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(a) Pearson correlation coefficients of normalized sgRNA read counts from plasmids
of mouse GeCKO v2 library, stably transfected cells, large clones, small clones, and
regenerated mammary tissues. n = 8 mice (S5973-S5980) for transplantation. (b)
Number of unique sgRNAs in mouse GeCKO v2 plasmid library, stably transfected
cells, large clones, small clones, and regenerated mammary tissues as in (a). (c)
Boxplot of sgRNA-normalized read counts for mouse GeCKO v2 plasmid library,
stably transfected cells, large clones, small clones, and regenerated mammary tissues
as in (a). Outliers are shown as colored dots for each respective sample. Gray dots
overlaid on each boxplot indicate read counts for 1000 control (non-targeting)
sgRNAs in GeCKO v2 library. (d) Cumulative probability distribution of library
sgRNAs in mouse GeCKO v2 plasmid library, stably transfected cells, large clones,
small clones, and regenerated mammary tissues as in (a). (¢) The number of genes

with various significantly enriched sgRNAs targeting those genes in each sample.



18
19

20

21

22

23

24

a AgUHUb
Large Clone vs Small Clone Tissues vs Cell Library s
G, o
Ebi2
Mcam
Ao, |
Rasl12
oAt 2
----- RS,
S N A\ LN A ne
0@ KI":Eh‘Z
b
Sbinasn
B
T
Sheben
2
b
025 050 075
Percentage of samples with sgRNA enriched
(o
Max — — — — — — — — — — — —
— 34| 4 4 — || 41— 34
6 - 4
) 4 5| 4 | 29
o) — 34—
LI I It B . 2 u
O 24— T
o | 2 0 of_| 2 0.04
(s} 14
i — ] — 0 ]
o o4 | 1 | — ||
o)) 04 —
4 01 _
< | of | oA I -4 -+ H o] 9179
o4 L [ S I e a -
) R e N s Iy e N e s s s e Y v s s [N
506\\9 \\c,\o“e ¥ @ @ @ ¢ ¥
N 2 N N N N N 32 32 32 32 3@
e £ 2 12 2 N2 “) & Y R M2 A
o ) N 1 1> 51 1 1 5 1 o «°
\p‘gec’ \0‘@5 P R e A AP AP s S
N

Figure S2. Screening of Mcam based on various methods.

(a) Overlap analysis of top enriched sgRNAs in large clones and regenerated
mammary tissues, which the targeted genes were also highly expressed in basal cells
than luminal cells. (b) Candidate genes targeted by two or more sgRNAs in large
clones and regenerated mammary tissues. (¢) The fold changes of each Mcam sgRNA

between various sample pairs. The red lines represent enriched individual sgRNAs



25  between various comparisons, and the blue ones represent non-enriched sgRNAs.
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Figure S3. Mcam loss by K14-Cre mice promotes mammary ductal elongation.

(a) Mammary basal and luminal cells sorted by FACS from 8-week-old nulliparous
mammary glands. (b) qRT-PCR analysis of basal markers (K35, K14, and Procr) and
luminal marker (K/8). n = 3 biological replicates. (¢c) qRT-PCR analysis of Mcam
mRNA expression in MECs from Mcam™" and Mcam™*"//K14-Cre mice. n = 5 mice

fl/wt and

per genotype. (d) IF staining showing knockout efficiency of Mcam in Mcam
Mcam?"/K14-Cre mice. Scale bar, 5 um. (e¢) Western blotting showing Mcam

protein expression in Mcam™™' and Mcam?*/K14-Cre MECs. n = 3 mice for each

group. (f-g) Representative images (f) and their quantification (g) of mammary duct
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extension of whole-mount staining in Mcam™ and Mcam™""/K14-Cre mice at 5
weeks of age. Scale bar, 5 mm. n = 6 mice for each group. (h) Schematic diagram of
measurement method in H&E staining. Scale bar, 20 um. Red symbol indicates the
measured thickness. (i) Representative images of mammary tissues in 5-week-old
Mcam™ and Mcam™“Y/K14-Cre mice by H&E staining. Scale bar, 20 um. (j)
Quantification of mammary duct thickness in Mcam™** and Mcam™""/K14-Cre mice.

It mice, n = 18 ducts in Mcam®"/K 14-cre. (k) Representative

n = 22 ducts in Mcam
images of whole-mount staining in WT and cKO (depleted by MMTV-Cre mice)
mice at 8 weeks of age. Scale bar, 5 mm. Data are means £ SEM. Two-sided

Student’s ¢ test was used to evaluate statistical significance. Source data are provided

as a Source Data file.
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Figure S4. Mcam loss promotes the proliferation and differentiation of MEC:s.

(a) Schematic diagram of measurement methods in IF staining. Scale bar, 10 um.

White symbol indicates the measured thickness. (b-c) Immunostaining of K14 (red)



51

52

53

54

55

56

57

58

59

60

61

62

63

and Ki67 (green) expression in ductal (b) and TEB (c) structure of WT and cKO mice
by MMTV-Cre. Scale bar, 10 um. (d) Immunostaining of a-SMA (red) and Ki67
(green) expression in Mcam™™ and Mcam™"/K14-Cre mice. Scale bar, 10 um. (e)
Ki67" cells in basal and luminal cell populations of Mcam™** and Mcam™*"Y/K 14-Cre
mice. n = 11 sections in each group. (f) GSEA of DNA replication and cell cycle
pathways in ¢cKO mice compared with WT mice. NES, normalized enrichment score.
(g) qRT-PCR analysis of Mcam and various differentiation genes at mRNA level in
MECs from WT and cKO mice by MMTV-Cre. 7-12 individual WT mice and 5-15
individual cKO mice were taken for analysis, and each dot represents the average of
three replicates for a single mouse. (h) IHC staining of progesterone receptor (PR) in
WT and cKO mammary tissues by MMTV-Cre. Scale bar, 20 um. Data are means +
SEM. Two-sided Student’s ¢ test was used to evaluate statistical significance. Source

data are provided as a Source Data file.
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Figure S5. Loss of Mcam promotes regenerative capacity.
(a-b) FACS analysis (a) and statistical ratios (b) of basal cell population
(Lin CD24"CD29") in Mcam™™' and Mcam™*/K14-Cre mice. 5 individual mice for

each genotype. (c) qRT-PCR results for indicated genes in basal cells isolated from
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mammary tissues of Mcam WT or ¢cKO mice by MMTV-Cre. n = 3 biological
replicates in each group. (d) Representative images (left) and the reconstitution
efficiency at limiting dilution (right) of whole-mount-stained mammary outgrowths
derived from transplantation of WT and cKO primary MECs and harvested at 5 weeks
after transplantation. Scale bar, 5 mm. n = 8 in each group. (e-g) Representative
images (e) and statistical results of clone numbers (f, n = 18), clone diameters (g, n =
40) of colonies formed by WT and heterozygous cKO (depleted by K14-Cre mice)
MEC:s, respectively. Scale bar, 100 pm. (h) qRT-PCR results for Mcam in MECs
treated with Mcam shRNAs, and control shRNAs (negative control). n = 3 biological
replicates. (i) Representative images (left) and the reconstitution efficiency at limiting
dilution (right) of whole-mount-stained mammary outgrowths derived from
transplantation of sh-Control- or sh-Mcam-lentivirally transduced MECs and
harvested at 5 weeks after transplantation. Scale bar, 5 mm. n = 6 mice in each group.
(j-m) Representative images (k) and statistical results of clone numbers (k, n = 6),
clone diameters (1, n = 27), and clone numbers at 2" passage (m, n = 6) of colonies
formed by MECs with indicated lentivirus treatment, respectively. Scale bar, 500 um.
Data are means = SEM. Two-sided Student’s ¢ test was used to evaluate statistical

significance. Source data are provided as a Source Data file.
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Figure S6. Loss of Mcam increases the proportion of macrophages.

(a) Volcano plot showing DEGs in mammary tissues of WT and ¢cKO mice. (b) The
gating strategy of FACS analysis for indicated cell population in mammary tissues of
WT and cKO mice by MMTV-Cre. (c) The gating strategy of FACS analysis for

macrophage and neutrophil in mammary tissues of WT and cKO mice by MMTV-Cre.
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Figure S7. Loss of Mcam promotes macrophages recruitment.
(a-b) IF staining of Cx3crl with different magnification in mammary tissues of WT
and cKO mice by MMTV-Cre. Scale bar, 20 um. (c) The gating strategy of FACS

analysis for Cx3crl" macrophages in mammary tissues of WT and ¢KO mice. (d) IF
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images of CD206" and Cx3crl* macrophages in Mcam®™ and Mcam™"/K14-Cre
mice. Scale bar, 50 pm for CD206 staining, and 20 pm for Cx3crl staining. (e-f)
Schematic of co-culture assay and representative images (e) (The left panel was
created with BioRender.com.), and quantification (f) of migrating macrophages after
WT and cKO CM treatment. Macrophage cell line in upper chamber were co-cultured
with CM from WT and cKO primary MECs in lower chamber. n = 3 biological
replicates. Scale bar, 200 um. Data are means + SEM. Two-sided Student’s 7 test was

used to evaluate statistical significance. Source data are provided as a Source Data file.
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Figure S8. Depletion of macrophages reduces regenerative capacity of MECs

upon Mcam loss by MMTV-Cre.

a-b) The gating strategy of FACS analysis for F4/80°CD11b" macrophages in
gaung
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mammary tissues (a) or spleen (b) of WT and ¢cKO mice treated with or without CL.
(c) Quantification of panel b. n = 5 mice in each group. (d) Statistical method of the
proportion of mammary duct filling fat pad. Red line, the length of the mammary duct.
Black line, the length of the fat pad. Scale bar, 5 mm. (e) IHC images of Ki67 in WT
and cKO mice with or without CL treatment. Scale bar, 20 um. (f) The gating strategy
of FACS analysis of basal population in WT and ¢cKO mice treated with or without
CL. Data are means = SEM. Two-sided Student’s ¢ test was used to evaluate statistical

significance. Source data are provided as a Source Data file.
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Figure S9. Mcam loss activates I14-Stat6 pathway and increases WntSa
expression.

(a) qRT-PCR analysis of expression levels of //4 in MECs from Mcam®™™ and
Mcam™™/K14-Cre mice. n = 4 biological replicates in each group. (b) Western
blotting showing Stat6 and p-Stat6 levels in Mcam™ and Mcam""/K14-Cre
mammary tissues. 3 independent mice in each groups. (c) GSEA of non-significant
enrichment of canonical Wnt signaling signatures between WT and cKO mice. NES,
normalized enrichment score. (d) IHC staining of Wnt5a in Mcam™™ and
Mcam"/K14-Cre mice. Scale bar, 50 pm. (e) The gating strategy of FACS analysis
of Lin cell, basal cell, luminal cell, stromal cell, and CD45F4/80" cell population. (f)

Knockdown efficiency of shWnt5a in isolated macrophages. n = 3 biological



130  replicates. Data are means = SEM. Two-sided Student’s ¢ test was used to evaluate

131  statistical significance. Source data are provided as a Source Data file.



132
133

134

135

136

137

138

139

140

141

142

143

a Mcam b c oWT d
¥ ; 1179p.=0.9758 . p=0.0048
. ) 0cKO e
= OWT
s ° =
S 104 gk % pZ0.0002 0cko ¥
g)‘— < % 24
= B Q
To 5 g 3
o 209 S =0.9850
5" < 5 P08
g ™ @ 'd 1-
0w 0.8 ﬂ
>
w ~
° 0.7 T T 0 T T
anti-lgG  anti-Wnt5a 0.1% BSA rWhnt5a

80

S —
S X
£ c
= £
2 F
2 2
o <]
~ ~
£ £
©
Q o
= 40 =
o G
[}
2 S
S ]
£
< €
3 o)
<] o
o
o 5]
a o

60

40

il

Figure S10. Validation of expression pattern of Mcam and Ryk.

(a) Expression patterns of Mcam and Ryk in various populations according to MEC
single-cell sequencing data. (b) IHC staining of Ryk in Mcam®™ and
Mcam?"/K14-Cre mice. Scale bar, 50 um. (c-d) Ryk expression levels in WT and
cKO (depleted by MMTV-Cre mice) primary MECs after blocking by Wnt5a
antibody (c) or activation by recombinant protein (rWnt5a) (d). n = 3 biological
replicates. (e) Percentages of Mcam protein levels to a-tubulin (left) and their raw
gray intensities (right) of Figure 1h. n = 3 mice in WT group, and n = 4 mice in cKO
group. (f) Percentages of Mcam protein levels to a-tubulin (left) and their raw gray
intensities (right) of Figure S3e. n = 3 mice in each group. Data are means = SEM.

Two-sided Student’s ¢ test was used to evaluate statistical significance. Source data



144  are provided as a Source Data file.
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