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Abstract 24 

Epithelial Ovarian Cancers (EOCs) harboring germline or somatic pathogenic variants in BRCA1 and BRCA2 25 

genes show sensitivity to poly(ADP-ribose) polymerase (PARP) inhibition. It has been suggested that BRCA1 26 

promoter methylation is perhaps a better determinant of therapy response, due to its intrinsic dynamic 27 

feature, with respect to genomic scars or gene mutation. Conflicting evidence was reported so far and the 28 

lack of a validated assay to measure promoter methylation was considered a main confounding factor in data 29 

interpretation. To contribute to the validation process of a pyrosequencing assay for BRCA1 promoter 30 

methylation, 109 EOCs from two Italian centers were reciprocally blindly investigated. By comparing two 31 

different pyrosequencing assays, addressing a partially overlapping region of BRCA1 promoter, an almost 32 

complete concordance of results was obtained. Moreover, the clinical relevance of this approach was also 33 

supported by the finding of BRCA1 transcript downregulation in BRCA1 methylated EOCs. 34 

These findings could lead to the development of a simple and cheap pyrosequencing assay for diagnostics, 35 

easily applicable to FFPE tissues. This technique may be implemented in routine clinical practice in the near 36 

future to identify EOCs sensitive to PARPi therapy, thus increasing the subset of women affected by EOCs 37 

that could benefit from such treatment. 38 

 39 

 40 

 41 
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Introduction 48 

The inhibition of poly(ADP-ribose) polymerase (PARP) in cancer cells, which causes the inactivation of the 49 

homologous recombination-mediated repair (HR) pathway, is a current strategy used for therapy in Epithelial 50 

Ovarian Cancers (EOCs) harboring germline or somatic pathogenic variants in the BRCA1 and BRCA2 genes 1, 51 

2, 3, 4. There is now clear evidence that HR defects can arise not only through inactivating germline and/or 52 

somatic mutations but also, in a mutually exclusive manner, when gene silencing is due to promoter 53 

methylation of BRCA genes and also of HR related genes 5, 6, 7, 8, 9. However, clinical studies revealed that 54 

BRCA1 gene methylation is involved in a consistent subset of EOCs but provided conflicting evidence, and 55 

therefore its accuracy and reliability as a biomarker for predicting PARP inhibitor responses in EOC patients 56 

cannot currently be established. On the contrary, BRCA2 promoter methylation plays a marginal role in 57 

EOCs10, 11, 12, 13, 14.  58 

The lack of consistency of BRCA1-methylation clinical studies was primarily attributed to technical issues, 59 

given the significant differences in the methods used to evaluate BRCA promoter methylation 15. There is 60 

evidence that clinical studies using BRCA1 promoter methylation were confounded by technical factors 61 

associated with the measurement of tumour DNA methylation and with the zygosity of BRCA1 methylation 62 

alleles 15. 63 

The main reported methods for BRCA1 tumour methylation analysis are pyrosequencing, methylation-64 

specific PCR (MSP) with gel electrophoresis (MSP-GE) or quantitative (q-MSP), methylation-specific multiplex 65 

ligation-dependent probe amplification (MS-MLPA), and more recently genome wide methylation arrays 66 

(GWMA) 16. These methods differ for many analytical parameters (e.g., discrimination of bisulfite induced C 67 

to T transition; cleavage of genomic DNA by methylation-sensitive restriction enzymes; number of CpG sites 68 

investigated; determination of methylation cutoffs) and, therefore, their results are difficult to compare.  69 

In this context, pyrosequencing analysis is the most used among methods to obtain quantitative data with a 70 

good analytical sensitivity 17, which is crucial for the correct identification of BRCA1 methylation levels. Other 71 

methods (e.g., MS-MLPA, MSP) give qualitative results independently from zygosity because they are based 72 

on the evaluation of the methylation difference between each sample and normal reference DNAs. 73 
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Noteworthy, it has been shown that the response to PARPi depends on the complete impairment of BRCA1 74 

function15 and recent findings from an exploratory biomarker analysis of ARIEL2 trial samples18 demonstrated 75 

that a high level of BRCA1 methylation is a strong predictor of a response to Rucaparib. These findings were 76 

validated using highly quantitative methylation specific droplet digital PCR to measure BRCA1 methylation. 77 

The authors also demonstrated that BRCA1 promoter methylation seemed to be a more accurate biomarker 78 

respect to genomic scars to identify HRD. In fact, genomic scarring, once established, persists and does not 79 

provide a real-time predictor of sensitivity after multiple treatment lines; on the contrary, methylation status 80 

is a dynamic mechanism and could be investigated by methylation quantitative assessments. 81 

Although the pyrosequencing approach has been described as a robust, quantitative and sensitive assay 82 

applicable to FFPE samples in several studies 19, 20, 21, no data focused on obtaining formal technical 83 

validations of this approach were retrieved from the literature. 84 

In order to contribute to the validation process of a pyrosequencing assay for BRCA1 promoter methylation, 85 

in the present study 109 EOCs from two Italian centers 21, 19 were investigated comparing two similar 86 

pyrosequencing assays. To gain evidences for their application in routine diagnostics, blinded analyses on the 87 

same sample set between different laboratories were performed and the robustness of the pyrosequencing 88 

assay was also evaluated using orthogonal assays.  89 

 90 

Materials and Methods 91 

Samples 92 

A retrospective series of 109 EOCs was investigated for BRCA1 promoter methylation including 50 formalin-93 

fixed paraffin-embedded (FFPE) samples from Varese Center (ASST Settelaghi, Ospedale di Circolo – 94 

University of Insubria) and 59 FFPE samples from Genoa Center (IRCCS San Martino Hospital). All investigated 95 

EOCs were selected from routine clinical practice because they were negative for Homologous 96 

Recombination (HR) somatic and germline variants. The clinico-pathological characteristics of Varese and 97 

Genoa EOCs were previously described respectively by Sahnane et al. 19  and Rivera et al21.  98 
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All EOC samples were obtained from primary debulking surgery or needle biopsy and the histopathological 99 

diagnosis was performed using standard pre-analytical procedures with a fixation time less than 72 hours 100 

and according to the criteria of WHO Classification 22. The majority of analyzed samples showed a high 101 

percentage of tumour cells (Supplementary Table S1). 102 

All analyses were performed in agreement with the Declaration of Helsinki and the study was approved by 103 

the Ligurian Ethical Committee (472REG2015) and the Research Ethics Committee of ATS Insubria (ID 104 

238/2018).  105 

 106 

BRCA1 methylation assays by pyrosequencing  107 

Varese assay 108 

The assay used in ASST Settelaghi (Varese) has been extensively described elsewhere by Sahnane et al. 19. 109 

Briefly, DNA was extracted from FFPE sections using automatic procedures (Maxwell RSC FFPE Plus DNA kit, 110 

Madison, Promega Corporation, Wisconsin, USA). About 200ng of tumour DNA underwent bisulfite-111 

conversion by using EZ DNA Methylation-Gold kit (Zymo Research, Irvine, CA, USA). A total of 8 CpG sites are 112 

tested by analyzing two PCR amplicons, addressing the non-coding exon 1 of BRCA1 (chr17: 41,277,595–113 

41,277,289). To set-up the methylation tests, artificial control samples at different percentages of DNA 114 

methylation (0, 10, 50, and 100%) were analyzed by appropriately mixing commercial fully methylated DNA 115 

and fully unmethylated DNA (Human WGA Methylated and Non-methylated DNA Set, Zymo Research, Irvine, 116 

CA, USA). These experiments demonstrated that the quantitative measurements of methylated cytosines 117 

performed well and there’s no preferential amplification of either methylated sequences nor unmethylated 118 

ones. The LoB (limit of blank) for BRCA1 methylation tests was set at a value of 10%, corresponding to the 119 

mean value plus three standard deviations of 10 independent measures. Subsequently, to set the limit of 120 

detection (LoD), data from three independent pyrosequencing analyses of the 10%-methylated control were 121 

analyzed for each primer set. The obtained values ranged from 6.94 to 14% of methylation, thus the LoD was 122 

set at a cut-off of 15%.  123 
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 124 

Genova assay 125 

DNA samples have been extracted using an automated device (QIASymphony, Qiagen, Hilden, Germany) and 126 

applying GeneRead DNA FFPE Treatment Kit. For samples with low starting material, crude DNA was manually 127 

isolated using overnight proteinase K digestion. Bisulfite conversion was performed with the Epitect Bisulfite 128 

Kit (Qiagen, Hilden, Germany) using up to 300ng of DNA for each reaction. The assay developed at the IRCCS 129 

San Martino Hospital (Genoa) was designed with the Pyrosequencing Assay Design Software (Qiagen, Hilden, 130 

Germany) to cover 14 CpG sites in the promoter region of the BRCA1 gene. The genomic coordinates of CpG 131 

sites were derived from the literature 23 24 25. The pyrosequencing analysis was conducted by amplifying two 132 

promoter regions, and using three sequencing primers (Table 1) with the Pyro Q-CpG software (version 1.0.9) 133 

that provides an internal control for the completeness of the bisulfite conversion. The primer pairs were 134 

tested in order to not match with genomic DNA and to avoid any preferential amplification towards a 135 

methylated or unmethylated template (Supplementary Table S2). To set the methylation threshold, data 136 

from three independent pyrosequencing analyses of the unmethylated controls were analyzed for each 137 

primer set. The obtained values ranged from 2% to 9% of methylation (Supplementary Table S2), and the 138 

mean value plus two standard deviation corresponds to the value of 11%. Thus, the cut-off to call methylation 139 

was set at 15%, which was in agreement with other assays 19, 26. 140 

 141 

Design of the study 142 

The selected 109 EOCs from Varese and from Genoa were used for interlaboratory comparison of BRCA1 143 

methylation results using both pyrosequencing approaches: DNA samples from 59 EOC analyzed in Genoa 144 

were investigated in Varese lab using Varese methylation assay and vice versa DNA samples from 50 EOC 145 

analyzed in Varese were investigated in Genoa lab using Genoa methylation assay. Methylation status of 146 

samples was assessed by each laboratory using the in-house developed pyrosequencing assay and a 147 

methylation cut-off of 15% was used by both laboratories, according to intra-laboratory set-up 19. The same 148 

DNA preparations used in the in-house assay were exchanged between the two laboratories and the external 149 
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samples were blindly analyzed by each laboratory using the in-house assay. Methylation results were 150 

expressed as the mean value of all the analyzed cytosines. Figure 1 shows a schematic illustration of CpG 151 

dinucleotides BRCA1 promoter regions analyzed with Varese (blue) and with Genoa (grey) assays. Black 152 

arrows indicate amplification primers: light-colored arrows (blue for Varese and Gray for Genoa) indicate 153 

sequencing primers. The two assays test two different regions of the BRCA1 promoter (NM_007294.4, 154 

https://www.ncbi.nlm.nih.gov/nuccore/NM_007294.4, last access January 11, 2023), but they shared two 155 

overlapping regions from chr17:41,277,581 to 41,277,547 and from chr17:41,277,445 to 41,277,427 156 

positions on chromosome 17, GChr37/Hg19 assembly. Table 2 reported a comparison of the technical 157 

characteristics of Varese and Genoa assays. 158 

 159 

MS-MLPA analysis 160 

A total of 100 ng of tumour DNA from a subset of 33 samples was used for Methylation-Specific Multiplex 161 

Ligation-dependent Probe Amplification (MS-MLPA) analysis using the ME053 BRCA1-BRCA2 X1-0914 162 

methylation assay, according to manufacturer’s instructions (MRC-Holland, the Netherlands). As described 163 

elsewhere 27, the methylation assay included two digestion (methylation) control probes. Normal ovarian 164 

tissue from three patients were included as template controls. For methylated samples, another tumour area 165 

was used as positive control and healthy tissue or peripheral blood were used as negative controls. Data 166 

analysis was performed with Coffalyser software (DB v.140701.0000, Client v.210604.1451). The methylation 167 

status of the samples was determined by comparing the percentages of the methylation-specific probes 168 

(containing an HhaI site) of digested sample to its undigested counterpart.  169 

 170 

BRCA1 transcript analysis 171 

BRCA1 expression analysis was performed on a subset of 14 FFPE EOCs from the Genoa’s series, including 8 172 

methylated and 6 unmethylated EOCs. Total RNA was extracted using RNAeasy Micro Kit (Qiagen, Valencia, 173 

CA) according to the manufacturer's instructions and subsequently quantified by Nanodrop 2000 instrument 174 
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(Invitrogen). An amount of 1.5µg of RNA was used for reverse transcription by using High Capacity cDNA 175 

Reverse Transcription Kit (Thermo Fisher Scientific) with random hexamers in a total volume of 20µL, as 176 

previously described 26. Real-time PCR reactions were performed in triplicate on StepOnePlus Real Time 177 

System (Applied Biosystem) according to manufacturer's instructions, with a cDNA input of 75 ng. Taqman 178 

Probes (Thermo Fisher Scientifics) were used to detect BRCA1 (assay ID: Hs01556193_m1) and two 179 

housekeeping genes: RPLP0 (assay ID: Hs99999902_m1) and β-Actin (assay ID: Hs99999903_m1). As Ct values 180 

for β-Actin were greater than those observed for RPLP0, this latter gene was selected as the internal control. 181 

All measurements were performed in triplicate, so the ΔCT calculation was performed on the average of the 182 

three values. Data of BRCA1 expression levels assessed in EOC samples were expressed as the fold change 183 

with respect to a pool of 10 histologically normal ovarian tissues, using the ΔΔCT method. 184 

 185 

Results 186 

Figure 2 summarizes the results of EOCs methylation analysis from each Center. The complete BRCA1 187 

methylation data are enlisted in Supplementary Table S1. Concordance of methylation status, using a cut-off 188 

value of 15% to score methylated versus unmethylated EOCs, was observed for all but one EOC (99%, 108/109 189 

cases): case GE25 (Supplementary Table S1, Figure 3A and 3B pink dot) showed 8.52% methylation value 190 

(scored as unmethylated) with the Varese assay and 18.8% methylation value (scored as methylated) with 191 

the Genoa test.  192 

In order to better correlate the results, quantitative data from the two laboratories were plotted by a 193 

regression test and by Bland-Altman analysis. A high level of correlation was observed between the two 194 

assays (R2=0.84, Figure 3A), except for VA27 and VA17 samples. Both samples were outliers (see Figure 3B, 195 

green dots) as showed the greater differences between the two measurements: VA27 case resulting 78% by 196 

Genoa assay versus 31% by Varese assay and VA17 case showing 15% by  Genoa test and 42% by Varese test. 197 

When the methylation levels were grouped in different level classes, the comparison of the data from two 198 

centers showed a high concordance of methylation assessment (Figure 3C).  199 
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A subset of 33 samples including 10 methylated and 23 unmethylated EOCs were analyzed also by 200 

Methylation Sensitive-Multiple Ligation Probe Amplification (MS-MLPA) by using ME053 BRCA1-BRCA2 X1-201 

0914 kit (MRC-Holland, the Netherlands). MS-MLPA analysis confirmed BRCA1 methylation status in 32 out 202 

of 33 analyzed EOCs. Interestingly, the discordant pyrosequencing sample (case GE25, Supplementary Table 203 

S1) revealed methylation at only one out of three analyzed probes at MS-MLPA analysis (Figure 4). 204 

In a subset of 14 EOCs including 8 methylated and 6 unmethylated EOCs, transcript analysis was also 205 

performed to verify methylation driven BRCA1 downregulation. BRCA1 expression analysis by Real-Time PCR 206 

showed that transcript levels were significantly lower in BRCA1-methylated versus BRCA1-unmethylated 207 

EOCs (p=0.0032, Figure 5B). On the whole, in each case we observed a correlation between high degree of 208 

promoter methylation and transcript downregulation, although in one case a decreased expression was not 209 

supported by promoter methylation (Figure 5A, GE2). Unfortunately, transcript analysis of the discordant 210 

case (case GE25 Genoa) was not possible because additional tumour tissue was not available.  211 

 212 

Discussion 213 

The results of this cross-validation study suggest that pyrosequencing is a robust, reproducible and feasible 214 

method for BRCA1 promoter methylation analysis in EOC FFPE samples. The concordance of methylation 215 

results obtained by the two laboratories using similar in-house developed assays was 99% and the only 216 

discordance was detected on a poorly differentiated EOC obtained from a primary debulking surgery. From 217 

a technical point of view, this discordant case was analyzed using a sample with FFPE storage time of ≤3 years 218 

old and an adequate pre-analytical phase complied with optimal fixation/storage, high representativeness of 219 

the entire neoplasia, good tumour cellularity (40%) and low presence of necrosis. Hence, the observed 220 

discrepancy probably reflects methylation heterogeneity of the sample, in agreement with the result of MS-221 

MLPA methylation analysis that revealed methylation with only one out of three BRCA1-probes (Figure 4). 222 

Interestingly, other two cases, despite a clear classification as “methylated cases”, displayed different 223 

methylation values comparing the two assays. As both laboratories analyzed the same DNA preparation, such 224 
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differences might be due to post-extraction processes, like bisulfite-conversion, or the preferential allele 225 

amplification of methylated or unmethylated templates in PCR reaction. However, conversion efficacy was 226 

good in these cases (criteria in Table 2) and a preferential allele amplification might be excluded based on 227 

the set-up experiments performed in both laboratories. Thus, we speculate that the differences of 228 

methylation levels from the two assays could be due to methylation heterogeneity within these two samples 229 

(similarly to the discordant case). 230 

The correct quantification of methylated alleles is very relevant from a clinical point of view, as recently 231 

reported by Menghi and colleagues 28. The authors studied a series of primary EOCs using droplet digital PCR 232 

and demonstrated that the degree of BRCA1 methylation had a strong and significant negative correlation 233 

with BRCA1 expression. Moreover, using xenografts model, it was demonstrated that BRCA1 methylation 234 

showed a functionally plastic behavior and can be lost upon chemotherapy regimens. On this ground, the 235 

quantification of BRCA1 methylation is clinically relevant to check methylation status over the course of 236 

therapeutic cycles in order to readily change the therapy management. This aspect is particularly important 237 

in light of the availability of new therapeutic approach with PARPi, stressing the need of a strong predictive 238 

marker, able to longitudinally identify promoter methylation/demethylation and to have the real-time 239 

picture of the sensitivity profile.  Of note, the correct assessment of the silenced alleles versus the functional 240 

ones is further complicated by chromosomal instability in EOC (https://mitelmandatabase.isb-cgc.org/ last 241 

access January 11, 2023). 242 

The high concordance observed in this inter-laboratory comparison suggests that these pyrosequencing 243 

assays could be used in clinical practice to investigate BRCA1 methylation. Noteworthy, the analysis of this 244 

BRCA1 promoter region is indicative of gene silencing as it encompassed the promoter sequence between 245 

chr17:41,277,443 and chr17:41,277,717 which was identified by in-vitro studies as the promoter regulatory 246 

element that, when methylated, could silence gene expression 20. In fact, in eight BRCA1-methylated cases a 247 

significantly downregulation of gene transcript was observed with respect to six BRCA1-unmethylated cases, 248 

confirming that the pyrosequencing assays are able to provide clinically relevant data to identify cases with 249 

BRCA1 function reduction. Remarkably, the same results were obtained when BRCA1 methylation results 250 
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obtained using all CpGs data were compared with results from only four CpGs (from chr17:41,277,445 to 251 

chr17:41,277,427) common between Varese and Genoa assays (Figure 6A and 6B). 252 

The comparison of the two pyrosequencing assays encourages new considerations about this method. First, 253 

both methylation assays exploited the ability of pyrosequencing to investigate small amplicons and this 254 

characteristic enables the analysis of FFPE samples even when the pre-analytical steps are difficult to 255 

standardize 29. This typically happens in routine practice when a single laboratory collects samples from many 256 

surgery/pathology units. Second, these data demonstrated that two different DNA conversion methods 257 

performed equally well. In order to exclude the overestimation of methylation levels, it is however important 258 

to maintain the presence of an intra-assay control of bisulfite-conversion efficiency. Third, this method 259 

performs in similar way of MS-MLPA technique, a broadly used method, considering costs and turnaround 260 

time, but has the advantage to be able to virtually analyze all genomic loci, while MS-MLPA, based on a 261 

restriction enzyme-based strategy, could target only regions containing the “recognition sites”, moreover 262 

providing a semi-quantitative data.  263 

In conclusion, these results confirmed that BRCA1 promoter methylation of the investigated regions caused 264 

BRCA1 downregulation and suggest that a high discrimination between methylated and unmethylated 265 

samples may be obtained by sequencing a single PCR product that includes only four shared CpG doublets in 266 

order to develop simple and cheap pyrosequencing assay for diagnostics.  267 

Pyrosequencing analysis is a feasible and robust method to quantitatively detect BRCA1 promoter 268 

methylation and, in the near future, this test may be implemented in routine clinical practice as a real-time 269 

predictor of PARPi therapy sensitivity, thus increasing the subset of women affected by EOCs that could 270 

benefit from this therapy during different treatment lines.  271 

 272 

 273 

 274 

 275 
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Figure Legends:  395 

 396 

Figure 1: BRCA1 methylation assays design. Schematic illustration of BRCA1 promoter region showing CpG 397 

dinucleotides analysed with Varese (in blue) and Genoa (in grey) assays. Black arrows are for amplification 398 

primers and light-coloured arrows (blue for Varese and grey for Genoa) represent sequencing primers.  399 

 400 

Figure 2: Summary of BRCA1 methylation results obtained from blinded pyrosequencing assays in both 401 

Varese and Genoa Centers. EOCs: Epithelial Ovarian Cancers; Met: BRCA1 methylated cases; Unmet: BRCA1 402 

unmethylated cases 403 

 404 

Figure 3: Correlation between Varese and Genoa BRCA1 methylation levels and classes. (A) Scatter plot of 405 

the regression analysis between Varese and Genoa BRCA1 methylation assays. Each dot identifies single 406 

samples analyzed with both assays (Varese methylation levels on the x-axis and Genoa methylation levels on 407 

y-axis). Red dotted lines indicate 15% methylation level for each assay (cut-off level). (B) Bland-Altman plot 408 

between Varese and Genoa BRCA1 methylation assays: for each sample are reported the average 409 

methylation values between Varese and Genoa measurements on the x-axis and on the y-axis is reported the 410 

difference between Varese and Genoa measurements. Red dotted lines indicate upper and lower 95% 411 

confident interval whereas solid blue line indicate no difference between observations. (C) Histogram which 412 

compares Varese (blue bars) and Genoa (grey bars) BRCA1 methylation classes. The discordant case (GE25) 413 

is highlighted as a pink dot. Green dots identify two cases that show discrepant methylation levels using 414 

Varese’s or Genoa’s assays (VA27: 78% Genoa vs 31% Varese, VA17: 15% Genoa vs. 42% Varese).  415 

 416 

Figure 4: ME053 BRCA1-BRCA2 MS‐MLPA assay result of the discordant sample (GE25). The upper panel 417 

shows the copy number analysis output of genes regions enlisted at the bottom of the figure. The lower panel 418 

shows the methylation analysis output of the methylation sensible gene regions ([HHA] probes). The red lines 419 

and the blue-indigo-purple lines are the lower and upper borders, respectively. They are placed at -/+ 0.3 420 

from the average probe value of each probe over the normal reference samples. Because the average value 421 

of the probes over the reference samples is different for every probe, the borders are not straight lines. In 422 

the black box area, the three probes for BRCA1 promoter methylation are highlighted , which shows 423 

methylation of only one out of three probes, at the limit of the upper border.  424 

 425 
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Figure 5: BRCA1 expression versus methylation status. (A) Comparison between BRCA1 expression (fold-426 

change, orange histograms) and BRCA1 methylation status (percentage of methylation, blue dots/lines) for 427 

each analysed sample. (B) The box-plot shows a significant downregulation of BRCA1 transcript in 7 BRCA1 428 

methylated EOCs in comparison to 6 unmethylated cases.  429 

 430 

Figure 6: Correlation of BRCA1 methylation levels evaluated using “all CpGs” versus “four CpGs” shared by  431 

both Varese and Genoa assays.  (A) Scatter plot of the regression analysis between “all CpG” versus “four 432 

CpGs”  of Varese (left) and Genoa (right) BRCA1 methylation assays. Each dot identifies a single sample (“All 433 

CpGs” methylation levels on the y-axis and “four CpGs” methylation levels on x-axis). Red dotted lines 434 

indicate 15% methylation level for each assay (cut-off level). (B) Bland-Altman plot between “all CpG” versus 435 

“four CpGs” of Varese (left) and Genoa (right) BRCA1 methylation assays: for each sample are reported the 436 

average methylation values between “all CpG” and “four CpG” measurements (x-axis) and the difference 437 

between “all CpG” and “four CpG” measurements (y-axis). Red dotted lines indicate upper and lower 95% 438 

Confident Interval (CI) whereas solid blue line indicate no difference between observations. Yellow dots 439 

indicate those samples which are outside of the 95% CI. 440 
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Table 1. Genoa assay - Primers and PCR conditions of pyrosequencing analysis  442 

Primer name Primer sequences AT (°C) Amplicon length (bp)  

B1PHM 1-2F  5’-GATGGGAGGGATAGAAAGAGTTAA-3’ 62 97  

B1PHM 1-2Rbiotin  5’-TCCTCTTCCRTCTCTTTCCTTTT-3’    
B1PHM 1-2S 5’-GGGAGGGATAGAAAGAGT-3’      

B1PHM 3-14F 5’-AGAGTAGAGGGTGAAGGTTTTTT-3’ 56.7 228  

B1PHM 3-14Rbiotin 5’-TCTATCCCTCCCATCCTCTAATTA-3’    
B1PHM 3-14S1 5’-GAGTAGAGGGTGAAGGTT-3’    
B1PHM 3-14S2 5’-TTTGTTTTTRGTTTAGGAAG-3’      

     
 443 

  444 
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Table 2. Comparison of technical characteristics of the Genoa and Varese assays.   445 
 

Genoa assay 
(IRCCS San Martino Hospital) 

Varese assay 
(ASST Settelaghi) 

CpG sites 14  8  
DNA input up to 300ng 100-200ng 

Bisulfite conversion Epitect bisulfite kit (Qiagen) EZ DNA Methylation kit (Zymo Research) 
Amplicons 2 2 

Sequencing primers 3 2 
Pyrosequencer Pyrosequencing PSQMA96 (Qiagen) PyroMark Q96 ID (Qiagen) 

Design software Pyrosequencing Assay Design Software (v1.0.9) Pyrosequencing Assay Design Software (v.2.0) 

Methylation 
controls 

0 - 25 - 50 - 75 - 100%  
hemimethylated DNA 

0 - 10 - 50 - 100% 

Limit of Detection 
≤ 15% unmethylated (U) 
≥ 15% methylated (M) 

≤ 15% unmethylated (U) 
≥ 15% methylated (M) 

Partial methylation 
status 

Heterogeneity (UM/M) of CpG methylation sites not defined 

Bisulfite score 10% passed, 15% check 12% passed 
 446 
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