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Abstract

Introduction: Galectin-3 (Gal-3) expression act as a potential novel therapeutic strategy in the treatment of a
broad range of inflammatory diseases. Aim: This study aims to study the cross-talk between macrophage and
adipocyte cells with Gal-3 upon lipopolysaccharides (LPSs) challenge. Materials and Methods: Cytokine
secretion in 3T3-L1 adipocyte-RAW 264.7 macrophage cells were greatly enhanced on LPS stimulation compared
to isolated cell culture system, suggesting the cross-talk between these cell types during LPS exposure. Gene and
protein expression profile was analyzed by reverse transcription-polymerase chain reaction for understanding the
inflammatory responses. Results: Decreased expression of interleukin 6 was confirmed as lowered suppressor
of cytokine signaling 3 expressions downstream. A critical appraisal of the role of nuclear factor-kB (NF-«B)
in LPS induced alteration of inflammatory phenotype was confirmed as decreased formation of tumor necrosis
factor-a transcript using specific inhibitors of NF-kB, along with LPS treatment. Further, Gal-3 also inhibited
nuclear p65 translocation, IkB-a degradation and induction of inducible nitric oxide synthase, in response to LPS.
Conclusion: These results clearly suggest decreased oxidative burden and inflammation are significantly affected
by Gal-3.
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INTRODUCTION glycoproteins.’! Inflammation and its associated metabolic
pathologies are the most common metabolic diseases, with

alectin-3 (Gal-3), a 30 kDa molecule, increased cytokine production and acute-phase inflammatory
Gappearstobealteredwitholigomerization signaling in the adipose tissue.[’) The presence of cyclic
through the self-assembly of the adenosine monophosphate responsive element and nuclear
N-terminal regulatory domain!"! produced by factor-kB (NF-kB)-like sites in the promoter region suggests

macrophages and can also act in a cytokine-

like fashion.”! The provided signal can be Address for correspoqdence: _
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to sustain Gal-3 dependent activation™ or it
can provoke various downstream effects in
the surrounding cells.¥) Besides regulating
inflammation and tissue remodeling through
its roles in phagocytosis, pattern recognition,
and signaling, an emerging view connects
Gal-3 to intracellular sorting and trafficking of
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that Gal-3 expression could be regulated through metabolic
signaling pathways involving the NF-kB transcription factor
that is at the core of inflammatory pathways.[”? Based on the
reports that co-existence of adipocytes and macrophages in
the presence of lipopolysaccharide (LPS) further exacerbates
obesity-associated inflammatory phenotype® as compared
with culturing each cell type alone in the presence of LPS and
earlier literature suggesting physical interactions between LPS
and Gal-3.”! The data presented in this work clearly reveal that
Gal-3 treatment attenuate the LPS-primed cytokine production
in co-culture systems. Therefore, it appears that Gal-3 plays a
critical role in a variety of inflammatory disorders.

MATERIALS AND METHODS

Co-culture of adipocytes and macrophages

RAW 264.7 and 3T3-L1 were co-cultured in a transwell
system (Corning, USA) with a 0.5 mm porous membrane
for separation of lower and upper chambers. Then, 1 x 10*
differentiated adipocyte cells were cultured in the lower
chamber, whereas 5 x 10° macrophage cells were cultured
in the upper chamber.!'” The cells were treated with 1 pg/ml
of LPS (Sigma-Aldrich, USA) and/or 20 pg/ml recombinant
Gal-3 to compare the pro- and anti-inflammatory cytokine
expression and alteration of signaling pathways.

Reverse transcription-polymerase chain reaction
(RT-PCR) analysis

Co-culture cells were treated and total RNA was isolated
using the RNeasy Tissue Mini Kit from Qiagen according to
the manufacturer’s instructions. DNase was used to remove
any contaminating DNA using the DNA-free kit from Applied
Biosystems. cDNA was then synthesized using the RT-PCR
kit from Thermo Scientific according to the manufacturer’s
protocol. 50 ng of cDNA was used for PCR amplification
and primers for the mouse genes studied were as follows:
Suppressor of cytokine signaling 3 (Socs-3) forward primer
5'-CCCTGCACAGCCCTCCTTTCTCAC-3'reverseprimer,
5'-GCC CCA CCC AGC CCC ATA CC-3'. Tumor necrosis
factor-o. forward primer: AGCCCCCAGTCTGTATCCTT
Reverse primer: CTCCCTTTGCAGAACTCAGG mouse
glyceraldehyde 3-phosphate dehydrogenase primers were as
follows: Forward primer, 5'-ATG TCA GAT CCA CAA CGG
ATA CAT-3"; reverse primer, 5'-ACT CCC TCA AGA TTG
TCA GCA AT-3'. LBP forward primer: ATG GGG GCC TTG
GCC AGA GC; reverse primer: TGC AGT CCC TTG TCG
GTG ATC; CD14 forward primer: GGAAGA CTT ATC GAC
CAT GGA G; reverse primer: ACA AGG TTC TGG CGT
GGT; TLR2 forward primer: GGC CAG CCA ATT ACC
TGT GTG; reverse primer: AGG CGG ACA TCC TGA ACC
T. The PCR reaction conditions are as follows: 94°C for 30 s,
30 cycles of 94°C for 1 min, 60°C for 1 min, 72°C for 1 min,
and 72°C for 5 min.I"!
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Western blot analysis

Cells (2 x 10%)/well were seeded into a six-well plate and
treated or not with 1 pug/ml LPS, with or without 20 uM
Gal-31" for 30 min before performing Western blotting.
Primary antibodies, anti-phospho-p44/42-mitogen-activated
protein kinase (MAPK), anti-phospho-p38-MAPK, anti-
phospho-stress-activated protein kinases/jun amino-terminal
kinases and anti-phospho-NF-kB p65 (Ser536; all from
Cell Signaling Technology, Boston, MA, USA) were used
at a dilution of 1:1000. Horseradish peroxidase-conjugated
antirabbit secondary antibody (Sigma-Aldrich) was used in
a 1:5000 dilutions. Bands were visualized with Enhanced
Chemiluminescence (ECL - Pierce Chemical, Rockford, IL,
USA) and quantified using NIH Image J software.!'*

Statistical analysis

All data are presented as means + standard error of the
mean. Statistical significance was determined by analysis
of variance (one-way ANOVA and Bonferroni post-hoc
test), independent sample #-test and where appropriate,
Kruskal-Wallis and Mann—Whitney U-test. Relationships
between variables were assessed using Pearson’s correlation.
Statistical significance was assumed at P < 0.05. Statistical
analyses were performed using the SPSS 13.0.

RESULTS

Socs-3 mRNA expression in co-culture system

Gal-3persefailedtoshowanyeffectand wasalwayscomparable
to controls. These data clearly suggest that cytokine secretion
is enhanced in the presence of LPS (1 pg/ml) and this increase
is alleviated by Gal-3 pre-treatment of co-culture, suggesting
an anti-inflammatory effect. Interleukin 6 (IL-6) is a strong
inducer of insulin resistance via its ability to upregulate Socs-3
gene expression.'! We compared Socs-3 gene expression in
co-culture system challenged with LPS and co-treated with
Gal-3. The mRNA expression analysis indicates that Gal-3
was effective in inhibiting Socs-3 expression [Figure 1].
These results suggest that down-regulation of IL-6 brought
about by Gal-3 during LPS challenge further signals reduces
the synthesis of Socs-3, which is a critical component of the
inflammasome.

Effect of LPS and Gal-3 on NF-kB and inducible
nitric oxide synthase (iNOS) activity

To confirmthese data, wehave performed Westernblotanalysis
of p65 and IkB. Results showed Gal-3 downregulates NF-kB
activation by LPS in co-culture system [Figure 2]. Whereas
there was a clear induction of p65 nuclear translocation and
IkB-a degradation in response to LPS, Gal-3 attenuated this
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response. Strikingly, the ability of LPS to induce the cytokine
production correlated well with NF-kB activation and Gal-3
repression correlated with lowered cytokine production. We
have also followed induction and expression of iNOS as a
surrogate downstream marker of NF-kB activity in response
to LPS treatment in the co-culture system. LPS increases
the production of superoxide and nitric oxide, by increased
activation of nicotinamide adenine dinucleotide phosphate
oxidase and iNOS, resulting in enhanced oxidative stress.
LPS showed a significant increase in the expression of
iNOS that was repressed to a large extent in the presence of
Gal-3 [Figure 3]. These findings indicate NF-kB signaling
as a critical effector of LPS-induced inflammation in
adipocytes.['™!

Cytokine secretion in co-culture system are
exaggerated upon LPS stimulation, but alleviated
by Gal-3 treatment

To define the role of Gal-3 as a pathogen pattern recognition
receptor and the immunological significance related to the
interplay between Gal-3 and LPS in a mixed culture system
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Figure 1: Suppressor of cytokine signaling 3mRNA expression
in adipocytes-macrophage treated with lipopolysaccharide
and/or galectin-3
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Figure 2: Effect of lipopolysaccharide (LPS) and galectin-3
(Gal-3) on nuclear factor (NF-«xB) subunit activity. The activity
of NF-xB is influenced by the degradation of IkB subunit.
LPS-and Gal-3 induced IkB-a. degradation (top) and nuclear
p65 translocation (bottom) in adipocytes. Treatment was
performed with LPS (1 pg/ml) and/or Gal-3 (20 pg/ml) for the
indicated amounts of time, and total cellular IkB levels and
nuclear p65 levels were determined by Western blot analysis
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consisting of adipocytes and macrophages,!'®! we tested the
effects of 1 pg/ml Escherichia coli LPS on the production
of cytokines viz. Monocyte chemoattractant protein 1
[Figure 4], RANTES [Figure 5], and CXCL1/KC [Figure 6].
As expected, protein expressions of all these molecules were
markedly upregulated in adipocyte-macrophage co-cultures
stimulated with endotoxin as compared with co-cultures
without endotoxin stimulation or with each cell type alone
(P<0.05), except for CXCLI/KC, where adipocyte-
macrophage co-culture showed lower concentration
compared with adipocytes alone.

Effect of LPS and Gal-3 on LPS signaling mediator
expression in co-culture system

It is well known that LPS signaling requires co-effector
molecules such as LPS-binding proteins and/or CD14 for

Figure 3: Galectin-3 (Gal-3) inhibits lipopolysaccharide (LPS)-
induced inducible nitric oxide synthase (iNOS) expression in
3T3L1 adipocytes. 3T3L1 adipocytes were treated with LPS
(1 pM) alone or in combination with Gal-3 (20 pM) for 24 h.
Total protein was isolated, and 30 ug of protein was loaded
onto 12% SDS-PAGE and subjected to Western blotting,
using a specific antibody for INOS as described in Materials
and Methods. Images shown are representative images from
three independent experiments
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Figure 4: Monocyte chemoattractant protein 1 expression
analysis in 3T3-L1 adipocytes co-cultured with RAW 264.7
macrophages with or without lipopolysaccharide (LPS)
stimulation and also tested the effect of recombinant
galectin-3 in alleviating the inflammatory cytokine production
in response to LPS
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Figure 5: Plot representing the levels of RANTES in
macrophages, adipocytes, and mixed cultures after 24 h of
stimulation with lipopolysaccharide (LPS). RANTES is barely
detectable in the culture supernatants of macrophages
without LPS stimulation but secreted in detectable amounts
from adipocyte culture and mixed culture with macrophages.
LPS stimulus (1 ng/ml) significantly increased the RANTES
production in macrophages and more so in mixed
cultures than in adipocytes alone and this effect is almost
nullified/normalized when cells were co-treated with LPS and
galectin-3
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Figure 6: CXCL1/KC production from macrophage alone
culture, adipocyte alone culture and adipocyte-macrophage
co-cultures stimulated with lipopolysaccharide and exposed
to galectin-3

transducing signals into the cells via toll-like receptor 4
(TLR4).I'" In the present study, we observed elevated mRNA
expression encoding LBP, CD14 and TLR2 in adipocytes
co-cultured with macrophages in the presence of LPS than
the cells without LPS (16.6 times higher at 24 h after LPS
stimulation for LBP; 7.7 times higher expression for CD14;
3.3 times higher expression for TLR2). The expression of
effector molecules of LPS signaling mentioned above was
dramatically down-regulated in the presence of Gal-3 in the
co-cultured cells [Figure 7].
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Figure 7: mRNA expression analysis of lipopolysaccharide-
binding protein, CD14, and TLR2 in macrophages treated
with lipopolysaccharide and/or galectin-3

DISCUSSION

In this direction, using isolated cultures of adipocytes,
macrophages, and cocultures, we present the first
comprehensive description of changes in LPS-induced
inflammatory  cytokine production, and consequent
anti-inflammatory effects of Gal-3 in 3T3-L1 adipocytes,
RAW 264.7 macrophages, and cocultures stimulated
with LPS. In co-culture system, the cytokine secretion in
3T3-L1 adipocyte-RAW 264.7 macrophage cells were greatly
enhanced on LPS stimulation compared to isolated cell
culture system, suggesting the cross-talk between these cell
types during LPS exposure. Gal-3 efficiently repressed the
heightened cytokine secretion in this mixed culture system,
through downregulation of LBP, TLR2, and CD14 molecules.
Most importantly, the physical interactions between Gal-3
and LPS and reduced bioavailability of the endotoxin were
revealed using binding assays. Based on the results obtained,
it is logical to mention that Gal-3 exhibits significant anti-
inflammatory and antioxidative effects in adipocyte and
macrophage culture systems when exposed to LPS. These
results provide convincing evidence in favor of the effective
function of Gal-3 in modulating sepsis and endotoxic activity.

CONCLUSION

The present results point to a role of Gal-3 in modulating the
role of adipose tissue in innate immunity and modifying the
response of endotoxin (LPS) as TLR4 ligand in adipocytes.
In this way, Gal-3 may have a defensive part in infection/
inflammation with metabolic alterations ordinarily seen in
inflammatory response syndrome/sepsis, for example, insulin
resistance, hyperglycemia, and hypertriglyceridemia. Future
prospects may involve expanding us in vitro studies to fully
investigate the role of Gal-3 on adipocyte and macrophage
activation and function.
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