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Supplementary Figure 1: Flow cytometry plots showing full gating strategy for the identification of mammary
subpopulations in non-lactating mammary cell (NMC) or lactating mammary cell (LMC) samples. a) Differences in
cell morphology between NMCs (above) and LMCs (below) could be visualized using light and fluorescence
microscopy using nuclear stain Drag5 and neutral lipid stain Nile red, n>2. b) Representative full gating strategy
shown for NMC (above) and LMC (below). ¢) Box and whisker plot summary of NMC (n=4) and LMC (n=4) that fall into
the gates for single gated Draq5* nucleated cells CD45* immune cells, CD45-/EpCAM-/CD49f* myoepithelial cells or
CD45-/EpCAM* luminal cells. Centre line represents the median; box limits are the upper and lower quartiles;
whiskers show 1.5x interquartile range and each point show the value for each sample. See Supplementary Table 1
for cell counts. d) Individual plots for remaining donors showing gated epithelial populations (using EpCAM and
CD49f) from NMC (above) or LMC (below).
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Supplementary Figure 2: Phase and immunofluorescence images of 2D cultures of lactation associated mammary
cells (LMC) and non-lactation associated mammary cells (NMC) derived from 10 different donors each. Scale bar on
phase contrast images represents 500 um and scale bar on immunofluorescence is equal to 100 um. Images were
captured within 15 days of culturing.
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Supplementary Figure 3: Overview of the scRNA-seq quality control measures undertaken on the lactating and
non-lactating mammary cells (LMC and NMCs). a) Violin plot of the unique molecular identifiers (UMIs) expressed
per cell per sample i) before and ii) after filtering and normalisation. b) Violin plot of the genes expressed per cell per

sample i) before and

ii) after filtering and normalisation. c¢) Percentage of mitochondrial genes compared with

number of UMI per cell before filtering/normalisation coloured either by i) sample or ii) state. Alternatively, plots
showing the post-filtering/normalisation coloured either by iii) sample or showing iv) LMCs only or v) NMCs only).
Red lines represent cut off thresholds used to filter the data.




d Sample Maternal age Parity Infant age Batch Fresh or Frozen Total cells

NMC1B* 33 yrs. 0 - 3 Freshly dissociatedt 12525

NMC7 54 yrs. 1 - 2 Freshly dissociatedt 7840

LMC2* 43 yrs. 1 4 months 1 Viably frozen 2172

LMC6 39 yrs. 1 8 months 2 Viably frozen 2485

*Individual participant provided a sample that was included in two different batches tSamples were freshly dissociated from frozen fragments

o

Samples
owmcl
LmMC2

» - ©LMC2B
“Lmc3
eLmca
oLMCs

PC2

PC1

Supplementary Figure 4: Characteristics of donors and all samples used which have been normalised across
batches used in this study. a) Table describing the demographics of each participant. b) Principal component (PC)
analysis of all filtered and normalized cells revealed that the greatest variation along PC1 was due to samples coming
from either lactating or non-lactating mammary cells (LMC or NMCs)
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Supplementary Figure 5: Batch or freezing effects did not significantly alter dimensional reduction plotting of cells
after correction. a) UMAP visualisation of cells coloured by batch reveal that cells from each batch contribute to all
clusters. b) UMAP visualisation of lactating mammary cells (LMC) that were either processed from fresh milk or
frozen down separately were found to overlap with no major cluster differences. The bar graphs represent the
overall contribution of cells from fresh or frozen cells to clusters LC1 and LC2. c) Cells from donor LMC2 that were
sequenced fresh (LMC2) or after viable freezing (LMC2B) overlap in PCA analysis. d) Cells from donor NMC1
processed on two different days overlap.
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Supplementary Figure 6: Uncovering donor contribution to different cell type clusters. a) UMAPs coloured by each

participant’s cell contribution. b) Uniform manifold approximation and projection (UMAP) dimensional reduction of
the mammary cells reveals distinct clusters arising from NMCs and LMCs, where cells are coloured by donor. c)
Relative proportion of cells from each donor in each cell subtype cluster. d) Heatmap of key genes associated with
each mammary cell subtype and identified in our clusters.
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Supplementary Figure 7: Examining the effect of parity on luminal cell gene expression. a) Volcano plot of the
genes differentially expressed between nulliparous and parous NMC luminal progenitors (LPs). b) Volcano plot of
genes differentially expressed between uniparous and multiparous luminal cells (LCs) from milk. c) Contrasting fold

changes of differentially expressed genes identified by comparing all LC LMCs to either nulliparous or parous LP
NMCs.
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Supplementary Figure 8: Principal component analysis of individual milk donor samples reveals cells separate into
luminal clusters LC1 and LC2.
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Supplementary Figure 9: Heatmap displaying the expression of key genes previously described in human milk cells
across all lactation associated mammary cells (LMC) and non-lactation associated mammary cells (NMC) subtypes.



C

» »
< < | <
Q Q Q
[%2] [%2] (%]
w 4 w (%]
SSC-W
LC2 /
unstained
] S
< | W] <
2 g 5
n % o1 L
*
e o 4
7
DAPI+CD45-PB FSC-A T FOLRPE
LMC1 LMC4
<< <|( ] <F ] <
) O ) O
2 ] 2 ] - 2 2
STETTTER T T T e e e naad e | D by L )
FOLR-PE FOLR-PE FOLR-PE FOLR-PE
LMC8 LMC6
< < | < < |
e B i o s e e e Ty T
FOLR-PE FOLR-PE FOLR-PE FOLR-PE
25103 positive regulation of transcription by RNA ... p.v::;_z negative regulation of lipid catabolic process -
innate immune response in mucosa actation F 1
M2x10'3 S — *

positive regulation of endoplasmic reticulum stress-in...

positive regulation of macrophage differentiation

glomerulus vasculature development

regulation of astrocyte differentiation

regulation of RNA polymerase Il regulatory region ...

negative regulation of amyloid-beta formation

T-helper 17 cell differentiation

peptidyl-tyrosine autophosphorylation

0 0.01

Gene Ratio

0.2

oligosaccharide biosynthetic process

purine ribonucleotide biosynthetic process

nucleoside metabolic process

mitochondrial electron transport, ubiquinol to cytochrome ¢

AMP metabolic process

purine ribonucleoside monophosphate biosynthetic process

mitochondrial ATP synthesis coupled proton transport

microglial cell activation

0 0.0250.050.075
Gene Ratio

Supplementary Figure 10: Exploring human milk lactation derived mammary cell (LMC) heterogeneity by
comparing luminal clusters LC1 and LC2. a) UMAP of LC1 and LC2 which are compared in this figure. b) Flow
cytometry (FC) analysis of LMC1, LMC4, LMC6 and LMC8 separating LC1 and LC2 using folate receptor. c) The top 10
biological process gene ontology pathways that were associated with genes significantly differentially expressed that
were either upregulated in either i) LC1 or ii) LC2 for a full list see Supplementary Datasets 2-3.
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Supplementary Figure 11: MA plot of genes differentially expressed genes between luminal clusters LC1 and LC2

per milk cell sample.
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Supplementary Figure 13: Heatmap displaying the expression of genes characteristic of different immune cell
subpopulations across both lactation and non-lactation associated mammary cells (LMC and NMCs). See Figure 3
for UMAP of cells coloured by matching sub-clusters.
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Supplementary Figure 14: Cell chat analysis a) Chord plots displaying an overview of all receptor-ligand signalling
occurring between luminal and immune milk cells in the pathways of EGF, MK, SPP1, MHC-Il, MHC-I, GRN and CSF.
*The plot displaying the MHC-II pathways is only displaying signalling from luminal cells to immune cells, whereas all
other plots are displaying all signalling occurring. b) Gene expression from all milk cell subtypes for each highlighted
pathway. Arrows indicate that these genes are involved in both MK and SPP1 pathways.
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Supplementary Figure 15: Diffusion map analysis of luminal progenitor (LP) and luminal cells from the milk (LC1,
LC2) reveal that a relationship exists between the cells, however pseudo time analysis (inset) demonstrates that

intermediate cells are missing.
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Supplementary Figure 16: Examining cell signature scores derived from our dataset for each cell type in breast

tumour samples (n=1083) taken from The Cancer Genome Association (TCGA) that have been categorised using
the molecular subtypes. a) Signatures for each cell type were highly expressed in either myoepithelial (MY), stromal
(ST), hormone responsive (HR), luminal progenitor (LP), luminal cluster 1 (LC1) or luminal cluster 2 (LC2). Any gene
found in more than one cluster was removed to ensure each gene signature was unique to the cell subtype. b) Plots
display gene signatures from either LC1 and LC2, except in this case, genes shared with LPs were kept for both milk
luminal signatures. In all box and whisker plots: centre line represents the median; box limits are the upper and lower

quartiles; whiskers show 1.5x interquartile range and point show the outliers.



Supplementary Table 1: Flow cytometry (FC) counts for non-lactation associated mammary cells (NMC, n=4) or
lactation associated mammary cells (LMC, n=4). See Supplementary Figure 1 for gating and summary.

NMC-FC1 NMC-FC2 NMC-FC3 NMC-FC4 LMC-FC1 LMC-FC2 LMC-FC3 LMC-FC4

Total events 110357
SSCA-FSCC gating 85049
Single cells (gate 1) 81049
Total single cells 77131
DRAQ5* 69677
CD45+* 6798
CDA5- 34608
Basal 3098
Luminal 7251

161738
120953
113687
108380
98459
17590
67251
4061
17071

150000
111332
103676
98852
91353
9657
58030
5103
6829

300000
238434
230037
210849
192813
18348
108512
8641
9685

300000
188462
174602
156764
23444
1064
16036
225
3708

300000
116388
109795
105759
39636
12647
17085
246
2489

64777
25901
23555
22202
7385
3229
3752
15
601

300000
161356
154312
148130
44587
18563
21754
241
5461



