SUPPLEMENTARY TABLES AND FIGURES

Table S1: Clinical and pathological information on the patients whose BC samples (A1, B1, C1 and D1)

were used for the spatial analysis.

Table S2: Clinical and pathological information on the patients whose BC samples (N=75) were used for the

validation analysis.

Table S3: Gene expression signatures of the individual cell populations used in the present study.

Table S4: The relationship between EMILIN1 expression and clinico-pathological variables in the cohort of

75 patients with BC. P-values were calculated using the y2 test.

Figure S1: Epithelial and fibroblast populations in the newly generated BC single-cell atlas. (A) InferCNV

analysis of epithelial cancer cells. (B) Gene expression analysis of individual CAF subpopulations.

Figure S2: Analysis of individual CAF subpopulation gene expression signatures (Table S3) in CAF cells
from (A) Kieffer et al. and (B) Wu et al. datasets.

Figure S3-S12: Spatial distribution of different cellular populations in BC samples (patients A1-D1, present
study; patients 1160920F, 1124423F, CID4290, CID44971, CID4465 and CID4535 from Wu et al. dataset).
Labels TGFb, IFNab and IFNg refer to TGFf, IFNaf3 and IFNy respectively.

Figure S13: Spatial distribution of selected GO processes in the remaining eight BC samples. Shown are the
following GO processes: ECM Structural Organization, Wound Healing, TGF-B Receptor Signaling,
Regulation of Immune System, Macrophage Activation, and T-Cell Activation. In some samples, some GO

processes were not significantly enriched and are not shown.
Figure S14: Histological annotation of BC samples (Reference tissue) and estimation of highly proliferative
regions (S+G2M), actively cycling cancer cells and two immune populations (macrophages and CD8" T

cells) in the remaining eight BC samples.

Figure S15: Correlation analysis for all cancer cell populations in the BC atlas, highly proliferative regions

(S+G2M) and two immune populations (macrophages and CD8" T cells).

17



Figure S16: Gene ontology analysis of the top 5 significantly enriched biological processes in the indicated

CAF subpopulations. No significant enrichment was found for Acto-myCAFs.

Figure S17: Box plots showing the patient-wise statistical analysis of EMILINI expression in CD8"

cells/TGFB+ regions in the indicated ten BC samples.

Figure S18: (A) Brightfield image showing the histological structure and cell nuclei of the IF staining from
the Figure SA. (B) Low- and high-power views of the multiplexed immunofluorescence analysis displaying
the localization of EMILIN1, Ki-67 and CD8 in representative BC samples (N=7). Histological structure and

cell nuclei are shown using brightfield imaging.
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Table S1: Clinicopathological factors of 4 spatial transcriptomic cases

Patient Al B1 Cl D1
Age 89 79 52 56
Histological subtype IDC IDC IDC IDC
ER 1% > 1% > 1%< 1%<
PgR 10% > 10% > 10% = 10%=
HER?2 3+ 1+ 3+ 2+ (FISH negative)
T factor T2 T2 Tlc T3
N factor 3a 0 0 0
M factor 0 0 0 0
SBR Grade 3 3 3 3
Stage (UICC 8th) 1Ic ITA I 1IB
Ki-67 (%) 12-17 7--15 unknown 27-32
Lymphatic invasion 1+ 0 1+ 1+
Vascular invasion 1+ 0 1+



Table S2: Clinical features of 75 case strong validation cohort

Factors Number
Age
<60 34
60< 41
Histologic subtype
IDC 59
ILC 6
Others 10
T factor
T1 38
T2-4 37
N factor
NO 47
N1-3 28
M factor
0 75
1 0
Nuclear Grade
1 11
2 10
3 54
Stage
| 34
II-111 41
ER
1%= 39
1% > 36
PgR
10%= 25
10% > 50
HER2
0 2
1+ 34
2+ 6
3+ 33
Lymphatic invasion
0 35
1 29
2 10
3 1
Vascular invasion
0 50
1 24
2 1
3 0
EMILIN
Low 18
High 57




Table S3: Gene signatures for individual cell subpopulations

Endothelial ACKR1 Endothelial RGS5

ACKR1
PLVAP
VWF
AQP1
SPARCL1
RAMP3
RAMP2
ENG
FABP4
PECAM1
SPRY1
EGFL7
IGFBP7

‘Wound-myCAF
SFRP4

CCDC80

FBLN1

COL8A1
PRSS23
CITED2

Cycling PVL
NDUFA4L2
RGSS
THY1
COL4AL
COL4A2
MYLK
SDC2
COLI8A1
ACTA2
BGN
MYL9
COLIAL
TAGLN
TPM2
SPARC
CALDI
IGFBP7
TIMPI
LGALSI
TUBAIB

Monocyte
LYZ

IL1B
G0S2
TYROBP
FCN1
ATF1
PLAUR
LSTI
FCERIG
S100A9
CXCL8
HLA-DRA
SERPINA1
Cl50rfd8
HLA-DPBI
HLA-DPAI
BCL2A1
MS4A6A
EREG
CXCL2

SPARCLI
CALCRL
AQPI
ESAM
CD36
PLPPI
RAMP3
SPARC

IFNy-iCAF
B2M
CCL19

CXCL10

B cells Memory
MS4AL
CD79A
CD83

CD37
BANK1
HLA-DRA
CD74
HLA-DQBI1
'VPREB3
HLA-DQA1
IGHM
CD79B
HLA-DPBI
HLA-DQA2
IRF8
HLA-DPA1
ARHGAP24
ADAM28
LINC00926
IGHA1

Cycling_Myeloid
C1QB
c1Qc
CIQA
LYz

AlF1
TYROBP
FCERIG
CD68
MS4A6A
SPP1
APOCI
HLA-DRA
HLA-DPA1
TUBAIB
HLA-DRBS
HMGN2
GPX1
CTSB

FTL

APOE

Endothelial CXCL12 Endothelial Lymphatic LYVE] Wu iCAF-like

IGFBP3
FABP4
CLDNS5
RAMP2
SLC9A3R2
PLPP1
A2M
CAV1
GNG11
CLEC14A
RBP7
Cl10orf10
TM4SF1
D1
EGFL7

IFNop-myCAF
1SG15
IFI6
MX1
0ASI1
IF144L
RSAD2
IFIT1
LY6E
IFIT3
IF127
IFITM3
EPSTI1
MX2
IF144
STATI1
CXCL10
IFIT2

B cells Naive
CD79A
TCL1A
MS4Al
CD37
LINC00926
HLA-DQBI
HLA-DRA
CD79B
VPREB3
BANK1
IGHD
FCER2
HVCNI1
HLA-DPBI
ADAM28
FCMR
CD74
LAPTMS5
NCF1
CD83

DCs
HLA-DPBI
HLA-DRA
HLA-DPAL
GPR183
HLA-DQAI1
HLA-DQBI
CD74
HLA-DRBI
HLA-DRBS
CST3

IRF8
PLAC8
LILRA4
HLA-DQA2
LYz

CD83
LGALS2
IRF7
GZMB
AREG

CCL21
MMRN1
PROX1
SDPR
CLDN5

Acto-myCAF
ATPSE
PLP2
OST4
SERF2
SMYD3
MFAPS
DIO2
IGFBP7
HOPX
PPIC
HCFCIR1
IGKC
CTTN
SPARC
CDKN2A
TAGLN
TGFB3
PALLD
1F127
IGHM

Plasmablasts
IGKV3-15
IGHG1
IGKV1-5
IGKV3-20
IGKV3-11
IGKV1-9
IGKC
IGLV2-14
IGKV4-1
IGLV3-25
IGLV1-40
IGLV1-44
IGHV6-1
IGLC2
IGLV1-51
IGHV3-23
IGHV3-21
IGLV3-21
IGLC3
IGLV1-47

Myoepithelial
KRT14
KRT17
MYLK
KRT5
TAGLN
ACTG2
DST
ACTA2
CXCL14
CSRP1
CNNI1
C2orf40
FBX032
MTIX
SFN
MTIE
CRYAB
MT2A
TPM2
EGRI1

APOD
DCN
PTGDS

T cells CD8+
CCL4
CCL5
CDSA
CCL4L2
IFNG
NKG7
XCL1
GZMA
CD8B
XCL2
CST7

RP11-291B21.2
CD7
CD3E

Luminal Progenitors
KRTI5
LTF

‘Wu myCAF-like
COL1A1
COL1A2
COL3Al
LUM
SFRP2
POSTN
MMP11
CTHRCI
FN1
SPARC

FBLN2

T cells CD4+
IL7R
LTB

CD2
CXCR4
TRAC
1L32
CD3E
CD3D
CREM
1Cos
TNFAIP3
BIRC3
KLRBI
CYTIP
TSC22D3
CCR7
BTG1
TRBC2
RGS1
SPOCK2

Mature Luminal
SCGB3A1
AZGP1

PIP

MGP

XBP1

TFF1
C8orf4
STC2

AREG
KRT18
KRT8
MAFF
CLDN4
WFDC2
TM4SF1
EFHD1
ANKRD30A

ECM-myCAF
POSTN

FNI

COL1A1

CAFsl
MMP2
MFAP5
LAMA2
SFRP4
LUM
PDGFRA
LRRC15
GREM1
SFRP2
KIAA1462
CCL11
CXCL12
CXCL13
CXCL14

NK cells
GNLY
XCL1
XCL2
AREG
KLRDI
NKG7
TRDC
KLRC1
GZMB
CTSW
KLRBI
CD7
HOPX
CCL5
CD69
GZMA
IL2RB
CCL4
DUSP2
CMC1

Cancer Cycling
CD24

S100A8
S100A9
MUCLI
STMNI1
S100A2
UBE2C

MGST1
HIST1H4C

Detox-iCAF
CFD
ADHIB
GPC3
Cl100rf10
GPX3

C3
APOC1
EFEMP1
SOD2
MGP
SFRPI1
LEPR

c7
CXCL12
IL6
PLIN2
CXCL2

Cycling T-cells
HISTIH4C
STMNI1
HMGB2
TYMS
MKI67
CXCL13
TUBB
HMGN2
TUBAIB
RRM2
UBE2C
PTTGI
CENPF
COROI1A
NUSAPI
TOP2A
HISTIHIE
PFNI
HMGBI
H2AFZ

Cancer Her2 SC
CD24

MUCL1
CALMLS
MIEN1

KRT7

DBI

ERBB2

IDH2

KRT19

RP11-206M11.7
KRT8
ATGS5

IL-iCAF
APOD
MT2A
RASDI
MTIA

ZFP36L2
JUNB
ITM2A
RGMA
GSN
ADIRF
BTG2
CFD
CXCL12

PVL Differentiated

NDUFA4L2
SOD3

MTIM
Cllorf96
PPPIRI4A
MFGES8
PLACY
DSTN
PTP4A3

NKT cells
GNLY
NKG7

CD247

Cancer LumB SC
SLC39A6
DHRS2
AGR3
COX6C
H2AFJ
AGR2
TSPAN13
ANKRD30A
STC2
STARDI10
MAGED2
MLLT4
AZGP1
XBP1
KRT19
FXYD3
CRABP2
ARMTI1
CCNDI1
MRPS30

TGFp-myCAF
CST1
LAMPS
HOPX
BGN
LOXLI
TIMPI
F2R
IGFBP7
EDNRA
NREP
TGFB3
POSTN
MMP3
RAMPI
MMP11
COL10A1
MGP
ELN
CXCL14
comp

PVL Immature
CCL19
RGS5
IGFBP7
NDUFAA4L2
CCL2
CCL21
COL18A1
CALDI1
LHFP
THY1
CPE
MYL9
SPARC
COL4A1
TAGLN
STEAP4
ACTA2
COL4A2
TIMP1
IGFBP5

Macrophage
C1QB
CIQA
C1QC
APOE
APOC1
SPP1
TYROBP
FTL

CD68
CXCL8
CCL3
CTSB
FCERIG
LYZ
MS4A6A
HLA-DRA
AIF1
RNASE1
HLA-DRBI
CCL3L3

Cancer Basal SC
S100A8
SAAl
RARRESI
MGST1
MGP
CALMLS
KRT7
EPCAM
S100A2
CSTB
CD24
PFDN2
MARCKSLI
LDHB
GAPDH
TPD52L1
PERP
CCND1
S100A9
S100A6

Cancer LumA SC
SCGB2A2
SCGB1D2
PIP

ELF3
SCGB2A1
S100A14
AGR2
AZGP1
KRT18
TFF1
CLDN4
S100A1
CLDN3
ANKRD30A
KRT19
CALMLS
EFNA1
KRT8
MUCI1
AGR3



Table S4: EMILIN and clinicopathological factors for 75 breast cancer patients.

EMILIN
Factors Low High P-value
n=18 n=57
Age
<60 10 24 0.3176
60= 8 33
T factor
Tl 9 29 0.9483
T2-4 9 28
N factor
NO 9 38 0.2025
NI1-3 9 19
Stage
I 6 28 0.2407
II-111 12 29
ER
Positive 10 29 0.7291
Negative 8 28
PgR
Positive 5 20 0.5663
Negative 13 37
HER2
Positive 9 26 0.7451
Negative 9 31
Subtype
Luminal 4 16 0.8702
Luminal HER2 6 14
HER2 3 12
Triple negative 5 15
Ki-67 (n=70)*
<20% 1 20 0.0126
> 20% 16 33

*Ki1-67 data were not available for 5 cases.



