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Abstract To understand the biology of low-risk breast
cancer alleles, and to investigate whether these loci also
contribute to disease progression that was once established,
we examined the association of SNPs tagging the low-risk
breast cancer loci in or near FGFR2, LSP1, MAP3K1, H19,
TOX3, POUSFIPI, MYC, and 2q35, with clinical, patho-
logical characteristics, prognosis, and mRNA expression of
the nearest genes. Tumor DNA samples of 2,480 breast
cancer patients were available. Out of this cohort, 1,290
patients with lymph-node negative disease who did not
receive adjuvant systemic therapy, the SNP status was
associated with metastasis-free survival (MFS). In 1,401
patients, the mRNA expression levels of FGFR2, LSPI,
MAP3KI, HI9, TOX3, POU5SFIPI, and MYC were deter-
mined and correlated with SNP genotypes. The SNP
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rs2981582 in FGFR2 was significantly associated with
positive ER and PgR status (P < 0.001 and P = 0.003,
respectively). No other significant associations with patient
or tumor characteristics were observed. Only rs2107425
near H19 was significantly associated with shorter MFS in
uni- and multi-variate analysis (HR: 1.53, CI: 1.12-2.08,
P =0.006 and HR: 1.59, CI: 1.16-2.20, P = 0.004,
respectively), with the more aggressive minor allele dis-
playing a recessive trait. The minor allele of SNP
rs3803662 located near the TOX3 gene was associated with
lower mRNA expression of this gene. In conclusion, except
for the association of rs13283662 with TOX3 gene
expression indicating a tumor suppressor role of TOX3, our
findings suggest that breast cancer low-risk loci generally
do not affect expression of the nearest gene in breast tumor
tissue. Also the prognosis of patients is largely not affected
by low-risk breast cancer loci except for the SNP near H19.
How, this SNP affects prognosis warrants further study as
it does not operate through altering H7/9 mRNA expression.

Keywords Breast cancer - Low-risk loci - Prognosis -
mRNA Expression

Abbreviations
MEFS Metastasis-free survival

GWAS Genome-wide association studies
SNPs Single nucleotide polymorphisms
ER Estrogen receptor

PgR Progesterone receptor

Ct Cycle of threshold

HWE Hardy—Weinberg equilibrium
LD Linkage disequilibrium

MAF Minor allele frequency

HR Hazard ratio

CI Confidence interval
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Introduction

Genome-wide association studies (GWAS) have recently
identified various single nucleotide polymorphisms (SNPs)
tagging several breast cancer predisposing loci [1-3]. The
identified SNPs are: rs2981282 located within intron 2 of
the fibroblast growth factor receptor 2 (FGFR2); rs3817198
in the lymphocyte-specific protein 1 (LSPI)) gene;
rs889312 located close to the mitogen-activated protein
kinase (MAP3KI) gene; rs3803662, rs12443621, and
rs8051542 located near the trinucleotide repeat—containing
9 (TNRC(C9)) gene, also known as TOX3; rs2107425 located
close to the imprinted H/9 gene and rs13387042, and
rs13281615 in the 2q35 and 8q24 regions, respectively,
which lack nearby annotated genes. The most nearest genes
to rs13281615 in the 8q24 region are POUSFIPI, a tran-
scription factor with a POU homeodomain, and MYC, a
proto-oncogene. Although several independent GWAS
have replicated the association of these SNPs with
increased cancer risk [3-6], the mechanisms by which
these loci in the target tissue may exert their effect are
poorly understood.

In analogy to high-risk and moderate-risk breast cancer
genes, it was speculated that the identified SNPs tag
causal variants in the coding region of the nearby genes
[1]. However, extensive sequencing efforts of the nearest
genes have not identified such variants in the SNP-asso-
ciated haplotype blocks [1]. This suggests that an alter-
native disease mechanism in which low-risk loci might
involve expression modulation of nearby located genes,
and hence, predispose to breast cancer. For example,
Meyer et al. [7] observed an association of risk alleles in
FGFR2 with increased FGFR2 mRNA expression in 63
invasive breast cancer samples, and Sun et al. [8] reported
an association of the normal allele with higher FGFR2
mRNA expression in 81 normal breast tissue samples.
Besides that these results appear contradictory, both
studies lacked substantial power to test, conclusively, the
hypothesis of expression modulation of the nearest genes
by risk loci.

To further test the hypothesis, that in breast cancer these
SNPs may operate through expression modulation of the
nearest genes, we measured in a large subset of 1,401
primary breast cancer samples, mRNA transcript levels of
the most plausible genes located nearest to the respective
SNPs. In addition, we investigated whether these low-risk
breast cancer loci not only related to onset of breast cancer,
as previously reported, but also contributed to its progres-
sion once established. Therefore, in the present study we
have studied the association of SNP genotypes of seven
low-risk breast cancer loci with patient and clinico-patho-
logical tumor -characteristics, as well as with tumor
aggressiveness.

@ Springer

Materials and methods
Patients and tumor characteristics

This retrospective study was approved by the medical
ethical committee of the Erasmus Medical Centre Rotter-
dam, the Netherlands (MEC 02.953). The study was per-
formed in accordance with the Code of Conduct of the
Federation of Medical Scientific Societies in the Nether-
lands (http://www.federa.org/?s=1&m=99), and consent
was not required, and, wherever possible, it has been
reported in line with the Reporting Recommendations for
Tumor Marker Prognostic Studies guidelines [9]. Frozen
primary tumor samples from patients who entered the
clinic between 1978 and 2004, and from whom detailed
clinical follow-up was available, were used. The median
follow-up of patients alive was 106 (range 3-315) months
and mean age was 55.9 (range 22-88) years.

Tumor estrogen receptor (ER) and progesterone receptor
(PgR) analyses were performed by routine ligand binding
assay or enzyme-linked immunoassay [10]. The cutoff
classied the tumors as ER and PgR positive was 10 fmol/
mg cytosolic protein. Patients with missing values for ER
and PgR were indicated as an unknown category in
Table 1. Details of patients and tumor characteristics are
presented in Table 1. Transcript level expression of nearby
located candidate genes and HER2 were determined in a
subset of 1,401 tumors. Details of patients and tumor
characteristics of this subgroup are presented in Supple-
mentary Table S1.

SNP genotyping

Genomic DNA of 680 tumor homogenates has been iso-
lated as described previously [11] and the genomic DNA of
1,800 tissue sections were isolated from two to ten 30 um
cryostat sections (5-20 mg) with the NucleoSpin® Tissue
kit (Macherey—Nagel; Bioké, Leiden, The Netherlands)
according to the protocol provided by the manufacturer.
The quantity and quality of the isolated DNA were estab-
lished by ultraviolet spectroscopy, and by examination of
the product size after agarose gel electrophoresis, and by
the ability of the sample to be linearly amplified by real-
time PCR in a serial dilution with a set of primers located
in an intron of the hydroxymethylbilane synthase on
chromosome 11, and thymidine kinase on chromosome 17
[12]. Due to low sensitivity of the assay, SNP rs13281615
in the 8q24 region was genotyped in whole genome
amplified DNA of 1,705 tumors as described before [12].
Briefly, 10 ng aliquots of genomic DNA of 1,705 tumors
were amplified with the GenomiPhi V2 DNA amplification
kit (GE Healthcare, Piscataway, NJ, USA) according to the
protocol provided by the manufacturer [12], typically
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yielding 4 ng amplified genomic DNA with 20 kb band
still visible on gel. Genotyping was performed by a fluo-
rescent 5’ exonuclease assay (TagMan) using the ABI
PRISM 7900HT Sequence Detection Sequence (PE Bio-
systems) according to the manufacturer’s instructions.
Primers and probes for SNPs rs2981582 (C_2917302_10),
rs3817198 (C_27493923_10), rs889312 (C_8886795_10),
1s3803662 (C_25968567_10), rs12443621 (C_30765260_
10), rs8051542 (C_1230104_10), rs13387042 (C_32048042_
10), and rs13281615 (C_1332250_10) were purchased from
Applied Biosystems as Made to Order, and for rs2107425
(forward: ATA ATG CCC GAC CTG AAG ATC TG,
reverse: GCG TCG CAG GGT TCA C, VIC-probe: CAC
TCA TGG GAG CCG,and FAM-probe: ACA CTC ATA
GGA GCC G) as Assay on Demand. All reactions were
carried out with no template as negative controls. Duplicate
samples (n = 352) extracted with two different DNA iso-
lation procedures as mentioned above were analyzed to
assess concordance and quality of genotyping. High con-
cordance was found between the SNPs mentioned indicating
that both procedures were equivalent. Due to sensitivity issue
of the assays, the SNP genotypes of some patients could not
be determined and were regarded as missing values for the
corresponding SNPs. The missing values for each of the
analyzed SNPs are also presented in Table 1.

RNA isolation and quantitative RT-PCR

RNA isolation, cDNA synthesis, quantification of specific
mRNA species, and quality control checks were done as
described in detail elsewhere [13]. In brief, total RNA was
extracted with RNA-Bee (Campro, Veenendaal, the Neth-
erlands) according to the manufacturer’s instructions and
2-5 ng of total RNA sample aliquots were reverse tran-
scribed with oligo(dT)12—18 and random hexamer primers
using the RevertAid H Minus First Strand cDNA Synthesis
Kit from Fermentas (St. Leon-Rot, Germany) or the Super-
script IT RNase H-kit from Invitrogen (Breda, the Nether-
lands), respectively, according to the protocols provided by
the manufacturers. Before the PCR analysis, the resulting
cDNA samples were treated with RNase H- (Ambion,
Huntingdon, United Kingdom). The quantity and quality of
the isolated RNA were established by UV spectroscopy, by
examination of rRNA bands after agarose gel electrophore-
sis, and by the ability of the sample to be linearly amplified in
a serial dilution with our housekeeping gene set (see next
section for further details). Samples of total RNA that did not
show both the 18S and 28S bands (6%) or 15 pg reverse-
transcribed total RNA that was not amplifiable within 26
cycles at our fixed threshold value of 0.02 with our
housekeeping set were excluded. Real-time quantitative
PCR was done in a Mx3000P Real-time PCR System
(Agilent, Amsterdam, The Netherlands) according to the

recommended protocol. Commercially available Tagman
Gene Expression Assays (Applied Biosystems) were used
for FGFR2 (Hs00240792_ml), MAP3KI (Hs00394890_
ml), TOX3 (Hs00300355_m1), LSPI (Hs00158885_ml),
HI19 (Hs00399294_g1), POU5SF1/POUSF1P3/POUSFIPI
(Hs00999634_gH), and MYC (Hs00905030_ml). Forty
rounds of amplification were performed according to the
supplier’s protocol, and at the end of the amplification
fluorescent signals of the TagMan probes were used to
generate cycle threshold (Ct) values from which mRNA
expression levels were calculated. To enable comparison of
the levels of specific mRNAs in different samples, they were
evaluated relative to the average expression levels of the
three reference genes, porphobilinogen deaminase (PBGD),
hypoxanthine-guanine phosphoribosyltransferase (HPRT),
and f-2-microglobulin (2M). Expression levels of the target
genes relative to the average expression levels of three
reference genes were quantified as follows: mMRNA
target — 2(mean Ct reference — mean Ct target)' The primer
sequences for ER-o, PgR, and ERBB2/HER? for the three
reference genes, PBGD, HPRT, and [;2M, have all been
previously described [13, 14].

Statistical analyses

Pearson’s y° analysis was used to test for independence of
the alleles [Hardy—Weinberg equilibrium (HWE)], the
allelic distribution in breast tumors, to compare genotype
frequencies between the three groups, and to check the
relation of SNPs with patients, and tumor characteristics.
The hazard ratios (HRs) and their 95% confidence interval
(95% CI) for the SNP alleles and traditional prognostic
factors were determined with Cox proportional hazards
models for both univariate and multivariate metastasis-free
survival (MFS) analyses. MFS was defined as the time
from diagnosis until the occurrence of a distant metastasis.
Differences between HR for SNP carrier versus non-car-
riers were tested using the likelihood ratio test associated
with the Cox regression analysis. The assumption of pro-
portional hazards was investigated using a test based on the
Schoenfeld residuals and was not violated for SNP
rs2107425. In the multivariate model, the contribution of
the SNP alleles was adjusted for the classical prognostic
factors; age, menopausal status, nodal status, tumor size,
differentiation grade, and receptor status.

MES probabilities were calculated using the actuarial
method of Kaplan—Meier and a log—rank test was used to
test for differences between the survival curves.

The association of SNPs and mRNA expression was
determined using the Kruskal-Wallis test. A Bonferroni
correction was applied to address the problem of multiple
comparisons. All computations were carried out using the
STATA statistical package, version 11.1 (Stata Corp.,

@ Springer
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College Station, TX). A P value < 0.05 was considered
statistically significant. All P values are two-sided and relate
to all data during the total period of follow-up.

Results

Frequencies of low-risk alleles in tumor samples
and association with patient and tumor characteristics

We genotyped nine SNPs tagging linkage disequilibrium
(LD) blocks containing seven loci, which have been
reported to be associated with increased breast cancer risk
[1, 2, 15] in target tissue of breast cancer tumors from a
cohort of 2,480 patients. Genotype determination and test
for HWE revealed that all nine genotyped SNPs in this
cohort were in HWE (P > 0.08 for all SNPs). The calcu-
lated minor allele frequencies (MAF) of the SNPs in our
cohort are given in Table 2. To check whether risk alleles
showed an association with specific clinico-pathological
characteristics of the patients and tumors, we investigated
the correlation of the SNPs with patient and tumor char-
acteristics (Table 1). The risk alleles of the SNP rs2981582
in FGFR2 were significantly associated with ER- and PgR-
positive tumors (P < 0.001 and P = 0.003, respectively).
None of the other SNPs showed a strong association with
either patient or tumor characteristics. After Bonferroni
correction, only the association of FGFR2 allele with ER
and PgR level remained significant.

Association of low-risk alleles with prognosis
of primary breast cancer

One of the aims of this study was to study a possible
prognostic value of the low-risk SNPs. As prognosis is
confounded by factors such as adjuvant treatment, we
limited our analysis to 1,290 patients with lymph node-

Table 2 Minor allele frequencies of low-risk breast cancer loci in the
target tissues

SNP Locus Nearest MAF (European MAF
gene population) (target
tissue)
rs2881582  10q26 FGFR2 0.38 0.42
rs3817198  11pl5 LSPI 0.30 0.30
rs889312 5ql1  MAP3KI 0.28 0.30
rs2107425  11pl5 HI9 0.31 0.30
rs3803662  16ql2 TOX3 0.25 0.29
rs12443621 16ql2 TOX3 0.46 0.46
rs8051542  16ql2 TOX3 0.44 0.45
rs13281615 8q24  POUSFIPI/MYC 0.40 0.58
rs13387042 2q35  Not analyzed 0.52 0.50

@ Springer
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Fig. 1 Kaplan—-Meier analysis of metastasis-free survival for
rs2107425 SNP near H19 in lymph node-negative patients who did
not receive any adjuvant systemic therapy (n = 1,290). The number
of patients at risk on various time intervals is indicated

negative disease who did not receive any adjuvant systemic
therapy. MFS was used as the primary end-point in this
analysis. Compared with wild-type allele, patients carrying
homozygous risk alleles AA of rs2107425 in HI19 were
associated with a poor MFS in both univariate (HR: 1.53,
CI: 1.12-2.08, P = 0.006), and multivariate analysis (HR:
1.59, CI: 1.16-2.20, P = 0.004) corrected for the base
model that included age, menopausal status, pathological
tumor size and grade, and ER and PgR protein levels
(Supplementary Table S2). Kaplan—-Meier survival curves
were used to visualize the significant worse MFS (Logrank
test P = 0.006) of patients homozygous for the risk allele
of rs2107425 (Fig. 1). None of the other SNPs were related
with the length of MFS in this cohort of 1,290 untreated
lymph node-negative patients.

Correlation of SNP genotype with expression changes
of the nearest genes

The second aim of the study was to determine whether the
risk alleles were associated with altered expression of the
nearest gene. Therefore, we analyzed mRNA expression of
the most plausible genes located close to the disease
associated SNPs in a subset of 1,401 patients for which
RNA was available (Fig. 2; clinical characteristics of this
cohort are provided in Supplementary Table S1). For three
SNPs near the TOX3 gene (rs3803662, rs12443621, and
rs8052542), which all have been associated with cancer
risk, we found significant associations of SNPs rs3803662
and rs12443621 with a lower expression of 70X3 mRNA
(P = 0.0019 and P = 0.029, respectively; Kruskal-Wallis
test). The lower TOX3 mRNA expression was dose-
dependent and decreased with the number of risk alleles
(P = 0.02 for trend). However, rs8052542 near TOX3,
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Fig. 2 Correlation of mRNA expression level of genes with genotype of
their respective SNPs in 1,401 primary breast tumors: a FGFR2, b LSP1,
¢ MAP3KI1,dH19,e TOX3,£TOX3, g POUSFIP1,andh MYC. Kruskal—
Wallis test was used to test for significant differences between the
respective three genotype groups. Allele changes go from major allele to
minor allele (major/minor). The rs3803662 and rs12443621 SNPs are
located on the same LD block previously shown to be associated with
breast cancer risk and these SNPs are correlated with each other (r = 0.65)

which has the weakest association with breast cancer risk,
did not show an association with 7OX3 mRNA expression.
Correlation analysis of these three SNPs near TOX3

indicated that the highest risk-associated SNP rs3803662
showed a stronger correlation with rs12443621 than with
rs8051542 (Pearson correlation coefficient » = 0.65 and
r = 0.20, respectively). For none of the other loci inves-
tigated, did we observe a significant correlation of tumor
mRNA expression of the analyzed nearby gene(s) with the
tumor genotype of the corresponding SNP (Fig. 2). This
includes the risk conferring SNP 1s2981582 previously
connected to expression modulation of FGFR2 gene [7].
Also the reported physical interactions in breast cancer for
rs13281615 in 8q24 with the MYC gene [16] did not
translate into an altered MYC mRNA expression in primary
tumors of our cohort (Fig. 2). Furthermore, the genotype of
this SNP in the subset of breast tumors for which ampli-
fication status was available (n = 163) did not correlate
with MYC amplification (Supplementary Table S3).

Discussion

Several large case—control studies have discovered various
SNPs being associated with breast cancer risk [1, 17, 18].
Among these newly discovered SNPs, the associations of
nine SNPs tagging seven low-risk breast cancer loci have
been independently replicated in many populations of dif-
ferent ethnic backgrounds [3—6]. Following their discovery,
some of these loci were found to be associated with
important clinical and pathological characteristics of the
resulting invasive breast cancer. Rs2981582 in FGFR2 and
rs13282615 in 8q24 have been shown to be related to ER-
positive and PgR-positive tumors, whereas rs12383662 in
TOX3 was associated with ER-negative tumors [19].
Rs13387042 on 2g35 has been shown to be associated with
both ER-positive and ER-negative breast cancer [20].
Consistent with previous findings, we also found
rs2981582 in FGFR2 to be associated with ER-positive and
PgR-positive tumors in our cohort. The other associations
with hormone receptor status could not be confirmed.

Additionally, the present retrospective study primarily
aimed to address two important questions with regard to
these risk alleles: firstly, do these alleles also affect the
prognosis of the patients and, secondly, do these alleles
affect the expression of adjacent genes?

To address the first question, whether these SNPs were
associated with the natural course of the disease, i.e., tumor
aggressiveness, we focused in this retrospective study on the
length of MFS in patients with lymph node-negative disease
who did not receive any systemic adjuvant treatment. As
adjuvant systemic therapy has a confounding effect on the
development of metastases, a population like this one is the
most optimal to address such question. Of all the risk alleles
investigated, only homozygosity for risk alleles of
rs2107425 (AA) in the imprinted gene H19 was significantly
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associated with poor prognosis in both univariate and mul-
tivariate analysis. To our knowledge, this is the first report
showing the pure prognostic value of one of these low-risk
loci [1]. However, the underlying biological mechanism
accounting for this association is not yet evident. Since this
SNP near H19 does not affect H19 mRNA expression, it is
unlikely that this risk allele and prognostic SNP operates
through altering H/9 mRNA expression. This locus is
located within the well-known imprinted /IGF2/HI9 locus
on chromosome 11, which contains various imprinted
transcripts [22, 23]. Loss of imprinting and/or altered
expression of other transcripts in this locus may be causal.
Lack of an association of other loci with prognosis could be
related to lack of power of our study, but may also indicate
that most risk alleles only relate to onset of breast cancer and
not to its progression once established. One limitation of our
study is that SNP genotype analysis was performed on tumor
and not on germline DNA, which is not available for this
cohort, and that somatic acquired genetic changes in tumor
tissues might affect SNP genotype analysis. To address this,
we analyzed a subset of the cohort from which we also had
copy number variation data available [21]. In this subgroup,
we found no evidence that copy number variation in the
regions containing risk-associated SNPs significantly
affected SNP genotype frequency. Therefore, we have no
evidence that genetic changes in tumor samples of our
cohort have skewed the presented SNP genotype data.

With regard to the second hypothesis that whether these
loci modulate the expression of the nearest genes, we
measured the transcript expression levels of genes located
nearby the risk loci in 1,401 primary breast tumors. For
transcript expression analysis, we only focused on the most
plausible, non-hypothetical genes in or nearest to the
haplotype block containing the risk-associated loci. The
rs2981582 SNP located in the intronic region of the
FGFR2 gene was not related to differences in FGFR2
mRNA expression. This is puzzling as the FGFR2 gene has
been shown to be amplified and over-expressed in 5-10%
of breast cancer patients [24], and because the risk allele
itself alters the binding affinity for transcription factors of
Oct-1/Runx2 and C/EBPf;, which has been causally linked
with increased expression of FGFR2 in breast cancer cell
lines [7]. However, such findings were not seen by Sun
et al. [8], who reported an association of the normal allele
with higher FGFR2 expression in 81 samples. Of note, Sun
et al. [8] analyzed normal breast tissue and not tumor tis-
sue. All together, it is unlikely that this SNP acts through
altering FGFR2 mRNA level in breast tumor tissue.

We did not reveal an association of MYC transcript
expression or MYC amplification with SNP genotype
rs13281615 located in 8q24. Rs13281615 has no annotated
gene in its vicinity. Nevertheless, a recent study showed a
tissue-specific physical interaction of enhancers in the 8q24

@ Springer

region with MYC expression [16]. However, our analysis
does not provide further support for a link between MYC
mRNA expression and this risk allele. We also measured
transcript levels of the class 5 homeobox transcription
factor POUSF1PI, the nearest gene to this locus, which
was recently shown to encode a functional nuclear tran-
scriptional activator [25], and to be over-expressed in
prostatic carcinoma [26]. With our assay we could not
establish a significant correlation between POUS5SFIPI
mRNA expression and the rs13281615 genotype in 1,401
primary breast tumors. It should however be noted that our
assay as recently indicated by Applied Biosystems also
detects the pseudogene POUS5SFIP3 located on chromo-
some 12, and POU5FI, an intronless gene located on
chromosome 6 that can encode a protein highly similar to
POU class 5 homeobox 1.

For all other loci, we also did not observe any correla-
tion of mRNA expression of the nearest gene with the
genotype of the corresponding SNPs (Fig. 2), except for
the risk loci (rs12443621 and rs3803662) on 16q12. These
SNPs reside in the LD block containing the 5’ end of the
TOX3 gene and a hypothetical gene, LOC643714. A recent
fine mapping of the LD block has further narrowed this
risk-associated locus down to a region of 133 kb spanning
the entire coding part of LOC643714 and a small intergenic
region. Moreover, this region exhibits evolutionary con-
servation and open chromatin conformation suggesting a
regulatory function [27]. Our study shows that the alleles in
this locus that have strongest association with risk
(rs3803662 and rs12443621) were significantly related
with a lower expression of 7OX3 mRNA. The lower
expression of the 7OX3 gene, which encodes a high
mobility group box nuclear protein involved in calcium
dependent transcription and structural modification of
chromatin, in tumors with risk alleles of rs3803662, sug-
gests that 7TOX3 might act as a tumor suppressor gene. It is
important to note that although the risk alleles of
rs3803662 are significantly associated with lower expres-
sion of TOX3, yet another recent study showed an associ-
ation of the rs3803662 SNP with an increased expression of
the RBL2 gene, which is also located nearby this risk allele
[27]. Although this study including only 77 breast tumors is
underpowered compared with our analysis, it might how-
ever, be possible that this locus differentially regulates
more than one distant gene in cis or in trans.

In summary, this study for the first time estimates the pure
prognostic value of SNPs that are associated with low breast
cancer risk. We have found that homozygous risk alleles of
rs2107425 SNP were associated with an aggressive course
of the disease. Secondly, we associated these low risk SNPs
with expression of nearby genes. Based on our findings that
the risk alleles of rs3803662 and rs12443621 near the TOX3
gene were associated with a lower expression of TOX3
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mRNA, we hypothesize a tumor suppressor role of this gene.
However, functional studies to determine reliably the role of
the TOX3 gene in both normal and malignant settings are
required. Finally, the breast cancer risk posed by rs2981582
SNP in FGFR2 and rs13181615 in the 8q24 region may not
operate through the expression modulation of FGFR2 and
MYC genes, respectively.
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