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Objective: To detect and analyze 13 cytokines that may be related to bone metastasis in the 

serum of non-small-cell lung cancer (NSCLC) patients with bone metastases and NSCLC 

patients with non-bone metastases.

Patients and methods: The Luminex LiquiChip system was used to detect the concentration 

of 13 cytokines that may be related to bone metastasis in the serum of 30 NSCLC patients with 

bone metastases and 30 with non-bone metastases.

Results: The concentration of insulin-like growth factor binding protein-3 (IGFBP-3) in the 

serum of NSCLC patients with bone metastases was obviously higher than in non-bone metas-

tasis patients (P=0.014). The serum concentration of other cytokines showed no significant 

difference (P.0.05) between the two groups. The concentration of IGFBP-3 in the serum of 

the bone metastasis group was positively correlated to VEGF concentration (r=0.804, P=0.009) 

and monocyte chemotactic protein 1 (MCP-1) concentration (r=0.785, P=0.012), but had no 

correlation to other factors (P.0.05). No correlation was found between serum concentrations of 

cytokines in bone metastasis. Concentration of IGFBP-3 in the serum of bone metastasis patients 

was positively correlated to the presence or absence of pain at diagnosis (r=0.701, P=0.036) 

and performance status (PS) score (r=0.670, P=0.048), and correlated with the number of bone 

metastases, sex, age, pathological characteristics, T stage, and N stage (P.0.05).

Conclusion: The findings of this study suggest important clinical implications to detect the 

concentration of IGFBP-3 in the serum of lung cancer patients so as to evaluate the diagnosis and 

degree of bone metastasis. Concentration of IGFBP-3 in the serum of bone metastasis patients 

was positively correlated to concentration of VEGF and MCP-1, which may be highly relevant 

for the development of new treatments for bone metastasis of lung cancer.

Keywords: metastatic lung cancer, cytokine, liquichip

Introduction
The National Central Cancer Registry of China annual report in 2012 showed that lung 

cancer ranks first among all cancers in the People’s Republic of China in terms of mor-

bidity and mortality.1 It is difficult to detect, and approximately 50% of the diagnoses are 

made at the late stage (stage IV). Bone metastasis is one of the major blood metastases.2 

With the development of treatment methods and techniques, the median survival time 

of lung cancer patients in late stages has gradually extended to approximately 1 year.3

The incidence of metastasis of lung cancer is 30%–40%. One study showed that 

50% of lung cancer patients were found with bone metastases after death.4 Forty-

six percent of lung cancer patients with bone metastases had skeletal-related events 

(SREs).5 Once lung cancer patients with bone metastasis have SRE, their survival 

will be significantly shortened. One study has shown that the median survival of lung 
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cancer patients with bone metastases is only approximately 

6–10 months.6 If a patient is found with a severe SRE, 

such as hypercalcemia, pathologic fractures, spinal cord 

compression, or other complications, his or her life will be 

further shortened.6,7 Therefore, during the control of primary 

disease, it is particularly important to prevent and treat bone 

metastasis and bone-related events.

Bone metastasis of lung cancer is mainly due to resorp-

tion caused by osteoclasts, mostly presenting as osteolytic 

lesions.8 Lung cancer cells move to the bone and release 

soluble mediators, activating osteoclasts and osteoblasts. 

Cytokines released by osteoclasts further promote tumor cells 

to secrete osteolysis media, thus forming a vicious cycle.

In the present study, we analyzed the 13 cytokines that 

may be related to bone metastasis in the serum of non-small-

cell lung cancer (NSCLC) patients with bone metastases 

and those with non-bone metastases, aiming to evaluate the 

correlation between and clinical applications of the cytokines 

and bone metastasis.

Patients and methods
Patients
This study was approved by an ethics committee of Shanghai 

Chest Hospital, and all participants signed a consent form. 

NSCLC patients were divided into two groups: those with bone 

metastasis and those with non-bone metastasis. The two groups 

had no significant statistical difference in age, sex, smoking his-

tory, TNM stage, or pathological type, thus were comparable.

lung cancer with bone metastasis group
Between April 2008 and July 2008, Shanghai Chest Hospital 

diagnosed 30 NSCLC patients with multiple bone metastases, 

consisting of 15 males and 15 females with an average age 

of 54.5 years. Fifteen cases had a smoking index $400 pcs/

year (where pcs is number of cigarettes smoked), and 15 

had a smoking index ,400 pcs/year. There were 15 cases of 

adenocarcinoma, 12 of squamous cell carcinoma, and three 

of poorly differentiated carcinoma; all carcinoma types had 

a TNM stage of IV.

lung cancer with non-bone metastasis group
Between April 2008 and July 2008, Shanghai Chest Hospital 

diagnosed 30 NSCLC patients with non-bone metastasis. 

The TNM stage for all non-bone metastasis NSCLC cases 

was IIIa–IV, and 18 males and 12 females with an average 

age of 56.4 years were included. The smoking index 

was .400 pcs/year in 15 cases and ,400 pcs/year in 15 cases. 

There were 21 cases of adenocarcinoma, six of squamous cell 

carcinoma, and three of poorly differentiated carcinoma.

Patient inclusion criteria
The pathological diagnosis of NSCLC had no treatment (che-

motherapy, radiotherapy, or targeted therapy) before taking 

blood samples.

Patients with bone metastases had systemic multiple 

bone transfer (more than two). Entry of patients with dis-

tant metastasis was avoided. Criteria for diagnosis of bone 

metastasis were prompt radiation bone emission computed 

tomography or positron emission tomography uptake and 

computed tomography or magnetic resonance imaging to 

verify the existence of bone destruction. Exclusion criteria 

were history of malignancy, immune inhibitors in acute and 

chronic bone-related diseases, autoimmune diseases, and 

long-term use of glucocorticoids.

Methods
Plasma collection and preservation
Three milliliters of cubital vein blood was collected while 

the patient was experiencing limosis in the morning, left 

standing for 1 hour at 4°C, and centrifuged for 20 minutes; 

0.5 mL of the upper serum was collected and stored at -80°C 

for later testing.

Test items
The 13 cytokines in serum that may be related to bone metas-

tasis were tested and divided into two types based on different 

functions. The first type was homing chemokines and cytokines 

that make the tumor cells migrate to specific tissues, including 

a matrix derivative factor (SDF-1), an irregular chemoattractant 

protein (fractalkine), interferon-inducible protein 10 (IP-10), 

monocyte chemotactic protein-1 (MCP-1), interferon (IFN), 

interleukin (IL)-6, IL-10, IL-17α, and IL-23. The other type was 

growth factors that, after exfoliated cell adhesion, transfer tissue 

and induce tumor cells to continue to grow, including platelet-

derived growth factor-αα (PDGF-αα), fibroblast growth factor 

(FGF), insulin-like growth factor binding protein-3 (IGFBP-3), 

and vascular endothelial growth factor (VEGF).

Detection methods
The Luminex detection method, which is based on LiquiChip 

technology, was employed using a kit purchased from Guang-

zhou Yi Shan Biotechnology Co. (Guangzhou, People’s 

Republic of China), and detection equipment for the Luminex 

200 (Luminex Co. Ltd., USA), according to the kit instructions, 

to determine the concentration of serum cytokines (pg/mL).

statistical analysis
All data were processed using the SPSS 13.0 statistical 

software package. Quantitative data analysis was conducted 
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using t-tests, and analysis of variance (ANOVA) was used 

to identify the statistical significance of differences among 

groups. Statistical significance was evaluated using Student’s 

t-test for the single or multiple comparisons of experimental 

groups. Correlation analysis was performed using Pearson’s 

or Spearman’s correlation. P.0.05 indicated no significant 

difference; P,0.05 was considered a significant difference; 

and P,0.01 indicated a very significant difference.

Results
A comparison of cytokine concentrations between the two 

groups of patients is shown in Table 1. The results show that 

both groups had a high expression of PDGF-αα, IGFBP-3, 

IP-10, IFN, and MCP-1, but SDF-1, fractalkine, FGF, and 

serum IL-23 showed no detected expression in either serum 

group (the detection range of IL-23 is 48.8–50,000 pg/mL, 

and that of the other cytokines is 9.77–10,000 pg/mL). 

Statistical analysis showed that the expression of IGFBP-3 

was significantly different (P=0.014) between the bone 

and non-bone metastasis groups; IFN and IL-6 expression 

were nearly statistically different between the two groups, 

with P=0.075 and P=0.073, respectively. Expression of the 

remaining detected targets – growth factors PDGF-αα and 

VEGF; chemokines IP-10, MCP-1, fractalkine, and SDF-1; 

and cytokines IL-6, IL-10, IL-17α, and IL-23 – showed no 

significant statistical difference between the two groups 

(P.0.1). Table 1 shows the results of the two groups’ serum 

concentrations of each cytokine.

In the bone metastasis group, one patient also had 

liver metastases; it should be taken into account that liver 

is one of the major organs for the synthesis of IGFBP-3. 

To increase the reliability and credibility of the trial, this 

case was removed, and the concentration of IGFBP-3 in 

the serum of the two groups of patients was then analyzed. 

The results showed that the 29 cases of serum from bone 

metastasis patients had a mean concentration of IGFBP-3 of 

3,764.55±2,163.35 pg/mL, which was a statistically signifi-

cant difference when compared to the non-bone metastasis 

group (n=30), with P=0.028.

Since the serum concentrations of SDF-1, FGF, IL-23, 

and fractalkine were too low, these four factors were not 

involved in the correlation analysis between IGFBP-3 and 

the other cytokines in serum. The results showed that, in the 

bone metastasis group, the serum concentration of IGFBP-3 

had a positive correlation with VEGF (r=0.804, P=0.009) and 

MCP-1 (r=0.785, P=0.012) serum concentrations, but no cor-

relation with other factors’ serum concentrations, as shown in 

Tables 2 and 3. In the non-bone metastasis group, there were 

no correlations between IGFBP-3 serum concentration and 

the serum concentrations of the various other factors. Table 2 

shows the correlation of IGFBP-3 serum concentration with 

that of each other factor in the bone metastasis group.

In the bone metastasis group, by using partial correlation 

analysis between IGFBP-3, VEGF, and MCP-1, no correla-

tion was found between any two of the factors with any one 

indicator variable fixed, suggesting that a synergistic effect 

may exist between the three factors.

Table 3 shows the correlation analysis between IGFBP-3 

in bone metastasis patients’ serum and the clinical character-

istics of the patients. The results show that no correlation was 

found between IGFBP-3 concentration in bone metastasis 

patients’ serum and patients’ sex, age, histological type,  

T stage, N stage, or number of metastatic lesions (P.0.05). 

A positive correlation was found between serum IGFBP-3 

concentration and PS score (r=0.670, P,0.05), and between 

serum IGFBP-3 concentration and bone pain (r=0.701, 

P,0.05) in each of the two groups when newly diagnosed.

Discussion
Insulin-like growth factor (IGF) mediates growth hormone 

and promotes growth of cells and bones. The bone matrix was 

shown to have a lot of IGF-1 and IGF-2, where content was 

higher than other tissues.9 Thus, the direct effect of IGF on 

bone tissue has gradually attracted people’s attention. When 

IGF-1 or IGF-2 is bonded with IGFBP, it can reach the bone 

tissue through the capillary barrier. By extending the plasma 

half-life of IGF-1 and regulating the clearance rate of IGF, 

Table 1 serum cytokine concentrations (pg/ml) in the two 
groups of non-small-cell lung cancer patients

Events Bone metastasis  
(n=30)

Non-bone metastasis  
(n=30)

P-value

Cytokines and chemokines
sDF-1 31.32±68.14 9.77±0.00 0.343
Fractalkine 9.77±0.00 13.52±11.84 0.343
iP-10 1,975.97±1,090.68 1,452.32±1,006.17 0.279
McP-1 401.78±285.93 526.64±749.59 0.629
iFnγ 261.43±303.80 40.85±62.62 0.075
il-6 17.71±9.60 11.46±2.39 0.073
il-10 22.63±22.55 15.13±10.71 0.355
il-17α 71.41±67.29 81.47±130.91 0.831
il-23 48.80±0.00 82.00±104.99 0.343
Growth factors
PDgF-αα 9,515.83±4,838.42 9,133.20±5,311.77 0.868
FgF 8.79±3.09 9.77±0.00 0.343
igFBP-3 3,991.17±2,160.96 1,744.93±1,473.94 0.014*
VegF 40.774±96.23 31.87±69.88 0.816

Notes: Data are presented as mean ± standard deviation. *P,0.05 compared with 
the group with non-bone metastasis.
Abbreviations: VegF, vascular endothelial growth factor; PDgF-αα, platelet-derived 
growth factor-αα; iP-10, interferon-inducible protein 10; McP-1, monocyte chemotactic 
protein-1; iFnγ, interferon γ; il, interleukin; igFBP-3, insulin-like growth factor binding 
protein-3; SDF-1, stromal cell-derived factor-1; FGF, fibroblast growth factor.
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the effect of IGF-1 is enhanced. IGFBP-3 is promoted to be 

phosphorylated in the bone tissue, thus participating in the 

regulation of bone cell growth, proliferation, and metabolism. 

In vitro studies showed that IGF-1 stimulates the expression 

of osteoblast growth and alkaline phosphatase, type I col-

lagen, osteocalcin, and other bone formation markers.10

It is well known that two biomarkers, N-telopeptide of 

type I collagen (NTx) and type I collagen carboxyterminal 

telopeptide (ICTP), may serve as aids in the diagnosis of bone 

metastasis in patients with lung cancer. For one thing, ICTP is 

a marker of pathological degradation of type I collagen. How-

ever, type I collagen does not exist exclusively in the bone, 

and the elevation of ICTP may be caused also by non-skeletal 

diseases. Furthermore, NTx is measured in urine or serum, so it 

is easy to measure and enables frequent testing in the intervals 

between bone scintigraphy; the results can indicate the need 

for bone scintigraphy. NTx can be used as a supplemental tool 

to diagnose bone metastasis from lung cancer.

In addition, Giles and Singh found that in the MDA-MB-

231 breast cancer cell culture media, high concentrations of 

IGFBP-3 in a dose-dependent manner regulated transform-

ing growth factor-β (TGF-β) mitosis to stimulate pro-bone 

metastasis of breast cancer cells, and TGF-β also had rich 

content in bone matrix and was an important constituent 

molecule of the microenvironment of bone metastases.11  

In the present study, concentration of IGFBP-3 in lung 

cancer patients with bone metastases was obviously higher 

than in the non-bone metastasis group (P=0.014), indicat-

ing that the high serum expression of IGFBP-3 could be 

a sensitive indicator of bone metastasis in lung cancer. It 

increased the possibility of bone metastasis by enhancing 

the effects of IGF-1. This result was in line with that of 

Giles and Singh.11

IGFs and epidermal growth factor receptor (EGFR) on 

tumor cells bond to promote formation of new arteries. In the 

presence of IGF-1, mutant expression of EGFR can facilitate 

the generation of VEGF, thereby stimulating angiogenesis.12 

In the present study, serum concentrations of IGFBP-3 

showed a significant positive correlation with VEGF in the 

bone metastasis group (r=0.804, P=0.009), but no correlation 

in the non-bone metastasis group (r=-0.185, P=0.608), and 

further illustrated the synergy that may exist between VEGF 

in patients with bone metastases, IGFBP-3 generation, and 

the vascular endothelium.

MCP-1 is a representative member of the CC family in the 

MCP family with a strong lymphocyte chemotaxis. MCP-1 

gene upstream had binding and regulatory region of Sp-1. 

By binding IGF-1 and IGF-1R, the expression of MCP-1 

can be induced by cascade activation. Currently, there is no 

relevant literature reporting synergies that may exist between 

IGFBP-3 and MCP-1. Correlation analysis in the present 

study showed a positive correlation between expressions of 

IGFBP-3 and MCP-1 (r=0.785, P=0.012), suggesting that, 

as an important combined carrier of IGF-1, IGFBP-3 could 

stimulate activation of MCP-1; however, this finding requires 

further experimental support.

The results demonstrate that serum concentration of 

IGFBP-3 in lung cancer patients with bone metastases was 

positively correlated with bone pain and PS score, which 

may be due to these patients having a high baseline serum 

IGFBP-3 that stimulated osteoclasts to secrete a series of 

cytokines that 1) did or did not rely on IGFs; 2) strengthened 

Table 2 correlations between igFBP-3 concentration and other factors’ concentrations in serum in non-small-cell lung cancer 
patients with bone metastases (n=29)

PDGF-αα VEGF IP-10 MCP-1 IFN IL-6 IL-10 IL-17

igFBP-3
r 0.322 0.804 0.026 0.785 0.151 0.239 0.251 0.287
P 0.399 0.009** 0.946 0.012* 0.699 0.536 0.514 0.455

Note: *P,0.05, **P,0.01 compared with r data.
Abbreviations: VegF, vascular endothelial growth factor; PDgF-αα, platelet-derived growth factor-αα; iP-10, interferon-inducible protein 10; McP-1, monocyte 
chemotactic protein-1; iFn, interferon; il, interleukin; igFBP-3, insulin-like growth factor binding protein-3.

Table 3 correlations between igFBP-3 concentration in serum and clinical features of non-small-cell lung cancer patients with bone 
metastases (n=29)

Sex Age Pathology T stage N stage PS score Cancerous  
ostalgia in  
primary care

Number of metastatic  
bone lesions

igFBP-3
r -0.011 0.036 0.634 0.091 -0.136 0.670 0.701 0.324
P 0.978 0.926 0.067 0.816 0.728 0.048* 0.036* 0.434

Note: *P,0.05 compared with r data.
Abbreviations: igFBP-3, insulin-like growth factor binding protein-3; Ps, performance status.
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the osteolytic process; 3) disrupted the balance between bone 

resorption and bone formation; and 4) caused bone destruc-

tion and bone pain.

Tumor cells invade the bone matrix to reach the perios-

teum, causing pain, and stimulate bone stromal cells to 

secrete excess IGFs, thus indirectly stimulating the secretion 

of bone matrix IGFBP-3. If it is true that serum concentration 

of IGFBP-3 in lung cancer patients with bone metastases 

is positively correlated with bone pain and PS score, then 

IGFBP-3 may be a new therapeutic target for bone metastases 

that could reduce stimulation of osteoclast activity by inhibit-

ing the IGF system and reduce osteolytic bone metastases; if 

the second hypothesis is true, then, with the development of 

new drugs and widely used bisphosphonates or denosumab, 

monitoring and evaluation of the severity before and after 

treatment are likely to reveal the dynamic changes of bone 

metastasis IGFBP-3 indicators and provide meaningful 

evidence of treatment efficacy, thus becoming an evaluation 

index of bone metastases. However, the assertion of any 

hypothesis as correct needs a larger sample to support it.

We also found that the serum concentration of IGFBP-3 

had no positive correlation with the number of bone metas-

tases, indicating that the concentration of IGFBP-3 did not 

increase with the growth of bone metastases. This suggests that 

IGFBP-3 might have an important effect in early pathogenesis 

of bone metastases but be less involved in later progress.

Conclusion
The IGFBP-3 concentration in serum of lung cancer patients 

with bone metastasis was significantly higher than in that of 

patients with non-bone metastasis, and the IGFBP-3 concen-

tration in bone metastasis patients was positively correlated 

with bone pain and PS score when newly diagnosed, but 

had no correlation with the number of bone metastases. 

This finding suggests important clinical implications of 

monitoring IGFBP-3 concentrations in patients’ serum for 

diagnosis and evaluation of the degree of bone metastasis. In 

addition, the positive correlation found in this study between 

IGFBP-3 concentration in bone metastasis patients with 

VEGF and MCP-1 concentrations might be highly relevant 

for the development of new treatments for bone metastasis 

of lung cancer.
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