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Abstract

Background

Common genetic variants have been shown to modify BRCAI penetrance. The aim of this
study was to validate these reports in a special cohort of Norwegian BRCA I mutation carriers
that were selected for their extreme age of onset of disease.

Methods

The ten variants rs13387042, rs3803662, rs8170, 1s9397435, rs700518, rs10046, rs3834129,
rs1045485, rs2363956 and rs16942 were selected to be tested on samples from our biobank.
We selected female BRCAI mutation carriers having had a diagnosis of breast or ovarian
cancer below 40 years of age (young cancer group, N = 40), and mutation carriers having had
neither breast nor ovarian cancer above 60 years of age (i.e., old no cancer group, N = 38).
Relative risks and odd ratios of belonging to the young cancer versus old no cancer groups
were calculated as a function of having or not having the SNPs in question.




Results

Five of the ten variants were found to be significantly associated with early onset cancer.
Some of the variation between our results and those previously reported may be ascribed to
stochastic effects in our limited number of patient studies, and/or genetic drift in linkage
disequilibrium in the genetically isolated Norwegian population. This is in accordance with
the understanding that the SNPs are markers in linkage disequilibrium with their respective
disease-causing genetic variants, and that this may vary between different populations.

Conclusions
The results confirmed associations previously reported, with the notion that the degree of

association may differ between other populations, which must be considered when discussing
the clinical use of the associations described.
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Introduction

Mutations in the BRCAI gene constitute a high life-time risk of breast and ovarian cancer.
Risk reducing salpingo-oophorectomy over the age of 35 years is advocated to reduce the risk
of cancer and early death [1]. Breast cancer may be prevented by prophylactic mastectomy
and patient prognosis improved when breast cancer is detected early with mammography and
MRI [2]. Because BRCAI-associated breast cancer has an early onset, prophylactic
mastectomy must be undertaken at younger age to provide a maximum protective effect [3].

BRCAI-associated cancer is age-dependent, and whether or not this is stochastic or
influenced by other factors (modifiers of penetrance) is a question that has not been fully
explored: Both stochastic elements and modifying factors may be instrumental in diseases
causation. Modifying factors may be genetic, environmental, or both. This study was
designed to validate previous reports of normal genetic variants that contribute to modifying
BRCA1 penetrance.

A number of normal single nucleotide polymorphisms (SNPs) associated with breast cancer
in the general population have been demonstrated to modify the penetrance of BRCAI [4-13].
We decided not to participate in the initial studies of these modifiers of breast cancer
penetrance, and we now have one of the few sufficiently large series of well-described
BRCAI mutation carriers to validate the findings reported by others.

The aim of this study was to determine whether SNPs reported to be associated with cancer
risk in BRCAI mutation carriers in other populations had the same association in the
Norwegian population.




Materials and methods

Selection of patients

All study subjects were demonstrated BRCAI mutation carriers at the outpatient Cancer
Genetics Clinic, Oslo University Hospital and the respective mutations were as previously
reported [14]. Two groups were selected for analysis: Mutation carriers having had breast
and/or ovarian cancer under the age of 40 years, hereafter described as the young cancer
group, and mutation carriers who were completely disease free until their 60" birthday, or
older (the old no cancer group). If there were to be significant associations between age at
onset of cancer and the SNPs considered in our material, they should be identified by
comparing the extremes by this approach. The study was approved by both the Ethical review
board (ref S02030) and the Norwegian Data Inspectorate (ref 2001/2988-2). All genetic
counseling and testing was performed according to Norwegian law, and all patients gave
written informed consent. The present report is one in a series to meet a request from the
Norwegian Parliament to report the results of our studies into inherited breast and or ovarian
cancer risk. We did not discriminate between breast or ovarian cancer, as we have previously
shown that there is no sib pair concordance for breast and ovarian cancer in BRCA I mutation
carriers in our population [15]. Patients having had prophylactic mastectomies under the age
of 60 years were excluded from the study, patients having had prophylactic salpingo-
oophorectomy, but not mastectomy, were included in the old group. Power calculations
indicated that, if reasonable prevalence of the variant alleles for each of the modifiers tested,
we would reach significance if the OR > 2 or <0.5, and with 50 participants in both the young
cancer and old no cancer groups. Preliminary analyses on the number of women having
consented to participate, indicated that we would reach significance by selecting affected
women aged less than 40 years and women unaffected at over 60 years as mentioned
previously.

Test panel/selection of SNPs

Not knowing the prevalence of the genetic variants in question in Norway, nor their
association with disease, we selected the ten genetic variants reported to have the highest
association with early/late onset of breast cancer among BRCAI mutation carriers in 2011
when the study was designed. The test panel consisted of nine single nucleotide
polymorphisms (SNPs) and one deletion shown to be associated with cancer risk in BRCA1
mutation carriers as shown in Table 1. For simplicity, we will in this report refer to the
deletion as a SNP. Seven of the SNPs were reported to increase cancer risk [4—10] and three
were reported to decrease risk for breast cancer in BRCA [-mutation carriers [11-13].



Table 1 Distribution of genotypes in the ten SNPs determined in BRCA [ mutation carriers with breast or ovarian cancer before 40 years of age
(young cancer) and in carriers not having had breast or ovarian cancer before 60 years of age (old no cancer), and with calculated RR and OR,
and HR/OR from previous reports [according to references given in left column]

Young cancer

Old no cancer

Fishers’ exact

1 o, 1)

SNP Genotype (number of cases) (number of cases) Reported risk  ObservedRR (95 % CI) ObservedOR (95 % CI) p — one sided
GG 13 18 1 -
AA 9 9 HR 1.05 1.19 (0.64-2.22) 1.38 (0.43-4.45) 0.40

rs13387042 2435 [4] GA 17 1 HR 1.14 1.45 (0.87-2.41) 2.14 (0.76-6.06) 0.12
AA or GA 26 20 1.35(0.83-2.19) 1.80 (0.72-4.52) 0.15
cC 18 26 1 -
TT 1 2 HR 1.24 0.81 (0.16-4.20) 0.72 (0.06-8.58) 0.65

3803662 16q12 TOX3, LOC643714 [5

s 4 ’ [5] CT 20 10 HR 1.11 1.63 (1.05-2.52) 2.89 (1.10-7.61) 0.03*
TT or CT 21 12 1.56 (1.00-2.41) 2.53 (1.00-6.40) 0.04*
GG 29 27 1 -
AA 0 1 HR 1.35 ] ] -

170 19p1

rs8170 19p13 6] GA 1 10 HR 1.22 1.01 (0.63-1.63) 1.02 (0.38-2.80) 0.58
AA or GA 11 11 0.97 (0.59-1.57) 0.93 (0.35-2.50) 0.65
AA 32 34 1 ;
GG 1 0 HR 1.37 2.06 (1.61-2.64) - -

435 6q25 ESR1

159397435 6925 ESR1 {7] AG 7 4 HR 131 1.31(0.79-2.19) 1.86 (0.50-6.96) 0.27
GG or AG 8 4 1.38 (0.86-2.20) 2.13 (0.58-7.75) 0.20
AA 12 14 1 -
GG 16 6 OR 2.81 1.58 (0.97-2.57) 3.11 (0.92-10.48) 0.06

00518 CYP19 [8

57 CYPI9[8] AG 1 17 OR 1.41 0.85 (0.46-1.58) 0.75 (0.26-2.23) 0.41
GG or AG 27 23 1.17 (0.72-1.91) 1.37 (0.53-3.54) 0.34
cC 11 15 1 -
TT 17 7 OR 137 1.67 (1.00-2.81) 3.31 (1.02-10.72) 0.04*

10046 CYP1

1510046 CYP19[9] TC 12 15 OR 1.26 1.05 (0.57-1.94) 1.09 (0.37-3.23) 0.55
TT or TC 29 2 OR 1.29 1.34(0.81-2.23) 1.80 (0.69-4.67) 0.17
nor/nor 8 9 1 -

153834129 CASP 8 [10] del/del 12 6 HR 1.60 1.42 (0.78-2.58) 225 (0.57-8.82) 0.20
nor/del 19 23 HR 1.83 0.96 (0.53-1.76) 0.93 (0.30-2.88) 0.56




del/del or nor/del 31 29 1.10 (0.63-1.92) 1.20 (0.41-3.54) 0.48
GG 33 25 1 -
CC 1 6 HR 0.86 0.25 (0.04-1.56) 0.13 (0.01-1.12) 0.04%
1045485 CASP 8 [11
s (1] GC 5 5 HR 0.83 0.88 (0.45-1.70) 0.76 (0.20—2.91) 0.47
CC or GC 6 1 0.62 (0.31—1.23) 0.41 (0.13—1.27) 0.10
AA 15 5 1 -
cC 7 13 HR 0.7 0.47 (0.24-0.89) 0.18 (0.05-0.70) 0.01%
2 13 ABHDS, ANKLEI, C190rf62 [12
152363936 9p13 8, > Cl9orf62 1121 7\ 18 19 HR 0.89 0.65 (0.43-0.98) 0.32 (0.10-1.05) 0.05*
CC or AC 25 32 0.58 (0.40-0.86) 0.26 (0.08-0.81) 0.02%
TT 20 23 1 -
cC 5 9 HR 0.85 0.77 (0.35-1.66) 0.64 (0.18-2.22) 0.35
16942 BRCAI [1
1516942 BRCAT [13] TC 15 6 1.54 (1.01-2.34) 2.88 (0.94-8.82) 0.05%
CC or TC 20 15 1.23 (0.80-1.89) 1.53 (0.62-3.77) 0.24

*: p<=0.05



Initially, we demonstrated the SNPs in the test panel to be polymorphic in our population of
healthy Norwegian blood donors (N = 3000), and the rare SNP alleles had a frequency > 5 %
(data not shown). The disease-associated alleles were defined as the minor or risk allele (from
which positive or negative associations with disease were calculated), regardless of whether
or not this was the least common allele in our population.

Genotyping
Samples

Blood samples were obtained after informed consent and stored at —20 °C (or —70 °C). DNA
was extracted from 200 pl of whole blood by using a Qiagen BioRobot M48 Robotic
Workstation, following the protocol of the MagAttract DNA Blood Mini M48 kit (Qiagen,
Hilden, Germany).

Fragment design

Default Primer3 (http://bioinfo.ut.ee/primer3/, last accession date 03062014) parameters were
applied when designing primers used to amplify fragments around each DNA variant,
identified by the NCBI SNP reference numbers (rs) [16]. A 42-bp artificial high melting
domain, labeled with 6-FAM, was incorporated at one end of the amplified target using a set
of three primers in the PCR setup [17].

PCR

The PCR reaction mixtures were as described by the manufacturer (Life technologies
Carlsbad CA) without modification. Annealing temperatures are given in Additional file 1.

Electrophoresis

We used cycling temperature capillary electrophoresis (CTCE) to detect allelic variants as
described previously [16, 17].

Statistics

We confirmed that the prevalence of the SNPs in the young cancer and old no cancer groups
assessed together were all in Hardy—Weinberg equilibrium.

Since this was a one-sided study, we used Fishers’ exact to identify any significant
association.

Results

The selection criteria applied to our data set revealed 40 patients in the young cancer group
and 38 participants in the old no cancer group, which was considered sufficient to reveal any
difference in the frequency of SNPs between the two groups. Forty-seven (60 %) patients had
eight different founder mutations previously reported [18], of whom 25 belonged to the
young onset cancer group. Thirty-one (40 %) had altogether 19 different mutations, of which
15 had young onset cancer. The observed results and the calculated RRs, ORs and



significance levels are shown in Table 1, together with the previously reported HRs and ORs
[4-13]. All ten SNPs tested showed point estimates of being positively or negatively
associated with having early onset breast cancer similar to previous reports. Because the
references had used different ways of ascertaining patients, including different methods by
which to calculate HRs and ORs, we had no exact notion of what RRs and ORs would be
calculated for our study, and could not compute theoretical significance levels against those
expected.

We found that rs3803662 was significantly associated with early onset breast cancer (p =
0.026 for heterozygous cases and p = 0.040 for homo—or heterozygous cases). The SNP
rs10046 was positively associated with early onset disease in the homozygous state (p =
0.040), and rs104585 was negatively associated with early onset breast cancer (p = 0.039 for
homozygous). The SNP rs2363956 was negatively associated with early cancer (p = 0.012, p
= 0.049 and p = 0.015 for homo-, hetero- or homo- or heterozygous, respectively). Finally,
rs16942 was significantly associated with early onset breast cancer (p = 0.05 for
heterozygous). The distributions for homozygous versus heterozygous for rs16942 were
conflicting and remain to be precisely defined. The rs16942 SNP is within linkage distance
from the BRCAL1 gene, and haplotyping of the patients/families in question may be necessary
to consider this further.

Discussion

In principle, we have confirmed the reported association between the presence of variant
SNPs and early onset of breast cancer in BRCAI mutation carriers. Five of the SNPs tested
revealed significant associations with early ages of onset cancer, whereas five did not. The
lack of association may be due to different associations in the Norwegian population
compared to other populations, which may be a result of genetic drift [18]. Also, stochastic
variation in our restricted number of patients may have obscured the associations examined.

Sixty-three percent of the mutation carriers included had one of the frequent Norwegian
founder mutations, in which we have determined the penetrance to be similar in retrospective
series of extended pedigrees, which we later confirmed through prospective studies of new
cases in the same families [18, 19]. There were no associations with the presence of founder
mutations or less frequent mutations with early onset cancer. For this reason, we do not have
the confounder of putative different penetrance of the causative mutations as discussed in
other reports [4—13]. This may be a third possible cause for a stronger association in the
Norwegian population. Yet another possible cause for the stronger associations in our
population is that we scored both breast and ovarian cancer as affected phenotypes, while
most reports considered only breast cancer.

Also, most previous reports calculated HR from continuous distribution by other methods.
The described differences between the young cancer cases and the old no cancer group might
have been expected to show stronger associations than those previously reported [4—13], due
to the methods applied, and not because of differences in the populations studied.

We find that the limited number of cases in our study, and some discrepancies between the
previously reported distribution between homozygous and heterozygous carriers in
comparison to our findings, is likely to result in insufficient power to evaluate the underlying
mechanisms of the associations observed. Our results may, however, be considered to



contribute towards a future combined effort to precisely define the contribution of risk
provided by these polymorphisms. We would like to add, however, that some of the
discrepancies found may not be methodological artifacts, but rather related to differences in
linkage disequilibrium between the SNPs studied and disease in different populations. If this
is verified, the search for an actual risk value for the association between breast cancer and
the presence or absence of a given SNP that is population specific may be a useful approach
in risk stratification. Some of the slight variations in associations reported in the different
populations may have been caused by such mechanisms, commonly referred to as genetic
drift.

In conclusion, our validation gave similar, but not identical results compared to those
published by others.

Also, it is not currently established whether or not the association to these SNPs are of
clinical interest. We have previously shown that BRCAT1 carriers in our population have on
average 25 % risk of developing breast cancer at 40 years of age [19]. The associations
reported here may give a ten percent higher or lower cancer risk estimate at the time.
Calculating the combined modifying effects will apply to a very few cases, and the majority
will be close to 25 %. The clinical utility of the findings is a question we leave open for
discussion. Through this report, we make the findings available for BRCAI mutation carriers
in our population and for international meta-analyses.

Competing interests

The authors declared that they have no competing interests.

Authors’ contributions

CH, EH, PM and LM designed the study, POE performed the genotyping experiments, KT
and PM undertook the statistical analyses, CH, KT, LM, POE, EH and PM wrote the
manuscript. All authors approved the final manuscript.

Acknowledgments

We are grateful to Heidi Medvik for excellent data managing work. We thank all the patients
and all the collaborators through 25 years for making this study possible. The study was
supported by a grant from The Norwegian Cancer Society (EH), The Norwegian Women’s
Public Health Association / The Norwegian Foundation for Health and Rehabilitation to CH,
and from The Research Foundation at The Norwegian Radium Hospital (grant SE1210) to
PM.



References

1. Finch AP, Lubinski J, Meller P, Singer CF, Karlan B, Senter L, et al. Impact of
Oophorectomy on cancer incidence and mortality in women with a BRCAI or BRCA2
mutation. J Clin Oncol. 2014;20;32(15):1547-53.

2. Moller P, Stormorken A, Jonsrud C, Holmen MM, Hagen Al, Clark N, et al. Survival of
patients with BRCA1-associated breast cancer diagnosed in an MRI-based surveillance
program. Breast Cancer Res Treat. 2013;139(1):155-61.

3. Norum J, Hagen Al, Maehle L, Apold J, Burn J, Mgller P. Prophylactic bilateral salpingo-
oophorectomy (PBSO) with or without prophylactic bilateral mastectomy (PBM) or no
intervention in BRCA1 mutation carriers: a cost-effectiveness analysis. Eur J Cancer.
2008;44(7):963-71.

4. Antoniou AC, Beesley J, McGuffog L, Sinilnikova OM, Healey S, Neuhausen SL, et al.
Common breast cancer susceptibility alleles and the risk of breast cancer for BRCA1 and

BRCA2 mutation carriers: implications for risk prediction. Cancer Res.
2010;1;70((23):9742-54.

5. Antoniou AC, Spurdle AB, Sinilnikova OM, Healey S, Pooley KA, Schmutzler RK, et al.
Common breast cancer-predisposition alleles are associated with breast cancer risk in
BRCA1 and BRCA2 mutation carriers. Am J Hum Genet. 2008;82(4):937-48.

6. Couch FJ, Gaudet MM, Antoniou AC, Ramus SJ, Kuchenbaecker KB, Soucy P, et al.
Common variants at the 19p13.1 and ZNF365 loci are associated with ER subtypes of breast
cancer and ovarian cancer risk in BRCA1 and BRCA2 mutation carriers. Cancer Epidemiol
Biomarkers Prev. 2012;21(4)):645-57. doi:10.1158/1055-9965.EPI-11-0888. Epub 2012 Feb
20.

7. Antoniou AC, Kartsonaki C, Sinilnikova OM, Soucy P, McGuffog L, Healey S, et al.
Common alleles at 6q25.1 and 1p11.2 are associated with breast cancer risk for BRCA1 and
BRCA2 mutation carriers. Hum Mol Genet. 2011;20(16):3304-21.

8. Raskin L, Lejbkowicz F, Barnett-Griness O, Dishon S, Almog R, Rennert G. BRCA1
breast cancer risk is modified by CYP19 polymorphisms in Ashkenazi Jews. Cancer
Epidemiol Biomarkers Prev. 2009;18(5):1617-23.

9. Pineda B, Garcia-Pérez MA, Cano A, Lluch A, Eroles P. Associations between aromatase
CYP19 rs10046 polymorphism and breast cancer risk: from a case-control to a meta-analysis
of 20,098 subjects. PLoS One. 2013;8(1):53902.

10. Catucci I, Verderio P, Pizzamiglio S, Manoukian S, Peissel B, Zaffaroni D, et al. The
CASPS 153834129 polymorphism and breast cancer risk in BRCA 1 mutation carriers. Breast
Cancer Res Treat. 2011;125(3):855-60.



11. Engel C, Versmold B, Wappenschmidt B, Simard J, Easton DF, Peock S, et al.
Association of the variants CASP8 D302H and CASP10 V4101 with breast and ovarian
cancer risk in BRCA1 and BRCA2 mutation carriers. Cancer Epidemiol Biomarkers Prev.
2010;19(11):2859-68.

12. Antoniou AC, Wang X, Fredericksen ZS, McGuffog L, Tarrell R, Sinilnikova OM, et al.
A locus on 19pl13 modifies risk of breast cancer in BRCA1 mutation carriers and is

associated with hormone receptor-negative breast cancer in the general population. Nat
Genet. 2010;42(10):885-92.

13. Cox DG, Simard J, Sinnett D, Hamdi Y, Soucy P, Ouimet M, et al. Common variants of
the BRCA1 wild-type allele modify the risk of breast cancer in BRCA1 mutation carriers.
Hum Mol Gene. 2011;20(23):4732-47.

14. Mgller P, Stormorken A, Holmen MM, Hagen Al, Vabe A, Mahle L. The clinical utility
of genetic testing in breast cancer kindreds: a prospective study in families without a
demonstrable BRCA mutation. Breast Cancer Res Treat. 2014;144(3):607-14.

15. Moller P, Maehle L, Clark N, Apold J. No sib pair concordance for breast or ovarian
cancer in BRCA1 mutation carriers. Hered Cancer Clin Pract. 2007;5(2):67-71.

16. Ekstrom PO, Khrapko K, Li-Sucholeiki XC, Hunter IW, Thilly WG. Analysis of
mutational spectra by denaturing capillary electrophoresis. Nat Protoc. 2008;3(7):1153—66.

17. Ekstrem PO, Warren DJ, Thilly WG. Separation principles of cycling temperature
capillary electrophoresis. Electrophoresis. 2012;33(7):1162-8.

18. Moller P, Hagen Al, Apold J, Maehle L, Clark N, Fiane B, et al. Genetic epidemiology of
BRCA mutations—family history detects less than 50 % of the mutation carriers. Eur J
Cancer. 2007;43(11):1713-7.

19. Mgller P, Machle L, Vabg A, Clark N, Sun P, Narod SA. Age-specific incidence rates for
breast cancer in carriers of BRCA1 mutations from Norway. Clin Genet. 2013;83(1):88-91.



Additional files provided with this submission:

Additional file 1. Annealing temperatures PCR (32kb)
http://www.hccpjournal.com/content/supplementary/s13053-015-0035-0-s1.doc



http://www.hccpjournal.com/content/supplementary/s13053-015-0035-0-s1.doc

	13053_2015_35_CoverPage.pdf
	13053_2015_35_MergedPDF.pdf

