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Summary

Systemic sclerosis (SSc) is an autoimmune condi-
tion characterized by tissue fibrosis of the skin and
internal organs. A significant subgroup of SSc pa-
tients develops progressive interstitial lung disease
(ILD) leading to pulmonary fibrosis similar to IPF (id-
iopathic pulmonary fibrosis). Gastro-esophageal re-
flux (GER) has been suggested as a driving factor in
the pathogenesis of both SSc-ILD and IPF. The
esophagus is affected in 50-82% of patients with
SSc. Gastric reflux may be liquid, gaseous, or par-
ticulate; acid or nonacid; distal (localized to the dis-
tal oesophagus) or proximal (reaching the proximal
oesophagus and pharynx). Reflux to the proximal
oesophagus, which is intuitively linked to mi-
croaspiration into the lungs, appears to be quite
common in patients with ILD-SSc and IPF. Impor-
tantly, a significant proportion of GER reflux is
asymptomatic.

Concentration of pepsin and bile acids in broncho-
alveolar lavage (BAL) and exhaled breath conden-
sate (EBC) have been investigated as biomarkers
of microaspiration in various respiratory diseases.
The confirmation of a causative link of microaspi-
ration in the genesis and progression of lung fibro-
sis would have a major impact in the management
of ILD-SSc patients. It is likely that proteases such
as pepsin, and not the acidity, are the primary tar-
get for future therapies. Potent inhibitors specific
for proteases, e.g. pepstatin, are available and
have been tested in phase-lll clinical trials.
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Introduction

Systemic sclerosis (SSc) is an autoimmune condition
characterized by tissue fibrosis of the skin and internal
organs. Progressive interstitial lung disease (ILD) oc-
curs in a significant sub-
group of patients, and is
now the main cause of
death in SSc. Pathogenetic
pathways believed to be in-
volved in SSc-ILD are com-
plex and include endothelial
cell injury, inflammatory/immune activation and dysreg-
ulated fibroblast homeostasis (1). We have recently
shown that a marker of epithelial cell permeability,
such as inhaled technetium-99m-labelled diethylene
triamine pentacetate (DTPA) clearance, is a strong
predictor of lung function decline in SSc-ILD, even
when lung disease severity is taken into account (2).
Serum KL-6 (Krebs von den Lungen 6), a mucin-like
glycoprotein expressed by type Il pneumocytes (3), is
also a marker of epithelial cell damage, upregulated in
SSc-ILD and in other ILDs. In SSc-ILD, serum KL-6 is
correlated with ILD presence, severity and activity (4-
8). The finding of a tight link between epithelial cells
markers and lung fibrosis suggests that damage to
alveolar epithelial cells is likely to play a fundamental
role, at least in a subset of patients. This highlights the
need to focus on potential noxious factors for the res-
piratory epithelium as potential drivers of the progres-
sion of lung fibrosis.

Gastro-esophageal reflux (GER) has been suggested
as a driving factor in the pathogenesis of both SSc-ILD
and idiopathic pulmonary fibrosis (IPF), the most fre-
quent idiopathic form of lung fibrosis, with many simi-
larities to SSc-ILD (9, 10). The esophagus is affected
in 50-82% of patients with SSc (11). Gastric reflux may

be liquid, gaseous, or partic-

ulate; acid or nonacid; distal / The finding of a tight \
(localized to the distal oe- | link between epithe-
sophagus) or proximal | lial cells markers and
(reaching the proximal oe- | lung fibrosis sug-
sophagus and pharynx) | gests thatdamage to
(12). Reflux to the proximal | alveolar epithelial
oesophagus, which is intu- | cellsis likely to play
itively linked to microaspira- | @ fundamental role,
tion into the lungs, appears | at least in a subset
to be quite common in pa- | Of patients with SSc-

tients with ILD-SSc and IPF \J-P-

GER has been sug-
gested as a driving

factor in the patho-
genesis of both SSc-
ILD and IPF.

Shortness of Breath 2014; 3 (2): 80-83



The role of gastro-esophageal reflux (GER) in systemic sclerosis and lung fibrosis

(13, 14). Importantly, a significant proportion of GER
reflux is asymptomatic (15).

The role of pepsin
Repeated episodes of microaspiration of gastric con-
tents secondary to GER could lead to alveolar epithelial
injury and subsequent fibrosis. The histopathological
characteristics of microaspiration-related changes have
been poorly studied. Bronchiolocentric organizing
pneumonia, foreign bodies,
intraluminal basophilic con-
tent have been described in
surgical lung biopsies of
ILD-SSc with possible mi-
croaspiration (16, 17). How-
ever, those histological fea-
tures probably represent a
small subgroup of ILD-SSc,
while the vast majority of
these patients show “pure” non specific interstitial
pneumonia (NSIP) histopathologic pattern and GER is
virtually present in all.
In addition to the well reported clinical association be-
tween GER in SSc and lung involvement (18-20), data
from animal models and in vitro analysis have provided a
biologic rationale supporting the role of microaspiration in
the genesis and/or progression of ILD. Pepsin and bile
acids have a citotoxic effect on epithelial cells and can in-
duce a pro-inflammatory response including expression
of cytokines and chemokines (21-23). In a rat model of
chronic aspiration, interstitial pneumonitis changes fol-
lowed the instillation into the airways of either whole gas-
tric or neutralized gastric fluid, but not of hydrochloric
acid (24). Indeed the fact that the refluxate loses its acid-
ity when it approaches the proximal esophagus, may
suggest that pepsin or other proteins found in the stom-
ach content, instead of the acidity, are causative agents
of lung fibrosis. Pepsin is inactive in an alkaline environ-
ment, but it remains stable and can reactivate when ex-
posed again to acid (other reflux episodes) or taken up
within epithelial cells by endocytosis (25).
However, it is important to bear in mind that GER is fre-
quent in a number of chronic lung diseases and could
simply be related to greater variation in the intratho-
racic pressures, as the lung compliance worsens with
disease progression (26). Indeed, it has been particu-
larly difficult to ascertain how much GER is a conse-
quence of lung disease severity, rather than a driver of
lung disease progression.

Pepsin and bile acids
have a citotoxic effect
on epithelial cells and
can induce a pro-in-

flammatory response
including expression
of cytokines and che-
mokines.

Gastro-esophageal reflux and ILD severity and pro-
gression

The majority of studies performed in SSc so far have
used indirect methods to assess microaspiration into
the lungs and have not clearly discriminated between
ILD severity and progression. Of note, no study has
looked for direct evidence of microaspiration into the
lungs of SSc patients. Indeed GER should be consid-
ered a risk factor of microaspiration since only a pro-
portion of reflux episodes can reach the airways.
Concentration of pepsin and bile acids in broncho-
alveolar lavage (BAL) and exhaled breath condensate
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(EBC) have been investigated as biomarkers of mi-
croaspiration in various respiratory diseases. The first
studies linking BAL pepsin and bile salts with acid re-
flux episodes were per-
formed in children (27, 28).

More recently, elevated BAL

bile salt concentrations

have been associated with

early onset of bronchiolitis

obliterans in 120 post lung

transplant patients (29). In

the two studies performed

so far on BAL pepsin levels
in fibrotic lung diseases, BAL pepsin was associated
with acute exacerbations (30) and severity of lung fi-
brosis (13) in IPF patients. Of note, the latter study by
Savarino et al. has shown similar results of BAL and
saliva pepsin analysis in terms of correlation with lung
function (13). Although saliva measurements is mainly
a surrogate marker of microaspiration, this method is
non-invasive and easily repeatable. A non-invasive di-
rect test of microaspiration is EBC pepsin. EBC, an
evolving method to test pulmonary diseases (31), is
easily collected asking the patient to breath comfort-
ably in a cold cylinder for 10 minutes. Raised levels of
EBC pepsin have been associated with extra-pul-
monary manifestations of GER in COPD (32), post-
lung transplant (33), IPF (34). However, all these stud-
ies are small and some have been presented only in
the form of abstract.

As mentioned previously, a number of studies have
suggested a link between severity of SSc-ILD and
GER. Marie et al. observed that patients with severe
esophageal dysfunction on manometry had a signifi-
cantly lower diffusing capacity of the lung for carbon
monoxide (DLCO) and a higher frequency of ILD on
CT, compared to those with mild or no esophageal in-
volvement (35). Similarly, Savarino et al. reported that
SSc patients with HRCT evidence of interstitial lung
disease had a higher frequency of acid and non-acid
reflux and a greater proportion of proximal reflux
episodes, compared to those without ILD (14). Howev-
er, it remains unclear whether GER is a risk factor for
ILD progression. In the prospective study of 43 SSc
patients by Marie et al., at two years from baseline, av-
erage fall in DLCO was 18% in those with severe
esophageal dysfunction compared to 2% in the others
(85). In a retrospective evaluation of 1043 SSc patient,
GER symptoms and history of esophageal dilatation
were predictive of ILD progression (20). By contrast, in
another prospective study by Gilson et al., only a trend
bordering on statistical significance was observed on
univariate analysis between severe esophageal dys-
function and reduction in forced expiratory volume
(FVC) at follow-up, which was not maintained after ad-
justment for disease severity, although only 7% of pa-
tients had extensive ILD involvement at baseline
(FVC<70%) (36). Troshinsky et al. did not find a corre-
lation between lung function and distal and/or proximal
reflux in 39 consecutive SSc patients (37). In IPF, re-
cent large retrospective analyses (38, 39) and a num-
ber of case series have suggested a link between GER

Notably, though vir-
tually all SSc patients
are on anti-reflux me-
dications, henceforth

no study have inve-
stigated the role of
those medications
on ILD-SSc.
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suppression and better outcome (40, 41). The larger
study that retrospectively analyzed 242 IPF patients
assigned to receive placebo in previous randomized
clinical trials, found a significant association between
reported use of anti-acid medications and slower FVC
deterioration (38). The Authors suggested that clinical
trials testing the role of anti-GER therapies in IPF are
warranted (38). Notably, though virtually all SSc pa-
tients are on anti-reflux medications, henceforth no
study have investigated the role of those medications
on ILD-SSc.

Therapeutic implications and conclusions
The confirmation of a causative link of microaspiration
in the genesis and progression of lung fibrosis would
have a major impact in the management of ILD-SSc
patients. As discussed above, it is likely that proteas-
es such as pepsin, and not
/ Anti-reflux surgery \ the acidity, are the primary
has a variable outco- | target for future therapies.
me in SSc; however | Potent inhibitors specific for
a carefully selected | proteases, e.g. pepstatin,
subgroup of patients | are available and have
could be eligible for | been tested in phase-lll
fundoplication ifthis | clinical trials (42). Anti-re-
could preventlungfi- | flux surgery has a variable
brosis. outcome in SSc; however a
carefully selected subgroup
of patients could be eligible for fundoplication if this
could prevent lung fibrosis. It is clear that prospective
studies to assess prevalence and characteristics of mi-
croaspiration among SSc patients with ILD are re-
quired. This information could be crucial in order to
highlight patients at greater risk of disease progression
and to plan for appropriately designed interventional
studies on the effectiveness of anti-GER treatments.
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