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Fig. S1. CONSORT diagram showing the number of blood samples from newborns and their parents received and

successfully analyzed in the current study.



Characteristics of newborns and parents

Characteristics of participants from the Norwegian Mother, Father and Child Cohort study (MoBa) are
given in Tables S1 and S2.

Table S1. Participant characteristics of newborns drawn from the MoBa trial.

Newborn girls Newborn boys
(N =1260) (N=200)

Year of birth

Median [Min, Max] 2005 [2001, 2009] 2005 [2001, 2009]
Pregnancy duration, days

Mean (SD) 270 (19.3) 246 (13.8)

Median [Min, Max] 278 [182,293] 278 [182,293]
Premature birth

Yes 420 (33.3%) 200 (100%)

No 840 (66.7%) 0 (0%)
Weight at birth, g

Mean (SD) 3296 (713) 2636 (634)

Median [Min, Max] 3410 [736, 5450] 2660 [715, 4450]
Length at birth, cm

Mean (SD) 49.1 (3.03) 46.5 (2.89)

Median [Min, Max] 50.0 [31.0, 56.0] 47.0 [33.0, 52.0]

Missing 75 (6.0%) 32 (16.0%)

Table S2. Participant characteristics of parents drawn from the MoBa trial.

Mothers Fathers
(N=1576) (N=1532)
Age
Mean (SD) 29.8 (4.69) 32.5(5.33)
Median [Min, Max] 30.0[17.0, 45.0] 32.0[20.0, 56.0]

Nucleic acid isolation and control DNA

For paired tumor and WBC samples, genomic DNA for methylation analyses was extracted using
QIAamp DNA Mini kit (Qiagen, Valencia, CA) according to the manufacturer’s instructions.

For cord blood samples from newborns, details on genomic DNA extraction and storage were
described elsewhere.[1]

Total RNA for gene expression analysis was extracted from tumor tissue using the RNeasy Mini
kit with an on-column DNase digestion according to the manufacturer’s protocol (Qiagen, Valencia,
CA). RNA quality was determined by UV absorption on a NanoDrop spectrophotometer and RNA
concentration was determined with Qubit fluorometer (Thermo Fisher Scientific, Waltham, MA). RNA
integrity numbers (RIN) were estimated using the RNA 6000 Nano assay (Agilent Technologies, Santa
Clara, CA) run on the 2100 Bioanalyzer Instrument (Agilent Technologies, Santa Clara, CA). RIN
values above 7 were required, but RIN >6 was accepted if no further material was available.

Human cell line HCT116 DKO (DNMTI1“") and DNMT3B“~)) Non-Methylated and Methylated
DNA control samples (Zymo Research, Irvine, CA; cat.no. D5014-1 and D5014-2 respectively) and
their mixes with varying ratios were used to test methylation sequencing assay sensitivity.



Molecular subtyping of tumors

For molecular subtyping of samples from DDP and PETREMAC trials, RNA sequencing was applied.
An input of 200-600 ng total RNA was converted to dual-indexed libraries using either TruSeq
Stranded Human Total RNA Ribozero Gold Library Prep Kit (PETREMAC trial) or [llumina Stranded
Total RNA Prep Ligation with Ribo-Zero plus kit (DDP trial), (Illumina, San Diego, CA). Library
average sizes and quality were assessed using the DNA 1000 assay (Agilent Technologies, Santa Clara,
CA) run on the 2100 Bioanalyzer. PETREMAC libraries were quantified by real-time PCR using KAPA
Library Quantification kits (Kapa Biosystems, Wilmington, MA) with Lightcycler 480 II (Roche, Basel,
Switzerland) while DDP libraries were quantified with Qubit dSDNA HS Assay Kit. Libraries were
normalized, pooled and then sequenced on a NovaSeq 6000 (Illumina, San Diego, CA) using
2x100 cycles, providing a minimum of 70 million reads per sample. Base call files were processed
using [llumina DRAGEN Bio-IT Platform v3.8.4. Samples were demultiplexed by the DRAGEN BCL
converter, and gene expression data processed using the DRAGEN RNA pipeline mapping against
GRCh38. Duplicate markings were enabled, but duplicate reads were not removed. An annotation file
for ALT-aware mapping was downloaded from GENCODE (https://www.gencodegenes.org/human/).

A post hoc gene expression analysis was performed based on global RNA sequencing of
pretreatment biopsies to assign the tumors to intrinsic breast cancer subtypes.[2] Briefly, genes with 0
counts were removed and raw expression data was normalized by variance stabilizing transformation
using DESeq2.[3] Then, intrinsic subtypes were assigned using the R package Genefu v2.28.0,[4] using
the centroids published by Parker et al.[5]

Molecular subtyping of samples from the EPITAX trial was performed based on previously
described mRNA expression arrays.[6]

BRCAI methylation assay design

The genomic structure of the BRCAI promoter region, location of CpG dinucleotides and four PCR
amplicons are shown in the Fig. S2. The genomic coordinates for the individual CpGs and entire
amplicons, primer sequences and experimental conditions used for amplification as well as complete
experimental details on library preparation, sequencing and data analysis were described previously.[7]

BRCA1 NBR2

rs799905

CpG33-49 CpG14-31
CpG17-34 CpG00-13

Fig. S2. Genomic structure of the BRCA promoter area, positions of CpGs, single-nucleotide variations, and amplified
regions.[7]

Assay characteristics for paired blood and tumor samples

Out of the four amplicons covering the BRCAI promoter region, amplicons CpG14-31 and CpG17-34
cover the region used as the main metric for BRCAI methylation in our previous work, in which DNA
methylation was found to be associated with the risk of TNBC and HGSOC.[7] In the present analyses,
the same region/metric was used; i.e. the average frequencies of hypermethylated epialleles covered by
amplicons CpG14-31 and CpG17-34 were used to assess BRCAI promoter methylation (further
referred to as region CpG14-34). Compared to genomic region-averaged beta values, this combined
variant epiallele frequency (VEF) metric had lower minimum values as well as wider range of detected
values (Fig. S3 and S4).

Positivity cutoff value for BRCA I methylation in patient blood samples (equals 6.96e-04 for the
region CpG14-34) was computationally defined as VEF value with the lowest probability in the range
[ISR, MTS] (where ISR is index swap rate of 1.4e-04, and MTS—maximum theoretical sensitivity of
8.1e-04, as previously described in[7]; Fig. S3A).


https://www.gencodegenes.org/human/

Positivity cutoff value for BRCAI methylation in tumor samples (equals 4.71e-02 for the region
CpG14-34; Fig. S3B) was computationally defined as VEF value with the lowest probability in the
range [le-02, 1e-01]. Here, the higher cutoff bounds were set in order to exclude samples with low-
level mosaic BRCAI methylation in normal cells present in the biopsies, which should be expected in
case of constitutional methylation affecting different tissues in the body. Thus, cutoffs were set to detect
tumors with clonal expansions of BRCA 1 methylated cells.
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Fig. S3. Distributions of VEF values (CpG14-34 average methylation metric), corresponding density functions (blue lines)
and cutoff bounds (dashed lines), positivity cutoffs for blood (light red line) and tumor (cyan line) samples.

Comparing the results of the present approach with our previously reported assessment of methylation
for a subset of tumor samples[8] (N=32, TNBC cases) using methylation-specific quantitative PCR
(MSP) revealed that samples with VEF of 4.55e-03 and higher were previously characterized as MSP-
positive, while from 2.86e-03 and lower as MSP-negative (even though 200 ng of template DNA was
used for MSP assay). This is in line with previously reported sensitivity of MSP assays of about 0.1% of
methylated DNA[9] and confirms superior sensitivity of NGS-based approach and its validity in order
to detect low-frequency methylation events.
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Fig. S4. Scatter plots and density histograms showing the relation of VEF and beta values for blood (A) and tumor (B)
samples. Light red and cyan lines show corresponding methylation positivity cutoffs. Light grey and dark grey dots represent
samples processed using two different batches of bisulfite conversion kits.

Assay characteristics for newborn and parent blood samples

The same metric as described above (average VEF for amplicons CpG14-31 and CpG17-34) was used
to characterize methylation in the blood samples from newborns and parents. The same cutoff for
methylation positivity as defined above for patient blood samples (equals 6.96e-04) was used to
categorize newborn and parent blood samples. Similarly to the characteristics described above, VEF
metric had lower minimum values, wider range of detected values, and was less affected by batch
effects, as compared to genomic region-averaged beta values (Fig. S5).
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Level of PCR bias

Methylation control samples showed moderate preference for amplification of hypomethylated alleles
(PCR bias), although theoretical and observed VEF values for hypermethylated alleles were highly
concordant (b=0.6695, standard error of 0.022, as described in[10,11], versus beta values’ b of 0.6069,
standard error of 0.068; Fig. S6). No PCR bias correction was performed prior the analysis.
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Fig. S6. PCR bias assessed for VEF and methylation beta values.

Methylation concordance in each clinical study
Sample counts of BRCAI-methylated samples that belong to each of the three included clinical studies
are given in Table S3.

Table S3. BRCA1 methylation in matched blood and tumor samples in breast cancer patients from each of three included
clinical studies.

Study TNBC HER2-/ER<10% HER2—/ER>10% HER2+
EPITAX WBC 1 1 2 0 0 2 0 2
methylated
WBC 1 13 0 2 0 46 1 26
unmethylated
DDP WBC 2 0 0 0 1 5 0 1
methylated
WBC 3 12 0 0 0 53 0 18
unmethylated
PETREMAC WBC 7 4 2 0 2 8 0 4
methylated
WBC 3 19 0 0 3 101 0 64
unmethylated
Tumor Tumor Tumor Tumor Tumor Tumor Tumor Tumor
methylated| unmethylated|  methylated| unmethylated|  methylated| unmethylated|  methylated| unmethylated

Treatment response

Response to primary neoadjuvant treatment for each of three clinical studies is given in Table S4.

Table S4. Response to first-line treatment for cases grouped by BRCAI methylation status in blood and tumor. NA, not

available; CR, complete response;

PR, partial response; SD, stable disease; PD, progressive disease.

Study  |BRCAI methylation in| Treatment Response
blood and tumor NA CR PR SD PD
EPITAX concordant epirubicin 0 0 2 1 0
discordant or docetaxel 3 3 19 16 11




absent epirubicin 1 1 22 12 8
DDP concordant epirubicin 0 0 1 2 0
discordant or epirubicin 0 3 38 48 3
absent
PETREMAC concordant other 4 0 0 0 0
olaparib 0 0 5 1 1
discordant or other 183 0 0 0 0
absent olaparib 0 1 11 9 2

Methylation levels in BRCAI-methylation positive samples

The quantitative levels of BRCAI methylation in one tissue (tumor or blood) were not significantly
different between groups of samples defined by either receptor status or methylation positivity in the
other tissue (blood or tumor; Fig. S7).
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Fig. S7. Methylation levels (VEF) in (A) BRCAI-methylation positive tumors from cases with BRCA1 methylation in blood
above or below cutoff, or (B) BRCAI-methylation positive blood samples from cases with BRCA/ methylation in tumor
above or below cutoff. Tumor groups by receptor status were merged in a pairwise manner due to a small number of
individual observations.

Methylation concordance and patients’ age

No significant association was revealed between age of patient groups defined by receptor status and
BRCAI methylation concordance (Fig. S8).
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Fig. S8. Age distribution in groups of patients defined by receptor status and BRCA! methylation concordance.




BRCAI methylation in subtypes of breast cancer

TNBC and HER2- / ER<10% tumors were predominantly basal-like. Notably, among HER2—/ER>10%
and HER2+ tumors four out of seven with BRCA 1 methylation in tumor or both tumor and blood were
also basal-like (Fig. S9).
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Fig. S9. Intrinsic breast cancer subtypes based on gene expression analysis of tumors. Pie charts are split by receptor
expression status (columns) and BRCAI methylation status in blood and in tumor (rows). Basal: basal-like, HER2: HER2
enriched, lumA: luminal A, lumB: luminal B and Normal: normal-like subtypes.




Distribution of BRCAI pathogenic variants

No association was observed between BRCAI methylation and BRCAI pathogenic variants (neither
somatic nor germline variants; Table S5.)

Table S5. BRCA methylation status among N=9 TNBC cases with pathogenic (germline or somatic) BRCA/ variants

Methylated blood Unmethylated blood
BRCAI germline variant Methylated tumor 0 0
Unmethylated tumor 0 5
BRCAI somatic variant Methylated tumor 0
Unmethylated tumor 0 3

Properties of BRCAI methylation in newborns and parents

BRCAI methylation patterns in parents and newborn boys reveal high level of similarity between them
(Fig. S10) as well as to newborn girls and breast cancer patients (Fig. 4 in the main text).
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Fig. S10. Similar properties of BRCA1 methylation in blood samples of parents and newborn boys.

(A) Smoothed averaged CpG methylation levels (y-axis) within assayed genomic region (x-axis) in blood of BRCALI
methylation-positive newborn boys (N=9; green lines), fathers (N=16; red lines), and mothers (N=46; blue lines). Solid lines
represent averages for all hypermethylated epialleles (per-epiallele average beta value > 0.5); dashed lines represent averages
for all hypomethylated epialleles (per-epiallele average beta value < 0.5); light gray areas represent 95% CI. Bars on top



represent amplicons, with the bright green ones covering CpGs 14-34. Arrows show BRCAI and NBR? transcription start
sites; vertical dotted line marks position of SNP rs799905 (see Fig. S2 for more details).

(B) Average beta values (y-axis) of ranked epialleles (x-axis) in blood samples of BRCA1 methylation-positive newborn
boys (N=9; left), fathers (N=16; center), and mothers (N=46; right). All epialleles of the region CpG14-34, within each
sample, were ranked by increasing average beta value with every rank centered at epiallele with average beta value of 0.5.
Lines connect increasing beta values and represent individual samples. Maximum 5000 epialleles are plotted per sample
(beta = 0.5, +/- 2500 alleles). The sharp incline in average beta value around beta = 0.5 reveals that most alleles are either
hypomethylated or hypermethylated; very few alleles have intermediate methylation levels.

Allelic concordance of BRCAI methylation in newborns and parents
No significant concordance was recorded for allelic distribution of BRCA/ methylation in newborns and
their parents (Table S6). No trios with all members carrying BRCAI methylation were found.

Table S6. rs799905 genotype and BRCAI methylation status in n=7 informative pairs of newborns and parents. REF,
reference allele; ALT, alternative allele; HET, heterozygous.

Newborn Parent Methylation
15799905 genotype | methylated allele | BRCAI methylated in | rs799905 genotype | methylated allele

HET REF father ALT ALT discordant
HET REF mother ALT ALT discordant
ALT ALT mother HET REF discordant
HET REF father HET REF concordant
HET ALT father HET ALT concordant
HET ALT father ALT ALT concordant
HET ALT father HET REF discordant
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