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Background: The −945C/G polymorphism of the connective tissue growth factor (CTGF) has been associated
with systemic sclerosis, however, results were conflicted. The aim of this study was to validate the evidence
for the CTGF −945C/G polymorphism and systemic sclerosis risk.
Methods: Electronic search of PubMedwas conducted to select studies. Case–control studies containing available
genotype frequencies of−945C/G were chosen, and odds ratio (OR)with 95% confidence interval (CI) was used
to assess the strength of this association.
Results: Six published case–control studies including 3335 cases and 3589 controls were identified. The overall
results suggested that the variant genotypes were not associated with the systemic sclerosis risk (OR=0.947,
95% CI: 0.792–1.132, p=0.55). The stratified analysis in Caucasian (OR=1.002, 95% CI: 0.837–1.2, p=0.788)
did not suggest an association either. However, analysis in Asian (OR=0.632, 95% CI: 0.459–0.869, p=0.005)
showed that CC/CG genotype greatly decreased the susceptibility of systemic sclerosis in a dominant model.
Asymmetric funnel plot, the Egger's test (p=0.292), and the Begg's test (p=0.593) were all suggestive of the
lack of publication bias.
Conclusion: This meta-analysis supports that CC/CG genotype greatly decreased the susceptibility of systemic
sclerosis in Asian. Due to the limited samples in subpopulations, further prospective studies with larger number
of participants worldwide are needed to examine the association between the CTGF −945C/G polymorphism
and systemic sclerosis.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Systemic sclerosis (SSc), characterized by extensive organ fibrosis,
vascular abnormalities and immune system dysfunction, is an autoim-
mune disorder. One of the main hallmarks of this disease is the micro-
vascular involvement, which leads to the impairment of the blood
flow to the hands, arms, face and vital organs. SSc affects several organs
or tissues, including the skin, lung, heart and kidney, that results in sig-
nificant mortality and morbidity (Agarwal et al., 2008; Denton et al.,
2006; Reveille, 2005). By its progression, SSc can be divided into two
groups: limited and diffuse SSc. At present, the molecular mechanisms
and pathogenesis of SSc have not been clearly understood. Over the
past years, it has been indicated that environmental factors as well as
genetic risk factors are shown to be involved in this disease (Adiga
et al., 2008; Agarwal, 2010; Ranque and Mouthon, 2010). To date the
reports about the role of environmental factors in the progression of
SSc are still ambiguous. The genetic studies have shown that multiple
genetic risk factors or specific gene–gene interactions are found in pa-
tients with SSc (Broen et al., 2012; Fox and Kang, 1992; Gourh et al.,
2009; Mayes and Trojanowska, 2007). Recently, a number of studies
suggest that connective tissue growth factor (CTGF) gene polymor-
phism plays an important role in the progression of SSc (Fonseca
et al., 2007; Kawaguchi et al., 2009). Thus, the CTGF could be used as a
genetic marker and shed light in explaining the pathogenesis of SSc.

Connective tissue growth factor (CTGF) is amember of CCN family of
secreted proteins. CTGF is a chemotactic and adhesive factor responsible
for growth. It is transcriptionally activated by transforming growth fac-
tor (TGF) (Abreu et al., 2002; Tall et al., 2010). CTGF is frequently found
overexpressed in many human disorders, especially on the tissue fibro-
sis (Shi-Wen et al., 2008). It has been shown that CTGF could carry out
its biological activity by activating Akt, MAPK or ERK1/2 signal path-
ways. It could also bind to and activate the cell surface integrin and pro-
mote cancer invasion (Chen et al., 2007; Perbal, 2004). Patientswith SSc
frequently showed increased CTGF expression in the skin and fibro-
blasts. This suggests that the CTGF gene could act as a new genetic
marker for SSc susceptibility (Frazier et al., 1996; Igarashi et al., 1995,
1996). To date, a number of studies indicate that a single nucleotide

polymorphism (SNP) −945C/G in the CTGF promoter is associated
with the susceptibility of SSc (Fonseca et al., 2007; Kawaguchi et al.,
2009). However, some studies suggest that the −945C/G polymor-
phism in the CTGF promoter has no associationwith the SSc susceptibil-
ity (Gourh et al., 2008; Granel et al., 2010; Louthrenoo et al., 2011;
Rueda et al., 2009). Therefore, we conducted a meta-analysis to assess
the effect of the −945C/G polymorphism in the CTGF gene on the risk
of SSc.

2. Materials and methods

2.1. Publication search

PubMed was searched using the search terms ‘CTGF or CCN2’,
‘polymorphism’ and ‘systemic sclerosis’ or ‘SSc’ (the last search up-
date was on Jan 18, 2012). Case–control studies containing available
genotype frequencies of −945C/G were chosen. Additional studies
were identified by a manual search of the references of original stud-
ies. Of the studies with overlapping data published by the same inves-
tigators, only the most recent or complete study was included in this
meta-analysis.

2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) to validate the association between theCTGF−
945C/G promoter polymorphism and systemic sclerosis; (2) usage
of a case–control, cohort design; (3) enough data were calculated to
estimate the odds ratio (OR) and 95% confidence interval (CI). Major
exclusion criteria as: (1) no control subjects; (2) there were insufficient
data to estimate the relative risk (OR); (3) no usable genotype distribu-
tion or allele frequency data.

2.3. Statistical analysis

For control group of each study, the observed genotype frequencies
of the −945C/G polymorphism in the CTGF gene were assessed for
Hardy Weinberg‐Equilibrium (HWE) using the χ2 test. The strength of

Fig. 1. Flowchart of the study selection procedure.
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