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Supplementary Figure 1. Flowchart summarizing the analysis methods involved in this research.
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A TCGA-BRCA cohort (n=1,104)
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Supplementary Figure 2. “Immune factors” identified from bulk sequencing data. (A) A total of 10 patterns were identified using
the NMF algorithm. Integration with the ESTIMATE algorithm revealed that the eighth pattern was enriched in most patients with high-
immune enrichment scores. (B) Boxplots showed the immune enrichment score of each patient in different NMF factors. ****P < 0.0001.
Abbreviation: NMF: non-negative matrix factorization.
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Supplementary Figure 3. Functional enrichment analysis of the top 150 exemplar genes in “immune factor.” (A) Histogram
showing the top 5 enriched pathways for each GO category. Different colors indicate different GO categories, the length of the column
indicates the size of the adjust p-value, and the line indicates the number of enriched genes. (B) Bubble plot showing the top 15 enriched
pathways for KEGG enrichment. The horizontal axis indicates the rich factor (number of enriched genes/number of genes contained in the
pathway), the size of the dot indicates the number of genes enriched in each pathway, and the color of the dot indicates the adjust p-value.
Abbreviations: GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes.
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Supplementary Figure 4. Two immune-based classes were identified by consensus clustering. (A) The classification results of
NMF consensus were further corrected using the multidimensional scaling random forest algorithm. (B) The heatmap shows the patients’
distribution in different categories. Abbreviation: NMF: non-negative matrix factorization.
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Supplementary Figure 5. Characteristics of immune activation for each immune class. (A) Bubble plot showing the top 15
enriched pathways for KEGG enrichment. The horizontal axis indicates the rich factor (number of enriched genes/number of genes
contained in the pathway), the size of the dot indicates the number of genes enriched in each pathway, and the color of the dot indicates
the size of the adjust p-value. (B) Histogram showing the top 5 enriched pathways of each GO category. Different colors indicate different
GO categories, the length of the column indicates the size of the adjust p-value, and the line indicates the number of enriched genes. (C)
Representative immune activation-related signaling pathways were evaluated by gene set enrichment analysis. Abbreviations: KEGG: Kyoto

Encyclopedia of Genes; GO: Gene Ontology.
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Supplementary Figure 6. Validation of the established immune-related molecular classification in the METABRIC cohort.
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Supplementary Figure 7. Validation of the established immune-related molecular classification in the GSE2109 cohort.
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GSE25066 cohort (n=508)

64.5%,182/282

35.5%,100/282

44.5%,226/508

>

Immune class

Immune enrichment score ||| 11| [ W

Immune signaling molecules |||
13 T-cell signatures ©
T cells
CD8 T cells
T.NK. metagene
B-cell cluster
B.P. metagene
Macrophages
TLS signature ‘
6—gene IFN signature

LT | I|||I|I|I||I

IHHI\

» | ¢
| €

>l
> | <%

| 01 Y

(AN
i III IIIIHIIIIIII

i

\N

il

CYT i

Immunophenotypes
Stromal enrichment score
Stromal activated
WNT/TGF-beta signature
Fibroblast-TBRS

T cells-TBRS

Late TGF-beta signature
C-ECM signature

PAMS50
M1/M2 macrophages sngnature 1]
TITR sngnature |||M

Macrophages 1’|

Immune class
Non-immune class
 Immune class

Immunophenotypes

I Immune-activated

Immune-suppressed
Non-immune

0

AMS0

IIJ

BTy
RN ] L
PD-1 signaling  1MMIHILLI W00 T 8 001

It

| I

Immune enrichment score

3000

Stromal activated
None stromal activated
. Stromal activated

W H.H

KA

IIH

M

i h

;

Il

|

LI
00 R O
A T

IIlI

i

R
>

P value

l |II|III=IHIHIIIIIIIIIIIIIIIIII UM N 1.68E-75

|}N'

‘l |

|
i

[TV Y O CCTE VIR0 11 VA
T LR ITIIIIIIIIIIIIIIII

AT I Il 6.67E-65

i

M

LU0

|4.81E-48
| 1.07E-47
4.49E-12
||ll 1.21E-77
5.33E-40

| 6.95E-36
2.46E-09
2.54E-26

1.33E-30
2.37E-51

NI 5.32€E-33
| 2 28E-19

1.98E-05
M1 |I| ||9 07E-4

il

3.97E-30
3.09E-31
||| 1.71E-16

Immune signaling molecules Stromal enrichment score

-0.5

Gene set enrichment score

-3-2-10123

. Basal . Her2 [l LumA . LumB . Normal

-2000

2000

- Presence of signature

Absence of signature

M1/M2 macrophages signature

v M2

no

Supplementary Figure 8. Validation of the established immune-related molecular classification in the GSE25066 cohort.
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Supplementary Figure 9. Validation of the established immune-related molecular classification in the GSE58644 cohort.
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Supplementary Figure 10. Expression of immunosuppressive genes was compared between immune-activated and immune-
suppressed subclasses in four independent external cohorts. ns: P > 0.05, *P < 0.05, P <0.01, ***P < 0.001, or ****P < 0.0001.
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