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Abstract

Rationale: Galectin-3 (Gal-3) has been implicated in the
development of pulmonary fibrosis in experimental studies, and
Gal-3 levels have been found to be elevated in small studies of
human pulmonary fibrosis.

Objectives: We sought to study whether circulating Gal-3
concentrations are elevated early in the course of pulmonary
fibrosis.

Methods: We examined 2,596 Framingham Heart Study participants
(mean age, 57 yr; 54% women; 14% current smokers) who underwent
Gal-3 assessment using plasma samples and pulmonary function
testing between 1995 and 1998. Of this sample, 1,148 underwent
subsequent volumetric chest computed tomography.

Measurements and Main Results: Higher Gal-3 concentrations
were associated with lower lung volumes (1.4% decrease in
percentage of predicted FEV, per 1 SD increase in log Gal-3;

95% confidence interval [CI], 0.8-2.0%; P < 0.001; 1.2% decrease
in percentage of predicted FVC; 95% CI, 0.6-1.8%; P < 0.001)
and decreased diffusing capacity of the lung for carbon monoxide
(2.1% decrease; 95% CI, 1.3-2.9%; P < 0.001). These associations
remained significant after multivariable adjustment (P < 0.008
for all). Compared with the lowest quartile, participants in the
highest Gal-3 quartile were more than twice as likely to have
interstitial lung abnormalities visualized by computed
tomography (multivariable-adjusted odds ratio, 2.67; 95% CI,
1.49-4.76; P < 0.001).

Conclusions: Elevated Gal-3 concentrations are associated with
interstitial lung abnormalities coupled with a restrictive pattern,
including decreased lung volumes and altered gas exchange. These
findings suggest a potential role for Gal-3 in early stages of pulmonary
fibrosis.
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At a Glance Commentary

Scientific Knowledge on the
Subject: Galectin-3 is thought to be a
mediator of fibrosis and has been
implicated in the development of
pulmonary fibrosis in experimental
studies. In small studies of human
pulmonary fibrosis, circulating
galectin-3 levels were found to be
elevated.

What This Study Adds to the
Field: In this study of a community-
based sample without known
pulmonary fibrosis, we found that
elevated circulating galectin-3
concentrations were associated with
interstitial lung abnormalities coupled
with decreased lung volumes, altered
gas exchange, and radiographic
fibrosis. These findings suggest a
potential role for galectin-3 in the early

stages of pulmonary fibrosis.

Galectin-3 (Gal-3) is a B-galactoside—
binding lectin that is expressed in a
variety of cells and plays a central role in
inflammation and fibrosis (1). It has
previously been linked to solid organ
fibrosis, including hepatic, renal, and
cardiac disease (2-4). Although circulating
Gal-3 concentrations predict prognosis in
patients with clinically apparent heart
failure (5, 6), Gal-3 levels are also elevated
in individuals in the community who are at
risk for the development of future heart
failure (7). These findings suggest that
Gal-3 measurement may be helpful in
detecting early stages of an inflammatory
and/or fibrotic process before the
presentation of clinically apparent disease.
Prior studies evaluating the role of
Gal-3 in human pulmonary fibrosis have
noted elevated Gal-3 levels in the serum (8)
and bronchoalveolar lavage fluid in some
(8, 9) but not all (10) studies of patients
with idiopathic pulmonary fibrosis (IPF). In
small numbers of subjects, elevated Gal-3
levels were noted to precede declines in
lung function and gas exchange that help to
diagnose an acute exacerbation of IPF (8).
Additionally, elevated Gal-3 levels have
been noted in other forms of pulmonary
fibrosis, such as Hermansky-Pudlak
syndrome (10) and collagen vascular
disease associated interstitial pneumonia

(9). However, it is not known if elevated
Gal-3 levels can be detected in stages of
pulmonary fibrosis that precede clinical
detection.

On the basis of these findings, we
hypothesized that Gal-3 would be elevated
early in the course of pulmonary fibrosis. To
test this hypothesis, we initially evaluated
the associations between Gal-3 levels
and the presence of interstitial lung
abnormalities (ILAs) in individuals in the
Framingham Heart Study (FHS). Prior
studies have demonstrated that research
participants with ILA in general (11, 12),
and in the FHS in particular (13),
share imaging, physiologic, and genetic
abnormalities observed in patients with
clinically apparent pulmonary fibrosis. On
the basis of our findings with regard to ILA,
we additionally evaluated the associations
between Gal-3 levels and both baseline
and longitudinal change in measures
of pulmonary function.

Methods

Study Sample

Participants of the FHS offspring cohort
were enrolled in 1971 and have been
followed with serial examinations and
questionnaires approximately every 4 years,
as previously described (14). A total of 3,532
participants attended the “baseline” sixth
examination cycle (1995-1998), which
included a comprehensive medical history,
physical examination, anthropometrics,
fasting blood work, and pulmonary
function testing. We excluded participants
with missing Gal-3 measurements (n = 84),
extreme Gal-3 outliers (>5 log SD above
the log-transformed mean [n = 5], specified
a priori), prevalent heart failure (n =247),
and stage IV kidney disease (n =7), as well
as those missing pulmonary function tests
(n=593), leaving 2,596 participants for
the spirometry analysis. A total of 2,025
participants underwent subsequent
assessment of diffusing capacity of the lung
for carbon monoxide (DLco) (2005-2008),
and 1,148 underwent subsequent
volumetric chest computed tomography
(CT) between 2008 and 2011. The study
was approved by the institutional review
boards at Boston University Medical
Campus, Massachusetts General Hospital,
and Brigham and Women’s Hospital, and
all participants provided written informed
consent.

Biomarker Measurement

Fasting blood samples were collected and
immediately processed and stored at —80°C
until assayed. Plasma Gal-3 concentrations
were measured using an enzyme-linked
immunosorbent assay (BG Medicine,
Waltham, MA) (15). Assay characteristics
included a lower detection limit of

1.32 ng/ml and an upper detection limit
of 96.6 ng/ml, with inter- and intraassay
coefficients of variation of 1.2% and

4.1%, respectively.

Pulmonary Function Testing and
Chest CT Analysis

Pulmonary function testing and
measurement of Drco were performed
using the Collins Classic Pulmonary
Function Laboratory system (Ferraris
Respiratory, Ayer, MA). Spirometry
was performed at the sixth (baseline)
examination (1995-1998). DL was
performed at the eighth examination
(2005-2008).

Volumetric chest CT was performed
using the 64-slice positron emission
tomography-CT Discovery VCT scanner
(GE Healthcare, Pittsburgh, PA). Images
were analyzed by three readers (two chest
radiologists, one pulmonologist) on a
VirtualPlace workstation (AZE, Tokyo,
Japan) using a sequential reading method
as previously described (11, 13). ILAs
were defined as nondependent ground-
glass or reticular abnormalities,
nonemphysematous cysts, diffuse
centrilobular nodularity, honeycombing, or
traction bronchiectasis involving more than
5% of any lung zone. Indeterminate scans
were defined as focal or unilateral ground-
glass abnormality, reticulation or patchy
ground-glass attenuation interstitial
attenuation involving less than 5% of the
lung. Definite fibrosis was defined as
parenchymal architectural distortion highly
suggestive of fibrotic lung disease (1, 16).
The diagnosis of definite fibrosis was
obtained by consensus of the three readers,
who were blinded to clinical characteristics
of the participants. Quantitative measures
of total lung capacity (TLC) were
performed using Airway Inspector
(www.airwayinspector.org) as described
previously (2-4, 17).

Statistical Analysis

Baseline characteristics and pulmonary
function measures are summarized by
sex-specific Gal-3 quartiles. Gal-3
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concentrations were log transformed due to
a right-skewed distribution. FEV;, FVC,
FEV,/FVC ratio, TLC, and DLco were
expressed as raw values, as well as
percentage of predicted values, which
were calculated using sex-specific
regression models after accounting for age,
age squared, and height squared among
lifetime nonsmokers without known
pulmonary disease (5, 6, 18).

All analyses evaluating the association
of Gal-3 and pulmonary traits were
performed using linear mixed-effects
models implemented in the Imekin function
in the R “kinship” package, with a
covariance structure that was proportional
to the kinship matrix. This allowed us to
take into account known relatedness in our
sample and to more accurately evaluate the
statistical significance of our results. The
cross-sectional associations of Gal-3 and
percentage of predicted FEV,, FVC,
FEV,/FVC ratio, TLC, and DLco were
evaluated, first adjusting for age, sex, and
height and additionally adjusting for
smoking history (never, former, or current),
pack-years of tobacco use, body mass index,
and diabetes mellitus (defined as fasting
glucose level =126 mg/dl, nonfasting
glucose =200 mg/dl, or the use of
antidiabetic medications). Effect sizes
are expressed per 1-SD change in log-
transformed Gal-3. The associations of
Gal-3 and ILA and definite fibrosis were
assessed, adjusting for the same covariates.
Analyses were first performed by including
indeterminate CT scans as “no ILA” and
then by repeating analyses after excluding
those with indeterminate scans.

In secondary analyses, we evaluated the
association of Gal-3 with change in FEV,,
FVC, and FEV,/FVC ratio between the

sixth (1995-1998) and seventh
(1998-2001) examination cycles. Linear
mixed-effects models were used to
account for familial correlation and to
adjust for covariates as before, in addition
to baseline pulmonary function
parameters. We also conducted stratified
analyses by smoking status. We tested for
Gal-3 interactions with age, sex, and
smoking status. Last, analyses for binary
outcomes (ILA and fibrosis) were repeated
using binomial regression to obtain risk
ratios instead of odds ratios (ORs). A two-
sided P value of 0.05 or less was
considered significant. All analyses were
conducted using R (version 2.15.3).

Results

Among 2,596 participants, the mean age was
57 years and 54% were women. Fourteen
percent were current smokers, and 50%
were past smokers. The mean FEV; was
2.8+ 0.8 L, mean FVCwas 3.8 = 1.0 L, and
mean FEV,/FVC ratio was 0.73 = 0.07. The
median Gal-3 concentration was 13.5 ng/ml
(25th-75th percentile range, 11.5-15.9).
Clinical characteristics by sex-specific
Gal-3 quartiles are presented in Table 1.
Participants in higher Gal-3 quartiles were
older, with a higher prevalence of diabetes
and higher body mass index.

Higher Gal-3 Is Associated with

Lower Lung Volumes and DL¢co

The percentage of predicted FEV;, FVC,
and TLC declined across Gal-3 quartiles
(predicted FEV, quartile 1 [Q1], 95%; Q4,
91%; predicted FVC Q1, 99%; Q4, 96%;
predicted TLC Q1, 86%; Q4, 84%), whereas
the FEV;/FVC ratio did not change across

Table 1. Clinical Characteristics of Sample by Sex-Specific Galectin-3 Quartiles

Gal-3 quartiles (Table 2). Specifically, in
age-, sex-, and height-adjusted analyses,
each 1-SD increase in log Gal-3 was
associated with a 1.4% decrease in
percentage of predicted FEV; (95%
confidence interval [CI], 0.8-2.0%;

P <0.001), a 1.2% decrease in percentage
of predicted FVC (95% CI, 0.6-1.8%;

P < 0.001), and a 1% decrease in
percentage of predicted TLC (95% CI,
0.02-2.0%; P =0.04), with no difference in
the FEV,/FVC ratio (P=0.21).

The association of higher Gal-3 with
lower FEV; and FVC remained significant
after multivariable adjustment (P =0.001
and P = 0.008, respectively) (Table 3). There
was no significant association of Gal-3 with
FEV,/FVC ratio in multivariable analyses
(P=0.08). In quartile-based analyses,
participants in the highest Gal-3 quartile
had a 2.7% lower percentage of predicted
FEV; and a 2.1% lower percentage of
predicted FVC compared with those in the
lowest Gal-3 quartile (P for trend = 0.005
and P for trend = 0.03 in multivariable-
adjusted analyses, respectively) (Figure 1A;
for details, see Table El in the online
supplement).

Higher Gal-3 concentrations were also
associated with lower DLco. Every 1- SD
increase in log Gal-3 was associated with a
2.1% lower percentage of predicted DLco in
age- and sex-adjusted analyses (95% CI,
1.3-2.9%; P < 0.001). This association
was not attenuated after multivariable
adjustment (P < 0.001) (Table 3).

Higher Gal-3 Is Associated with ILA
and Pulmonary Fibrosis Visualized by
Chest CT

Of 1,148 participants who underwent
chest CT, 11% had ILA and 47% had

Quartile 1 (n =695)

Quartile 2 (n =668)

Age, yr 54 (9) 56 (9)

Women, n (%) 379 (55) 352 (53)
Diabetes mellitus, n (%) 41 (6) 42 (6)

Body mass index, kg/m? 26.8 (4.6) 27.5 (4.9)
Current smoker, n (%) 93 (13) 102 (15)
Past smoker, n (%) 333 (48) 343 (51)
Pack-years 13 (20) 16 (21)

Quartile 3 (n =677)

Quartile 4 (n =556)
9) 6
54) 29
8) 6
5.2) 28.
1 6
4

2

oGO
NGITIRD

RSSO g
n

7)
9) 29
2)

Definition of abbreviation: Q = quartile.

Values are means (SD) unless otherwise noted. Sex-specific quartile ranges for galectin-3 concentrations are as follows: for men, Q1 =3.9-11.1 ng/ml,
Q2=11.2-13.1 ng/ml, Q3=13.2-15.4 ng/ml, Q4 = 15.5-54.4 ng/ml; for women, Q1 =5.0-12.0 ng/ml, Q2 =12.1-14.3 ng/ml, Q3 = 14.4-16.8 ng/ml,

Q4 =16.9-52.1 ng/ml.
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Table 2. Pulmonary Function and Chest Computed Tomography Measures by Sex-Specific Galectin-3 Quartiles

Quartile 1

Pulmonary function measures

n
FEV4, % predicted
FVC, % predicted
FEV+/FVC, % predicted
TLC, % predicted*
DLco, % predicted®

Chest CT measures
n
ILA, n (%)

Definite fibrosis, n (%)

352
22 (6.3)
3 (0.9)

Quartile 2

631
94 (15)
98 (13)
95 (9)

84 (14)
95 (16)

314
28 (8.9)
11 (3.5)

Quartile 3 Quartile 4
646 530
94 (16) 91 (17)
98 (14) 96 (14)
95 (9) 95 (10)
85 (16) 84 (14)
92 (18) 90 (18)
287 195
36 (12.5) 39 (20)
15 (5.2) 10 (5.1)

Definition of abbreviations: CT = computed tomography; DLso = diffusing capacity of the lung for carbon monoxide; ILA = interstitial lung abnormality;
Q= quartile; TLC =total lung capacity.
Values are means (SD) unless otherwise noted. Sex-specific quartile ranges for galectin-3 concentrations are as follows: for men, Q1 =3.9-11.1 ng/ml,
Q2=11.2-13.1 ng/ml, Q3 =13.2-15.4 ng/ml, Q4 = 15.5-564.4 ng/ml; for women, Q1 =5.0-12.0 ng/ml, Q2 =12.1-14.3 ng/ml, Q3 = 14.4-16.8 ng/ml,

Q4 =16.9-52.1 ng/ml.

*Sample sizes are n=2,596 for FEV4, FVC, and FEV/FVC, n=1,137 for TLC, n=2,025 for DiLco, and n=1,148 for chest CT measures.

indeterminate scans. In primary analyses,
indeterminate scans were grouped

with normal scans. The mean Gal-3
concentration in those with ILA was 15.2 *
4.2 ng/ml compared with 13.2 * 3.9 ng/ml
in those without ILA. The proportion of
participants with ILA increased across

Gal-3 quartiles, with 6% in Q1, 9% in Q2,
13% in Q3, and 20% in Q4 (Table 2). In
age- and sex-adjusted analyses, each 1-SD
increase in log Gal-3 was associated with a
57% increased odds of having ILA (OR,
1.57;95% CI, 1.27-1.94; P < 0.001) (Table 3).
The association of higher Gal-3 and ILA

DLCO

P<0.001

A
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Figure 1. Association of galectin-3 (Gal-3) quartiles and lung function and structure. (A) Difference in
spirometry, lung volume, and diffusing capacity of the lung for carbon monoxide (DLco) measures
between Gal-3 quartiles after adjustment for age, sex, and height. Error bars represent SE. (B) Log
odds for interstitial lung abnormalities (ILAs) and definite fibrosis across Gal-3 quartiles, with Q1

h

¥

serving as the referent. P values are for trend. Q = quartile; TLC = total lung capacity.
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persisted after multivariable adjustment
(OR, 1.59; 95% CI, 1.28-1.97; P < 0.001).
In multivariable-adjusted analyses, those in
the highest Gal-3 quartile had a 2.67-fold
increased odds of having ILA compared
with those in the lowest quartile (OR, 2.67;
95% CI, 1.49-4.76; P for trend = 0.001)
(Figure 1B). After excluding indeterminate
scans from the analysis, Gal-3 remained
associated with ILA (multivariable-adjusted
OR, 1.54 per 1-SD increase in log Gal-3;
95% CI, 1.17-2.01; P =0.002).

Three percent of participants who
underwent chest CT had definite fibrosis,
with 1.0% in Q1, 3.5% in Q2, 5.2% in Q3,
and 5.1% in Q4 (Table 1). Each 1-SD
increase in log Gal-3 was associated with
a 68% increased odds of having definite
fibrosis in age- and sex-adjusted analyses
(OR, 1.68; 95% CI, 1.14-2.45; P =0.008)
and remained significant after multivariable
adjustment (OR, 1.65; 95% CI, 1.11-2.44;
P=0.01) (Table 3).

Secondary Analyses

In a secondary analysis, we examined

the association of Gal-3 and pulmonary
measures stratified by ever smokers
(n=1,671) and never smokers (n=922)
(Table E2). In multivariable-adjusted
analyses, Gal-3 was associated with Drco,
ILA, and fibrosis in ever smokers (P < 0.05
for all). Among never smokers, Gal-3 was
associated with FEV;, FVC, and Dico,
whereas the association with ILA and
fibrosis was no longer significant, albeit in a
modest sample (n = 400). We formally tested
for the interaction of Gal-3 and smoking

American Journal of Respiratory and Critical Care Medicine Volume 194 Number 1 | July 1 2016



Table 3. Galectin-3 Is Associated with Measures of Pulmonary Structure and Function

Age, Sex, and Height Adjusted

Multivariable Adjusted*

PFT Measures B Value (SE) P Value B Value (SE) P Value
FEV4, % predicted -1.4 (0.3) <0.001 —-1.0 (0.3 0.001
FVC, % predicted -1.2 (0.3) <0.001 —0.7 (0.3 0.008
FEV4/FVC, % predicted -0.2 (0.2) 0.21 -0.3 (0.2 0.07
TLC, % predicted -1.0 (0.5) 0.04 —0.7 (0.5) 0.16
DiLco, % predicted -2.1(0.4) <0.001 -2.2 (0.4) <0.001

Chest CT Measures OR (95% CI) P Value OR (95% CI) P Value
ILA 1.57 (1.27-1.94) <0.001 1.59 (1.28-1.97) <0.001
Fibrosis 1.68 (1.14-2.45) 0.008 1.65 (1.11-2.44) 0.01

Definition of abbreviations: Cl = confidence interval; CT = computed tomography; DLco = diffusing capacity of the lung for carbon monoxide;
ILA = interstitial lung abnormality; OR = odds ratio; PFT = pulmonary function test; TLC = total lung capacity.

B-Coefficient and odds ratio are change in pulmonary trait per 1 SD of log-transformed galectin-3.
*Adjusted for age, sex, height, body mass index, current or former smoking status, pack-years of smoking, and diabetes.

status and found no significant effect
modification by smoking (P = 0.05 for all).
In analyses in which we examined
longitudinal changes in pulmonary
measures over approximately 3 years, we did
not find any significant association of Gal-3
concentrations and longitudinal changes in
FEV,, FVC, or FEV,/FVC ratio (Table E3).
In a post hoc power calculation using the
software QUANTO (19) and assuming a
two-sided a of 0.05, we had 80% power to
detect an annual decline of 6 ml in FEV,
and FVC, an effect size representing
approximately 15% of the annual decline
in lung volume conferred by smoking. Last,
risk ratios calculated for the association
of Gal-3 and binary outcomes (ILA and
fibrosis visualized by chest CT) were similar
to ORs obtained in primary analyses
(Table E4).

Discussion

Higher circulating Gal-3 concentrations are
associated with ILAs, a restrictive pattern on
pulmonary function testing, and reduced
measures of gas exchange in participants in
the FHS. Specifically, higher Gal-3 was
associated with lower lung volumes, lower
Dico, and preserved FEV/FVC ratio.
Compared with the lowest quartile,
participants in the highest Gal-3 quartile
were more than twice as likely to have ILAs,
even after accounting for potential clinical
confounders.

Prior human studies of Gal-3 in
pulmonary fibrosis are limited to

case—control series in specific disease
conditions, with mixed results. Gal-3

was elevated in lung biopsy and
bronchoalveolar lavage fluid in 10 patients
with biopsy-proven usual interstitial
pneumonia, the pathologic hallmark of IPF,
when compared with 10 healthy control
subjects (7, 8). Moreover, circulating Gal-3
serum concentrations were higher in usual
interstitial pneumonia, and increased
during acute exacerbations in this study.
Gal-3 in bronchoalveolar lavage fluid was
increased in 8 patients with IPF and 17
patients with collagen vascular disease-
associated interstitial pneumonia when
compared with patients with other
pulmonary conditions and healthy control
subjects (8, 9). In contrast, Gal-3 was not
elevated in bronchoalveolar lavage fluid
among 19 patients with IPF compared with
healthy control subjects in another study,
though Gal-3 was elevated in 8 patients
with pulmonary fibrosis associated with
Hermansky-Pudlak syndrome, where it
appeared to correlate with pulmonary
disease severity (8, 10).

Although researchers in studies of
Gal-3 and pulmonary fibrosis have
reached differing conclusions, our study
demonstrates that circulating Gal-3
concentrations are elevated in undiagnosed
research participants with imaging
abnormalities suggestive of an early stage
of pulmonary fibrosis as well as reductions
in physiologic measures suggesting the
development of a restrictive lung deficit with
reduced gas exchange. Notably, Gal-3 was
measured more than 10 years before chest

Ho, Gao, Levy, et al.: Galectin-3 and Interstitial Lung Abnormalities

CT assessment, suggesting that high Gal-3
concentrations may precede radiographic
abnormalities. While simultaneous CT
measures were not available to confirm an
association with true incident interstitial
abnormalities, our findings nevertheless
suggest that elevated serum biomarkers,
similarly to genetic markers (9, 13), may
be helpful in detecting early stages of
pulmonary fibrosis before a disorder is
apparent clinically.

Experimental studies suggest that Gal-3
plays a key role in mediating inflammation
and fibrosis (1, 10). Gal-3 has previously
been implicated in solid organ disease,
including hepatic (2, 8), renal (3, 10),
and cardiac (4, 9) fibrosis. Gal-3 is highly
expressed in normal lung tissue and localizes
to alveolar macrophages, bronchial
epithelium, and lung fibroblasts (8, 11, 12,
20). Gal-3 expression is upregulated in the
setting of lung injuries such as irradiation
(13, 21), ozone exposure (14, 22), and
cigarette smoke (15, 23). In animal models
of pulmonary fibrosis, genetic disruption
of Gal-3 resulted in attenuation of fibrosis in
response to transforming growth factor-g1
compared with control subjects (8, 11, 13).
This may in part be due to Gal-3’s effects on
the alveolar epithelial-to-mesenchymal
transition, a key step in fibrosis (24). These
studies suggest that modulation of the Gal-3
pathway may be a potential therapeutic
target in pulmonary fibrosis.

Pharmacologic inhibition of Gal-3 has
been shown to improve cardiac remodeling
and renal fibrosis in animal models (25, 26).
In a bleomycin mouse model of pulmonary
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fibrosis, administration of TD139, a high-
affinity inhibitor of the Gal-3 carbohydrate-
binding domain, resulted in a marked
reduction in fibrosis and blocked B-catenin
translocation and phosphorylation in
response to transforming growth factor-f1
(8). Inhaled TD139 (Galecto Biotech AB,
Copenhagen, Denmark) is currently

being tested in a phase I clinical trial
(ClinicalTrials.gov identifier NCT02257177)
(27) and recently was approved by the
U.S. Food and Drug Administration as an
investigational new drug with plans for a
phase II clinical trial focused on patients
with IPF (28). It is important to note that
pulmonary effects of Gal-3 likely extend
beyond fibrosis. Gal-3 is thought to activate
pulmonary neutrophils (29), which in

turn appear to play an integral role in

IPF (30). Further, Gal-3 may have direct
bacteriostatic effects in mouse models of
Streptococcus pneumonia infection (31)

and may also play a role in allergic asthma
(32, 33). Future studies are needed to
determine if Gal-3 inhibition can help to
prevent the development or propagation

of pulmonary fibrosis in humans.

Beyond serving as a potential
therapeutic target, Gal-3 may represent a
new biomarker associated with subclinical
pulmonary fibrosis. The use of biomarkers
for diagnosis or prognosis in IPF is currently
experimental and has been identified as
an important future area of research
(34, 35). Prior studies have shown several
biomarkers to predict prognosis, including
Krebs von den Lungen 6 (KL-6) and surface
protein A (36, 37). Our findings suggest

that Gal-3 levels are elevated even at
preclinical stages of pulmonary fibrosis.
Future studies are needed to elucidate
potential clinical applicability as a screening
marker as well as prognostic value for
pulmonary fibrosis.

There are several limitations of our
study to consider. First, it is important to
note that circulating Gal-3 concentrations
are likely not specific to pulmonary fibrosis.
We have previously shown that elevated
Gal-3 predicts all-cause mortality, incident
heart failure, atrial fibrillation, and chronic
kidney disease in FHS participants (7, 38, 39).
The association of Gal-3 and cause-specific
mortality related to lung disease is
unknown. Second, Gal-3 was measured
more than 10 years before thoracic chest
CT scans were obtained in the FHS
participants. We also acknowledge limited
power, particularly in testing the
association of Gal-3 and fibrosis on the
basis of chest CT. Specifically, Gal-3 was
not associated with ILA or fibrosis among
never smokers, although we did not detect
significant effect modification by smoking
status. We did not find an association of
Gal-3 and longitudinal changes in lung
function. This finding may be due to
competing risk of death. It may also be that
changes in lung function do not manifest
until much later in the disease process.
Therefore, while our findings suggest that
elevated circulating Gal-3 concentrations
may precede the development of the
abnormal imaging findings, further
longitudinal studies with repeated imaging
and Gal-3 measurements, as well as

experimental observations, are likely
required to determine if elevated Gal-3
levels are an important cause or marker of
pulmonary fibrosis.

It is important to note that the
outcomes of research participants with ILA
are not currently known. In our sample,
none of the individuals with ILAs had
known chronic lung disease; however, the
incidence of IPF was not systematically
adjudicated. Other studies have shown that
ILAs are associated with abnormalities in
lung function, gas exchange, exercise
capacity, and progressive worsening of
radiographic lung findings in follow-up
(40). Thus, future longitudinal studies are
required to determine if those with ILAs
are at risk of developing a progressive and
fatal lung disease (34).

In summary, our study shows that
elevated Gal-3 concentrations are associated
with imaging, spirometric, and gas exchange
abnormalities. Participants in the upper
Gal-3 quartile had a greater than twofold
increased odds of having ILAs, coupled with
decreased lung volumes, altered gas
exchange, and greater odds of definite
fibrosis. These findings suggest a potential
role for Gal-3 in early stages of pulmonary
fibrosis. Future studies are needed to
elucidate underlying biological pathways
and to further examine whether Gal-3 might
represent a potential therapeutic target
for pulmonary fibrosis, even in early stages
of the disease.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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