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Materials and Methods
Mice

Adult male and female mice, and postnatal pups were used on a C57B1/6J background
(#000664, The Jackson Laboratory). Postnatal pups were used from the NF-kB reporter strain
FVB.Cg-Tg(HIV-EGFP,luc)8Tsb/J (26) (The Jackson Laboratory, #027529) at PO-P3. Areg-/-
mice  were on a C57Bl/6 background and have been previously described (38).
Areg™m?c(EUCOMMHmgu ( 4reglf mice) (62) were crossed to Cd4::Cre mice (68) to generate Cd447¢
conditional KO mice. Aldhl1l1-cre/ERT2 mice (69) (The Jackson Laboratory, #029655) were bred
to B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J mice (70) (The Jackson Laboratory,
#007909) to generate Aldhlll(CreERT2/+);TdTomato(f/+) (TdTomato®¥!'")y mice. B6.Cg-
Tg(Gfap-cre)73.12Mvs/J mice (71) (The Jackson Laboratory, #012886) mice were crossed with
133(f/f) mice (72) to  generate  Gfap(Cre/+),1133(f/f) mice. B6.129P2(C)-
Cx3crltm2.1(cre/ERT2)Jung/J] mice (73) (The Jackson Laboratory, #020940) were bred to
11Irl1(f/f) mice (72) to generate Cx3crl(CreERT2/+);111rl1(f/f) mice. Both conditional knockout
strains were maintained on a C57Bl/6J background for >10 generations, as described (48).
Conditional deletion of 1/7r/1 or expression of TdTomato was induced at 4-6 weeks of age with
225 mg/kg tamoxifen (Sigma-Aldrich, #T5648), diluted in corn oil (Sigma-Aldrich, #C8267);
EAE was induced 4 weeks later. Mice were kept in a pathogen-free facility at the Hale Building
for Transformative Medicine at Brigham and Women’s Hospital in accordance with the IACUC
guidelines. 8—12-week-old mice were used for stereotactic injection and EAE induction. Pups were
sacrificed between PO-P3 for harvesting and culturing astrocytes. All procedures were reviewed

and approved under the IACUC guidelines at Brigham and Women’s Hospital.



Primary bone marrow-derived macrophage cultures

Adult mice were euthanized by rapid cervical dislocation and their legs were aseptically
dissected and collected in 50ml Falcon tubes (Thermo Fisher Scientific, #1443222) containing 10
ml ice cold Dulbecco's Phosphate-buffered Saline (DPBS) (Thermo Fisher Scientific, #14190250).
Under sterile conditions, skin and muscle were removed from the bone using microdissecting tools
and the femur was separated from the tibia. The bones were washed in a petri dish containing 70%
ethanol (EtOH) for 3 seconds, dried on a gauze strip and washed in sterile DPBS. The bone
epiphysis was cut on both sides and the bone marrow was flushed out with DPBS into a petri dish
using a 10ml syringe (BD, #148232A) and a 25-gauge needle (BD, #305122). The bone marrow
of 2 bones was collected in a 15 ml Falcon tube (Thermo Fisher Scientific, #352196) and triturated
by pipetting 10 times up and down with a 10 ml serological pipette (Corning, #357551). After
obtaining a homogenous suspension, the bone marrow was centrifuged for 10 minutes at 400 g
and 4°C. Erythrocyte lysis was performed by resuspension of the pellet in ammonium-chloride-
potassium (ACK) lysis buffer (Life Technology, #A1049201) and subsequent incubation for 2
minutes at room temperature (RT). To stop the reaction, 9 ml complete medium was added, and
the bone marrow was centrifuged for 10 minutes at 400g and 4°C. The pellet was resuspended,
and cells were filtered through a 100 pm cell strainer (Fisher Scientific, #22363548) into a fresh
15 ml Falcon tube. Cells were counted using a hemocytometer (Fisher Scientific, #22600100) and
resuspended at 10x10° cells/ml in DMEM/F12+GlutaMax (Thermo Fisher Scientific, #10565018)
20% (v/v) FCS (Thermo Fisher Scientific, #10438026) and 1% (v/v) penicillin/streptomycin (PS)
(Life Technology, # 15140122), supplemented with 13% (v/v) L929 conditioned medium for
BMDMs. Cells were seeded into a 10-cm tissue culture dish (Fisher Scientific, #08772E) and

incubated at 37°C 5% CO». Additional medium supplemented with L.929 conditioned medium was



added after 4 days and fully changed after 6 days of culture. After 10 days, medium was changed
to DMEM 20% FCS without growth factors. Cells reached confluency after 10-14 days and were

detached by 10 minutes incubation in TrypLE (Thermo Fisher Scientific, #12604021) at 37°C.

Primary astrocyte and microglial cultures from neonatal mice

Procedures were performed as described previously (74). Brains of mice aged PO-P3 were
dissected into PBS on ice. Cortices were discarded and the brain parenchyma were pooled,
centrifuged at 500g for 10 minutes at 4C and resuspended in 0.25% Trypsin-EDTA (Thermo Fisher
Scientific, #25200-072) at 37C for 10 minutes. Trypsin was neutralized by adding
DMEM/F12+GlutaMAX (Thermo Fisher Scientific, #10565018) supplemented with 10% FBS
(Thermo Fisher Scientific, #10438026) and 1% penicillin/streptomycin (Thermo Fisher Scientific,
#15140148), and cells were passed through a 70 um cell strainer. Cells were centrifuged at 500g
for 10 minutes at 4C, resuspended in DMEM/F12+GlutaMAX with 10% FBS/1%
penicillin/streptomycin and cultured in T-75 flasks (Falcon, #353136) at 37C in a humidified
incubator with 5% CO2, for 7-10 days until confluency was reached. Astrocytes were shaken for
30 minutes at 180 rpm, the supernatant was collected for microglia and the media was changed,
then astrocytes were shaken for at least 2 hours at 220 rpm and the supernatant was aspirated and
the media was changed again. Medium was replaced every 2-3 days. Compound treatment was
performed for 2 hours with compounds diluted in DMEM/F12+GlutaMAX (Life Technologies,
#10565042) that was supplemented with 10% FBS (Life Technologies, #10438026) and 1%
penicillin/streptomycin (Life Technologies, #15140122). For serum free condition, astrocytes was
cultured in N1 DMEM/F12 media as described previously (74). Compounds used in these studies

are: 0.01 pg/mL - 1 pg/mL IL-1B (R&D Systems, #401-ML-005, 100 pg/mL stock in PBS), 2



pg/mL puromycin (Invivogen, #ant-pr-1), 0.01 pg/mL - 1 pg/mL TNFa (R&D Systems, #410-
MT-010, 100 pg/mL stock in PBS), 100 ng/mL IL-6 (R&D Systems, #406-ML-005), 200 ng/mL
GM-CSF (PeproTech, #315-03), 100 ng/mL LPS-EB (Invivogen, #tlrl-3pelps), 100 ng/mL
recombinant mouse IL-33 peptide (R&D Systems, #3626-ML-010), 10 ng/mL. AREG (R&D
Systems, #989-AR-100, 100 pg/mL stock in PBS). For analysis of cell activation in droplets,
compounds were diluted to 2X of their intended working concentrations and co-flowed with cell
suspensions for droplet encapsulation. For pre-stimulation experiments, astrocytes were pre-
treated with 0.1pg/mL IL-1B/TNFa for 24-hours and subsequently stimulated with the indicated

dose of GM-CSF or IL-6 for 24-hours.

Primary microglia culture from adult mice

C57BL/6J mice at least 2 months of age were used. Prior to dissection, one to three mice
were anesthetized by isoflurane. Brains were aseptically dissected into 10 ml of enzyme digestion
solution consisting of 75 pL Papain suspension (Worthington, #L.S003126) diluted in enzyme
stock solution (ESS) and equilibrated to 37°C. ESS consisted of 10 ml 10X EBSS (Sigma-Aldrich,
#E7510), 2.4 ml 30% D(+)-Glucose (Sigma-Aldrich, #G8769), 5.2 ml 1 M NaHCO3 (VWR,
#AAJ62495-AP), 200 uL. 500 mM EDTA (Thermo Fisher Scientific, #155750 20), and 168.2 ml
ddH2O0, filter-sterilized through a 0.22 um filter. Samples were shaken at 80rpm for 30-40 minutes
at 37°C. Enzymatic digestion was stopped by adding 1 ml of 10X Hi-Ovomucoid inhibitor solution
and 20 pL 0.4% DNase (Worthington, #L.S002007) diluted in 10 ml inhibitor stock solution (ISS).
10X Hi-Ovomucoid inhibitor stock solution contained 300 mg BSA (Sigma-Aldrich, #A88006),
300 mg Ovomucoid Trypsin Inhibitor (Worthington, #L.S003086) diluted in 10 ml DPBS and filter

sterilized using at 0.22 um filter. ISS contained 50 ml 10X EBSS (Sigma-Aldrich, #E7510), 6 ml



30% D(+)-Glucose (Sigma-Aldrich, #G8769), 13 ml 1 M NaHCO3 (VWR, #AAJ62495-AP)
diluted in 170.4 ml ddH2O and filter-sterilized through a 0.22 um filter. Tissue was mechanically
dissociated using a 5 ml serological pipette and filtered through at 70 um cell strainer (Fisher
Scientific, #22363548) into a fresh 50 ml conical. The mixed suspension was centrifuged at 500g
for 5 minutes and resuspended in 10 ml of 30% (v/v) Percoll solution (9 ml Percoll (GE Healthcare
Biosciences, #17-544501), 3 ml 10X PBS, 18 ml ddH20O). Percoll suspension was centrifuged at
500g for 25 minutes with no brakes. Supernatant was discarded and the cell pellet was washed
with DPBS, centrifuged at 500g for 5 minutes and resuspended in 20 ml prewarmed DMEM/F12
(Gibco, 31331-093) including 10% (v/v) FCS, 1% (v/v) PS (Life Technology, # 15140122), and
13% (v/v) L292 conditioned medium and seeded into an uncoated T75 cell culture flask (Sarstedt,
# 831813002). The medium was changed twice a week until the cells reached 90% confluency
(12-16 days). To separate the mixed glia culture containing both astrocytes and microglia in an
approximatively 2:1 ratio, cells were detached by using 10 ml prewarmed Trypsin-EDTA 0.05%
(Thermo Fisher Scientific, #25200-072). After 10-15 minutes incubation in Trypsin-EDTA at
37°C, cells were collected through a 70 um cell strainer into a 15 ml Falcon tube (Thermo Fisher
Scientific, #352196) and the reaction was stopped by adding 5 ml pure FCS. The single cell
suspension containing both microglia and astrocytes was centrifuged at 300g at 4°C for 10 minutes.
After washing the cells, the pellet was resuspended in 5 ml sterile DPBS and the cells were
counted. CD11B" microglia and CD11B- astrocytes were separated by using magnetic microbeads
attached to an anti-mouse CDI11B antibody (Miltenyi Biotec, #130049601) according to the
manufacturer’s protocol. Following the MACS separation, cells were centrifuged at 300g at 4°C

for 5 minutes and resuspended in 5 ml sterile DPBS.



Immunostaining of mouse CNS tissue

Mice were intracardially perfused with ice cold 1X PBS and a 0.5-cm section of the
superior spinal column was excised from the mouse then post-fixed in 4% PFA overnight at 4°C.
Following fixation, the vertebral column was de-calcified with 20% EDTA (pH=7.4) for one week
at 4°C with inversion, then the tissue was dehydrated with 30% sucrose for one week at 4°C. Spinal
cords were frozen in OCT (Sakura, #4583) and 20 um sections were prepared by cryostat on
SuperFrost Plus Gold slides (Fisher Scientific, #15-188-48). Sections were permeabilized with 1X
permeabilization buffer (BD Biosciences, #554723) for 10 minutes at RT, then blocked using
serum-free protein block (Agilent, #X0909) for 10 minutes at RT. Sections were then incubated
with primary antibodies diluted in 1X permeabilization buffer overnight at 4°C. Following primary
antibody incubation, sections were washed 3X with 1X permeabilization buffer and incubated with
secondary or conjugated antibodies diluted in 1X permeabilization buffer for 1 hour at RT. After
secondary and conjugated antibody incubation, sections were stained with 1pg/ml DAPI (Sigma-
Aldrich, #D9542) diluted in 1X permeabilization buffer for 5 minutes at RT, then washed 3X with
1 X permeabilization buffer and mounted with ProLong Gold Antifade Mountant (Fisher Scientific,
#P36930). Primary antibodies used in this study were: goat anti-Amphiregulin (R&D Systems,
1:40, #AF262), rabbit anti-TMEM119 (Abcam, 1:100, #ab209064), mouse anti-GFAP (Millipore,
1:500, #MAB360), chicken anti-GFAP (Abcam, 1:200, #ab4674), rat anti-P2RY 12 (Biolegend,
1:100, #848002), rabbit anti-PNOC (Thermo Fisher, 1:500, #PA3204), goat anti-NRTN (R&D
Systems, 15pg/mL, #AF477), rabbit anti-ST2 (Abcam, 1:100, #ab25877), and goat anti-I1L-33
(R&D Systems, 1:40, #AF3626). Secondary antibodies used in this study were: donkey anti-goat
IgG Alexa Fluor 488 (Jackson Immunoresearch, #705-545-003), donkey anti-rabbit IgG (H+L)

Highly Cross-Adsorbed, Alexa Fluor 568 (Life Technologies, #A10042), Rhodamine Red-X-



AffiniPure Fab Fragment donkey anti-rabbit IgG (H+L) (Jackson Immunoresearch, #711-297-
003), Alexa Fluor 647 AffiniPure Fab Fragment donkey anti-rabbit IgG (H+L) (Jackson
Immunoresearch, #711-606-152), donkey anti-goat IgG (H+L) Cross-Adsorbed Secondary
Antibody, Alexa Fluor 647 (Fisher Scientific, #A-21447), donkey anti-goat IgG (H+L) Cross-
Adsorbed Secondary Antibody, Alexa Fluor 555 (Fisher Scientific, #A-21432), and Alexa Fluor
647 AffiniPure donkey anti-rat [gG (H+L) (Jackson Immunoresearch, #712-605-153) all at 1:1000
working dilution. The conjugated antibody used in this study was mouse anti-GFAP Alexa Fluor
488 (GAS) (Fisher Scientific, 1:100, #53-9892-82). Iterative labeling using rabbit primary
antibodies was accomplished by incubating with a single primary antibody on Day 1, staining with
the anti-rabbit Fab 568 fragment on Day 2, washing 6X with 1X permeabilization buffer, followed
by incubation with primary and secondary antibodies as described above. Sections were imaged
and tile scan images were stitched on an LSM-880-AiryScan confocal microscope using the ZEN

Black software (Zeiss), and image analysis was performed with FIJI version of ImageJ (NIH).

Microfluidic device fabrication

Master molds for microfluidic device fabrication were fabricated at the Harvard Medical
School Microfluidics/Microfabrication Core Facility using common photolithography techniques.
Briefly, silicon wafers (University Wafer) were spin-coated with SU-8 photoresist (Kayaku
Advanced Materials), patterned with a photomask using ultraviolet light, and baked following the
manufacturer's instructions. PDMS devices were fabricated from master molds as follows: Curing
agent and PDMS prepolymer (Momentive, #RTV615) were mixed 1:10 and degassed in a vacuum
chamber. The PDMS mixture was poured onto the master mold, further degassed, and baked at

65°C for 4 hours. The PDMS replica was punched with a 0.75 mm biopsy punch (Harris Uni-Core)



and bonded to a glass slide (75 x 50 x 1.0 mm, Fisher Scientific, #12-550C) using an oxygen
plasma bonder (Technics Plasma Etcher 500-I1). The device was placed on a hot plate at 150°C
for 10 minutes and baked at 65°C for 4 hours. Finally, channels were rendered hydrophobic by

treatment with Aquapel (Aquapel Glass Treatment) for 5 min.

Microfluidic cell encapsulation

For microfluidic cell encapsulation, cells were detached via a 10-minute incubation in
TrypLE at 37°C. Cells were washed once and stained with CellTrace Far Red Cell Proliferation
Kit (Thermo Fisher Scientific, #C34564) at 1 uM or CellTrace Calcein Red-Orange, AM (Thermo
Fisher Scientific, #C34851) at 2 uM for 25 minutes at 37°C. Cells were washed, counted and
resuspended at the required density based on the anticipated droplet size in DMEM/F12 without
phenol red (Thermo Fisher Scientific, #21041025) + 10% (v/v) FCS and 18-20% (v/v) Opti-prep
(Sigma-Aldrich, #D1556-250ML). For optimal droplet detection, Cy5-alkyne (Sigma-Aldrich,
#777358) was added with a final concentration of 100 nM to the cell population stained with
CellTrace Far Red Cell Proliferation Kit. The cell mixtures were loaded into a 3 ml syringe (BD
Biosciences, #309657) with a 27-gauge needle (BD Biosciences. #305109) and connected to the
microfluidic device using PTFE tubing (Scientific Commodities, #BB31695-PE/2). For co-
encapsulation and in-drop-stimulation experiments, the cell suspensions were injected into the
microfluidic device by using a syringe pump at a flow rate of 600 pl/hour. Drops were generated
by flow focusing of the resulting stream with QX200 droplet generation oil for EvaGreen (BioRad,
#1864006) at a flowrate of 3000 pl/hour. The resulting emulsion was collected in 3 ml syringes
(BD, #148232A) for reinjection or in a 15 ml Falcon tube (Thermo Fisher Scientific, #352196) for

cell viability assessment. The emulsion was incubated at 37°C 5% CO. for 10-72 hours.



Reinjection and sorting of droplets

After incubation of cell-containing droplets, the emulsion was reinjected onto a custom
droplet-sorter as described in (25). In brief, the emulsion containing monodisperse drops was re-
injected into a microfluidic device by using a syringe pump (Harvard Apparatus, milliliter OEM
syringe pump) at a flow rate of 200 pl/hour. Drops were spaced by injection of 3M Novec 7500
Engineered Fluid (HFE; 3M, #Novec 7500) at a flow rate of 300 ul/hour. Electrode and moat
channels were loaded with 2M NaCl solution. Detection of droplet fluorescence was performed
using a custom in-house 3-color droplet cytometer. Three lasers (473 nm, 532 nm, 638 nm) are
aligned via dichroic mirrors and focused on the microfluidic device mounted on a microscope
(Motic AE31). A custom LabView (National Instruments) program was used to run a field
programmable gate array (FPGA; National Instruments) to control photomultiplier tubes (PMT)
(PMMO1/PMMO2, Thorlabs) for fluorescence detection. Based on a pre-determined fluorescence-
threshold, positive drops were sorted, using a concentric electrode design, into a separate output
channel by actuating electric pulses via a high-voltage amplifier (Trek). Negative and positive
populations were collected in 15 ml Falcon tubes (Thermo Fisher Scientific, #352196) and the
resulting oil-phase was overlaid with 200 ul DPBS (Thermo Fisher Scientific, #14190250). For
optimal droplet recovery, the emulsion was frozen at -80°C. Peak droplet fluorescence values were

recorded, exported, and analyzed in FlowJo.

Droplet stability assessment

To assess droplet stability, primary astrocytes were encapsulated at 1 cell in every 10 drops

as described above. The cells were resuspended and encapsulated in the following combinations



of medium = surfactant, 10% (v/v) FCS (Thermo Fisher Scientific, #10438026) and 18% (v/v)
Opti-prep (Sigma-Aldrich, #D1556-250ML): (i) DMEM/F12 with phenol red (Thermo Fisher
Scientific, #11320033), (ii)) DMEM/F12 without phenol red (Thermo Fisher Scientific,
#21041025), (ii1) DMEM/F12 without phenol red + 0.1% (w/v) bovine serum albumin (Sigma-
Aldrich, #A32944), and (iv) DMEM/F12 without phenol red + 0.1% (v/v) + Pluronic F-68
(Thermo Fisher Scientific, #24040032). Droplets were collected in 15 ml Falcon tubes (Thermo
Fisher Scientific, #14190250) and droplet stability was assessed by imaging on a Leica DMi8
Inverted Microscope as the number of coalesced droplets after one day of incubation at 37°C 5%
CO2. To assess the transport of soluble protein between drops, 1 uM Bovine Serum Albumin
(BSA) conjugated with tetramethylrhodamine (Thermo Fisher Scientific, #A23016) or 1 uM BSA
conjugated with Alexa Fluor 647 (Thermo Fisher Scientific, #A34785) were separately
encapsulated in 65-micron droplets with DMEM/F12 without phenol red (Thermo Fisher
Scientific, #21041025) + 0.1% (v/v) Pluronic F-68 using droplet generation oil for EvaGreen
(BioRad, #1864006). Drops were mixed, incubated for 24 hours, and imaged using an ECHO

Revolve Fluorescence Microscope.

Cell recovery and viability assessment

To quantify cell viability cells were stained with CellTrace Calcein Red-Orange (Thermo
Fisher Scientific, #C34851) according to the manufacturer’s protocol prior to encapsulation. After
droplet encapsulation, the oil phase was aspirated and droplets were merged and broken using 20%
(v/v) 1H,1H,2H,2H-perfluoro-1-octanol (PFO; Sigma-Aldrich, #370533) in HFE (3M, #Novec
7500) to recover the cells trapped inside droplets. After the PFO break, the aqueous phase was

separated by centrifugation at 30g for 30 seconds and transferred into a fresh tube. Cells were



washed and live cells were quantified by FACS on a BD LSRFortessa. To acquire micrographs of
cells post-encapsulation, 10 pL of the emulsion was collected in a cell counting chamber slide

(Thermo Fisher Scientific, #C10228) and imaged on a Leica DMi8 inverted microscope.

Genome-scale CRISPR/Cas9 library production

Amplification and sequencing of the plasmid library was performed as previously
described (75). Briefly, a mouse CRISPR/Cas9 pooled lentiviral library consisting of 78,637
gRNAs targeting 19,674 mouse genes (29) (lentiCRISPRv2, Brie, Addgene #73632, a gift from
David Root and John Doench) was obtained and amplified by transformation of STBL4
electrocompetent cells (Thermo Fisher Scientific, #11635018) according to the Broad Institute’s
Protocol: “Amplification of pDNA libraries”. After 16-18 hours of growth, pellets were collected
and the library purified using an endofree plasmid maxi kit (Qiagen, #12362) according to the
manufacturer’s protocol with two modifications: a) add P1, P2, P3 directly to the conical and
centrifuge to pellet lysed debris before adding to plunger; b) warm elution buffer to 50°C before
eluting. Lentivirus production was performed as previously described (27). The pooled library was
co-transfected with packaging plasmids (psPAX2, Addgene #12260 and pCMV-VSV-G, Addgene
#8454) into HEK293T cells using LT-1 transfection reagent (Mirus Cat# MIR2305) following the
manufacturer’s protocol. psPAX2 was a gift from Didier Trono (Addgene plasmid #12260;
http://n2t.net/addgene:12260; RRID:Addgene 12260). pCMV-VSV-G was a gift from Bob
Weinberg (Addgene plasmid #8454; http://n2t.net/addgene:8454; RRID:Addgene 8454) (76).
Library DNA (37 pg), psPAX2 DNA (46 pg) and VSV-G DNA (4.62 pg) was mixed and
transfected into HEK293T cells in a T175 flask (Corning, #353112). Six hours after transfection,

media was removed and replaced with 40 ml of virus production media (DMEM/F12 (Thermo



Fisher Scientific, #11320033) + 20% (v/v) FCS (Thermo Fisher Scientific, #10438026)). Forty-
eight hours after transfection, lentiviral media was harvested and stored in -80C. Cells were
transduced at a MOI of 0.4, as described (75). In brief, cells were detached by using 10 ml
prewarmed Trypsin-EDTA 0.05% (Thermo Fisher Scientific, #25200-072), counted and
resuspended at 1.5x10% cells/ml in growth medium supplemented with 16 pg/ml Polybrene

(Millipore, #TR1003G) and the respective volume of lentiviral media.

Amplification and analysis of ssRNA sequences from sorted droplets

After droplet encapsulation and sorting, the sgRNA target region was amplified and
sequenced following the Broad Institute’s protocol: “PCR of sgRNAs from gDNA for Illumina
Sequencing . Sorted droplets were placed in the -80C for a minimum of 24 hours, thawed at room
temperature for 1 hour, and broken by adding 1 ml 20% (v/v) PFO in HFE (3M, #Novec 7500).
For optimal phase separation, the emulsion was gently mixed by tapping the tube and subsequently
centrifuged at 1000 g for 30 seconds. The aqueous layer containing the sorted cells was aspirated
and transferred to a fresh 1.5 ml microcentrifuge tube. Genomic DNA (gDNA) was isolated using
a Blood & Tissue DNA isolation kit (Qiagen, #69504) according to the manufacturer’s protocol.
The genomic DNA was eluted in a final volume of 400 pul and subsequently concentrated to 40 ul
by 2.0X AMPure XP bead purification according to the manufacturer’s protocol (Beckman
Coulter, #A63880). Next, the sgRNA libraries were amplified according to the Broad Institute’s

Protocol: “Amplification of pDNA libraries”. In brief, positive samples containing less than 2000

droplets were PCR amplified for 35 cycles, negative samples with more than 2000 droplets were
PCR amplified for 28 cycles. A staggered forward primer cocktail, made by combining equimolar

concentrations of



P5 0 nt stagger 5’-ATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGA
CGCTCTTCCGATCTGATGTCCACGAGGTCTCT-3, P5 Int stagger 5’-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TCGATGTCCACGAGGTCTCT-3’, P5 2 nt stagger 5-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TGCGATGTCCACGAGGTCTCT-3, P5 3 nt stagger 5’-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TAGCGATGTCCACGAGGTCTCT-3’, P5 4 nt stagger 5-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TCAACGATGTCCACGAGGTCTCT-3’, P5 5 nt stagger 5’-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TTGCACCGATGTCCACGAGGTCTCT-3’, P5 6 nt stagger 5’-AA
TGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTA
CGCAACGATGTCCACGAGGTCTCT-3, P5 7 nt stagger 5’-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TGAAGACCCGATGTCCACGAGGTCTCT-3’, P5 8 nt stagger 5°-5’-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC
TGAAGACCCTTGTGGAAAGGACGAAACACCG-3’, and a unique P7 primer for use with
lentiCRISPRvV2:
5’CAAGCAGAAGACGGCATACGAGATNNNNNNNNGTGACTGGAGTTCAGACGTGTG
CTCTTCCGATCTCCAATTCCCACTCCTTTCAAGACCT-3 were used. Following library
amplification, the samples were purified using 2.0X AMPure XP bead purification and eluted in

40 pl H20. Finally, the sgRNA libraries were sized on an Agilent 2100 Bioanalyzer and their



concentration determined using a KAPA Library Quantification Kit (Kapa Biosystems, #KK4824)
according to the manufacturer’s protocol. Libraries were sequenced at 1x75bp at the Harvard
Biopolymers Facility on a MiSeq Micro or in the Neurotechnology Studio of Brigham and
Women’s Hospital on a NextSeq550. Raw sequencing reads were trimmed using cutadapt to find
sgRNA sequences matching those contained in the genome-wide library (-g
ACACCG...GTTTTAG) and counted using MAGeCK (77). The non-targeting guides with high

fold enrichment in Fig. S5K are control285 and control946 from the Brie library.

Rationale and criteria for selecting positive hits

To filter the hits detected by SPEAC-seq against physiologically relevant processes in
microglia, we retained for analysis only SPEAC-seq genes detected in a filtered bulk RNA-seq
dataset of primary microglia treated with 100 ng/mL of LPS-EB (Invivogen, #tlrl-3pelps) or
vehicle. In addition, we validated this filtered list against four previously published mouse bulk
and single-cell RNA-seq studies that analyzed microglia gene expression in vivo in health and

disease (27, 34, 35, 78).

CRISPR/Cas9 lentivirus production

Lentiviral constructs were generated as previously described (72, 27, 37). The backbones
used contain derivatives of the previously described reagents lentiCRISPR v2 (a gift from Feng
Zhang, Addgene plasmid #52961 (79)), and lentiCas9-EGFP (a gift from Phil Sharp and Feng
Zhang, Addgene plasmid #63592 (17)). ltgam-driven lentiviruses have been previously described
(11, 12). Substitution of sgRNAs was performed through a PCR-based cloning strategy using

Phusion Flash HF 2X Master Mix (Thermo Fisher, #F548L). A three-way cloning strategy was



developed to substitute sgRNAs wusing the following primers: U6-PCR-F 5°-

AAAGGCGCGCCGAGGGCCTATTT-3’, U6-PCR-R 5’-
TTTTTTGGTCTCCCGGTGTTTCGTCCTTTCCAC-3’, cr-RNA-R 5’-
GTTCCCTGCAGGAAAAAAGCACCGA-3’, cr-RNA-F 5’-

AAAAAAGGTCTCTACCG(N20)GTTTTAGAGCTAGAAATAGCAAGTT-3’, where N
marks the sgRNA substitution site. The following sgRNA were designed using a combination of
the Broad GPP sgRNA Designer Webtool (SpyoCas9,
http://portals.broadinstitute.org/gpp/public/analysis-tools/sgrna-design), Synthego
(https://design.synthego.com/#/), and cross-referenced with activity-optimized sequences
contained within the Addgene library #1000000096 (a gift from David Sabatini and Eric Lander)
(80). The sgRNA sequences used are as follows, with the promoter indicated in parentheses:
sgSermbl - 5-GCACTACCAGAGCTAACTCA-3*  (ltgam, Gfap), sgAreg 5’-
AATGACCCCAGCTCAGGGAA-3’ (Itgam); sgFgll - 5'-CCAGTTTCTGGATAAAGGAT-3'
(ltgam);  sgPnoc - 5-AGACCTTCTCTTCACACTGG-3' (ltgam); sgNrtn - 5'-
GCTGGGCCTGGGCTACACGT-3" (Iltgam); sgEgfr - 5>-GATGTACAACAACTGTGAAG-3’
(Gfap); sgGfra2 - 5-GGCCAATAAGGAGTGCCAGG-3’ (Gfap); sglag3 - 5°-
GCCTGGGAAAGAGCTCCCCG-3’ (Gfap); and sgOpril 5°-TGAGGATGACATACATGACG-
3’ (Gfap). Amplicons were purified using the QIAquick PCR Purification Kit (Qiagen, #28104)
and digested using Dpnl (NEB, #R0176S), Bsal-HF (NEB, #R3535/R3733), Ascl (for U6
fragment) (NEB, #R0558), or Sbfl-HF (for crRNA fragment) (NEB, #R3642). pLenti backbone
was cut with Ascl/Sbfl-HF and purified using the QIAquick PCR purification kit. Ligations into
the respective backbone were performed overnight at 16°C using T4 DNA Ligase Kit (NEB,

#MO0202L). Ligations were transformed into NEB Stable E. Coli (NEB, #C3040) at 42°C and the



ligation products were spread onto ampicillin selection plates. After overnight incubation at 37°C,
single colonies were picked and DNA was prepared using QIAprep spin miniprep kit (Qiagen,
#27104).

To generate barcoded lentiviral vectors, DNA oligonucleotides containing a barcode
sequence were annealed into a degenerate dsDNA fragment with overhangs corresponding to 5’
BsrGI and 3° EcoRI cut sites, which inserted barcodes immediately 3’ of the EGFP translational
stop contained in Gfap::Cas9-2A-EGFP. Annealing was performed according to a protocol from
Addgene by mixing 2 ug of each primer in 50 pL of annealing buffer (10mM Tris pH=7.5, 50 mM
NaCl, I mM EDTA), heating the tube to 95C in a heat block, then moving the heat block to the
bench top until it reached room temperature. The oligonucleotides used for this protocol were:
FWD: 5’>-GTACAAGTAANNNNNNNNGATGTCCACGAGGTCTCTGCTAGCG-3’ and REV:
5’-AATTCGCTAGCAGAGACCTCGTGGACATCNNNNNNNNTTACTT-3’ where
NNNNNNNN represents the barcode sequence. Barcode sequences (5°->3) used for this study
were: sgScrmbl: CGTACTAG, sgEgfr: CTCTCTAC, sgGfra2: CAGAGAGG, sglag3:
GCTACGCT, and sgOprll: CGAGGCTG.

Lentiviral plasmids were transfected into HEK293FT cells according to the ViraPower
Lentiviral Packaging Mix protocol (Thermo Fisher Scientific, #K497500) and lentiviruses were
packaged with pLP1, pLP2, and pseudotyped with pLP/VSVG. Supernatant was aspirated the
following day and fresh medium was added. After 2 days of incubation, lentivirus was collected
and concentrated using Lenti-X Concentrator (Clontech, #631231) overnight at 4°C followed by
centrifugation according to the manufacturer’s protocol. Lentiviral pellets were resuspended in

1/500 of the original volume and stored at -80°C.



Intracranial lentivirus injection

C57Bl/6J mice at age 8-12 weeks were anesthetized using 1-3% isoflurane mixed with
oxygen. Heads were shaved and cleaned using 70% ethanol and Betadine (Thermo Fisher, #19-
027132) followed by a medial incision of the skin to expose the skull. The lateral ventricles were
targeted bilaterally using the coordinates: +/- 1.0 (lateral), -0.44 (posterior), -2.2 (ventral) relative
to Bregma. Mice were injected with approximately 107 total IU of lentivirus delivered by two 10
pL injections using a 25 pL Hamilton syringe (Sigma-Aldrich, #20787) on a stereotaxic alignment
system (Kopf, #1900) and the incision was sutured. Mice received 1 mg/kg Buprenorphine-SR via
subcutaneous injection and were permitted to recover 7 days in a separate clean cage before
induction of EAE. For Perturb-seq experiments, an equimolar cocktail of each barcoded lentivirus
was injected +1.25 (lateral), +1.0 (rostral), -3.0 (ventral) relative to Bregma. For in vivo AREG
treatment, mice were injected with 100 ng of AREG (R&D Systems, #989-AR-100) in 5 uL PBS
or 5 uL of vehicle using the coordinates: +/- 1.0 (lateral), -0.44 (posterior), -2.2 (ventral) relative

to Bregma.

EAE induction

EAE was induced with 150 pg of MOGss.ss (Genemed Synthesis Inc., #110582) emulsified
in freshly prepared complete Freund’s adjuvant (Incomplete Freund’s Adjuvant (BD Biosciences,
#BD263910) mixed with mycobacterium tuberculosis H-37Ra (BD Biosciences, #231141); final
concentration 5 mg/ml). All animals received 2 subcutaneous injections of 100 pL each of MOG
and a single intraperitoneal injection of 400 ng pertussis toxin (List Biological Laboratories, #180)
in 200 pL of PBS. Mice received a second injection of pertussis toxin 48 hours after the initial

injection. Mice were monitored and clinical scores were documented daily until the end of the



experiment. Mice were sacrificed at different time points of disease. EAE clinical scores were
defined as follows: 0 —no signs, 1 — fully limp tail, 2 — hindlimb weakness, 3 — hindlimb paralysis,

4 — forelimb paralysis, 5 — moribund.

ELISA

Costar 96-well plates (Corning, #3690) were coated with capture antibodies diluted in 1X
PBS: anti-mouse TNF-a capture (Invitrogen, #88-7324-88, 1:250), anti-mouse IL-1 beta capture
(Invitrogen, #88-7013-88, 1:250), overnight at 4°C. Plates were washed 3 times with 0.05% Tween
in 1x PBS (Boston BioProducts, #IBB-171X) and blocked with 1X Elispot diluent (eBioscience,
#00-4202-56) for 1h at room temperature. The standard curve was prepared from 1 ng ml™! protein
diluted in 1X Elispot diluent. Samples were undiluted. Plates were washed 3 times with 0.05%
Tween in 1x PBS and samples and standard curve were added and incubated overnight at 4 °C.
The next day, plates were washed 3 times with 0.05% Tween in 1X PBS and incubated with
detection antibodies diluted in 1X Elispot diluent: anti-mouse TNF-a detection (Invitrogen, #88-
7324-88, 1:250), anti-mouse IL-1 beta detection (Invitrogen, #88-7013-88, 1:250), for 1h at room
temperature. Afterwards, plates were washed 3 times with 0.05% Tween in 1x PBS and incubated
with Avidin-HRP diluted in 1X Elispot diluent (Invitrogen, #88-7324-88, 1:100) for 1 h at room
temperature. Next, plates were washed 6 times with 0.05% Tween in 1X PBS and revealed using
1X TMB Substrate Solution (Invitrogen, #00-4201-56) for 15 minutes at room temperature. The
reaction was stopped by KPL TBM Stop Solution (SeraCare, #5150-0021) and plates were read at
450 nm with 560nm reference value on a GloMax Explorer Multimode Microplate Reader

(Promega).



Isolation of cells from the adult CNS

Astrocytes were isolated by flow cytometry as described (/7-13, 27, 37, 81) and by
modifying a previously described protocol (82). Briefly, mice were perfused with 1X PBS and the
CNS was isolated into 10 mL of enzyme digestion solution consisting of 75 pLL Papain suspension
(Worthington, #L.S003126) diluted in enzyme stock solution (ESS) and equilibrated to 37C. ESS
consisted of 10 mL 10X EBSS (Sigma-Aldrich, #E7510), 2.4 mL 30% D(+)-Glucose (Sigma-
Aldrich, #G8769), 5.2 mL 1M NaHCO3 (VWR, #AAJ62495-AP), 200 uL 500 mM EDTA
(Thermo Fisher Scientific, #15575020), and 168.2 mL ddH2O, filter-sterilized through a 0.22 pm
filter. Samples were shaken at 80rpm for 30-40 minutes at 37C. Enzymatic digestion was stopped
with 1 mL of 10X hi ovomucoid inhibitor solution and 20 puL 0.4% DNase (Worthington,
#L.S002007) diluted in 10 mL inhibitor stock solution (ISS). 10X hi ovomucoid inhibitor stock
solution contained 300 mg BSA (Sigma-Aldrich, #A8806), 300 mg ovomucoid trypsin inhibitor
(Worthington, #L.S003086) diluted in 10 mL 1X PBS and filter sterilized using at 0.22 um filter.
ISS contained 50 mL 10X EBSS (Sigma-Aldrich, #E7510), 6 mL 30% D(+)-Glucose (Sigma-
Aldrich, #G8769), 13 mL 1M NaHCO3 (VWR, #AAJ62495-AP) diluted in 170.4 mL ddH20 and
filter-sterilized through a 0.22 um filter. Tissue was mechanically dissociated using a 5 mL
serological pipette and filtered through at 70 um cell strainer (Fisher Scientific, #22363548) into
a fresh 50 mL conical. Tissue was centrifuged at 500g for 5 minutes and resuspended in 10 mL of
30% Percoll solution (9 mL Percoll (GE Healthcare Biosciences, #17-5445-01), 3 mL 10X PBS,
18 mL ddH20). Percoll suspension was centrifuged at 500g for 25 minutes with no brakes.
Supernatant was discarded and the cell pellet was washed 1X with 1X PBS, centrifuged at 500g

for 5 minutes and prepared for downstream applications.



10X Genomics scRNA-seq

After Percoll separation described above, 3° CellPlex Kit (10X Genomics, #PN-1000261)
was used for multiplexing each biological replicate according to the manufacturer’s protocol. After
multiplexing, cells were loaded onto a single lane of Chromium Next GEM Chip G (10X
Genomics, #PN-2000177) and processed on a Chromium instrument (10X Genomics). Gene
expression and multiplex libraries were prepared using the Single Cell 3’ Reagent Kits v3.1 (10X
Genomics) according to the manufacturer’s protocol. cDNA samples were amplified using the
following PCR conditions: 98C (3min); [11-12 cycles of: 98C (15sec), 63C (20sec), 72 C (1min)];
72C (1min); 4C hold. Following PCR, cDNA samples were purified on a 10X magnetic Separator
(#PN-230003) using SPRIselect reagent (Beckman Coulter, #B23317). cDNA was run on a
Bioanalyzer High Sensitivity DNA chip (Agilent Technologies, #5067-4626) on a 2100
Bioanalyzer. 10uL of cDNA was used for generating 3’ gene expression library and were indexed
uniquely using the Dual Index Plate TT Set A (10X Genomics, #PN-3000431). Samples underwent
PCR using the following conditions: 98C (45sec); [14 cycles of: 98C (20sec), 54C (30sec), 72C
(20sec)]; 72C (1min); 4C hold. For generating cell multiplex libraries, SuL of cDNA was used and
indexed uniquely using the Dual Index Plate NN Set A (10X Genomics, #PN-3000482). Samples
underwent PCR using the following conditions: 98C (45sec); [6 cycles of: 98C (20sec), 54C
(30sec), 72C (20sec)]; 72C (1min); 4C hold. Libraries were purified using SPRIselect reagent.
Samples were then run on a 2100 Bioanalyzer to access library size and were quantified by qPCR
using a Library Quantification Kit (Kapa Biosystems, #KK4824). Libraries were pooled and
sequenced on a NovaSeq 6000 (28+72 cycles) at an average depth of 380,763 reads/cell, 2,539

genes/cell, and 10,655 UMlIs/cell.



Perturb-seq barcode isolation

Whole transcriptome amplified cDNA (WTA product) was PCRed using the following: 1-
S5uL WTA product, 1 pL of 50 puM EGFP R cDNA amplification primer (5°-
TGCTGGAGTTCGTGACCGCC-3’), 1 uL of 50 uM 10X Genomics cDNA Forward Primer (5°-
CTACACGACGCTCTTCCGATCT-3"), 25 pL of NEBNext High-Fidelity 2X PCR Master Mix
(NEB, #M0541L) and molecular grade water to fill a 50 pL reaction under the cycling conditions:
98C for 30 sec, 25 cycles of [98C for 20s, 63C for 30s, 72C for 60 sec], 72C for 120 sec, and 4C
forever. Samples were then purified using 2.0X Ampure XP magnetic beads (Beckman-Coulter,
#A63881) according to the manufacturer’s protocol. DNA was resuspended in 15 pL of
DNase/RNase-free water. Next, cDNA samples were PCRed using the following conditions: 3 pL
purified PCR product from round 1, 25 pL. NEBNext High-Fidelity 2X PCR Master Mix, 1 pL 10
uM  Chromium  i7 Sample  Index (10X  Genomics, #PN-220103) (5°-
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTC-3’) and 1 pL
of 10 uM GFP-5XX-R (5°-
CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTGACTGGAGTTCAGACGTGTGCT
CTTCCGATCTTGCTGGAGTTCGTGACCGCC-3’). Samples were cycled using the following
conditions: 98C for 30 sec and 10 cycles of [98C for 20s, 55C for 20s, 72C for 60s], followed by
72C for 2 minutes, and 4C forever. Following PCR, samples were purified using a 2.0X Ampure
XP bead purification and resuspended in 15 pL of H20. Samples were then quantified on a 2100
Bioanalyzer (Agilent Technologies). Samples were quantified by qPCR prior to deep sequencing
using the Kapa Library Quantification Kit (Kapa Biosystems, #KK4824). After sequencing, the
barcodes were counted using unique molecular identifiers and associated with cell barcode

sequences. Barcodes associated with each perturbation were then quantified for each cell. Cells



were assigned to each perturbation group based on UMI-normalized abundance of each Perturb-

seq barcode in each cell.

Flow cytometry

Cells were stained in the dark on ice for 15 minutes with flow cytometry antibodies. Cells
were then washed once with 1X PBS and resuspended in 1X PBS for sorting as described
previously (/1-13, 27, 37, 81). Antibodies used in this study were: PE anti-mouse CD45R/B220
(BD Biosciences, #553089, 1:100), PE anti-mouse TER-119 (Biolegend, #116207, 1:100), PE
anti-O4 (R&D Systems, #FAB1326P, 1:100), PE anti-CD105 (eBioscience, #12-1051-82, 1:100),
PE anti-CD140a (eBioscience, #12-1401-81, 1:100), PE anti-Ly-6G (Biolegend, #127608, 1:100),
PerCP anti-Ly-6C (Biolegend, #128028, 1:100), APC anti-CD45 (eBioscience, #17-0451-83,
1:100), APC-Cy7 anti-CD11c (BD Biosciences, #561241, 1:100), and FITC anti-CD11b
(eBioscience, #11-0112-85, 1:100). For Perturb-seq experiments, the following antibodies were
substituted BV737-CD11b (BD, #612800, 1:100), BV786-Ly6C (BD, #740850, 1:100). All cells
were gated on the following parameters: CD105"¢CD140a"¢04"¢Ter119"¢Ly-6G"*¢CD45R"€.
Astrocytes were subsequently gated on: CD11b"eCD45"¢Ly-6C"¢CD11c"¢. Microglia were
subsequently gated on: CDI11bMe"CD45"°¥Ly-6CY. Pro-inflammatory monocytes were
subsequently gated on: CD11b"e"CD45he"Ly-6Chieh, Compensation was performed on single-
stained samples of cells and an unstained control. Cells were sorted on a FACS Aria IIu (BD

Biosciences).

RNA expression analysis of primary mouse astrocytes

Primary astrocytes were lysed in Buffer RLT (Qiagen) and RNA was isolated from cultured



astrocytes using the Qiagen RNeasy Mini kit (Qiagen, #74106). cDNA was transcribed using the
High-Capacity cDNA Reverse Transcription Kit (Life Technologies, #4368813). Gene expression
was then measured by qPCR using Taqman Fast Universal PCR Master Mix (Life Technologies,
#4367846). Tagman probes used in this study are: Gapdh (Mm99999915 gl), Nos2
(Mm00440502 m1), 111D (Mm00434228 ml), Ccl2 (Mm00441242 m1), 1l6
(Mm00446190 ml), Egfr ~ (MmO1187858 ml), Tgfa  (Mm00446232 ml), Areg
(Mm00437583 ml), Cxcll0 (Mm00445235 ml), Cxc/2 (Mm00436450 ml), Nfkbia
(Mm00477798 ml), Tnfaip3 (Mm00437121 ml), 1/33 (Mm00505403 ml), and Actb
(Mm02619580 g1). qPCR data were analyzed by the ddCt method by normalizing the expression

of each gene for each replicate to Gapdh and then to the control group.

Western blotting

Western blotting was performed largely as described previously (12, 13, 27, 37, 81).
Protein lysates were prepared by lysing cells with boiling 1X Laemmli buffer (Boston
BioProducts, #BP-111R) followed by boiling at 95C for 5 minutes. SDS-PAGE was performed
using Bolt 4-12% Bis-Tris Plus gradient gels (Invitrogen, #NW04125BOX). Western blotting was
performed by transferring proteins onto a PVDF membrane (Millipore, #IPVH15150) in 1X
NuPAGE buffer (Thermo Fisher, #NP00061). Membranes were blocked in 10% milk (Lab
Scientific, #M0841) in TBS-T (Boston BioProducts, #IBB-180-2L). Primary antibodies used in
this study are: goat anti-AREG (R&D Systems, #AF989, 0.1 pg/mL) and rabbit anti-GAPDH (Cell
Signaling Technology, #2118S, 1:1000). The secondary antibodies used in this study are: anti-goat
IgG H&L (HRP) (Abcam, #ab6741, 1:1000) and anti-rabbit IgG-HRP conjugate (Cell Signaling

Technology, #7074S, 1:1000). Blots were imaged using an iBright CL1500 Imaging System



(Thermo Fisher).

Immunostaining of human CNS tissue

For immunostaining of paraffin sections, sections were deparaffinized in 2 washes of
Xylenes (#214736, Sigma-Aldrich), followed by 2 washes in 100% EtOH for 5 minutes, 1 wash
in 95% EtOH for 5 minutes, 1 wash in 70% EtOH for 5 minutes, 1 wash in 50% EtOH for 5
minutes, and then slides were rinsed with ddH20. Antigen retrieval was performed by placing
slides in boiling Epitope Retrieval Solution (#1W-11000, IHC World) for 20 minutes. Slides were
dried, a hydrophobic barrier was made (#H-4000, Vector Laboratories) and sections were washed
3X for 5 minutes with 0.3% Triton X-100 in PBS (PBS-T). Sections were blocked with 5% donkey
serum (#D9663, Sigma-Aldrich) in 0.3% PBS-T at RT for 30 minutes. Sections were then
incubated with primary antibody diluted in blocking buffer overnight at 4C. Following primary
antibody incubation, sections were washed 3X with 0.3% PBS-T and incubated with secondary
antibody diluted in blocking buffer for 2 hours at RT. Sections were then washed 3X with 0.3%
PBS-T, dried, and coverslips were mounted. Primary antibodies used in this study were: mouse
anti-human TMEM119 (Novus Biologicals, #NBP2-76985, 1:200), goat anti-human AREG (R&D
Systems, #AF262, 10ug/mL), GFAP-Cy3 (Sigma, #C9205, 1:500), and goat anti-human IL-33
(R&D Systems, #AF3625). Secondary antibodies used in this study were: Goat anti-mouse 1gG
(H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 405 (Thermo Fisher, #A-31553),
Donkey anti-goat IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 488 (Invitrogen,
#A-11055) both used at 1:500. Secondary antibodies were stained sequentially followed by 7X
washes with PBS-T (anti-goat then anti-mouse) to avoid cross-reactivity. Human brain tissue was

obtained from patients diagnosed with clinical and neuropathological MS diagnosis according to



the revised 2017 McDonald’s criteria (83). Tissue samples were collected from healthy donors and
MS patients with full ethical approval and informed consent as approved by the local ethics
committee from the Centre de Recherche du Centre Hospitalier de I’Universit¢ de Montréal
(CRCHUM) under ethical approval number BH07.001, Nagano 20.332-YP. Autopsy samples
were preserved and lesions classified using luxol fast blue/H&E staining as previously published

(84, 85).

FACS analysis of T cells

To analyze T cell populations, CNS and splenic cell suspensions were stimulated with 50
ng/mL phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich, #P8139), 1 uM Ionomycin (Sigma-
Aldrich, # 13909-1ML), GolgiStop (BD Biosciences, #554724, 1:1500) and GolgiPlug (BD
Biosciences, #555029, 1:1500) diluted in T cell culture medium (RPMI (Life Technologies,
#11875119) containing 10% FBS, 1% penicillin/streptomycin, 50 pM 2-metcaptoethanol (Sigma-
Aldrich, #M6250), and 1% non-essential amino acids (Life Technologies, #11140050)). After 4
hours, cell suspensions were washed with 0.5% BSA, 2 mM EDTA in 1X PBS and incubated with
surface antibodies and a live/dead cell marker on ice. After 30 min, cells were washed with 0.5%
BSA, 2mM EDTA in 1X PBS and fixed according to the manufacturer’s protocol of an
intracellular labeling kit (eBiosciences, #00-5523-00). Surface antibodies used in this study were:
BUV661 anti-mouse CD45 (BD Biosciences, #565079, 1:100), BV750 anti-mouse CD3
(Biolegend, #100249, 1:50), PE-Cy7 anti-mouse CD4 (eBioscience, #25-0041-82, 1:100), BV785
anti-mouse CD11b (BD Biosciences, #101243, 1:100), BV570 anti-mouse Ly6C (Biolegend,
#128030, 1:100), BUV805 anti-mouse CD8a (BD Bioscience, #564920, 1:100), BUV563 anti-

mouse Ly6G (BD Biosciences, #565707, 1:100), BUV737 anti-mouse CD11c (BD Biosciences,



#612797, 1:100), Pe/Cy5 anti-mouse CD44 (BioLegend, #103010, 1:100), Intracellular antibodies
were: APC anti-mouse IFN-y (BD Biosciences, #554413, 1:100), PE anti-mouse IL-17A
(eBiosciences, #12-7177-81, 1:100), BV421 anti-mouse GM-CSF (BD Biosciences, #564747,
1:100), FITC anti-mouse FoxP3 (eBiosciences, #11-5773-82, 1:100), biotinylated anti-mouse
Areg (R&D Systems, #BAF989, 1:400), APC streptavidin (Biolegend, #405207, 1:500). AREG
staining was performed as described previously (42). Gating of CNS and splenic cells was
performed on >50,000 live CD3"CD4" cells. FACs was performed on a Symphony A5 (BD

Biosciences).

Isolation, culture, and stimulation of human primary astrocytes

Human fetal astrocytes were isolated from human CNS tissue (cerebral hemispheres) from
fetuses at 17-23 weeks of gestation obtained from the Laboratory of Developmental Biology
(Eunice Kennedy Shriver National Institute of Child Health and Human Development, project
number: SR24HD000836) following Canadian Institutes of Health Research—approved guidelines
and cultured as previously described (/7-13, 30). Astrocyte cultures were obtained by dissociation
of the fetal CNS with 0.25% trypsin (Thermo Fisher Scientific, #25200-072) and 50 pg/mL DNase
I (Roche, #10104159001) followed by mechanical dissociation. After washing, the cell suspension
was plated at a concentration of 3-5*10° cells/mL on poly-L-lysine (Sigma-Aldrich, #P4707) pre-
coated 75 cm? flasks in DMEM supplemented with 10% FCS (#SH3007303, Fisher Scientific) and
penicillin/streptomycin. To obtain pure astrocytes, the mixed CNS cell culture (containing
astrocytes, microglia, and neurons) was passaged upon confluency, starting at 2 weeks post-
isolation, using 0.25% trypsin-EDTA (Thermo Fisher Scientific, #25200-072). Human fetal

astrocytes were passaged 2-4 times and purity (>90%) was determined by immunostaining using



rabbit anti-GFAP (Roche, #05269784001, 1:100) followed by goat anti-rabbit Texas Red IgG
(Thermo Fisher Scientific, #T-2767, 1:100). The following compounds were used: 50 pg/ml
poly(I:C) and human amphiregulin (R&D Systems, #262-AR-100). Cells were stimulated for 8

hours, cells were lysed in RLT buffer (Qiagen), and RNA processed analogous to mouse studies.

Bulk RNA-sequencing

Sorted cells were lysed and RNA isolated using the Qiagen RNeasy Micro kit (Qiagen,
#74004) with on-column DNase I digestion (Qiagen, #79254). RNA was suspended in 10 pL of
nuclease free water at 0.5-1 ng/puL and sequenced using SMARTSeq2(86) at the Broad Institute
Technology Labs and the Broad Genomics Platform. Alternatively, bulk RNA was isolated from
cells using the PicoPure RNA Isolation Kit (Thermo Fisher, #K1T0204) with on-column DNase
digestion. RNA was then used as input with the NEBNext Low Input RNA Library Prep Kit (NEB,
#E6420) according to the manufacturer’s protocol. Reverse transcription was performed according
to the SMART protocol using a template switching oligo. Then, cDNA was amplified and cleaned
using Ampure XP beads (Beckman-Coulter, #A63881) and quantified using a Bioanalyzer DNA
HS assay (Agilent, #50674626). Libraries were then fragmented, end-repaired, and ligated to
[llumina compatible adaptors followed by sample barcoding using NEBNext Multiplex Oligos for
[lumina (#E7335S, #E75008S, #7710S, #E7730S). Samples were selected again using Ampure XP
beads and quantified using a Bioanalyzer. Libraries were quantified using a Kapa Library
Quantification Kit (Kapa Biosystems, #KK4824) and run on an Illumina NextSeq550. Processed
RNA-seq data was filtered by removing genes with low read counts. Read counts were normalized
using TMM normalization and CPM (counts per million) were calculated to create a matrix of

normalized expression values. The fastq files of each RNA-seq data sample were aligned to the



Mus musculus GRCm38 transcriptome using Kallisto (v0.46.1), and the same software was used
to quantify the alignment results. Differential expression analysis was conducted using DESeq2,

and the log2 fold change was adjusted using apeGLM for downstream analysis.

scRNA-seq analysis

For newly generated scRNA-seq data, multiplexed single cell datasets were processed
using the CellRanger Pipeline ‘multi’ function to demultiplex and quantify samples (87). The
filtered count matrix generated by CellRanger was used in the downstream analysis. Scrublet (85)
was used to detect doublets in each sample. After detecting and removing doublets, cells in which
we detected <500 or >2500 genes, >10,000 transcripts, or >25% mitochondrial content were
filtered out before the analysis. The data were normalized using the negative binomial regression
model with the top 4000 variable genes. Percentage mitochondrial content was regressed out in
the normalization and scaling process (89). For analysis of a previously published dataset
containing human microglia in MS and controls (33), fastq-files were processed using CellRanger
Count using default settings. Seurat was used to cluster cells (90). Clusters expressing astrocyte
markers from previous scRNA-seq studies were retained, with one cluster removed from
downstream analyses. Cell type gene expression signature was calculated by using the following
genes: astrocytes (Aldhlll, Aldoc, Apoe, Aqp4, Cd81, Gfap, Mfge8, S100b, Slcla2, and Sicla3);
oligodendrocytes (Mag, Mbp, and Mog); neurons (Map2, Syt1, and Tubb3); microglia (Itgax, Spp1,
Fam20c, Gpnmb, Apocl, Fnl, Cxcr4). To study the activation of IL-33 signaling in microglia,
previously reported IL-33 signature genes were obtained (9/) and a module signature score was
calculated using the AddModuleScore in Seurat (90). All downstream differential expression

analyses were conducted using MAST (92).



Bioinformatic analyses

Bioinformatic analysis of predicted upstream regulators and differentially regulated
pathways was performed using Ingenuity Pathway Analysis (Qiagen) and gene set enrichment
analysis (93). Gene sets used for signature scores are indicated in the corresponding figure.
Previously published datasets were analyzed from the following studies at their respective

accession numbers (72, 27, 33-35, 78). Venn diagram was created using nVenn (94).
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Fig. S1: Analysis of droplet stability. (A) Micrographs of droplets containing DMEM with (top)
or without (bottom) phenol red. DMEM without phenol red was used for all SPEAC-seq studies.
(B) Analysis of droplet leakage by fluorescence microscopy. Two independent droplet pools were
generated, one containing HEX dye, and the other containing Cy5 dye. Droplet pools were mixed
and cultured for 24-hours to assess dye leakage, which showed negligible leak. (C) Scatterplot
quantifying dye leakage between droplets showing approximately 1:2,000 droplets contains both

dyes in phenol red-free media after 24 hours of culture at 37C.
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Fig. S2: Microfluidic devices for cell pairing in droplets and droplet sorting. (A) Schematic
of cell encapsulation co-flow device showing the location of cell and oil inlets. This device was
used to encapsulate two distinct cell populations, those expressing: (i) a reporter and (ii) a
perturbation derived from a CRISPR/Cas9 lentivirus library. Soluble factors (TNFa, IL-1p) were
added using a central channel when desired. (B) Images of the co-flow device encapsulating cells
(left), and the resulting droplets (right). (C) Schematic of the concentric droplet sorter showing the
location of reinjected droplets, bias oil, sort electrode, and outlet channels. (D) Custom droplet
cytometer and software for detecting, gating, and sorting drops containing cell pairs based on

fluorescence.
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Fig. S3: Stimulation and monitoring of p65£¢FF astrocytes in droplets. (A) Representative
images of primary astrocytes stained with calcein. Left picture: calcein is contained inside a live
cell 4-hours post-encapsulation. Right picture: calcein leaks out of a dead cell 24 hours post-
encapsulation. Quantification of primary astrocyte survival in droplets over a period of 72 hours.
Calcein-stained cells were encapsulated in droplets, cultured for the indicated period of time, drops
were broken, and cells were analyzed by FACS to measure the fraction of live cells. (B) Droplet

SEGEP reporter astrocytes with 107! pg/mL

cytometry of EGFP* droplets following stimulation of p6.
(left) or 107 pg/mL (middle) TNFa and IL-1p at 24 hours post-encapsulation. Right: frequency of
EGFP* droplets as a function of TNFa and IL-1f concentration. (C) Analysis of pro-inflammatory
cytokine expression upon a 24-h pre-stimulation with a subthreshold dose of IL-1B/TNFa (0.1
pg/mL) with or without subsequent IL-6 or GM-CSF stimulation. n=5-6 per condition. Unpaired
two-tailed t-test. (D) Quantification of IL-1 and TNFa by ELISA in media conditioned by LPS-
activated microglia. n=3 per group. Unpaired two-tailed t-test. (E) Frequency of EGFP" droplets

following co-incubation of sub-threshold stimulated or unstimulated p65E°f? astrocytes with

microglia conditioned media or control media at 4-, 9- and 24-hours post-encapsulation.
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Fig. S4: Sorting interacting cells in droplets. (A) Time lapse images of the droplet sorter
detecting and sorting cell pairs in droplets. (B) Frequency of EGFP+ droplets following co-
incubation of p65£°TF reporter astrocytes with LPS-pre-stimulated or unstimulated macrophages
4-, 24- and 48-hours post-encapsulation. (C) Principal component analysis of primary mouse
microglia stimulated with LPS in plates or droplets. n=3-4 per group. (D-H) Analysis of microglial
phagocytic pathways by PCA (D) or GSEA (E-H) in transduced or non-transduced microglia (D)
or puromycin- or vehicle-treated primary mouse microglia (E) analyzed by RNA-seq. n=3 per

group.
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Control pathway analyses of astrocytes co-encapsulated with microglia (Fig. 2)
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Fig. SS: Droplet screening control data. (A-F) Droplet cytometry plots showing the gating
strategy for unstimulated or non-targeting controls (A-B) and experimental (C) macrophage
conditions as well as unstimulated or non-targeting controls (D-E) and experimental (F) microglia
conditions at 24-hours post-encapsulation. Left gate: EGFP+ cells. Right gate: paired cells in
droplets. (G) Quantification of the relative activation of reporter cells in droplets containing cell
pairs that consist of macrophages or microglia together with astrocytes. (H) Analysis of anti-
inflammatory pathways differentially activated in EGFP+ versus EGFP- fractions of p65£¢t?
reporter astrocytes co-encapsulated with a perturbed microglial cell. (I) Predicted upstream
regulators and their transcriptional modules differentially expressed in EGFP+ versus EGFP-
fractions of p65ECFT reporter astrocytes co-encapsulated with a perturbed microglial cell. (J)
Scatterplot of the number of guides detected and the number of drops sorted for SPEAC-seq
experiments. n=9 experiments. (K) Quantification of fold enrichment of non-targeting sgRNAs
detected in each of the EGFP+ or EGFP- fractions of p65£6fT reporter astrocytes co-encapsulated

with a perturbed microglial cell. n=17-26 sgRNAs per group. Unpaired two-tailed t-test.
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Fig. S6: Droplet CRISPR screens with p65£¢F? reporter astrocytes. (A-C) Left: Identification
of genes in positive (EGFP+) droplets. Middle: Schematic of the stimulation and pairing scheme.
Right: Gene ontology analysis of hits identified in each screen. p65E°? reporter astrocytes were
incubated under the following conditions. Partner cells were transduced with a genome-wide
CRISPR/Cas9 lentiviral library: (A) stimulated bone marrow-derived macrophages (24-hr of 100
ng/mL LPS-EB); (B) stimulated (24hr of 100 ng/mL TNFa/IL-1f) astrocytes; (C) stimulated bone

marrow-derived macrophages (24-hr of 100 ng/mL LPS-EB).
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Fig. S7: Validation of microglial SPEAC-seq hits in independent datasets. (A) Venn diagram
depicting the overlap of filtered SPEAC-seq hits filtered based on RNA expression from Fig. 2F
with 4 independent bulk or single-cell RNA-seq datasets of microglia that were previously
published (27, 34, 35, 78). (B-C) Analysis of gene expression for the candidate factors Areg, Fgll,
Pnoc, and Nrtn obtained by Guttenplan et al., in (78) (n=3 per group) or analyzed in this study
(n=4 per group). (D) Quantification of PNOC and NRTN in TMEM 119+ cells in naive mice spinal

cords. n=6 images from N=3 mice.
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Fig. S8: Control analyses for Perturb-seq experiments. (A) Flow cytometry schematic used to
sort EGFP+ astrocytes. (B) Cell type signature scores for barcode-expressing Perturb-seq cells.
(C) Workflow for amplifying and detecting EGFP barcodes associated with a perturbation. (D)
Predicted regulatory networks for IL-1B/TNFa as a function of each receptor perturbation in
astrocyte Perturb-seq experiments. Please note the activation of IL-13/TNFa signaling is highest
when sgEgfr is perturbed. (E) Bioinformatic validation of Egfr knockdown in sgEgfr-perturbed

cells. (F) Legend for all IPA diagrams contained in this study.
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Fig. S9: Receptor expression in astrocytes in EAE and MS. (A-B) Expression of each perturbed
receptor in astrocytes (n=25 mice) during EAE (A) and in MS or control patients (n=48) (B)
previously reported in (27), shown as overall tSNE plots (left) or in pseudobulk analyses by patient

(right).
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Fig. S10: Areg+ and Tgfa+ microglia are differentially regulated. (A) Analysis of AREG+
TMEM119+ microglia across the spinal cord by immunostaining. n=6 images from N=3 mice.
Unpaired two-tailed t-test. (B) Quantification of 7gfa expression in microglia and astrocytes
isolated from naive or EAE mice. n=5 per group. Unpaired two-tailed t-test. (C) Areg or Tgfa
expression shown by pseuodobulk in microglia/macrophages over the course of EAE previously
reported in (27). (D) Gene expression differences in Areg+ and 7gfa+ microglia interacting with
astrocytes detected by RABID-seq previously reported in (/2). (E-G) Analysis of pro-
inflammatory cytokine expression in primary serum-free mouse (E), serum-containing mouse (F),
or primary human astrocytes (G) as a function of cytokine and AREG treatment. n=3-9 per group.
Unpaired two-tailed t-test. (H) Principal component analysis of astrocytes treated with AREG or
vehicle in adherent culture, droplets, or intracranial injection and analyzed by RNA-seq. n=3 per
group. (I) Analysis of astrocyte transcriptional responses to 10 ng/mL. AREG in plates versus
droplets. Data analyzed by calculating fold change of each treatment relative to control then testing
for mean differences of each fold change. Wilcoxon signed-rank test. (J-K) GSEA analysis and
heatmaps of AREG-treated astrocytes in droplets (I) or plates (J) showing comparable anti-

inflammatory properties.
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Fig. S11: Control analyses of the immune response following Areg knockdown. (A)
Demonstration of sg4reg knockdown specificity in microglia compared to astrocytes. n=3-4 per
group. Unpaired two-tailed t-test. (B-D) Quantification of astrocytes, microglia, and CNS-
recruited monocytes (B), CNS-recruited (C) and splenic (D) T cells following sgAreg knockdown.
n=4 per group. Unpaired two-tailed t-test. (E-F) RNA-seq analyses show increased inflammatory
signatures in sgAreg-targeted microglia compared with controls. n=3 mice per group. (G) In vivo
genetic perturbation screening of Fgl/l, Nrtn, and Pnoc in microglia using an /tgam-driven Cas9-

2A-EGFP lentiviral vector.



B (o4
@ Areg(f) @ Areg(+/+)
5 @ cDamacko” @ Aregi-) 170037 .
+
+
g
2
o [ <
52 g
Q (5]
0 (7]
w w
< <
w w
1
1 —_
0
<
>
<
<
0 0
5 10 15
Time after |mmun|zat|on days Time after immunization (days)
Astrocyte Microglia Monocyte
2500000 800007 400004  P=oen @ Areg(+/+)
P=00592 kit o @ Areg(--)
i ° ° o
) 2000000 » 60000 © 30000
[} [0 [7}
2 1500000 et ® 0o ©
° 2 40000 2 20000
[} ) [0} [}
2 1000000 2 9
E € £ °
= Z 20000 Z 10000
Z 500000 z
0- 0- 0-
CNS CD4* T cells
200000 20000+ 20000, 2% 150000+ 40007 poou @ Aregiris)
ProeE P=02461 ° L] p=01134 @ — -
) ° » ) » - z Py @ Areg(--)
] ° ] 5 ° 8
O 150000 3 15000 ® S 15000 8 & 3000 ®e
E & < % 100000 7
) 3 < it 2
O 100000+ L 10000+ = 10000 = g 2000+
5 L4 k] [ k] S -
2 [ ] o s} [ ]
3 g 3 & 50000 ©, e
£ 50000+ £ 5000 € 50004 ®| € S 1000{ | @
=1 = =1 2 L g [ ]
z =z =z Y >
0 0 0 ‘ 0 : . 0 .
Splenic CD4* T cells
15000000 1500000  P=00126 1000000 100000007 ~ 2=0%% 2500007  pogrome @ Areg(++)
P P=00195 P ° @ P=02850 P ° % o @Argh
Q e 8 . S 800000 e g © 200000
— N . N [ ®
% 10000000 & 10000001 o < e ) oo
< g ™ 600000+ 2 6000000 Q 150000+
[a] o [ ]
3] b £ = °o| = oo =
— [ - ° 5 ]
3 S S 400000 ° % 100000
@ 50000001 @ 500000- o] g °
8 o o = F
E E E 200000 5 2000000 € 50000+
z z z =z é
0- 0- 0 . ; 0 ; ; 0-
I1b 16 H I1b 1I6 cel2
_ 169 m. 67 p-ooms 107 pP-ou 5 R _ 6y Pmoowr @ Areg(+/+) microglia
g ° g ° 3 o ° 3 1 — :!-5, ] ® Areg(-/-) microglia
c 144 c c c c O Areg(+/+) astrocyte
S S 4 S S S 44
@ A & 69 2 34 2 @ Areg(-/-) astrocyte
O 4, °® 4] o o o s
212 L et o
=% =% ° S % ° <3 o
X ° x [ ) X 44 X 9] 5
) ° ) ) o )
o o 21 o o o 21
2 1.09 2 2 L4 2 o 2
B © ° 8 29 5 X o
@ & & o & 4
0.8 . o1 . o1 . ol . R .




Fig. S12: Analysis of Areg germline KO mice. (A) EAE curve of Cd4::Areg(f/f) mice and
Areg(f/f) controls. n=5-6 per group. Two-way repeated measures ANOVA. (B) EAE curve of
Areg-/- mice n=7-9 per group. Two-way repeated measures ANOVA. (C) Validation of AREG
KO by immunostaining. (D-F) Quantification of astrocytes, microglia, and CNS-recruited
monocytes (D) as well as CNS-recruited (E) and splenic (F) T cells. n=5 per group. Unpaired two-
tailed t-test. (G-H) Analysis by qPCR of pro-inflammatory gene expression in microglia (G) and

astrocytes (H) isolated from Areg-/- mice. n=4 per group. Unpaired two-tailed t-test.
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Fig. S13: Control of CNS inflammation by microglial ST2 signaling. (A) qPCR analysis of
genes induced by IL-33 signaling. n=5 per group. Unpaired two-tailed t-test. (B) Immunostaining
of ST2 in microglia demonstrating knockout in Cx3cri::CreERT2;1l1rl1(f/f) mice. Representative
image from N=3 mice. (C-E) Quantification of astrocytes, microglia, and CNS-recruited
monocytes (C) as well as CNS-recruited (D) and splenic (E) T cells. n=3 per group. Unpaired two-
tailed t-test. (F) RNA-seq analysis of microglia isolated from Cx3crl::CreERT2;1l1rl1(f/f) mice.

n=3 per group.
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Fig. S14: Control analyses of Gfap::Cre;1133(f/f) EAE mice. (A) Analysis of //33 expression by
qPCR in astrocytes or microglia isolated from EAE mice. n=5 per group. Unpaired two-tailed t-
test. (B) Immunostaining of IL-33 in astrocytes demonstrating knockout in Gfap::Cre;1I33(f/f)
mice. Representative image from N=3 mice. (C) Quantification of TMEM119+ cells in the spinal
cord of naive or EAE mice. n=6 images per group from N=3 mice. Unpaired two-tailed t-test. (D)
Quantification of P2RY 12+ AREG+ microglia in the spinal cord across EAE. n=6 images per
group from N=3 mice. Unpaired two-tailed t-test. (E) Quantification of the number of AREG+
Ibal+ cells in naive or EAE mice. n=6 images from N=3 mice per group. Unpaired two-tailed t-
test. (F) Quantification of the number of P2RY 12+ cells within TMEM119+ cells in the spinal
cord. n=6 images per group from N=3 mice. Unpaired two-tailed t-test. (G-I) Quantification of
astrocytes, microglia, and CNS-recruited monocytes (G) (n=7 per group) as well as CNS-recruited
(H) and splenic (I) T cells (n=3-4 per group). Unpaired two-tailed t-test. (J) Quantification of the
number of CNS-recruited AREG+ FoxP3+ Tregs from Gfap::Cre;1133(f/f) mice or controls. n=5
per group. Unpaired two-tailed t-test. (K) Analysis of AREG expression by MFI in CNS-recruited

Tregs from Gfap::Cre; 1133(f/f) mice or controls. n=5 per group. Unpaired two-tailed t-test.
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Fig. S15: IL-33-ST2 signaling is dysregulated in MS. (A) Feature plot of /L33 in astrocytes
isolated from MS patients or controls (n=48) previously reported in (27). (B) Quantification of
IL33 expression in MS or controls by pseudobulk analysis. (C) Quantification of /L33 expression
in primary human fetal astrocytes by RNA-seq. n=9 per gene. (D) Analysis of an /L33 signature
in microglia analyzed from MS patients and controls previously studied in (33). (E) Validation of
IL-33-driven pathways detected in MS patient and control microglia from (33) exhibiting the
highest 10% versus lowest 10% IL-33 signaling, using a signature score for IL-33 previously
reported in (97). (F) Negative association of EGFR signature score with NF-kB signaling analyzed
in MS and control astrocytes previously studied in (27). (G) Quantification of EGFR expression

in control or MS patient astrocytes from (A).



CRISPR/Cas9 perturbed
and transgenic reporter cells High throughput microfluidic pairing Two-cell incubation Droplet sorting

@ o
@0000000
0000000000 @
OOOOOOOOOOOO ®

OOOOOOOOOOOOOOOO
O 000000000000000000 O
0000000000 @00000 o
00000000 00OO00 o
000000000000 o
0000000000 00000
@®0000000 0000

AREG

Log(FoldChange)

sgRNA rank

o ©
Ligands o o % J== Receptors
o ©

Reporter
OFF




Fig. S16: Graphical abstract. (A) Schematic of SPEAC-seq platform for forward genetic screens
of cell-cell interaction mechanisms in droplets. (B) Identification of genes that mediate astrocyte-
microglia communication. (C) Proposed astrocyte-microglia regulatory circuit mediated by

amphiregulin and IL33-ST2 signaling.



Movie S1: Sorting of cell pairs in droplets. Droplets containing varying numbers of cells flow
from inlet (first channel from left) into sorting microfluidic chamber co-flowed with bias oil
(second channel from left) where a central electrode triggers their entry into either a positive sort
channel (third channel from left) or a waste channel (fourth channel from left). Note the entry of a

two-cell containing droplet into the positive sort channel. Video speed is 5 frames/second.

Data S1 (separate file)
Differential gene expression analysis of primary mouse microglia in droplets treated with LPS

versus vehicle-treated cells.

Data S2 (separate file)
Differential gene expression analysis of primary mouse microglia in adherent culture treated with

LPS versus vehicle-treated cells.

Data S3 (separate file)

SPEAC-seq hits filtered against gene expression determined by RNA-seq of primary mouse
microglia. This experiment analyzed EGFP+ versus EGFP- droplets containing p652*" astrocytes
pre-treated with a subthreshold dose of 107 TNFo/IL-1p that were co-encapsulated with microglia

transduced with a genome-wide CRISPR/Cas9 library and stimulated for 24 hours with LPS.

Data S4 (separate file)
SPEAC-seq hits detected in the indicated perturbed cell co-encapsulated with p65£67" astrocytes

from the indicated screens in Fig. S6.



Data S5 (separate file)
Analysis of the average gene expression of the SPEAC-seq hits uncovered in microglia detected

in the indicated previously published studies of bulk or single-cell RNA-seq data.

Data Sé6 (separate file)

Genes detected in the regulatory networks corresponding to the indicated Figure panels.

Data S7 (separate file)

Analysis by RNA-seq of primary mouse astrocytes treated with AREG +/- 10 ng/mL IL-1p/TNFa.

Data S8 (separate file)
Analysis by RNA-seq of primary mouse astrocytes cultured in droplets and co-encapsulated with

AREG.

Data S9 (separate file)

Analysis by RNA-seq of primary mouse astrocytes in adherent cultured and treated with AREG.

Data S10 (separate file)
Analysis by RNA-seq of primary mouse astrocytes isolated by flow cytometry following

intracranial injection of AREG into the CNS.



Data S11 (separate file)

Gene expression fold changes in astrocytes treated with 10 ng/mL AREG in plates versus
astrocytes treated with 10 ng/mL AREG in droplets. Statistical values were generated by
normalizing the average of each gene fold change versus the mean control value within conditions,

and then testing for the difference between conditions by Wilcoxon signed-rank test.

Data S12 (separate file)
Differentially expressed genes in microglia isolated from ltgam.:sgAreg EAE mice compared

against Itgam::sgScrmbl EAE mice.

Data S13 (separate file)
Differentially expressed genes in TdTomato+ astrocytes isolated from ltgam::sgAreg EAE
Aldhlll::CreERT2;TdTomato(f/+)  mice compared against [ltgam::sgScrmbl  EAE

Aldhlll::CreERT2;TdTomato(f/+) mice.

Data S14 (separate file)
Differentially expressed genes in astrocytes isolated from Cx3crl::CreERT2;111rl1(f/f) EAE mice

compared against ///rl1(f/f) EAE mice.

Data S15 (separate file)
Differentially expressed genes in microglia isolated from Cx3cri::CreERT2;1l1rl1(f/f) EAE mice

compared against ///rl1(f/f) EAE mice.



Data S16 (separate file)
Differentially expressed genes in microglia isolated from Gfap::Cre;1133(f/f) EAE mice compared

against //33(f/f) EAE mice.

Data S17 (separate file)
List of pathways detected in human microglia from MS patients or controls exhibiting an I1L-33

signature score in the top 10% or bottom 10%.
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