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ARTICLE INFO ABSTRACT

Rationale: Galectin-1 is a carbohydrate-binding protein involved in apoptosis, cell-proliferation and differ-
entiation, implicated in T-cell homeostasis and survival. The aim of the present study was to determine con-
centrations of galectin-1 in BAL fluid from patients with IPF and other interstitial lung diseases in order to
validate proteomic previous findings.
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:aztzsiocsilemsis Methods: 36 IPF patients (16 females, mean age of 64.8 = 8.9 years), 24 sarcoidosis patients (15 females, mean
B}ilomarker age of 56.3 = 13.4), 7 interstitial lung diseases associated to systemic sclerosis (ILD-SSc) patients (5 females,

mean age of 55.5 *+ 16.4) and six healthy controls (4 females, mean age 47.8 + 15.2) were included. Galectin-
1 concentrations were determined in BAL samples by an ELISA assay.

Results: Galectin-1 concentrations were significantly higher in BAL of IPF patients than in sarcoidosis and ILD-
SSc patients and healthy controls. In IPF patients, galectin-1 levels showed significant inverse correlations with
DLco%, Kco% and BAL lymphocyte percentages and a positive correlation with BAL macrophage percentages.
Former IPF smokers had higher concentrations of this protein compared with non-smoker IPF patients.
Conclusion: Galectin-1 was confirmed a protein of interest in idiopathic pulmonary fibrosis. Its BAL con-
centrations were higher in IPF patients than in controls and correlated with disease severity. Galectin-1 was
suggested to have a role in the pathogenesis of IPF, principally through the ERK/MAPK pathway and the in-

hibition of galectin-1 is a potential therapeutic target worthy of research.

1. Introduction

Galectin-1 is one of the 15 members of a family of widely dis-
tributed, highly conserved carbohydrate-binding proteins (lectins)
(Gray et al., 2004). They play a crucial role in resolving inflammation
through their pro-apoptotic effect on activated leukocytes (Perillo et al.,
1995; Rabinovich et al., 2007). However, a pro-inflammatory role of
galectin-3 has been demonstrated, suggesting that the effects of ga-
lectins depend to the context in which they influence targeted cell
(Yamaoka et al., 1995).

Galectin-1 is implicated in many cell functions, including apoptosis
and cell turn-over, cell adhesion, immunoregulation, cancer immune
evasion, B cell development, mRNA splicing, angiogenesis and nerve
and muscle differentiation/homeostasis, principally through the extra-
cellular signal-regulated kinase (ERK) mitogen-activated protein kinase
(MAPK) pathway (Cedeno-Laurent and Dimitroff, 2012a).

Increased levels of galectin-1 have been observed in several diseases

and it has been linked to progression of many types of cancer, such as
osteosarcoma, melanoma, breast, lung and prostate cancer and also to
the development of fibrosis of the pancreas and liver, and it greatly
accelerates the binding kinetics of HIV-1 to susceptible CD4 cells (Goud
et al., 2019a; Maeda et al., 2003a; Wang et al., 2000a).

Some years ago, our research group applied a comparative pro-
teomic analysis to the study of BAL from patients with different inter-
stitial lung diseases (ILD) and from healthy controls demonstrating
significant up-regulation of galectin-1 in patients with idiopathic pul-
monary fibrosis (IPF) (Magi et al., 2002; Rottoli et al., 2005).

Other members of the galectin family play a role in pulmonary fi-
brosis. The most widely studied is galectin-3, postulated to have a role
in pulmonary fibrosis due to increased concentrations measured in BAL
of idiopathic pulmonary fibrosis (IPF) patients and due to its high ex-
pression in areas of fibrosis of lung specimens from patients with usual
interstitial pneumonia (UIP) (Nishi et al., 2007; Mackinnon et al.,
2012). There are ongoing clinical trials into the therapeutic potential of
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Table 1
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Demographic data, galectin-1 levels, lung function parameters (expressed as percentage of predicted) and BAL cell composition of our cohort of patients with IPF,
sarcoidosis, interstitial lung disease associated with SSc and healthy controls. FVC, FEV1, DLCO and KCO are expressed as percentage of predicted values.
Abbreviations: forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), diffusing capacity of the lungs for carbon monoxide (DL¢o), transfer coefficient of

the lung for carbon monoxide (Kc¢o), BAL lymphocyte CD4/CD8 ratio (RCD4/CD8).

IPF Sarcoidosis ILD-SSC Controls p
N 36 24 7 6
Sex (females) 16 (44.5%) 15 (62.2%) 5 (71.4%) 4 (66.7%) 0.351
Age, years 64.8 = 8.9 56.3 = 13.4 55.5 = 16.4 47.8 = 15.2 < 0.001
Smoking history (ex-smokers and current smokers) 22 (61.1%) 9 (37.5%) 3 (42.9%) 3 (50%) 0.330
Packs/year 28.6 = 11.3 17.7 = 11.6 16.6 * 5.7 11.5 = 6.0 0.031
BAL Gal-1/prot-tot. ng/ml 0.41 + 0.24 0.14 = 0.13 0.16 + 0.09 0.25 = 0.11 0.004
Lung function tests
® FVC% 73.7 £ 21.2 98.0 = 20.3 84.8 = 22.6 102.1 += 10.5 0.001
® FEV1% 76.5 = 20.3 92.7 = 15.8 78.8 = 18.8 97.1 = 12.8 0.019
® FEV1/VC% 83.2 + 5.6 753 + 7.2 78.1 + 6.4 76.3 = 4.1 0.005
® DL:o% 42.8 = 21.2 71.0 = 19.1 52.6 = 15.7 82.1 = 10.9 < 0.001
® Ko % 67.3 = 31.1 87.3 = 15.1 72.8 = 16.8 99.9 + 12.3 0.026
BAL cellular composition
® Total cells count 9001111 + 5380912 5809230 = 6300000 + 8687500 + 0.148
3739681 2669269 6026659
® Cells/ml of recovered BAL 175453 + 118477 = 95760 = 155160 = 0.278
143844 68740 37865 90257
® Macrophages 66.1 = 17.6 56.5 = 20.4 56.3 = 30.6 70.5 = 23.2 0.034
® Lymphocytes 145 = 11.9 35.6 + 22.8 17.3 = 10.7 10.8 = 6.9 0.001
® Neutrophils 12.1 = 11.0 5.1 = 8.4 18.5 + 34.2 9.1 = 11.7 0.005
® Eosinophils 7.0 £ 7.0 25 * 3.3 7.8 = 9.3 0.7 = 1.1 0.001
® RCD4/CD8 1.5 + 1.3 39 + 41 0.55 + 0.44 22 + 1.7 0.001

inhibiting galectin-3 in IPF patients with a specific galectin-3 inhibitor
(TD139) (ClinicalTrials.gov  Identifier: NCT02257177, 2019;
ClinicalTrials.gov Identifier: NCT03832946, 2019). Galectin-9 is also
implicated in the pathogenesis of interstitial lung diseases (Katoh et al.,
2015; Matsumoto et al., 2013). Taken together, these findings suggest
that galectins are implicated in lung fibrosis etiopathogenesis and their
inhibition may be useful in therapeutic management (Kathiriya et al.,
2017; Jiang et al., 2019).

The aim of the present study was to determine concentrations of
galectin-1 in BAL fluid from patients with different interstitial lung
diseases in order to validate proteomic previous findings and to eval-
uate its clinical utility as a potential biomarker.

2. Methods
2.1. Patients

Thirty-six IPF patients (16 female, mean age of 64.8 + 8.9 years),
twenty-four sarcoidosis patients (15 female, mean age of 56.3 + 13.4),
seven interstitial lung diseases associated to systemic sclerosis (ILD-SSc)
(ILD-SSc) patients (5 female, mean age of 55.5 + 16.4) and six healthy
controls (4 female, mean age of 47.8 = 15.2) were enrolled in the
study. All patients were enrolled and followed-up at the Regional
Sarcoidosis and Other Interstitial Lung Diseases Referral Centre in
Siena, Italy. All patients were diagnosed according to the latest clinical
guidelines (Raghu et al., 2018; Hunninghake et al., 1999; Anon., 1980).
They underwent high resolution computed tomography (HRCT) scan of
the chest during diagnostic pathway, that were classified by a radi-
ologist experienced in ILDs. Demographic features, medical history,
including comorbidities, radiological and functional data were retro-
spectively collected in an electronical database.

Control subjects had no history of respiratory diseases and were not
on therapy of any kind. They had normal lung function parameters. All
subjects gave their written informed consent to the study that was ap-
proved by Local Ethic Comittee.

2.2. Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) was performed for diagnostic and

clinical purposes with the informed consent of patients, as previously
described (Bargagli et al., 2013). Patients were not on pharmacological
therapies at the time of bronchoscopy and BAL. BAL fluid was obtained
by instillation of four 60-ml aliquots of saline solution by fibro-
bronchoscope (Olympus IT-10). The first sample was kept separate from
the others and was not used for immunological tests. Cells were sepa-
rated by centrifuge and the fluid fraction was frozen until enzyme
assay. Cell differential counts were performed. Lymphocyte phenotype
was analysed by flow cytometry (Facs-Calibur Becton & Dickinson)
using anti-CD3, CD4 and CD8 monoclonal antibodies (Becton & Dick-
inson). BAL samples were cultured for microbes, fungi and viruses to
exclude infections (Bargagli et al., 2013).

2.3. Laboratory analysis

Galectin-1 concentrations were evaluated in BAL samples by a
commercially available ELISA assay (USCN Life Science Inc.). The kit is
a sandwich enzyme immunoassay for in vitro quantitative measurement
of Galectin-1 (GAL1) in human serum, plasma and other biological
fluids. Concentrations were reported as Galectin-1/total protein (ng/
ml) of recovered BAL fluid.

Total proteins in BAL were determined with a commercial available
assay (Sigma-Aldrich, Massachusetts, USA). Samples were processed for
a 96-well plate assay protocol using Bradford Reagent for 0.1-1.4 mg/
ml protein and standard curves were obtained using bovine serum al-
bumin according to the manufacturer’s instructions. The samples were
incubated for 20 min and fluorescence was read at 595nm with a
Perkin Elmer Victor X4 fluorimeter.

2.4. Statistical analysis

All data are presented as mean * standard deviation (M = SD).
Non-parametric tests were used to perform statistical analysis (Mann-
Whitney test to compare two groups and Kruskal-Wallis test to compare
three or more groups followed by Dunn’s test, when significant).
Significance was set at p < 0.05. Spearman’s test was used for corre-
lations between variables. Statistica v 7.0 software was used and gra-
phic representations of data were generated using GraphPad Prism
Version 4.0 for Windows.
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Fig. 1. Galectin-1 concentrations in BAL samples from patients with IPF, sar-
coidosis, ILD-SSc and healthy controls.

3. Results

Table 1 showed the demographic data, galectin-1 levels, lung
function parameters and BAL cell composition of our cohort of patients
with IPF, sarcoidosis and ILD-SSc and of healthy controls. IPF patients
were found more exposed to tobacco (expressed as both prevalence and
pack/year) and had significant lower values of FVC, FEV1, DLCO and
KCO and higher values of FEV1/VC respect to others patients’ groups
and controls. Regarding cellular BAL composition we did not find sig-
nificant differences in total cells number and number of cells per ml of
BAL fluid recovered; however different cellular profile was observed
among groups: in IPF and ILD-SSc patients we observed higher per-
centage of neutrophils and eosinophils, while in sarcoidosis patients
higher lymphocytes percentage was present with increased CD4/CD8
ratio (Table 1).

Galectin-1 concentrations were significantly different in BAL sam-
ples from patients with IPF than in patients with ILD-SSc (p < 0.05),
sarcoidosis (p < 0.01) or healthy controls (p < 0.01) (Fig. 1). Among
IPF patients, former smokers had higher concentrations of galectin-
1than never smokers (p = 0.025) (Fig. 2).

In IPF patients, galectin-1 levels showed significant inverse corre-
lations with diffusing capacity of the lungs for carbon monoxide (DLco)
% of predicted, transfer coefficient of the lung for carbon monoxide
(Kco) % of predicted and BAL lymphocyte percentages, and a positive
correlation with BAL macrophage percentages; no correlations with
other cellular BAL components, total cells number and number of cells
per ml of BAL fluid recovered nor other functional respiratory para-
meters were found. Regarding smoking habits, a positive correlation
was found between galectin-1 concentrations in BAL and number of
packs/year among smokers (patients and controls together, n = 37)
(Table 2).

4. Discussion

Galectin-1 is found in many cells and tissues. It is mainly secreted by
activated T and B cells and its production is upregulated in activated
endothelial cells, macrophages, Treg CD4+ CD25+ cells and NK
lymphocytes. It is implicated in diseases such as tumours and fibrosis of
the pancreas and liver (Goud et al., 2019a; Maeda et al., 2003a; Wang
et al., 2000a).

We aimed to evaluate the role of galectin-1 in patients with different
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Fig. 2. Galectin-1 concentrations in BAL samples from ex-smoker and non-
smoker IPF patients.

Table 2

Significant correlations between galectin-1 in BAL and demographic
data, lung function parameters and BAL data in our entire population
and IPF patients. Abbreviations: forced vital capacity (FVC), forced
expiratory volume in 1s (FEV1), diffusing capacity of the lungs for
carbon monoxide (DLco), transfer coefficient of the lung for carbon
monoxide (Kco).

Variables Statistics

Whole population

® Packs/year r=0.37, p = 0.029

IPF
® DLo% r=-0.34, p = 0.040
® Kco% r=-0.33, p = 0.048

® BAL lymphocyte %
® BAL macrophage %

r=—0.50, p = 0.011
r =051, p = 0.040

interstitial lung diseases, determining its concentrations in BAL of a
cohort of patients with IPF, sarcoidosis, ILD-SSc and correlating the
results with clinical and lung function data. Our study follows previous
observations by our research group firstly reporting galectin-1 differ-
ential expression in BAL of patients with different interstitial lung dis-
eases by 2-DE proteomic approach. In that study, galectin-1 was sig-
nificantly more abundant in BAL from patients with IPF than those with
sarcoidosis (%volume 0.008 =+ 0.008 in IPF and 0.026 = 0.010 in sar-
coidosis, p = 0.015) and ILD-SSc (p < 0.01), suggesting that this
protein participates in the pathogenesis of IPF (Magi et al., 2002;
Rottoli et al., 2005).

In the present validation study, galectin-1 was confirmed to be
higher in BAL of patients with IPF than in patients with sarcoidosis,
ILD-SSc and healthy controls. Significantly higher concentrations of
galectin-1 were observed in IPF patients than in other patients and no
differences were found between patients with sarcoidosis, ILD-SSc and
healthy controls. Interestingly, in IPF patients, galectin-1 showed sig-
nificant inverse correlations with DLco%, Kco% and BAL lymphocyte
percentages and a direct correlation with BAL macrophage percentages,
suggesting that this protein could be useful as a prognostic biomarker.

Smoking influenced galectin-1 expression. In our IPF cohort, smo-
kers showed the highest concentrations of galectin-1 in BAL. When we
analysed our population as a whole, a positive correlation with the
number of packs/year was found. Close association between tobacco
smoke and galectins production has been observed by others. Nicotine
has been shown to induce expression of galectin-3 in breast cancer cell
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lines, primary tumours from breast cancer patients and airway epithe-
lium from COPD patients (Guha et al., 2014; Pouwels et al., 2016).

Galectin-1 has numerous biological functions, which it fulfils
through different intracellular pathways. It has also been implicated in
fibrotic diseases involving different organs. Galectin-1 and -3 have both
been reported to play a crucial role in chronic fibrotic pancreatitis:
galectin-1 is up-regulated in pancreatic fibroblasts (Wang et al., 2000b).
Fitzner et al. demonstrated in vitro that activation of rat pancreatic
stellate cells, critical for the development of pancreatic fibrosis, is as-
sociated with increased expression of galectin-1 (Fitzner et al., 2005).
Similar observations have been reported for liver fibrosis, in which
galectins 1 and 3 have been shown to activate the MEK1/2-ERK1/2
signalling pathway in hepatic stellate cells (Maeda et al., 2003b).

Galectin-1 naturally stimulates the ERK/MAPK pathway (Paz et al.,
2001; Elad-Sfadia et al., 2002). This signalling pathway is over-
expressed in idiopathic pulmonary fibrosis, and in particular it is im-
plicated in the fibroblast to myofibroblast transition (Peng et al., 2019;
Qu et al., 2019; Antoniou et al., 2010). Interaction of galectin-1 with
Ras, and the subsequent activation of the MAPK, ERK and NF-KB
pathways, induces overexpression of COX-2 (Chung et al., 2012), which
is also implicated in IPF mechanisms. The double homozygosis (GG/CC)
at the SNP loci of COX2.3050 and COX2.8473 polymorphisms increases
susceptibility to IPF (Xaubet et al., 2010).

Galectin-1 showed to participate to Th1/Th2 imbalance toward Th2
phenotype that commonly predominates in fibrotic diseases. In CD4 +
lymphocytes cells, but mainly in CD8 + T cells, Galectin-1 acts as a
negative regulator of anti-tumor immunity. It demonstrated to selec-
tively induce apoptosis on pro-inflammatory Th1 and Th17 cell subsets,
but not on naive, Th2 or regulatory FoxP3+ T cells (Cedeno-Laurent
and Dimitroff, 2012b; Corapi et al., 2018). It also plays a crucial role on
B compartment. Galectin-1 showed to have an important role in the
induction of B regulatory cells. Mice deficient of Gal-1 (Gal-1-/-) B cells
were unable to suppress TNF-a expression by activated CD4 + T cells
(Alhabbab et al., 2018). B regulatory cells have been postulated to
participate in long-term graft acceptance mechanisms in lung transplant
patients and some abnormalities of B cells have been found in IPF pa-
tients with close association with disease manifestations and patient
outcomes (Piloni et al., 2019; Xue et al., 2013).

Moreover, Galectin-1 showed activity on macrophage homeostasis.
It induces macrophage M2 phenotype, suggesting its potential role in
the control of macrophage function during the resolution of in-
flammation (Abebayehu et al., 2017). It also participates to modulation
of inflammation through inducing apoptosis by binding to CD45+ cells
(Sasaguri et al., 2017). In IPF lung tissue, the predominant infiltration
of M2 macrophages acts as a vital regulator of fibrogenesis. M2 mac-
rophages express high levels of Th2-type cytokines (such as IL-4, IL-13,
TGF-f, and IL-10) and are implicated in the aberrant wound-healing
during fibrosis, producing important mediators such as TGF- and
PDGF (Zhang et al., 2018).

Using a proteomic approach, galectin-1, in combination with al-
protease inhibitor, is reported to be overexpressed in the early phase of
radiation-induced pulmonary fibrosis in a mouse model (Im et al.,
2006). A profibrotic role of galectin-1 in the lungs has also been pro-
posed by Kathiriya et al. in a mouse model of pulmonary fibrosis acute
exacerbations. The authors observed that hypoxia raised expression of
phosphorylated FAK1, galectin-1 and a-smooth muscle actin and re-
duced caspase-3 activation (Kathiriya et al., 2017). In that study, ga-
lectin-1 inhibition was shown to induce apoptosis, to reduce FAK1 ac-
tivation and to attenuate fibrosis-associated lung function decline;
interestingly, upregulation of galectin-1 in the lungs of IPF patients,
specifically in hyperplastic regions of fibrotic damage, was also ob-
served (Kathiriya et al., 2017).

Inhibition of galectin-1 has been proposed as a therapeutic me-
chanism in several conditions. In a mouse model of liver fibrosis, ex-
pression levels of galectin-1, TGF-B1, CTGF and a-SMA were down-
regulated by silencing gene expression of galectin-1 (Jiang et al., 2019).
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Inhibition of galectin-1 has also been proposed as a possible treatment
for renal fibrosis in diabetics, for several types of cancer and for HIV-
infected cells (Al-Obaidi et al., 2019; Goud et al., 2019b; Chang et al.,
2017).

Biomarkers discovery in IPF is a major topic and several molecules,
including KL6, Calgranulin B, VEGF and many others, have been pro-
posed in serum and BAL, however no specific biomarker has been in-
ternationally recognized in clinical practice yet (Ishii et al., 2018;
Bennett et al., 2019; Papp et al., 2015). Galectin-1 appears a new
candidate in the vast panorama of biomarkers research that could po-
tentially enhance the accuracy of diagnosis and prognosis, reflecting the
severity and thus can aid the evaluation of clinical status of these
subjects.

Although there are some limitations of this study, as a relatively low
number of patients was recruited from a single clinical center with the
absence of a validation cohort, this is the first investigation study
evaluating the clinical role of BALF Galectin-1 in IPF subjects. Our re-
sults suggest that this protein could be useful as a biomarker of severity
and that it would be worthwhile examining its role in the pathogenesis
of IPF.

In conclusion, galectin-1 was found overexpressed in BAL of patients
with IPF with respect to patients with sarcoidosis, ILD-SSc and healthy
controls, confirming our previous findings by proteomics. It proved to
correlate with disease severity, evaluated by DL¢o and Ko, in IPF pa-
tients. Numerous observations suggest that galectin-1 may play a role in
the pathogenesis of IPF, principally through the ERK/MAPK pathway.
Inhibition of galectin-1 may be a therapeutic option worthy of in-
vestigation. Further studies are needed to fully understand the role of
galectin-1 in the pathogenesis of IPF and and its potential clinical
usefulness.
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