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[ Abstract | Background and purpose: Breast cancer is one of the leading malignancies affecting women’s health, with high
incidence. Nucleotide-binding oligomerization domain containing 1 (NOD1), a member of the pattern recognition receptor family, is
involved in regulating the immune microenvironment in various cancers. However, the specific regulatory functions and mechanisms
of NODI in the breast cancer immune microenvironment remain unclear. This study aimed to investigate the effects of NOD1 on
tumor-associated macrophages (TAM) within the breast cancer immune microenvironment and to explore the underlying mechanisms
involved. Methods: The public databases and multiplex immunohistochemistry (mIHC) were utilized to analyze the correlation
between NODI expression and immune infiltration in human breast cancer. Multicolor flow cytometry was performed to assess the
immune cell composition and changes in NOD1-overexpressing breast tumor allografts. In vitro, chemotaxis assays and quantitative
real-time polymerase chain reaction (qQRT-PCR) were used to evaluate the effect of NOD1-overexpressing breast cancer cells on
macrophage chemotaxis and polarization. Additionally, the effect of NOD1 on macrophage recruitment and polarization in breast
tumor allografts was assessed by flow cytometry. Fluorescence-activated cell sorting (FACS) was used to isolate macrophages
pre-conditioned by NOD1-overexpressing breast cancer stem cells, which were then cocultured with parental breast cancer cells.
Flow cytometry was used to assess the impact of NOD1-conditioned macrophages on the stemness of breast cancer cells. Results:
The database analysis and multicolor flow cytometry results demonstrated significant correlations between NODI expression and
TAM infiltration (P<<0.01). In vitro functional assays of macrophages demonstrated that NOD1-overexpressing breast cancer cells
enhanced macrophage chemotaxis (P<<0.001) and upregulated the expression of M2 macrophage markers. Compared with control
groups, NOD1-overexpressing breast tumor allografts showed increased macrophage infiltration and polarization (P<<0.01). NOD1-
educated macrophages promoted malignant progression of breast cancer by increasing the proportion of breast cancer stem cells
(P<<0.05). Conclusion: In breast cancer, NOD1 remodels the immune microenvironment by recruiting macrophages and inducing
their polarization towards the M2 phenotype. Furthermore, NOD1-educated macrophages enhance breast cancer cell stemness,
thereby accelerating tumor progression. NOD1 represents a potential therapeutic target in breast cancer.

[ Key words | Breast cancer; Nucleotide-binding oligomerization domain containing 1; Tumor-associated macrophages; Immune

microenvironment; Cancer stem cell
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Fig. 1 The correlation between NODI expression and immune cell infiltration in breast cancer

NODI1 expression level (IHC score)

ELBRIENODIZRE KT 5 RERHH X R

A: The correlation between NOD! expression and immune cell infiltration in breast cancer was analyzed by TIMER platform on RNA-seq data from
the TCGA database. P>0.05: No significance, assessed by Spearman's rank correlation coefficient; Rho>0, P<<0.05: Positive correlation, assessed
by Spearman's rank correlation coefficient; Rho<<0, P<<0.05: Negative correlation, assessed by Spearman's rank correlation coefficient; [Rho|>0.3,
P<C0.05: Strong correlation, assessed by Spearman's rank correlation coefficient. B: Co-localization of NODI (green) with CD68 (red) and ARG1
(orange) in breast cancer tissues by mIHC. Nuclei are stained with DAPI (blue). C: Correlation of NOD1 expression with CD68 (left) and ARG1 (right).
The expression level of each marker was quantified by IHC scores integrating fluorescence intensity and positive area. Rho>0, P <<0.05: Positive

correlation, assessed by Spearman's rank correlation coefficient.
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Fig. 2 Effect of NOD1 overexpression on the immune cell infiltration in breast tumor allografts

A, B: Flow cytometry analysis of immune cells in breast tumor allografts. C~J: Flow cytometry analysis of T cells (C), B cells (D), Tcl cells (E), Treg
cells (F), NK cells (G), DC cells (H), MDSC (I) and Macrophage (J). Axes labels are shown in panel A only and apply to all panels. The t-SNE-1 and
t-SNE-2 axes are unitless dimensions representing the relative similarity between cells in high-dimensional space.
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Fig.3 Effects of NOD1 overexpression in breast cancer cells on the chemotaxis and polarization of macrophages

A: The chemotaxis of THP-1(PMA treated) with or without NOD1-overexpressed cancer cell treatment was assessed by chemotaxis assay. B: mRNA
levels of M2-type polarization markers in THP-1(PMA treated) with or without NOD1-overexpressed cancer cell treatment. C, D: Flow cytometry

analysis of the macrophages in breast tumor allografts.
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Fig. 4 NODI-overexpressing breast cancer stem cell-educated macrophages modulate breast cancer cell stemness

A: Experimental flow diagram of continuous FACS and mixed-culture. B, C: Flow cytometry analysis of the percentage of ALDH' breast cancer stem
cells in breast cancer cell with or without NOD1-educated macrophages treatment.
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