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Abstract: Background: Interleukin-6 (IL-6) is an angiogenic chemokine that plays a potent role in both development
and progression of many human malignancies. Patients and methods: A total of 232 subjects, including 116 pa-
tients with osteosarcoma and 116 healthy controls, were recruited in this study. Interleukin-6 gene-174 G/C poly-
morphisms were genotyped by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).
Results: Significant differences of genotype distribution were observed between osteosarcoma cases and controls
atthe IL-6-174 G/C genotypes. Compared with the homozygote GG, the heterozygous GC genotype was associated
with significantly increased risk for osteosarcoma (OR = 1.95, 95% Cl = 1.15-3.75, P = 0.011); the CC genotype
was associated with increased risk for osteosarcoma (OR = 1.78, 95% Cl = 1.25-3.96, P = 0.013). GC and CC com-
bined variants were associated with increased risk for osteosarcoma compared with the GG genotype (OR = 1.89,
95% Cl = 1.29-3.81, P = 0.022). Moreover, the genotype CC of IL-6-174 G/C carried a higher risk of osteosarcoma
metastasis and later Enneking stages, compared with the GG genotype. Conclusion: Our results showed that the
IL-6 gene-174 G/C genotype was associated with increased risk for development and metastasis of osteosarcoma
in Chinese Han population.
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Introduction cific genes and pathways may play an important
role in the pathogenesis of osteosarcoma.
Interleukin-6 (IL-6), a phosphorylated glycopro-
tein containing 185 amino acids, is a multifunc-
tional protein principally involved in different
physiologic and pathophysiologic processes
including proliferation and differentiation and
plays a pivotal role in acute phase response
and in the control of the balance between pro-
inflammatory and anti-inflammatory pathways
[6]. It has emerged in literature as one of the
most important regulators of the cytokine-relat-
ed tumor biology [7], involved in key steps
of tumor development, such as proliferation,
apoptosis, angiogenesis, and differentiation
[8-11].

Osteosarcoma is a malignant neoplasm that
mainly arises in the metaphyses of long bones,
such as the distal femur, proximaltibia, and
proximal humerus [1]. Osteosarcoma mainly
occurs in children and adolescents and acc-
ounts for 20% of all primary sarcomas in bone
tumor [2-4]. Current treatment for osteosarco-
ma consists of en bloc resection with wide mar-
gin, aggressive adjuvant chemotherapy, and
radiotherapy. Despite advancements in treat-
ments over the past few decades, relapse and
metastasis may occur, amounting to 30% of
these patients, and the 5-year survival rate of
osteosarcoma is still low than 50% [5]. This low
survival rate has been attributed to the lack
of understanding of the etiopathogenesis of

osteosarcoma. It has been found that IL-6 promoter polymor-

phisms were associated with various cancers
Molecular epidemiology studies suggested that risks such as esophageal cancer, prostate can-
single nucleotide polymorphisms (SNPs) in spe- cer, colorectal cancer, oral cancer and cervical
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Table 1. Characteristics of the osteosarcoma patients

and controls

ethnicity and were filtered based on their
clinical characteristics. Before the assay,

Controls (%) P value

we obtained a written informed consent

Characteristics Cases (%)
Number of subjects 116 116
Age (years), (mean + SD) 22.1 (+8.4) 21.2 (+9.9)
Gender (male/Female) 64/52 59/57
Tumor location

Long tubular bones 86 (74.1)

Axial skeleton 30 (25.9)
Pathological fracture

Yes 25 (21.6)

No 91 (78.4)
Metastasis

Yes 43 (37.1)

No 73 (62.9)
Enneking stages

| 25 (21.6)

Il 74 (63.8)

1 17 (14.6)

0.246
0.148

from each participant in our study.
DNA extraction and genotyping

Genomic DNA was isolated from 20 g/L
ethylenediaminetetra-acetic acid (EDTA)
or sodium citrate anticoagulated 5 ml
venous blood by the commercially avail-
able Qiagen kit (QIAGEN Inc.) and stored at
4°C. The polymerase chain reaction (PCR)
combined with the restriction fragment
length polymorphism (RFLP) was used to
determine the IL-6 genotypes. Genomic
DNA used for the assay was extracted
from peripheral blood samples (96.5% of
total samples) or exfoliated buccal cells
(3.5% of total samples) as previously
described [11]. For quality control, geno-
typing was repeated randomly in at least

*Chi-square (X?) test.

cancer [12-16]. However, there is no any report
on investigating IL-6 polymorphism of osteosar-
coma patients. The aim of our study was to
investigate the possible association between
the polymorphisms of Interleukin-6 gene-174
G/C and risk of osteosarcoma in Chinese Han
population.

Material and methods
Study population

We conducted a hospital-based case-control
study. A total of 232 subjects, including 116
osteosarcoma cases and 116 age- and gen-
der-matched healthy controls, were recruited
in this study between February 2009 and
December 2015 in Linyi People’s Hospital. All
of them were histologically/pathologically con-
firmed by two experienced pathologists. All the
healthy controls had been under the health
screening, and their clinical characteristics
were matched to the gender and age distribu-
tion with the osteosarcoma cases, as outlined
in Table 1. Each participant was interviewed
using a standard questionnaire by a trained
nurse, to collect medical histories, demograph-
ic characteristics. The present study was per-
formed with strict protocol under the Ethics
Committee of Linyi People’s Hospital. All the
specimens we recruited were of Chinese Han
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5% of the samples, and two of the authors
independently reviewed all results.

Statistical analysis

During the analysis, student t-test and chi-
square (x?) test were performed to analysis the
differences in the distribution of various con-
sidered characteristics as well as the differenc-
es of genotype frequencies between the osteo-
sarcoma patients and the healthy controls, as
appropriate. Similarly, the Hardy-Weinberg equ-
ilibrium (HWE) of each subject was examined by
implying a two-sided chi-square (x?) test which
was performed by comparison of observed
and expected genotype frequencies. The Inter-
leukin-6 gene-174 G/C polymorphisms geno-
types related osteosarcoma risk was assessed
by odds ratio (OR) and their corresponding
respective confidence intervals 95% (Cls) value
of the logistic regression, for both combined
and respective genotype. The P-value less than
0.05 was considered statistically significant.

Results
Population characteristics

Characteristics of osteosarcoma cases and
healthy controls were showed in Table 1. No
significant difference was detected in the age
and gender distribution between two groups (P
> 0.05). The mean age (+SD) for case and con-
trol groups was 22.1 (8.4) and 21.2 (9.9) years,
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Table 2. Association between the IL-:6-174 G/C genotype and osteo-

sarcoma risk

Distributions of IL.-6 gene-
174 G/C genotypes and risk

Cases (N = Controls (N

Polymorphisms 116) (%) = 116) (%)

of osteosarcoma

OR (95% Cl) P-value*

-174 G/C rs1800795

The genotype and allele fre-
quencies of the IL-6 gene-

G 46(39.7)  78(67.2) 174 G/C polymorphisms for
GC 54 (46.6) 20(17.2) 1.95(1.15-3.75) 0.011 all the studied variations are
cc 16 (13.7) 18(15.5) 1.78(1.25-3.96) 0.013 shown in Table 2.

GC+CC 70 (56.4) 38(39.8) 1.89(1.29-3.81) 0.022

G 146 (62.7) 176 (74.5) There were significant differ-
c 86(37.3) 56(25.5) 1.82(1.23-3.95) 0.023 ences in the genotype and

OR, odds ratio; Cl, confidence interval. *P-value is < 0.05.

Table 3. Correlations between IL-6-174 G/C
genotypes and clinicopathological features of
patients with osteosarcoma

Genotypes -174 G/C rs1800795
Variable n GG GC CC Pvalue
Gender 46 54 16
Male 64 25 28 11 0.136
Female 52 21 26 5

Tumor location
Long tubular bones 86 32 41 13 0.215

Axial skeleton 30 14 13 3
Pathological fracture

Yes 25 11 9 5 0.142
No 91 35 45 11
Metastasis

Yes 43 11 18 14 0.026*
No 73 35 36 2

Enneking stages

| 25 6 17 2 0.038*
Il 74 38 32 4

1] 17 2 5 10
*Chi-square (x?) test.

respectively. Our study included 116 osteosar-
coma cases, including 64 males and 52
females, and 116 healthy controls, including
59 males and 57 females. Additionally, there
were 86 patients (74.1%) with long tubular
bones and 30 patients (25.9%) patients with
axial skeleton. Regarding the clinical stage,
21.6% of patients were in stage |, and 63.8%
were in stage Il, whereas 14.6% of patients pre-
sented lll stage. The control population was
consistent with the Hardy-Weinberg Equilibrium
(HWE) for the polymorphisms ininterleukin-6
gene-174 G/C.
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allele frequencies of IL-6-

174 G/C (rs1800795) geno-

types between osteosarco-
ma cases and controls. Compared with the IL.-6
rs1800795 homozygote GG, the heterozygous
GC genotype was associated with significantly
increased risk for osteosarcoma (OR = 1.95,
95% Cl = (1.15-3.75), P = 0.011); the CC geno-
type was associated with increased risk for
osteosarcoma (OR= 1.78, 95% CI = 1.25-3.96,
P =0.013). GC and CC combined variants were
associated with increased risk for osteosarco-
ma compared with the GG genotype (OR =
1.89, 95% Cl = 1.31-4.01, P = 0.029).

Distributions of interleukin-6 gene-174
G/C genotypes and clinicopathological
Characteristics

The relationships between the IL-6 gene-174
G/C genotypes polymorphisms and clinico-
pathological parameters were calculated. The
results are given in Table 3. For IL-6-174 G/C,
the genotype CC frequency in tumor metastasis
patients was greater compared to patients
without tumor metastasis, and the difference
in frequency distribution between genotypes
reached significance (P = 0.032). The similar
result was fond with respect to Enneking stag-
es. No significant difference was observed with
respect to gender, pathological fracture and
tumor location and the IL-8 rs4073 genotypes.

Discussion

To the best of our knowledge, this is the first
study to investigate the relationship between
the IL-6 gene promoter polymorphisms and
osteosarcoma risk and overall survival. We
assessed the association between the IL-6-174
G/C polymorphisms and risk of osteosarcoma
in Chinese Han population and found the sig-
nificant association between IL-6-174 G/C poly-
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morphisms and risk of osteosarcoma. The gen-
otype and allele distribution of polymorphisms
IL-6-174 G/C genotypes were significantly dif-
ferent between case and control groups, indi-
cating that IL-6-174 G/C might be related to
osteosarcoma development. Moreover, our
results showed the genotype CC frequency of
IL-6-174 G/C genotypes in tumor metastasis
patients was greater compared to patients
without tumor metastasis, the similar result
was fond with respect to Enneking stages.
These results indicated that the genotype CC of
IL-6-174 G/C genotypes carried a higher risk of
osteosarcoma metastasis and later Enneking
stages, compared with the GG genotype.

Osteosarcoma is a common malignant tumor,
which exists widely in the bone of children and
adolescents [17]. It aroused people’s concern
universally owing to its highly malignant, facilely
reversion, and readily metastases [18]. Up to
now, inaugural mechanism of osteosarcoma
was considered as a complex process and was
not clear, but it was universally acknowledged
that environment carcinogens could induce
genomic polymorphism, such as oxidative str-
ess, drinking, smoking, and ionizing radiation
[19]. IL-6 is a cytokine which has a great influ-
ence in cancer cells, involved in many process-
es, such as malignant differentiation of cancer
cells, tumor growth, and microenvironment
immunomodulation [20]. IL-6 is directly involved
in the stimulation of tumor growth, by activation
of several signaling pathways [21, 22].

In agreement with our findings, several studies
reported a relationship between the IL-6-174
G/C gene polymorphism and human cancer. In
2008, Upadhyay et al conducted a case-control
study and found that IL-6-174 G/C polymor-
phism was associated with squamous cell
esophageal cancer risk [12]. A case-control
study from Spain in 2003 suggested that IL-6-
174 G/C polymorphism was associated with
colorectal cancer risk [14]. Vairaktaris et al
study found that IL-6-174 G/C polymorphism
was strongly associated with oral cancer risk
[15]. A hospital-based case-control study com-
prised 518 patients and 518 healthy controls
found that the CC genotypes of the IL-6 gene
polymorphisms (-174 G/C and -572 G/C) con-
tribute a high risk of cervical cancer in a
Chinese population [16].
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In spite of interesting findings on the associa-
tion of IL-6 polymorphisms with osteosarcoma
risk, there were several limitations that need
to be addressed regarding the present study.
We did not collect lifestyle data for individual
participants, e.g. on local environmental fac-
tors, diet, or level of physical activity, which
potentially could interact with genetic varia-
tions in influencing overall risk of developing
osteosarcoma. Besides, the relative small sam-
ple size might hide some weak gene-disease
association and gene-environment interac-
tions. Studies need to be performed in larger
study groups to confirm our preliminary results.

In conclusion, our study provided the evidence
of association between the IL-6-174 G/C poly-
morphisms and the risk of osteosarcoma and
found the IL-6-174 G/C genotype was associat-
ed with increased risk for development and
metastasis of osteosarcoma in Chinese Han
population. The IL-6-174 G/C genotypes variant
also modified the survival time in osteosarco-
ma patients.
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