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RECEPTOR ACTIVATOR OF NUCLEAR TRANSCRIPTION FACTOR NF-B (RANK), ITS LIGAND 
(RANKL) AND NATURAL INHIBITOR OSTEOPROTEGERIN (OPG) IN BLOOD SERUM OF PRIMARY 

BONE TUMOR PATIENTS: ASSOCIATION WITH CLINICOPATHOLOGICAL FEATURES AND 
INFLAMMATORY CYTOKINES LEVELS 
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Abstract. RANK/RANKL/OPG system (the key regulator of bone homeostasis) component levels were measured in 
blood serum of 199 patients with primary bone tumors and tumor-like lesions: 121 with bone sarcomas (53 
osteosarcoma, 46 chondrosarcoma, 12 chordoma, 8 Ewing sarcoma), 32 with borderline giant cell bone tumor 
(GCBT), 46 with benign bone neoplasms; 131 persons comprised the control group. OPG, sRANKL, sRANK, IL-6, 8, 16 
serum levels were measured by standard ELISA kits. Giant-cell bone tumor (GCBT) manifesting high osteoclastogenic 
and osteolytic activities was characterized by high serum content of all three components studied and the highest 
sRANKL/OPG ratio. The group of patients with various benign bone tumors and tumor-like lesions displayed similar 
to GCBT, but lower indices. Malignant bone tumor patients could be divided into 2 subgroups with opposite 
characteristics: osteosarcoma and Ewing sarcoma patients demonstrated low sRANK and high sRANKL levels, while 
chondrosarcoma and chordoma patients, on the contrary - high sRANK and low sRANKL levels. The highest IL-6 
levels were revealed in GCBT patients, while serum IL-8 and IL-16 did not differ between groups. Thus, disturbances 
in osteolysis activators and inhibitors balance in blood serum of primary bone tumor patients were revealed. Their 
extent depended on neoplasm character (malignant, borderline, or benign) and histological structure of malignant 
sarcomas. Most prominent changes were found in GCBT characterized by active bone destruction and an accepted 
target of anti-RANKL antibody denosumab treatment. Hence, the proteins studied can be regarded as promising 
serologic markers and therapeutic targets in this rare disease. 
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1. INTRODUCTION 

RANK/RANKL/OPG ligand receptor system is the 
key player in bone tissue homeostasis directly 
regulating osteoclast differentiation and osteolysis [1]. 
The central tier of this system is receptor activator of 
nuclear transcription factor NF-B (RANK) – type I 
transmembrane protein, a member of tumor necrosis 
factor receptors superfamily (TNFRSF) characterized 
by the absence of tyrosine kinase activity in its 
intracellular domain. RANK is predominantly 
expressed on osteoclast precursor cells. The sole ligand 
interacting with the extracellular domain of RANK 
(RANKL) belongs to TNF family and is also a 
transmembrane protein primarily expressed on the 
surface of activated T-cells, bone marrow stromal cells 
and osteoblasts. Soluble forms of RANKL (sRANKL) 
also do exist emerging either as a result of proteolytic 
cleavage of transmembrane protein, or from alternative 
splicing of its mRNA. Binding of both transmembrane 
and soluble forms of RANKL with RANK induces 

receptor trimerization that through a complicated 
chain of adapter molecules stimulates various NF-B 
activating signaling pathways leading to the initiation 
of osteoclast formation from precursor cells and 
activation of mature osteoclasts. The natural RANKL 
antagonist is osteoprotegerin (OPG, TNFRSF11B) – so-
called “decoy receptor”, soluble homolog of RANK with 
molecular mass of 60 kD as a monomer and 120 kD as 
a disulfide homodimer. OPG is primarily secreted by 
bone marrow stromal cells and osteoblasts and blocks 
RANK-RANKL interaction by binding of the latter.  

RANKL/OPG ratio is differentially regulated in 
physiologic and pathologic conditions, and 
disturbances in the balance of RANK/RANKL/OPG 
system components are associated with many 
pathologic processes imposed by bone remodeling 
disorders including osteoporosis and rheumatoid 
arthritis [2]. Changes of bone remodeling are also 
involved in some processes associated with tumor 
growth such as bone destruction, metastasis 
development and disease progression [3]. Signals 
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affecting RANKL/OPG ratio are variegated and depend 
on the type and nosologic peculiarities of bone 
damaging tumor [1]. Various cytokines and molecular 
factors such as interleukins (IL) 1β, 6, 8, 11, 16, 
macrophage inflammatory protein 1α, TNFα, 
prostaglandin E, are able to enhance RANKL 
production by stromal cells of bone marrow 
microenvironment including osteoblasts. On the other 
hand, tumor production of OPG playing RANKL trap 
role can be reduced by a decrease of its synthesis or an 
activation of its degradation.  

Increased expression and/or signaling activity of 
RANKL was revealed in different solid tumors, and 
RANKL produced by tumor cells could enhance 
osteoclastogenesis in vitro allowing to surmise direct 
influence of tumor cells localized in bone tissue on this 
process. Involvement of RANK/RANKL/OPG system in 
the formation of bone metastasis of various tumors is 
practically established [4]; however, its role in the 
development of primary bone neoplasms is still studied 
insufficiently. High expression of factors responsible 
for osteoclastogenesis (RANKL, M-CSF) by 
osteosarcoma cell lines MG63 and Saos-2 was 
demonstrated in in vitro experiments [5, 6], and a 
clinical study has demonstrated a significant 
relationship between high RANKL expression in the 
tumor and a poor response of osteosarcoma patients to 
neoadjuvant chemotherapy: high RANKL expression 
levels were associated with low 5-years’ overall survival 
[7]. Increased expression of RANK/RANKL/OPG 
system components was also found in chondrosarcoma 
[8], Ewing sarcoma [9], and some bone tissue benign 
tumor-like lesions [10]. 

Attempts to apply synthetic and natural inhibitors 
of RANK/RANKL interaction for the suppression of 
osteoclast formation and osteolysis in different 
pathologies accompanied by bone tissue destruction 
were undertaken more than once, but the majority of 
those attempts have not brought expected results [11]. 
The most successful inhibitor of RANK/RANKL 
signaling activity was proved to be denosumab – fully 
humanized antiRANKL monoclonal antibody binding 
the ligand with high affinity and specificity and 
preventing, as a result, RANK activation [12].  

Thus, clinical laboratory investigation of the role of 
RANK/RANKL/OPG system in primary bone tumors is 
promising for the development of new diagnostic 
options and selective application of specific molecular 
targeted chemotherapy. It should be emphasized that 
the majority of publications devoted to this problem 
describe either tissue expression of these markers, or 
experiments performed on cell cultures, while 
practically no results of RANK/RANKL/OPG blood 
serum concentration measurement in patients with 
primary bone tumors are presented in modern 
literature.  

In our previous preliminary studies certain trends 
towards changes of RANK/RANKL/OPG balance in 
blood serum of patients with borderline, malignant and 
benign bone tumors requiring further investigation and 
confirmation were demonstrated [11, 13]. By now, both 
the study and the control groups were considerably 
enlarged allowing the performance of more detailed 
and substantiated analysis. 

So, the objective of this study was 
RANK/RANKL/OPG and key inflammatory cytokines 

(IL-6, 8 and 16) determination in blood serum of 
patients with malignant, borderline and benign bone 
tumors and tumor-like lesions, and analysis of 
associations between these markers and principal 
clinical and pathological characteristics of bone 
tumors. 

2. MATERIALS AND METHODS 

Study group comprised 199 patients with various 
primary bone neoplasms: 96 female aged 5 - 76 
(median – 43) and 103 male aged 5 - 74 (median – 35) 
undergoing treatment in the N.N. Blokhin Russian 
Cancer Research Center. Control group comprised 72 
women aged 5 - 75 (median – 36) and 59 men aged  
3 - 76 (median – 28). None of the patients received any 
specific treatment before biochemical examination, 
and clinical and radiographic diagnosis of bone tumor 
was always confirmed by the data of pathologic 
examination. The study design conformed to the 
requirements of the Institution’s Ethical Committee.  

Bone tumor patients were segregated into 3 groups: 
1) 121 patient with malignant neoplasm (osteosarcoma 
(OS) – 53, chondrosarcoma (ChS) – 48, chordoma 
(Chdm) – 12; Ewing sarcoma (ES) – 8); 2) 32 patients 
with borderline bone tumors (all with giant-cell bone 
tumor – GCBT); 3) 46 patients with various benign 
bone tumors and tumor-like lesions (bone fibrous 
dysplasia, enchondroma, aneurismal bone cyst, 
chondromyxoid fibroma, osteoblastoma, benign 
fibrous histiocytoma, osteochondroma). 

Concentration of the proteins studied in blood 
serum obtained by standard technique before the onset 
of specific treatment was measured by standard 
commercial ELISA kits: “ampli-sRANKL” and 
“Osteoprotegerin” (Biomedica Medizinprodukte, 
Austria), RANK ELISA (Uscn Life Science Inc, China), 
“Human Il-6 Platinum ELISA” and “Human Il-8/NAP-
1 Platinum ELISA” (“Bender MedSystems”, Austria), 
“Human IL-16” (“Invitrogen”, USA) according to the 
manufacturers’ instructions. The results were 
measured at fully automated microtitration plate 
analyzer BEP 2000 Advance (Siemens Healthcare 
Diagnostics, Germany).  

Statistical evaluation of the data was performed 
with the help of “Statistica 7.0” program package. Since 
the distribution of the parameters studied did not 
conform to Gauss distribution in most cases, non-
parametric criteria were applied for group comparisons 
and correlation analysis: Mann-Whitney test, Kruskal-
Wallis test, Spearman rank correlation test (R). The 
differences and correlations were considered 
significant at p<0.05. Medians and upper and lower 
quartile levels are presented in both tables. 

3. RESULTS AND DISCUSSION 

Measurable soluble receptor (sRANK) 
concentrations were detected in blood serum of 59% 
benign bone neoplasms patients (median – 0.82 
ng/ml) and 54% GCBT patients (median – 1.08 ng/ml). 
Meanwhile, this marker was found in only 45% of 
patients with malignant tumors and in 49% control 
samples. No statistically significant differences in 
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sRANK levels between these four study groups were 
revealed (Table 1).  

When sRANK concentration was analyzed in 
relation to histological type of malignant bone tumors 
it was found that this protein was present in blood 
serum of 39% OS patients, 56% ChS patients (median 
– 0.54 ng/ml), 50% Chdm patients (median – 0.62 
ng/ml) and only 25% ES patients (Table 1). Thus, we 
have confirmed our previous reports about low serum 
sRANK levels in bone sarcomas patients, particularly in 
those with OS and ES, and its highest level in GCBT 
patients. 

Soluble ligand (sRANKL) was detected in blood 
serum of the majority of benign bone neoplasms and 
GCBT patients (89 and 90%; medians – 0.16 and 0.22 

pmol/l respectively), as well as in 76% control persons 
(median – 0.14 pmol/l) and 69% bone sarcomas 
patients (median – 0.12 pmol/l) (Table 1). The level of 
this protein in blood serum of GCBT patients was 
significantly higher than in control group and in 
malignant bone tumor patients (p<0.05 in both cases).  

Taking into consideration the histological type of 
malignant neoplasms, the following data were 
obtained: sRANKL was revealed in 75% OS (median – 
0.12 pmol/l), 58% ChS and CHdm (medians – 0.06 
and 0.03 pmol/l respectively), and in 100% ES patients 
(median – 0.18 pmol/l). Significant differences were 
found between ChS and GCBT, Chdm and GCBT, and 
ChS and control group (Table 1). 

Table 1. RANK/RANKL/OPG component concentrations 
in blood serum of patients with different bone neoplasms and healthy persons* 

Group N sRANK ng/ml sRANKL  
pmol/l 

OPG  
pmol/l sRANKL/OPG 

All malignant 
tumors (MT) 
including: 

121 0 
0 – 1.15 

0.12 
0 – 0.32 

3.14 
0.99 – 4.57 

0.03 
0 – 0.12 

Osteosarcoma 
(OS) 53 0 

0 – 0.10 
0.12 

0.02 – 0.32 
1.68 

0.85 – 4.35 
0.04 

0 – 0.14 
Chondrosarcoma 
(ChS) 48 

0.54 
0 – 1.61 

0.06 
0 – 0.24 

3.33 
2.0 – 4.57 

0.01 
0 – 0.09 

Chordoma 
(Chdm) 12 

0.62 
0 – 0.82 

0.03 
0 – 0.25 

4.04 
2.57 – 4.69 

0.005 
0 – 0.12 

Ewing sarcoma 
(ES) 8 0 

0 – 0.40 
0.18 

0.10 – 0.53 
3.39 

0.67 – 5.82 
0.07 

0.03 – 0.28 

Boderline tumors 
- GCBT 32 1.08 

0 – 1.50 
0.22 

0.05 – 0.49 
3.08 

1.49 – 4.70 
0.07 

0.03 – 0.20 

Benign neoplasms 
(BN) 46 0.82 

0 – 0.94 
0.16 

0.06 – 0.28 
3.11 

1.52 – 4.81 
0.05 

0.01 – 0.15 

Control (C) 131 0 
0 – 0.71 

0 
0 – 0.26 

2.91 
1.35 – 5.10 

0.03 
0 – 0.08 

P (Mann-Whitney) All >0.05 

GCBT vs C and GCBT 
vs MT <0.05 

ChS vs C, ChS vs 
GCBT and  

Chdm vs GCBT 
<0.05 

OS vs C and OS vs ChS 
<0.05 

GCBT vs C and 
GCBT vs MT <0.05 
ChS vs GCBT <0.01; 

ChS vs BN, 
 ChS vs ES, 

Chdm vs GCBT and  
Chdm vs ES <0.05 

* Medians and upper and lower quartile levels are presented 

Natural RANKL/RANK interaction inhibitor OPG 
was detected in 93% control samples, 98% benign bone 
neoplasms, 97% GCBT and 96% malignant bone tumor 
patients’ sera. The medians did not differ significantly 
and comprised 2.91; 3.11; 3.08 and 3.14 pmol/l 
respectively (Table 1). Hence, serum OPG level did not 
depend on the character of bone neoplasm (malignant, 
borderline or benign) and was practically similar to 
control.  

On the other hand, analysis of OPG levels in 
relation to histological type of malignant bone tumors 
revealed a considerable decrease of its serum level in 
OS patients as compared to both those with all other 
tumor types (including benign and GCBT) and control 
group – the frequency of OPG detection in OS patients 
comprised 92%, but its median concentration in blood 
serum was as low as 1.68 pmol/l (Table 1). At the same 
time OPG was detected in the sera of all patients with 
Chdm and ES and in 98% of those with ChS (medians 
– 4.04; 3.39; 3.33 pmol/l respectively). The decrease of 
serum OPG in OS patients was statistically significant 

in comparison to ChS patients and control persons 
(p<0.05). 

As was already mentioned, an important index of 
osteoclastogenesis activity could be the ratio between 
RANK activator (sRANKL) and inhibitor (OPG) in 
blood serum. In our study group sRANKL/OPG ratio 
was found to be the highest in GCBT and ES patients 
(both medians – 0.07), and the lowest – in Chdm 
(0.005) and ChS (0.01) patients (Table 1). 

Correlative associations between the parameters 
studied were analyzed. Statistically significant, but 
rather weak positive correlation between OPG and 
sRANK levels (R=0.39; p<0.0001) was observed in the 
total study group including control persons. When the 
groups were analyzed separately, Spearman coefficient 
R comprised only 0.21 (p=0.049) in the control group, 
but 0.50 (p<0.0001) – in patients with malignant bone 
tumors, and R was equal to 0.49 (p=0.015) and 0.45 
(p=0.013) in patients with GCBT and benign 
neoplasms respectively. Thus, the linkage between 
receptor (RANK) and its natural inhibitor (OPG) serum 
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levels enhanced in patients with malignant and 
borderline bone tumors as compared to healthy 
(tumor-free) persons and patients with benign bone 
tumors and tumor-like lesions.  

Summarizing the results of our study, certain 
peculiarities of various bone neoplasms can be 
emphasized:  

1. Borderline GCBT manifesting high 
osteoclastogenic and osteolytic activity is 
characterized by high levels of all 
RANKL/RANK/OPG system components and the 
highest sRANKL/OPG ratio in patients’ serum.  

2. The variegated group of patients with benign 
bone tumors and tumor-like lesions has similar to 
those with GCBT, but lower markers ratios. 

3. In the malignant bone tumor group, two 
subgroups with opposite characteristics can be 
allocated: OS and ES patients display low sRANK 
and high sRANKL levels in blood serum, while 
ChS and Chdm patients, on the contrary, - high 
sRANK and low sRANKL levels. At the same time, 

a significant decrease of serum OPG is observed 
in OS patients as compared to all other patients’ 
groups and control. This phenomenon may be a 
sign of relatively high osteolytic activity of OS 
despite being lower than in patients with other 
neoplasm sRANK levels. 

Serum inflammatory cytokines - IL-6, 8 and 16 - 
levels were measured in blood serum of 163 bone 
neoplasms patients and 71 practically healthy persons 
(Table 2). Statistically significant differences between 
groups were found only for IL-6: its level was increased 
in blood serum of malignant and borderline bone 
tumor patients as compared to control group and 
patients with benign bone neoplasms. IL-6 level was 
also markedly higher in GCBT patients than in those 
with malignant tumors (medians 0.81 and 0.49 pg/ml 
respectively; p>0.05). A trend towards higher IL-16 
level in blood serum of malignant bone tumor patients 
than in all other study groups can also be noted but this 
difference did not reach the level of statistical 
significance. 

Table 2. IL- 6, 8 and 16 concentrations in blood serum of primary bone neoplasms patients and healthy persons 

Group N IL-6  
pg/ml 

IL-8  
pg/ml 

IL-16  
pg/ml 

Malignant tumors (MT) 101 
0.49 

0 - 1.84 
12.0 

6.93 - 20.2 
36.0 

16.9 - 50.8 

Borderline tumors - GCBT 32 
0.81 

0.09 - 1.92 
10.1 

5.78 - 15.2 
23.6 

7.97 - 43.9 

Benign neoplasms (BN) 30 0.11 
0 - 0.40 

7.79 
2.89 - 14.5 

19.1 
0 - 54.7 

Control (C) 71 0.02 
0 - 0.18 

7.80 
0 - 18.2 

26.1 
16.7 – 40.1 

P (Mann-Whitney) 
GCBT vs C and MT vs C 

<0.0001 
GCBT vs BN and MT vs BN 

<0.05 

All >0.05 All >0.05 

* Medians and upper and lower quartile levels are presented 

The analysis of associations between interleukins 
levels in patients’ sera and histological type of 
malignant bone tumors did not reveal any statistically 
significant differences. Increase of IL-6 serum level in 
relation to control was found in all malignant tumor 
types, the highest level being found in ES (median – 3.1 
pg/ml). In ChS patients IL-6 level was also significantly 
higher than in patients with benign neoplasms 
(medians - 0.49 and 0.11 pg/ml respectively; p<0.05). 
Similarly, serum IL-16 was higher in ChS patients than 
in patients with benign neoplasms (medians - 48.2 and 
19.1 pg/ml respectively; p<0.05). 

No associations were found between serum levels of 
all markers studied (both RANK/RANKL/OPG system 
components, and interleukins) and type of affected 
bone, tumor size, localization or histological grade 
(data not shown). 

4. CONCLUSIONS 

Thus, marked disturbances of the balance between 
osteolysis activators and inhibitors in blood serum of 
primary bone tumor patients were revealed. The extent 
and direction of these changes depended on tumor 
character (malignant, borderline or benign) and 
histological type of malignant tumors. These disorders 

might be imposed predominantly by the changes 
occurring directly in tumor tissue, but we cannot 
ignore the fact that serum levels of 
RANK/RANKL/OPG components, as well as the level 
of any other serological marker, cannot be completely 
determined by the secretion of corresponding protein 
from tumor cells. It depends on various physiological 
factors, on probable production of proteins studied by 
other tissues, and on the presence of concomitant 
diseases, in particular, osteoporosis and inflammatory 
processes [14, 15]. 

The most noteworthy changes were found in 
patients with GCBT – a borderline bone neoplasm 
characterized by intensive osteolysis, as well as in 
patients with chondroid type malignant tumors – 
chondrosarcoma and chordoma. These observations 
match the known fact that XGEVA® (denosumab) – a 
molecular targeted preparation composed of 
antiRANKL monoclonal antibodies – was in 2013 
recommended by the American Food and Drug 
Administration for the treatment of inoperable GCBT 
[16, 17]. It was shown that the clinical effect of 
denosumab observed in a considerable part of the 
patients was accompanied by more than 90% decrease 
of the number of tumor-associated giant cells and a 
decrease of the number of stromal cells [18]. 
RANK/RANKL interaction inhibitors are also 
considered as new approaches to the treatment of 
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chordoma [19] and some benign bone lesions [10]. And 
an effect of denosumab combination with protein 
kinase inhibitor sorafenib in a patient with 
unresectable chemorefractory osteoblastic 
osteosarcoma was reported [20]. Taken together, our 
data and published results of successful application of 
RANK/RANKL interaction inhibitors in clinical 
practice evidence in favor of further investigation of 
RANK/RANKL/OPG system components in primary 
bone tumor patients not only on tissue level, but also in 
peripheral blood. 
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