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Materials and Methods
Mice

Mice were bred and housed at Yerkes National Primate Research Center vivarium
(Emory University, Atlanta, GA), under specific pathogen-free conditions. Experimental
mice were used between 5-12 weeks of age. All animal protocols were reviewed and
approved by the Emory University Institutional Animal Care and Use Committee
(IACUC). Mouse genotyping was confirmed using standard PCR analysis of ear biopsies.
Mouse strains originated from The Jackson Laboratory (JAX) and were on a C57BL/6J
background or bred in-house unless indicated.

The following strains of mice were used in this study: C57BL/6J (CD45.2+),
B6.SIL-Ptprc” Pepc’/BoyJ (CD45.17) or (C57BL/6J x B6.SJL-Piprc® Pepc’/BoyJ)F1 (B6
CD45.1"/CD45.2") were used as WT strains. CD11c-Cre”” mTOR™ mice (mTOR*A™€)
were generated by breeding B6.129S4-Mtor™ 2! (m TOR™") mice (44) with B6.Cg-
Tg(Itgax-cre)1-1Reiz/J (CD11c-Cre) (45), controls were CD11c-Cre- littermates or
C57BL/6J. CD11c-Cre™ Rapto™" mice (Raptor**"®) were generated by crossing B6.Cg-
Rptor™" '™ (Raptor™") mice with CD11c-Cre (46), controls were CD11c-Cre-
littermates or C57BL/6J. CD11c-Cre™” Rictor™" mice (Rictor®*F¢) were generated by
crossing Rictor™" ™SI (Rict0/"") mice with CD11c-Cre (47), controls were CD11c-
Cre” littermates.129S-Batf3"™ ™ ™ (Batf37") mice (48) were purchased directly from
JAX, and compared to C57BL/6J controls. S6k17"S6k2”" mice (S6K1/2 dKO) were kindly
provided by professor Sara C. Kozma (University of Cincinnati, Cincinnati, USA) and
Nahum Sonenberg (McGill University, Montreal, Canada) have been described
previously (49), and were on a mixed C57BL/6-129/0Ola background. This strain was
maintained by intercrossing S6k1 " S6k2"" breeders. S6k1"*S6k2"'" littermates were used
as control. 4ebpl” 4ebp2”” (AEBP1/2 dKO) mice (50) were a kind gift from Prof. Nahum
Sonenberg (McGill University, Montreal, Canada), and were backcrossed onto a
C57BL/6J background in-house for > 10 generations. C57BL/6J were used as control.
mTOR"*"“ 4EBP1/2 dKO mice were generated by crossing mTOR**"“ and
4ebpl” 4ebp2™ strains. CD11c-Cre™ Hifla™" (Hif1a**") were generated by crossing
B6.129-Hifla™ "%

(Jackson Labs) with CD11c-Cre (57). Controls were CD11c-Cre- littermates or
C57BL/6J.

In vivo administration of substances to mice

BrdU (BD Pharmingen, 2mg/mouse) was administered q.d. for 2d according to
manufacturer’s instructions. The Srebp1/2 inhibitor Fatostatin (52) was formulated in
10% DMSO and 30mg/kg was administered g.d. in 150uL injection volume i.p. for 10d.
Rapamycin (Selleck Chemicals) was formulated in 49.5% PBS, 49.5% PEG400 (Sigma)
and 1% DMSO vehicle, and administered q.d. (1.8mg/kg loading dose, 0.6mg/kg
maintenance dose) in 100uL injection volume i.p. for 10d. Clodronate or control
liposomes (Clodrosome) were administered by i.t. installation of S0uL suspension to
anaesthetized mice. Etomoxir was dosed i.p. in 150uL PBS 3x weekly.

Media

Unless indicated, incomplete Hank’s Balanced Salt Solution (HBSS) additionally
contained 2% FCS (Corning) and 10mM HEPES (Lonza/Gibco). BAL media was PBS
containing SmM EDTA. FACS buffer refers to PBS containing 0.5% Bovine Serum )




Albumin (BSA, Sigma). MACS buffer was PBS containing 0.2% BSA and 2mM EDTA
(Corning). Complete RPMI (cRPMI) contained 10% FCS (Gemini Benchmark), 10mM
HEPES, 2mM Glutamine, 1X non-essential amino acids, 1mM sodium pyruvate, 1X
antibiotic/antimycotic (all purchased from Gibco or Lonza). ELISA blocking buffer was
PBS containing 1% BSA (w/v)/0.5% Tween20 (v/v)).

Preparation of single cell suspensions

Spleens were finely chopped with a scalpel in 6-well plates, and digested with 1-
1.5mg/mL collagenase type 4 (Worthington Biochemical Corporation) dissolved in
HBSS. Digestion was performed for 30 minutes at 37°C, and reactions were stopped with
addition of 2mM EDTA. Digestions were passed through 40um cell strainers to obtain a
homogenous cell suspension.

Kidney was prepared similarly to spleen and thymi, with the exception that
collagenase digestion was performed for 45 minutes.

Skin draining (superficial cervical, axillary, brachial and inguinal), mediastinal and
mesenteric lymph nodes were gently burst with a 3mL syringe plunger thumb rest, and
digested with 1-1.5mg/mL collagenase type 4 for 20-25 minutes at 37°C. Reactions were
stopped with 2mM EDTA and digestions passed through 40um cell strainers.

To obtain lung suspensions, mice were sacrificed with CO2 and perfused with SmL
PBS injected into the right ventricle. Lungs were dissected into gentleMACS™ C tubes
(Miltenyi) and dissociated using a gentleMACS™ octo dissociator using the pre-set
program m_lung 01 02. Dissociated lung was digested with 1-1.5mg/mL collagenase
type 4 for 30 minutes at 37°C. Lungs were next homogenized with gentleMACS™ octo
dissociator program m_lung 02 01, reactions were stopped with 2mM EDTA and
digestions passed through 40pm cell strainers. Cells were pelleted (1500-2000rpm/300-
500xg for 5 minutes). Red blood cells were lysed with 1mL Ack lysing buffer (Lonza) for
1 minute and lysis was stopped by addition of > 5 volumes of HBSS. Cells were washed
once to obtain single cell suspensions.

To obtain Bronchoalveolar Lavage (BAL) cells, mice were sacrificed with CO2,
tracheas were exposed, and mice were pinned upright to a dissection board. Tracheas
were incised laterally with a scalpel blade. BAL fluid was obtained by inserting a blunted
22G needle mounted with PE-50 tubing (BD) attached to a 3mL Luer lock syringe into
the tracheal opening, and lavaging 3x with ImL BAL media. BAL fluid was transferred
to a 1.5mL eppendorph tube, and cells were pelleted in a microcentrifuge for 5 minutes
(3000RPM/500xg). Red blood cells were lysed with 200uL. Ack lysing buffer for 1
minute, and lysis was stopped by addition of 4 volumes of HBSS. Leukocytes were
washed once to obtain single cell suspensions.

To prepare dermal and epidermal suspensions, ears were dissected, split into dorsal
and ventral halves, and floated dermal side down on solution containing 1.25mg/mL
purified Neutral Protease (Dispase) (Worthington Biochemical Corporation) dissolved in
HBSS (FCS-free) for 45-60 minutes at 37°C. Ear halves were then placed epidermal side
down on polystyrene tissue culture plate lids, and dermal layers were gently peeled from
the epidermis using micro-dissecting forceps. Dermal and epidermal fractions were finely
chopped in 6-well plates containing 1-1.5mg/mL collagenase type 4 for 1 hour at 37°C.
Reactions were stopped with 2mM EDTA and digestions passed through 40um cell
strainers to obtain single cell suspensions.




Liver was coarsely chopped with dissection scissors, and digested with collagenase
IV for 30’ at 37°C. The reaction was stopped with addition of 2mM EDTA, digestions
were sequentially passed through 70um and 40um cell strainers, and hepatocytes were
removed via differential centrifugation (300RPM/10xg) for 5 minutes. Leukocyte-
containing supernatant transferred to a fresh tube and washed 1x, stained CD11c and
CD11b microbeads (Miltenyi) and further enriched for APCs using MACS manual
separation (Miltenyi), according to manufacturer’s protocols. Alternatively for T-cell
assays, mononuclear populations were enriched from leukocyte-containing supernatant
after centrifugation (1500RPM, 15°), at the interphase of a 70%/40% Percoll gradient.

Perigonadal white adipose tissue (WAT) was finely diced with dissection scissors in
6-well plates, and digested with collagenase IV for 45 at 37°C. Digestions were gently
agitated via gentle stirring every 10 minutes. Cells were passed sequentially through
70pm and 40um cell strainers. The stromal vascular fraction (SVF) was isolated from
adipocytes via differential centrifugation (1300RPM/200xg) for 10 minutes. Supernatant
was removed by aspiration and cell pellets were washed 2x with HBSS.

Large intestine was cut longitudinally and luminal contents were removed with
forceps and via sequential washes in an HBSS bath. Intestinal tissue was sectioned into
1.5cm fragments, and epithelia was removed by incubating with HBSS (additionally
containing ImM DTT and SmM EDTA), in a shaking incubator at 37°C for 20 minutes.
Samples were then washed 1x with HBSS (FCS-free) for 10 minutes at 37°C. Lamina
propria fragments were transferred to a gentleMACS™ C tubes and digested with
0.6g/mL Collagenase type VIII (Sigma) in HBSS for 30 minutes at 37°C in a shaking
incubator. Samples were homogenized with a gentleMACS™ octo dissociator using the
pre-set program m_intestine 01, passed sequentially through 70pm and 40pum cell
strainers, and washed 1x to obtain homogenous single cell suspensions.

To obtain bone marrow, epiphyses were removed from dissected tibiae and femora,
and BM was obtained by flushing the medullary canal with HBSS. BM was then passed
through a 40pm cell strainer.

Quantification of cell numbers

Cell counts were performed using a hemocytometer or with flow cytometric
counting beads (BD Countbright absolute counting beads or Thermo Scientific Cyto-
Cal™ count control beads), according to manufacturer’s protocols.

Flow cytometry

Flow cytometric antibodies used in this study were purchased from Biolegend or
eBioscience unless indicated and are listed in Table S1. Samples containing 2-5x10° cells
were first stained using the Live/dead Fixable Aqua Staining Kit (Invitrogen) in 100pL
PBS, for 15 minutes at 4°C in the dark. Cells were washed 1x with FACS buffer, and
detection of surface antigens was performed by incubation with antibody cocktails in
100puL FACS buffer for 25 minutes at 4°C in the dark. For detection total mTOR, cells
were fixed with Cytofix/Cytoperm solution (BD) for 15 minutes, washed twice, and
incubated with intracellular antibody for 60 minutes.

To detect CXCRS, samples were first incubated with primary rat anti-mouse
CXCRS for two hours, followed by secondary goat anti-rat conjugated to Biotin for one
hour, in FACS buffer. Cells were next stained with Live/dead Aqua in PBS for 15




minutes at 4°C, washed, and incubated with antibody cocktail containing streptavidin
conjugated to Brilliant Violet 421™ and other surface antigens in FACS buffer, for 30
minutes at 4°C.

Intracellular detection of BrdU was performed using an APC BrdU flow kit (BD
Pharmingen), according to manufacturer’s instruction.

For intracellular detection of cytokines, cells were stained with Live/Dead Aqua for
10’ and immediately fixed for 15 minutes with Cytofix/Cytoperm solution. After two
washes, surface antigens and cytokines were detected simultaneously by incubation with
antibody cocktails in 100uL 1X Perm/Wash buffer (BD) for 25 minutes at 4°C.

Phospho-specific epitopes were detected by immediately fixing cells with
Cytofix/Cytoperm solution, washing twice, and incubating with staining cocktails
containing both surface and intracellular antibodies for 30 minutes at 4°C.

Samples we filtered through 40pum cell strainers before acquisition using BD
LSRFortessa or BD LSRII flow cytometers and BD FACS DIV A software. Data
compensation and downstream analysis was performed using FlowJo software v9.8.5
(Tree Star).

Cell sorting
DCs were enriched with CD11c¢ and CD11b microbeads and MACS manual

separation (Miltenyi), according to the manufacturer’s instructions. Enriched cells were
stained with live/dead Aqua or Via-Probe™ (BD) and with surface antibody cocktails.
Populations were further purified to >95% purity with a BD FACSAria cell sorter.

PCR

Genomic DNA was prepared using the Quanta AccuStart II Mouse Genotyping Kit,
as per the manufacturer’s instructions, and PCR reactions were resolved on an agarose
gel (1.5% w/v) containing Spg/mL ethidium bromide. Excised mTOR was detected by
the presence of a 700bp DNA fragment from PCR reactions containing the mTOR-out-F
(TTATGTTTGATAATTGCAGTTTTGGCTAGCAGT) and mTOR-R
(TTTAGGACTCCTTCTGTGACATACATTTCCT) primers. Non-deleted mTOR was
detected by the presence of a 533bp DNA fragment from PCR reactions using the
mTOR-in-F (GTTAGCCTCTAGACTCCCTCAGACC) and mTOR-R primers. Genomic
CDl11c-Cre was detected by the present of a 313bp product using the CD11c-Cre-F
(ACTTGGCAGCTGTCTCCAAG) and CD11c-Cre-R
(GCGAACATCTTCAGGTTCTG) primers.

Generation of murine bone marrow derived dendritic cells (BMDCs)

Bone marrow (BM) was cultured in complete RPMI supplemented with 20ng/mL
murine GM-CSF (Peprotech), at a concentration of 1-2x10° cells/mL in 10mL volume, on
100x20mm petri dishes. Cell cultures were re-fed by complete replacement of media on
day 3 and day 6.

BMDCs were harvested on d8. Loosely adherent cells were dissociated from petri
dishes using a cell scraper. Both loosely adherent and non-adherent cells were passed
through a 70pm cell strainer, stained with CD11c¢ magnetic microbeads, and enriched to
>95% purity by MACS manual separation, according to the manufacturer’s instructions.




Cell culture

Splenic DCs were enriched to >95% purity with CD11c¢ magnetic microbeads and
manual MACS separation. Splenic DCs and BMDCs were cultured in 200uL. complete
RPMI in 96-well round bottom tissue culture plates at a concentration of 1-1.25x10°
cells/mL. Cells were stimulated with LPS (200ng/mL unless indicated, CpG-B
(200ng/mL), Zymosan (25pg/mL) or Curdlan (25ug/mL) (all purchased from Invivogen).
In some experiments, SmM ATP (Thermo scientific) was added for the final hour of
culture to elicit IL-1p production.

Primary APC survival cultures were performed with FACS sorted populations in
complete RPMI for 24h. Where indicated Torinl (250nM) was added to cultures.

Bone marrow chimeras

BM chimeras were performed essentially as described (53). Briefly, donor BM (2-
5x10° cells) was transferred (i.v.) to lethally irradiated (2 x 550 rad) B6 CD45.1+ or B6
CD45.17/CD45.2" hosts. Chimeric mice were rested in sterile caging for a minimum of 8
weeks to allow for reconstitution.

RNA-seq

RNA was isolated from FACS purified populations using Trizol® according to
manufacturer’s instructions. Total RNA was amplified using the Clontech RNA
amplification kit before library preparation and sequencing using Illumina Truseq
(Illumina) and the Illumina pipeline, on an Illumina HiSeq system. Reads were
normalized using the DESeq2 package in R. Pathway overrepresentation of differentially
expressed genes was performed with innateDB (54). Gene networks were generated with
STRING (55), using a high confidence interaction score. For transcription factor target
analysis, target genes were identified using the TRANSFAC database.

Metabolomics

The metabolomics analysis was performed essentially as described (56). Acetonitrile
(2:1, v/v) was added to cell extracts and proteins were removed by centrifugation at
14,000g for 10 min at 4 °C. The supernatant was transferred into autosampler vials for
LC-MS analysis. Mass spectral data were collected on a Thermo Q-Exactive HF mass
spectrometer (Thermo Fisher, San Diego, CA) coupled with a HILIC column, using
positive ESI. The full scan of mass-to-charge ratio (m/z) ranged from 85 to 1250, with
mass resolution at 120,000. Three analytical replicates were run for each sample and
apLCMS software (v6.0.3) was used to extract and quantify metabolite features. Data
were log2 transformed, averaged among analytical replicates and normalized by the
mean. Only features detected in more than half of samples (4921) were used in further
analysis. Student's t-test or one-way ANOVA were used for comparisons between cell
subsets. The mummichog software (v1.0.7) was used for pathway analysis and tentative
metabolite annotation (mass accuracy under 10 ppm) (56). Tentative annotations for
sterol lipids was performed by accurate m/z matching to LIPID MAPS database (57).
Among the metabolites in this study, over 40 were matched to confirmed in-house
library, including threonine, asparagine, aspartate, lysine, methionine, xanthine,
hypoxanthine, histidine, arginine, citrulline, tyrosine, kynurenine, L-carnitine, linoleic
acid and linolenic acid.



House dust mite induced allergy

Mice were anesthetized with Isoflurane, and allergen was administered intranasally
(i.n.) with 25uL house dust mite extract (HDM) (1mg/mL protein content, Greer Labs).
For chronic HDM experiments, injections were performed thrice weekly and mice were
analyzed after 18d. For short-term experiments, mice were deeply anesthetized with
Isofluorance, and 75ug HDM was administered intratracheally on dO and d2, before
analysis on d3. In some experiments, mice received 400ug neutralizing mAbs thrice
weekly i.p., on day -1 and then concurrent with HDM administration. The following
mADb clones were purchased from BioXcell: a-IL12/23p40 (Clone R1-5D), a-IL12p70
(Clone R2-9A), a-Csflr (Clone AFS98), or 400ug rat IgG2a isotype control (Clone
2A3).

MOG35-55/CFA induced experimental autoimmune encephalomyelitis (EAE) induction

EAE was induced using a Hooke kit™ MOG35-55/CFA Emulsion PTX kit (Cat.
EK-2110, Hooke laboratories). Clinical scoring of mice was performed according to the
manufacturer’s instructions. Briefly, mice were vaccinated MOG35-55/CFA
(administered as an emulsion in 2x 100uL s.c. injections), followed by two boosts with
pertussis toxin (400ng, administered in 100uL i.p.) administered after 2h and 24h.
Disease progression was monitored daily for 30d.

ELISA

Lung homogenate was prepared by dissociating whole lungs with the
gentleMACS™ octo dissociator program m_lung 02 01 in ImL PBS. Suspensions were
passed through a 40pum cell strainer and clarified by centrifugation. Supernatant was used
for cytokine ELISA.

Cytokines from lung homogenate or cell culture supernatant were measured by two-
site sandwich ELISA. IL-6, TNFa (ELISA set II), IL-12p40, IL-12p70, IL-10, IL-1p and
GM-CSF were measured using OptEIA™ ELISA sets (BD). M-CSF, FIt3L and IL-23
was measured using a murine Duoset ELISA kit (R&D systems). ELISAs were
performed according to manufacturer’s instructions, in 96-well polystyrene MaxiSorp
ELISA plates (NUNC). Plates were coated overnight with detection antibody in PBS,
then blocked with ELISA blocking buffer. After washing, cell supernatant was diluted
1:2 (TNFa, IL-12p70, IL-10, IL-1B, IL-23) or 1:10 (IL-6, IL-12p40) in blocking buffer
and incubated on blocked plates in 100puL volume. Plates were washed and finally
incubated with biotinylated detection antibodies and streptavidin conjugated to HRP.

To obtain serum, blood was obtained by tail vein bleeding, allowed to clot at room
temperature for >4 hours, and cleared in a microcentrifuge (13,000RPM) for 15 minutes.
Sera were stored at -80°C. For serum ELISAs, plates were coated overnight with
20ug/mL HDM protein, or 4pug/mL a-IgE (BD, clone R35-72). Plates were next
incubated with ELISA blocking buffer for 30 minutes, then with serum diluted in ELISA
blocking buffer for 1.5 hours. Antibodies were detected using HRP-conjugated a-IgG1 or
IgE (all polyclonal, Southern Biotechnology), diluted 1/5000 in ELISA blocking buffer
for 1.5 hours.

ELISA plates were developed with 100uL tetramethylbenzidine (TMB) substrate
(BD), and reactions were stopped with addition of S50puL 2N H,SO4. Absorbance values
were read on a model 680 spectrophotometer (Bio-rad) at 450nm with correction at



595nm by subtraction. Unknown samples were quantified by interpolation to a standard
curve, calculated using the one-site specific binding function (non-linear regression, Y =
Bmax*X/(Kd + X)), in Graphpad Prism (v6.0d). Antigen-specific serum Igs were
compared to total Ig captured standards and expressed as arbitrary units (A.U.) to allow
for pooling of experiments.

Ex vivo restimulation of T-cells

Restimulations were performed by culturing <5x10° cells in 200puL complete RPMI
at a concentration of <2.5x10’/mL, in 96-well tissue culture plates.

Restimulation with PMA and ionomycin was performed by culturing cells in round-
bottomed plates with 1pg/mL Ionomycin and 100ng/mL PMA in the presence of 1x BD
Golgi Plug (Brefeldin A) and 1x BD Golgi Stop (monensin), for 4h at 37°C.

Peptide restimulation was performed by culturing cells in round-bottomed plates for
4-5h in the presence of 2pg/mL a-CD28, 1x Golgi Stop and 1x Golgi Plug, and peptide
pools containing each peptide at a concentration of 2.5ug/mL. The Flumist influenza
peptide pool contained conserved Mhc-I restricted NP366-374 (ASNENMETM) and
Mhc-II restricted NP311-325 (QVYSLIRPNENPAHK) peptides.

Flumist vaccination

Mice were anesthetized with Isoflurane (Attane USP, Piramal Critical Care), and
vaccinated intranasally (i.n.) with 25uL (1/ 8™ human dose) 2014-2015 Flumist®
Quadrivalent Vaccine (Lot CH2021, Medimmune).

Histology
Lungs were inflated with 10% neutral buffered formalin, then fixed in 10% neutral

buffered formalin for 24h and paraffin embedded (FFPE). FFPE samples were sectioned
at 4um, and stained with hematoxylin and eosin. The paraffin-embedded sections were
subjected to deparaffinization in xylene, rehydration in graded series of ethanol, and
rinsing with distilled water.

For Periodic Acid-Schiff (PAS) staining, FFPE sections were oxidized with periodic
acid solution (0.5% w/v) for 5 minutes, then stained with Schiff reagent (Fisher) for 20
minutes. Slides were counterstained with hematoxylin before mounting.

For Immunohistochemical analysis, slides were subjected to antigen retrieval using
DIVA Decloaker (Biocare, Concord, CA), following manufacturer’s instructions. Slides
were stained with primary a-Surfactant D (SP-D) antibody (Clone 12G5, Abcam), and
secondary HRP-conjugated mouse on mouse polymer (biocare Medica). Reactions were
detected using the Warp Red chromogen kit (Biocare Medical). Nuclei were then counter
stained using Gill's hematoxylin.

To perform differential-quick analysis, BAL cells were cytospun onto frosted
microsope slides (Fisher). Slides were fixed with 100% methanol and stained with self-
buffered differential Wright-Giemsa stain (Quick stain II, Camco), as per the
manufacturer’s instructions.

Histological sections were analyzed and imaged using an Olympus BX-43F
microscope equipped with Olympus Microfire camera, using Picture frame software.

Statistics



Statistical differences between serum antibody concentrations were determined
using a Mann-Whitney test. ANOVA was used for multiple comparisons. All other
statistical differences were calculated using a student’s t-test unless indicated.
Significance was denoted as follows: * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.
All analysis was performed using Graphpad Prism (v6.0g).
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Fig. S1. Genetic ablation of the mTOR pathway recapitulates the phenotype of
mTOR inhibited DCs.

CD11c-Cre” mice were interbred with mTOR™" mice to genetically ablate mTOR
in DCs. (A) Schematic diagram (not to scale) of the floxed mTOR locus, denoting exons
(black rectangles), LoxP sites (white arrows) and genotyping primer locations (colored
triangles). (B) PCR was performed on genomic DNA extracts from splenic populations.
The top gel shows the presence of an excised (floxed-out) genomic mTOR" allele, the
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middle gel shows the presence of a non-deleted allele, and the bottom control gel shows
the presence of the CD11c-Cre transgene. Colored triangles denote primer pairs used in
each reaction. (C) Histograms show total mTOR protein expression on indicated splenic
and BMDC populations. (D) DCs were simulated with 1pg/mL LPS or left unstimulated
for 24h, and analyzed by flow cytometry. Histograms show expression of phosphorylated
S6 protein. (E) Splenic DCs or BMDCs were cultured for 24h with indicated ligands,
and cytokines were measured by ELISA. Bar graphs show ELISA measurements of
supernatant cytokine concentrations. Data represents >2 experiments (A-D) or >4
experiments.
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Fig. S2. Anatomically distinct roles for mTOR in DC homeostasis.

Contour plots show representative phenotypes and bar charts show pooled
frequencies of indicated DC populations for WT (black) and mTOR**F (red). In
addition, mixed bone marrow chimeras were established by mixing mTOR**"“

(CD45.2)
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and B6 CD45.1 BM cells (3:1 ratio), and transferring them to B6 CD45.17/CD45.2"
hosts. Lower bar charts show % chimerism contribution of mTOR**"“-derived cells in
control (CD11¢") and CD1 lc" (red) populations. The ¢DC and MigDC abbreviations refer
to classical DCs (Mhe-IT"™) and migratory DCs (Mhc-II") respectively. WAT refers to
white adipose tissue, LI-LP refers to large intestinal lamina propria, MesLN refers to
mesenteric LNs. Bar charts show mean + SEM, data represents >2 independent
experiments.
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Fig. S3. mTOR is critical to maintain homeostasis of skin-derived DCs.

Single cell suspensions from (A) epidermis, dermis and (B) skin draining lymph
node from WT (Black) or mTOR**"® (red) mice were analyzed by flow cytometry.
Contour plots show representative phenotypes and bar charts show pooled frequencies of
indicated populations. (C) Mixed bone marrow chimeras were established by mixing
mTOR™® (CD45.2) and B6 CD45.1 BM cells (3:1 ratio), and transferring them to B6
CD45.17/CD45.2" hosts. Chimeras were analyzed by flow cytometry. The bar chart
shows frequency of chimerism contributed by mTOR***“ cells to indicated control
CDl1l1c (grey), cutaneous LN DC (red), or dermal DC (salmon) populations. Residual
CD45.1°CD45.2" cells were excluded from the analysis. Epidermal Langerhans cell
chimerism was not determined, due to radioresistance of this population. Bar charts
show mean + SEM, data represents >2 independent experiments.

14



® Lung alveolar macrophage,KO

. Lung alveolar macrophage, WT PCA mappmg 78.2%
@ LungCD11b*,KO
LungCD11b*WT —
@ SpieenCD11b* KO /M \\,\
® spleenCD11b*WT /14 LT~ N
® Spieen CD8A,KO 1] |
® spieencD8otWT ' ,’/--( e \\ ..
\ L \\
- ' // LT \\ .
g1 % o e A e S N
T~
AT T e
T
3 " 11 //\\ \+\ .
\ A Spleen-CD8q .
as 7 ol By Ban -
/|~ / |
= g alveo acrophage AL NN ) S i
LS ~ / N , S~
00 2] [~
b \
a / / ~~—
SEnR Sy
/ S~

-123 4

T

5?\“‘
i
)
:j /
(7
0..

135 4

-147 4

Fig. S4. Loss of cellular identity of lung DCs and AM from mTOR*** mice.

AAPC

Transcriptomes of indicated WT and mTOR populations were analyzed by

RNA-seq. Unfiltered DESeq2 normalized reads were subjected to PCA analysis. Scatter

plot shows principle components 1-3 of indicated APC subsets.
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Fig. S5. Gene expression profiles are altered in mTOR**" lung APCs

(A) AMs were purified and analyzed by RNA-seq. Heat maps show expression of
transcription factors that are associated with AMs, genes upregulated in AM, and genes
downregulated in AMs relative to other myeloid subsets, as defined by Gauthier et al.
(22) (B) Lung classical CD11b" DCs were purified and analyzed by RNA-seq. Heat maps
show expression of classical DC-associated genes and macrophage/monocyte-associated
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genes, as defined by Schlitzer et al. (23). Heat map color intensity shows gene expression
relative to the median value across samples (n=3).
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Fig. S6. mTOR deficiency results in elevated death of lung APCs.

(A) APCs from mTOR™*" (CD45.1") and WT control (CD45.1%) were FACS
purified and co-cultured for 24h. Histograms show CD45.1" and CD45.1" input
frequencies and frequencies at 24h in representative cultures. The bar chart shows ratio of
input to output frequency of mTOR**"C cells from the representative plots. (B) WT AMs
were cultured with the mTOR kinase inhibitor Torinl for 24h. Cell viability was
determined with L/D Aqua®. BM, spleen, cLN and lung from WT (Black) or mTORAFC
(red) mice was examined by flow cytometry. (C) Bar charts show
Macrophage/DC progenitor (MDP) and common DC progenitor (CDP) frequencies in
BM (58). (D) Bar charts show Pre-DC frequencies in indicated tissues. (E) BrdU
incorporation into indicated populations after 2d of labeling in vivo. (F) Contour plots
show CD11¢ "Mhc-II" DCs from mediastinal lymph node of indicated strains. (G) mRNA
expression of CCR7 in indicated DC subsets as measured by RNA-seq. (H) Measurement
of DC homeostatic cytokines in aqueous lung extract by ELISA. Data represent >2
independent experiments.
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Fig. S7. Lung APC homeostasis is mMTORC1-dependent but does not require
mTOR-dependent translational regulators S6K1/2 and 4ebp1/2.

Lung preparations from indicated strains were analyzed by flow cytometry. (A)
Raptor**"® but not Rictor**" mice exhibit defects in lung APC homeostasis. (B)
Schematic depicting key signaling events downstream of mTORC1. (C) S6kI”"S6k2”"

mice (pink) do not exhibit defects in lung APC homeostasis. (D) Schematic depicting the

effects of mTOR deficiency and mTOR/4EBP1/2 deficiency on downstream Cap-
dependent translation. (E) 4ebpl” 4ebp2” (pink) or mTOR“*"“4ebp " 4ebp2”" mice

(purple) do not exhibit defects in lung APC homeostasis. Data represents >2 independent

experiments, n>3 mice.
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Fig. S8. Metabolic differences between splenic and lung DC populations.

Cellular metabolomic profiling was performed on indicated FACS purified
populations from WT or mTOR™*"“ mice. (A) Pathway analysis of metabolic differences
between equivalent lung and splenic DC populations. Dot size corresponds to the relative
number of differentially expressed metabolites. (B) Heat maps of selected differentially
expressed metabolite pathways related to amino acid metabolism. The metabolite labels
are based on tentative annotation from the mummichog software, and include multiple
adducts. (C-D) Transcriptional network map of amino acid metabolism and tryptophan
metabolism genes for (C) AM, and (D) CD11b" DC populations.
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Fig. S9. mTOR***C alveolar macrophages exhibit alterations in lipid metabolism
associated with perturbed Srebpl/2-dependent gene signatures.

Metabolomic and transcriptomic profiles from WT and mTOR**"® AMs were
analyzed. (A) Heat map shows differential abundance of sterol lipid metabolites, based
on tentative annotations by accurate m/z matching to LIPID MAPS database. (B) Heat
map showing expression of Srebpl target genes. Differentially expressed genes (p<0.05,
t-test) are denoted by *.
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Fig. S10. AM homeostasis is Srebp-dependent but Hifl a-independent.
(A) Administration of the Srebp1/2 inhibitor fatostatin (orange), or the mTORC1

inhibitor rapamycin (salmon) disrupts AM homeostasis in lung. (B) Hiflo**" mice
(green) do not exhibit defects in lung APC homeostasis. Data represents >2 independent
experiments, n>3 mice.
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Fig. S11. Allergy in mTOR**"“ mice is typified by enhanced B-cell response but
reduced Th2 cytokine production.

House dust mite (HDM) extract was administered to WT (black) or mTOR**"* mice
(red). (A) Bar charts show B-cell germinal center (GC) and T-follicular helper (TFh)
frequency. Pseudo-color plots show representative flow cytometric data. (B) Bar charts
show frequency of CD4 'TL-5" and CD4'IL-13" T-cells in BAL. Contour plots show
representative flow cytometric data. Data represents >3 independent experiments.
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Fig. S12. Th17/neutrophilia in a papain induced allergy model.

Allergy was induced in mTOR™*" or controls by administration of papain i.n. (A)
gy y pap

Diagram shows the vaccination and analysis schedule. (B) Bar charts show frequencies of
CD4'TL-4" Th2 cells or CD4'TL-17A" Th17 cells in indicated organs after restimulation
with PMA and ionomycin. Contour plots show representative flow cytometric data. (C)
Bar charts show frequencies of CD11b'Siglec-F" Eosinophils or CD11b'Ly-6G"
neutrophils. Pseudo-color plots show representative flow cytometric data. Bar charts
show mean = SEM, data represent two independent experiments.
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Fig. S13. mTOR deficiency in APCs does not impact induction or progression of
disease in an experimental autoimmune encephalomyelitis (EAE) model.

EAE was induced in WT and mTOR™*" mice (n=>5/group) and clinical disease
score was monitored over a 30 day period.
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Fig. S14. Th17 lung allergy is dependent on mTORCT1 signaling.

Allergy was induced for three weeks in (A) Raptor®**® (B) Hif10.**"“ strains, or (C)
Fatostatin treated WT mice. (A) Pseudocolor plots show expression of Siglec-F versus
Ly6-G in BAL cells. Contour plots show expression of CD44 versus IL-4 or IL-17A
cytokines in BAL cells. (A-C) Bar charts show the frequency of indicated populations for

indicated experimental groups. Data represents two experiments, n>5 per experimental
group.
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Fig. S15. Neutrophilic allergy in mTOR**"" mice cannot be rescued by restoring

homeostatically deficient APC populations.

Mixed bone marrow chimeras were established by mixing mTOR**"“ (CD45.2) and
B6 CD45.1 BM cells (1:10 ratio), and transferring them to B6 CD45.17/CD45.2" hosts.
(A-B) Chimeric mice were analyzed in the steady-state or (C-D) following chronic HDM
administration. (A) Bar chart shows % chimerism contribution of mTOR**"“-derived
cells in control (CD11¢") and CD11c" (red) populations. Contour plots show

representative data. (B) Contour plots show restoration of CD11c'Siglec-F" alveolar
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macrophage and CD11¢ Mhe-II'CD103™ DC populations. (C) Scatter plots show HDM-
induced serum antibody titers from indicated groups. (D) Bar charts show frequencies of
neutrophils in lung and BAL. Bar charts represent mean + SEM, data is pooled from two
independent experiments.
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Fig. S16. Th17/Neutrophilic allergy is CD11b" DC-dependent.

(A) Schematic shows DC vaccination protocol to transfer Th17/neutrophilic allergy.
HDM was administered to WT (black) or mTOR**F (red) mice to prime immunity. On
day 6, CD11b" DCs were sorted from lung and transferred to WT recipients. Recipients
were re-challenged with 10ug HDM, lung and BAL was analysed by flow cytometry on
d24. (B) Representative BAL contour plots and (C) bar charts of pooled data from lung

and BAL showing IL-4" and IL-17" T-cells in lung or BAL. (D) Bar charts show

frequencies of eosinophils and neutrophils in lung and BAL. Data represents two

independent experiments.
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Fig. S17. mTOR***C exhibit sensitivity to acute allergy challenge.

75ug HDM was administered i.t. to WT and mTOR**"“ mice, on d0 and d2. Lungs
were analyzed by on d3. (A) Contour plots and left bar chart show frequency of
migratory DCs in MedLN. Right bar chart shows total cell counts from MedLN. (B) Bar
chart shows total cell counts from lung.
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Fig. S18. CSF1r-dependent inflammatory DCs differentiate in lung following HDM
stimulus.

(A) WT or mTOR***“ mice were treated for a short-term with HDM on d0 and d2,
and analyzed on d3 along with WT naive controls by flow cytometry. Pseudo-color plots
show hierarchical gating strategy to identify Siglec-F" CD11¢ Mhc-II'CD103'CD11b"
DCs arising under allergic inflammatory conditions. The inflammatory DC gate used for
subsequent analyses is indicated. (B) WT or mTOR**"“ mice were chronically treated
with HDM for 3 weeks. Bar chart shows the frequency of inflammatory DCs. (C)
Contour plot shows expression of CD11c and F4/80 on total CD45" cells from short-term
HDM treated WT mice (3d intratracheal HDM administration). Red overlay shows the
phenotype of inflammatory DCs, identified based on the gating strategy in (A). The blue
gate shows the distinction of inflammatory DCs from F4/80"CD11c" interstitial
macrophages. Histograms compare Mhc-II and CD11c expression on interstitial
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macrophages (blue) and inflammatory DCs (red). (D) Histograms show expression of
Siglec-F on indicated APC populations. (E) Histograms show expression of CD64 and
Ly6C and (F) CD80 and CD86 on lung inflammatory DCs from short-term HDM
treated WT and mTOR**F¢ as compared to WT mediastinal migratory CD11b" DCs.
Data represents >3 independent experiments.
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Fig. S19. Blockade of inflammatory DC differentiation inhibits Th17 and restores

Th2 polarization in mTOR**"* mice.

Chronic allergic responses were induced with HDM in groups of mTOR***" mice
for three weeks. Mice were constitutively treated with Csflr or isotype control
neutralizing antibodies. Bar charts show frequency of Th2 (IL-4") and Th17 (IL-17A")
cells in indicated tissues, and indicate mean + SEM. Data is representative of two

independent experiments.
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Inflammatory DC
- 1817 metabolites

Fig. S20. Inflammatory DCs from mTOR**"* mice exhibit distinct metabolic
features.
75ug HDM was administered i.t. to WT and mTOR**"“ mice, on d0 and day 2.

Lungs were analyzed by on d3. Heat map shows differential abundance of metabolic
features in WT and mTOR**" inflammatory DCs.
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Fig. S21. Blockade of IL-23 inhibits Th17 and restores Th2 polarization in
mTOR**" mice.

(A-B) 75ug HDM was administered i.t. to WT and mTOR**"“ mice, on d0 and d2.
Lungs were analyzed by on d3. (A) Scatter bar charts show expression of key cytokines
from lung inflammatory DC and mediastinal lymph node resident classical CD11b" DC
populations measured by RNA-seq after short-term HDM administration.(B) Scatter plots
show expression of cytokines in lung homogenate as measured by ELISA after short-term
HDM administration. (C) Mice were constitutively treated with IL-12p70 control (red) or
IL12/23p40 (blue) neutralizing antibodies for three weeks. Bar charts show frequency of
Th2 (IL-4") and Th17 (IL-17A") cells in indicated tissues, and indicate mean + SEM. Data
is representative of two independent experiments.
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Fig. S22. Model of mTOR-dependent functions in lung APCs.

(A) In the steady-state mTOR signaling is required to establish homeostatic
accumulation of APCs promoting cell survival. Moreover, in AMs, our study additionally
revealed a critical requirement for the anabolic lipid metabolic regulator Srebpl in
accumulation of this subset. Impaired APC accumulation in mTOR**" mice resulted in
immuno-deficiencies that reduced antiviral responses, and perturbed AM functions
resulting in acquisition of pulmonary alveolar proteinosis. (B) During allergy, mTOR
restricts catabolic metabolism, a rate-limiting step in DC activation and cytokine
production. In the absence of mTOR signaling, inflammatory DCs exhibit pronounced
fatty acid oxidation and induce Th17/neutrophilic lung inflammation via an IL-23-
dependent mechanism.
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Table S1.

Antibody
BrdU

CD3

Cb4

CD8

CD11b

CD11lc

CD19

CD44

CD45

CD45.1

CD45.2

CD64

CD80

CD86
CD95/Fas
CD103

c-kit (CD117)
CSF-1R (CD115)
CXCR5

F4/80

Flt3

GL7

HSA (CD24)
IFNy

IL-4
IL-12/23p40
IL-17A

Ly6G

MHC-II

mTOR

PD1 (CD279)
pDCa (CD317)
Phospho-S6 Ser235/236
Phospho-S6 Ser240/244
Pro-IL1B
Siglec-F

Sirpa (CD172a)
TCR-B
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