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Abstract Genome-Wide Association Studies have
identified several loci associated with breast cancer (BC) in
populations of different ethnic origins. One of the strongest
associations was found in the FGFR2 gene, and MAP3KI
has been proposed as a low-penetrance BC risk factor. In
this study, we evaluated the associations among FGFR2
SNPs rs2981582, rs2420946, and rs1219648; and MAP3K1
rs889312, with BC risk in 351 BRCA1/2-negative Chilean
BC cases and 802 controls. All the SNPs studied were
significantly associated with increased BC risk in familial
BC and in non-familial early-onset BC, in a dose-depen-
dent manner. Subjects with 3 risk alleles were at a signif-
icantly increased risk of BC compared with subjects with
0-2 risk alleles, in both familial BC and early-onset non-
familial BC (OR = 1.47, 95 % CI 1.04-2.07, P = 0.026
and OR = 2.04 95 % CI 1.32-3.24, P < 0.001, respec-
tively). In the haplotype analysis, the FGFR2 rs2981582
T /152420946 T / rs1219648 G haplotype (ht2) was asso-
ciated with a significantly increased BC risk compared with
the rs2981582 C / rs2420946 C / rs1219648 A haplotype
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in familial BC and in non-familial early-onset BC (OR =
1.32,95 % CI 1.06-1.65, P = 0.012; OR = 1.46, 95 % CI
1.11-1.91, P = 0.004, respectively). When the FGFR2 ht2
and MAP3K1 rs889312 were evaluated as risk alleles, the
risk of BC increased in a dose-dependent manner as
the number of risk alleles increased (P trend <0.0001),
indicating an additive effect. Nevertheless, there is no
evidence of an interaction between FGFR2 ht2 and the
MAP3K]I 15889312 C allele. These findings suggest that
genetic variants in the FGFR2 and MAP3KI genes may
contribute to genetic susceptibility to BC.
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Introduction

Breast cancer (BC) is the most common cancer among
women worldwide. One of every eight women will develop
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BC during their lives [1]. In Chile, BC has the first-highest
mortality rate among cancers (15.8/100,000 women), and
its incidence has increased in all age groups analyzed [2].

Family-based studies indicate that an important pro-
portion of BC is due to inherited susceptibility of known
high-penetrance genes (e.g., BRCAI, BRCA2, ATM, and
others). Nevertheless, mutations in BRCAI and BRCA?2 are
responsible for only 16-20 % of familial BC risk; there-
fore, the genetic basis of 80 % of familial cases remains
unexplained [3]. Researchers have proposed a polygenic
model as the most likely explanation for the bulk of the
genetic component. Under this model, which includes
high-, moderate-, and low-penetrance genes, multiple loci
across the genome contribute to disease susceptibility [4].
Recent Genome-Wide Association Studies (GWAS) have
identified genetic variations that may play a role as BC risk
factors in populations of diverse ethnicities. Easton et al.
[5], in a large-scale GWAS, identified five novel, inde-
pendent, low-penetrance susceptibility loci that were
strongly associated with BC in European women. Four of
these (FGFR2, TOX3, MAP3KI, and LSPI) contain plau-
sible causative genes.

Fibroblast Growth Factor Receptor 2 (FGFR2) is a
tyrosine kinase receptor that belongs to the FGFR family
involved in tumorigenesis. FGFR2 is a transmembrane
protein that acts as a mitogenic gene activator for invasion,
mobility, or angiogenesis, depending on cell type or envi-
ronment [6]. FGFR2 is overexpressed in BC cell lines and
amplified and overexpressed in breast tumors [7, 8]. The
human gene FGFR?2 is located in 1026 and has 21 exons
[9]. Easton et al. [5] reported in a GWAS study that
rs2981582, located on intron 2 of FGFR2, is associated
with increased BC risk. Hunter et al. [10] reported that four
single-nucleotide polymorphisms (SNPs) (rs2420946,
rs1219648, rs2981579, and rs11200014), also located in
intron 2, were associated with BC risk. Huijts et al. [11]
confirmed this association. Interestingly, the five SNPs
described showed high linkage disequilibrium (LD) in
people with European ancestry (all pairwise > > 0.90).
Liang et al. [12] performed genotyping analysis of
1s2981582, rs1219648, and rs2420946 SNPs in a case—
control study of 1,073 healthy controls and 1,048 BC cases,
of which 28.8 % had familial BC. They found that each of
the three SNPs was significantly associated with increased
BCrisk in a dose-dependent manner. The authors concluded
that genetic variation in FGFR2 contributes to BC risk in
Chinese women, with no statistical difference in risk
between the subgroup with familial BC and sporadic BC.
Raskin et al. [13] genotyped four FGFR2 SNPs
(rs11200014, rs1219648, rs2420946, and 2981579) in 1,529
women with BC, including Ashkenazi Jews, Sephardic
Jews, and Arabs, of which 14 % had familial BC, and
1,528 healthy controls. They found significant association
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between BC risk and all four studied SNPs in FGFR2
(P trend for all SNPs <0.0001). Meyer et al. [14] studied the
effect of a haplotype constituted by 8 SNPs distributed in a
7.5 kb region of intron 2 of FGFR2. They found that
FGFR2 presented higher levels of expression in tumors
homozygous for minor frequency alleles than those homo-
zygous for higher frequency alleles (Wilcox P < 0.028).

Hemminki et al. [15] confirmed the contribution of
FGFR2 SNPs in German women with familial BRCA1/2-
negative BC. Barnholz-Sloan et al. [16] reported an asso-
ciation between FGFR2 SNPs and BC risk in African-
American and younger women. The meta-analysis by
Jia et al. [17] suggested that rs2981582, rs1219648, and
1s2420946 polymorphisms in FGFR2 are associated with
elevated BC risk. Recently, Fu et al. [18] reported an
association between FGFR2 SNPs and early-onset non-
familial BC.

Mitogen-Activated Protein Kinase Kinase Kinase 1
(MAP3KI) gene was identified in two GWAS of BC
[5, 10]. It acts in the mitogen-activated protein kinase
(MAPK) signaling pathway that includes Ras, Raf, Mek,
and Erk and is responsible for regulating the transcription
of important cancer genes. GWAS have identified the SNP
rs889312, which lies in a linkage disequilibrium block of
approximately 280 kb, which encodes a serine/threonine
kinase protein and forms part of the MAPK cell-signaling
pathway implicated in cellular response to mitogens [5].
To date, several studies have evaluated the association
between the MAP3KI gene rs889312 polymorphism and
BC risk. Garcia-Closas et al. [19] reported that the
MAP3K]1 rs889312 SNP was associated with significant
increase in risk of ER-negative breast tumors. Slattery
et al. [20] reported that MAP3KI was not associated with
BC risk among Hispanic and non-Hispanic white women
living in the Southwest United States. Lu et al. [21]
performed a meta-analysis suggesting that the MAP3K]
rs889312 C allele is a low-penetrance risk factor for
developing BC.

Most previous studies on genetic variants in FGFR2 and
MAP3K]I genes have been done in populations of diverse
ethnicities. Nevertheless, the contribution of these variants
to BC in South-American women is unknown. On the other
hand, few studies included younger women or early-onset
non-familial BC [16, 18]. In the Chilean population, 18 %
of the BC patients with family history of breast and ovarian
cancer carry BRCA1/2 point mutations [22], and none of
the non-familial early-onset patients studied was a carrier
of BRCAI/2 point mutations. The mutations in other sus-
ceptibility genes are not frequent enough to explain the
remaining BRCA-negative familial BC cases [3]. Under
the assumption of a polygenic trait, we evaluated SNPs and
haplotypes in FGFR2 and MAP3KI for their association
with familial BC and early-onset non-familial BC.
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Methods
Families

A total of 351 BC patients belonging to 351 high-risk
BRCAI/2-negative Chilean families were selected from the
files of the Servicio de Salud del Area Metropolitana de
Santiago, Corporacion Nacional del Cancer (CONAC)
and other private services of the Metropolitan Area of
Santiago. All index cases were tested for BRCAI and
BRCA?2 mutations as described [22, 23]. Briefly, the whole
coding sequence and exon—intron boundaries of BRCAI and
BRCA2 genes were amplified by polymerase chain reaction
(PCR) using previously described primers [23]. The frag-
ments obtained were analyzed for sequence variants using
conformational sensitive gel electrophoresis (CSGE) [24].
Amplified samples were denaturated at 95 °C for 5 min and
65 °C for 30 min to generate heteroduplex. The products
were diluted 1:2 in sucrose buffer and loaded in a partially
denaturing MDE® gel (Cambrex, UK) at constant power of
7 W during different time periods depending on the size of
the fragment. Gels were silver-stained and dried on a vac-
uum gel dryer. All sequence variants detected by CSGE
were identified by reamplification of the original DNA
sample and direct sequencing was performed in an ABI
Prism 310 automated fluorescence-based cycle sequencer
and a Rhodamine dye terminator system (Applied Biosys-
tems, Foster City, CA). The exon 11 of BRCAI/2 genes
were analyzed by direct sequencing in all index cases.
Pedigrees were constructed on the basis of an index case
considered to have the highest probability of being a dele-
terious mutation carrier. None of the families met the strict
criteria for other known syndromes involving BC, such as
Li-Fraumeni, ataxia-telangiectasia, or Cowden disease.
Table 1 shows the specific characteristics of the families
selected according to the inclusion criteria. All families
participating in the study self reported Chilean ancestry
dating from several generations, after extensive interviews
with several members of each family from different
generations. In the selected families, 13.1 % (46/351) had

Table 1 Inclusion criteria for the families included in this study

Inclusion criteria Families
n (%)
Three or more family members with breast and/or 85 (24.2)
ovarian cancer
Two family members with breast and/or ovarian cancer 129 (36.8)
Single affected individual with breast cancer <age 35 67 (19.1)
Single affected individual with breast cancer age 36-50 70 (19.9)
Total 351 (100)

cases of bilateral BC; 8.3 % (29/351) had cases of both BC
and OC; and 2.6 % (9/351) had male BC. In the BC group,
the mean age of diagnosis was 42.3 years, and 77.2 % had
age of onset <50 years. BC was verified by the original
pathology report for all probands.

This study was approved by the Institutional Review
Board of the School of Medicine of the University of Chile.
Informed consent was obtained from all participants.

Control population

The sample of healthy Chilean controls (n = 802) was
recruited from CONAC files. DNA samples were taken
from unrelated individuals with no personal or familial
history of cancer and who had given consent for anony-
mous testing. These individuals were interviewed and
informed as to the aims of the study. DNA samples were
obtained according to all ethical and legal requirements.
The control sample was matched to the cases for age and
socioeconomic strata.

Mutation analysis

Genomic DNA was extracted from peripheral blood lym-
phocytes of 351 cases belonging to the high-risk selected
families and 802 controls. Samples were obtained accord-
ing to the method described by Chomczynski and Sacchi
[25].

Genotyping of 152981582 (FGFR?2), 151219648 (FGFR2),
1s2420946 (FGFR2), and rs889312 (MAP3KI) was carried
out using pre-designed TagMan SNP Genotyping Assays
(Applied Biosystems) (assay ID C__ 2917302_10,
C___2917314_20, C_2917305_10, and C___8886795_10,
respectively). The reaction was performed in a 10ulL final
volume containing 5 ng of genomic DNA, 1X TaqMan
Genotyping MasterMix, and 1X TagMan SNP Genotyping
Assay. Polymerase chain reaction was carried out in a
StepOne Plus RealTime PCR System (Applied Biosystems).
The thermal cycles were initiated for 10 min at 95 °C, fol-
lowed by 40 cycles each of 92 °C for 15 s and 60 °C for
1 min. Each genotyping run contained DNA controls con-
firmed by sequencing. The alleles were assigned using the
software SDS 2.2 (Applied Biosystems). As a quality control,
we repeated the genotyping on ~ 10 % of the samples, and
all genotype scoring was performed and checked separately
by two reviewers unaware of the case—control status.

Statistical analyses
The Hardy—Weinberg equilibrium assumption was asses-
sed in the control sample using a goodness-of-fit y* test

(HWChisq function included in “HardyWeinberg” pack-
age v 1.4.1). Fisher’s exact test was used to test the

@ Springer



562 Breast Cancer Res Treat (2013) 137:559-569

association of FGFR2 and MAP3KI genotypes and/or s e~ = T o
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v —_— — . —
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terion for significance. Haplotype estimation was carried g 3 T = % 2
out using UNPHASED v 3.1.5 software which uses a 2 : 2222, 2 22
maximum likelihood approach [26]. The linkage disequi- z
librium among polymorphisms was measured using Hap- £ s
loView v4.2 [27]. The Cochran-Armitage trend test was %g 3 casg I5% o549
performed to test additive genetic effect model (CATT %D] s SRR cee a3dg
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for trend was performed to examine additive combined
effects of FGFR?2 risk haplotypes and MAP3K]1 rs889312 = § % § @ g E
risk allele (Stata/SE 10.0 for Unix -StataCorp, TX, USA- . ; ) 2 E ) N
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http://www.r-project.org/), unless indicated otherwise. % i B I 3 5 &
= >l Tzs %= %o
£ S -4z oz ZIE
Results oz‘f .
= Q
o Zla |3 Tz88 & o 8
Table 2 shows the allele and genotype distributions of X | Y 2222 S S 2
A © o o o O [ o o
FGFR2 12981582 C/T, rs2420946 C/T, rs1219648 A/G, =[S =
and MAP3K] rs889312 A/C polymorphisms in the whole E 2 ) . PN .
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A), and single affected women with BC without family ks a
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Ref.

0.489

Ref

0.514

0.504 Ref.

0.477

0.577

htl, C-C-A

1.46 [1.11-1.91]
0.84 [0.25-2.18]

0.004

0.493

1.32 [1.06-1.65]
0.82 [0.33-1.80]

0.012

0.467

1.37 [1.14-1.65]
0.82 [0.40-1.60]

0.0005
0.643

0.397

ht2, T-T-G
Others®

0.763

0.018

0.713

0.019

0.019

0.026

ht haplotype, BC breast cancer, OC ovarian cancer, OR odds ratio, CI confidence interval

# In the order of FGFR2 rs2981582, rs2420946, and rs1219648

" Fisher’s exact test

¢ Include haplotypes that had a frequency <2 %

cantly increased BC risk in familial BC and in non-familial
early-onset BC. Furthermore, in the whole sample, the
homozygous minor allele genotypes were associated with
increased BC risk (rs 2981582 (TT genotype OR = 1.80
[95 % CI1.23-2.62], P = 0.001), rs2420946 (TT genotype
OR = 1.86 [95 % CI 1.28-2.70], P < 0.001), rs 1219648
(GG genotype OR = 1.71 [95 % CI 1.18-2.50], P =
0.004), and rs889312 (CC genotype OR = 1.89 [95 % CI
1.29-2.76], P < 0.001). We also observed increased BC
risk in the whole sample for carriers of the minor allele
frequency for the four SNPs studied (Table 2). In subgroup
A, which includes cases with family history of BC, a sig-
nificant association was observed between BC risk and the
homozygous minor allele genotype for FGFR2 rs2981582
(TT genotype OR =172 [95 % CI 1.10-2.68], P =
0.015), FGFR2 rs2420946 (TT genotype OR = 1.76 [95 %
CI 1.13-2.74], P = 0.011), and MAP3KI rs889312 (CC
genotype OR = 1.84 [95 % CI 1.17-2.91], P = 0.007).
Table 2 also shows that in subgroup B, the homozygous
minor allele genotypes for the four SNPs studied were
associated with increased risk of breast cancer. Further-
more, the P trend test for the genotypes between cases and
controls shows that the association for allele variants were
dose dependent for each locus in the whole sample and in
the subgroup A and B (Table 2). Breast cancer risk was
significantly increased in carriers with 3 risk loci compared
with those with 0—2 risk loci in the whole sample of
BRCAI/2-negative cases and in the subgroups A and B
(OR = 1.66 [95 % CI 1.25-2.21], P = 0.0003; OR = 1.47
[95 % CI1.04-2.07], P = 0.026, and OR = 2.04 [95 % CI
1.32-3.24], P < 0.001, respectively).

Linkage disequilibrium analyses showed that all three
variants of FGFR2 were in LD with each other (#* = 0.93
for rs1219648 and rs2981582; ¥ = 0.92 for rs2420946 and
s2981582; and * = 0.94 for rs1219648 and 1s2420946).
Therefore, we performed haplotype inference on these
three polymorphisms. As shown in Table 3, just two
common haplotypes accounted for >95 % of all haplotypes
construed by these three SNPs. Compared with the most
common haplotype CCA (htl), the TTG (ht2) haplotype,
which contains the three risk alleles, was associated with
an increased breast cancer risk in the whole sample and in
subgroups A and B (Table 3).

Table 4 shows the distribution of combined genotypes
of the FGFR2 haplotypes and MAP3KI 1rs889312. We
observed that the combined genotypes htl/ht2—C/C sig-
nificantly increased the breast cancer risk in the three
groups analyzed, and the OR were higher with respect to
the risk conferred for the haplotype ht2 alone or for the
genotype CC (MAP3K]I) alone. ORs were also statistically
significant higher for the combined genotypes ht2/ht2—C/C
in the three groups studied. Moreover, in the subgroup B,
which includes single affected women with early-onset
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Table 4 Distribution of combined genotypes of FGFR2 haplotypes and MAP3K1 rs889312 in BRCAI/2-negative breast cancer cases and controls

Single affected, diagnosis <50 years

(n = 137)

Families with >2 BC and/or OC cases

Controls (n = 802) (%) All BC cases (n = 351)

Composite
genotype

(n=214)

OR [95 % CI] P value®

BC cases (%)

OR [95 % CI] P value®

BC cases (%)

P value®

BC cases (%) OR [95 % CI]

FGFR2 MAP3K1

11 (8.3)

19 (9.2)
25 (12.1)

30 (8.8)

119 (15.5)
116 (15.1)

A/A
A/C
C/IC

ht1/ht1
ht1/ht1

ht1/ht1

1.000
0.109
0.201

0.93 [0.34-2.52]
2.36 [0.80-6.79]
1.68 [0.75-3.98]
2.52 [1.20-5.69]
3.00 [1.12-8.13]
1.90 [0.65-5.40]
2.19 [0.85-5.74]

23 (17.3)
38 (28.6)

0.011

0.016

0.205

0.076

0.009

4.07 [1.26-12.71]
1.20 [0.26-4.38]

0.754

—_ r— —, — e e

=S S S e T e e

1.35

1.61
1.69

38 (18.4)
44 (21.4)

2.24

23 (11.2)

allrilrs i el rsilrsil )

o S e e S e e

1.20
222
1.61
2.02
2.75
1.86
222
3.37
1.32

35 (10.3)
23 (6.8)
60 (17.7)
83 (24.5)
30 (8.8)

41 (5.4)
148 (19.3)
163 (21.3)

htl/ht2  A/A
ht1/ht2

A/C

43 (5.6)

ht1/ht2  C/C

24 (7.1)

51 (6.7)
64 (8.4)

ht2/ht2  A/A

36 (10.6)
18 (5.3)
12 (3.6)

ht2/ht2  A/C

21 2.7)
36 (4.5)

ht2/ht2  C/C
Others®

BC breast cancer, OC ovarian cancer, OR odds ratio, CI confidence interval

% Fisher’s exact test

° Includes FGFR2 haplotypes that had a frequency <2 %

breast cancer, we observed higher OR values for the
combined genotypes htl-ht2-CC and ht2-ht2-CC with
respect to the whole sample or subgroup A (Table 4).

Since the FGFR2 ht2 and MAP3KI 1s889312 C allele
were associated with increased breast cancer risk, we con-
sidered the FGFR2 ht2 and MAP3KI 1s889312 C as risk
alleles and then evaluated their combined effects by dividing
the subjects into five groups based on the number of risk
alleles [subjects with O (group 1), 1 (group 2), 2 (group 3), 3
(group 4), and 4 (group 5)]. As shown in Table 5, the dis-
tribution of the combined genotypes in the whole sample
and in subgroups A and B significantly differed from that in
controls (P = 0.003, 0.017, and 0.0025, respectively), and the
risk of breast cancer increased in a dose-dependent manner as
the number of risk alleles increased (P trend <0.0001).
Considering group 1 as the reference group, the OR of group
5 for breast cancer was 3.40 (95 % CI 1.61-7.17, P = 0.001)
for the whole sample, 2.98 (95 % CI 1.22-7.30, P = 0.017)
for familial BC, and 4.12 (95 % CI 1.48-11.45, P = 0.007)
for early-onset non-familial BC. These results indicate an
additive effect of the FGFR2 ht2 and MAP3K1 rs889312 C
allele on increased breast cancer risk.

Considering the additive effect observed between
FGFR2 ht2 and MAP3KI C allele on increased risk of
familial and early-onset non-familial BC, we then evalu-
ated the interaction between the two loci on an additive and
multiplicative scale. The estimated measures of interaction
were not significant (P > 0.05).

Discussion

Mutations in BRCAI and BRCA2 are associated with
susceptibility to BC and OC. At present, however, these
mutations account for only a portion of familial cases, and
consequently there is an intensive search for additional
susceptibility targets. GWAS have recently identified
genetic variants associated with BC in populations of
European and Asian ancestry [5, 10]. However, the con-
tribution of these variants as predictors in South-American
women is unknown. In the present study, we evaluated the
impact of FGFR2 and MAP3K]I polymorphisms on familial
and in non-familial early-onset BC negative for point
mutations in BRCAI/2 from a Chilean population.
To this end, we studied the association between three SNPs
(rs2981582, 152420946, and rs1219648) of FGFR2 and
rs889312 in the MAP3KI gene in a case—control study.
The FGFR2 gene encodes a receptor tyrosine kinase
and is a tumor suppressor gene that can be amplified and
overexpressed in BC cells. Meyer et al. [14] have shown
that the rs2981582 and rs1219648 SNPs alter the binding of
two transcription factors, Oct-1/Runx2 and C/EBPb,
resulting in an increase of FGFR2 gene expression both in
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BC cases (%) OR [95 %CI] P value®

(n = 204) Single affected, diagnosis <50 years (n = 129)

P value®

OR [95 %CI]

Families with >2 BC and/or OC cases

BC cases (%)

P value®

OR [95 %CI]

All BC cases (n = 333)

BC cases (%)

(n = 802) (%)

Controls

Table 5 Combined effects of FGFR2 haplotypes (rs2981582 C>T, rs2420946 C>T, and rs1219648 A>G) and MAP3K1 rs889312 A>C on the risk of breast cancer

Number of risk alleles®

@ Springer

11 (8.3)
32 (24.1)
57 (42.9)
25 (18.8)

19 (9.2)
63 (30.4)
73 (35.3)
42 (20.3)
10 (4.8)

30 (8.8)

119 (15.5)
264 (34.5)

lele

0.460
0.011

1.31 [0.64-2.69]
2.42 [1.22-4.78]
2.52 [1.19-5.38]
4.12 [1.48-11.45]

0.157
0.037

1.49 [0.86-2.61]
1.79 [1.03-3.11]
2.46 [1.35-4.49]

2.98 [1.22-7.30]

0.133
0.002

1.43 [0.90-2.27]
2.02 [1.29-3.18]
2.45 [1.48-4.05]

3.40 [1.61-7.17]

95 (28.0)
130 (38.3)
66 (19.5)

lele

255 (33.3)
107 (14.0)
21 2.7)

lele

0.016

0.003

0.001

lele

0.007

8 (6.0)

0.017

0.001
<0.0001

18 (5.3)

lele

= = = = =

0 risk a
1 risk al
2 risk a
3 risk a
4 risk a
P trend®

0.0001
0.0025

0.266
0.017

0.0003

Global P¢

BC breast cancer, OC ovarian cancer, OR Odds Ratio, CI Confidence Interval

* 0 risk allele: ht1/htl + A/A; 1 risk allele: ht1/htl + A/C, ht1/ht2 + A/A,; 2 risk alleles: ht1/htl + C/C, ht1/ht2 + A/C, ht2/ht2 + A/A; 3 risk alleles: ht1/ht2 4+ C/C, ht2/ht2 + A/C; 4 risk

alleles: ht2/ht2 + C/C
® Fisher’s exact test

° %2 test for trend

9 2 test for independence

cell lines and in breast tissue. A number of case—control
studies have been conducted to investigate the association
between FGFR2 polymorphisms located in intron 2 and in
promoter of this gene with BC susceptibility [30]. Specifi-
cally, case—control studies have shown that SNPs in intron 2
of FGFR2 are strongly associated with risk of BC in
European [5, 10], Asian [5, 12], African-American [31],
Ashkenazi Jewish [32], Israeli [13], and Chinese popula-
tions [12, 33]. Therefore, the association and functional
studies, and the meta-analysis by Jia et al. [17], suggest that
risk alleles of SNPs rs2981582, rs1219648, and rs2420946
are low-penetrant risk factors for developing BC.

In this study, we found that the SNPs in the second
intron of FGFR2, rs2981582, rs2420946, and rs1219648
were significantly associated with increased risk of familial
BC and early-onset non-familial BC in Chilean population.
This result is in accordance with Esteban Cardefiosa et al.
[34], who in Spanish population found statistically signif-
icant differences between familial BC/OC and healthy
controls for rs2981582 polymorphism, particularly in non-
carriers of BRCA1/2 mutations. The Chilean population is
the result of the admixture between Amerindian peoples
(40 %) and the Spanish population (60 %) [35, 36]. The
majority of the case—control studies have been done in
sporadic BC. Nevertheless, Latif et al. [37] reported that
susceptibility variants in FGFR2 are associated with
increased BC risk in individuals with family history of BC,
and that the level of risk is dependent on the family history.
This study also established that the risk conferred by
FGFR?2 variants is similar to those of individuals from
case—control series of sporadic BC. Otherwise, the risk
factors for early-onset BC remain to be determined. A
study conducted in an American population showed that in
this group of cases, only 10 % carried deleterious BRCAI
or BRCA2 mutations, and 1 % were non-familial [38].
These data indicate that mutations in BRCAI and BRCA2
genes account for only a very small proportion of early-
onset non-familial BC, and that other susceptibility genes
may exist. Fu et al. [18] reported that polymorphisms in the
second intron of the FGFR2 gene, including rs2981582,
rs1219648, and rs2420946, are associated with risk of
early-onset BC in Chinese Han women. In our experience,
none of the 137 women with early-onset BC without family
history of breast or ovarian cancer were catrriers of BRCA1/
2 mutations; therefore, it is likely that polymorphisms in
intron 2 of FGFR2 play a role in tumorigenesis in this
subgroup of women.

In addition, each of the three SNPs was significantly
associated with increased BC risk in a dose-dependent
manner, with increasing risk as the number of variant
alleles increased, both in the subgroup with familial BC
and in the subgroup of non-familial BC with early age of
diagnosis. The presence of three risk alleles was associated
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with 1.47- (subgroup A) and 2.04- (subgroup B) fold
increased risk of BC compared with the presence of 0-2
risk alleles. These results indicate that the FGFR2 SNPs
have an additive effect on an increased BC risk. These
results are consistent with those reported by Liang et al.
[12] in Chinese women with sporadic BC.

Single-nucleotide polymorphisms in the second intron
of FGFR2, including 12981582, 152420946, and
rs1219648, are in a linkage disequilibrium block strongly
related to increased BC risk [10]. The three FGFR2 SNPs
were in perfect LD in our population. Consistent with the
single-locus analysis, carriers of the FGFR2 haplotype
TTG had a significantly greater risk compared with those
of the common haplotype CCA. This findings suggest that
the SNPs of FGFR?2 intron 2 might be useful markers for
determining genetic susceptibility to familial and early-
onset non-familial BC. In conclusion, this is the first study
to demonstrate that genetic variants in intron 2 of FGFR2
are significantly associated with increased risk of BC in a
South-American population.

The MAP3KI gene acts in the MAP-signaling pathway
and is responsible for regulation of transcription of important
cancer genes. GWAS have identified the SNP rs889312,
located close to the MAP3KI gene. The rs889312 lies in a
linkage disequilibrium block of approximately 280 kb, which
encodes a serine/threonine kinase protein and forms part of
the MAPK cell-signaling pathway implicated in cellular
response to mitogens [5]. Some studies have examined the
association of this SNP with BC risk; however, the results
were generally inconclusive. Nevertheless the meta-analysis
published by Lu et al. [21] suggests that rs889312 C allele is a
low-penetrant risk factor for developing BC. This meta-
analysis includes seven studies of BC patients from European,
Asian, African-American, African, and Australian back-
grounds. To date, this variant has not been investigated in
Spanish or South-American populations. In our case—control
study, we found that MAP3K1 rs889312A/C was significantly
associated with increased risk of familial BC and early-onset
non-familial BC in Chilean population. These results are
consistent with those published by Latif et al. [37], which
concluded that MAP3KI 1s889312 is associated with
increased risk of cancer in individuals with a family history of
BC. Furthermore, Slattery et al. [20] reported that the minor
allele frequency (MAF) of MAP3KI 1s889312 was signifi-
cantly greater among Hispanic women in the United States.
Therefore, these authors support the hypothesis that genetic
factors differ by race and ethnicity as they relate to BC. Also,
this suggests that examining ethnicity/race associations as a
component of validating and replicating associations is criti-
cal to understanding the complexity of disease associations
among genetically admixed populations. The contemporary
Chilean population stems from the admixture of Amerindian
peoples with the Spanish settlers arriving in the 16th and 17th

centuries. The relationships among ethnicity in the Amerindian
admixture, genetic markers, and socioeconomic strata have
been extensively studied in Chile [35, 36]. Therefore, our
results are the first to contribute to identifying the MAP3KI
1rs889312 as a polymorphism associated with increased risk of
BC in a South-American admixed population.

We also analyzed the effect of the combined genotypes
of the FGFR2 haplotype and MAP3KI rs889312. In the
subgroup with familial BC, the FGFR2 ht2 was associated
with a 1.32-fold increased risk of BC, and the presence of at
least one MAP3K1 1rs889312 C allele was associated with a
1.35-fold increased risk of BC. When these two risk alleles
were combined, BC risk increased in a dose-dependent
manner, and the presence of four risk alleles was associated
with a 2.98-fold increased BC risk as compared with the
presence of zero risk alleles. These results indicate that the
FGFR2 and MAP3KI SNPs have an additive effect on an
increased risk of familial BC. Similar results were obtained
when the same analysis was performed in subgroup B,
which included non-familial BC with early age of diagno-
sis. In this sub-group, the combined genotype ht2/ht2—-C/C
was associated with a 4.07-fold increased of BC, and we
also observed an additive effect of FGFR2 ht2 and
MAP3K]I 15889312 C allele on an increased BC risk. The
FGFR?2 gene is a growth factor receptor in tumorigenesis. It
participates in the signal transduction pathway within which
it activates the MAP kinase pathway, which initiates with
the activation of the MAP3K1 gene. This pathway finalizes
with the expression of genes important for angiogenesis,
proliferation, and cell migration. Therefore, it is possible
that FGFR2 and MAP3KI SNPs may have an additive
effect on BC risk. However, since the interaction analysis
between the FGFR2 and MAP3KI SNPs was not signifi-
cant, additional studies are needed to confirm this finding.
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