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      Scleroderma or systemic sclerosis (SSc) is a com-
plex systemic autoimmune disease characterized 

by prominent immunologic, vascular, and fi brotic 
features. Although the pathogenesis of SSc remains 
incompletely understood, a combination of genetic 
risk factors and environmental exposures is impli-
cated in triggering the development of tissue injury 
and damage.  1,2   Lung involvement is estimated to occur 
in  .  80% of patients with SSc.  3   The most com mon 
forms of lung involvement are interstitial pneumo nia 
(IP) and pulmonary vascular disease (pulmonary arte-

rial hypertension). Scleroderma-associated interstitial 
pneumonia (SSc-IP) is primarily a fi brosing intersti-
tial lung disease that is associated with the histologic 
patterns of nonspecifi c interstitial pneumonia (NSIP) 
or usual interstitial pneumonia (UIP) and has clinical 
and radiologic similarities to idiopathic interstitial 
pneumonia (IIP). However, in contrast to IIP, SSc-IP 
is more commonly NSIP, whereas a UIP histologic 
pattern is less frequent.  4   Furthermore, the prognosis 
of patients with SSc with IP is generally better than 
that of patients with idiopathic pulmonary fi brosis, 
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 Materials and Methods 

 Study Population 

 This study population consisted of 333 subjects with SSc seen 
at the Northwestern Scleroderma Program and enrolled in the 
NUgene Project, each of whom was classifi ed based on criteria 
proposed by LeRoy et al.  21   Subjects underwent a full evaluation, 
including pulmonary function tests (PFTs) and HRCT scan of the 
chest. HRCT imaging was available for 231 study subjects (69%), 
and standardized PFTs were available for 221 (66%). HRCT scans 
were reviewed by two of the study authors (J. V. and M. P. S.) and 
FVC was measured using standard methods.  22   For the purposes 
of the primary analysis, we defi ned IP based on HRCT imaging as 
presence of reticular infi ltrates and/or honeycomb cysts, regard-
less of PFTs or other radiologic features. Exclusion criteria included 
signifi cant exposure to known fi brogenic agents or an alternative 
cause for IP. Clinical and demographic characteristics of the sub-
jects are summarized in  Table 1  . The samples in this study were 
obtained with the approval of the Northwestern University Insti-
tutional Review Board   (IRB#STU00010003). 

 Genotyping Assay and Statistical Analysis 

 Taqman Genotyping Assays (Applied Biosystems) were used 
to evaluate the MUC5B promoter SNP, as has been described 
previously  .  19    x  2  Exact tests were computed to evaluate Hardy-
Weinberg equilibrium among scleroderma cases. A goodness-of-
fi t  x  2  statistic was used to test for allelic association between the 
 MUC5B  minor allele and IP (honeycombing and/or reticulation). 
Student  t  test was used to test for an association between  MUC5B  
carrier status and measures of pulmonary function. 

 Results 

 Subjects with and without IP had similar demo-
graphic characteristics in terms of sex, age, and smok-
ing status ( Table 1 ). However, subjects with IP were 
signifi cantly less likely to have anticentromere anti-
bodies ( P   5  .0004), as has been previously reported 
by Kane et al.  14   The  MUC5B  SNP showed no evidence 
of a departure from Hardy-Weinberg equilibrium 
among those with IP ( P   5  .33) or without IP ( P   5  .60). 
We examined the minor allele frequency of the  MUC5B  
minor allele among subjects with SSc with IP and with-
out IP. We found no association between IP and the 
 MUC5B  polymorphism among subjects with sclero-
derma (OR  5  1.1,  P   5  .80). The frequencies of the 
 MUC5B  polymorphism among subjects with SSc with 
and without IP (10.6%, 9.4%) were similar to the fre-
quency of the polymorphism that was previously 
reported in a population of unaffected control sub-
jects (9.0%).  19   In secondary analyses, we examined 
the distribution of FVC and diffusing capacity of the 
lung for carbon monoxide (D lco ) values among 
subjects with one or more copies of the  MUC5B  poly-
morphism and subjects with no copies of the poly-
morphism ( Figs 1A, 1B ).  The  MUC5B  polymorphism 
was not signifi cantly associated with either FVC 
( P   5  .42) or D lco  ( P   5  .06). Finally, we tested for asso-
ciation using a more stringent phenotype defi nition, 

the most com mon form of IIP.  5   These observations 
raise questions regarding shared and distinct etiologic 
and pathologic events underlying the development of 
lung fi brosis in its idiopathic and SSc-associated forms. 

 High-resolution CT (HRCT) scan features of SSc-IP 
include ground-glass opacities, reticulations, subpleu-
ral crescent of increased densities, traction bronchi-
ectasis, and occasionally fi ne honeycomb airspace 
disease. Risk factors for SSc-IP include higher crea-
tine phosphokinase levels, hypothyroidism, and car-
diac involvement.  6   Although the sensitivity is low and 
predictive value is uncertain, antitopoisomerase I (also 
known as anti-Scl-70), anti-U3 ribonucleoprotein 
(RNP), anti-U11/U12 RNP, anti-Th/To, and antihis-
tone autoantibodies have also been associated with 
an increased risk of SSc-IP.  7-13   In contrast, SSc-IP is 
less common in patients with anticentromere anti-
bodies.  14   Although some studies have identifi ed genes 
that increase the risk of SSc-IP, it remains diffi cult to 
predict who will develop IP among patients with 
scleroderma.  15-18   

 We have recently discovered a common variant in 
the promoter region of the  MUC5B  gene (rs35705950) 
that has a profound effect on the risk of developing 
familial and sporadic forms of IIP in two indepen-
dent studies.  19,20   ORs for disease for subjects hetero-
zygous and homozygous for the minor allele of this 
 MUC5B  single-nucleotide polymorphism (SNP) were 
6.8 (95% CI, 3.9-12.0) and 20.8 (95% CI, 3.8-113.7) 
for familial ( P   5  1.2  3  10  2 15 ), and 9.0 (95% CI, 6.2-13.1) 
and 21.8 (95% CI, 5.1-93.5) for sporadic ( P   5  2.5  3  10  2 37 ) 
forms of IIP. Given the clinical, radiologic, and histo-
logic similarities between SSc-IP and the forms of IIP 
associated with the common variant in the  MUC5B  
promoter (rs35705950), we speculated that the  MUC5B  
promoter polymorphism increases the risk of devel-
oping SSc-IP. To pursue this hypothesis, we studied 
the frequency of the  MUC5B  promoter polymorphism 
(rs35705950) among subjects with scleroderma with 
and without IP. 
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mixture of classic UIP and NSIP fi ndings on HRCT 
scan, and often is associated with a stereotypic immune 
response (antitopoisomerase I, anti-U3 RNP, anti-
U11/U12 RNP, anti-Th/To, and antihistone autoanti-
bodies). Also, SSc-IP is observed more frequently 
in women and typically occurs in the third to fi fth 
decades of life, whereas idiopathic pulmonary fi brosis 
is more common in men, with a typical age of onset 
after the fi fth decade.  3,23-26   Thus, when considering 
the genetic factors that increase the risk of develop-
ing SSc-IP, it is not surprising that SSc-IP appears to 
be distinct from the idiopathic forms of IP. In fact, 
based on our fi ndings, we would predict that the 
immu nologic causes of IP do not involve the  MUC5B  
promoter polymorphism. Different genetic causes of 

comparing study subjects with scleroderma with 
FVC  �  70% and evidence of reticulation or honey-
combing on HRCT scan to subjects with SSc with 
FVC  .  70% and no evidence of reticulation or honey-
combing. The polymorphism was not associated with 
this more conservative defi nition of IP (OR  5  1.1, 
 P   5  .95). Subjects with one or more copies of the 
 MUC5B  polymorphism were similar to subjects with 
no copies of the polymorphism for evidence of IP on 
all PFTs and HRCT scan abnormalities ( Table 2  ). 

 Discussion 

 Our fi ndings indicate that scleroderma-associated 
IP is etiologically distinct from familial and sporadic 
forms of IIP. Although a variant in the promoter of 
 MUC5B  (rs35705950) is strongly associated with the 
development of familial and sporadic forms of IIP,  19,20   
our results indicate that this promoter variant is not 
more frequently observed in individuals with SSc-IP. 
This fi nding supports a model of etiologic heteroge-
neity between IIP and SSc-IP. This may refl ect etio-
logic heterogeneity between UIP and NSIP in general, 
since UIP was the primary form of IIP among cases 
in the study of IIP and  MUC5B ,  19   and previous studies 
have shown that the large majority of patients with 
SSc-IP have NSIP. It would be of interest for future 
studies to investigate the association of  MUC5B  with 
UIP vs NSIP in patients with SSc. 

 There are radiographic and histologic similarities 
between IIP and SSc-IP; both are progressive and 
often fatal. However, there are differences in these 
conditions to explain our results. In contrast to IIP, 
SSc-IP occurs more frequently in blacks  ,  6   involves a 

 Table 1— Characteristics of Subjects With SSc, With 
and Without IP on HRCT Scan  

Characteristic  IP No IP  P  Value

No. 109 122 …
Sex .62
 Female 88 (81) 104 (84)
 Male 21 (19) 18 (16)
Age at diagnosis, mean (SD), y 47.3 (26.9) 44.2 (21.2) .34
Smoking .29
 Never 69 (62) 65 (54)
 Former 36 (33) 50 (41)
 Current 4 (4) 7 (6)
Clinical subtype .61
 Limited cutaneous 60 (55) 73 (60)
 Diffuse cutaneous 46 (42) 47 (39)
Anticentromere antibodies  ,  .01
 Yes 9 (8) 31 (25)
 No 81 (74) 65 (53)
Anti-Scl-70 antibodies .07
 Yes 36 (33) 25 (20)
 No 67 (61) 84 (69)

Data are presented as No. (%) unless otherwise noted. HRCT  5  high-
resolution CT; IP  5  interstitial pneumonia; SSc  5  systemic sclerosis.

  Figure  1. A, Distribution of FVC by  MUC5B  carrier status ( P   5  .42). 
B, Distribution of D LCO  by  MUC5B  carrier status ( P   5  .06). 
D LCO   5  diffusing capacity of the lung for carbon monoxide.   
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SSc-IP vs IIP may lead to the apparent differences 
in pathogenesis. SSc-IP is a systemic disease that 
involves injury to lung endothelial cells, whereas IIP 
is nonsystemic and is characterized by injury to the 
alveolar epithelium. 

 We cannot exclude the possibility that expression 
of MUC5B is increased in SSc-IP as a consequence 
of scleroderma lung disease, as is observed in IIP.  19   
It is possible that although there was no evidence of 
the  MUC5B  promoter polymorphism infl uencing 
SSc-IP, other epigenetic-driven or transcriptional 
changes may affect  MUC5B  expression in subjects 
with SSc-IP. However, if MUC5B is important in 
SSc-IP, we would still expect to see some overrepre-
sentation of the  MUC5B  polymorphism among the 
subjects with SSc with IP. Since the frequencies of 
the  MUC5B  polymorphism were essentially the same 
among subjects with SSc with and without IP (10.6%, 
9.4%), this would suggest that  MUC5B  expression is 
not a factor in the development of SSc-associated IP. 
We also cannot exclude the possibility that our study 
was underpowered to detect an association with the 
MUC5B promoter polymorphism with a small effect. 
The availability of HRCT scans for study subjects 
limited the sample size for testing. With the allelic 
association test, we had approximately 60% power 
to detect association for an OR of 2.0. Evaluating 
 MUC5B  expression in lung biopsies from patients with 
SSc-IP might shed further light on this question. 
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 Table 2— HRCT Scan and PFT Results in Subjects With 
SSc by  MUC5B  Carrier Status  

Result MUC5B 1 MUC5B 2  P  Value

HRCT scan
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 Ground glass .60
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  Yes 17 (39) 83 (44)
PFT
 FVC % pred, mean (SD) 78.6 (15.8) 76.3 (20.2) .42
 D lco  % pred, mean (SD) 64.0 (19.4) 57.4 (21.1) .06

Data are presented as No. (%) unless otherwise noted. D lco   5   dif-
fusing capacity of the lung for carbon monoxide; PFT  5  pulmonary 
function test; pred  5  predicted. See Table 1 legend for expansion of 
other abbreviations.
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