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Introduction

Osteosarcoma (OSA) is the most common primary 
bone malignancy in children and adolescents (Lauvrak 
et al., 2013). OSA is one of the three most common 
genuine primary bone malignancies (osteosarcoma, 
chondrosarcoma, and Ewing’s sarcoma), of which these 
malignancies account more than 75% of malignant bone 
tumors (Davies et al., 2009). OSA is the most frequent 
malignant bone tumor, which approximately comprising 
47% of all bone neoplasms among adolescents and young 
adults aged 15 to 29 years old (Bleyer et al., 2006). 
Approximately, 750-900 new cases are diagnosed each 
year in the USA, which 400 cases arise in pediatrics and 
adolescents younger than 20 years of age (Mirabello et 
al., 2009). According to current/available studies, the 
peak incidence of OSA occurs in the second decade of 
life which can be due to rapid bone growth and turnover 

Abstract

Objective: Although there are a few studies investigating the relation between X-Ray Repair Cross Complementing 3 
(XRCC3) gene rs861539 polymorphism and osteosarcoma (OSA), the results are inconsistent. Therefore, we performed 
this systematic review and meta-analysis to clarify the associations between XRCC3 rs861539 polymorphism and OSA 
risk. Methods: We have retrieved published literature from PubMed, Google scholar, and ISI Web of Knowledge up to 
25 January 2017. Odds ratios were pooled using either fixed-effects or random effects models. Overall and subgroup 
analyses were performed. Statistical analysis was performed running comprehensive meta-analysis (CMA) 2.0 software. 
Results: A total of four studies with 515 cases and 1,109 controls were identified in order to investigate  the association 
between XRCC3 rs861539 polymorphism and OSA risk. The results showed that XRCC3 rs861539 polymorphism 
was associated with OSA in allelic (T vs. C: OR= 1.563, 95% CI: 1.244-1.963, p= <0.001), homozygote (TT vs. CC: 
OR= 2.574, 95% CI: 1.573-4.212, p= <0.001), dominant (TT+TC vs. CC: OR= 1.255, 95% CI: 1.011-1.558, p= 0.039), 
and recessive (TT vs. TC+CC: OR= 2.224, 95% CI: 1.393-3.552, p= 0.001), but not with heterozygote (TC vs. CC: 
OR= 1.361, 95% CI: 0.982-1.885, p= 0.064). The XRCC3 rs861539 polymorphism conferred susceptibility to OSA in 
Asians, but not in Caucasians. Additionally, we observed no evidence of publication bias. Conclusion: To the best of 
our knowledge, this is the first meta-analysis investigating the association between XRCC3 rs861539 polymorphism 
and OSA risk. Our results revealed a significant association between the XRCC3 rs861539 polymorphism  and risk of 
OSA, especially in Asian populations. Future more comprehensive and well-designed case control studies with larger 
sample size are needed to warrant these findings.

Keywords: Osteosarcoma- XRCC3- rs861539 polymorphism- meta-analysis

RESEARCH ARTICLE

Association between the DNA Repair Gene XRCC3 rs861539 
Polymorphism and Risk of Osteosarcoma: a Systematic Review 
and Meta-Analysis
Mohammad Reza Sobhan1, Mohammad Forat Yazdi2*, Mahta Mazaheri3,4, 
Masoud Zare Shehneh3, Hossein Neamatzadeh3,4

associated with adolescence (Messerschmitt et al., 2009). 
According to the statics, the incidence of OSA in males 
was higher than in females; however, it occurred at an 
earlier age in females than in males (Bleyer et al., 2006). 
OSA is characterized by the production of immature bone 
or osteoid by the malignant cells; however, the diagnosis 
of OSA is also made based on these characters (Alpantaki 
et al., 2013; Sarkar 2014). OSA variants classified 
based on morphology as telangiectatic OSA, low-grade 
intraosseous OSA, and small cell OSA (Yarmish et al., 
2010). In addition to humans, OSA is reported in the 
many other mammals, in particular, domestic dogs and 
canine (Mueller et al. 2007).  It is held that the majority of 
pediatrics OSA is sporadic, while inheritance accounts for 
a minority of cases (Calvert et al., 2012).  In older adults, 
nearly one-third of cases arise in the setting of Paget 
disease of bone or as a second or later cancer (Geller et 
al., 2010). Exposure to ionizing radiation is the most well 
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documented environmental risk factor for OSA implicated 
in 3% of OSA cases (Kalra et al., 2007). 

The etiology and role of the OSA in bone 
microenvironment is not well known (Kundu 2014). 
Since OSA has complex karyotypes and is typically 
aneuploid, it is characterized by a high level of genomic 
instability (Martin et al., 2012). To date, several specific 
genes have been identified in the pathogenesis of OSA. 
Particularly, tumor suppressor gene mutations of p53, RB, 
and MDM2 are frequently implicated in OSA development 
(Kawaguchi et al., 2002; Martin et al., 2012).  However, 
genome wide association studies identified different gene 
alterations in human including TP53, IGF-1/IGF-1R, 
HGF/MET, ERBB-2/HER-2, PTEN, RB, CDKN2A, SIS/
PDGF, matrix metalloproteinases (MMPs), Ezrin (EZR), 
COX-2, 14 angiogenic factors (VEGF and angiostatin), 
and telomerase reverse transcriptase gene (TERT) 
(Mueller et al. 2007).

The XRCC3 polymorphism is associated with 
the risks of numerous types of cancer, such as lung, 
ovarian or gastric cancer; however, there is limited 
information regarding the analyzed gene polymorphisms 
in osteosarcoma (Talar-Wojnarowska). Although a few 
studies have investigated the relation between XRCC3 
DNA repair gene variants and OSA (Guo et al., 2015; 
Goričar et al., 2015; Jin et al., 2015; Yang et al., 2015), 
the results  are conflicting rather than conclusive. One 
thing must be noted. A single study might not be powered 
sufficiently to detect a small effect of the polymorphisms 
on condition, particularly in relatively small sample sizes. 
In addition, various types of study populations and study 
designs might also have contributed to the disparate 
results. It is clear that meta-analysis can be used to pool 
data from individual studies to obtain sufficient statistical 
power to detect the potential effect of small to moderate 
sizes associated with the polymorphism. To clarify the 
effect of the XRCC3 rs861539 gene polymorphism on the 
OSA risk, we performed a systematic review and meta-
analysis on all eligible case–control studies.

Materials and Methods

Search strategy
We searched the electronic databases of PubMed, 

Google Scholar, ISI Web of Knowledge, and Medline 
to identify all eligible published case-control and 
cohort studies had evaluated the associations between 
XRCC3 rs861539 polymorphism and OSA up to 25 
January 2017. The key words used for searching were as 
follows: ‘‘X-ray repair cross-complementing group 3’’, 
‘‘XRCC3’’, ‘‘XRCC3 C241T’’, or ‘‘XRCC3 Thr241Met’’, 
‘‘XRCC3 rs861539’’ and ‘‘bone tumors’’, ‘‘bone 
malignancy’’, ‘‘osteosarcomas’’, and ‘‘polymorphism’’, 
‘‘polymorphisms’’, ‘‘variant’’, or ‘‘mutation’’.  The 
language was restricted to English. In addition, we hand 
searched the references of all identified publications for 
additional studies. 

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) independent 

case-control or cohort design studies evaluated the 

association between XRCC3 rs861539 polymorphism 
and OSA; (2) studies provided sufficient published data 
for estimating an odds ratio (OR) with a 95% confidence 
interval (95% CI). Major reasons for exclusion were as 
follows: (1) case report or reviews, (2) cell line studies, 
(3) having irrelevant data. When there was more than one 
eligible article with overlapping data conducted by the 
same author, we included the recent or the comprehensive 
one.

Data Extraction
In the current meta-analysis, two authors (MM and 

HN) independently searched and identified the eligible 
articles based on the inclusion criteria. The authors 
independently extracted the following data: first author’s 
name, year of publication, ethnicity or country, numbers 
and genotypes of cases and controls, and Hardy-Weinberg 
equilibrium (HWE) of controls. 

Statistical methods
All analyses were performed with the comprehensive 

meta-analysis (CMA) V2.0 software (Biostat, USA). 
Two-sided P.values < 0.05 were considered statistically 
significant. The statistical significance of the pooled OR 
was determined using the Z-test and P.value less than 0.05 
was considered statistically significant. The pooled ORs 
with 95 % CIs were calculated in five genetic models: 
allelic (T vs. C), heterozygote (TC vs. CC), homozygote 
(TT vs. CC), dominant (TT+TC vs. CC), and recessive (TT 
vs. TC+CC). Due to lack of heterozygote and minor allele 
homozygote genotypes frequency, subgroup analyses by 
ethnicity was available only in dominant genetic model 
throughout Jin et al., (2015) and Goričar et al., (2015) 
studies . Both the Cochran’s Q statistic test for heterogeneity 
and the I2 statistic test to quantify the proportion of total 
variation were used to measure heterogeneity between 
studies. An I2 value of 25%, 50%, and 75 % represents 
low, moderate, and high heterogeneity, respectively 
(Higgins et al., 2003). Moreover, a random effects model 
using the DerSimonian was utilized to calculate the OR 
and 95% CI for comparisons with moderate to high 
heterogeneity (P-value > 0.1 and I2 > 25%) (DerSimonian 
et al., 1986). Otherwise, a fixed-effects model using the 
Mantel–Haenszel method was used (Mantel et al., 1959). 
To assess the reliability of the outcomes in the current 
meta-analysis, a sensitivity analysis was performed by 
sequential omission of individual studies for various 
genetic models in the overall population and also for 
subgroup analysis by ethnicity. Then, publication bias 
was estimated graphically by Begg’s funnel plot test and 
statistically Egger’s linear regression test (Egger et al., 
1997). Additionally, we applied graphically Begg’s funnel 
plot test and statistically Egger’s linear regression test to 
estimate the publication bias, and P<0.05 was considered 
statistically significant (Egger et al., 1997).

Results

Study characteristics
Out of the 8 identified potential relevant studies, only 

four case–control studies met all inclusion criteria. Finally, 
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Sensitivity Analysis
We conducted the sensitivity analysis to evaluate 

the stability of the current meta-analysis results through 
removing each study sequentially. However, no obvious 
changes were found in the results confirming the stability 
of  our results e under the five genetic contrasts for XRCC3 
rs861539 polymorphism. 

Heterogeneity 
There was a moderate but not significant heterogeneity 

among these studies for dominant model; however, the 
heterogeneity obviously was disappeared after stratified 
analysis by ethnicity.  Therefore, it can be concluded that 
ethnicity contribute to substantial heterogeneity among 
the meta-analysis. 

Publication Bias 
Egger’s test and Begg’s funnel plot were used to 

evaluate publication bias quantitatively and qualitatively, 
respectively. For pooling and stratifying by ethnicity, 
the examination of publication bias was conducted 
only for dominant genetic model because only two 
studies were included. However, the Begg’s and Egger’s 
tests did not show any obvious publication bias under 
dominant genetic model in terms of pooling (PBeggs 
= 0.308, PEggers=0.529; Figure 2A) and for Asians 
((PBeggs = 1.000, PEggers=0.612; Figure 2B).

Discussion

Three excision repair (ER) pathways were involved 
in single stranded DNA (ssDNA) damage responses 
including Nucleotide excision repair (NER), base excision 
repair (BER), and DNA mismatch repair (MMR) (Shaheen 
et al., 2011; Iyama et al., 2013). In addition, organisms 
evolved two main DNA double-strand breaks (DSBs) 

four studies comprising 515 cases with OSA and 1,109 
controls were included into the current meta-analysis 
(Guo et al., 2015; Goričar et al., 2015; Jin et al., 2015; 
Yang et al., 2015). All the eligible studies were written in 
English and all included studies were conducted during 
2015. Among those studies, 3 studies were performed 
in China (Guo et al., 2015; Jin et al., 2015; Yang et al., 
2015) and one study was conducted in Slovenia (Goričar 
et al., 2015). All genotype frequencies in the control group 
fitted well in the Hardy-Weinberg equilibrium (P > 0.05). 
The main characteristics of studies included in the current 
meta-analysis are presented in Table 1.

Quantitative synthesis
Table 2 depicts the main results of the meta-analysis 

regarding XRCC3 rs861539 polymorphism and OSA 
risk. When all the eligible studies were pooled into the 
meta-analysis of polymorphism, an obvious association 
between XRCC3 rs861539 polymorphism and increased 
risk of OSA in allelic (T vs. C: OR= 1.563, 95% CI: 
1.244-1.963, p= <0.001), homozygote (TT vs. CC: 
OR= 2.574, 95% CI: 1.573-4.212, p= <0.001), dominant 
(TT+TC vs. CC: OR= 1.255, 95% CI: 1.011-1.558, 
p= 0.039; Figure 1A) and recessive (TT vs. TC+CC: 
OR= 2.224, 95% CI: 1.393-3.552, p= 0.001) was 
observed, but not heterozygote (TC vs. CC: OR= 1.361, 
95% CI: 0.982-1.885, p= 0.064). In the stratified analysis 
by ethnicity, only dominant genetic model was available 
for Caucasian. The present meta-analysis showed that 
the XRCC3 rs861539 polymorphism was not associated 
with OSA risk in Caucasian (TT+TC vs. CC: OR= 0.713, 
95% CI: 0.438-1.161, p= 0.174).  However, there was 
a significant association between XRCC3 rs861539 
polymorphism and risk of OSA in Asians in the dominant 
genetic model (TT+TC vs. CC: OR= 1.442, 95% CI: 
1.133-1.835, p= 0.003; Figure 1B).

Figure 1. Forest Plot for the Association of the XRCC3 rs861539 Polymorphism and OSA Risk. A: Pooled (dominant: 
TT+TC vs. CC), B: Asians (dominant: TT+TC vs. CC)
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repair mechanisms to preserve genome integrity including 
nonhomologous end-joining (NHEJ) and homologous 
recombination (HR) (Mao et al., 2008; Lieber 2010). 

To date, several polymorphisms in NER genes (e.g., 
XPD, XPF, ERCC1, XRCC1, XRCC3, XPA, XPB, 
XPC and hOGG1) have been identified (Improta et al., 
2008), of which the known genetic polymorphisms of 
the XRCC3 have been studied most commonly (Yeh et 
al., 2005; Forat-Yazdi et al., 2015). XRCC3 gene was 
originally identified due to its ability to complement the 
DNA repair defect in a Chinese hamster cell line (Tebbs 
et al., 1995). It is localized on chromosome 14q32.3 by 
fluorescence in situ hybridization (FISH) and Southern 
blot hybridization by genomic DNA from panels of 
two independent hybrid clones (Tebbs et al., 1995). It 
consists of 7 exons, which lied in the region taking 13.5 
kbs and its product is a small protein of 346 amino acids 
(Huang et al., 2015). The XRCC3 gene plays a critical 
role in maintaining genomic integrity through repairing 
ionizing radiation induced DSBs through homologous 
recombination (HR) pathway (Chistiakov et al., 2008; 
Borrego-Soto et al., 2015). 

The SNPs of XRCC3 gene have been indicated in 
the susceptibility to different malignancies, such as 
breast cancer, lung cancer, and head and neck cancer 
(Namazi et al., 2015; Ali et al., 2016). To date, several 
polymorphisms have been identified in XRCC3 gene 
as Thr241Met (C18067T, rs861539), 5-UTR (A4541G 
rs1799794), and IVERSUS 5–14 (A17893G, rs1799796of 
which XRCC3 Thr241Met (C18067T, rs861539) in exon 
7 is one of the most extensively investigated SNPs in the 
literatures (Chen et al., 2014). The XRCC3 Thr241Met 
gene polymorphism is characterized by impaired function 
of repair which may influence the function of the enzyme 
by removing a phosphorylation site (Talar-Wojnarowska). 
The XRCC3 Met/Met genotype has been associated 
with higher DNA adduct levels in lymphocytes of 
healthy subjects (Matullo et al., 2001) and individuals 
with 241Met or 241Thr allele repaired the DSBs to the 
same extent (Araujo et al., 2002). In addition, XRCC3 
Thr241Met is associated with an increased number 
of micronuclei in lymphocytes of humans exposed to 
ionizing radiation (Zhao et al., 2013).

A few studies reported the association between 
DNA repair genes variants and risk of osteosarcoma. 

However, several studies investigated the influence of 
genetic variability of DNA repair genes in OSA treatment 
outcome (Jin et al., 2015). For example, Wang et al., and 
Jin et al., have reported that some variants of NER and 
HRR pathways genes such as ERCC1 rs11615, ERCC2 
rs1799793, and NBN rs1805794 modulate the risk of 
developing OSA or may be useful genetic prognostic 
markers for OSA in a Chinese population (Jin et al., 
2015; Wang et al., 2015). In 2015, Yang et al., in a 
case control study on 152 OSA cases and 304 healthy 
controls found that the XRCC3 rs861539 polymorphism 
was significantly associated with increased risk of OSA 
in a Chinese population. However, a few months later, 
Goričar et al., (2015) did not observe any association 
in a Slovenian population. In the current meta-analysis, 
we found an association between XRCC3 rs861539 
polymorphism and OSA was found under four allelic, 
homozygote, dominant, and recessive genetic models, but 
not under heterozygote model. Additionally, the XRCC3 
rs861539 polymorphism conferred susceptibility to OSA 
in Asians, but not in Caucasians. However, due to lack of 
sufficient data especially in the Caucasian populations, 
the results are curious.

Heterogeneity between-study is to be expected in the 
meta-analyses. In the current study, there was a moderate 
heterogeneity in the dominant genetic model, the only 
model applied in all included studies , which could 
distorted the results of meta-analysis. In the subgroup 
analysis by ethnicity, the heterogeneity disappeared 
among both Asians and Caucasians. Therefore, it can 
be concluded the differences in the subjects’ genetic 
backgrounds can result in heterogeneity.

Meta-analysis has advantages compared to individual 
studies; however, some potential limitations in the current 
meta-analysis should be considered. First limitation 
concerns the number of included studies and their 
sample sizes which were moderately small restricting the 
ability to detect the possible risk for XRCC3 rs861539 
polymorphism with acceptable power. Second out 
offour included studies, three studies were conducted 
on Asians and only one on Caucasians; thereforem the 
results must be interpreted carefully. Further studies 
concerning populations in Caucasians and other ethnicity 
such as west Asians, North American and African are 
needed to distinguish the ethnic variation related biases. 

Figure 2. Begg’s Funnel Plots of the XRCC3 rs861539 Polymorphism and OSA Risk for Publication Bias Test. Each 
Point Represents a Separate Study for the Indicated Association. A: Pooled (dominant: TT+TC vs. CC), B: Asians 
(dominant: TT+TC vs. CC)
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Third, because we included only published papers 
written in English, publication bias may have occurred; 
even though, statistical tests revealed nothing. Finally, 
gene–gene and gene–environment interactions were not 
addressed in the current meta-analysis. The pathogenesis 
of OSA has a genetic and environmental basis because 
in some cases OSA was associated with high doses of 
ionizing radiation from therapeutic or occupation-related 
exposures. However, most studies did not provide the 
data stratified by these risk factors. In addition, in this 
meta-analysis, we pooled the overall outcomes based on 
individual unadjusted ORs without adjustment for other 
risk factors such as age, sex, environmental exposures, 
OSA subtypes etc.

To our best knowledge, this is the first meta-analysis 
examined the association between XRCC3 rs861539 
polymorphism and OSA risk. This meta-analysis 
suggests the association between the XRCC3 rs861539 
polymorphism and OSA in Asians. However, more 
convincing evidence is required to draw comprehensive 
conclusion. Therefore, well-designed studies in large 
sample and in different ethnicity are recommended to 
confirm these findings. 
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