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Abstract The polymorphic genetic differences among
individuals may modify the high risk for breast cancer
(BC) and/or ovarian cancer (OC) susceptibility conferred
by BRCAI and BRCA2 mutations. In the present study we
investigate the relevance of RAD5I —135C > G, TP53
R72P, NQOI*#2 and CASPS8 D302H polymorphisms as
potential modifiers of BC and/or OC susceptibility con-
ferred by these mutations. The study group encompasses
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390 BRCAI1/BRCA2 mutation carriers (182 affected with
BC and/or OC and 208 unaffected) of 131 unrelated fam-
ilies studied in the Program of Genetic Counselling on
Cancer of Valencia Community. The polymorphisms were
detected in genomic DNA by ASRA method or real time
PCR using fluorescently labeled probes. We found similar
incidence of RADS5I —135C > G, TP53 R72P and
NQOI*2 polymorphisms among affected and unaffected
individuals considering BRCA1/BRCA2 mutations together
and separately. However, the CASP8 D302H polymor-
phism was strongly associated with the absence of BC
[OR = 3.41 (95% CI 1.33-8.78, P = 0.01)]. In fact, in the
females with CASP8 D302H polymorphism the BC
appeared at a median age of 58 in opposition to the
47 years observed for the wild type subjects (P = 0.03).
Furthermore, the CASPS D302H positive females showed a
50% probability of being free of BC by the age of 78 versus
the 2% of the CASPS8 negative ones. Our results support
that the presence of the CASPS8 D302H polymorphism
diminishes the high risk of BC conferred by BRCAI and
BRCA2 mutations, making possible that some of the car-
riers could escape from suffering BC along their life span.

Keywords BRCAI/BRCA2 mutation carriers -
Breast cancer - CASPS8 D302H polymorphism

Introduction

Breast cancer (BC) is the most common malignancy
affecting women worldwide [1]. It is estimated that
between 5 and 10% of all BC cases that show familial
pattern of occurrence [2] are caused by inherited mutations
in tumor suppressor genes [3]. BRCAI and BRCA?2 are the
main genes responsible for most of the mutations currently
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found in familial BC. Indeed, approximately 25% of these
familial cancers show mutations in BRCAI or BRCA2
genes [4]. The inheritance of a single BRCAI or BRCA2
mutation confers a high risk of BC or ovarian cancer (OC)
during lifetime (45-65% risk for BC and 11-39% for OC)
[5]. However, these mutations exhibit incomplete pene-
trance and the age at diagnosis of BC and/or OC varies
remarkably among mutation carriers [5, 6]. This incom-
plete penetrance has been attributed to lifestyle, diet and
environmental factors as well as the influence of low
penetrance predisposing genetic factors [7]. With regard to
the genetic factors modifiers of BC and/or OC risk in
BRCAI and BRCA2 carriers, a wide spectra of single
nucleotide polymorphisms (SNPs) has been explored [8],
however, the results yielded in the different studies still
remain controversial and most of them could not be con-
firmed with enough evidence in later reports.

Of these genetic factors one of the best studied is the
SNP —135C > G (rs1801320) of RAD51 gene implicated
in repair of double-strand DNA breaks and it is known that
functionally interacts with BRCA1 and BRCA2 [9-11]. This
polymorphism was first studied in Jewish carriers of Ash-
kenazi mutations and was found to be associated with
increased BC risk in BRCA2 carriers [12]. However, the
results of this study still remain controversial. Thus,
whereas in some reports this association was not found [13]
in others the association is restricted to the homozygous
carriers [14].

Likewise, several polymorphisms have been identified
within the 7P53 gene, both in non-coding and coding
regions [15]. One of them is the 7P53 R72P polymorphism
(rs1042522), located in codon 72 on exon 4, leading to
arginine-proline substitution. This SNP is placed in a pro-
line-rich region of the gene homologous to an SH3-binding
domain that is required for the growth suppression activity
of TP53 [16]. The potential role of this polymorphism in
BC risk has been analyzed in some studies [17]. However,
the results are still controversial and while some reports
confirm its role as modifier that increases the BC risk in
patients with a stronger family history [18, 19], other
reports refuse it [20, 21].

The enzyme NQO/ is involved in the protection against
oxidative stress [22] and carcinogen metabolism [23],
including stabilization of the TP53 tumor suppressor [24].
NQOI-knockout mouses show reduced capacity for TP53
induction and apoptosis and increased susceptibility to
chemically induced tumors [25]. The ¢.558C > T missense
variant in exon 6 of the NOQOI gene, known as the NQOI*2
polymorphism (rs/800566), that causes the substitution of
proline for serine (P187S) abrogating the enzymatic
activity has been associated with the increasing risk of
cancer [26]. Although this polymorphism has been exten-
sively explored as predisposing factor to leukemia [27],

@ Springer

little is known about its contribution to the BC and/or OC
predisposition [28, 29].

Finally, a recent study carried out in large series of
sporadic BC and control population has shown the rele-
vance of the CASP8 D302H polymorphism (rs1045485) in
the risk of BC [30]. The CASP8 gene encodes one of the
initiator caspases that transduce apoptotic signals from the
death receptors at the cell surface. CASP8 functions as
cysteine aspartyl protease that cleaves numerous intracel-
lular substrates initiating cell dissolution [31]. Suppression
of apoptosis due to mutations involves an illegitimate cell
survival and predisposition to cancer [32]. The CASPS
D302H polymorphism has shown to be associated with a
reduced risk of BC in a dose-dependent manner [33]. This
finding has been confirmed in a subsequent study [34].

The present study tries to clarify the relevance of
RADS51 —135C > G, TP53 R72P, NQOI*2 and CASPS8
D302H polymorphisms as potential modifiers of BC and/or
OC risk conferred by BRCAI and BRCA2 mutations.

Materials and methods
Study population

The study group includes 390 BRCAI/BRCA2 mutation
carriers, 290 females and 100 males, (186 BRCAI muta-
tions and 204 BRCA2 mutations) of 131 unrelated families;
182 were affected with BC and/or OC (177 female and 5
male) and 208 were unaffected (113 females and 95
males). All the patients or subjects belonged to families
with strong BC and/or OC history who were recruited by
the Units of Genetic Counselling in Cancer (UGCC)
established in the Program of Genetic Counselling on
Cancer of Valencia Community. The status of the patients
and family members (age of the patient at the moment of
diagnosis of the cancer/s or the age of the unaffected
subjects) was collected by the UGCC at the first visit. The
types of tumors and demographic characteristics of the
subjects are summarized in the Table 1.

All the patients or subjects signed an informed consent,
following the guidelines of the institution’s ethics com-
mittee in accordance with the Helsinki declaration (1964,
amended in 1975 and 1983).

DNA extraction

The screening of BRCAI and BRCA2 mutations and the
study of polymorphisms were carried out on genomic
DNA. The DNA was directly extracted from 500 pl of
whole blood using the MagNA Pure LC DNA Isolation Kit,
large volume (Roche, Mannheim, Germany) automated in
the MagNA Pure LC System (Roche).



Breast Cancer Res Treat (2010) 119:87-93

89

Table 1 Histological subtype
and demographic characteristics
of BC and OC cases

Histologycal subtype

Cases (%; n = 182) Mean age at

diagnosis £=SD

Ductal carcinoma in situ (DCIS)
Lobular carcinoma in situ (LCIS)
Invasive ductal carcinoma (IDC)
Invasive lobular carcinoma (ILC)
Medullary carcinoma (MC)

Papillary serous carcinoma (PSC)

Others (mucinous, endometrioid, clear cell...)

4 (2.2%) 40.5 (£8.1)
2 (1.1%) 52.5 (£13.4)
104 (57.1%) 42.1 (£11.8)
21 (11.5%) 41.7 (£8.4)
8 (4.4%) 40.1 (£7.5)
16 (8.8%) 44.8 (£10.7)
27 (14.9%) 40.9 (£11.5)

Screening for BRCA1 and BRCA2 germline mutations

To detect BRCAI and BRCA2 mutations we amplified by
polymerase chain reaction (PCR) all the exons of BRCAI
and BRCA2 genes including exon-intron boundaries, using
the primer pairs and PCR conditions reported in the Breast
Cancer Information Core (BIC; http://research.nhgri.nih.
gov/bic/Member/index.shtml) [35]. Mutational screening
was carried out by pre-screening the heteroduplex of the
PCR products with conformation sensitive gel electropho-
resis followed by the direct sequencing of the PCR
products in which heteroduplexes were identified [36].

Polymorphisms genotyping

The methods used to detect RAD51 and TP53 polymor-
phisms were based on allele-specific restriction enzyme
site analysis (ASRA) [37]. The assessment of RAD5I —
135C > G polymorphism was performed amplifying by
PCR the 483 bp region around nucleotide 135 using the
primers RAD51F (5-GCAACTCATCTGGGTTGTGC-3)
and RAD5IR (5-TCAGGAATCCGGAAGCCCTG-3') at
1.5 mM MgCl,. The digestion of the PCR product with
BstOl yields fragments of 68, 161 and 258 bp for the wild
type allele and 225 and 258 bp for the polymorphic one.
The TP53 R72P polymorphism was assessed following the
method described by Osorio et al. [38] which consists of
PCR amplification of a 311 bp region around nucleotide
215 where the polymorphism is placed. The genotyping is
based on the fact that the presence of the polymorphisms
abolishes the restriction site of the enzyme BsfUI

The methods used to detect NQOI and CASPS8 poly-
morphisms were based on real-time PCR performed in the
LightCycler 480 platform (Roche Mannheim, Germany),
using primers and fluorescent-labeled hybridization probes.

The NQOI*2 was performed following the method of
Harth et al. [39] that briefly consists of a real-time PCR
amplification of a 300 bp region on exon 6 of the gene
using the primers NQOIF and NQOIR and the corre-
sponding hybridization probes.

The CASPS8 D302H polymorphism was detected by PCR
amplification of a 183 bp region on exon 13. PCR reactions

were performed in 10 pl final volume using LightCycler®
480 Genotyping Master (Reference 04707524001, Roche
Diagnostics) that contains Taq, nucleotides and MgCl, The
primers designed CASPSF (5-TGACTGTTCAAATTTCA
CTTTTCAGG-3’) and CASP8R (5-CTTGTCTCCATG
GGAGAGGATA-3") were used at 0.2 uM. The hybrid-
ization probes designed for mutant allele (CASPS8-sensor:
5'-CTCTACTGTGCAGTCATGGTGG-3' and CASPS8-
anchor: 5'-GCTTGATCTCAAAATGAAGCTCTTCAAA
GGT-3’) were used at 0.2 uM. PCR cycling conditions
were 95°C for 10 min, followed by 45 cycles of 5 s
denaturation at 95°C, 20 s annealing at 55°C and 15 s
extension at 72°C. Melting curve analysis was performed
after 60 s denaturation at 95°C and hybridization for 30 s
at 50°C by increasing the temperature from 50 to 80°C with
a slope of 2.2°C/min.

Each experiment included a blank in which the DNA
was substituted by water, wild type, heterozygous and
homozygous DNA samples.

The adequate performance of the methods used to assess
the four polymorphisms was confirmed by direct
sequencing the amplicon PCR of the wild type, heterozy-
gous and homozygous samples. The sequencing was
performed in the ABIprism 3130 (Applied Biosystems),
using 5 ul of the purified PCR product following the
instructions of the BigDye Terminator vl.1 cycle
sequencing kit (Applied Biosystems).

Statistical analysis

SNPs genotype frequencies were compared in affected
versus unaffected subjects using the > and Fisher’s exact
tests (FET). The association of disease status of BRCAI
and BRCA?2 carriers with the four SNPs, mutated gene
BRCAI/BRCA2, gender and age was analyzed using
logistic regression analysis with estimation of OR and 95%
CI. Logistic regression was also employed to analyze the
association of polymorphism genotype (positive or nega-
tive) and tumor type (BC, including unilateral and bilateral,
and OC). Unadjusted time-to-event analysis was performed
using the Kaplan—-Meier method and log-rank tests for
comparisons [40, 41]. In the analysis of affectation-free
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survival (AFS), the age at diagnosis of the first malignancy
was considered uncensored events. The analyzed outcome
was BC only including unilateral and bilateral BC. In all
analyzes, healthy carriers were censored at the age of
participation in the study. All tests were two-sided and P
values less than 0.05 were considered statistically signifi-
cant. Computations were performed using the SPSS v11.0
statistical package (Chicago, IL).

Results
Polymorphisms and related cancers

The RAD51 —135C > G polymorphism was detected in
15.4% of BRCAI and BRCA?2 carriers, being all of them
heterozygous; TP53 R72P was present in 38.4% of carriers
(132 heterozygous and 18 homozygous); NOOI P187S was
observed in 44.1% of carriers (146 heterozygous and 26
homozygous); and D302H CASP8 was detected in 18.5%
of carriers (69 heterozygous and 3 homozygous) (Table 2).

The CASP8 D302H polymorphism was highly associ-
ated with the absence of cancer (P = 0.003; Table 2).
Thus, this polymorphism was harbored by 24.0% of unaf-
fected individual versus only 12.1% of the affected ones.
However, the presence of CASP8 D302H was only related
with BC but not with OC [OR = 3.41 (95% CI 1.33-8.78,
P = 0.01)]. The remaining polymorphisms showed similar
incidence between affected and unaffected individuals
(Table 2).

We analyzed the effect of the studied polymorphisms,
the mutated gene (BRCAI or BRCA2), gender and age on
the presence of the related malignancy (BC or OC or both)
performing a multiple logistic regression. Gender (female),

Table 3 Multivariate analysis of the studied polymorphisms, type of
mutated gene, gender and age by logistic regression

OR (95% CI) j2
Gene BRCAI/BRCA?2 0.75 (0.47-1.22) 0.250
RADSI —135G > C 1.02 (0.52-1.97) 0.968
TP53 R 72P 0.91 (0.56-1.47) 0.698
NOOI P187S 0.84 (0.52-1.36) 0.483
CASP8 D302H 0.40 (0.22-0.75) 0.004
Age 1.04 (1.02-1.06) 0.001
Gender 0.03 (0.01-0.07) 0.000

The bold entries signify P values that are considered statistically
significant

age and CASP8 D302H were the only statistically signifi-
cant parameters that influenced cancer risk; the CASPS
D302H polymorphism decreased the risk (OR = 0.40;
95% CI: 0.22-0.75; P = 0.004; Table 3).

Since the polymorphisms studied only affect the females
with BC (unilateral or bilateral) we estimated the logistic
regression excluding males and females with OC.
The logistic regression with these parameters reinforces the
influence of CASP8 D302H polymorphism lessening the
risk of cancer (OR = 0.27, 95% CI = 0.13-0.57;
P = 0.001).

Polymorphisms and age at cancer diagnosis

When we applied the Kaplan—Meier univariate model we
did not find any significant association of the age at diag-
nosis of cancer with the RAD5] —135C > G, TP53 R72P
and NQOI*2 polymorphisms. Furthermore, we did not find
influence of the CASPS8 polymorphism with the age of
onset of OC in females or with the age at diagnosis of BC
in males.

Table 2 Genotype distribution of the polymorphisms in BRCAI and BRCA2 mutation carriers by participating study

Gene
SNP (Entrez SNP ID)?*

MAF Genotypes® Cases (%; n = 390) BRCAI/BRCA2 carriers

OR (95% CI) P

Healthy (%; n = 208) Affected (%; n = 182)

RADS1 0.154 Negative 330 (84.6%)
—135 G > C (rs1801320) Positive 60 (15.4%)
TP53 0.478 Negative 240 (61.5%)
R72P (rs1042522) Positive 150 (38.4%)
NOOI 0.251 Negative 218 (55.9%)
P187S (rs1800566) Positive 172 (44.1%)
CASP8 0.192  Negative 318 (81.5%)
D302H (rs1045485) Positive 72 (18.5%)

175 (84.1) 155 (85.1) 0.9 (0.5-1.6) 0.779
33 (15.9) 27 (14.9)
134 (64.4) 106 (58.2) 1.3 (0.9-2.0) 0.211
74 (35.6) 76 (41.8)
115 (55.3) 103 (55.6) 1.0 (0.6-1.4) 0.796
93 (44.7) 79 (44.4)
158 (76.0) 160 (87.9) 0.4 (0.3-0.8) 0.003
50 (24.0) 22 (12.1)

* Entrez SNP reference 1D number (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db5snp)

® Minor allele frequency

¢ Positive: including heterozygous and homozygous

The bold entry signifies P value that is considered statistically significant
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Fig. 1 Breast cancer free-survival and CASP8 D302H polymorphism

We analyzed the possible effect of the presence of
CASP8 D302H polymorphism in females with the age at
diagnosis of BC or the age of the unaffected subjects at the
first visit, applying the Kaplan—Meier stochastic model.
The analysis showed that the CASP8 D302H polymor-
phism was significantly associated with the late onset of
BC (long rank = 4.49; P = 0.03) in comparison with the
patients negative for this polymorphism (Fig. 1). The
patients with CASP8 D302H polymorphism had a median
age of onset of BC of 58 years (range: 49-66) versus
47 years (range: 44-49 years) of the subjects negatives for
the polymorphism. Furthermore, the CASPS D302H posi-
tive subjects showed a 50% probability of being free of BC
by the age of 78 versus the 2% of the CASPS negative ones.

The multivariate Cox analysis relating the presence of
the studied polymorphisms and the mutated gene (BRCAI
or BRCA2) with the age at diagnosis of BC of the patients
or the age of the unaffected subjects at the first visit, cor-
roborates the CASP8 D302H polymorphism as the single
independent parameter associated with the age of onset of
BC [HR = 0.54; (95% CI: 0.29-0.98; P = 0.04)].

Discussion

Our results support that the presence of CASPS D302H
polymorphism decreases the BC risk of BRCAI/BRCA2
mutation carriers (OR = 0.27; 95% CI = 0.13-0.57)
delaying the age of onset of BC. To this regard, a recent

study carried out in large series of sporadic BC and con-
trols (11,391-18,290 cases and 14,753-22,670 controls) in
which nine SNPs were considered, showed that CASPS8
D302H polymorphism was associated with a moderate
reduction in the BC risk (OR = 0.89; 95% CI = 0.85-
0.94) [30]. Concerning familial BC, Frank et al. [42] ana-
lyzed CASP10 V4101 and CASPS D302H polymorphisms
in 511 familial BC negative for BRCAI and BRCA2
mutations and 547 normal controls, concluding that
CASP10 V410I and CASP8 D302H variants are linked to a
highly significant reduction of familial BC risk. In another
case-control study carried out in 580 Italian familial BC
index cases, that were also tested negative for BRCAI and
BRCA?2 mutations, a statistically significant association of
the CASPS —652 6 N deletion promoter polymorphism
with the advanced age of diagnosis of BC was found [43],
confirming the results obtained in previous Europeans
studies [44]. Even more, the lack of association of CASPS8
D302H polymorphism with OC risk showed in the present
study is in accordance with the current report of Ramus
et al. [45] carried out in a large series of 4,624 invasive
epithelial ovarian cancer cases and 8,113 controls.

The CASPS8 gene plays an important role as initiator of
apoptosis activated by external death signals and in
response to DNA damage. Recruitment of CASPS to death-
inducing signaling complex (DISC) and apoptosome leads
to their activation by dimerization while the suppression of
apoptosis due to mutations involves an illegitimate cell
survival and predisposition to cancer [32]. It has been
mentioned that genes involved in the initiation of apoptosis
might act as low-penetrance familial BC susceptibility
genes. However, the specific mechanism of action of the
CASP8 D302H polymorphism is not yet known. Further
experiments are required to establish whether the poly-
morphism is itself causative or is in strong linkage
disequilibrium with other unidentified causative variants.

No association was found of the RAD5! —135C > G
polymorphism with the related cancers (BC or OC), both
considering BRCAIl and BRCA2 mutation together and
separately. Our results are in agreement with some studies
[13] but in opposition with others [12, 14]. The latter pointed
out that RAD51 —135C variant increased the risk of BC and/
or OC for BRCA2 mutation carriers, but in the large study of
Antoniou et al. [14] the relationship of the polymorphism
with the BC and/or OC risk was only evident in the homo-
zygous for RAD5I —135C polymorphism group. The
absence of homozygous for RAD51 —135C polymorphism
in our series may be the rationale for not finding any asso-
ciation of this polymorphism with the risk of cancer.

We found similar incidence for 7P53 R72P polymor-
phism in the affected and unaffected subjects. These results
are concordant with those reported in similar studies in
which no association of the 7P53 R72P polymorphism with
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the risk of BC or OC was found [20, 21]. Although it has
been reported that the TP53 Arg homozygous genotype
could be a potential genetic risk factor for cancer [18], not
all the studies concur. In fact, our results are in agreement
with the report of Osorio et al. [20] carried out in 2,932
BRCAI or BRCA2 Spanish mutation carriers that showed
no evidence of modification of BC and/or OC risk for R72P
and Ins16 bp variants of the TP53 studied or their haplo-
type combinations.

Moreover, no differences were found in the incidence of
NQOI*2 polymorphism between the patients with cancer
(BC or OC) and the unaffected subjects. This result is not
surprising taking into account that NQO/ is a two-electron
reductase engaged in protection against oxidative stress
and carcinogen metabolism [22, 23]. Hence, the NQOI*2
that decreases the enzymatic activity in heterozygous and
abolishes it in homozygous has been linked to the predis-
position to leukemia [27] and particularly in the treatment
related to this disease [26]. In the field of BC the NQOI*2
polymorphism was associated with the response to
anthracycline-based adjuvant therapy [28], however,
regarding BC predisposition we only found relation of the
polymorphism with the histological type [29] but not with
the presence of tumor.

In conclusion, the CASPS D302H polymorphism
decreases the BC risk in BRCAI/BRCA2 mutation carriers
and delays the age of onset of BC; therefore it will be
advisable to assess this polymorphism in all BRCAI/
BRCA2 mutations carriers for a better prediction of their
particular risk. The presence of the polymorphism could
attenuate the high risk conferred by BRCAI and BRCA2
mutations in predisposed individuals, making possible that
some of them escape from suffering BC.
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