Supplement 1: Material & Methods  

Cohort information 
All breast cancer samples in this study were obtained from participants within the ORNAMENT study trial: a multicenter, crOss sectional, study to assess microRNA expression in Nipple Aspirate Fluid, blood and tuMor material in women with primary brEast caNcer compared with healthy conTrols (CCMO NL57343.041.16; Dutch Trial Register NTR6162/ NL6031)1. A total of 149 patients with untreated primary invasive breast cancer were included between January 2017 and March 2021. Among these patients, 135 had successful nipple fluid aspirations, and 129 samples (including bilateral samples) were obtained from the affected breast. At the time the samples were collected, all participants met the following criteria: they were over 18 years of age; were female; were not lactating; were not pregnant; had no active breast infection; had not undergone bilateral ablation/reduction with nipple graft; had no disseminated breast cancer. In this multicenter trial, patients were included from the University Medical Center Utrecht (UMCU), the Diakonessenhuis Utrecht, Alexander Monro Hospital Bilthoven, and Alrijne Hospital Leiderdorp. The Medical University of Gdańsk, Poland, provided 16 patients using the same inclusion and exclusion criteria, of which 11 had successful nipple fluid aspiration. 

All healthy control samples in this study were obtained from participants within the trial: Breast Cancer Biomarkers in Nipple Aspiration Fluid in Healthy Controls (CCMO NL41845.041.12; Dutch Trial Register NL8987)2. A total of 116 healthy controls were included between August 2017 and February 2021. All these volunteers had a successful nipple fluid aspiration in at least one breast. One sample was excluded from the analysis due to bad quality. At the time the samples were collected, all participants were healthy and met the following criteria: were female, were non-lactating, were not pregnant, were over the age of 45 years, and had no increased breast cancer risk. All sampling of healthy volunteers was performed at the UMCU. Two women were diagnosed with breast cancer after NAF collection and were therefore excluded as healthy controls. One was diagnosed with breast cancer 2 weeks after sample collection, and the other was diagnosed after 1 year and 3 months. The first women was included in the ORNAMENT cohort. 

Both studies were approved by the Institutional Review Board of the UMCU and other participating hospitals (ORNAMENT: 16-337; Healthy controls: 12-495). Written informed consent was obtained from all participating women.

NAF samples, if possible bilateral, were acquired by trained research nurses using a vacuum device after administration of oxytocin nasal spray, as described previously by Patuleia et al.3. To conserve the NAF, 10 µl of RLT buffer (Qiagen, Cat#80224) with 1:100 v/v β-mercaptoethanol (14.3 M) was added and the mixture was stored at -80°C. At the start of this procedure, participants were asked to complete a questionnaire (Supplement 3). For the healthy controls, the survey contained an extra part to ensure they met the inclusion criteria. Tumor characteristics of the breast cancer patients were obtained through pathology rapports, where receptor status was based on the biopsy. Molecular subtypes were defined as: Luminal A-like (ER-positive (>10%), PR positive (>10%) or negative, HER2 negative with low proliferation (mitotic activity index of <13/2 mm2)); Luminal B-like (ER-positive (>10%), PR positive (>10%) or negative and HER2 positive, or as ER-positive (>10%), PR positive (>10%) or negative and HER2 negative with high proliferation (mitotic activity index of ≥ 13/2 mm2); HER2-driven (ER/PR negative and HER2 positive); Triple negative (ER/PR/HER2 negative)4. 

Nucleic acid extraction
Prior to mi(RNA) and DNA extraction from NAF, its post-thawing characteristics (RAL color, volume, viscosity, cloudiness) were recorded. To extract (mi)RNA and DNA, the Allprep Universal DNA/RNA/miRNA kit (Qiagen, Cat#80224) was used. Samples of ≤ 10 µL were fully utilized, whereas samples with larger volumes were aliquoted and 10 µL was used for (mi)RNA and DNA extraction. To denature RNases, a mix of 350 µL of ß-mercaptoethanol (14.3 M) and RLT (1:100) was added to each NAF sample.  After pulse-vortexing for 15 seconds, the entire NAF sample was transferred to an Allprep DNA mini column. Subsequently, the manufacturer’s protocol (version from November 2020) was followed (starting at step 9, page 52) with the following specifics: 50 µL of proteinase K; 200 and 400 µL of ethanol; 20 seconds centrifugation; elution of (mi)RNA in 30 µL of pre-heated RNase-free water and centrifugation for 2 min, 19800 RCF; elution of DNA in 50 µL pre-heated nuclease-free water and centrifugation for 2 min, 19800 RCF. After isolation, miRNA concentrations were measured using a Qubit 3.0 fluorometer (Thermo Fisher Scientific, cat nr. Q33216) and the microRNA Assay kit (Thermo Fisher Scientific, cat#Q32881). RNA was stored at -80°C and DNA was stored at -20°C. 

Reverse transcription and pre-amplification 
The Taqman Advanced miRNA cDNA Synthesis kit (Thermo Fisher Scientific, cat#A28007) was used for cDNA synthesis following the manufacturer’s protocol, with 19 miRNA amplification reaction cycles. All incubation and amplification steps were performed in a Veriti Thermal cycler (Thermo Fisher Scientific, Cat#4375305). Depending on the miRNA concentration, either 4 ng/µL, 2 ng/µL or undiluted product (<2 ng/µL) was added to the reaction. Positive and negative controls were taken along, consisting of a (mi)RNA mix extracted from multiple breast cancer tissues and RNase free water (Qiagen), respectively. After pre-amplification, the product was diluted 1:10 in 0,1x Tris (no EDTA) buffer. This buffer was prepared by diluting Buffer EB (Qiagen; 10 mM Tris-Cl pH8.5) 10 times in nuclease-free water. The remainder of the reverse transcription reaction, the miRNA amplification reaction, and the diluted miRNA amplification reaction were separately stored at -20°C. 

Quantitative PCR 
To measure miRNA expression levels in NAF samples, a quantitative polymerase chain reaction (qPCR) was performed in custom pre-coated 384 well plates containing 23 TaqMan Advanced miRNA Assays in lyophilized form (Thermo Fisher Scientific, cat#4398985, Table S1). The qPCR was performed as described by the manufacturer, with a few alterations. To avoid miRNA assay loss, the unopened 384 well plate was spun down for 3 min at 270 RCF before opening the lid. The total volume per well was 10 µL, consisting of 2.5 µL diluted miRNA amplification reaction product, 5 µL Taqman Fast Advanced Mastermix (Thermo Fisher Scientific, Cat#4444557), and 2.5 µL RNAase free water. One 384-well plate was used to process 8 samples, taken along in duplicate for every miRNA. An interplate control was also taken along in quadruplicate. One mastermix per sample was prepared, and 10 µL total volume was added to the 384 well reaction plate with a Multipette® E3 electronic multi-dispenser pipette (Eppendorf, Hamburg, Germany). To ensure all miRNA assay product dissolved in the mix, the plate was set on a thermoshaker (Thermomixer comfort, Eppendorf) at 20°C at 700 rpm for 30 seconds. Moreover, an incubation step of 30 minutes at 4°C was added. The plate was spun down before and after the incubation step at 430 RCF, respectively. The qPCR reaction was performed with the ViiA 7 Real-Time PCR system (Life technologies, Thermo Fisher Scientific). The data was saved using the ViiATM 7 Software (v.1.2.4) and transferred to the Thermo Fisher Scientific ConnectTM system (Thermo Fisher Scientific Cloud).

A specific threshold, baseline minimum and maximum was set for each miRNA, based on the average of all signal curves per miRNA (Table S2). Moreover, individual sample baselines were altered to reduce interference of background noise. These alterations were made in the Thermo Fisher Scientific ConnectTM system. 

Mean Ct values were corrected for the endogenous control miR-99b-5p using the formula: ∆Ct = Mean Ct value target miRNA of sample X – Mean Ct value endogenous control of sample X. The ∆Ct was used for further statistical analysis. 



Statistical analysis 
R version 4.3.2 was used for the statistical analysis, with the following packages: glmnet (version 4.1-8), MASS (version 7.3-60), penalized (version 0.9-52), and survival (version 3.7-0). Linear regression was used to determine the difference in miRNA expression (dependent variable) between breast cancer patients and healthy controls (independent variable, together with cloudiness and RNA input), where the estimated coefficients were used to calculate fold changes (FC = 2-coefficient). Logistic regression was used to calculate adjusted odds ratios (ORs) for individual miRNAs (added together with cloudiness and RNA input to the model), with breast cancer status as the outcome variable. ORs were calculated by exponentiating the estimated regression coefficient and then inverting the result (1/OR) to reflect the association per one-unit decrease in ∆Ct value, which corresponds to increased miRNA expression. Graphpad Prism version 10 (RRID:SCR_002798) was used to plot the fold changes and ORs. For the following analysis, miRNA ∆Ct values were corrected for NAF cloudiness and RNA input, using the residuals of a linear regression, and these values were normalized by Box-Cox transformation. To determine differences in miRNA expression between groups, a two-sided t-test or ANOVA with post-hoc Tukey HSD test was performed (for 2 or >2 groups, respectively) for normally distributed variables, while Mann-Whitney U or Kruskal-Wallis tests were used for non-normally distributed variables (Variables are described in table S6). Pearson or Spearman correlation (depending on distribution of variable) was used to determine the strength and direction of the linear relationship between miRNA expression and other continuous variables. A Bonferroni Holm correction for multiple comparison was applied. Hormonal factors, including menopause, contraception use and hormone replacement therapy (HRT) use, were questioned in the cohort, but will be analyzed separately.

To discriminate between breast cancer patients and healthy controls, a logistic regression model was developed based on the 20-miRNA panel (and age). Model parameters were estimated using LASSO, with optimal penalty parameter selection through 10-fold cross-validation, using the area under the ROC curve (AUC) as the performance metric. LASSO was selected to reduce the model complexity and minimize the risk of overfitting. Prior to model fitting, a correction for NAF cloudiness and RNA input was applied, using the residuals of a linear regression, and miRNA expression levels were normalized using Box-Cox transformation. The affected side of the breast cancer patients were compared with a randomly chosen side of the healthy controls. A principal component analysis (PCA) was implemented in a second model to reduce the dimensions of the miRNA variables. An external cross validation (10 folds, 20 iterations) was used to evaluate discriminative performance of the model. This model was validated for the subtype analysis using only the data of the Luminal-A like patients or the Luminal-B like patients. Moreover, a paired comparison between the affected breast and the contralateral breast within breast cancer patients was also performed. This second model was developed using a LASSO-penalized conditional logistic regression, with the same steps as the LASSO regression as explained above. 
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