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Abstract

BACKGROUND: Bone metastasis is a complication that often occurs due to cancer in solid organs, and more often
compared to primary bone tumors. Bone metastasis is associated with excessive osteolytic processes.

AIM: This study was conducted to reveal the correlation between Receptor Activator of Nuclear factor k3 Ligand
(RANKL) expression, lactate dehydrogenase (LDH), and neutrophil-lymphocyte ratio (NLR) level in patients with
bone metastatic lesions.

METHODS: This cross-sectional study was conducted in 15 subjects with bone metastatic lesions. The specimens
were fresh bone tissues obtained by open biopsy. Expression of RANKL in mRNA level was detected quantitatively
using reverse transcription-polymerase chain reaction. LDH and NLR were analyzed from the peripheral blood
analysis. The correlation of RANKL expression with LDH and NLR was statistically analyzed.

RESULTS: This study enrolled 15 subjects with bone metastasis disease based on the clinical, radiological, and
histopathological results. The means of LDH, NLR, and RANKL expression were not significantly different. There was
no significant association between the characteristics of metastatic lesion and RANKL expression. The correlation
between LDH levels with RANKL expression was positive (p < 0.05), while the correlation between NLR and RANKL
expression was negative (p < 0.05).

CONCLUSION: RANKL expression was positively correlated with LDH and negatively correlated with the NLR. Both
LDH and NLR can be used as predictive factors of RANKL expression in bone metastasis.

competing interests exist

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Metastatic bone disease (MBD) cases are more
common than primary bone tumors [1]. Bone metastasis
is the third most common cause after metastasis to the
liver and lungs. For example, in patients with breast or
prostate cancer with an advanced disease process,
70% of cases come to the hospital already with the
condition of bone metastasis [2], [3]. In the United
States, about 35,000 cases/year with bone metastasis
have a poor prognosis [4].

Bone metastases are associated with excessive
osteolytic processes which lead to bone destruction
and have an effect on significant bone morbidity,
including pathological fractures and compression of the
spinal nerves [5]. The pathophysiology underlying bone
metastases, apart from the malignancies underlying
osteolytic, osteoblastic, or mixed radiographic
appearance, includes local pathological enhancement
of bone remodeling processes including increased
osteoclast activity [6], [7]. Evidence from other

studies shows that tumor cells interact in the bone to
stimulate the Receptor Activator of Nuclear factor k3
(RANK)- RANK Ligand (RANKL) system, increasing
RANKL expression and lead to the increase of
osteoclast activity and bone destruction [6]. Additional
data indicated that RANKL can play a role in primary
tumorigenesis and metastasis [5].

Strategies for therapy in cases of bone
metastasis are developing. RANKL inhibition is a
potential therapeutic target in cancer cases, especially
in bone metastases, by reducing the process of
osteolysis/resorption of bone and the progression
of the development of bone metastases, thereby
increasing survival [8], [9], [10]. RANKL also has been
associated with better therapeutic response. In a study
involving patients with solid organ malignancies that
had metastasized to the bone, it was found that an
increase of 1 unit of RANKL would escalate 2.5 times
the likelihood of the patient’s response to the therapy
given [11].

The analysis of RANKL expression is
typically expensive and not easily accessible. The
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Neutrophil-Lymphocyte Ratio (NLR), an indicator of
systemic inflammation, and lactate dehydrogenase
(LDH), an enzyme that is upregulated during osteoclast
differentiation, were proposed as markers that are
associated with RANKL in patients with MBD. This
study was conducted to identify the correlations of
RANKL expression, LDH, and NLR levels in patients
with bone metastatic lesions.

Methods

This descriptive-analytical study with a cross-
sectional design was conducted from January 2019 to
December 2019 at Dr. Sardjito Hospital and Faculty
of Medicine, Public Health and Nursing, Universitas
Gadjah Mada (UGM). Subjects that met the inclusion
criteria were consecutively included for this study. The
subjects were patients diagnosed with MBD based
on physical evaluation and radiological examination.
Patients with primary bone tumor, and history of
chemotherapy and/or radiotherapy were not included in
this study. Patients who refused to participate were also
excluded from the study. This study was approved by
the appropriate Institutional Review Board Committee
with ethical clearance number KE/FK/0739/EC/2019.

Sample collection and extraction

Bone samples were obtained via open biopsy in
the metastatic lesions’ region. Half of the samples were
sent to Anatomical Pathology Laboratory for definitive
diagnosis and the rest stored in biobank facility of UGM
for molecular analysis. Control samples were obtained
from patients with non-pathological fractures. The blood
samples were taken in the range of 1-7 days before
surgery and the evaluation of complete blood count,
differential leukocyte count, LDH counts (U/L), and NLR
were performed.

Fresh bone samples were washed with normal
saline, put in the liquid nitrogen and then crushed
into powder in a mortar. The powder was transferred
in a 1.5 ml tube and homogenized with 1 ml Trizole.
Homogenates were then centrifuged at 10,000 rpm
for 10 min at 4°C to remove insoluble material. The
supernatant product was mixed into 200 uL chloroform,
soaked in ice for 15 min, then centrifuged at a speed
of 13,200 rpm for 20 min at 4°C. Liquid RNA was
then precipitated with 500 uL isopropanol and then
stored for 30 min at —20°C and centrifuged again at
13,200 rpm for 20 min at 4°C to obtain the pellet shape.
RNA pellets were washed with 75% ethanol, dried in
the room temperature and resuspended in RNase-
free water. The RNA concentration was measured by
spectrophotometry at a ratio of 260 nm and the purity of
the RNA was assessed at a ratio of 260-280 nm.

Pathology
Quantitative reverse transcription-
polymerase chain reaction (RT-PCR)
cDNA was synthesized from total RNA

samples using High Capacity RNA to cDNA Kit (LOT
00788700). The reaction used 1 pug of bone RNA
and was incubated in Pro Flex PCR System (Applied
Biosystem, Thermo Fisher Scientific) initially at 25°C for
10 min, then at 37°C for 120 min, and finally at 85°C for
5 min. Gene expression was determined by quantitative
RT-PCR using TagMan probe-based chemistry.
Reactions were performed in 96 well plates on gPCR
7500FAST (Thermo Fisher Scientific). TagMan probes
and PCR primer were obtained from Life Technology
(TagMan Gene Expression Assay) Hs002243522_m1
for TNFSF11 (RANKL). Glyceraldehyde 3-phosphate
dehydrogenase (Life technology, part no 4332649f)
was used as housekeeping gene. The amplification
was performed using Platinum DNA polymerase High
Fidelity, Invitrogen (Thermo Fisher Scientific) using the
following conditions: 1 cycle of 50°C for 2 min and 95°C
for 5 min; followed by 40 cycles of 95°C for 15 s and
60°C for 1 min.

Statistical analysis

The result was then statistically analyzed using
SPSS software, version 11.5 (SPSS, Inc., Chicago, IL,
USA). Homogeneity test was done using Saphiro Wilk
tests. Correlation between two variables was analyzed
with Spearman correlation analysis. One-way analysis
of variant (ANOVA) was used to compare multiple
groups and least significant difference t-test was used
to compare two groups using means and standard
deviation, with p < 0.05 was considered as a statistically
significant difference.

Results

This study involved 15 subjects with primary
malignancy of solid organs that had metastasized to
the bones. All subjects were women, with an average
age of 54.56 years. In all 15 subjects (100%), indistinct
lesion margins were observed. Most metastatic lesions
were found in bone metaphysis (60%), with 13 (86.7%)
metastatic lesions which were Iytic lesions, and
14 (93.3%) which were in broad transition zones. This
study found the mean LDH level was 416.94 + 139.74
and the NLR was 7.60 + 4.20. The mean of RANKL
expression was 6.33 + 1.16. Breast cancer was the
majority of cases (8 subjects), with the mean RANKL
expression of 6.34 (£ 0.92). RANKL expression in
patients with pulmonary cancer was 6.91, cervical
cancer 5.14, thyroid cancer 5.40, colon cancer 6.34,
and liver cancer 9.11, as shown in Figure 1.
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Figure 1: Receptor activator of nuclearfactor k3 ligand expression
based on primary tumor origin

The mean expression of RANKL in normal
control subjects was 4.94 + 0.12, with the mean of
serum LDH of 246.5 £ 33.5 and NLR of 3.87 + 0.89.
Meanwhile, in subjects with bone metastasis, the
RANKL expression was 6.43 + 1.13; the mean of serum
LDH level was 429.33 + 135.23, and the NLR was
6.96 + 3.44.

The Mann-Whitney test was performed to
determine differences in the two groups and showed
that RANKL expression in the patients with bone
metastasis was higher than in the control (p: 0.009).
Statistical analysis using Mann-Whitney revealed that
LDH levels in the bone metastatic patients was higher
than controls (p: 0.04), while NLR was higher in the bone
metastatic patients, compared to controls (p: 0.028).
The Pearson Correlation statistical test was evaluated
to determine the correlation between RANKL expression
and the subject’s age. A positive correlation was found
with the strength of very weak correlation between age
with the RANKL expression but it was not statistically
significant with a p: 0.795 (r: 0.071) (Figure 2).

This study also analyzed various characteristics
of bone metastatic lesions with the RANKL expression.

The unpaired t-test showed there was no correlation
between RANKL expression and the lesion type
(p: 0.167). No association was found between the area
of the transition zone and the RANKL expression in
the unpaired difference t-test (p: 0.557). The one-way
ANOVA test showed there was no significant difference
in the mean RANKL expression at the location of bone
metastatic lesions (p: 0.313). The relationship between
characteristics of bone metastatic lesions with RANKL
expression is presented in Table 1.

Correlation between serum LDH levels with
RANKL expression was analyzed using Pearson
Correlation test and revealed a significant positive
correlation with a p: 0.028, (r: 0.547) as seen in Figure 2.

Correlation between NLR with the RANKL
expression was analyzed using the Pearson Correlation
test and revealed a significant negative correlation
with a p: 0.029 (r: —0.545) (Figure 2). The correlation
analysis of RANKL expression with age, LDH level, and
NLR is summarized in Table 2.

Discussion

The majority of malignancies in solid organs can
cause osteolytic metastatic lesions in the bone. Patients
with solid organ malignancies, such as breast or lung
cancers, which have metastasized to the bone, usually
form Iytic lesions that can be seen radiologically due to the
response to bone damage caused by the process of new
bone formation [6]. Lytic lesions are actually formed by the
osteolysis process initiated by osteoclast activity, not the
result of the activity of cancer cells themselves [12].

This study showed 60% of subjects had
metastatic lesions in bone metaphysis. Metaphysis
of the bones has large sinusoid and slow blood flow
that allow intimate interactions between tumor cells
and endothelium, leading to early colonization of tumor
cells in the bone marrow [13]. However, this study failed
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Figure 2: Correlation between Age (a), lactate dehydrogenase levels (b), and neutrophil and lymphocyte ratio (c) with receptor activator of

nuclearfactor k@ ligand expression
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to reveal any association between RANKL expression
with age and other metastatic lesion characteristics.
Table 1: RANKL expression in metastatic lesions

Characteristics of metastatic lesion (N) RANKL expression p
Type of lesion
Lytic (13) 6.59 +1.12 0.167a
Mixed (2) 5.38 +0.57
Location
Epiphysis (1) 7.16 0.313b
Metaphysis (9) 6.08 + 0.64
Diaphysis (5) 6.91+1.71
Border
Il defined (15) 6.33+1.16
Transition zone
Wide (14) 6.38+1.16 0.557a
Narrow (1) 7.10

a: Data are spread normally. Analyzes were performed with an unpaired t-test. b: Data are spread normally.
The analysis was performed by one-way ANOVA test.

RANKL is a protein that is bound to the surface
of osteoblast cell membranes and bone marrow cell
stroma. When RANKL binds to RANK on the surface
of osteoclast precursors, it causes stimulation of
differentiation of these precursor cells to mature
osteoclasts [14]. This study showed that the presence
of RANKL must be present in the formation of osteolytic
bone lesions [10]. Moreover, the blockade of RANK-
RANKL interactions causes inhibition of osteolytic
lesion formation in several types of cancers [15], [16].

Table 2: Correlation of RANKL expression with age, LDH level,
and NLR

RANKL levels

r P
Age 0.071 0.795
LDH levels (U/L) 0.547 0.028
Neutrophil-Lymphocyte Ratio (NLR) -0.545 0.029

Association between the characteristics of
metastatic lesions with RANKL expression was not
found in this study. The characteristics of MBD lesions
were affected by specific cytokines secreted by tumor
cells while RANKL is necessary for the development of
osteolytic lesion in bone and more influenced by the
process of bone metabolism. RANKL promotes bone
resorption by osteoclasts and prevents apoptosis [17].

This study revealed that serum LDH levels
in patients with bone metastasis was high. Increased
levels of LDH in patients with bone metastasis have
been widely reported. Conen et al. reported that
elevated serum LDH levels were associated with risk of
bone metastasis in patients with small-cell lung cancer,
with LDH levels =300 and =1000 were associated
with the incidence of bone metastases with odds ratio
(OR) 3.75 (1.46-9.63), and OR 5.63 (1.02-31.07),
respectively [18]. Similar study by Katakami et al. also
statedthatserum LDHlevels 21000 was a predictorfactor
for bone metastasis with HR 9.14 (1.51-55.14) [19].

A previous study demonstrated that during
RANKL-stimulated osteoclast differentiation, there is
a metabolic shift in which glycolysis and mitochondrial
respiration are increased to allow differentiation
of osteoclast precursors into mature ones. LDH is
a tetrameric enzyme formed by subunit A and/or
subunit B that plays a major role in glycolysis catalyzing
the exchange of pyruvate to lactate [20]. Thus, it is

possible that an increase in the osteoclastic process
will be followed by elevated LDH levels. This explains
our finding that LDH levels are significantly correlated
with RANKL expression.

The correlation between the NLR with
RANKL expression was not significant in this study.
A study conducted by Caliskan et al. reported that
NLR was significantly higher in the patients with bone
metastasis. Neutrophils are hypothesized to have a
role in tumor angiogenesis by producing proangiogenic
factors [21]. Increased neutrophils and decreased
lymphocytes count play a role in increasing NLR.
Several studies have found that an increase in NLR is
associated with a worse prognosis in patients with bone
metastatics [11], [21], [22].Inflammatory conditions
mainly play a role in angiogenesis, mutations, cell
migration, and metastasis. Based on this understanding,
previous study showed that the inflammatory process
can be used as a predictor of metastasis and outcome
in patients with bone metastasis [11], [23].

A study conducted by Huang, involving a
population of women with osteoporosis, revealed
that in the process of osteoporosis an increase in
proinflammatory cytokines and NLR occurs. The
relationshipbetweeninflammationinosteoporosismainly
occurs through the RANK/RANKL/osteoprotegerin
(OPG) pathway [24]. The same finding was confirmed
by Ozturk et al. showing patients with osteoporosis
had a higher increase in the NLR ratio than in patients
with osteopenia or the normal population [25]. The
study revealed that pro-inflammatory markers influence
mesenchymal stem cells and osteoclast precursors in
increasing osteoclast-mediated bone resorption. On the
other hand, it is known that cell interactions between
RANK-RANKL stimulate osteoclast differentiation
from its precursor cells. RANKL also supports
osteoclast activity in bone absorption and prevents cell
death[23], [25]. The NLR was associated as a prognostic
factor in the success of therapy or survival in various
types of malignancies, including MBD. A higher NLR
was associated with a worse prognosis, while RANKL
expression was more associated with the occurrence
of metastatic bone lesion [11], [21], [22]. In line with
this, RANKL was associated with a better therapeutic
response, i.e. an increase of 1 unit of RANKL increases
2.5 times the likelihood of a patient response to a given
therapy [26]. The result of this study supports the theory
that RANKL can be used to further determine the need
of prophylactic fixation and osteoclastic agent in the
management of MBD.

This study has some limitations including small
research subjects due to study’s time constraints and
no measurement of other markers associated with
metastatic lesions in bone such as OPG. Increase
the number of research sample in subsequent study
would be beneficial to obtain better picture of RANKL
correlation with LDH and NLR in metastasis bone
disease in population.
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Conclusion

This study revealed that RANKL expression
was positively correlated with LDH and negatively
correlated with the NLR. In bone metastasis case, both
LDH and NLR can be used as predictive factors of
RANKL expression.
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