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ABSTRACT

Background

Nearly 15% of BRCAT and BRCA2 DNA tests lead to the identification of Variants of
Uncertain Significance (VUS). VUS are classified in the Netherlands according to the Bell
system and it is current practice that class Ill VUS are communicated to counsellees, but
not class Il or lower VUS. Our aims were to investigate the utility of in silico characteristics
in the classification of VUS and whether initial VUS classifications justify differences in

communication protocols during counselling.

Methods
We classified 88 missense VUS in BRCAT and BRCAZ2 on the basis of an in silico analysis
and compared the classification of a subset of 60 VUS of which additional information

including family, genetic and tumour data was available.

Results

VUS allocated to class Il more frequently showed in silico indications of a deleterious
effect than class Il VUS. Of the 46 VUS assigned to class Il by in silico analysis alone,
nearly half were eventually recategorised as class | and 10% as class lll when additional
information was included.

Conclusions

As in silico analysis alone is not always sufficient to unambiguously assign VUS to either
class Il or class Ill, we would argue that the prospect of obtaining additional information
from a family should be given more weight during the decision process preceding
the communication of a VUS test result. Research initiatives such as the Evidence-based
Network for the Interpretation of Germline Mutant Alleles (ENIGMA), which strive to
combine diverse sources of information, will be valuable in aiding a definitive classification
of a VUS.
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INTRODUCTION

The ongoing development of sequence-based technologies in DNA diagnostic laboratories
is resulting in the detection of an increasing number of variants of unknown clinical
significance. These variants, referred to as Variants of Uncertain Significance (VUS), include
missense changes, small in-frame deletions or insertions, non-synonymous nucleotide
substitutions, as well as alterations in non-coding sequences or in untranslated regions.

Around 15% of DNA tests of the BRCA1 and BRCA2 genes result in the identification
of VUS, and almost 1800 unique VUS are currently listed in the Breast Cancer Information
Core database (http://research.nhgri.nih.gov/bic/) (accessed 4 Apr 2012).

In the Netherlands, over 1800 families are now known to carry a BRCA1 and BRCA2
VUS (National working group for Breast Cancer DNA Diagnostics (LOB)). These families
experience considerable psychological distress, due to the possibility that they may face
a cancer risk as high as that for known pathogenic mutations, and due to the uncertainty
surrounding this risk.3

Interpretation of VUS with respect to predicted effect on protein function, and thus
on the estimated cancer risk in the families, has become a major challenge when tailoring
genetic counselling and disease prevention strategies. As genetic counsellors need to be
able to communicate a meaningful VUS DNA test outcome and possible consequences
in a careful and understandable way to the counsellees and their families, it is essential
that specialists in DNA diagnostic laboratories give a clear and objective estimation of
the probability of pathogenicity for each VUS.

A variety of methods have been developed to determine whether a given variant is
pathogenic or is of little or no clinical significance.** Functional studies assess the impact
of genetic variants on the activity of the protein in vitro. Some methods measure a direct
association of the variant with disease, and include cosegregation of the variant with
disease in a family,” family history,® co-occurrence of the variant with pathogenic BRCA1
and BRCAZ2 mutations on the second allele? and analysis of the tumour DNA (eg, loss
of heterozygosity and array comparative genomic hybridisation analysis).’ In silico
approaches predict the consequences of DNA sequence changes in an indirect manner
based on evolutionary nucleotide and amino acid conservation, the possible effect of
amino acid substitutions on protein structure or the predicted effect on mRNA (messenger
RNA) splicing.

In 2007, the Dutch and British societies for clinical molecular genetics proposed ‘Good
Practice Guidelines for the Interpretation and Reporting of Unclassified Variants in Clinical
Molecular Genetics Laboratories’." A four-class system was described, with increasing
probability of pathogenicity (class | to IV). This was followed by a suggested classification
into five groups (table 1), by Plon et al in 2008.2

The communication of a VUS to a counsellee often results in feelings of uncertainty,
distress and a possible decision to undergo prophylactic surgery.?3As the prior probability
that a VUS will be deleterious is less than 10%,* laboratory personnel in the Netherlands
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Table 1. Four-class system according to Bell et al.[11], compared to the five-class system proposed
by Plon et al. "2

Class Class Probability of
(Bell) Description (Plon) Description pathogenicity
1 N'ot. pathogsnm or of no <0.001
clinical significance
Certainly not pathogenic Likel N ) f
2 kely not pathogenic orot 41.0,049
little clinical significance
I Unlikely to be pathogenic but
cannot be formally proven
3 Uncertain 0.05-0.949
" Likely to be pathogenic but
cannot be formally proven
4 Likely pathogenic 0.95-0.99
v Certainly pathogenic
Definitely pathogenic >0.99

show understandable reservations regarding the communication of the discovery of a VUS
to the counsellor, as does the counsellor when communicating with the counsellee.

Each newly identified VUS is first categorised using in silico tools. Class Il categorised
VUS are communicated to the counsellors, but are not generally revealed to the counsellees.
A class Il VUS, which is more likely to be pathogenic, is communicated to the counsellees
and if possible, additional studies are performed to obtain a more accurate assessment
of pathogenicity (eg, cosegregation and RNA analysis). Risk estimates and surveillance
policies for class Il and class Ill VUS are generally based on family cancer history, and
predictive DNA testing is not offered to the family members.” The distinction between
class Il and class Ill VUS is a frequent topic of debate in the Netherlands, and since
allotment of a VUS to either class Il or class Ill involves a distinct communication protocol
during counselling, objective assessment of the VUS is crucial.

The aim of this study was to investigate whether VUS classified in class Il and IlI
by the LOB working group show significant differences in in silico characteristics, and
thus whether current counselling protocols with respect to initial communication with

the counsellees are justified.

MATERIALS AND METHODS

Family data and mutation analysis

High-risk breast and ovarian cancer families were tested for nucleotide variants in BRCA1
and BRCA2 when the prior probability of detecting a disease-causing mutation was about
10% or more,™ or when breast cancer was diagnosed at a relatively young age (<36 years
of age), irrespective of a family history of breast cancer.
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Denaturing Gradient Gel Electrophoresis or High Resolution Melting Curve Analysis
were used as mutation-scanning methods, followed by confirmation of aberrant samples
by Sanger sequencing or direct Sanger sequencing and Multiplex Ligation-dependent

Probe Amplification.

Selection of VUS

In the Netherlands, about 800 unique VUS have been identified in the BRCAT and BRCA2
in a total of 1800 families. At Leiden University Medical Centre (LUMC) there are 216
families in whom 172 unique VUS have been identified between 2002 and 2010. Of these
172 variants, 88 were missense variants and our analysis was focused on those variants.

Classification of VUS

The four-class system developed by Bell is employed at the LUMC, as is the case for
most Dutch and Belgian DNA diagnostic labs (table 1)."" These laboratories are united in
the LOB. Members of this group classify VUS identified in their centre using in silico data
and literature searches and regularly enter VUS in a central database. Yearly meetings
allow inconsistencies in classification between labs to be discussed and general agreement
to be reached. VUS may eventually be reclassified based on additional data including
family history, cosegregation with disease in a family, co-occurrence with a pathogenic
mutation, tumour DNA analysis and functional studies. Among the 88 missense VUS which
were identified at the LUMC, additional information was available for 60 VUS (see online
supplementary table).

In silico analysis of the VUS was performed using Alamut mutation interpretation
software (http://www.interactive-biosoftware. com/alamut.html) (accessed 4 Apr 2012).
Alamut can predict the severity of amino acid substitutions by integrating nucleotide and
amino acid conservation, by cross-species alignment using PhastCons scores, with other
prediction methods including the Grantham score,' Sorting Intolerant From Tolerant
(SIFT) (http:// blocks.fhere.org/sift/SIFT.html) (accessed 4 Apr 2012), and Align-Grantham
Variation with Grantham Deviation (A-GVGD) (http://agvgd.iarc.fr) (accessed 4 Apr
2012). Alamut estimates nucleotide conservation by comparing the majority of available
published sequences and the functional domains of BRCA1 and BRCAZ2. PhastCons
scores for nucleotide conservation were calculated by Alamut and VUS-PhastCons
scores higher than 0.9 were considered to be strongly conserved, those with a score of
0.5-0.9 to be moderately conserved and a score of <0.5 was taken as an indication of
weak conservation.® Amino acid conservation was based on cross-species alignments.
Residues conserved in primates and other mammals were regarded as weakly conserved.
Moderate conservation was assigned to amino acids conserved in birds, whereas amino
acids conserved in tetraodon (puffer fish) were classified as strongly conserved (see online

supplementary data).
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In this study, all VUS were classified by the same molecular geneticist ( JTW), based on
the outcome of in silico analysis. Variants not tolerated by SIFT-analysis, with a relatively
high Grantham score (>100) and a high A-GVGD score (C35-C65) were categorised in class
[1."7 Variants were classified in class Il when they showed 1) low Grantham score (<100),
low A-GVGD score (CO-C25) and irrespective of the outcome of the SIFT-analysis or 2)
the in silico programmes showed contrary outcomes, for example, low Grantham score
combined with high A-GVGD score. No VUS were classified in class | or IV on the basis of
the in silico data only.

Three different splice site prediction tools in Alamut were used for the analysis of
variants. These Splice Site Prediction Programs are SpliceSiteFinder, MaxEntScan and
GeneSplicer. When two out of three programmes show similar outcomes, this accurately
predicts an effect on splicing.’ For 12 variants in our study, a possible effect on RNA
splicing was predicted and extra RNA analysis was performed for these variants when
material was available (see online supplementary data). The in silico classification was then
compared with the LOB-classification, which was based on the in silico outcome and on
additional data including data derived from literature, cosegregation, array comparative
genomic hybridisation, etc (see online supplementary table).

Statistical analyses Statistical analysis was performed with SPSS V. 20. Frequencies of
each individual in silico parameter, within and between different classes of VUS, were
compared using cross tabulation. In case of differences between groups, two-group
analysis was performed using Pearson’s X2 test or occasionally Fisher's exact test, when
the expected count was less than five. The outcome was considered statistically significant

when the P-value was below 0.05.

RESULTS
In silico analysis of the variants

Grantham score

The Grantham score' examines the difference in the physicochemical nature of the amino
acid substitutions. The score ranges between 0 and 215. A higher Grantham score is
indicative of a greater difference in chemical properties between two amino acids (ie,
polarity and molecular volume) and can indicate a stronger (negative) effect on protein
structure and function. Grantham scores were determined for all 60 missense variants.
The mean Grantham score was calculated and compared for each class of VUS classified
by LOB. The mean Grantham scores for classes I, II, Il and IV were 79, 78, 102 and 76,
respectively (no significant differences between groups).

SIFT-analysis

The SIFT algorithm combines sequence homology and physical properties of amino acid
substitutions to analyse whether or not amino acid substitutions are tolerated, in light of
the predicted effect on the protein structure. The vast majority (?2.3%) of class Ill VUS, as
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201 SIFT
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Figure 1. Sorting intolerant from tolerant (SIFT)-analysis of different Variants of Uncertain
Significance classes classified by the National working group for Breast Cancer DNA
Diagnostics (LOB). The bars represent the outcome of the SIFT-analysis depicted as tolerated or
not tolerated.

classified by LOB, were predicted ‘intolerant’ by SIFT, in contrast to 28.6% of the class |l
VUS (figure 1). Unsurprisingly, the number of ‘intolerant’ VUS was significantly higher in
class Ill when compared with class Il (P=3.3e-4) or class | (P=5.2e-5). This result shows that
LOB-classified class Il and class Il VUS can be broadly differentiated on the basis of SIFT

analysis alone.

A-GVGD

Align-GVGD combines the biophysical characteristics of amino acids and multiple
sequence alignments of proteins, weighing the cross species conservation of a particular
amino acid and its specific physical characteristics, to predict where missense substitutions
fall in a spectrum from enriched deleterious to enriched neutral.' A-GVGD scores amino
acid substitutions on a 7-scale scoring system, from CO to C65. An amino acid substitution
with a CO score is considered to be neutral, amino acids with C15 and C25 scores are
considered intermediate, as changes to protein structure or function are uncertain, and
C35 scores or higher are considered as likely deleterious.

The majority (88%) of VUS which are scored as neutral (CO) by A-GVGD are classified
in class | and Il by LOB (table 2). A significantly larger proportion of LOB-classified class |lI
VUS score is more likely deleterious, with a score of C35 or higher, when compared with
class Il (P=6.2e-3) or class | (P=3.8e-2). These results indicate that LOB classified class Il
and class Il VUS can be broadly differentiated on the basis of A-GVGD alone.
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Table 2. A-GVGD analysis of different VUS classes, classified by LOB according to Bell et al.™

LOB (in silico plus additional data)

A-GVGD outcome Class | Class Il Class Il Class IV Total
Cco 21 19 5 - 45
C15-C25 - 2 4 1 7
C35-Cé5 2 - 4 2 8
Total 23 21 13 3 60

Nucleotide and amino acid conservation

The level of cross-species conservation was determined at the nucleotide and amino acid
level for all missense variants. VUS were consistently scored as weakly, moderately or
strongly conserved at nucleotide (figure 2A) and amino acid level (figure 2B), based on
Alamut output. Statistically significant differences were apparent between class | and IlI
(P=1.3e-4 and P=1.5e-4 for amino acid and nucleotide, respectively), and class Il and llI
(P=3.4e-3 and P=8.9e-4 for amino acid and nucleotide, respectively), indicating that VUS
at strongly conserved positions are significantly more frequently allocated to class Il than
to class | or Il.

Classification

Of the 60 missense variants, 46 were classified in class Il and 14 in class Ill based purely on

in silico data. This classification was then compared with the LOB-classification for which

201 Nucleotide 201 Amino acid
conservation conservation
W weak Wweak
EdModerate EiModerate
154 [f strong [ strong
t £
3 3
2 °
o o
| I I} % | Il n v
LOB Classification LOB Classification

Figure 2. The nucleotide and amino acid conservation per Variants of Uncertain Significance
class classified by the National working group for Breast Cancer DNA Diagnostics (LOB). (A)
Nucleotide conservation based on Alamut output, which includes alignments of most published
sequences and functional domains of BRCAT and BRCA2. (B) Amino acid conservation based
on protein multialignment in Alamut.
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additional data such as literature, cosegregation and co-occurrence were used (see online
supplementary table).

Of the 46 VUS with an in silico categorisation in class Il, 20 remained in class I, whereas
more than half were recategorised, mostly in class | predominantly based on the presence
in healthy controls or co-occurence. Five variants (11%) were categorised as class Ill. Of
the VUS with a class Il in silico categorisation, six were recategorised, of which three (21%)
even being reassigned as pathogenic (class IV) (table 3, see online supplementary table).
This analysis shows that the inclusion of additional information derived from peer review
by the LOB can profoundly influence the classification outcome.

DISCUSSION

When a VUS is identified in either the BRCAT or BRCA2 gene, a molecular geneticist
provides an initial indication of pathogenicity, an opinion primarily based on in silico
analysis. In a majority of the cases where no additional information is available, initial
classification of the VUS will depend solely on these data and will guide the genetic
counsellor in deciding whether or not and how to communicate information about the VUS
to the counsellee.

This study demonstrates that missense variants in BRCA1 and BRCA2, assigned
to class Il and lll, show statistically significant differences in most VUS-related in silico
characteristics. As expected, class Ill VUS more frequently showed in silico parameter
outcomes indicating a deleterious effect on protein function, when compared with class
[ VUS. However, of the class Il VUS classified using in silico data, nearly half (45%) were
eventually recategorised in class | and 11% in class Ill and of the VUS classified in class
[l using in silico data, even 21% were recategorised as pathogenic when additional
information was included for classification (table 3, see online supplementary table). In light
of these data, we conclude that in silico analysis alone is not sufficient to unambiguously
assign VUS to Bell’s class Il or class lll.

The five-group classification system developed by Plon et al'? is based on the degree

of likelihood of pathogenicity and each class is associated with specific recommendations

Table 3. Classification (Bell et al.[11]) based on purely in silico data compared to the classification
by LOB.

LOB (in silico plus additional data)

Classification | Il 1 v Total
| - - - - -
Il 21 20 5 - 46
In silico [ 2 1 8 3 14
v - - - - -
Total 23 21 13 3 60
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for clinical management of at-risk relatives. The majority of the VUS, however, receive
a classification of class IIl in this system (0.05- 0.95 probability of being pathogenic; similar
to class Il and class Il variants of Bell's classification (table 1)), indicating that this system is
also unable to offer the improved subclassification so urgently needed by clinicians.

Of the 60 missense variants included in this study, some showed a discrepancy between
the LOB classification and the most recent international publications. In a recent publication
by Lindor et al® for example, the BRCAZ2 variant c.4585G>A; p.Gly1529Arg is categorised
as class |, based on an article by Easton et al.’ However, this variant is registered in
the LOB database as a class Il variant, because the biological effect of this mutation has
clearly been shown by Tal et al.22 Although Dutch molecular geneticists generally use
the Bell classification system and Lindor et al?® have used the Plon classification (table
1), the discrepancy in the classification of these variants remains striking and shows that
considerable effort and regular meetings at national and international levels are still
required to reach a uniform and updated consensus.

The functional effect of most of the VUS on ovarian cancer risk has been less extensively
studied, when compared with breast cancer. Pal et al?® reported detection of VUS in about
8% of invasive carcinomas. Akbari et al* assembled a historical cohort of 4030 female
first-degree relatives of 1345 unselected patients with ovarian cancer, who had been
screened for BRCA1 and BRCA2 mutations. They showed that cumulative risk of cancer
among relatives of patients carrying a VUS was similar to the risk of cancer for relatives
of non-carriers. This result is, however, based on different VUS studied collectively. In
contrast, a recent study by Spurdle et al®® showed a higher cumulative risk for ovarian
cancer in the carriers of the BRCAT c.5096G>A; p.Arg1699GIn variant, compared with
the non-carriers. Although the separate estimation of breast and ovarian cancer risk is
somewhat difficult, it could be that there is a difference in ovarian cancer compared
with breast cancer risk associated with missense variants. Therefore, a study of a large
number of such variants would be necessary to address this possibility—with important
clinical implications.

Given the increasing number of families that are confronted with VUS test outcomes
and the division in expert opinion regarding classification explained above, a well-defined
VUS classification system would help to facilitate standardised counselling of VUS and
provide uniform recommendations regarding communication and risk estimates for
each class of VUS. From this studly, it can be concluded that important clinical decisions
regarding the interpretation of variants cannot be made based on the in silico outcomes
only. The accuracy (about 80%)'” and the magnitude of the Odds Ratio (OR) are insufficient
for the classification of variants without the use of additional information.® The addition of
other data, such as cosegregation and RNA analysis, to the existing in silico data will lead to
an increase in the sensitivity and specificity of the classification method. The development
of a multifactorial likelihood model for BRCA1 and BRCAZ2 variants was a major advance
in the study of these variants, allowing the assessment of a range of features for a variant

(eg, cosegregation, co-occurrence), in addition to in silico characteristics. This model
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establishes a likelihood ratio for pathogenicity versus non-pathogenicity.® The most
accurate classification of variants would be achieved if a combination of cosegregation
data and functional study results could be used. However, as complete cosegregation data
on individual variants is often not available and functional analysis is labour intensive and
usually conflicting, in silico analysis remains the most important tool for the classification
of the variants. For a more secure classification, the collection of additional material and
information in multiple families per variant is therefore essential. Once sufficient families
are included, one could even determine whether a variant confers intermediate breast and
ovarian cancer risk, as shown by Spurdle et al.?

As previously mentioned, clinical genetics departments in the Netherlands generally
only communicate discovery of class Il VUS to the counsellee. In light of the fact that VUS
may be recategorised when additional information becomes available (table 3), one could
argue that a result of current communication guidelines is that clinically unimportant and
potentially pathogenic variants will go unrecognised and remain categorised as class |
VUS. Communication of a VUS test result provides the opportunity to discuss collection of
additional information and material with the counsellee.

The classification of a VUS is dynamic and although we have shown that in silico
categorisation is fairly robust we also clearly showed that additional information is central
to an accurate appraisal. We would now argue that the prospect of obtaining additional
information from a family, and biological material for additional analyses, should be given
appropriate weight in the decision process preceding the communication of a VUS test
result. Research initiatives such as the Evidence-based Network for the Interpretation of
Germline Mutant Alleles consortium (http://www.enigmaconsortium.org/) (accessed 4 Apr
2012) which strive to combine diverse sources of information will be valuable in aiding

a definitive classification of a VUS.
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SUPPLEMENTARY TABLE

Supplementary Table. Summary of 60 BRCAT and BRCA2 missense variants

In silico prediction Splice site prediction
programs programs

Variant Amino acid Nucleotide
BRCA1 SIFT Grantham AGVGD conservation  conservation SSF MES GS
c.441G>C

N 22 Co Strong Strong - + -
p.Leu147Phe
c.4947>C

N 98 C25 Weak Strong - - -
p.Leu165Pro
c.536A>G

N 194 C35 Weak Strong ++ - -
p.Tyr179Cys
c.557C>A

N 144 C15 Strong Strong - + -
p.Ser186Tyr
c.1865C>T

Y 64 Cco Strong Weak - - -
p.Alaé22Val
c.3418A>G

56 Cco Weak Weak + + -

p.Ser1140Gly
c.3640G>A

N 56 Co Strong Strong - - -
p.Glu1214Lys
c.46917>C

Y 98 Cco Weak Weak - - -
p.Leu1564Pro
c.4840C>T

Y 74 Cco Weak Weak - - -
p.Pro1614Ser
c.4951T>C

Y 74 Cco Strong Moderate - - -
p.Ser1651Pro
c.4956G>A

Y 10 Co Weak Strong - - -
p.Met1652lle
c.5095C>T

N 101 Cé65 Strong Strong - - -
p.Arg1699Trp
c.5096G>A

N 43 C35 Strong Strong ++ + -
p.Arg1699GIn
c.5158A>G

Y 58 Cco Weak Strong ++ + -
p.Thr1720Ala
¢.5300G>C

N 112 Cco Strong Strong ++ - -
p.Cys1767Ser
c.5309G>T

109 Co Strong Strong - - -

p.Gly1770Val
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Other evidence for LOB classification Breast
Cancer
In Effect Information
Co- Co- healthy on RNA Array- Insilico LOB Core
segregation occurrence controls splicing CGH classification  classification Database  References
+ - 2 2
- 3 3
- + 3 1 Unknown [1-9]
3 3 Unknown [9-11]
2 2 Unknown [10]
2 2 Unknown [9, 11, 12]
2 2 Unknown [10, 13]
[5, 9,11,
+ 2 1 No 14, 15]
+ 2 1 No [5, 10, 14]
Unclear - 2 3 [16]
+ +>1% 2 1 Unknown [3,7,9,617-31]
[7,10,17, 20,
" 3 4 ves 27-29, 31-40]
[17, 27-29,
3 3 Unknown 31, 34, 36, 37,
40-47)
[3,10, 11,17,
2 2 Unknown 20, 27, 28,
31, 48]
Not
BRCA1- 2 3
like
+ 2 3

51



Chapter 2

Supplementary Table. (continued)

In silico prediction Splice site prediction
programs programs
Variant Amino acid Nucleotide
BRCA1 SIFT Grantham AGVGD conservation  conservation SSF MES GS
c.5585A>T
] 99 Co Weak Weak - - -
p.His1862Leu
c.125A>G
194 Cco Moderate Strong - - -
p.Tyrd2Cys
c.322A>C
. Y 68 Co Weak Moderate ++ - -
p.Asn108His
c.502C>A
N 38 Co Strong Strong - + -
p.Pro168Thr
c.526A>T
Y 58 Cco Moderate Strong ++ + -
p.Thr176Ser
c.978C>A
Y 110 Co Weak Weak - - -
p.Ser326Arg
c.1151C>T
Y 155 CO0 Weak Weak - + -
p.Ser384Phe
c.1262A>G
N 43 co Weak Weak - + -
p.GIn421Arg
c.15147>C
Y 89 co Weak Weak - - -
p.1le505Thr
c.1786G>C
) N 81 CO0 Weak Moderate - - -
p.Asp596His
c.1889C>T
Y 89 Cco Weak Weak - - -
p.Thré30lle
c.2138A>T
Y 113 Co Weak Weak ++ ++ -
p.GIn713Leu
c.2680G>A
Y 29 Co Weak Weak ++ + -
p.Val894lle
c.2803G>A .
Y 23 Cco Moderate Light - ++ -
p.Asp935Asn
c.2971A>G
Y 23 Cco Weak Weak - - -
p.Asn991Asp
¢.3055C>G
Y 32 Cco Weak Strong ++ + -
p.Leu1019Val
c.4241C>T
81 Co Weak Weak - - -

p.Thr1414Met
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Other evidence for LOB classification Breast
Cancer
In Effect Information
Co- Co- healthy on RNA Array- In silico LOB Core
segregation occurrence controls splicing CGH classification classification Database  References
BRCA1
and 2 2 Unknown
2-like
[18, 24, 26,
+ 2 1 Unknown 34, 41, 45,
49-57]
2 2 Unknown [3, 58]
2 2 Unknown [10, 59]
- 2 2
2 1 [52, 53]
[3, 26, 45,
2 1 No 53, 60]
- 2 2
N 2 1 [52]
2 1 No [61, 62]
2 2 [10]
+ 2 2 Unknown [52]
- 2 2 Unknown [10]
- 2 1 No [8, 26, 52, 58]
[3, 19, 55, 58,
2 1 Unknown 63, 64]
2 2 Unknown [10, 52, 65]
2 1 No [58, 66]
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Supplementary Table. (continued)

In silico prediction Splice site prediction
programs programs
Variant Amino acid Nucleotide
BRCA1 SIFT Grantham AGVGD conservation  conservation SSF MES GS
c.4301A>T
102 C15 Weak Strong - - -
p.Lys1434lle
c.4585G>A
125 Cé65 Strong Strong - - -
p.Gly1529Arg
c.5704G>A
Y 23 Co Weak Weak - + -
p.Asp1902Asn
c.57377>C
Y 180 Co Weak Weak - - -
p.Cys1913Arg
c.6100C>T
Y 180 Co Weak Weak - + -
p.Arg2034Cys
c.63177>C
Y 98 Co Weak Weak - + -
p.Leu2106Pro
c.6706G>A
N 56 Cco Strong Strong - - -
p.Glu2236Lys
c.6935A>T
N 152 C15 Moderate Strong ++ + -
p.Asp2312Val
c.7150C>A
Y 53 Cco Weak Weak - - -
p.GIn2384Lys
c.7397C>T
Y 64 Co Weak Weak - + -
p.Ala2466Val
c.7954G>A
N 21 C15 Strong Strong - + -
p.Val2652Met
c.7976G>A
N 26 C25 Strong Strong ++ + -
p.Arg2659Lys
c.7978T>G
N 160 Cé65 Strong Strong ++ + -
p.Tyr2660Asp
c.8149G>T
Y 99 Co Weak Moderate - - -
p.Ala2717Ser
c.8182G>A
Y 29 Co Weak Weak - - -
p.Val2728lle
c.8187G>T
No 94 Co Weak Moderate ++ + -
p.Lys2729Asn
c.8525G>A
. N 29 C25 Strong Strong ++ - -
p.Arg2842His
c.8662C>T
Y 180 Co Weak Weak - - -
p.Arg2888Cys
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Other evidence for LOB classification Breast
Cancer
In Effect Information
Co- Co- healthy on RNA Array- In silico LOB Core
segregation occurrence controls splicing CGH classification classification Database  References
2 2 [53]
3 3 [10, 67-69]
+
2 1 No [58, 61, 66]
>1%
2 2 Unknown [70]
[3,12, 24, 26,
2 1 Unknown 30, 53, 58, 71]
2 2 Unknown [53]
+ - 3 3 Unknown
- 3 3 Unknown [10, 72]
+
2 1 Unknown [10]
>1%
+
2 1 Unknown [58, 63]
>1%
- 2 3
+ 3 4 Unknown [10, 49, 50]
- 3 3 Unknown [34, 44, 73]
+ [3, 8, 26, 52,
1% 2 ! No 70,73, 74]
+
2 1 No [3, 30, 55, 73]
>1%
[10, 49,
2 3 Unknown 73, 75]
+ 3 2 Unknown [10, 72]
2 2 Unknown [10, 34, 73]
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Supplementary Table. (continued)

In silico prediction Splice site prediction

programs programs
Variant Amino acid Nucleotide
BRCA1 SIFT Grantham AGVGD conservation  conservation SSF MES GS
c.8830A>T
21 Cco Moderate Strong ++ - -
p.lle2944Phe
c.8850G>T
N 94 C35 Strong Strong - - -
p.Lys2950Asn
c.8851G>A
N 58 Co Strong Strong ++ - -
p.Ala2951Thr
c.9104A>C
N 144 C55 Moderate Strong - - -
p.Tyr3035Ser
c.9154C>T
N 101 C65 Strong Strong - - -
p.Arg3052Trp
c.9161C>T
Y 98 Cco Weak Weak - - -
p.Pro3054Leu
c.9235G>A
Y 29 Cco Weak Moderate - - -
p.Val3079lle
c.9634G>C
Y 125 Co Weak Weak ++ ++ -
p.Gly3212Arg
c.10234A>G
29 Co Weak Weak ++ - -
p.lle3412Val

SIFT tolerated: Y=Yes, N=No

Splice Site Prediction Programs: SpliceSiteFinder (SSF), MaxEntScan (MES) and GeneSplicer (GS). Strong effect is depicted
here as ++, small effect as + and no effect as -.

Co-segregation is based on the results of analysis in at least one family.

Array-CGH data has been obtained from tumour tissue of individual who is a carrier of the variant and has been counselled
in the LUMC. The analysis is performed in the Netherlands Cancer Institute at the department of Pathology under
the supervision of Dr. PM. Nederlof.

Variants in which addition of extra information changed their in silico classification are shown in bold.
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