LAS 4000 (GE
Healthcare) and analyzed using ImagelJ software.

Lung function measurements

Mice were anesthetized i.p. with sodium pentobarbital (Nembutal) at a dose of 50 mg/kg. The
trachea was surgically exposed via dissection of the neck region. An 18-gauge blunt metal cannula,
known for its typical resistance of 0.18 cmH>Os/mL, was inserted into trachea and secured using
a nylon suture to ensure stability. Subsequently, the mice were connected to the flexiVent
computer-controlled piston ventilator (SCIREQ) through the cannula. This connection was
facilitated by the FX adaptor Y-tubing. The ventilator was set to standard parameters for murine
ventilation: a positive end expiratory pressure (PEEP) at 3 cmH?O, a tidal volume of 10 mL/kg, a
respiratory rate of 150 breaths per minute, and a fraction of inspired oxygen of 0.21, which
corresponds to room air. Respiratory mechanics were evaluated using the forced oscillation
technique (FOT) and the latest version of the flexiVent operating software (flexiWare version
8.1.3).



Lung histology and histopathological measurements

Lungs were fixed in 5% formalin, paraffin-embedded, and cut into 5-um sections that were then
stained with hematoxylin and eosin (H&E) before analysis. Full lung sections images were
acquired on an Axioscan 7 (Zeiss, 20x).

The size of alveoli was assessed with the method of mean linear intercept (MLI), as described
(61, 62). Briefly, lung tissues and alveolar walls were identified by thresholding (Huang
thresholding) on hematoxylin and eosin (H&E)-stained lung images. Horizontal test lines were
generated by overlaying line grids onto lung field images at 50% opacity, using image flattening
to isolate measurement regions. Chord lengths were identified with color thresholding and
measured with the “analyze particles” function in Fiji/Imagel, and results were exported for
statistical analyses. For each image, three zones of alveoli were randomly selected and only the
cords within these regions were counted with "ROI tool".

The clusters of perivascular infiltrating leukocytes were identified in H&E-stained lung images
as described (63, 64). Briefly, only the leukocyte clusters larger than 50 pm in size and adjacent
to the small arterioles or venules (i.e., less than 100 um in diameter) were counted in each lung
section. The count number were then normalized by the corresponding lung area, yielding
normalized values expressed as foci per unit area.

Bulk RNA sequencing analyses

Lung CD45.1 CD45.2"Ly6G SiglecF CD11b"SSC°CD64" cells (encompassing CD64" Mo and
IMs) were FACS-sorted from chimeric IMP™® mice (Fig. 6A) using the gating strategy shown in
fig. STA into TRIzol reagent (Thermo Fisher, 10296010). Total RNA was extracted with the
standard TRIzol RNA extraction protocol. RNA quality and quantity were evaluated using a 2100
bioanalyzer (Agilent) and the Quant-iT RiboGreen RNA Assay Kit (Thermo Fisher, R11490). One
hundred nanograms of RNA was used to generate the libraries using the TruSeq Stranded mRNA
kit (Illumina, 20020594). These libraries were sequenced on an Illumina NovaSeq sequencer on
an SP flow cell. Sequence alignment with the mouse genome (GRCm38), sequence counting and
quality control were performed using the nf-core/rnaseq pipeline.

RNA-seq data were analyzed by R (version 4.3.3) using R Bioconductor (3.18) and DESeq2
package (version 1.42.1). To correct for potential batch effects, the ComBat function from the sva
package (v3.50.0). Differential expression analysis was performed using the DESeq2 package
(v1.42.1). Gene set enrichment analysis (GSEA) was conducted using the clusterProfiler package
(v4.10.1). Molecular Signatures Database (MSigDB) gene sets were supplied by msigdbr package
(v7.5.1).

Single cell RNA sequencing and analyses

Lung CD45.1 CD45.2"Ly6G SiglecF CD11b"SSC'°CD64" cells (encompassing CD64" Mo and
IMs) were FACS-sorted from lung single-cell suspensions pooled from 5 chimeric IMP™® mice, as
for the bulk RNA-seq analysis. For each sample, an aliquot of Trypan blue-treated cells was
examined under the microscope for counting, viability and aggregate assessment following FACS
sorting. Viability was above 90% for all samples and no aggregates were observed. Cells from
each group were then labelled with TotalSeq anti-mouse hashtags (BioLegend, TotalSeq-B0301
for donor Tgfbr2™" group and TotalSeq-B0303 for doner Lyz2¢Tgfbr2""" group) before being
pooled. Pooled cells were centrifuged, and pellet was resuspended in calcium- and magnesium-
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free PBS containing 0.4 mg/mL UltraPure BSA (Thermo Fisher Scientific). For library
preparation, approximately 1 x 10* cells were loaded into the Chromium iX (10X Genomics), in
which they were partitioned, their polyA RNAs captured and barcoded using Chromium Next
GEM Single Cell 3" Reagent Kits v3.1 (10X Genomics). The cDNAs were amplified and libraries
compatible with [llumina sequencers were generated using Chromium Next GEM Single Cell 3’
Reagent Kits v3.1 with Feature Barcoding technology for Cell Surface Protein (10X Genomics).
For Hash Tag Oligonucleotide (TotalSeq B anti-mouse Antibody, Biolegend) library, primers for
cDNA amplification and index PCR are provided in Chromium Single Cell 3’ Feature Barcode
Library Kit (10x Genomics). The libraries were sequenced on an [llumina NovaSeq 6000 on an S4
cell flow (read 1, 150 cy; read 2, 150 cy; index 1, 10 cy; index 2, 10 cy) at a depth of ~2,5 x 10*
reads per cell.

The Cell Ranger (v8.0) application (10x Genomics) was then used to demultiplex the BCL files
into FASTQ files (cellranger mkfastq), to perform alignment (to Cell Ranger human genome
references 3.0.2 GRCm38/build 97), filtering, UMI counting and to produce gene-barcode
matrices for each sample (cellranger multi).

Filtered matrix files were used for further scRNAseq analyses with R Bioconductor (3.18) and
Seurat (5.1.0). Filtered matrices containing cell IDs and feature names in each sample were used
to build a Seurat object. We performed a quality control by filtering out the cells with less than
200 detected genes, the genes detected in less than 3 cells and the cells exhibiting more than 10%
of mitochondrial genes. Gene counts were normalized by default method “LogNormalize” with
scale factor 10000 and log-transformation. Four clusters were obtained using FindClusters
function (Seurat package) and characterized by expression of cell type-specific genes. For
differential expression analysis, expression in each gene was compared using FindMarkers
function (Seurat package) and the genes with adjusted P value < 0.05 and logFC > 0.5 were
considered as significant up-regulated genes. Gene-ontology enrichment analysis and gene set
enrichment analysis (GSEA) were performed using clusterProfiler package.

Analysis of published single-cell RNA sequencing data

NicheNet analysis (27) was applied to previously published single-cell RNA sequencing data (/0).
The cell types were defined by SingleR package. We used the ligand-receptor network included in
nichenetr package to predict ligand activity. To perform the NicheNet analysis, receiver cell
population were set as classical monocytes developing into IMs, whereas the sender cell
population was set as endothelial cells. Only genes expressed with in at least 10% of cells in one
cluster will be used to calculated ligand activity.

InAct molecular interaction database (inact-micluster) was used to construct mouse ligand-
receptor network. Briefly, only mus musculus genes were filtered and annotated with Gene
Ontology (GO). Only interaction pair with interactor.a (ligands) annotated by “extracellular region
part” (GO: 0044421), plasma membrane (GO: 0005886), or “plasma membrane part”
(GO:0044459), and interactor.b (receptors) annotated by “plasma membrane” (GO:0005886),
“plasma membrane region” (GO:0098590) or “plasma membrane part” (GO:0044459) were
considered as ligand-receptor interaction pairs. A final 2957 ligand-receptor pairs were generated.

Ligand-receptor activities between cell types were calculated using our previously published
single-cell RNA sequencing data (/0). The relative activity of each ligand-receptor pair was



calculated by multiplying the average expression of ligand gene and receptor gene. ChordDiagram
was made with package circlize package.

The pseudotime trajectory of monocyte-to-IM development was previously reported (//) and
analyzed using monocle3 package (1.0.0). Briefly, cells were clustered using the cluster cells
function with UMAP coordinates. The pseudotime trajectories were constructed with the
learn_graph and order_cells functions. The starting cells (root cells) were selected to ensure correct
trajectory inference. Gene expression across the pseudotime and differential expression was
estimated by tradeSeq package (v1.4.0). To infer the contribution of Csfl and Tgfp1l during
monocyte-to-IM development, target genes regulated by Csfl and Tgfp1 were derived from a
previously established ligand-target interaction matrix (NicheNetr package). Specifically, the top
100 target genes for each ligand, ranked by interaction score, were selected. A ligand-specific gene
signature was then defined by identifying genes that were both among the top 100 targets of the
ligand and differentially expressed along the monocyte-to-macrophage trajectory. These ligand-
specific signatures were evaluated in the scRNA-seq dataset by using the AddModuleScore
function (Seurat). Both signatures were evaluated along pseudotime on the global monocyte-to-
IM trajectory. The TgfP1 target gene signature was then measured separately for each lineage of
CD206" and CD206™ IMs.



Supplementary Figures
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Fig. S1. Transcriptional identity of lung structural and myeloid cells analyzed by NicheNet
analyses. (A) UMAP plot depicting the transcriptional identity of lung structural cells and myeloid
cells from steady-state C57BL/6 WT mice (/0), as analyzed by scRNA-seq and used for NicheNet
analyses shown in Fig. 1, A and B. (B) Heatmap depicting the top 10 upregulated genes in each
cluster, as in (A).
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Fig. S2. Flow cytometry gating strategies and expression of Tgfp receptors by blood and lung
myeloid cells. (A) Representative flow cytometry gating strategy to delineate lung myeloid cells
in lungs of naive C57BL/6 WT mice. (B) Representative histograms and (C) bar graph showing
normalized MFI of TgfBRI expression in lung cMo, pMo, AMs and IMs, as in (A). (D)
Representative flow cytometry gating strategy to delineate blood leukocyte populations in naive
C57BL/6 WT mice. (E) Bar graph showing normalized MFI of TgfBRII expression in the indicated
cell populations from naive C57BL/6 WT mice. (F) Representative flow cytometry gating strategy
showing live CD45 EpCam'CD31" epithelial cells, CD45 EpCam CD31" stromal cells and
CD45 EpCam CD31" endothelial cells, further divided into vWF'CD90.2~ blood vessel,
vWF~CD90.2" lymphatic and vWF CD90.2" capillary endothelial cells. (C,E) Data show mean +/-
SEM and are representative of 2 independent experiments (n=5-6 mice). P values were calculated
using (C) a one-way ANOVA with Tukey’s post hoc tests or (E) a one-way ANOVA with
Dunnett’s post hoc tests. **, P<0.001; ***, P<0.0001. ¢cDC1, type 1 conventional dendritic cell;
cDC2, type 2 conventional dendritic cell; Eos, eosinophil; MFI, mean fluorescence intensity; Neu,
neutrophil.
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Fig. S3. Efficiency of Tgfbr2 deletion in BM Mo from Lyz2¢" Tgfbr2/! mice. (A) mRNA
expression of Tgfbr2 in BM Mo from Lyz2¢"¢ Tgfbr2"/' mice and Tgfbr2"/ littermate controls. (B)
PCR blot of genomic DNA extracted from BM Mo from Lyz2"¢ Tgfbr2"!! mice and Tgfbr2™"
littermate controls. (A) Data show mean +/- SEM and individual values, each representing one

independent experiment. P values were calculated using an unpaired two-tailed Student’s ¢ test. ",
P<0.01.
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Fig. S4. Stimulation of Csfl-grown BM-derived Macs (BMDMs) with Tgfp1 triggers a core
IM identity. (A) Experimental outline for (B-D). BM cells from Tgfbr2™" or Lyz2¢"¢ Tgfbr2"!
mice were derived into BMDMs with Csf1 for 7 days, were stimulated with Csfl or Csfl + TgfB1
for 48 hours and were analyzed by RT-qPCR and flow cytometry. (B) Representative CD11b and
F4/80 flow cytometry histograms and (C) quantification of the % of CD11b*F4/80" Macs in
BMDMs, assessed at day 7, as in (A). (D) Relative mRNA expression of the indicated genes in
BMDMs, as in (A). (E) Bar graph showing MFI of Cx3crl and Tmem119 expression in BMDMs,
asin (A). (C,D,E) Data shown mean +/- SEM and are pooled from (A) 5 different ex vivo cultures,
(D) 3 independent replicates or (E) 5 mice. P values were calculated using (C) an unpaired two-
tailed Student’s ¢ test or (D) a one-way ANOVA with Tukey’s post hoc tests or (E) a two-way
ANOVA with Dunnett’s post hoc tests. *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. MFI,
mean fluorescence intensity; ns, not significant.
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Fig. S5. Csf2 and Tgfp1 drive AM-associated gene expression while suppressing IM-specific
signature in BM Mo. (A) Experimental outline for (B-D). BM Mo from C57BL/6 WT mice were
stimulated with Csfl, Csfl + TgfB1, Csf2, Csf2 + Tgfp1, Csf1/Csf2 or Csf1/Csf2 + Tgfp1 for 48
hours and were analyzed by RT-qPCR. (B) Relative mRNA expression of the indicated AM-
associated genes in BM Mo, as in (A). (C) Relative mRNA expression of the indicated IM-
associated genes in BM Mo, as in (A). (D) Relative mRNA expression of 7gfbr2 in BM Mo, as in
(A). (B-D) Data show mean +/- SEM and independent replicates are representative from 2
independent culture experiments (n=4 mice). P values were calculated using (B, C) a one-way
ANOVA with Dunnett’s post hoc tests or (D) a one-way ANOVA with Tukey’s post hoc tests. *,
P<0.05; ™, P<0.01; ***, P<0.001; ™", P<0.0001. ns, not significant.
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Fig. S6. Numbers of IM subsets and viability of Ly6C* ¢cMo, Ly6C- pMo, AMs and IMs in
LY363947-treated IM-depleted IMP™ mice at day 7 post-DT. (A) Absolute numbers of
CD206" IMs and CD206 IMs in LY363947-treated and vehicle-treated IM-depleted IMP™R mice
at day 7 post-DT. (B) Bar graphs showing the percentages of annexin V*/PI” (early apoptotic) and
annexin V*/PI" (late apoptotic) cells within lung cMo, pMo, AMs and IMs in LY363947-treated
and vehicle-treated IM-depleted IMP™R mice at day 7 post-DT. (C) Bar graph showing percentages
of blood CD45"CD11b"Ly6C* cMo, as in (B). (D) Bar graphs showing the frequency of annexin
V*/PI” (early apoptotic) and annexin V*/PI" (late apoptotic) within BM and blood cMo, as in (B).
(A,B,C,D) Data show mean +/- SEM and independent replicates are representative 2 independent
experiments (n=5-6 mice). P values were calculated using (A,B,C,D) an unpaired two-tailed
Student’s 7 test. *, P<0.05; ™, P<0.01 ns, not significant.
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Fig. S7. Analysis of 2-month-old myeloid-restricted 7gfbr2-deficient mice. (A) mRNA
expression of Tgfbr2 in lung IMs from Lyz2" Tgfbr2"! mice and Tgfbr2"/ littermate controls,
assessed by RT-qPCR. (B) Bar graph showing percentages of the indicated blood leukocyte
populations in Lyz2¢"¢ Tgfbr2™ mice and Tgfbr2"/ littermate controls, assessed by flow cytometry
and using the gating strategy shown in fig. S2D. (C) Percentage of Annexin V* cells and (D)
percentage of Ki67" cells in IMs from Lyz2¢"¢ Tgfbr2"/ mice and Tgfbr2™/ littermate controls. (E)
mRNA expression of the indicated genes in lungs from Lyz2"¢ Tgfbr2"/' mice and Tgfbr2™!
littermate controls, assessed by RT-qPCR. (F) Representative CD45-i.v. and CD45-i.t. plots of
lung cMo, pMo, AMs and IMs from Lyz2¢"¢ Tgfbr2"/' mice and Tgfbr2™" littermate controls
injected with anti-CD45-FITC and anti-CD45-APC Ab i.v. and i.t. before sacrifice, respectively.
(G) Percentages of tissue (CD45-i.v./CD45-i.t.7), airway (CD45-i.v.”/CD45-i.t.") and
intravascular (CD45-1.v."/CD45-i.t.”) cMo, pMo, AMs and IMs, as in (F). (H) Representative flow
cytometry gating strategy to delineate heart and ear skin macrophages (Macs) of Lyz2¢"¢ Tgfbr2!
mice and Tgfbr2" littermate controls. (I) Absolute numbers, (J) Cx3crl and Tmem119 expression
levels of heart and ear skin Macs, as in (H). (A,B,C,D,E,G,1,J) Data show mean +/- SEM (A,B,C,
E, I, J) are representative of 2 independent experiments (n=4-5 mice) and (D,G) are pooled from
2 independent experiments (n=4-7 mice/group). P values were calculated using (A,B,C,D,E,LJ)
an unpaired two-tailed Student’s 7 test or (G) a two-way ANOVA with Sidak’s post-hoc tests. *,
P<0.05; ™, P<0.01; ™™, P<0.0001. ns, not significant.
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Fig. S8. Donor CD45.1/CD45.2 chimerism in the blood and lung of chimeric Cdh5¢ERT?
Tgfb """ mice. Cdh5°*ERT? Tgfp """ and Tgfb """ littermate controls were fed tamoxifen for 28
days, followed by a normal diet. At day 35, mice were lethally irradiated and reconstituted with
donor CD45.1/CD45.2 BM cells and the chimerism was evaluated in the blood and in the lung 14
days after. Data shown mean +/- SEM and are pooled from 2 independent experiments (n=7
mice/group). P values were calculated using an unpaired two-tailed Student’s ¢ test. ns, not
significant.

17



) 0
3 2
800K 1.5M 8 10° L.) o
u o
1.0M Q Q
hi] o 10°
! 400K < ook [Fs w2
9 Q Qo ] oo
7] @D 679 < ©
w oo » o 7-10% 5_103
0 10t 10 0 100 10° 40 0 100 100 O 0 10° 10
Ly6G/SiglecF-PE CD11b-PE-Cy7~— CD64-BV421 — CD45.1-APC —
B 1 Donor Tgfbr2"
1 Donor Lyz2°°Tgfbr2"
T I I e IS s S — )
oo vsomw VeI | meigsi | menol M L VGDe L temsm L Heiol o1 Veuow  veusw et veisi | ieow et ueiom ey
| l L . L
' ‘ I I 1 |
N I [} . L
| i (| : 1
| & (I ' L
I - [ 1 . L
| = I l A L
| | - [ : !
— rit : 2
iz &

Fig. S9. Tgfbr2 depletion in donor IMs from donor Tgfbr2™ or donor Lyz2¢" Tgfbr2V!
chimeric IMP™® mice. (A) Flow cytometry sorting strategy to isolate donor IMs for bulk and
scRNA-seq analyses. (B) Tgfbr2 gene sequencing results in IMs from donor Tgfbr2"/" or donor
Lyz2¢"¢ Tgfbr2" chimeric IMP™® mice.
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Fig. S10. Identification of donor CD45.1 CD45.2" monocytes and IMs in lungs of donor
Tgfbr2"/" and donor Lyz2¢ Tgfbr2™" chimeric IMP™ mice. Representative pictures showing
individual labeling of markers used to define donor CD45.1"CD45.2" monocytes and IMs in lungs
of donor Tgfbr2"" and donor Lyz2¢"¢ Tgfbr2™" chimeric IMP™ mice. The images are similar as
the ones shown in Fig. 7C. Scale bars: 50 um.
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Fig. S11. Survival and lung function of donor Tgfbr2™" or donor Lyz2" Tgfbr2™" chimeric
IMPTR mice. (A) Survival curve of donor Tgfbr2™ or donor Lyz2¢" Tgfbr2™" chimeric IMPT™R
mice. (B) Invasive measurements of quasi-static compliance (Cst), pressure-volume loops (PV-

loop) and tissue elasticity in chimeric IMP™ mice 3 months after DT, as in Fig. 6A), and in 2-

month-old or 18-month-old C57BL/6 WT mice. (B) Data show mean +/- SEM and are pooled
from 2 independent experiments (n= 5-12 mice/group). P values were calculated using an unpaired
two-tailed Student’s ¢ test. *, P<0.05; ™, P<0.01;****, P<0.0001.
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Table S1. List of reagents, antibodies, commercial assays, primers and softwares used in

this study.

Antibodies
Name Source Cat. Number | Concentration
Anti-mouse C1qA Monoclonal Antibody | Bio-techne NBP1-51140B | 1:50
(Mouse, clone JL-1), biotin conjugated
Anti-mouse CD3 Monoclonal Antibody BD 553064 1:100
(Hamster, clone 2H5), PE conjugated Biosciences
Anti-mouse CD19 Monoclonal Antibody | BD 115537 1:100
(Rat, clone 6D5), BV421 conjugated Biosciences
Anti-mouse CD11b Monoclonal Antibody | BD 563553 1:100
(Rat, clone M1/70), BUV395 conjugated | Biosciences
Anti-mouse CD11b Monoclonal Antibody | BD 552850 1:100
(Rat, clone M1/70), PE-Cy7 conjugated Biosciences
Anti-mouse CD11c Monoclonal Antibody | BD 563735 1:100
(Hamster, clone HL3), BV786 conjugated | Biosciences
Anti-mouse CD16/32 (Mouse BD Fc¢ BD 553142 1:25
Block™) Monoclonal Antibody (Rat, Biosciences
clone 2.4G2), unconjugated
Anti-mouse CD31 Monoclonal Antibody | BD 563356 1:100
(Rat, clone 390), BV421 conjugated Biosciences
Anti-mouse CD31 Monoclonal Antibody | BioLegend 102416 1:100
(Rat, clone 390), AF647 conjugated
Anti-mouse CD45.1 Monoclonal BD 565212 1:100
Antibody (Mouse, clone A20), BUV395 Biosciences
conjugated
Anti-mouse CD45.2 Monoclonal BD 564616 1:100
Antibody (Mouse, clone 104), BUV395 Biosciences
conjugated
Anti-mouse CD45.2 Monoclonal BD 561874 1 pg/mouse
Antibody (Mouse, clone 104), FITC Biosciences
conjugated
Anti-mouse CD45.2 Monoclonal BD 560696 1:100
Antibody (Mouse, clone 104), PE-Cy7 Biosciences

conjugated
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Anti-mouse CD45.2 Monoclonal BD 552950 1:100
Antibody (Mouse, clone 104), PerCP- Biosciences

Cy5.5 conjugated

Anti-mouse CD45.2 Monoclonal BD 558702 1 pg/mouse
Antibody (Mouse, clone 104), APC Biosciences

conjugated

Anti-mouse CD64 Monoclonal Antibody | BioLegend 139309 1:100
(Mouse, clone X54-5/7.1), BV421

conjugated

Anti-mouse CD68 Recombinant Bio-rad MCA1957GA | 1:100
Monoclonal Antibody (Rat, clone FA-11),

unconjugated

Anti-mouse CD90.2 Monoclonal BioLegend 105320 1:100
Antibody (Rat, clone 30H12), AF700

conjugated

Anti-mouse CD90.2 Monoclonal BD 564365 1:100
Antibody (Rat, clone 53-21), BV786 Biosciences

conjugated

Anti-mouse CD115 (CSF1R) Monoclonal | BioLegend 135526 1:100
Antibody (Rat, clone AFS98), PerCP-

Cy5.5 conjugated

Anti-mouse CD170 (SiglecF) Monoclonal | BD 562757 1:100
Antibody (Rat, clone E50-2440), PE- Biosciences

CF594 conjugated

Anti-mouse CD206 (MMR) Monoclonal | BioLegend 141710 1:100
Antibody (Rat, clone C068C2), AF488

conjugated

Anti-mouse CD206 (MMR) Monoclonal | BioLegend 141712 1:100
Antibody (Rat, clone C068C2), AF647

conjugated

Anti-mouse CD206 (MMR) Monoclonal | Sony 1308645 1:100
Antibody (Rat, clone C068C2), BV785 Biotechnology

conjugated

Anti-mouse CD206 (MMR) Monoclonal | BioLegend 141720 1:100
Antibody (Rat, clone C068C2), PE-Cy7

conjugated

Anti-mouse CD326 (Epcam) Monoclonal | BioLegend 118217 1:100

Antibody (Rat, clone G8.8), APC-Cy7
conjugated
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Anti-mouse CD326 (Epcam) Monoclonal | BD 747748 1:100
Antibody (Rat, clone G8.8), BV510 Biosciences

conjugated

Anti-mouse Cx3crl Polyclonal Antibody | R&D systems | FAB5825G 1:50
(Goat), AF488 conjugated

Anti-mouse Erg Recombinant Abcam ab92513 1:100
Monoclonal Antibody (Rabbit),

unconjugated

Anti-mouse F4/80 Monoclonal Antibody | Sony 1215550 1:100
(Rat, clone BM8), PE conjugated Biotechnology

Anti-mouse F4/80 Monoclonal Antibody | BioLegend 123149 1:100
(Rat, clone BM8), BV650 conjugated

Anti-mouse FceR1a Monoclonal BD 751766 1:100
Antibody (Hamster, clone MAR-1), Biosciences

BUV737 conjugated

Anti-mouse [-A/I-E (MHC-II) ThermoFisher | 56-5321-80 1:100
Monoclonal Antibody (Rat, clone

M5/114.15.2), AF700 conjugated

Anti-mouse [-A/I-E (MHC-II) Sony 1138125 1:100
Monoclonal Antibody (Rat, clone Biotechnology

M5/114.15.2), PerCP-Cy5.5 conjugated

Anti-mouse Ki-67 Monoclonal Antibody | BD 51-36524X 1:50
(Mouse), FITC conjugated Biosciences

Anti-mouse LAP(TGF-B1) Monoclonal BioLegend 141403 1:50
Antibody (Mouse, clone HK1.4), PE

conjugated

Anti-mouse Ly6C Monoclonal Antibody | BioLegend 128024 1:100
(Rat, clone HK1.4), AF700 conjugated

Anti-mouse Ly6C Monoclonal Antibody | BD 562728 1:100
(Rat, clone AL-21), PE-CF594 conjugated | Biosciences

Anti-mouse Ly6G Monoclonal Antibody | BioLegend 127625 1:100
(Rat, clone 1A8), AF488 conjugated

Anti-mouse Ly6G Monoclonal Antibody | BD 560599 1:100
(Rat, clone 1A8), APC conjugated Biosciences

Anti-mouse MafB Recombinant Bethyl AT700-046 1:50
Monoclonal Antibody (Rabbit, clone Laboratories

BLRO046F), unconjugated Inc.
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Anti-mouse NK1.1 Monoclonal Antibody | BD 553164 1:100
(Mouse, clone PK136), FITC conjugated | Biosciences

Anti-mouse TGF-beta 1 Monoclonal R&D Systems | MAB2402 1:75
Antibody (Mouse, clone 9016EC),

unconjugated

Anti-mouse TGF-beta RI/ALK-5 R&D Systems | FAB5871P 1:50
Monoclonal Antibody (Rat, clone

141231), PE conjugated

Anti-mouse TGF-beta RII Polyclonal R&D Systems | FAB532P 1:50
Antibody (Goat), PE conjugated

Anti-mouse Tmem119 Monoclonal ThermoFisher | 12-6119-82 1:50
Antibody (Mouse, clone V3RT1GOsz),

PE conjugated

Anti-mouse von Willebrand Factor/vWF | Santa Cruz sc-365712 1:50
Monoclonal Antibody (Mouse, clone C- Biotechnology | FITC

12), FITC conjugated

Anti-rabbit IgG (H+L) Cross-Adsorbed ThermoFisher | A10042 1:500
Secondary Polyclonal Antibody

(Donkey), AF568 conjugated

Anti-rat I[gG (H+L) Cross-Adsorbed ThermoFisher | A21208 1:500
Secondary Polyclonal Antibody

(Donkey), AF488 conjugated

Anti-rat IgG (H+L) Cross-Adsorbed BioLegend 405416 1:500
Secondary Polyclonal Antibody (Goat),

AF647 conjugated

Anti-mouse IgG (H+L) Cross-Adsorbed | ThermoFisher | A31571 1:500
Secondary Polyclonal Antibody

(Donkey), AF647 conjugated

Anti-mouse IgGl1, « Isotype Control BD 555749 1:100
(Mouse), PE conjugated Biosciences

Anti-mouse IgGl1, « Isotype Control BD 51-35404X 1:100
(Mouse), FITC conjugated Biosciences

Anti-mouse IgG1, « Isotype Control R&D Systems | IC108P 1:100

(Goat), PE conjugated
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Antibodies for CODEX panel

Name Source Cat. Number
Anti-mouse CD64 (Rat, clone X54-5/7.1) BioLegend 139302
Anti-mouse CD31 (Rat, clone MEC13.3) BioLegend 102502
Anti-mouse SMA (Mouse, clone 1A4) BioLegend 904601
Anti-mouse CD90.2 (Rat, clone Thy-1.2) BioLegend 140302
Anti-mouse F4/80 (Rat, clone BMS) ThermoFisher | 14-4801-95
Anti-mouse Ly6C (Rat, clone HK1.4) BioLegend 128002
Anti-mouse EpCAM (Rat, clone G8.8) BioLegend 118202
Anti-mouse CD8a (Rat, clone 53-6.7) BioLegend 100702
Anti-mouse PDGFRa (Rat, clone APAS) ThermoFisher | 14-1401-82
Anti-mouse CD11c (Rat, clone N418) BioLegend 117302
Anti-mouse TCRB (Rat, clone H57-597) BioLegend 109202
Anti-mouse Ly6G (Rat, clone 1A8) BioLegend 127602
Anti-mouse CD206 (Rat, clone MR5D3) Bio-rad MCA2235GA
Anti-mouse CD169 (Rat, clone 3D6.112) BioLegend 142402
Anti-I-A/I-E (Rat, clone M5/114.15.2) BioLegend 107602
Anti-mouse NK1.1 (Mouse, clone PK136) BioLegend 108702
Anti-mouse CD11b (Rat, clone M1/70) BioLegend 101202
Anti-mouse CD301b (Rat, clone URAT) BioLegend 146802
Anti-human/mouse/rat TGFB (Mouse, clone Novus NBP3-07718
1D11.16.8) Biologicals

Anti-mouse MerTK (Rat, clone DSSMMER) ThermoFisher | 14-5751-82
Anti-mouse CD4 (Rat, clone RM4-5) BioLegend 100506
Anti-mouse CD19 (Rat, clone 6D5) BioLegend 115502
Anti-mouse Xcrl (Rat, clone ZET) BioLegend 148202
Anti-mouse CD26 (Rat, clone H194-112) BioLegend 137802
Anti-mouse SiglecF (Rat, clone IRNM44N) ThermoFisher | 14-1702-82
Anti-mouse PDGFR (Rat, clone APBS5) BioLegend 136002
Anti-mouse CD45.1 (Mouse, clone A20) BioLegend 110702
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Anti-mouse CD45.2 (Rat, clone 104) BioLegend 109802
Reagents
Name Source Cat. Number
Annexin V, conjugated FITC BD Bioscience | 560931
Annexin V, conjugated APC ThermoFisher | A35110
Annexin V Binding Buffer, 10X BD Bioscience | 556454
ArC™ Amine Reactive Compensation Bead Kit | ThermoFisher | A10628
Baytrill (enrofloxacine) Bayer 616300
Bovine Serum Albumin (BSA) Sigma A7906
Brilliant Stain Buffer BD Bioscience | 563794
Collagenase A, from Clostridium histolyticum Sigma 11088793001
cOmplete™ Protease Inhibitor Cocktail Sigma 11697498001
Diphtheria Toxin (DT), from List Biological | 150
Corynebacterium diphtheriae Labs
DNase | Sigma 11284932001
dNTP ThermoFisher | N8080260
Donkey serum Sigma D9663
Dispase 11 Merck D4693
Millipore
DPBS ThermoFisher | 14190094
EDTA Merck 1084181000
Millipore
Elastase from porcine pancreas Merck E1250
Millipore
FastGene 100 bp DNA Marker NIPPON MWD100
Genetics
Fetal Bovine Serum (FBS) ThermoFisher | 10270098
Glycerol ThermoFisher | 158920025
GoTaq G2 Hot Start Taq Polymerase Promega M7401
HBSS with Phenol Red Lonza BE10-508F
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IsoFlo (Isoflurane) Zoetis B506
KAPA Express Extract Merck KK7100
LY-364947 Selleckchem S2805
MEM NEAA ThemoFisher 11140-035
Methanol Merck 67-56-1
Nimatek (Ketamine) Dechra 804132
Nonidet P 40 Substitute Sigma 74385
O.C.T. Compound Tissue-Tek 4583
OneComp eBeads ThermoFisher | 01-1111-41
Paraformaldehyde ThermoFisher | F/1501/PB15
Percoll GE Healthcare | 17089101
Penicillin-Streptomycin ThemoFisher | 15070-063
ProLong Antifade Mountant with DAPI ThermoFisher | P36966
Rompun (Xylazine) Bayer 0076901
Sodium pyruvate ThemoFisher | 11360-070
Sucrose Merck 57-50-1
Streptavidin, PE-CF594 conjugated BD BD
Biosciences Biosciences
Recombinant Mouse TGF-beta 1 Protein R&D Systems | 7666-MB-005
0.25g/kg Tamoxifen mouse food SAFE E8404A01R
00008
Tris(hydroxymethyl)aminomethane Merck 108382
Millipore
TRIzol Reagent ThermoFisher | 10296010
Triton X-100 Merck 648466
Tween-20 ThermoFisher | 233360010
Recombinant Murine M-CSF ThermoFisher | 315-02
RPMI 1640 Medium ThermoFisher | 21875-034
2-Mercaptoethanol ThemoFisher | 31350-010

27



CD11b MicroBeads, human and mouse Miltenyi 130-049-601
Biotec

CD31 MicroBeads, mouse Miltenyi 130-097-418
Biotec

Mouse Elastin ELISA Kit (Colorimetric) Novusbio NBP3-06918

IL-10 Mouse Uncoated ELISA Kit ThermoFisher | 88-7105-88

iTaq Universal SYBR Green Supermix Bio-rad 1725121

LIVE/DEAD™ Fixable Near-IR Dead Cell Stain | BD 134976

Kit, for 633 or 635 nm excitation Biosciences

Foxp3 / Transcription Factor Staining Buffer Set | ThermoFisher | 00-5523-00

Monocyte Isolation Kit (BM), mouse Miltenyi 130-100-629
Biotec

Pierce™ BCA Protein Assay Kit ThermoFisher | 23225

Quick-DNA™ Microprep Kit ZYMO D3020
RESEARCH

TGF beta-1 Human/Mouse Uncoated ELISA Kit | ThermoFisher | 88-8350-88

RevertAid H Minus First Strand cDNA ThermoFisher | K1631

Synthesis Kit

RNA Clean & Concentrator™-5 ZYMO R1013
RESEARCH

Sircol Soluble Collagen Assay Kit Biocolor S1000

VascuLife® EnGS-Mv Microvascular CellSystems LL-0004

Endothelial Kit

Reagents for CODEX staining

Name Source Cat. Number

CODEX staining kit Akoya Biosciences | 7000008

CODEX conjugation kit Akoya Biosciences | 7000009

CODEX Buffer Akoya Biosciences | 7000001

Nuclear staining Akoya Biosciences | 7000003

BS3 fixative ThermoFisher 21580

Acetone Sigma 650501-1L

Methanol Free Formaldehyde Sigma 28908
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Methanol for HPLC >99.9% Sigma 34860-1L-R
Barcodes and reporters for CODEX

Name Source Cat. Number
BX005 — RX005 Akoya Biosciences | 5450024
BX006 — RX006 Akoya Biosciences | 5450027
BX007 — RX007 Akoya Biosciences | 5450015
BX010 — RX010 Akoya Biosciences | 5450016
BX013 —RX013 Akoya Biosciences | 5450017
BX014 - RX014 Akoya Biosciences | 5450025
BX015 - RX015 Akoya Biosciences | 5350001
BX016 — RX016 Akoya Biosciences | 5150001
BX017 — RX017 Akoya Biosciences | 5250001
BX019 — RX019 Akoya Biosciences | 5450002
BX021 — RX021 Akoya Biosciences | 5350002
BX022 — RX022 Akoya Biosciences | 5150003
BX023 — RX023 Akoya Biosciences | 5250003
BX024 — RX024 Akoya Biosciences | 5350003
BX026 — RX026 Akoya Biosciences | 5250004
BX027 — RX027 Akoya Biosciences | 5350004
BX028 — RX028 Akoya Biosciences | 5450005
BX030 — RX030 Akoya Biosciences | 5350005
BX031 — RX031 Akoya Biosciences | 5150006
BX033 — RX033 Akoya Biosciences | 5350006
BX034 — RX034 Akoya Biosciences | 5150007
BX037 — RX037 Akoya Biosciences | 5150008
BX040 — RX040 Akoya Biosciences | 5450009
BX041 — RX041 Akoya Biosciences | 5250008
BX042 — RX042 Akoya Biosciences | 5350008
BX043 — RX043 Akoya Biosciences | 5150010
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BX047 — RX047

Akoya Biosciences | 5250009

BX049 — RX049 Akoya Biosciences | 5450012
Primers

Gene name 55—=3
Actb F AATCGTGCGTGACATCAAAG

R GGATTCCATACCCAAGAAGG
Csflr F TGGATGCCTGTGAATGGCTCTG

R GTGGGTGTCATTCCAAACCTGC
Tmem119 F ACTACCCATCCTCGTTCCCTGA

R TAGCAGCCAGAATGTCAGCCTG
Tgfbrl F CATTCACCACCGTGTGCCAAATGA

R ACCTGATCCAGACCCTGATGTTGT
Tgfbr2 F CGACTTGACCTGTTGCCTGT

R CGTCTGCTTGAACGACTCCA
Tgfbl F TGACGTCACTGGAGTTGTACGG

R GGTTCATGTCATGGATGGTGC
Clgc F AAGGACGGGCATGATGGACTCC

R TTTCCCACGGTGGCCAGGCAT
Mafb F AGACAGGCTTTGCGTCCTAA

R TGCCAATGTGTGGGTTTCTA
Cx3crl F GTGAGACTGGGTGAGTGACTGG

R CGAGGACCACCAACAGATTT
Pparg F GTGATGGAAGACCACTCGCATT

R CCATGAGGGAGTTAGAAGGTTC
Csf2ra F CAGTTTGAGGTCCAGTGGCAGA

R CCAGTGCTTCATCCTCGTGTCG
Card F ACTGCCCAGTATCTCCAAACCC

R CAGTTTGGTGTGGTTAGTGAGCC
Crebpb F CAACCTGGAGACGCAGCACAAG
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R GCTTGAACAAGTTCCGCAGGGT
11174 F CAGACTACCTCAACCGTTCCAC
R TCCAGCTTTCCCTCCGCATTGA
11b F TGGACCTTCCAGGATGAGGACA
R GTTCATCTCGGAGCCTGTAGTG
Ccls F TGCAGAGGACTCTGAGACAGC
R GAGTGGTGTCCGAGCCATA
Tnfa F CCACGTCGTAGCAAACCAC
R TTTGAGATCCATGCCGTTG
116 F TACCACTTCACAAGTCGGAGGC
R CTGCAAGTGCATCATCGTTGTTC
Ifig F CAGCAACAGCAAGGCGAAAAAGG
R TTTCCGCTTCCTGAGGCTGGAT
Mafo'" F TCCATCCATCTTGGGAAAAG
genotyping TCAGGACTGGGCTGCTAGTT
Tafbr2™l TATGGACTGGCTGCTTTTGTATTC
genotyping TGGGGATAGAGGTAGAAAGACATA
TATTGGGTGTGGTTGTGGACTTTA
Cr3cri-LSL- TCCAATTGTTCACCCTTTCA
gei l; oping ACCAACAGATTTCCCACCAG
CTCCAGACTGCCTTGGGAAAA
LyzMe CCCAGAAATGCCAGATTACG
genotyping CTTGGGCTGCCAGAATTTCTC
TTACAGTCGGCCAGGCTGAC
Chd37*FRT2 GCCTGCATTACCGGTCGATGCAACGA
genotyping GTGGCAGATGGCGCGGCAACACCATT
GAGACTCTGGCTACTCATCC
CCTTCAGCAAGAGCTGGGGAC
Tafb /7 TGC ACA GTA CCT CAT GCA CA
genotyping

GGG GTG GAGACA GACTGG AA
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Softwares

Software Producer Reference
Flowjo v10.8.1 BD https://www.flowjo.com/
Prism 10 GraphPad Software https://www.graphpad.com/scientific-
software/prism/
Adobe Illustrator Adobe
2021
R The R Foundation https://www.r-project.org/
ImageJ 1.54 National Institutes of | http://imagej.org/
Health
Imaris 9.5 Oxford Instruments https://imaris.oxinst.com/
Qupath 0.5.0 https://qupath.github.io/
CODEX instrument | Akoya Biosciences
manager
CODEX Processor | Akoya Biosciences
CODEX MAV Akoya Biosciences
CytoMAP (60)
Table S2. CODEX phenotypes
Cell type Markers
Monocyte CD45.2" CD45.1" Lin” CD11b" SiglecF~ F4/80" Ly6C*"° CD64"° MerTK'*"
M CD45.2* CD45.1" Lin- CD11b* SiglecF~ F4/80" Ly6C~ MerTK" MHCII*
CD206™ IM CD45.2" CD45.1" Lin- CD11b* SiglecF~ F4/80" Ly6C™ MerTK*
MHCIT"CD206~
CD206" IM CD45.2" CD45.1" Lin- CD11b* SiglecF~ F4/80" Ly6C~ MerTK* MHCIT*
CD206"
AM CD45" Lin~ F4/80" CD64" CDl11c" SiglecF*
DCl1 CD45" Lin~ F4/80~ CD26" MHCII* CD11c¢* Xerl®
DC2 CD45" Lin~ F4/80~ CD26" MHCII* CD11c¢* CD11b*
Eosinophil CD45" Lin- CD64™ CDll1c™ SiglecF*
Neutrophil CD45" Lin~ F4/80” Ly6G* CD11b"
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B cell CD45" TCRB~ CD19*

T cell CD45" CD19- TCRB"

ILC CD45" TCRpB™ CD19™ CDI127*
Endothelial cell | CD45~ CD31" EpCAM™ PDGFRa~
Fibroblast CD45™ CD31” EpCAM™ PDGFRa"
Epithelial cell CD45  CD31” EpCAM" PDGFRa~
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