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Introduction
Systemic sclerosis (SSc) is a chronic multisystem autoimmune 
disease that is characterized by autoimmunity, tissue fibrosis, 
and vasculopathy. Clinical and experimental investigations 
have suggested that genetic factors and environmental fac-
tors are relevant to the pathogenesis of SSc.1 Recently, various 
genetic studies have shown that candidate genes and single 
nucleotide polymorphisms (SNPs) may be risk factors for the 
development of SSc.2

Interstitial lung disease (ILD) is a life-threatening com-
plication and is one of the frequent causes of mortality in SSc, 
along with pulmonary arterial hypertension. The key patho-
genesis of SSc-ILD is thought to be initiated by a persistent 
injury to lung cells that induces profibrotic stimuli, which 
leads to fibroblast activation and myofibroblast transition. 
Lung injury results in the release of profibrotic mediators such 
as transforming growth factor β1 (TGF-β1) and connective 
tissue growth factor (CTGF); CTGF causes the additional 
recruitment of myofibroblasts and the overproduction and 
accumulation of extracellular matrix.3–5

Several studies show that an SNP in the CTGF gene  
plays a crucial role in SSc and SSc-ILD.6,7 CTGF is increased 
in the circulation, skin, and fibroblasts of patients with SSc. 
CTGF regulates the proliferation of fibroblasts and the 

production of extracellular matrix.8–10 Our aim in this review 
is to present the genetic susceptibility to SSc-ILD.

Genetics and SSc
The incidence of SSc is 1.5%–1.7% in people with a family 
history of SSc, while it is 0.026% in the general population. 
SSc is not inherited in a Mendelian fashion; however, having 
family members who have SSc or another autoimmune disease 
increases the relative risk. Having a sibling with SSc results in 
a 15- to 19-fold increased risk, and first-degree relatives have 
a 13- to 15-fold increased risk of having SSc compared with 
the general population.11

Observation studies among Caucasian and African-
American patients have suggested that African-Americans 
have a genetic tendency to develop SSc and also have a higher 
morbidity and mortality.12,13 Early genetic studies indicated 
that SSc was associated with the human leukocyte antigen 
(HLA) region.14 Moreover, many candidate gene studies 
have identified multiple novel polymorphisms that increase 
susceptibility to SSc. Explorative genetic association stud-
ies later discovered significant associations between SSc 
and SNPs within the immune regulatory genes, including 
STAT4,15–17 TNFSF4,18,19 TBX21,17 NLR family pyrin domain 
containing 1 (NLRP1),20 BLK,21–23 BANK1,24,25 CD247,26,27 
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PTPN22,28–30 IL23R,31,32 CD226,33 PLD4,34 and TLR2,35 
and the inflammatory genes, including IL1A,36 interleukin-1 
receptor-associated kinase 1 (IRAK1),37,38 interferon regulatory 
factor 5 (IRF5),39–41 TNFAIP3,42,43 CTGF,6,7 CXCL8,44  
and CCR6.45

Genome-wide association studies (GWASs) can be used 
for a comprehensive identification of novel loci. In 2010,  
a large GWAS reconfirmed the associations of SSc with  
HLA, IRF5, and STAT4 and identified CD247, IRF8, 
GRB10, and SOX5.26,46 Other GWASs in a French cohort 
recognized three new loci, namely, TNIP1, PSORS1C1,  
and RHOB, that were associated with SSc.47

Genetic Association in SSc-ILd
HLA-dependent genes. Associations among HLA 

alleles, susceptibility to SSc and specific autoantibodies, 
and clinical features of SSc have been identified. A study in 
Canada among Caucasian patients with SSc revealed that 
HLA-Cw*0602 is associated with patients with pulmonary 
fibrosis.48 In South Africans, DRB1*11 is associated with 
pulmonary fibrosis.49 Another study conducted in Japan sug-
gested that the HLA-DRB5*01:05 allele was a risk factor for 
ILD patients with SSc (Table 1).50

Non-HLA genes. As mentioned earlier, numerous genes 
have been identified as susceptibility loci for SSc. Some of 
them revealed an association with SSc-ILD. CTGF was sig-
nificantly associated with the presence of ILD, and the details 
are presented below. The CD226 gene encodes DNAX acces-
sory molecule-1, which is involved in the adhesion and acti-
vation of T-cells. The nonsynonymous CD226 rs763361 SNP 
(Gly307Ser) may affect the expression of the CD226 molecule. 
In European Caucasians, the rs763361 T allele was associated 
with a diffuse cutaneous SSc subtype (dcSSc), an antitopoi-
somerase I antibody, and SSc-ILD subsets.33 IRF5 is a cru-
cial component of type I IFN regulation. A large case–control 
study in French Caucasians discovered an association between 
the IRF5 rs2004640 T allele and SSc. Additional associations 
between T allele and fibrosing alveolitis were found.39

NLRP1 performs as an endogenous microbial product 
and a metabolic stress sensor and consequently activates the 
innate immune system in conjunction with inflammasomes. 
These cytoplasmic proteins promote the inflammatory cytok-
ines such as IL-1β, IL-18, and IL-33. IL-1β has been suggested 
to have an association with SSc fibroblasts. In European Cau-
casians, the NLRP1 rs8182352 variant was associated with 
antitopoisomerase I antibody and SSc-ILD.51

IRAK1, which is located on the X chromosome, regulates 
T-cell receptor signaling pathways and Toll-like receptor acti-
vation. A study in European Caucasians discovered the nota-
ble association between the IRAK1 rs1059702 TT genotype 
and dcSSc, the antitopoisomerase I antibody, and SSc-ILD.37 
Another study in five independent Caucasian cohorts showed 
that the association of IRAK1 rs1059702 with dcSSc was 
interpreted by the nearby SNP of MECP2 rs17435, but the 
association of IRAK1 rs1059702 with pulmonary fibrosis was 
still present.38

Matrix metalloproteinase-12 (MMP-12) is one of 
the proteins of the MMP family. An association between 
serum MMP-12 levels and severity of skin and pulmonary 
fibrosis and peripheral vascular damage in SSc patients has 
been reported.52 In an Italian cohort, a significant differ-
ence was observed in MMP12 rs2276109 genotype distri-
bution between patients with SSc and a control group. In 
particular, the homozygosity for the A allele was signifi-
cantly associated with dcSSc, antitopoisomerase I antibody, 
and ILD.53

Interleukin-1α (IL-1α) stimulates dermal fibroblasts 
to synthesize several types of cytokines and growth factors 
that activate fibroblasts to produce the extracellular matrix. 
It was shown that SSc fibroblasts constitutively produced 
high levels of pro-IL-1α.54 The association among three 
SNPs at positions −889, +4729, and +4845 of the IL1A gene 
and SSc in Japanese patients has been reported. The three 
SNPs were in linkage disequilibrium, and the CTG hap-
lotype frequency was significantly higher in patients with  
SSc than in healthy control subjects. The frequency of the 
diplotype CTG/CTG was significantly associated with 
SSc-ILD patients.36

Hepatocyte growth factor (HGF) is an antifibrotic factor 
and acts against the profibrotic actions of TGFβ. However, 
SSc patients have high levels of HGF in circulation. These 
findings suggest that increased HGF levels are insufficient to 
inhibit fibrotic progression.55 In Japanese patients, the distri-
bution of HGF rs3735520 SNP was not significantly different 
between patients with SSc and healthy controls. However, the 
SNP was significantly associated with patients with end-stage 
lung disease.56

Pulmonary surfactant protein B (SP-B) acts as a pro-
tective substance against lung injury. A study in Japanese 
patients showed that the frequency of the TT genotype in the 
SFTPB rs1130866 was not different between SSc patients and  
healthy controls but was significantly lower in patients with 
SSc-ILD than in those without ILD. This result suggested that 
the TT genotype in SP-B was associated with a lower risk of  
SSc-ILD (Table 2).57

Gene Polymorphisms of ctGF Associated  
with SSc-ILd
CTGF was found to have increased expression in the circu-
lation, skin, and fibroblasts of patients with SSc. Moreover, 

Table 1. genetic association in ssc-ild: hla dependent genes.

hLA ALLELES PoPULATIoN REfERENCES

hla-C Cw*0602 Caucasian 48

hla-dr drB1*1102 south african 49

drB5*01:05 Japanese 50
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CTGF regulates proliferation of fibroblasts and production 
of extracellular matrix.8–10,58 Studies in the UK and Japan 
reported that an SNP in the promoter region of CTGF  
rs6918698 (−945C/G) was significantly associated with SSc.6,7

In a UK cohort study by Fonseca et al, the GG geno-
type of CTGF rs6918698 was significantly more common in 
patients with SSc than in control subjects. The study showed 
a notable association between the GG genotype and the pres-
ence of antitopoisomerase I and anticentromere antibodies. 
Additionally, a logistic regression analysis was performed 
among the clinical phenotypes, which revealed a significant 
association between the G allele and fibrosing alveolitis. The 
study also showed that the presence of C allele at position 
−945 is critical for transcriptional suppression of the CTGF 
gene through Sp3 binding. The result of this suppression 
would reduce CTGF production. A previous study reported 
that Sp1 often acts as a stronger activator than Sp3 and that 
Sp3 also often acts as a repressor in the CTGF promoter. 
Fonseca et al showed that the ratio of Sp1 to Sp3 binding 
in lung fibroblasts was approximately three times as high 
for GG homozygote cells as for CC homozygote, a finding 
that was in agreement with higher transcriptional activity 
from the G allele. Moreover, they showed that SSc fibro-
blasts had a generally higher ratio of Sp1 to Sp3 binding than 
control cells. This functional explanation would be reason-
able for the observation that the G allele is associated with 
SSc. CTGF is constitutively overexpressed by fibroblasts 
in fibrotic skin lesions as well as in lung fibroblasts of SSc 
patients.59 Furthermore, higher levels of CTGF are seen in 
bronchoalveolar lavage fluid from active SSc-ILD patients.58 
Such a functional explanation would be in agreement with 

the observation that the G allele is associated with SSc-ILD. 
Therefore, increased CTGF expression is comprehensible in 
the observation of functional analysis.6

A study in a Japanese cohort by Kawaguchi et al con-
firmed the association between the frequency of the G allele 
in CTGF rs6918698 and the susceptibility to SSc. The study 
also confirmed a significant association between the frequency 
of the G allele and the presence of dcSSc, ILD, and antitopoi-
somerase I antibody in SSc. However, the authors did not 
indicate any association between the SNP and the presence of 
an anticentromere antibody in SSc. They discovered a signifi-
cant association between the G allele and the GG genotype 
and patients with limited cutaneous SSc and ILD. There-
fore, these observations suggest that the G allele and the GG 
 genotype of CTGF rs6918698 may be susceptible to SSc-ILD, 
independent of skin fibrosis.7

A replication study of the CTGF gene in 1311 North 
American patients (white Americans, African-Americans, 
and Hispanic Americans) did not validate susceptibility to 
any form of SSc.60 A multicenter study in seven indepen-
dent case–control sets, including Spanish, Dutch, German, 
French, British, Swedish, and North American groups, also 
failed to confirm an association between SNP and SSc.61 Two 
other replication studies in France and Thailand also could 
not confirm this association.62,63 Zhang et al performed a 
meta-analysis of six published case–control studies includ-
ing 3335 cases and 3589 controls. The study showed that 
the CC and CG genotypes of CTGF rs6918698 in Asians 
were significantly associated with a reduced SSc risk. In con-
trast, no association was revealed in Caucasians or the over-
all population. This meta-analysis did not assess any clinical 

Table 2. genetic association in ssc-ild: non-hla genes.

GENE SNP RISk ALLELE/ 
GENoTYPE/DIPLoTYPE

PoPULATIoN N (SSc-ILD,  
CoNTRoL)

oR (95%CI) REfERENCES

CtgF rs6918698 gg genotype uK Caucasian 207, 500 3.1 (1.9–5.0) 6

g allele Japanese 188, 269 2.0 (1.5–2.6) 7

Cd226 rs763361 t allele european Caucasian 662, 1642 1.27 (1.12–1.45) 33

irF5 rs2004640 t allele French Caucasian 280, 730 1.44 (1.19–1.76) 39

nlrp1 rs8182352 CC genotype european Caucasian 674, 1587* 1.43 (1.10–1.84) 20

iraK1 rs1059702 tt genotype european Caucasian 604, 2217 2.09 (1.35–3.24) 37

t allele Caucasian 461, 2043 1.30 (1.07–1.58) 38

MMp12 rs2276109 aa genotype italian Caucasian 74, 176* 2.94 (1.25–6.95) 51

il1a rs1800587 
(−889C/t)

Ctg/Ctg diplotype Japanese 42, 70 – 36

rs2856841 
(+4729t/C)

Japanese

rs17561 
(+4845g/t)

Japanese

hgF rs3735520 tt genotype Japanese 17**, 126*** 8.1 (2.5–26.0) 55

sFtpB rs1130866 tt genotype Japanese 79, 48* 0.13 (0.03–0.64) 56

notes: *ssc without ild, **ssc with end-stage lung disease (esld), ***ssc without esld. 
Abbreviation: 95%CI, 95% confidence interval.
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phenotypes or antibodies because some of the studies lacked 
detailed data.64

Discrepancies in the genetic association studies of differ-
ent races have been reported.65–67 One of the possible expla-
nations for this discrepancy between Asians and Caucasians 
could be a result of different gene–environment interactions 
among populations. A second explanation might be because 
of the linkage disequilibrium or correlation with a different 
SNP. The French study by Granel et al showed that CTGF 
rs6918698 was not correlated with another SNP (rs9399005). 
However, in the HapMap reference populations, the two 
markers were correlated.62 Thus, these genetic and environ-
mental factors affect the susceptibility to SSc and complicate 
these replication analyses (Table 3).

The difference of Susceptible Genes Among  
SSc-ILd and Idiopathic Pulmonary Fibrosis
Genetic factors contribute to the susceptibility of idiopathic 
pulmonary fibrosis (IPF) also. In familial IPF cases, strong 
associations have been identified with rare mutations in the 
surfactant protein A or C genes. Several reports revealed that 
the genetic variants in the genes within the human telo merase 
components are associated with familial and sporadic IPF. 
These mutations result in telomere shortening and a conse-
quent apoptosis of cells, including the alveolar epithelial 
cells. Recently, two GWASs reported that a common SNP 
of the MUC5B gene, which encodes airway epithelial mucin 
glycoprotein, is associated with the risk of IPF. These stud-
ies also identified other IPF-associated loci, including the  
Toll-interacting protein (TOLLIP), which negatively interacts 
with Toll-like receptor signaling. The MUC5B promoter and 
TOLLIP variants have been related to survival in IPF.

Interestingly, except HLA, none of the known genetic 
variants, including the MUC5B gene linked to IPF, have been 
associated with SSc-ILD.68,69

This discrepancy between SSc-ILD and IPF may be 
explained by the difference of the prominent pattern of the 
radiological and pathological patterns. The prominent pat-
tern is nonspecific interstitial pneumonia in SSc-ILD. On the 
other hand, usual interstitial pneumonia is predominant in 

IPF. These findings suggest that the pathogenesis of SSc-ILD 
is different from IPF.

conclusions
The pathogenesis of SSc is not fully understood. In this 
article, we reviewed the genetic association with SSc-ILD, 
especially the SNP in the CTGF gene that is involved in 
the development of SSc and SSc-ILD. SSc-ILD does not 
have an effective treatment and results in increased mortal-
ity in patients with SSc. Investigation of the pathogenesis, 
including genetic analysis, may result in the development of 
a novel therapy.

Author contributions
Conceived and designed the experiments: AT, YK, HY. Ana-
lyzed the data: AT, YK. Wrote the first draft of the manu-
script: AT. Contributed to the writing of the manuscript: AT, 
YK. Agree with manuscript results and conclusions: AT, YK, 
HY. Jointly developed the structure and arguments for the 
paper: AT, YK, HY. Made critical revisions and approved 
final version: AT, YK, HY. All authors reviewed and approved 
of the final manuscript.

reFereNceS
 1. Tan FK. Systemic sclerosis: the susceptible host (genetics and environment). 

Rheum Dis Clin North Am. 2003;29(2):211–37.
 2. Broen JC, Radstake TR, Rossato M. The role of genetics and epigenetics in the 

pathogenesis of systemic sclerosis. Nat Rev Rheumatol. 2014;10:671–81.
 3. Wei J, Bhattacharyya S, Tourtellotte WG, Varga J. Fibrosis in systemic sclero-

sis: emerging concepts and implications for targeted therapy. Autoimmun Rev. 
2011;10:267–75.

 4. Solomon JJ, Olson AL, Fischer A, Bull T, Brown KK, Raghu G. Scleroderma 
lung disease. Eur Respir Rev. 2013;22:6–19.

 5. Herzog EL, Mathur A, Tager AM, Feghali-Bostwick C, Schneider F, Varga J.  
Review: interstitial lung disease associated with systemic sclerosis and idiopathic pul-
monary fibrosis: how similar and distinct? Arthritis Rheumatol. 2014;66(8):1967–78.

 6. Fonseca C, Lindahl GE, Ponticos M, et al. A polymorphism in the CTGF promoter 
region associated with systemic sclerosis. N Engl J Med. 2007;357:1210–20.

 7. Kawaguchi Y, Ota Y, Kawamoto M, et al. Association study of a polymorphism 
of the CTGF gene and susceptibility to systemic sclerosis in the Japanese popula-
tion. Ann Rheum Dis. 2009;68(12):1921–4.

 8. Sato S, Nagaoka T, Hasegawa M, et al. Serum levels of connective tissue growth 
factor are elevated in patients with systemic sclerosis: association with extent of skin 
sclerosis and severity of pulmonary fibrosis. J Rheumatol. 2000;27(1):149–54.

 9. Igarashi A, Nashiro K, Kikuchi K, et al. Significant correlation between connec-
tive tissue growth factor gene expression and skin sclerosis in tissue sections from 
patients with systemic sclerosis. J Invest Dermatol. 1995;105(2):280–4.

Table 3. summary of studies on association of the CTGF rs6918698 polymorphism with ssc.

AUThoR PUbLICATIoN 
YEAR

PoPULATIoN N (SSc, CoNTRoL) oR (95%CI) P vALUE REfERENCES

Fonseca 2007 Caucasian 500, 500 2.2 (1.5–3.2) ,0.001 6

gourth 2008 Caucasian, african american, 
hispanic american

994, 668 1.02 (0.9–1.2) 0.83 59

Kawaguchi 2009 asian (Japanese) 395, 269 1.5 (1.2–1.9) 0.002 7

rueda 2009 Caucasian 1180, 1784 1.12 (0.99–1.25) 0.06 60

granel 2010 Caucasian 241, 269 n.d. 0.61 61

louthrenoo 2011 asian (thai) 50, 99 n.d. 0.6 62

Note: n.d., not determined. 
Abbreviation: 95%CI, 95% confidence interval.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-circulatory-respiratory-and-pulmonary-journal-j44


Genetics and interstitial lung disease

139CliniCal MediCine insights: CirCulatory, respiratory and pulMonary MediCine 2015:9(s1)

 10. Xiao R, Liu FY, Luo JY, et al. Effect of small interfering RNA on the expression 
of connective tissue growth factor and type I and III collagen in skin fibroblasts 
of patients with systemic sclerosis. Br J Dermatol. 2006;155(6):1145–53.

 11. Arnett FC, Cho M, Chatterjee S, Aguilar MB, Reveille JD, Mayes MD. Famil-
ial occurrence frequencies and relative risks for systemic sclerosis (scleroderma) 
in three United States cohorts. Arthritis Rheum. 2001;44(6):1359–62.

 12. Steen V, Domsic RT, Lucas M, Fertig N, Medsger TA Jr. A clinical and serologic 
comparison of African American and Caucasian patients with systemic sclerosis. 
Arthritis Rheum. 2012;64(9):2986–94.

 13. Laing TJ, Gillespie BW, Toth MB, et al. Racial differences in scleroderma 
among women in Michigan. Arthritis Rheum. 1997;40(4):734–42.

 14. Hughes P, Gelsthorpe K, Doughty RW, Rowell NR, Rosenthal FD, Sneddon IB.  
The association of HLA-B8 with visceral disease in systemic sclerosis. Clin Exp 
Immunol. 1978;31(3):351–6.

 15. Rueda B, Broen J, Simeon C, et al. The STAT4 gene influences the genetic predis-
position to systemic sclerosis phenotype. Hum Mol Genet. 2009;18(11):2071–7.

 16. Dieude P, Guedj M, Wipff J, et al. STAT4 is a genetic risk factor for systemic 
sclerosis having additive effects with IRF5 on disease susceptibility and related 
pulmonary fibrosis. Arthritis Rheum. 2009;60(8):2472–9.

 17. Gourh P, Agarwal SK, Divecha D, et al. Polymorphisms in TBX21 and 
STAT4 increase the risk of systemic sclerosis: evidence of possible gene-gene interac-
tion and alterations in Th1/Th2 cytokines. Arthritis Rheum. 2009;60(12):3794–806.

 18. Gourh P, Arnett FC, Tan FK, et al. Association of TNFSF4 (OX40 L) polymor-
phisms with susceptibility to systemic sclerosis. Ann Rheum Dis. 2010;69(3):550–5.

 19. Bossini-Castillo L, Broen JC, Simeon CP, et al. A replication study confirms 
the association of TNFSF4 (OX40L) polymorphisms with systemic sclerosis in a 
large European cohort. Ann Rheum Dis. 2011;70(4):638–41.

 20. Dieudé P, Guedj M, Wipff J, et al. NLRP1 influences the systemic sclero-
sis phenotype: a new clue for the contribution of innate immunity in systemic 
sclerosis-related fibrosing alveolitis pathogenesis. Ann Rheum Dis. 2011;70(4): 
668–74.

 21. Gourh P, Agarwal SK, Martin E, et al. Association of the C8orf13-BLK region 
with systemic sclerosis in North-American and European populations. J Autoim-
mun. 2010;34(2):155–62.

 22. Ito I, Kawaguchi Y, Kawasaki A, et al. Association of the FAM167A-BLK region 
with systemic sclerosis. Arthritis Rheum. 2010;62(3):890–5.

 23. Coustet B, Dieudé P, Guedj M, et al. C8orf13-BLK is a genetic risk locus for sys-
temic sclerosis and has additive effects with BANK1: results from a large french 
cohort and meta-analysis. Arthritis Rheum. 2011;63(7):2091–6.

 24. Dieudé P, Wipff J, Guedj M, et al. BANK1 is a genetic risk factor for diffuse 
cutaneous systemic sclerosis and has additive effects with IRF5 and STAT4. 
Arthritis Rheum. 2009;60(11):3447–54.

 25. Rueda B, Gourh P, Broen J, et al. BANK1 functional variants are associated 
with susceptibility to diffuse systemic sclerosis in Caucasians. Ann Rheum Dis. 
2010;69(4):700–5.

 26. Radstake TR, Gorlova O, Rueda B, et al. Genome-wide association study of 
systemic sclerosis identifies CD247 as a new susceptibility locus. Nat Genet. 
2010;42(5):426–9.

 27. Dieudé P, Boileau C, Guedj M, et al. Independent replication establishes the 
CD247 gene as a genetic systemic sclerosis susceptibility factor. Ann Rheum Dis. 
2011;70(9):1695–6.

 28. Gourh P, Tan FK, Assassi S, et al. Association of the PTPN22 R620W polymor-
phism with anti-topoisomerase I- and anticentromere antibody-positive systemic 
sclerosis. Arthritis Rheum. 2006;54(12):3945–53.

 29. Dieudé P, Guedj M, Wipff J, et al. The PTPN22 620W allele confers suscep-
tibility to systemic sclerosis: findings of a large case-control study of European 
Caucasians and a meta-analysis. Arthritis Rheum. 2008;58(7):2183–8.

 30. Diaz-Gallo LM, Gourh P, Broen J, et al. Analysis of the influence of PTPN22 
gene polymorphisms in systemic sclerosis. Ann Rheum Dis. 2011;70(3):454–62.

 31. Rueda B, Broen J, Torres O, et al. The interleukin 23 receptor gene does not con-
fer risk to systemic sclerosis and is not associated with systemic sclerosis disease 
phenotype. Ann Rheum Dis. 2009;68(2):253–6.

 32. Agarwal SK, Gourh P, Shete S, et al. Association of interleukin 23 receptor poly-
morphisms with anti-topoisomerase-I positivity and pulmonary hypertension in 
systemic sclerosis. J Rheumatol. 2009;36(12):2715–23.

 33. Dieudé P, Guedj M, Truchetet ME, et al. Association of the CD226 Ser(307) 
variant with systemic sclerosis: evidence of a contribution of costimulation path-
ways in systemic sclerosis pathogenesis. Arthritis Rheum. 2011;63(4):1097–105.

 34. Terao C, Ohmura K, Kawaguchi Y, et al. PLD4 as a novel susceptibility gene 
for systemic sclerosis in a Japanese population. Arthritis Rheum. 2013;65(2): 
472–80.

 35. Broen JC, Bossini-Castillo L, van Bon L, et al; Spanish Systemic Sclerosis 
Group. A rare polymorphism in the gene for Toll-like receptor 2 is associated 
with systemic sclerosis phenotype and increases the production of inflammatory 
mediators. Arthritis Rheum. 2012;64(1):264–71.

 36. Kawaguchi Y, Tochimoto A, Ichikawa N, et al. Association of IL1A gene poly-
morphisms with susceptibility to and severity of systemic sclerosis in the Japanese 
population. Arthritis Rheum. 2003;48(1):186–92.

 37. Dieude P, Bouaziz M, Guedj M, et al. Evidence of the contribution of the X 
chromosome to systemic sclerosis susceptibility: association with the functional 
IRAK1 196Phe/532Ser haplotype. Arthritis Rheum. 2011;63(12):3979–87.

 38. Carmona FD, Cénit MC, Diaz-Gallo LM, et al; Spanish Scleroderma Group. 
New insight on the Xq28 association with systemic sclerosis. Ann Rheum Dis. 
2013;72(12):2032–8.

 39. Dieudé P, Guedj M, Wipff J, et al. Association between the IRF5 rs2004640 
functional polymorphism and systemic sclerosis: a new perspective for pulmo-
nary fibrosis. Arthritis Rheum. 2009;60(1):225–33.

 40. Dieude P, Dawidowicz K, Guedj M, et al. Phenotype-haplotype correlation of 
IRF5 in systemic sclerosis: role of 2 haplotypes in disease severity. J Rheumatol. 
2010;37(5):987–92.

 41. Ito I, Kawaguchi Y, Kawasaki A, et al. Association of a functional polymorphism 
in the IRF5 region with systemic sclerosis in a Japanese population. Arthritis 
Rheum. 2009;60(6):1845–50.

 42. Dieudé P, Guedj M, Wipff J, et al. Association of the TNFAIP3 rs5029939 vari-
ant with systemic sclerosis in the European Caucasian population. Ann Rheum 
Dis. 2010;69(11):1958–64.

 43. Koumakis E, Giraud M, Dieudé P, et al. Brief report: candidate gene study 
in systemic sclerosis identifies a rare and functional variant of the TNFAIP3 
locus as a risk factor for polyautoimmunity. Arthritis Rheum. 2012;64(8): 
2746–52.

 44. Salim PH, Jobim M, Bredemeier M, et al. Combined effects of CXCL8 and 
CXCR2 gene polymorphisms on susceptibility to systemic sclerosis. Cytokine. 
2012;60(2):473–7.

 45. Koumakis E, Bouaziz M, Dieudé P, et al. A regulatory variant in CCR6 is 
associated with susceptibility to antitopoisomerase-positive systemic sclerosis. 
Arthritis Rheum. 2013;65(12):3202–8.

 46. Gorlova O, Martin JE, Rueda B, et al. Identification of novel genetic markers 
associated with clinical phenotypes of systemic sclerosis through a genome-wide 
association strategy. PLoS Genet. 2011;7(7):e1002178.

 47. Allanore Y, Saad M, Dieudé P, et al. Genome-wide scan identifies TNIP1, 
PSORS1C1, and RHOB as novel risk loci for systemic sclerosis. PLoS Genet. 
2011;7(7):e1002091.

 48. Gladman DD, Kung TN, Siannis F, Pellett F, Farewell VT, Lee P. HLA mark-
ers for susceptibility and expression in scleroderma. J Rheumatol. 2005;32(8): 
1481–7.

 49. Tikly M, Rands A, McHugh N, Wordsworth P, Welsh K. Human leukocyte 
antigen class II associations with systemic sclerosis in South Africans. Tissue 
Antigens. 2004;63(5):487–90.

 50. Odani T, Yasuda S, Ota Y, et al. Up-regulated expression of HLA-DRB5 
transcripts and high frequency of the HLA-DRB5*01:05 allele in scleroderma 
patients with interstitial lung disease. Rheumatology (Oxford). 2012;51(10): 
1765–74.

 51. Dieude P, Guedj M, Wipff J, et al. NLRP1 influences the systemic sclerosis pheno-
type: a new clue for the contribution of innate immunity in systemic sclerosis-
related fibrosing alveolitis pathogenesis. Ann Rheum Dis. 2011;70:668–74.

 52. Manetti M, Guiducci S, Romano E, et al. Increased serum levels and tissue 
expression of matrix metalloproteinase-12 in patients with systemic sclerosis: 
correlation with severity of skin and pulmonary fibrosis and vascular damage. 
Ann Rheum Dis. 2012;71(6):1064–72.

 53. Manetti M, Ibba-Manneschi L, Fatini C, et al. Association of a functional poly-
morphism in the matrix metalloproteinase-12 promoter region with systemic 
sclerosis in an Italian population. J Rheumatol. 2010;37(9):1852–7.

 54. Kawaguchi Y. IL-1 alpha gene expression and protein production by fibroblasts 
from patients with systemic sclerosis. Clin Exp Immunol. 1994;97(3):445–50.

 55. Kawaguchi Y, Harigai M, Fukasawa C, Hara M. Increased levels of hepato-
cyte growth factor in sera of patients with systemic sclerosis. J Rheumatol. 
1999;26(4):1012–3.

 56. Hoshino K, Satoh T, Kawaguchi Y, Kuwana M. Association of hepatocyte 
growth factor promoter polymorphism with severity of interstitial lung dis-
ease in Japanese patients with systemic sclerosis. Arthritis Rheum. 2011;63(8): 
2465–72.

 57. Sumita Y, Sugiura T, Kawaguchi Y, et al. Genetic polymorphisms in the sur-
factant proteins in systemic sclerosis in Japanese: T/T genotype at 1580 C/T 
(Thr131Ile) in the SP-B gene reduces the risk of interstitial lung disease. Rheu-
matology (Oxford). 2008;47(3):289–91.

 58. Bogatkevich GS, Ludwicka-Bradley A, Highland KB, et al. Down-regulation of 
collagen and connective tissue growth factor expression with hepatocyte growth 
factor in lung fibroblasts from white scleroderma patients via two signaling path-
ways. Arthritis Rheum. 2007;56(10):3468–77.

 59. Bogatkevich GS, Ludwicka-Bradley A, Nietert PJ, et al. Tissue Repair, Contrac-
tion and Myofibroblast. Berlin: Springer; 2006.

 60. Gourh P, Mayes MD, Arnett FC. CTGF polymorphism associated with sys-
temic sclerosis. N Engl J Med. 2008;358(3):308–9. [author reply 309].

 61. Rueda B, Simeon C, Hesselstrand R, et al. A large multicentre analysis of CTGF 
-945 promoter polymorphism does not confirm association with systemic sclero-
sis susceptibility or phenotype. Ann Rheum Dis. 2009;68(10):1618–20.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-circulatory-respiratory-and-pulmonary-journal-j44


Tochimoto and Kawaguchi

140 CliniCal MediCine insights: CirCulatory, respiratory and pulMonary MediCine 2015:9(s1)

 62. Granel B, Argiro L, Hachulla E, et al. Association between a CTGF gene poly-
morphism and systemic sclerosis in a French population. J Rheumatol. 2010;37: 
351–8.

 63. Louthrenoo W, Kasitanon N, Wichainun R, et al. Lack of CTGF*-945C/G dimor-
phism in Thai patients with systemic sclerosis. Open Rheumatol J. 2011;5:59–63.

 64. Zhang X, Nie S, Si X, Luo Y, Tang W. Association between the CTGF -945C/G 
polymorphism and systemic sclerosis: a meta-analysis. Gene. 2012;509(1):1–6.

 65. Wipff J, Allanore Y, Kahan A, et al. Lack of association between the protein 
tyrosine phosphatase non-receptor 22 (PTPN22)*620 W allele and systemic scle-
rosis in the French Caucasian population. Ann Rheum Dis. 2006;65(9):1230–2.

 66. Zhou X, Tan FK, Reveille JD, et al. Association of novel polymorphisms with 
the expression of SPARC in normal fibroblasts and with susceptibility to sclero-
derma. Arthritis Rheum. 2002;46(11):2990–9.

 67. Lagan AL, Pantelidis P, Renzoni EA, et al. Single-nucleotide polymorphisms in 
the SPARC gene are not associated with susceptibility to scleroderma. Rheuma-
tology (Oxford). 2005;44(2):197–201.

 68. Raghu G, Collard HR, Egan JJ, et al; ATS/ERS/JRS/ALAT Committee on 
Idiopathic Pulmonary Fibrosis. An official ATS/ERS/JRS/ALAT statement: 
idiopathic pulmonary fibrosis: evidence-based guidelines for diagnosis and man-
agement. Am J Respir Crit Care Med. 2011;183(6):788–824.

 69. Blackwell TS, Tager AM, Borok Z, et al. Future directions in idiopathic pulmo-
nary fibrosis research. An NHLBI workshop report. Am J Respir Crit Care Med. 
2014;189(2):214–22.

http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-circulatory-respiratory-and-pulmonary-journal-j44

