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Epithelial miR-141 regulates IL-13-induced airway mucus production
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Supplementary methods

Cell culture conditions

Culture plates and inserts were precoated with human placental collagen (15 pg/cm?) (1).
Human bronchial epithelial cells (HBECs) were seeded in medium that consisted of a 3:1
ratio of F12 and DMEM (MediaTech, ThermoFisher Scientific, Emeryville, CA) and was
supplemented with 5% heat inactivated FBS, 100 U/ml penicillin, 100 pg/ml streptomycin, 10
ug/ml gentamicin, 250 ng/ml fungizone (UCSF Cell Culture Facility, San Francisco, CA), 5
ug/ml bovine insulin, 8.4 ng/ml cholera toxin, 25 ng/ml hydrocortisone (Sigma-Aldrich, St.
Louis, MO) and 10 ng/ml rh-EGF (Atlanta Biologicals, Flowery Branch, GA). Rho-associated
protein kinase inhibitor Y-27632 (10 uM, ‘ROCK inhibitor’, Enzo Life Sciences,

Farmingdale, NY) was added right before use. Culture medium used for cells grown at air-
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liquid-interface (ALI) consisted of 1:1 ratio of LHC Basal Medium and DMEM supplemented
with 0.5 mg/ml BSA, 0.24 mg protein/ml BPE, 5 pg/ml bovine insulin, 10 pg/ml transferrin,
0.1 uM hydrocortisone (Sigma-Aldrich), 0.01 uM triiodothyronine, 2.7 UM epinephrine, 0.5
ng/ml rh-EGF (Atlanta Biologicals), 0.05 uM retinoic acid, 0.5 uM phosphorylethanolamine,
0.5 UM ethanolamine, 3 uM zinc sulfate, 100 U/ml penicillin, 100 pg/ml streptomycin and 2

mM L-glutamine (UCSF Cell Culture Facility).

Preparation of crRNAs

crRNAs were resuspended in 150 mM KCI and 10 mM Tris-HCI, pH 7.4. We prepared the
ribonucleoprotein (RNP) complex by first incubating 160 uM, 1 pL of crRNA (Dharmacon,
Lafayette, CO) with 160 uM, 1 puL tracrRNA, at 37°C for 30 min yielding 80 uM gRNA. The
80 uM gRNA was then added 1:1 with 40 pM, 2 pL rCas9, recombinant Cas9 (MacroLab,
Berkeley, CA), yielding 20 uM RNP, which was incubated at 37°C for 15 min. An
electroporation enhancer DNA oligonucleotide (100 uM, 1 puL) was added to the RNP to

enhance efficiency of the delivery of the complex to the cells (2).

Preparation of HBECs for flow cytometry

ALl cultured HBECs were harvested on day 28 for analysis by flow cytometry. At harvest, 10
mM DTT (ThermoFisher Scientific) in PBS with Ca?*Mg?* (Corning, Corning, NY) was
added to the apical compartment and incubated for 10 min at 37°C. DTT wash was collected
for dot blot analysis (described below). Cells were washes with PBS, then incubated for a
maximum of 15 min at 37°C in 0.25% trypsin with 2.21 mM EDTA (Corning) which was
added to the apical and basolateral compartments. Cell culture medium containing 5% FBS

was added to neutralize the enzymatic activity and cells were washed in PBS followed by
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fixation in 4% PFA (ThermoFisher Scientific) for 8 min on ice. Cells were washed in PBS

and finally resuspended in plain PBS and stored at -80°C until analysis.

Secreted MUCS5AC by dot blot

At harvest, the apical compartment of ALI cultured HBECs were washed with 10 mM DTT
for 10 minutes at 37°C. The washes were stored at -80°C until analysis. Dot blot was adapted
from the slot blot technique described earlier (3) and as performed previously (4). Following
thawing, samples were diluted and spotted on to nitrocellulose. The membrane was allowed to
dry, blocked in 4% milk, then stained with an anti-MUCS5AC primary antibody (MAN-5ACI;
gift from David J. Thornton, University of Manchester, Manchester, UK) (5). The blot was
subsequently incubated with a HRP conjugated anti-rabbit secondary antibody and detected

using TMB peroxidase substrate (\Vector).

Histologic staining and immunofluorescence

6.5 mm ALI filters inserts were collected day 28 and placed in Carnoy’s solution (6:3:1 ratios
of methanol, chloroform, glacial acetic acid) for 30 min at RT as described previously (4).
Briefly, filters were washed in concentrated methanol (2x20 min) followed by 4-5 washes in
PBS. The filters were embedded in paraffin and cut in 5 pm sections that were later stained
with Hematoxylin and Eosin (H&E), AB-PAS and fluorescent antibodies. H&E staining and
AB-PAS staining was performed on deparaffinized sections according to standard protocol as
previously described (6). Sections were hydrated and AB-PAS stained sections were placed in
3% acetic acid for 3 min followed by 1% alcian blue pH 2.5 for 30 min. Sections were then
washed in tap water followed by DI water. 10 min incubation in 1% periodic acid was used to
oxidize the sections, they were then washed in tap water and DI water. Sections were placed

in Shiff’s reagent for 20 min followed by 10 min wash in tap water and 30 sec incubation in

3
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Mayer’s Hematoxylin. 1 min wash in tap water was followed by 10 sec incubation in lithium
carbonate. Sections were dehydrated according to standard protocol and mounted using
Cytoseal™ (ThermoFisher Scientific).

Immunofluorescence staining was done as previously described (6) using primary
antibodies mouse monoclonal anti-MUCS5AC (1:200 dilution) and rabbit polyclonal anti-
MUCS5B (1:200 dilution). After washing, slides where incubated with secondary antibodies
Alexa Fluor® 488 goat anti-mouse and Alexa Fluor® 647 goat anti-rabbit (at 1:200 dilution
for 2h, Jackson ImmunoResearch Laboratories, West Grove, PA) DAPI was used to stain

nuclei.

Periodic-Acid Schiff (PAS) staining

Lung tissue from allergen-challenged mice treated with mmu-miR-141-3p antagomir or
scrambled antagomir and saline-challenged control mice was fixed in formalin and processed
as previously described (7). Assessment of PAS™ cells was performed on blinded lung tissue
sections and analyzed using Image J Software (NIH, LOCI, University of Wisconsin).
Airways with a basement perimeter (Psm) >0.80 mm were considered as central airways
(‘large airways”) and a Psm <0.80 mm was considered peripheral airways (‘small airways”)

and was based on a previous report (8).

Analysis of miR-141 gene targets

DIANA-microT (9,10) was used to obtain genomic coordinates of mmu-miR-141-3p binding
sites of target genes predicted by TargetScan v.7.2 (8mer, 7merM8 and 7merAl motifs).
CLEAR-CLIP sequencing data was downloaded from the Gene Expression Omnibus (GEO)
at GSE102716, published by Bjerke and Yi 2020 (11). Perfect overlap of genomic target sites

and CLEAR-CLIP miR-141-3p peaks in wild type or miR-200 family induced epithelial cells,



108  and absence of miR-141-3p CLEAR-CLIP peak in miR-200 family deficient cells were

109  considered experimentally confirmed miR-141 targets.

110
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gcaccgtagttctctgtcggecggecctgggtecatcttecagtacagtgttggatggtctaattgtgaagetec taacactgtetggtaaagatggeteccgggtgggttctetegg

cgtggcatcaagagacagccggccgggacccaggtagaaggtcatgtcacaacctaccagattaacacttcgagg at[g[gacagacca(ttctaécgagggcccacccaagagagcc
L gRNA-1 ] miR-141-5p > [ miR-141-3p

S oRwA3

D ORNA2 |
Supplementary Figure S1. CRISPR gRNA design for targeted knockdown of MIR141
gene.
Human miR-141 stem loop is highlighted in black, mature hsa-miR-141-5p and hsa-miR-141-
3p regions within the stem loop are highlighted in light grey and three CRISPR guide RNAS
(GRNA-1, gRNA-2, gRNA-3) are shown in dark grey. Guide sequences are provided in
supplementary Table S4.
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121 Supplementary Figure S2. Targeting efficiency and TagMan gPCR.

122 A: Targeting efficiency of MIR141 gRNAs assessed by Sanger DNA sequencing and ICE

123 Synthego analysis (n=9 unique HBEC donors). B: Expression level of miR-141/200 family
124  miRNAs (except hsa-miR-141, shown in Fig 2D) by TagMan gPCR following administration
125  of MIR141-targeting versus non-targeting (NT) gRNAs normalized to reference miRNAs hsa-
126 miR-103a-3p and hsa-miR-191-5p (‘Ref’).
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Supplementary Figure S3. Expression levels of miR-141/200 family miRNAs correlate

with distinct epithelial subsets.

Frequency of ciliated cells (acetylated a-tubulin“NGFR"), basal cells (acetylated a-tubulin®
NGFR"), secretory cells (acetylated a-tubulinNGFR"CEACAMG6'TSPANS™) and mucus-
producing goblet cells (acetylated a-tubulin NGFR"CEACAMG6*TSPAN8*MUCS5ACY)
assessed by Flow cytometry are plotted against the expression level of miR-141/200 family
miRNAs determined by TagMan gPCR. Epithelial cells were grown at air-liquid interface

(ALT) with IL-13. N=8. rp, Pearson correlation coefficient.
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Supplementary Figure S4. Gene set enrichment analysis of ciliated cell gene clusters.
Single cell RNA sequencing analysis of bronchial epithelial brushings obtained from allergic
asthmatic subjects identified distinct epithelial cell clusters. Gene set enrichment analysis of
positively expressed ciliated cell genes in cluster 1, 2 and 3 (provided in Supplementary Table
S3) in HBEC cultures that have undergone gene-editing with non-targeting (NT) or MIR141
gRNA, subsequently grown at air-liquid-interface (ALI) with IL-13 stimulation.
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Supplementary Figure S5. Net effect of miR-141-target gene derepression by IPA
predicts inhibition of MUC5AC expression.

A: Most derepressed miR-141-3p-target genes in HBECs that have undergone gene-editing
with MIR141 gRNAs compared to NT controls belongs to early basal-like and secretory
preparation clusters (determined by pseudotime gene expression analysis (12)). B: Ingenuity
Pathway Analysis (IPA) of connecting derepressed genes (increased activity, red) to
downstream MUCS5AC expression identifies inhibitory (light blue) and activating (yellow)
pathways. Net effect of increased activity of derepressed target genes results in inhibition of
MUCS5AC expression (light blue).
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Supplementary Figure S6. miR-141 target genes broadly detected in epithelial
subpopulations by scRNA-seq.

Gene expression by single cell RNA sequencing of bronchial epithelial brushings obtained
from allergic asthmatic subjects 24h post segmental allergen challenge (n=4) or diluent
control (n=4).
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164  Table S1. Patient demographics TagMan qPCR (Figure 1C-E).

Subject 1 2 3 4 5 6 7
Age 29 24 30 42 18 34 29
Sex F F M F M M F
Race White | Asian | White | White | White | White | White
BMI 257 | 320 | 245 | 256 | 266 | 264 | 384
(kg/m?)

Allergen cat | HOM | HDM | HDM | HDM | HDM | HDM
Serum IgE

aumL 102 | 226 | 30 30 343 | 149 | 68
'(:I_E)Vl 410 | 290 | 376 | 264 | 402 | 425 | 321
FEV1 1166 | 1002 | 797 | 915 | 1108 | 935 | 944
(%)

'(:C;C 462 | 385 | 539 | 349 |548 |657 | 382
FVC 1104 | 1156 | 951 | 984 | 1324 | 1163 | 945
(%)

FeNO 33 20 | 39 32 42 19 18
(ppb)

Blood

Eosinophils | 007 | 016 | 013 | o008 |o006 |o012 | o0.16
(10%/L)

165  Forced expiratory volume in one second, FEV1; Forced vital capacity, FVC; House dust mite,
166 HDM.

167
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168  Table S2. Patient demographics sScRNA-seq (Figure 5A-C; Figure 6; Figure 7F;
169  Supplementary Figure S6; Supplementary Table S3).

Subject 1 2 3 4
Age 42 29 24 18
Sex M F M M
. Declined Black or .

Race White to specify | African American White
BMI
(kg/m?) 18.9 24.8 24.8 26.6
Allergen HDM | Cat HDM HDM
Serum IgE
(IU/mL) 85 433 695 343
FEV1

3.33 2.91 3.98 4.02
(L)
FEV1
(%) 77.2 95.6 112.5 110.8
FvC

5.56 3.74 4.62 5.48
(L)
FvC
(%) 101.8 104.8 111.4 132.4
FeNO

77 9 67 42
(Ppb)
Blood
Eosinophils | 0.19 0.06 0.24 0.06
(10°/L)

170  Forced expiratory volume in one second, FEV1; Forced vital capacity, FVC; House dust mite,
171  HDM.

172
173
174
175

176
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177  Table S3. scRNA-seq clusters (Figure 5A-C; Figure 6; Figure 7F; Supplementary Figure
178  S6).

179  Provided as Excel spreadsheet.

180
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182

Table S4. crRNA sequences.

Name CrRNA target DNA sequence (5°-3°) Manufacturer
Hsa-miR-141-3p gRNA-1 | GGCCGGCCGACAGAGAACTA Dharmacon
Hsa-miR-141-3p gRNA-2 | CTGTACTGGAAGATGGACCC Dharmacon
Hsa-miR-141-3p gRNA-3 | TGTACTGGAAGATGGACCCA Dharmacon
SPDEF-1 GGAGAGCTGGACCGACAGCG Dharmacon
SPDEF-2 ATGAAGCGGCCATAGCTGTG Dharmacon
Non-targeting control (NT) | GATACGTCGGTACCGGACCG Dharmacon

CatalogU-007501-01-05

15




183
184

Table S5. Sequences for PCR primers, DNA sequencing primers, RT-PCR primers and
antagomirs used in the study.

Name

Primer sequence (5°-3°)

Manufacturer

Application

miR-141-Forward

TCGTCTTACCCAGCAGTGTTTG

Integrated DNA
Technologies

Amplification of
target region

Technologies

miR-141-Reverse | ACCTGAATCTCCCACTACTGC Integrated DNA | Amplification of
Technologies target region
SPDEF-Forward CTCACTTGGCAAGAGCATCC Integrated DNA | Amplification of

target region

SPDEF-Reverse

CCATGTCAGATGTCCTCATCTG

Integrated DNA
Technologies

Amplification of
target region

141-3p-Probe

Technologies

miR-141-seq TCTTGAGCTGAGAGCGTTGC Integrated DNA | Sequencing,
Technologies editing efficiency

SPDEF-seq TGTCCCATGAGAGCTGCATA Integrated DNA | Sequencing,
Technologies editing efficiency

hsa/mmu-miR- ACACTCCAGCTGGGTAACACTGTCTGGT | Integrated DNA | miRNA expression

141-3p-Forward AA Technologies

hsa/mmu-miR- CTCAACTGGTGTCGTGGAGTCGGCAATT | Integrated DNA | miRNA expression

141-3p-Reverse CAGTTGAGCCATCTTT Technologies

hsa/mmu-miR- TTCAGTTGAGCCATCTTT Integrated DNA | miRNA expression

hsa-miR-200a-3p-
Forward

ACACTCCAGCTGGGTAACACTGTCTGGT
AA

Integrated DNA
Technologies

mMiRNA expression

hsa-miR-200a-3p-
Reverse

CTCAACTGGTGTCGTGGAGTCGGCAATT
CAGTTGAGACATCGTT

Integrated DNA
Technologies

miRNA expression

hsa-miR-200a-3p-
Probe

TTCAGTTGAGACATCGTT

Integrated DNA
Technologies

miRNA expression

hsa-miR-200b-3p-
Forward

ACACTCCAGCTGGGTAATACTGCCTGGT
AA

Integrated DNA
Technologies

miRNA expression

hsa-miR-200b-3p-
Reverse

CTCAACTGGTGTCGTGGAGTCGGCAATT
CAGTTGAGTCATCATT

Integrated DNA
Technologies

miRNA expression

hsa-miR-200b-3p-
Probe

TTCAGTTGAGTCATCATT

Integrated DNA
Technologies

miRNA expression

hsa-miR-200c-3p-
Forward

ACACTCCAGCTGGGTAATACTGCCGGGT
AAT

Integrated DNA
Technologies

miRNA expression

hsa-miR-200c-3p-
Reverse

CTCAACTGGTGTCGTGGAGTCGGCAATT
CAGTTGAGTCCATCAT

Integrated DNA
Technologies

mMiRNA expression

hsa-miR-200bc-

TTCAGTTGAGTCCATCAT

Integrated DNA

mMiRNA expression

103-3p Reverse

3p-Probe Technologies

hsa-miR-429- ACACTCCAGCTGGGTAATACTGTCTGGT | Integrated DNA | miRNA expression
Forward AA Technologies

hsa-miR-429- CTCAACTGGTGTCGTGGAGTCGGCAATT | Integrated DNA | miRNA expression
Reverse CAGTTGAGACGGTTTT Technologies

hsa-miR-429- TTCAGTTGAGACGGTTTT Integrated DNA | miRNA expression
Probe Technologies

mmu-miR-429- ACACTCCAGCTGGGTAATACTGTCTGGT | Integrated DNA | miRNA expression
Forward AA Technologies

mmu-miR-429- CTCAACTGGTGTCGTGGAGTCGGCAATT | Integrated DNA | miRNA expression
Reverse CAGTTGAGACGGCATT Technologies

mmu-miR-429- TTCAGTTGAGACGGCATT Integrated DNA | miRNA expression
Probe Technologies

hsa-miR-103a- ACACTCCAGCTGGGAGCAGCATTGTAC Integrated DNA | miRNA expression
3p/mmu-miR- AGGG Technologies

103-3p Forward

hsa-miR-103a- CTCAACTGGTGTCGTGGAGTCGGCAATT | Integrated DNA | miRNA expression
3p/mmu-miR- CAGTTGAGTCATAGCC Technologies

16




185

186

191-5p Probe

Technologies

hsa-miR-103a- TTCAGTTGAGTCATAGCC Integrated DNA | miRNA expression
3p/mmu-miR- Technologies

103-3p Probe

hsa/mmu-miR- ACACTCCAGCTGGGCAACGGAATCCCA | Integrated DNA | miRNA expression
191-5p Forward AAAG Technologies

hsa/mmu-miR- CTCAACTGGTGTCGTGGAGTCGGCAATT | Integrated DNA | miRNA expression
191-5p Reverse CAGTTGAGCAGCTGCT Technologies

hsa/mmu-miR- TTCAGTTGAGCAGCTGCT Integrated DNA | miRNA expression

Universal Reverse

CTCAAGTGTCGTGGAGTCGGCA

Integrated DNA
Technologies

mMiRNA expression

m-MUC5AC- GTCCAAGGAAAGTGAGGAACATG Integrated DNA | Mouse mRNA
Forward Technologies expression
m-MUC5AC- TACTGGAAAGGCCCAAGCAT Integrated DNA | Mouse mRNA
Reverse Technologies expression
m-MUC5AC- CCTCGCTGACCCTGAATGCCAACT Integrated DNA | Mouse mRNA
Probe Technologies expression
m-Clca3- Forward | CTTCGGATCAGGTTCAGAACAAT Integrated DNA | Mouse mRNA
Technologies expression
m-Clca3- Reverse | CGATCGCCGCATTTCC Integrated DNA | Mouse mRNA
Technologies expression
m-Clca3-Probe TGTTGATGCTTTCGCAGCACTCTCCTC Integrated DNA | Mouse mRNA
Technologies expression

Chl

Mmu-anti-miR- MmC*mC*mAmUMCmUmUmUmMAmMCmMCmA | Dharmacon In vivo inhibition
141-3p Antagomir | mGMAMCMAMGMUmG*mU*mU*mA*-Chl

Scrambled MU*mC*mAMCmMAMAMCMCmUMCmCmU | Dharmacon In vivo inhibition
Antagomir MAMGMAMAMAMGMA*MG*mU*mA*3'- control

Antagomir sequence

17

: mN, 2’0OMe base; *, phosphorothioate linkage; Chl, cholesterol
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188

Table S6. Antibodies.

Antigen Clone Fluorochrome Manufacturer Application
Acetylated a tubulin | 6-11 B-1 Alexa Fluor® 488 | Santa Cruz Biotechnology | Flow cytometry
MUC5AC 45M1 DyLight 488, PE | Novus Biologicals Flow cytometry
CD66¢/CEACAMG6 | B6.2/CD66 | BV786 BD Biosciences Flow cytometry
CD271/NGFR MEZ20.4 PE-Cy7 BiolLegend Flow cytometry
TSPANS FAB4734N | Alexa Fluor® 700 | R&D Systems Flow cytometry
MUCS5AC MAN-5ACI | n/a Gift from Thornton lab, Dot blot

University of Manchester,

Manchester, UK
MUC5AC 45M1 n/a ThermoFisher Scientific Immunofluorescence
MUC5B H-300 n/a Santa Cruz Biotechnology | Immunofluorescence
Goat-anti rabbit n/a Alexa Fluor® 647 | Jackson ImmunoResearch | Immunofluorescence

Laboratories
Goat anti-mouse n/a Alexa Fluor® 488 | Jackson ImmunoResearch | Immunofluorescence

Laboratories

18
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