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Objective: Triple negative breast cancer (TNBC) is a sub-type of breast cancer with the worst prognosis and highest risk of mortality. Bone metastasis 
is the most common metastasis type among women with breast cancer. RANK and OPG, are the members of the family of tumor necrosis factor 
(TNF), which is effective on osteoblastic and osteoclastic mechanisms. RANKL, interacts with RANK and leads to bone resorption, whereas it inhibits 
bone destruction when it interacts with OPG.
Methods: In this study, we investigated the polymorphisms of RANK, RANKL and OPG genes and their effects on bone metastasis in 45 patients with 
triple negative breast cancer and 30 healthy controls, using PCR, RFLP and agarose gel electrophoresis techniques.
Results: The RANKL genotype and allele distribution analysis revealed a significantly increased CC genotype incidence in patients with TNBC and 
bone metastasis (p=0.011) and in those without bone metastasis (p=0.004) compared to the control group. The OPG genotype and allele distribution 
analysis revealed significantly increased C allele incidence in patients with TNBC and bone metastasis (p=0.004) compared to the control group. 
Likewise, the CC genotype (p=0.001) and C allele incidences (p=0.001) were observed to be significantly increased in patients with TNBC compared 
to healthy controls.
Conclusion: This study is one of the first studies investigating all three RANK/RANKL/OPG gene polymorphisms and the relationship between breast 
cancer and bone metastasis in our country. We believe that our study will shed light onto further studies to be conducted on triple negative breast 
cancer and bone metastasis.
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1.INTRODUCTION

Breast cancer is the most common cancer type among 
women. According to the 2013 statistics of Türkiye, breast 
cancer was observed to be the most common type of cancer 
among women with a rate of 24.6%, whereas this rate was 
observed to be 24.9% in the 2014 statistics (1). Breast cancer 
may develop as a result of various risk factors such as gender, 
age, family history, age of menarche and menapause, age of 
first pregnancy, radiation, obesity, smoking and alcohol use 
(2,3).

According to the molecular classification system, breast 
cancer has been grouped as Luminal A, Luminal B, HER2- 
positive, Triple negative and Null type. The worst prognosis 
among all belongs to the triple negative sub-type, which has 
the highest risk of mortality (4,5).

Triple negative breast cancer (TNBC) constitutes 10-20% of 
all breast cancers. According to a study, more than 170.000 
cases among one million cancer cases worldwide had the 
triple negative phenotype (6-8). Expression of none of 
the estrogen (ER), progesterone (PR) and HER2 (human 
epidermal growth factor 2) receptors was observed in cases 
with TNBC. Since hormone receptors are negative, there is

no effective treatment strategy except chemotherapy. The 
current treatment methods target ER, PR and HER2, and 
therefore, new treatment strategies are needed for patients 
with TNBC (6,9,10).

Breast cancer may lead to pulmonary, hepatic and bone 
metastases, the latter of which is the most common type. 
Metabolism of bone tissue is regulated by osteoblasts, which 
are bone constructive, and osteoclasts, which are bone 
destructive (11-13). RANK, RANKL and OPG are members of 
the tumor necrosing factor (TNF) family, which are effective 
on both osteoblasts and osteoclasts. The RANK-RANKL-OPG 
signaling pathway was first described in the 1990s, and was 
observed to have roles in physiological functions beyond 
bone biology, such as deleopment of lymph nodes, hormone 
control in breast cancer and bone metastasis. RANKL and 
OPG are secreted from osteoblasts. RANKL interacts with 
its receptor, RANK, which is on the surface of osteoclasts, 
and leads to bone resoprtion, When it interacts with OPG, 
it inhibits bone catabolism. OPG in turn binds to RANKL and 
inhibits its interaction with RANK, providing maintenance of 
the skeletal integrity (14-17).

The aim of this study was to define the polymorphisms 
of RANK, RANKL and OPG genes and to investigate the
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relationship between these genes and bone metastasis in 
patients with triple negative breast cancer.

2. METHODS

2.1.Patient Selection

The study included a total of 45 patients with triple negative 
breast cancer diagnosed in the Medical Oncology Clinics; 
among these, 30 had no metastasis and 15 had bone 
metastases, and 30 healthy individuals without the risk of 
cancer, after having obtained their written informed consents. 
Ethics committee approval was received for this study from 
the medical ethics committee of Istanbul Medical Faculty 
(No:681/2016). Blood samples were collected subsequent to 
ethical committee approval and all patients had not recieved 
any chemo -  or radiotherapy protocol.

2.2.Genomic DNA Isolation

The DNA isolation of the peripheral blood samples collected 
from the patients and healthy individuals was performed 
using the Invitrogen DNA isolation kit (Invitrogen, K182001).

2.3.Primer Design for Detemination of Polymorphisms

In this study, rs35211496 C/T polymorphism was selected for 
the RANK gene, rs9533156 T/C polymorphism was seleceted 
for te RANKL gene, and rs2073618 G/C polymorphism was 
selected for the OPG gene. The following primers were 
designed using the virtual PCR (Primer 3 Input version 4.0.0) 
method.

For the RANK gene; Forward primer: 5' -  CGCCGCAACACCGAGT -  3' 

Reverse primer: 5' -  ATGGCTCAGCAAGAGCCGAC-3'

For the RANKL gene; Forward Primer: 5' -  CCTGACTGTTGGGTGAGCC -  3' 

Reverse Primer: 5' -  CAACCTCTCCCCCCAAA -  3' For OPG gene; 

Forward Primer: 5' -  TGATCAAAGGCAGGCGATACT -  3'

Reverse Primer: 5' -  TGGCCCAGGGACTTACCA -  3'

2.4.Determination of Polymorphisms

Proper polymerization of RANK, RANKL and OPG gene 
regions with their virtually designed primers in genomic 
DNA samples previously isolated from blood was performed 
according to the following procedure:

For each DNA sample, a total of 25 ^l PCR mix was prepared.

The PCR Master mix included: for each reaction of 25 ^l, 
0.75U Taq DNA Polymerase, Buffer, 2m M MgCl2, 250 ^M 
dNTPs and enzyme stabilizer. The samples were placed into 
the PCR device (Bio-Rad T100 Thermal Cycler), which was 
run according to the procedure of each different gene. PCR 
conditions for RANK; 95°C 5m; 94°C 45sec, 65°C 45sec, 72°C 
45sec, 35 cycle; 72°C 5m, for RANKL; 95°C 5m; 94°C 45sec, 
59°C 45sec, 72°C 45sec, 30 cycle; 72°C 5m, for OPG; 95°C 
5m; 94°C 45sec, 59°C 45sec, 72°C 45sec, 35 cycle; 72°C 5m.

For the amplified gene regions obtained from RANK, 
RANKL and OPG genes, enzymes and restriction sites were 
determined using the NEB cutter V2.0 tool. The BseYI 
enzyme was used for RANK rs35211496 C/T polymorphism, 
The HpyCH4III enzyme was used for the RANKL rs9533156 
T/C polymorphism, and the BbvI enzyme was used for the 
OPG rs2073618 G/C poymorphism. Post-restriction products 
were loaded on 3% agarose gel.

2.5.Statistical Analysis

Categorical variables such as genotypes and alleles were 
compared using the Chi-square (x2) test. Allele and genotype 
frequencies were determined through direct counting. 
Whenever an expected cell value of less than 5 was obtained, 
Fisher's exact test was used. Differences in continuous variables 
between carriers and the control subjects were tested using 
Student's t test. Statistical analyses were performed using the 
SPSS 21.0 software (SPSS Inc., Chicago, USA).

3.RESULTS

The mean age among 30 patients with TNBC and without 
metastasis was 51.33±9.96, and the mean age among 15 
patients with metastasis was 53.71±9.47. The mean age 
among healthy individuals was 50.58±8.87. No difference was 
observed between the groups (p>0.05). All demographical 
parameters are shown in Table 1.

Table 1. Demographical parameters of study groups
Demographical Parameters TNBC without 

metastasis 
(n=30)

TNBC 
with bone 
metastasis 

(n=15)

Control
(n=30)

T Stage (%)
T1 1S.8 - -
T2 48.S - -
TS S4.5 60 -
T4 S.4 40 -

1 Lymph node metastasis (%)
NO 58.6 - -
N1 1S.8 6.7 -
N2 1S.8 20 -
NS 1S.8 7S.S -

Lymphatic Invasion (%) 1S.8 7S.S -
Differantitation (%)

Moderate (G2) 55.2 20
Poor (G3) 44.8 80 -

Histological Parameters (%)
Lobullarv 24.1 6.7 -
Ductal 62.1 7S.S -
Mix 1S.8 20 -

1 Tumor Localization (%)
Right 27.6 26.7
Left 72.4 60
Bilateral - 1S.S

1 Menopause (%)
Premenopause 46.7 6.7 57.1
Postmenopause 5S.S 9S.S 42.9

1 Smoking (%) S6.7 5S.S 19
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The genotype and allele distribution of the RANKL, RANK and 
OPG gene variants of the study groups have been presented 
in the Table 2. No difference was determined between the 
study groups with regard to the RANK genotype and allele 
distribution (p>0.05). When the RANKL genotype and allele 
distribution were analyzed, the CC genotype was observed 
to be significantly increased in patients with TNBC and bone 
metastasis (p=0.011, 95% CI = 1.59-29.95), and in patients 
with TNBC and no bone metastasis ve (p=0.004, x2= 8.14, 
OR: 4.75, 95% CI = 1.58-14.24), compared to the control 
group. The T allele incidence was observed to be statistically 
increased in the control group in patients with TNBC and bone 
metastasis (p=0.011, 95% CI = 1.11-9.03) and in patients with 
TNBC and no bone metastasis (p=0.004, x2= 8.14, OR: 2.37, 
95% CI = 1.23-4.56).

Table 2. Distribution of RANKL, RANK and OPG gene variants in 
study groups

RANKL TNBC without 
metastasis 

(n=30)

TNBC with bone 
metastasis 

(n=15)

Control
(n=30)

CC (n/%) 22/73.3** 12/80* 11/36.7

TT(n/%) 1/3.3 6/20

TC(n/%) 7/23.3 3/20 13/43.3

C(n/%) 51/85 25/89.3 35/58.3

T(n/%) 9/15 3/10.7 25/41.7***

RANK TNBC without 
metastasis 

(n=30)

TNBC with bone 
metastasis 

(n=15)

Control
(n=30)

CC(n/%) 11/36.7 2/13.3 9/30

TT(n/%) 11/36.7 10/66.7 11/36.7

CT(n/%) 8/26.7 3/20 10/33.3

C(n/%) 30/50 7/23.3 28/46.6

T(n/%) 30/50 23/76.7 32/53.4

OPG TNBC without 
metastasis 

(n=30)

TNBC with bone 
metastasis 

(n=15)

Control
(n=30)

GG(n/%) 4/13.3 2/13.3 18/60***

CC(n/%) 22/73.3** 11/73.3* 3/10

GC(n/%) 4/13.3 2/13.3 9/30

G(n/%) 12/20 6/20 45/75***

C(n/%) 48/80** 24/80* 15/25

n= Number of subjects, * TNBC with bone metastasis vs control, ** TNBC 
without metastasis, vs control, ***control vs TNBC with and without 
metastasis

The OPG genotype and allele distribution analysis revealed 
that the C allele incidence among patients with bone 
metastasis was significantly increased compared to that 
of the control group (p=0.004, 95% CI = 0.28-0.74). The

incidence of OPG GG genotype, on the other hand, was 
observed to be increased in the control group (p=0.004, 95% 
CI = 1.19-16.89). Likewise, both the CC genotype (p=0.001, 
95% CI = 0.04-0.40) and the C allele (p=0.001, 95% CI = 2.70
35.11) incidences were observed to be significantly increased 
in patients with TNBC compared to the control group. The GG 
genotype in the control group (p=0.001, 95% CI = 1.72-11.72) 
and the G allele (p=0.001, 95% CI = 0.10-1.71) were observed 
to be significantly increased compared to the patient group 
with TNBC.

No significant difference was determined in the RANKL, 
RANK and OPG genotype and allele distribution, and the 
demographic parameters between the patient groups 
(p>0.05).

4.DISCUSSION

Breast cancer has been diagnosed in one million women 
worldwide every year. Among these, more than 170.000 are 
the triple negative sub-type (18). It was reported in the study 
of Aksoy et al. (2007) on 928 patients with breast cancer that
11.7% of the patients with breast cancer belonged to the 
triple negative sub-type in Turkey (19,20). Triple negatif breast 
cancer is the sub-type with aggressive tumor characteristics 
of breast cancer and a different etiology copared to the 
other types. Since it does not have ER, PR and HER2 protein 
receptors, treatment options such as monoclonal antibodies 
or hormones are useless. Therefore, the mortality rate in 
TNBC is highest among all the other types (5). It has been 
reported that 75% of distant organ metastases are bone 
metastases in patients with TNBC (4).

The RANK/RANKL pathway is one of the target pathways of 
the treatment due to its efficacy on cell differentiation and 
anti-apoptotic pathway in triple negative breast cancer and 
bone metastasis (21,22).

This study attempted to examine potential association 
between RANK/RANKL/OPG polymorphisms and breast 
cancer. This is the first study focused on the potential 
contribution of RANK/RANKL/OPG polymorphisms to breast 
cancer pathogenesis and bone metastasis in Turkey.

In our study, no significant correlation was determined 
between all three groups with regard to RANK genotype 
and allele distributions (p>0.05). Hein et al. reported no 
correlation between the prognosis of bone metastasis and 
RANK rs35211496 C/T polymorphism in breast cancer (23). 
It was concluded in the study of Santini et al. on patients 
with breast cancer that RANK led to the development of 
bone metastasis in breast cancer (24). Yin et al. reported a 
correlation between RANK rs1805034 T/C polymorphism and 
esophageal squamous cell carcinoma (25).

It was observed in our study that RANKL rs9533156 CC 
genotype incidence was significantly increased in patients 
with TNBC and bone metastasis (p=0.011) and those with no 
bone metastasis (p=0.004), compared to the control group. 
In the control group, the incidence of the mutant type T
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allele was observed to be significantly increased compared to 
patients with TNBC and bone metastasis (p=0.011) and those 
with no bone metastasis (p=0.004). Our results showed that 
RANKL rs9533156 T allele might play a protective role against 
to TNBC without bone metastasis. In another study, the 
RANKL rs9533156 polymorphism was found to be significantly 
different between patients and healthy individuals and T 
allele was observed to be more common among patients with 
breast cancer (26). Reyes et al. demonstrated that RANK/ 
RANKL co-expression was related to survival in triple negative 
breast cancer (27). Our findings show that t allele may play a 
protective role in contrast to other studies. Turkey's genetic 
diversity can cause us to achieve these results.

The OPG rs2073618 polymorphism analysis of our study 
revealed that the mutant type C allele and CC genotype 
might be a risk factor for breast cancer with and without 
metastasis. In a study conducted on patients with breast 
cancer and OPG rs2073618 G/C polymorphism, the C allele 
incidence was observed to be higher compared to controls
(28). In another study, C allele was determined to be very 
high among the patients (29). Shaker et al suggested that 
SNPs in RANKL, OPG, CHI3L1, and VDR genes via gene
gene interaction may help predict Breast cancer risk and 
prognosis (30). Osteoclast activation is induced by RANK/ 
RANKL and suppressed by OPG. Wang et al suggested that 
OPG rs2073618 CC genotype is associated with lower serum 
OPG levels and a higher RANKL/OPG ratio. Hence, a higher 
RANKL/OPG ratio might increase bone resorption (28). Our 
finding confirms other studies on literature because we 
found CC genotype and C allele were significantly increased 
in both patients groups. Conversely, in another study, they 
found no correlation between OPG rs2073618 polymorphism 
and breast cancer (31).

Among the study groups, no significant difference was 
observed between the patient groups with regard to RANKL, 
RANK and OPG genotype and allele distribution, and the 
demographic parameters (p>0,05).

There are some limitations in this study. First, number of 
patients are needed to much larger and secondly to determine 
of serum OPG, RANK and RANKL levels in study groups using 
ELISA technique, as a supporter of our SNP results.

5. CONCLUSION

Different from the studies in the literature, our study is one 
of the first studies investigating all three RANK/RANKL/OPG 
gene polymorphisms and the relationship between breast 
cancer and bone metastasis in our country. We believe that 
our study will shed light onto further studies to be conducted 
on triple negative breast cancer and bone metastasis.
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