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Supplementary Figure 1. Transcriptomics of Wnt4’- mammary epithelial cells

a Bar graphs showing percentage of luminal and myoepithelial cells among the
lineage-negative mammary cell populations from 14-week-old WT and PR littermates. Data=
represent mean £SD from 4 PR™* and 4 PR mice. Unpaired Student t-test, two-tailed. b Dot=
plot showing percentage of Sma+ cells in contralateral transplants of WT.EGFP" and=
Wnt4”" EGFP* mammary epithelia derived for embryonic mammary buds, P=0.021. ¢ Venn=
diagram showing genes that are differentially expressed between Wnt4 deleted
(MMTV::Cre* Wnta”. mT/mG) and control (MMTV::Cre* Wnta"'Wt ;mT/mG) lineage=
depleted mammary cells, FACS sorted for GFP and separated into CD24 high/luminal and
CD24 low/myoepithelial populations. d, e Volcano plot showing genes differentially
expressed between WT and Wnt4”~ luminal (d) and myoepithelial (e) cells in 3=
independent experiments; Kolmogorov—Smirnov test, genes above the dotted line have P
values <0.05. Genes with fold change log2(FC)>0.5 are colored in red and log2(FC)<-0.5 in blue.
Names of selected genes are indicated. f, g GSEA plots showing gene sets that are
differentially regulated between WT and Wnt4”- mammary epithelial cells, CD24 high or=
CD24 low. h CNET plot of Reactome pathway enrichment analysis (ReactomePA)
showing associations between cell functions and differentially-regulated genes in WT
and Wnt4'/' CD24low cells; n=3, Kolmogorov—Smirnov test, genes with P values <0.05 are=

shown. *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001, n.s. not significant.
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Supplementary Figure 2. Adamts18 deletion in the mammary fat pad

a Dot plots showing relative transcript levels of Adamis18 normalized to Hprt
in 3 pairs of contra lateral glands transplanted with WT  versus
Adamts187 epithelium. Paired Student t-test, two-tailed. b Representative
fluorescence stereo micrographs of 4 WT and 4 Adamts18” fat pads
endowed with WT.EGFP+ epithelium and then transplanted unto the
abdominal wall of 4 F1 recipient mice, 6 weeks after surgery. Scale bars,
5 mm, (left), 2 mm (right). ¢ Dot plot showing percentage of filing of WT and
Adamts18- fat pads with engrafted WT.EGFP+ epithelium. Paired Student
t-test, two-tailed. d Representative fluorescence stereo micrographs of 6=
WT and 6 Adamts18” fat pads with engrafted WT.EGFP+ epithelium and=
transplanted unto abdomen of 6 F1 recipient mice 12 weeks after surgery. Scale=

bars, 5 mm, left-hand panels, 2 mm right-hand panels. **, p<0.01; n.s. not significant.
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Supplementary Figure 3. Effects of Adamts18 deletion on global gene expression

a PCA plot showing the two most significant principal components with samples labelled
according to the Adamts18 genotype of the engrafted epithelium. b Batch-corrected PCA
plot showing the two most significant principal components with samples labelled
according to the Adamts18 genotype of the engrafted epithelium. ¢ Dot plots showing
counts for Adamts18, Ctgf and Fgfr2 in contralateral glands transplanted with WT and
Adamts18”" epithelia (n=6). d Pathway enrichment analysis using ClusterProfiler for genes
differentially expressed between contralateral glands transplanted with WT and
Adamts18”" epithelia (n=3). e GO enrichment analysis using ClusterProfiler for
genes differentially expressed between contralateral glands transplanted with WT and
Adamts18”" epithelia (n=3). f GO enrichment analysis using ClusterProfiler on genes
downregulated in contralaterally transplanted glands of Adamts18'/'compared to WT
epithelial cells (n=3). g Reactome pathway analysis (ReactomePA) of genes
downregulated in contralateral glands transplanted with Adamts18'/' compared to
WT epithelial cells (n=3). h Heatmap generated using log2 normalized counts of 27 Itg
genes from RNA sequencing on contralateral glands transplanted with WT and Adamts187"

epithelia; n=3.



Supplementary Figure 4
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Supplementary Figure 4. Validation of anti-ADAMTS18 antibody

Western blots of ADAMTS18 protein from transfected MCF7 and MCF10A
cells. Transfected expression vectors are indicated at the top left, antibodies on the right.
LAMINB1 was used as a loading control. Three independent transfection experiments are

shown.
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Supplementary Figure 5. Flow cytometry gating strategy

Scheme showing the strategy for the analysis of stromal, luminal, and myoepithelial cell

populations from dissociated mammary glands.

250




Puberty

Pair1  Pair2 Pair 3 Pair 4

o= A -

h - o
h - o
Collagen IV

250 kDa
- - .

75 kDa

50 kDa

37 kDa

Supplementary Figure 6 related to Figure 6b. BM proteins and glycoproteins
Uncropped Western blot data of the different ECM proteins in pubertal WT and Adamts18”

mice. Data represent 4 pairs of littermates.
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Supplementary Figure 7 related to Figure 6e. BM proteins and glycoproteins
Uncropped Western blot data of the different ECM proteins inadult WT and Adamts187 mice.

Data represent 3 pairs of littermates.
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Supplementary Figure 8 related to Figure 6 i,h. BM proteins and glycoproteins

Uncropped Western blot data of Fibronectin cleavage by ADAMTS18.



Supplementary Table 1. Localization of ADAMTS18 interactors

Localization

Binding Proteins

Extracellular matrix

LAMB3, LAMAS3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, Calnexin, LAMA4, PRSS11 (HtrA1), PGAR,
LAMC2

Laminin-5 complex

LAMB3, LAMA3 (Epiligrin), LAMC2

Basement membrane

LAMB3, LAMA3 (Epiligrin), BETA-IG-H3, Vitronectin, LAMA4, LAMC2

Basal lamina

LAMB3, LAMAS3 (Epiligrin), LAMA4, LAMC2

Extracellular matrix component

LAMB3, LAMAS3 (Epiligrin), BETA-IG-H3, Vitronectin, LAMA4, LAMC2

Proteinaceous extracellular matrix

LAMB3, LAMA3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, LAMA4, PGAR, LAMC2

Laminin complex

LAMB3, LAMA3 (Epiligrin), LAMC2

Extracellular region part

LAMB3, AP complex 2 medium (mu) chain, DAF, LAMAS3 (Epiligrin), ERp72, BETA-IG-H3, Cyr61,
Vitronectin, PR65-alpha, Calnexin, LAMA4, SULF2, CRIM1, PRSS11 (HtrA1), PGAR, JWA, LAMC2,
UGCGL1

Extracellular space

AP complex 2 medium (mu) chain, DAF, LAMAS3 (Epiligrin), ERp72, BETA-IG-H3, Cyr61, Vitronectin, PR65-
alpha, Calnexin, LAMA4, SULF2, CRIM1, PRSS11 (HtrA1), PGAR, JWA, LAMC2, UGCGL1

Extracellular region

LAMB3, AP complex 2 medium (mu) chain, DAF, LAMA3 (Epiligrin), ERp72, BETA-IG-H3, Cyr61,
\Vitronectin, PR65-alpha, Calnexin, LAMA4, Laminin 5, SULF2, CRIM1, PRSS11 (HtrA1), PGAR, JWA,
LAMC2, UGCGL1

Endoplasmic reticulum lumen

ERp72, Cyr61, Vitronectin, Calnexin, UGCGLA1

Extracellular exosome

AP complex 2 medium (mu) chain, DAF, LAMAS3 (Epiligrin), BETA-IG-H3, Vitronectin, PR65-alpha, Calnexin,
LAMA4, CRIM1, PRSS11 (HtrA1), JWA, UGCGL1

Extracellular vesicle

AP complex 2 medium (mu) chain, DAF, LAMAS3 (Epiligrin), BETA-IG-H3, Vitronectin, PR65-alpha, Calnexin,
LAMA4, CRIM1, PRSS11 (HtrA1), JWA, UGCGLA1

Extracellular organelle

AP complex 2 medium (mu) chain, DAF, LAMAS3 (Epiligrin), BETA-IG-H3, Vitronectin, PR65-alpha, Calnexin,
LAMA4, CRIM1, PRSS11 (HtrA1), JWA, UGCGL1

Endomembrane system

AP complex 2 medium (mu) chain, DAF, ERp72, BETA-IG-H3, Cyr61, Vitronectin, RANBP7, Calnexin,
UBR4, SULF2, NUP205, DHCR7, JWA, PRP12, UGCGL1

Smooth endoplasmic reticulum

ERp72, Calnexin

Vesicle

AP complex 2 medium (mu) chain, DAF, LAMAS (Epiligrin), ERp72, BETA-IG-H3, Vitronectin, PR65-alpha,
Calnexin, UBR4, LAMA4, CRIM1, PRSS11 (HtrA1), JWA, UGCGLA1

Protein complex

LAMB3, AP complex 2 medium (mu) chain, LAMAS (Epiligrin), ERp72, Vitronectin, RANBP7, Calnexin,
NDUFA9, NUP205, DNAJAS (TID1), LAMC2, UGCGL1

Intracellular organelle part

AP complex 2 medium (mu) chain, DAF, ERp72, BETA-IG-H3, Cyr61, Vitronectin, PR65-alpha, RANBP7,
Calnexin, UBR4, NDUFA9, SULF2, NUP205, DDX27, DNAJA3 (TID1), DHCR7, RPS6, JWA, DLG5(P-dlg),
PRP12, RBM34, UGCGL1

Laminin-2 complex

LAMC2

MetaCore-ADAMTS18 binding proteins localization




Supplementary Table 2. Metacore processes related to ADAMTS18 interactors

Processes

Binding Proteins

Extracellular matrix organization

LAMB3, LAMA3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, LAMA4, Laminin 5, SULF2,
PRSS11 (HtrA1), LAMC2

Extracellular structure organization

LAMB3, LAMAZ3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, LAMA4, Laminin 5, SULF2,
PRSS11 (HtrA1), LAMC2

Hemidesmosome assembly

LAMB3, LAMAS3 (Epiligrin), Laminin 5, LAMC2

Extracellular matrix disassembly

LAMB3, LAMAS3 (Epiligrin), Laminin 5, PRSS11 (HtrA1), LAMC2

Cellular component disassembly

LAMB3, LAMA3 (Epiligrin), PP2A structural, PR65-alpha, Laminin 5, NUP205, PRSS11
(HtrA1), LAMC2

Regulation of cell adhesion

DAF, LAMAS3 (Epiligrin), PP2A structural, BETA-IG-H3, Cyr61, Vitronectin, PR65-alpha,
LAMA4, Laminin 5, DNAJA3 (TID1)

Meiotic spindle elongation

PP2A structural, PR65-alpha

Cell-substrate junction assembly

LAMB3, LAMAS3 (Epiligrin), Laminin 5, LAMC2

Endodermal cell differentiation

LAMB3, LAMAZ3 (Epiligrin), Vitronectin, Laminin 5

Protein folding

BAG-2, ERp72, Calnexin, DNAJA3 (TID1), N-glycanase 1, UGCGLA1

Endoderm formation

LAMB3, LAMAZ3 (Epiligrin), Vitronectin, Laminin 5

Cell junction assembly

LAMB3, LAMA3 (Epiligrin), Laminin 5, DLG5(P-dlg), LAMC2

Cell adhesion

LAMB3, LAMAS3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, LAMA4, Laminin 5, DLG5(P-
dig), LAMC2

Biological adhesion

LAMB3, LAMA3 (Epiligrin), BETA-IG-H3, Cyr61, Vitronectin, LAMA4, Laminin 5, DLG5(P-
dig), LAMC2

Cell junction organization

LAMB3, LAMAS3 (Epiligrin), Laminin 5, DLG5(P-dlg), LAMC2

Gastrulation

LAMB3, LAMA3 (Epiligrin), Vitronectin, Laminin 5, RPS6

Mitotic sister chromatid separation

PP2A structural, PR65-alpha

Brown fat cell differentiation

LAMB3, LAMA4, Laminin 5

Endoderm development

LAMB3, LAMAS (Epiligrin), Vitronectin, Laminin 5

Basement membrane assembly

Laminin 5, LAMC2

Apoptotic process involved in

morphogenesis

PP2A structural, Cyr61




Supplementary Table 3. Genes with decreased expression in mammary glands engrafted

with Adamts18~/- vesus WT epithelia; Reactome analysis.

Reactome Analysis Results

Pathway name

Attenuation phase

HSF1-dependent transactivation

HSF1 activation

Cell junction organization

Type | hemidesmosome assembly

Regulation of HSF1-mediated heat shock response
Cell-Cell communication

Assembly of collagen fibrils and other multimeric structures

Laminin interactions

Cellular response to heat stress

Signaling by FGFR2 llla TM

Anchoring fibril formation

RUNX3 regulates YAP1-mediated transcription
Collagen formation

Collagen chain trimerization

Degradation of the extracellular matrix
FGFR2 mutant receptor activation
Formation of the cornified envelope
Cell-cell junction organization
Phospholipase C-mediated cascade; FGFR2
Collagen degradation

FGFR2 ligand binding and activation

YAP1- and WWTR1 (TAZ)-stimulated gene expression
PI-3K cascade:FGFR2

Signaling by FGFR2 in disease
SHC-mediated cascade:FGFR2

MET activates PTK2 signaling

Extracellular matrix organization
FRS-mediated FGFR2 signaling
Downregulation of ERBB4 signaling
Apoptotic cleavage of cell adhesion proteins
Smooth Muscle Contraction

Semad4D induced cell migration and growth-cone collapse
Activation of the TFAP2 (AP-2) family of transcription factors

Collagen biosynthesis and modifying enzymes
Antagonism of Activin by Follistatin

Tandem of pore domain in a weak inwardly rectifying K+ channels

Downstream signaling of activated FGFR2

Negative regulation of FGFR2 signaling

NOTCH4 Intracellular Domain Regulates Transcription
ECM proteoglycans
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Entities

found Total

47
59
43
94
11
113
133
67
31
135
24
15

104
44
148
49
138
67
25
69
26
18
31
63
32
32
329
33
10
11
55
24
12
76

41
41
26
79

p Value

1.05E-10
1.89E-09
4.67E-09
8.96E-08
8.02E-07
4.46E-06
6.24E-06
2.22E-05
3.00E-05
3.14E-05
6.41E-05
7.00E-05
1.28E-04
1.84E-04
2.57E-04
2.98E-04
4.86E-04
5.49E-04
6.33E-04
7.18E-04
7.64E-04
8.54E-04
1.68E-03
1.84E-03
2.04E-03
2.11E-03
2.11E-03
2.31E-03
2.41E-03
2.82E-03
3.68E-03
4.58E-03
4.67E-03
4.68E-03
5.62E-03
5.63E-03
5.63E-03
5.97E-03
5.97E-03
6.17E-03
6.88E-03

FDR

6.73E-08
6.03E-07
9.90E-07
1.42E-05
1.02E-04
4.73E-04
5.67E-04
1.75E-03
1.98E-03
1.98E-03
3.70E-03
3.70E-03
6.25E-03
8.28E-03
1.08E-02
1.16E-02
1.80E-02
1.92E-02
2.09E-02
2.22E-02
2.29E-02
2.48E-02
4.54E-02
4.79E-02
4.85E-02
4.85E-02
4.85E-02
5.08E-02
5.30E-02
5.93E-02
7.36E-02
8.43E-02
8.43E-02
8.43E-02
9.25E-02
9.25E-02
9.25E-02
9.25E-02
9.25E-02
9.25E-02
1.00E-01



Supplementary Table 4. List of primary and secondary antibodies used in this study.

Antibodies Source Identifier Clone
pHH3 Millipore 06-570 3H10
Cleaved caspase 3 Cell Signaling N66645 Aspl75
Yap Cell Signaling 49128 N/A
Sma Neo markers MS-113-P 1A4
Sma Thermo Scientific Rb-9010-P1 N/A
ERa Santa Cruz MC20 N/A
PR Thermo Scientific MAS5-14505 SP2
CK7 Abcam ab183344 SP52
P63 Bio genex MU418-UC 4A4
LaminBl1 Abcam AB16048 N/A
Fibronectin Santa Cruz Biotechnology SC-81767 616
Fibronectin Abcam AB2413 N/A
Laminin Abcam AB30320 N/A
Collagen I Abcam AB34710 N/A
Collagen IV Abcam AB6586 N/A
B-actin Sigma Aldrich mab1501 C4
anti-CD24-PE- BD Pharmingen 560536 N/A
Cy7
anti-CD49f-APC Biolegend 313616 GoH3
anti-CD31-BV421 BD Pharmingen 563356 (R3[9J(()))
anti-CD45-BV421 BD Pharmingen 563890 30 Fl1
(RUO)
e BD Pharmingen 563998 Tgﬁ}gf
Anti-V5 Sigma A7345 v5-10
Mouse Alexa 488 ThermoFisher Scientific A-11029 N/A
Mouse Alexa 488 ThermoFisher Scientific A-10037 N/A
Rabbit Alexa 488 ThermoFisher Scientific A-21206 N/A
Rabbit Alexa 568 ThermoFisher Scientific A-10042 N/A
Mouse HRP Jackson ImmunoResearch | 715-035-150 N/A
Rabbit HRP Jackson ImmunoResearch | 711-035-152 N/A




Supplementary Table 5. List of primer sequences with their references

Primers Forward and Reverse Sequences References

5-GGACAGATTTATGATGCCGACA-3',

Adamts18 mouse specific 1-3
5'-GGTGGCACCAGAGTGACTT-3'

5-CTCGGCCATTCGTACATGGAA-3',

Gata3 1-3
5'-GGATACCTCTGCACCGTAGC-3'

5'-CCCCCATTCTCTGGGTCCA-3',

Adamtsl6 1-3
5'-CTGGGTCACAGCTCTTCTCC-3'

5'-AGGAGTGCCAATACCAGTTCC-3',

Whtd 4
5'-TGTGAGAAGGCTACGCCATA-3'

5’-CAATGAAGCAGGCCGTAGGACAGT-3’

Wnt5A N/A
5’-CATGGCCGCCGCGCTATCAT-¥

5’-GGGAGAAGCAAGGCTACTAC-3’

Wnt7B N/A
5’-CCAGCAAGTTTTGGTGGTAT-3’

5’-CATGAGTCCCAGCATCAGTT-3’,

Wntl0A N/A
5’-GCCTTCAGTTTACCCAGAGC-3’

5’-GGATCCCAAGCCAATAAACT-3’
Whtll N/A
5’-GGTAGCGGGTCTTGAGGTCA-3’

5’-CCTACTCGAAGACTTACCCAG-3
LGRS N/A
5’-GCATTCGGGTGAATGATAGCA-3’

5’-GTGTGCAGTTGCAGGACAAT-3’
LRP5 N/A
5’-CATCATCGGTCCAGTACACG-3’

5’-GGGCAGACACAGGAACAAAT-®
LRP6 N/A
5’-GCGTTCACTTCCATCCATAG-3’

5'-CACGCACATCATCACTGTTG-3'

ITGA3 5
5.CTGCCACCCATCATTGTTCA-3'

5’-CTCCTCTCCTAGCGCCTTCT-3’

ITGB4 5
5’-CACCTACCCCTGCTCTCTGA-3’

5’- CAGCTCATCATGGATGCTTA-3

ITGB7 6
5-GAAGAAGAACAGCTGGTTGTC-3’

i 5-GGCAGTGATGGAGGAAAATG-3', A
xin
5'-TGGGTGAGAGTTTGCACTTG-3'

5'-CAAGATCATCGAAGACCTGAGGGC-3',

Ck18 7
5" TGTTCATACTGGGCACGGATGTCC-3'
Adamis]S 5 TGTCGTGCCAGTAGAAGTGG-3, q
5'"AGCACCGTCCTTTCCAAGTA-3'
5" TGTGCACTGCCAAAGATGGTGCAC-3',
Ctaf 9

5-TGGGCAGGCGCACGTCCATG-3'




5'-CCTGCGGAGACAGGTAACAG-3/,

Fefir2 10
5'-CGCGTTGTTATCCTCACCA-3'
5'-GACCAGTCAACATCTCTGTC-3',

Ck5 N/A
5'-TGCCAACACCAATGCTGCTG-3'
5'-CAAACTTTGCTTTCCCTGGT-3',

Hprt N/A
5'-CAAGGGCATATCCAACAACA-3'
5-TGCTTTTAGTGCCGCCCGGG-3',

Wntl N/A
5'-CACGATGCCCCACCATCGGC-3'
5'-GTTGCCTCATCAGCCTTGTT-3',

Wap N/A
5'-CGTTGGTTTGGCAGATGATA-3'

5'-GACAACGGCAGCACAGAGTA-3',
Lalba N/A
5'-TCTTCTTGGCACACGCTATG-3'
5'-GCACCTCTGTGGAGGAAATC-3',

Csna N/A
5'-GTGAGCATTTGGGAAGCTCT-3'

5'-AATGGAAAAGGGGAATGGAC-3',

Fnl N/A
5'-CTCGGTTGTCCTTCTTGCTC-3'

GAPDH 5'-AGGGCTGCTTTTAACTCTGGT-3', "
5'-CCCCACTTGATTTTGGAGGGA-3'
5'-ACACTGCAATAACCCCAAGC-3',

ADAMTS18 N/A

5'-TAGAACCATCCACGGAAAGG-3'




Supplementary Methods. Bioinformatic analysis

RNA-seq. RNA was extracted from GFP+ FACS-sorted cells using miRNeasy Mini Kit (Qiagen).
Libraries were prepared in 2 steps and sequenced on [llumina NextSeq 500 instrument with single-end
reads of 85nt. Base calls and Illumina adaptors trimming performed using bcl2fastq v2.18. Clontech
adaptors trimming performed with CLC 9.Raw reads were aligned to the mouse genome (mm9) using
TopHat (v2.0.11)"? the exact parameters were: tophat -p 6 -g 2 --no-novel-juncs --no-novel-indels --b2-
sensitive. Gene counts were generated using FeatureCounts'”. Data preprocessing was done using the
edgeR package from Bioconductor'®. The Voom function'® of the limma package from Bioconductor'®
was used to normalize the data for sequencing depth differences, estimate the mean-variance relationship
of the log-counts, and generate a precision weight for each observation so that data were ready for the
limma linear fitting function (ImFit). Batch effects corresponding to different mice were modeled via
the design matrix specifications. Genes were considered differentially expressed based on p-value cutoff
(p<0.05) and fold-change (|log2(FC)| > 0.32). Pathway enrichment analysis was carried out using
ReactomePA and ClusterProfiler from Bioconductor used with default parameters. For GO enrichment
analysis the genome wide annotation for human (org.Hs.eg.db) Bionconductor package as well as the
C2 and C5 curated gene set collections from the MSigDB v6.2'"'® Broad Institute were used. Reactome
on-line resource (http://www.reactome.org) was used to generate the results shown in Supplementary

Table 5.

Affymetrix microarrays mouse Gene 1.0 ST. Affimetrix gene expression analysis was carried out
using the mouse Gene 1.0 ST chip. Four cell extracts were used for the microarray analysis: FACS-
sorted GFP+ Iuminal and myoepithelial cells from conditionally Wnt4  deleted
(MMTV::Cre* . Wnt4"" mT/mG) and control (MMTV::Cre*. Wnt4""'.mT/mG) epithelia. The analysis of
Affymetrix arrays starts with CEL files. These are the result of the processing of the raw image files
using the Affymetrix software and contain estimated probe intensity values. Data were calibrated using
the full RMA algorithm (Robust MultiArray Average)" from Bioconductor in order to background-
correct, normalize and summarize. Subsequently, the limma package from Bioconductor was used for

differential expression analysis.
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