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The receptor activator of NF-𝜅B (RANK) pathway is involved in bone health as well as breast cancer (BC) pathogenesis and
progression. Whereas the therapeutic implication of this pathway is established for the treatment of osteoporosis and bone
metastases, the application in adjuvant BC is currently investigated. As genetic variants in this pathway have been described to
influence bone health, aim of this study was the prognostic relevance of genetic variants in RANK and RANKL. Single nucleotide
polymorphisms in RANK(L) (rs1054016/rs1805034/rs35211496) were genotyped and analyzed with regard to bone metastasis-free
survival (BMFS), disease-free survival, and overall survival for a retrospective cohort of 1251 patients. Cox proportional hazard
models were built to examine the prognostic influence in addition to commonly established prognostic factors. The SNP rs1054016
seems to influence BMFS. Patients with two minor alleles had a more favorable prognosis than patients with at least one common
allele (HR 0.37 (95% CI: 0.17, 0.84)), whereas other outcome parameters remained unaffected. rs1805034 and rs35211496 had no
prognostic relevance.The effect of rs1054016(RANKL) adds to the evidence that the RANK pathway plays a role in BC pathogenesis
and progression with respect to BMFS, emphasizing the connection between BC and bone health.

1. Introduction

Breast cancer treatment becomes more and more individ-
ualized. Additionally to directed and undirected therapies,
diagnostic tests of the tumor and the host are being integrated
into the therapy plan. Recently a meta-analysis of more than
20,000womenwhowere treatedwith orwithout bisphospho-
nates reports an absolute reduction in breast cancer specific
mortality after 10 years of 3.1%. Most of the recurrences
that were prevented seemed to be bone related [1]. Besides

bisphosphonates modern therapies such as directed antibody
therapy against RANKL (receptor activator of NF-𝜅B ligand)
with denosumab [2] are in the focus of current research
efforts as the RANK (receptor activator of NF-𝜅B) pathway
has been described to be involved in both bone metabolism
and breast cancer pathogenesis and progression [3–9].

RANKL is a member of the tumor necrosis factor super-
family. It binds to its cytokine receptor RANK and initiates
a series of organ specific responses. In the bone it mediates
the formation and activity of osteoclasts [10]. In the breast it
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is thought to induce progesterone mediated cell proliferation
[4, 6, 7]. This molecular pathway is of special interest as the
monoclonal antibody denosumab as a drug is used not only
for the treatment of bone loss but also for the prevention
of skeletal related events in breast cancer patients with
metastatic disease to the bone [11] and is under investigation
for the treatment of breast cancer in the adjuvant setting. In
this paper we describe the effects of genetic variants in genes
of this pathway on the risk to develop bone metastases.

Bone metastases are a common event in metastatic breast
cancer patients. In about 25% to 40% the bone is the first site
of the metastatic disease [12]. Spread of the primary tumor is
a multifactorial process, which is not completely understood.
Concerning common patient and tumor characteristics some
predictors have been described. These include high number
of involved lymph nodes, larger tumor size, and a positive
estrogen receptor status [13–15].With regard to themolecular
characterization luminal tumors seemed to have the highest
risk for developing bone metastases [16]. Concerning the
host, it has been discussed that bone turnover might be
associated with an increased risk for the development of bone
metastases [17, 18].

Many studies have identified genetic variants in the
genes RANKL, RANK, and OPG (osteoprotegerin) to have
an influence on bone mineral density and the risk for bone
fractures [19–25]. Therefore it can be assumed that according
to a host’s germline genotype there are different patterns of
bone turnover and bone resorption.

Aimof our studywas therefore to investigate the influence
of known genetic variations in RANKL and RANK on the
prognosis of breast cancer patients, especially on the bone
metastasis-free survival.

2. Material and Methods

2.1. Patient Cohort. The Bavarian Breast Cancer Cases and
Controls Study (BBCC) was designed as a case-control
and cohort study to investigate genetic and epidemiological
factors as risk and prognostic factors for breast cancer. Cases
and controls were collected from 2002 to 2008 [26–29]. The
BBCC is part of the Breast Cancer Association Consortium
(BCAC) and has taken part in the validation of confirmed
breast cancer susceptibility single nucleotide polymorphisms
(SNPs) [30–38]. This paper reports the cases within this
study only. Briefly, primary breast cancer patients who were
treated at the University Breast Center for Franconia were
asked to take part in the study. This analysis presented here
included cancer patients whose diagnosis was no longer
than 1 year before the blood was drawn. The collection
of follow-up data for the analysis closed on August 31,
2011. The patients were followed up for cancer recurrence
and mortality. Mortality data were obtained from the Ger-
man death registry. Data on recurrences were documented
prospectively for patients attending the Franconia Breast
Center for follow-up care, in accordance with the data
management standards of the German certification board for
breast centers (http://www.onkozert.de/) and the European
Society of Mastology (EUSOMA). Patients who were not

attending the Breast Center were contacted annually by mail.
Patients who did not respond to the letter were contacted by
phone. The median follow-up period for the cohort was 7.4
years. This study was approved by the Ethics Committee of
the Friedrich-Alexander-University Erlangen-Nuremberg.

2.2. Isolation of DNA from Blood. DNA was extracted from
8mL blood samples using a genomic DNA purification
kit (Puregene; Gentra Systems, Minneapolis, Minnesota,
USA/Qiagen Ltd., Hilden, Germany) with modifications.
Briefly, after initial centrifugation, the white blood cell layer
was removed and added to RBC lysis buffer, pH 7.3, contain-
ing 0.15MNH

4
Cl, 0.01MK

2
CO
3
, and 0.1MNa-EDTA. After

10min incubation, the cells were centrifuged at 2,000 g and
incubated with 3mL cell lysis buffer containing 20mM Tris
pH 7.4, 15mMNa-EDTA, and 1% SDS and treatedwith RNase
A and proteinase K (all from Sigma- Aldrich Chemie Ltd.,
Schnelldorf, Germany). The proteins were precipitated with
1mL of protein precipitation solution (Puregene), and the
DNAwas precipitated by the addition of isopropanol, washed
with 70% ethanol, dried, solubilized with a Tris-EDTA buffer,
pH 7.5, quantitated using a spectrophotometer, and stored at
−80∘C. Using this methodology, an average of 70–100 lg of
DNA per patient was obtained.

2.3. Genetic Marker Selection. We have selected SNPs with
potential functional relevance by altering the amino acid
sequence (missense variants) or being located in regulatory
parts of the gene, one being located inRANKL and twowithin
RANK. rs1054016 lies in the 3󸀠 untranslated region (UTR)
of RANKL, rs18054016 (RANK) results in an exchange from
alanine to valine (C/T; Ala192Val), and rs35211496 (RANK)
results in an amino acid exchange from histidine to tyrosine
(C/T; His141Tyr).

2.4. Genotyping. Real-time polymerase chain reaction tests
were purchased from Applied Biosystems (ABI, Foster
City, California, USA/Applera Deutschland Ltd., Darm-
stadt, Germany) for the SNPs in accordance with the
National Center for Biotechnology Information terminology
(NCBI, http://www.ncbi.nlm.nih.gov/). Reactions were pre-
pared with 2x Genotyping MasterMix in accordance with
themanufacturer’s instructions and performed on a sequence
detection system (Prism 7900HT; ABI) using standard ther-
mal cycling conditions.

2.5. Statistical Considerations. Bone metastasis-free survival
(BMFS) was defined as the time from the date of diagnosis
of breast cancer to either the date of diagnosis of bone-
metastasis or the date of censoring. Patients who were
lost to follow-up within 10 years or died within 10 years
were censored at the last day they were known to be bone
metastasis-free or the date of death. A patient who was bone
metastasis-free 10 years after diagnosis was censored at that
date. Disease-free survival (DFS) and overall survival (OS)
were defined in a similar way.

Cox proportional hazards (PH) models were used to
investigate the prognostic value of the SNPs rs1054016,
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Table 1: Patient characteristics.

Characteristics Mean or𝑁 SD or %
Age 55.7 11.9
BMI 26 4.8
Tumor stage

pT0 27 2.2
pT1 788 63.0
pT2 360 28.8
pT3 51 4.1
pT4 25 2.0

Nodal status
pN0 804 64.3
pN+ 447 35.7

Tumor type
Ductal 826 66.0
Lobular 244 19.5
Other 181 14.5

Grading
G1 130 10.4
G2 835 66.7
G3 286 22.9

ER
Negative 345 27.6
Positive 906 72.4

rs1805034, and rs35211496 on BMFS, DFS and OS, respec-
tively, in addition to well-known prognostic factors. For
each SNP, a Cox PH model with the following predictors
was set up: age at diagnosis (continuous), body mass index
(BMI, continuous), tumor stage (ordinal; pT0, pT1, . . ., pT4),
grading (ordinal; G1, G2, G3), nodal status (categorical;
positive, negative), tumor type (categorical; ductal, lobular,
other), and the selected SNP (categorical; three genotypes).
The estrogen receptor status (ER) was incorporated into
the model as stratification factor (ER-positive, ER-negative)
because the proportional hazards assumptionwas violated for
ER. Patients with missing outcome variable were excluded
from the analysis. Hazard ratios (HRs) for genotypes were
estimated. 𝑃 values were not corrected for multiple testing.
Missing predictor values were imputed using single “best
guesses” (median value of continuous predictors, the most
common value of categorical or ordinal categorical predic-
tors) based on nonmissing data across all subjects. Survival
rates were estimated for interesting results using the method
of Kaplan-Meier.

The proportional hazards assumptions in the SNPmodels
were checked using the Grambsch and Therneau method
[39].

All of the tests were two-sided, and a 𝑃 value of <0.05 was
regarded as statistically significant. Calculations were carried
out using the R system for statistical computing (version 3.0.1;
R Development Core Team, Vienna, Austria, 2013).
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Figure 1: Kaplan-Meier curves for rs1054016 and bone metastasis-
free survival according to genotypes.

3. Results

A total of 1251 patients were included in the analysis. 34
patients with more than 20% missing values, 44 patients
without survival data, and 5 patients with metastases at date
of diagnosis had to be excluded. 86.7% of all patients had
complete patient and tumor characteristics and 98.4% of all
patients had complete SNP information. The percentage of
missing values in each variable was below 2% except of BMI
(4.2%) and grading (5.1%). The missing values were imputed
as described above.

Thepatient population resembled a heterogeneous cohort
of breast cancer patients withmost patients having T1 tumors,
being nodal negative and having a hormone receptor positive
tumor. Patient characteristics are summarized in Table 1.

Genotyping results are shown in Table 2. The two SNPs
rs1054016 (RANKL) and rs1805034 (RANK) had a minor
allele frequency of 42.2% and 47.8%, respectively, and were
relatively common polymorphisms in our population. The
minor allele frequency of rs35211496 (RANK) was less
common with 17.3%. All genotypes were within the Hardy
Weinberg equilibrium.

The SNP rs1054016 seems to influence the time to bone-
metastasis. Patients with two minor alleles had a better
prognosis than patients with at least one common allele
(Table 3). The Kaplan Meier curve for bone metastasis-free
survival and rs1054016 is shown in Figure 1. The hazard ratio
was 0.37 (95%CI: 0.17 to 0.84) for patientswith aTT genotype
compared with patients with a GG genotype. No association
could be seen with regard to distant disease-free survival or
overall survival.TheKaplan-Meier curves for this analysis are
shown in Figures 2 and 3.

We could not show any prognostic differenceswith regard
to the other SNPs (Table 3).
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Table 2: Genotype and allele distribution.

SNP Chrom.1 Position Alleles2 MAF3 (%) Homozygous common4 Heterozygous4 Homozygous rare4

rs1054016 (RANKL) 13 43182002 G/T 42.2 427 (34.1) 592 (47.3) 232 (18.5)
rs1805034 (RANK) 18 60027241 T/C 47.8 337 (26.9) 632 (50.5) 282 (22.5)
rs35211496 (RANK) 18 60021761 C/T 17.3 861 (68.8) 347 (27.7) 43 (3.4)
1Chromosome; 2major/minor allele, based on the forward strand and minor allele frequency; 3minor allele frequency; 4frequency, percentage in brackets.

Table 3: Bonemetastasis-free survival (BMFS), disease-free (DFS), and overall survival (OS) for selected SNPs. Adjusted hazard ratios1 (HRs),
95% confidence intervals (CIs), and corresponding 𝑃 values are shown.

SNP Genotype BMFS DFS OS
HR (95% CI) 𝑃 value HR (95% CI) 𝑃 value HR (95% CI) 𝑃 value

rs1054016
GG 1 (reference) 1 (reference) 1 (reference)
GT 1.06 (0.68, 1.65) 0.79 1.21 (0.88, 1.67) 0.24 1.22 (0.88, 1.69) 0.23
TT 0.37 (0.17, 0.84) 0.02 0.91 (0.59, 1.40) 0.66 1.00 (0.65, 1.54) 1.00

rs1805034
TT 1 (reference) 1 (reference) 1 (reference)
CT 0.73 (0.46, 1.17) 0.19 0.83 (0.60, 1.16) 0.29 0.88 (0.63, 1.24) 0.48
CC 0.62 (0.34, 1.16) 0.13 0.91 (0.61, 1.35) 0.64 1.09 (0.73, 1.62) 0.67

rs35211496
CC 1 (reference) 1 (reference) 1 (reference)
CT 0.90 (0.56, 1.45) 0.67 0.97 (0.70, 1.33) 0.84 1.01 (0.74, 1.39) 0.94
TT 0.82 (0.20, 3.39) 0.79 1.19 (0.52, 2.73) 0.67 0.73 (0.27, 1.99) 0.54

1HRs were adjusted for age, BMI, tumor stage, nodal status, tumor type, grading, and ER.
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Figure 2: Kaplan-Meier curves for rs1054016 and progression-free
survival according to genotypes.

4. Discussion

The minor allele of the SNP rs1054016 (RANKL) seems to
reduce the time to bone-metastasis. No association could be
made with distant disease-free survival and overall survival.
Twoother analyzed SNPs inRANKLandRANKdid not show
any prognostic relevance in our cohort.

With regard to prognosis it has been recently shown that
RANK expression of the tumor is associatedwith disease-free
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Figure 3: Kaplan-Meier curves for rs1054016 and overall survival
according to genotypes.

survival and overall survival in the univariate analysis [40].
In this study on neoadjuvantly treated breast cancer patients
RANK was scored on a tissue microarray. High expression
was seen in tumors with higher grading, low hormone
receptor expression, andpositiveHER2 status. Inmultivariate
analysis RANK did not maintain statistical significance [40].
In a study analyzing data from gene expression chips, similar
results were seen with patients having tumors with high
mRNA levels of RANK having a less favorable skeletal
disease-free survival [41]. Additionally low levels of OPG
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mRNA showed a worse prognosis as well [41]. Another study
with a small sample size reported that lower levels of RANKL
expression correlated with poorer overall survival [42].

Our study has examined the effect of genetic variants
on bone metastasis-free survival, disease disease-free, and
overall survival. Looking at these separate analyses, the effect
on prognosis was only seen with regard to bone metastasis-
free survival. Concerning the hypothesis that genetic variants
of the RANK/RANKL/OPG system might act through an
effect of the skeleton, this result underlines the hypothesis of
the RANKpathway being associated specifically with osseous
metastases [43].

rs1054016 has been described in other studies to have an
influence on age at menarche. Individuals being homozygous
for the rare allele T had a menarche that was about 4 months
earlier than individuals being homozygous for the common
allele G [44]. Another study implied some role in longevity
[45]. Other studies examining femoral neck compression
strength [46], susceptibility to rheumatoid arthritis [47], or
breast cancer [48] did not see any association.

As rs1054016 lies in the 3󸀠UTR region of RANKL, genetic
variants could have an influence on posttranscriptional gene
expression, possibly having an influence on mRNA stability.
Furthermore, 3󸀠UTR regions are reported to contain miRNA
responsive elements [49].

There are some limitations to our study. We have chosen
a candidate SNP approach, selecting genes of interest and
focusing on genetic variants that might have the greatest
impact on the biological processes concerning transcription,
translation, and function of the protein. Looking at associa-
tion studies in breast and ovarian cancer this approach was
not very successful and the results that were produced could
not often be replicated [50]. Out of more than 75 validated
breast cancer risk SNPs, only one was discovered with a
candidate gene approach [8, 31, 51]. Genome-wide association
studies with a more agnostic approach have identified most
of the robust findings with regard to many phenotypes. Many
of these genetic variants are located in introns and regions,
which do not seem to have an effect on amino acid exchanges
or other evident functional role. Slowly it is learnt that many
of the variants might lie in regions of epigenetic relevance or
atmiRNAbinding sites. In our study, however, only candidate
SNPs with a hypothetical impact on prognosis were selected.
With regard to a conclusion that rs1054016 might have an
impact only on bone specific prognosis and not on other
prognostic outcome measures, it has to be kept in mind that
our analysis did not address the issue of competing risks.
Other limitations include the retrospective design of our
study, including breast cancer patients, who have been treated
heterogeneously. However, the data quality seemed to be high
for this setting and themedian follow-up timewithmore than
7 years seems to be long enough to draw robust conclusions
with regard to prognostic effects.

In summary we showed that an SNP in the RANKL gene
might have an influence on bone metastasis-free survival.
This adds to the data that has been published, showing that
the RANK/RANKL/OPG pathway plays a crucial role in
breast cancer prognosis and bone related events. Further
studies will have to examine for which subgroup of patients

the findings apply and whether genetic variants have an
influence on the efficacy of bone directed therapies.
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