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Abstract

Inflammatory bowel disease (IBD) and primary sclerosing cholangitis (PSC) are related
diseases with poorly understood pathophysiology. While therapy options for IBD have in-
creased, treatment options for PSC remain limited. Galectin-3 is a multifunctional lectin ex-
pressed in intestinal epithelial cells, and is abundant in immune cells such as macrophages,
with roles in cell adhesion, apoptosis, inflammation and fibrosis being associated with IBD
and PSC disease development and progression. In addition, galectin-3 is also a visceral
fat-derived protein whose systemic levels are increased in obese individuals, the latter
correlating with a poorer prognosis in IBD and PSC patients. On the other hand, decreased
galectin-3 expression in the inflamed mucosal tissues of mice and patients with IBD possibly
indicate a protective role of this lectin in IBD. However, galectin-3 loss or inhibition is
protective in most animal models of liver fibrosis but exacerbates the severity of autoim-
mune liver disease. Hence, with PSC being a slowly progressing autoimmune hepatobiliary
disease closely related to IBD, further studies evaluating galectin-3 as a therapeutic target
or biomarker for the severity of IBD and the occurrence of PSC are still needed. This review
summarizes studies that have analyzed expression patterns and functions of galectin-3 in
IBD and PSC. Current evidence suggests that strategies to block galectin-3 are not advised
for patients with IBD and PSC-IBD.

Keywords: inflammatory bowel disease; primary sclerosing cholangitis; galectin-3

1. Introduction
Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcer-

ative colitis (UC), is a chronic inflammatory disorder characterized by intestinal barrier
dysfunction that is becoming increasingly prevalent and common, particularly in the devel-
oped world [1–6]. Although considerable research has identified genetic predispositions,
microbial imbalances, immune system irregularities and environmental factors as poten-
tial contributors to increased intestinal permeability during the development of IBD, the
etiology of these diseases remains elusive [7]. IBD is a complex disorder involving the
dysregulation of the mucosal immune system, submucosal layers and factors impacting on
luminal barrier function and immune responses, such as luminal contents of the intestinal
tract, including the gut microbiota, bile acids and macronutrients from the diet [8–12].

While the inflammation in UC is limited to the large bowel, CD can affect any part of
the gastrointestinal tract [13,14]. To effectively diagnose CD and UC, contemporary medical
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technologies, including endoscopy, colonoscopy and upper gastrointestinal radiography
have been instrumental in distinguishing between the two conditions. Nevertheless,
diagnosing these diseases can be particularly challenging in cases of severe illness and
significant colon infection [15]. Ongoing studies continuously aim to identify biomarkers
for the differentiation of patients with CD and UC [16].

In the case of IBD, fecal biomarkers play an important role in the diagnosis and moni-
toring of treatment response. Fecal calprotectin, a well-established marker for assessing
intestinal inflammation and predicting disease flares in clinical practice [17,18], is released
by granulocytes and elevated in various inflammatory conditions, making it non-specific
to IBD [19,20]. Alternatively, S100A12 (calgranulin) and lipocalin-2 in serum and feces may
also emerge as biomarkers for the diagnosis of a severely inflamed digestive tract in IBD
(also termed ‘active’ IBD) [16].

The chronic inflammation associated with IBD can trigger fibrosis, characterized by
increased synthesis and degradation of the extracellular matrix (ECM). Intestinal fibrosis is
a common complication associated with IBD and contributes to intestinal strictures and
fistulas, characterized by the accumulation of ECM proteins such as collagens [21]. The
latter may provide an opportunity to develop biomarkers that reflect fibro-inflammatory
activity in patients with IBD. This could possibly allow for the evaluation of disease stage
and progression [22]. On this note, serum biomarkers related to collagen degradation have
been described in IBD, discriminating between moderate and severe disease stages [23,24].
Hydroxyproline is abundant in collagen and is increased in fibrotic tissues and serum and
thus has long been used to quantify fibrosis [25]. Collagens account for about one-third
of the total protein content in the body, and since hydroxyproline is not used in protein
synthesis, it is excreted by the liver and kidneys [26]. Indeed, urinary hydroxyproline levels
were higher in patients with IBD compared to healthy controls, but did not correlate with
disease severity, which was assessed by fecal calprotectin levels [27].

Primary sclerosing cholangitis (PSC) is a rare chronic biliary disease affecting less than
5 out of 10,000 individuals [28], and is commonly associated with IBD, with approximately
70% of patients diagnosed with PSC also being affected by IBD [29]. This progressive
disease is characterized by the deterioration of the bile ducts, leading to cholestasis, liver
fibrosis, and ultimately cirrhosis. There are currently no effective pharmaceutical inter-
ventions to halt the progression of the disease. Ursodeoxycholic acid at low doses can
improve laboratory measures of liver disease severity, but its use is still controversial [30].
Balloon dilatation with and without stenting of the strictures can improve cholestasis [31].
Patients with IBD are recommended to undergo annual liver function tests, regardless of
symptoms, for PSC [32]. The primary non-invasive diagnostic tool for PSC is magnetic
resonance cholangiopancreatography [32,33]. However, this imaging technique is costly
and can present challenges in accurately assessing the bile ducts, highlighting the need for
non-invasive biomarkers [29].

Potential biomarker candidates include members of the galectin family, a distinct class
of lectins that specifically bind to β-galactoside-containing ligands [34,35]. Galectin-3 (also
known as Mac-2) is unique amongst galectins due to its single carbohydrate recognition do-
main (CRD) at the C-terminus. Located upstream are the intermediate domain, containing
proline–glycine–alanine–tyrosine repeats, and a short N-terminal domain [35]. Galectin-3
can self-associate into oligomers via its N- or C-terminal domain. The binding of galectin-3
to its ligands generally involves the CRD [35], and its cooperative activity with a wide range
of intra- and extracellular proteins mediates the interaction of cells with ECM proteins [36].
Galectin-3 binding to membrane lipids, such as glycosphingolipids or glycosylated cargo,
leads to plasma membrane bending and biogenesis of carriers for clathrin-independent
endocytosis [37]. Because of the numerous functions and wide expression patterns, e.g.,
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by immune cells, adipocytes, epithelial and endothelial cells [38–40], galectin-3 has been
implicated in numerous biological and pathological processes [41–46]. Overall, the main
functions of galectin-3 could be summarized as (i) facilitating the initiation of acute inflam-
mation and perpetuation of chronic inflammatory processes, and (ii) enabling fibroblast
to myofibroblast transition as well as mesenchymal transition of endo- and epithelial
cells. Hence, galectin-3 can be viewed as a proinflammatory protein that is capable of
triggering fibrogenesis [35,44,47,48].

This review discusses recent advances in the understanding of galectin-3-related
functions and molecular mechanisms in the context of IBD and IBD-associated PSC. In
addition, we summarize studies that analyzed galectin-3 expression as a diagnostic and
prognostic biomarker tool in patients with an inflamed gut.

2. IBD, Obesity and Galectin-3
Obesity is a continuously growing health issue in the general population and also

affects IBD. Cross-sectional studies identified up to 40% of adult IBD patients to be over-
weight [49], which, together with obesity, has a global prevalence of nearly 40% and is
considered a major health concern worldwide [50]. While increased IBD disease severity
or the advancement of IBD-related complications do not consistently correlate with the
prevalence of general obesity, an elevated risk of complications related to IBD is indepen-
dently associated with visceral fat accumulation [49]. A study found a negative correlation
between the time to the onset of an IBD flare and visceral adiposity, as opposed to body
mass index [51]. Furthermore, a poorer response to medical therapy was associated with a
higher intraabdominal visceral adipose tissue mass in patients with IBD [52].

These observations indicate a multifaceted relationship between obesity and IBD
disease progression and severity. Further adding complexity, creeping fat is defined as an
extraintestinal manifestation of IBD that develops in CD. This condition is characterized by
the accumulation of mesenteric adipose tissue that encircles the intestinal wall. This fat
depot has a unique secretome with a higher secretion of pro- as well as anti-inflammatory
adipokines [53]. Creeping fat functions as a protective barrier against bacterial invasion [54]
but can also compromise adjacent tissues and participate in disease complications [55].

Obesity and especially the accumulation of visceral adipose tissue have long been
known to exacerbate the severity of chronic liver diseases [56–59]. In fact, visceral adiposity
and its associated metabolic diseases, such as type 2 diabetes, are risk factors for metabolic
dysfunction-associated fatty liver disease (MAFLD) [56,60,61]. The higher prevalence and
progression of MAFLD in patients with IBD is likely a cause of chronic inflammation [62].
Further indicating a yet-to-be-clarified cooperativity, overweight, and especially obese,
patients with PSC have a more rapid progression of liver fibrosis [63].

The molecular players that link IBD and obesity have yet to be identified, but as
outlined in more detail below, the roles for galectin-3 in intestinal epithelium and adipose
tissue may provide functional connectivity between these tissues.

Galectin-3 and Obesity-Associated Disease

In CD patients, intraabdominal adipose tissue mass appears higher than in healthy
controls, and together with other evidence, this implicates a link to more severe forms
of the disease and higher recurrence rates after surgery [64]. Given increased galectin-3
expression levels in adipose tissues and circulating monocytes as well as elevated galectin-3
serum levels in the obese [39,65,66] (Figure 1), a heightened interest in the pathological
functions of galectin-3 in obesity-associated diseases, such as type 2 diabetes and MAFLD,
has developed in recent years [67,68].
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Figure 1. The expression and roles of galectin-3 in obesity, chronic liver diseases, and inflammatory
bowel disease. (i) In obesity, galectin-3 is increased (↑) in the serum, monocytes and intraabdominal
adipose tissues, with roles for galectin-3 in inflammation and insulin resistance. (ii) In liver cirrhosis,
hepatocyte and serum galectin-3 levels are increased, and here galectin-3 has a role in inflammation
and liver fibrosis. (iii) In cholestatic liver disease, galectin-3 levels in serum and Kupffer cells are
increased, and here galectin-3 has a role in inflammation and liver fibrosis. (iv) In active Crohn’s
disease, serum and gut expression of galectin-3 are mostly reduced (↓), and here galectin-3 has
a role in the resolution of the inflammation. In patients with ulcerative colitis the serum levels
and tissue expression of galectin-3 appear normal. Created in BioRender. Pollinger, K. (2025).
https://BioRender.com/5m1y3np, accessed on 21 June 2025.

Galectin-3 null mice are protected from obesity in a dietary model [69], and higher
galectin-3 levels in the obese appear to contribute to metabolic disease. However, con-
testing these findings, others observed that galectin-3-deficient mice became more obese
and displayed higher grades of adipose tissue inflammation. When challenged with
lipopolysaccharide (LPS), activation of nuclear factor-κB (p65) in peritoneal macrophages
of these animals increased [70]. The underlying cause for these rather opposite outcomes
has yet to be clarified, as sex, genetic background, and dietary conditions in these studies
were comparable [69,70].

Nevertheless, a dose-dependent role for galectin-3 in obesity was supported in galectin-
3 null mice that were fed a high-fat diet for a prolonged time (6 months) to become more
obese, developing excess metabolic disease compared to controls [71]. Yet, to further
complicate matters, wild-type and galectin-3 null mice fed a high-fat, atherogenic diet for
a similar time frame (8 months) displayed comparable body weights. Interestingly, the
galectin-3-deficient mice were characterized by accelerated atherogenesis, partly caused
by inefficient removal of atherogenic lipoproteins [72]. However, the latter observation is
not supported by studies analyzing mice deficient in both apolipoprotein E and galectin-
3, which exhibited normal serum lipid profiles and less atherosclerosis than the wild-
type animals [73].

Although the role of galectin-3 in obesity is unclear from the above studies, there
is convincing evidence that galectin-3 serum levels are increased in obesity and obesity-
associated metabolic diseases [67]. Visceral adipose tissues produce higher levels of galectin-
3 than subcutaneous fat, which is transported to the liver via the portal vein and may expose
the liver to comparatively high levels of galectin-3 [65,74]. Therefore, galectin-3 may play
a role in the adverse effects of visceral obesity in PSC and IBD, a hypothesis requiring
further study.

https://BioRender.com/5m1y3np
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3. Galectin-3 Regulates Intestinal Epithelial Cell Junctions
Intestinal epithelial cells play a key role in maintaining gut health and crucially

contribute to IBD. The intestinal epithelium is a boundary between the internal and external
environments of the body, which directly interacts with commensal and pathogenic bacteria,
as well as environmental elements such as food [75]. The gut microbiome has a critical
role in the digestion and absorption of incoming nutrients, immune functions, and overall
metabolism [76–78]. Vice versa, diet significantly influences the composition of the gut
microbiome [76–78]. Pointing at a role for galectin-3 at this interface of internal and external
factors, galectin-3 null mice exhibited a different gut microbiome than controls in a model
of nonsteroidal anti-inflammatory drug-induced ulcers [79]. Possibly transferring this
observation into disease-like settings, to our knowledge, the microbiome of galectin-3
deficient mice with colitis has not yet been analyzed.

Increased permeability of the intestinal barrier critically contributes to IBD pathogen-
esis. The compromised functionality of the intestinal barrier is related to the breakdown
of epithelial junctions [80]. These epithelial or adherens junctions mediate adhesion by
providing cell–cell or cell–matrix contacts. They are composed of the transmembrane
protein epithelial (E)-cadherin. Inside cells, E-cadherin is linked via catenins to cellular
actin filaments, thereby connecting the plasma membrane to the actin cytoskeleton. The
extracellular domains of E-cadherin can interact and connect epithelial cells. Importantly,
E-cadherin dysfunction can contribute to disrupting epithelial barrier integrity, and in-
flammatory cytokines induce the translocation of E-cadherin from the membrane to the
cytoplasm, destabilizing the intestinal barrier and increasing paracellular permeability [81].

Tight junctions are another type of specialized region that enable neighboring cells
to make contact. They consist of adhesion protein complexes composed of proteins such
as claudin, zonula occludens, and occludin. Tight junctions regulate the passage of small
molecules, peptides, and proteins [82]. Intriguingly, in addition to inflammatory molecules
triggering E-cadherin mislocalization (see above), these cytokines can also change the ex-
pression of claudins and zona occludens and contribute to the disruption of these complexes
in IBD [82].

Furthermore, besides adherens and tight junctions, desmosomes function as strong
cell–cell contacts and comprise cadherins, desmogleins and desmocollins [83]. These
structures are crucial for intestinal epithelial barrier integrity. Disruption of tight junction
and/or adherens junction formation can lead to the unprovoked onset of intestinal inflam-
mation [75]. This inflammatory response can lead to desmosomes becoming dysfunctional
and significantly contributing to the progression of intestinal inflammation and IBD patho-
genesis. The network and crosstalk of molecular events that link adherens junctions, tight
junctions and desmosomes to control epithelial cell-to-cell adherence and epithelial barrier
function remain to be fully understood, but changes in their ability to regulate the actin
cytoskeleton as well as intracellular signaling pathways probably contribute to IBD onset
and progression [81–83].

Disintegration of adhesion junctions, tight junctions, and desmosomes is commonly
associated with a loss of cell polarity and is closely linked to the transdifferentiation of
epithelial cells into mesenchymal cells, a phenomenon known as epithelial–mesenchymal
transition [84]. During this process, epithelial cells acquire mesenchymal properties, which
are essential for fibrosis [85]. The reactivation of epithelial–mesenchymal transition is
generally considered to reflect a physiological response aimed at regulating inflammation
and facilitating the repair of injured tissue [85]. Epithelial cells in the injured tissues of IBD
patients acquire an inflammatory phenotype and have increased regenerative capacities [86],
which may ultimately result in tissue fibrosis.
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The ability of adherens/tight junctions and desmosomes to ensure epithelial bar-
rier function could be influenced by galectin-3, as galectin-3 overexpression in NCM460
cells, a human colon mucosal epithelial cell line, impaired epithelial barrier function, and
increased inflammation, and apoptosis [87]. Moreover, dextran sodium sulphate (DSS),
which is used to induce colitis in animal models [88], elevated galectin-3 expression in
these cells, indicating that this scenario could be relevant when intestinal barrier integrity
is compromised.

Current evidence from cell-based studies suggests that galectin-3 disrupts adherens
and tight junctions while stabilizing desmosomes, which all affect the barrier function
of epithelial cells (Figure 2) [84,89]. Several underlying mechanisms, involving varied
galectin-3 interaction partners, appear relevant in this context. For instance, galectin-3
can form a complex with N-cadherin, which then accumulates in cell membrane rafts to
destabilize adherens junctions [84,90]. In addition, using the cornea as a model, galectin-3
facilitated cell detachment and redistribution of the tight junction protein occludin via
its N-terminal polymerizing domain [91]. In the human A549 airway epithelial cell line,
recombinant galectin-3 induced secretion of matrix metalloproteinases, and their increased
ability to degrade ECM led to the disruption of cell–cell tight junctions, and a significant
increase in paracellular permeability [92].

Figure 2. The multiple roles of galectin-3 influencing barrier integrity in epithelial cells. (i) Galectin-3
modifies lipid rafts, and this may alter signaling of lipid raft localized molecules. (ii) Tight junction,
adherens junction and desmosome stability are regulated by galectin-3. (iii) Galectin-3 binds to
extracellular matrix proteins, which may also affect epithelial barrier permeability. (iv) The apical
sorting of proteins is regulated by galectin-3. (v) Galectin-3 has antimicrobial activities and might
alter the gut microbiome. The pathophysiological relevance of these possible roles for galectin-3
in epithelial cells remains unclear, with galectin-3 null mice exhibiting rather normal epithelial
histology in the intestinal tract. See text for further details. Created in BioRender. Pollinger, K. (2025).
https://BioRender.com/d6xrwd1, accessed on 21 June 2025.

Yet, not all studies point at a destabilizing function of galectin-3 for epithelial integrity.
For example, in human SKCO-15 and T84 intestinal epithelial cell lines, the binding of
galectin-3 to the extracellular domain of desmoglein 2 stabilized this transmembrane protein
and consequently increased the intercellular adhesion of intestinal epithelial cells. In this

https://BioRender.com/d6xrwd1
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model, downregulation of galectin-3 or the addition of lactose, a competitor of galectin-3
binding, lowered intercellular adhesion of these intestinal epithelial cell lines [89].

Introducing further intricacy, extracellular galectin-3 can bind to a plethora of gly-
cosylated receptors at the cell surface, as well as ECM proteins, all of which with often
opposite consequences for cell–cell and cell–matrix adhesions. This includes the binding
of galectin-3 to cell surface proteins, such as laminin or integrins, which either inhibits or
promotes adhesion (Figure 2) [84,89,90,92].

Furthermore, the membrane microdomain localization of many proteins linked to
adhesion and epithelial integrity is essential for their function. In fact, a lot of these proteins
are localized in specialized microdomains rich in cholesterol, commonly named lipid rafts.
Along these lines, lipid rafts isolated from mice with mild colitis and UC patients with
inactive disease were disrupted [93], the former showing lipid raft disorganization prior to
the increase in intestinal permeability [93]. Galectin-3 localized in lipid rafts was associated
with an increased migration of activated dendritic cells and macrophages [94]. The ability of
galectin-3 to bind glycosphingolipids and glycoproteins at the cell surface could influence
lipid raft formation and composition, and thereby affect signaling events emanating from
lipid rafts, with consequences for cell function [95]. Moreover, galectin-3 was shown to
have a role for the sorting of apical membrane proteins in polarized epithelial cells, with
recombinant galectin-3 or galectin-3 overexpression mediating the apical localization of
beta-1 integrin in epithelial cells, while galectin-3 depletion caused apical proteins to reside
in the basolateral membrane (Figure 2) [96,97]. Beta-1 integrin is essential for cell adhesion,
and a peptide that colocalized with and increased beta-1 integrin expression in epithelial
cells reduced inflammation in the colons of mice with DSS-induced colitis [98]. In line with
a sorting function at the apical side of epithelial cells, possibly involving direct protein and
lipid interactions within raft domains, the vast majority of recombinant galectin-3 added to
Madin–Darby canine kidney cells were associated with the apical membrane, while only
<5% of galectin-3 was detected in the basolateral domain [97].

Taken together, the function of galectin-3 in epithelial barrier permeability, stability,
and function is very complex. One can envisage that (patho-)physiological changes in the
epithelial microenvironment and localized spatiotemporal variations in ligand availability
may trigger differential interactions of galectin-3 with its ligands, thereby contributing to
diverse outcomes. In vivo, the sum of the above-listed multiple galectin-3-driven activities
probably determines the overall impact on epithelial integrity and physiological conse-
quences. In fact, the small intestine of galectin-3 null mice had a normal morphology [79],
indicating that the effects of galectin-3 depletion may only become evident in the inflamed
intestine. Hence, the role of galectin-3 in intestinal barrier stability is currently still unclear.

4. Macrophage, Neutrophil and T-Cell Function Is Regulated
by Galectin-3

Macrophages have a central role in maintaining intestinal homeostasis and, when
activated, promote IBD development and progression. Macrophages in the intestinal
lamina propria, the thin layer of connective tissue underneath the intestinal epithelium
that forms part of the mucosa, are constantly exposed to the content of the lumen, but are
hypo-responsive to some stimuli, therefore exhibiting a reduced inflammatory response.
This can in part be explained by their production of anti-inflammatory mediators, such as
interleukin-10 (IL-10), limiting activation of the immune response [99] (Figure 3). Along
these lines, even the removal of bacteria and cell debris by these cells was not associated
with a proinflammatory response [100].
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Figure 3. Intestinal macrophages in the normal (healthy) and inflamed gut. (i) In the normal gut,
Ly6Chigh monocytes from the blood differentiate to CX3CR1high macrophages which produce IL-10
and exert anti-inflammatory activities. In contrast, in active inflammatory bowel disease (IBD),
the Ly6Chigh monocytes from the blood differentiate into CX3CR1Int cells which produce TNF,
IL-6 and IL-12 and exert proinflammatory activities. Created in BioRender. Pollinger, K. (2025).
https://BioRender.com/3h1ygqi, accessed on 21 June 2025.

IL-10 is essential for the maintenance of intestinal homeostasis, and its anti-inflammatory
properties efficiently overcome IBD in murine models. For instance, the beneficial effects
of anti-tumor necrosis factor (TNF) therapy in IBD were due to increased IL-10 production
from macrophages. T cells, which can also produce IL-10, were not critical for the therapeutic
effects of this medication [101]. Strikingly, IL-10 null mice showed a spontaneous onset of gut
inflammation. The histology of colitis in these mice was similar to that of human IBD, making
the IL10-deficient mice a valuable experimental IBD model [102].

Given the protective role of intestinal macrophages for the epithelium and their
potential to prevent inflammation associated with IBD, efforts have been made to better
understand the recruitment process of macrophages into the intestinal mucosa. Depending
on the expression levels of the marker protein lymphocyte antigen 6 complex (Ly6C),
monocytes are classified as Ly6Chigh and Ly6Clow [101]. Ly6Chigh monocytes from the blood
are recruited into the gut and differentiate into macrophages characterized by their specific
expression of CX3C motif chemokine receptor 1 (CX3CR1) [99] (Figure 3). Recruitment
of these cells to the intestine and colon is mediated by CC chemokine receptor type 2
which, interestingly, was not involved in the immigration of monocytes to the spleen or the
liver [103]. Further ensuring the hypo-responsiveness to inflammatory stimuli, intestinal
macrophages do not express receptors involved in innate immune response such as CD14,
and do not release inflammatory cytokines when exposed to inflammatory agents [100].

However, under inflammatory conditions, as in colitis, Ly6Chigh monocytes differen-
tiate to proinflammatory macrophages and dendritic cells with high production of TNF,
IL-6, IL-12 and IL-23 [104] (Figure 3). In addition, increased expression of monocyte toll-
like receptor 2 and nucleotide-binding oligomerization domain 2 makes these cells more
susceptible to inflammatory stimuli [99,104]. Ultimately, in the inflamed tissues, the ma-
jority of CX3CR1high macrophages are replaced by CX3CR1int cells (Figure 3), which also
originate from Ly6Chigh monocytes, but undergo a differentiation process different from
the phagocytes in the non-inflamed tissues upon entry into the gut [103].

https://BioRender.com/3h1ygqi
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The Multiple Roles of Galectin-3 in Inflamed Intestinal Epithelium

In addition to galectin-3 influencing barrier integrity in epithelial cells (see Section 3),
galectin-3 also engages in multiple functions related to inflammation and the host response
to bacteria and phagocytosis, some of which are summarized below. For more detailed
descriptions, we refer the reader to excellent review articles [36,42,44,48].

Monocytes produce significant amounts of galectin-3, which further increase during
phagocytic differentiation [105]. In relation to IBD, galectin-3 protein levels of intestinal
macrophages of controls and patients with UC were similar, yet were low in intestinal
macrophages of CD patients [106] (Table 1).

Table 1. Serum levels and tissue expression of galectin-3 in patients with Crohn’s disease or ulcerative
colitis. Please see test for details and references.

Crohn’s Disease Ulcerative Colitis

Serum Galectin-3 Increased Increased
Serum Galectin-3 Reduced
Serum Galectin-3 Increased Increased
Serum Galectin-3 Normal Normal
Serum Galectin-3 Normal Normal

Colonic tissue Reduced Normal
Intestinal macrophages Reduced Normal

Colonic tissue Trend to lower levels
Intestinal epithelial cells Reduced

Colonic tissue Increased
Endoscopic biopsies Reduced in IBD

Several protective roles for galectin-3 contribute to host defense and immune response.
This includes the ability of galectin-3 to recognize galactoside-containing glycoconjugates
on pathogens like Escherichia coli or Klebsiella pneumoniae and thereby stimulate the host de-
fense of phagocytes [48]. Galectin-3 also participates in the clearance of apoptotic immune
cells and the activation of innate and adaptive immune cells such as macrophages, den-
dritic cells, natural killer cells, and T and B lymphocytes [107]. Mechanistically, galectin-3
promotes phagocytosis through both intracellular and extracellular processes. Inside cells,
galectin-3 regulates the signaling pathways associated with the “eat me” signal, which in-
volves the exposure of phosphatidylserine, followed by the activation of signaling cascades
in phagocytes that enable the phagocytosis and clearance of apoptotic cells. In addition,
extracellular galectin-3 acts as an opsonin, interacting with foreign intruders and pathogens,
making them more recognizable to phagocytes [108].

When administered externally, galectin-3 enhances the respiratory burst in monocytes,
acts as a chemoattractant for monocytes and macrophages, and increases their expression of
CC chemokines [48,109]. In addition, extracellular galectin-3 affects the adhesion of immune
cells to the ECM and facilitates apoptosis [110]. In contrast, endogenous galectin-3 acts as
an anti-apoptotic agent [111,112]. The chemotaxis of J774 macrophages was enhanced by
galectin-3 gene knockdown [113], and supplementation with exogenous galectin-3 was
found to induce chemotaxis of these cells [114].

Although galectin-3 is considered to exert inflammatory effects, in resting and LPS-
activated THP-1 macrophages the addition of exogenous recombinant galectin-3 did not
increase the synthesis of IL-1beta, IL-6, IL-8, IL-10, and TNF, nor modulate its own produc-
tion [115]. On the other hand, LPS and interferon-γ reduced galectin-3 levels in human
monocytes [116]. This downregulation of galectin-3 levels in inflammatory settings, to-
gether with the, often opposing, roles of endogenous and exogenous galectin-3 highlights
that a simple assignment of galectin-3 as a pro- or anti-inflammatory protein is not appro-
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priate [36,42,44,48]. Galectin-3 has to be considered as an immunoregulatory protein which,
probably due to the differential contribution of several modulating factors, may contribute
to the initiation, but also the resolution of inflammation.

Macrophages from galectin-3 null mice showed an elevated response to LPS exposure,
which was associated with increased inflammatory cytokine production compared to
macrophages from control animals. Accordingly, galectin-3-deficient mice were more
susceptible to LPS and displayed an excessive induction of inflammatory cytokines and
nitric oxide production [117]. This enhanced inflammatory response was inhibited by the
supplementation with recombinant galectin-3 [117]. In line with these findings, endogenous
galectin-3 was found to exacerbate inflammation in a mouse model for asthma [118],
while the pharmacological administration of galectin-3 revealed a protective effect in
bronchial obstruction [119].

The passage of bacteria from the gastrointestinal tract to extraintestinal sites can con-
tribute to local and systemic inflammation in IBD. However, despite its anti-inflammatory
and opsonin features, it remains to be clarified whether galectin-3 can protect against
bacterial overgrowth. To our knowledge, studies assessing intestinal macrophages for
galectin-3 expression levels and their impact on inflammation are still lacking. Intestinal
macrophages have diverse phenotypes and, as primary intestinal macrophages of patients
and controls are not readily available, it remains a challenge to dissect and clarify the
function of galectin-3 in these immune cells. Single-cell omics may be helpful to further
elucidate the associations of galectin-3 and IBD [86].

Besides macrophages, several other cell types contribute to the development and
progression of IBD. This includes dendritic cells, which present antigens to CD4 T cells.
The latter then proliferate and differentiate into T helper 1 (Th1) and T helper 17 (Th17)
cells, secreting interferon-γ and other proinflammatory cytokines such as IL-17 and
IL-22, respectively [120]. In IBD, an overactivation of CD4 T cells secreting high lev-
els of these proinflammatory mediators can substantially contribute to inflammation in
the intestine [121]. This is substantiated by other studies that identified Th1, γδ T, and
Th17 cells to contribute to inflammation in IBD [122]. This Th1/Th17 response is also
evident in CD and UC. In addition, and compared to CD, UC is characterized by a Th2
response, which causes natural killer T cell expansion, further contributing to inflammatory
disease progression [123].

The role of T cells in IBD development and advancement has been studied in further
detail by introducing certain T cell populations into immunocompromised mice. As such,
CD4+ CD45RBhigh cells, Th1, Th17, and IL-10-deficient CD4+ T cells were transferred
into immunodeficient mice to induce colitis [121]. Transfer of CD4+ CD45RBlow cells
protected from CD4+ CD45RBhigh cell-mediated colitis [121,124]. Transfer of regulatory T
cells (CD4+ CD25+ CD45RBlow) also improved inflammation in mice with colitis [121,125].
Alternatively, the expansion of regulatory T cells induced by the intestinal microbiome was
shown to be protective in IBD [126].

Similar to the role of lipid rafts for the proper functioning of proteins linked to adhesion
and epithelial integrity (see Section 3), T cells also contain a significant number of receptors
and glycoproteins that are localized in these specialized and cholesterol-rich membrane
microdomains in order to properly exert their functions. And like intestinal epithelial
cells [94,95], galectin-3 also localizes to lipid rafts in T cells, affecting cell signaling and,
consequently, T-cell function [127,128]. In particular, extracellular galectin-3 was found to
alter membrane organization and prevent the translocation of the T cell receptor and CD4
into these membrane microdomains, thereby influencing T cell receptor signaling [127].
It was also described that galectin antagonists enhanced the cytotoxicity of CD8 tumor-
infiltrating lymphocytes [129]. Altogether, current evidence implicates a predominant role



Int. J. Mol. Sci. 2025, 26, 6101 11 of 25

for galectin-3 in the suppression of T cell activation, which could protect from autoreactive
T cells in healthy settings. Along these lines, human CD4+CD25high derived regulatory T
cells, which control the immune response, downregulate immunostimulating molecules
and limit autoinflammatory responses, and express high levels of galectin-3 protein [130].
On the other hand, galectin-3 would thereby also prevent an appropriate immune response
to infection and inflammation [127].

Finally, a hallmark of active IBD and the innate immunity response is the infiltration of
neutrophils in the intestinal mucosa. Neutrophils are rapidly recruited in response to bacte-
ria and tissue injury. Proinflammatory cytokines secreted by phagocytosing macrophages
stimulate neutrophils to release antimicrobial and cytotoxic proteins [131]. While this is part
of a defense mechanism aiming to oppose pathogenic intruders, excessive or prolonged
neutrophil activation can lead to chronic inflammation in IBD [132]. Further complicating
matters, neutrophil function appears differentially affected in CD and UC, as neutrophil
activation and proliferation have been implicated in UC, while defective neutrophils have
been associated with CD [120]. Most relevant for disease management, neutrophils re-
lease calprotectin, which causes apoptosis and inhibits the proliferation of different cell
types [133]. Moreover, fecal calprotectin has emerged as a valuable diagnostic tool to
monitor gut inflammation in CD and UC, illustrating a central role for neutrophil activation
in both disease entities [134].

Galectin-3 can also bind to neutrophils and thereby enhance the binding of these
cells to laminin [110]. This activity of galectin-3 may contribute to the higher neutrophil
infiltration in injured tissues [42]. Moreover, neutrophils opsonized with galectin-3 were
more effectively cleared by macrophages [108], pointing at galectin-3 to initiate neutrophil
recruitment in early inflammation and, at later stages, to resolve the inflammatory response.

Taken together, the above-listed diverse functions of galectin-3 in innate and adaptive
immunity indicate an immunoregulatory rather than a solely inflammatory role of galectin-
3 in IBD development and progression.

5. Galectin-3 in Experimental IBD
The composition of the gut microbiota of IBD patients differs from healthy individuals,

with microbial diversity and the abundance of beneficial bacteria being reduced [19,76]. As
outlined above, galectin-3 is an immunoregulatory and fibrotic protein that is expressed
in intestinal epithelial cells [44,46,47,135], binds to bacterial products (e.g., LPS), acts as
an opsonin for bacteria (e.g., Candida spp., Helicobacter pylori), and possesses antimicrobial
activity [42]. These observations suggest that galectin-3 may play a role in immune tolerance
to the gut microbiota [42].

Experimental studies have focused on the effect of galectin-3 in mouse models of
colitis. DSS is a commonly used agent to induce IBD in rodents, as it compromises the
epithelial barrier, thereby facilitating the invasion of intestinal bacteria into the mucosa [88].
This process leads to immune cell infiltration and subsequent inflammation. This increased
permeability of the intestine (‘leaky gut’) can lead to inflammation of the liver and bile
ducts, with the potential to progress to cirrhosis [88]. The combination of impaired liver
function and intestinal inflammation contributes to intestinal dysbiosis, which can further
exacerbate the disease [88,136].

Galectin-3 null mice and the respective wild-type controls served as models to address
the role of galectin-3 in DSS-induced colitis. Despite the multiple functions of galectin-3 in
epithelial cells (see Section 3), the small intestine of the galectin-3-deficient mice retains a
normal morphology. The mucus level of goblet cells and mucus thickness at the luminal
surface of the enterocytes from these animals were also comparable to controls [79].
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In the wild-type mice, DSS caused epithelial cell damage, ulceration, extensive crypt
loss, and significant immune cell infiltration. Strikingly, the galectin-3 knockout mice
developed a much milder phenotype when given DSS [137]. In these mice, the production
of proinflammatory cytokines and activation of the NOD-like receptor family, pyrin domain
containing 3 (NLRP3) inflammasome in colonic macrophages, were reduced [137]. Further
pointing to a crucial role of macrophage-derived galectin-3, the adoptive transfer of wild-
type macrophages increased the disease severity of galectin-3 null mice [137]. Pectic
polysaccharide reduced the colonic galectin-3 protein levels, inhibiting the interaction of
galectin-3 with the NLRP3 complex and its ability to activate the NLRP3 inflammasome,
thereby contributing to improving the colitis of DSS-treated mice [138].

Another study, also analyzing DSS-induced colitis in the galectin-3-deficient mouse
model, suggested that galectin-3 is involved in the resolution of inflammation. In control
animals, the initial strong proinflammatory response in DSS-induced disease ultimately en-
abled better recovery from colitis, which was not observed in galectin-3 knockout mice [139].
In this model, galectin-3 activated the Toll-like receptor 4 pathway in the dendritic cells
of the colon, which subsequently induced regulatory T cells to suppress the Th1- and
Th17-driven inflammation [139]. Genetic deletion of galectin-3 in mice thus resulted in
impaired recovery from colitis with an increased number of Th1 and Th17 cells in the
colon [139]. Galectin-3 treatment of T cells induced a regulatory T-cell phenotype, and
adoptive transfer of these cells reduced colonic mucosa inflammation in galectin-3 null
mice (Figure 4). Thus, in this model, galectin-3 inhibited colonic mucosa inflammation by
inducing regulatory T cells [140].

Figure 4. Galectin-3 protects from colitis. Intraperitoneal injection of galectin-3 improved DSS-induced
colitis. Pretreatment of CD4+ CD25− T cells with galectin-3 reduced their ability to trigger severe
combined immunodeficiency and colitis as judged by higher body weight, longer colons, less intestinal
inflammation and histological injury (see text for further details). Increased: ↑, Reduced: ↓. Created in
BioRender. Pollinger, K. (2025). https://BioRender.com/uabg2j2, accessed on 21 June 2025.

Given that intra- and extracellular galectin-3 exerts different functions [67], the sup-
plementation of recombinant galectin-3 in galectin-3 KO-mice strongly supported other
findings on the function of exogenous galectin-3 in gut inflammation, providing a potential
therapeutic approach to IBD. Notably, cellular uptake of extracellular galectin-3 also occurs,
and internalization of recombinant galectin-3 by intestinal cells impacts cellular behavior
needs further study [141].

Intraperitoneal injection of recombinant galectin-3 during DSS treatment in mice in-
creased body weight (with low body weight being a marker of disease severity) and colonic

https://BioRender.com/uabg2j2
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length and improved mucosal inflammation [140] (Figure 4). In mice with severe combined
immunodeficiency, where colitis was induced by the transfer of CD4+CD25− positive T
cells, pretreatment of these T cells with galectin-3 induced a phenotype resembling regula-
tory T cells, which suppressed inflammation, leading to less severe disease in this colitis
model (Figure 4) [140].

In mouse models for chronic colitis, which involves four cycles of DSS treatment
(each lasting 7 days), the intraperitoneal administration of recombinant galectin-3 for
5 days at 4 weeks after the induction phase led to a significant decrease in colonic IL-6
levels [142]. Further pointing to the protective role of galectin-3, its intraperitoneal delivery
was associated with reduced weight loss and increased length of the colon in the acute DSS
model (DSS for 7 days) (Figure 4) [142]. Follow-up studies then revealed that colonic lamina
propria fibroblasts exposed to media from primary human colonic epithelial cells exhibited
high IL-8 (CXCL8) production, which was ultimately attributed to galectin-3 being released
by epithelial cells [143]. This indicates that the proinflammatory effects of galectin-3 may
induce inflammation-resolving pathways triggered by IL-8 and essential for recovery from
disease. In summary, although the relationship between dysbiosis, inappropriate immune
response to gut bacteria, and galectin-3 needs further investigation, experimental models
of colitis predominantly showed a protective role of galectin-3 in IBD.

6. Serum, Urinary and Fecal Galectin-3 in IBD
Taking into account the multitude of tasks and varied expression levels of galectin-3 in

cells and tissues [38–40], both influencing the amounts of extracellular galectin-3 in a variety
of pathological processes [41–46], efforts were made to correlate serum galectin-3 levels with
disease. Indeed, systemic galectin-3 levels were found to be increased in type 2 diabetes,
MAFLD, and infectious and autoimmune diseases and cancers [43] (Figure 1). Notably, a
decline of galectin-3 levels was noticed in the sera of patients with rheumatoid arthritis [144].
Consequently, there were also studies analyzing galectin-3 amounts in the blood of patients
with IBD.

LPS-incubated peripheral blood mononuclear cells from patients with UC produced
higher amounts of galectin-3 compared to controls [137], which suggested elevated circulat-
ing galectin-3 levels in UC patients. Indeed, higher serum levels of galectin-3 in individuals
with IBD have been reported, yet these upregulated amounts of systemic galectin-3 did
not effectively differentiate between active disease and remission in patients with UC and
CD [145,146] (Table 1). Hence, galectin-3 serum levels may not be a reliable biomarker
for assessing disease activity in IBD. Experiencing additional difficulty in developing a
common concept for galectin-3 levels in IBD, another study documented similar serum
galectin-3 concentrations in IBD patients and healthy controls [147] (Table 1). Along these
lines, recent work from our laboratories also showed comparable serum galectin-3 levels in
controls and IBD patients (Table 1). In fact, serum galectin-3 amounts declined in patients
with very severe IBD [148] (Figure 1). Furthermore, serum levels of galectin-3 in UC pa-
tients exhibited a negative correlation with both endoscopic and histological indicators of
colitis (Table 1). In this cohort, increased fecal galectin-3 levels were identified as markers
for remission in UC patients [139].

As the identification of new tools to detect disease continues to advance, it is becoming
increasingly recognized that urinary proteins have significant biomarker potential for
various pathologies [149]. Within this context, it was proposed that impaired renal excretion
of galectin-3 could be responsible for its higher plasma concentrations [150]. Indeed, the
presence of elevated galectin-3 levels in urine may indicate progressive kidney damage and
renal fibrosis [149,151]. Furthermore, urine levels of galectin-3 have been recognized as a
biomarker for heart failure and several types of cancer [149,152,153]. Renal complications
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occur in approximately 6% of IBD patients, with nephrolithiasis being a prevalent form [154,
155]. This subgroup of IBD patients with renal complications tends to have a reduced
glomerular filtration rate and elevated serum creatinine levels when compared to IBD
patients with normal renal function [155].

Interestingly, low serum galectin-3 levels of IBD patients with active disease correlated
with high galectin-3 amounts in urine [148]. The urinary protein/creatinine ratio as a
measure of proteinuria and kidney dysfunction in these IBD patients [156] was normal [148].
The underlying mechanism for these observations remains unclear, but it appears unlikely
that low serum galectin-3 levels of active IBD patients can be solely explained by higher
renal excretion.

In summary, future studies analyzing systemic, fecal and urinary galectin-3 amounts
will clarify if serum galectin-3 levels can be correlated with urinary and/or fecal excretion. It
also remains to be evaluated if galectin-3 levels in the blood exert an effect on mucosal cells
in IBD. Currently, overall evidence is inconclusive regarding systemic levels of galectin-3
and its correlation with disease activity in IBD. In fact, most currently available data point
to the lack of significant differences in systemic galectin-3 levels when comparing controls
with UC and CD patients [145,147,148].

7. Tissue Expression of Galectin-3 in IBD
As described above, IBD development and progression are influenced by systemic

galectin-3 levels. Yet, the expression of galectin-3 in the gut may also contribute to IBD
disease. Indeed, galectin-3 was highly expressed in the colon of UC patients, which
positively correlated with histological and clinical scores [137] (Table 1). These findings and
the positive correlation of colonic galectin-3 levels with macrophage markers suggested
a role for macrophages in the induction of galectin-3 expression in UC [137]. In support
of these studies, galectin-3 was also strongly expressed in the intestinal wall of colon
specimens from UC patients. In this analysis, a trend towards lower galectin-3 expression
in epithelial cells with higher grades of inflammation was observed, while immune cells
displayed only minor galectin-3 amounts [157] (Table 1).

Inflammation of the ileal pouch, a surgical reservoir made from the ileum to store
stool in patients that had undergone surgery with a partial or complete removal of both
colon and rectum, is called pouchitis and is a common complication [158]. Interestingly,
compared to patients without pouchitis, in subepithelial macrophages of UC patients with
chronic and recurrent acute pouchitis, a significant reduction in the staining of galectin-3
was observed [159]. Pointing at tissue and cell-specific expression patterns of galectin-3 in
different sections and cell types within the gut, galectin-3 expression in the lamina propria
of small intestinal biopsies from the two patient groups was similar. Furthermore, galectin-3
staining was found in CD68+ macrophages but was not detectable in myofibroblasts [159].
It is tempting to speculate that these localized differences in expression patterns impact
differentially on various galectin-3-dependent cellular activities.

Others observed low galectin-3 protein levels in epithelial cells in affected tissues
of CD patients [160] (Table 1). Downregulation of galectin-3 in inflamed tissues of IBD
patients was also noted in another study [161] (Table 1). The latter research showed TNF to
suppress galectin-3 expression in normal biopsies and proposed low epithelial galectin-3
levels in inflamed mucosal tissue to reflect a typical immunological response [161]. Finally,
when comparing colonic epithelial cells, colonic lamina propria fibroblasts, and intestinal
macrophages from controls and IBD colonic tissue, significantly reduced galectin-3 amounts
in the intestinal macrophages of CD patients were observed (Table 1). In the fistulae and
stenosis of patients with CD, galectin-3 expression levels were only marginal [106]. Taken
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together, current analysis suggests increased colonic galectin-3 levels in UC patients, while
CD appears associated with rather low galectin-3 expression in the affected tissues.

8. Galectin-3 in Liver Diseases and Primary Sclerosing Cholangitis
IBD is often found together with PSC, a chronic and slowly progressing liver disease

where intra- and extrahepatic bile ducts become inflamed and scarred, ultimately leading
to cholestasis, liver fibrosis, and cirrhosis. In this Section, we will therefore provide
insights into the roles of galectin-3 in liver disease. Galectin-3 facilitates the activation of
myofibroblasts [34,47], which in turn generate an excess of ECM, leading to the formation
of scar tissue.

In a healthy liver, galectin-3 is detected in bile duct cells [74,162,163]. Elevated levels
of galectin-3 in both hepatic tissue and serum have been observed in patients suffering from
chronic liver diseases [47,74,164–168]. In cases of liver cirrhosis, there is a notable increase
in the expression of galectin-3 in hepatocytes [34,47] (Figure 1). As galectin-3 activates
myofibroblasts [34,47], higher expression of galectin-3 in the liver [47,167] may contribute
to fibrogenesis (Figure 1).

In cholestasis, the expression of galectin-3 was primarily upregulated in Kupffer
cells [162,163]. High levels of galectin-3 protein were also detected in biliary epithelial cells
of patients with viral hepatitis, while galectin-3 was weakly expressed in biliary epithelial
cells and sclerosing bile ducts of patients with primary biliary sclerosing cholangitis. On the
other hand, the serum galectin-3 levels of these patients were higher compared to healthy
controls [169] (Figure 1).

In support of a causative role in liver injury, studies involving galectin-3 knockout
mice and those treated with galectin-3 inhibitors revealed a reduction in the number of
liver-infiltrating mononuclear cells, which include B and T cells, dendritic and natural killer
cells, and proinflammatory macrophages [170–172]. Furthermore, galectin-3 knockout mice
and galectin-3 inhibitor-treated mice exhibited a notable increase in M2 macrophages, a
subset of these cells typically being associated with anti-inflammatory responses [173].
Furthermore, mice lacking galectin-3 exhibited protection against liver fibrosis triggered by
carbon tetrachloride treatment or non-alcoholic steatohepatitis [166,171] (Figure 1).

In a mouse model of autoimmune cholangitis leading to cholestatic liver injury,
galectin-3 was found to play a crucial role in the activation of the macrophage inflam-
masome and the expression of IL-17, both of which are significant contributors to biliary
epithelial damage [170,172]. Underscoring the notion that galectin-3 can exert divergent
roles, galectin-3 knockout mice displayed more pronounced apoptosis of biliary epithelial
cells when subjected to xenobiotic-induced cholestatic liver injury [169]. In these studies,
the galectin-3-deficient mice were characterized by an increased inflammatory cell number,
bile duct injury, and fibrosis (Figure 1). Hence, the impact of galectin-3 on the outcome in
liver injury models may depend on the disease model, the specific cell types involved, and
the differential contribution of intra- versus extracellular galectin-3 functions. Disruption
of the galectin-3 gene in 129sv mice was consistent with the abovementioned findings,
as it specifically inhibited IL-4/IL-13-induced alternative macrophage activation in bone
marrow-derived macrophages in vitro, as well as in peritoneal macrophages in vivo, in-
dicating a reduced ability to promote wound repair, the clearance of apoptotic cells, and
resolution of inflammation [174].

The identification of non-invasive diagnostic and prognostic biomarkers for PSC re-
mains an area of significant unmet need [175]. Current biomarkers, such as anti-neutrophil
cytoplasmic antibodies, exhibit suboptimal efficacy [175]. Despite the varied effects of
galectin-3 up- or downregulation in the mouse models described above, PSC patients
displayed higher serum and urinary galectin-3 levels than IBD patients [148], suggesting



Int. J. Mol. Sci. 2025, 26, 6101 16 of 25

that monitoring of galectin-3 amounts may be helpful for the early diagnosis of PSC in
patients with IBD.

As noted earlier (see Section 6), higher plasma galectin-3 levels can be caused by
impaired renal excretion [150]. However, in PSC patients, both serum and urinary galectin-3
levels were elevated. The urinary protein/creatinine ratio, as a measure of proteinuria [156],
was normal, also showing that impaired renal galectin-3 excretion was not the main cause
of higher serum galectin-3 levels.

In autoimmune immunoglobulin G4-related cholangitis, a systemic fibroinflammatory
disorder that can affect various organs, with hepatobiliary manifestations being most
common, galectin-3 autoantibodies were identified in a subset of patients. While the
function of these autoantibodies against galectin-3 remains to be resolved, they were not
detected in PSC patients [176], indicating that galectin-3 autoantibodies are not involved in
PSC-related disease pathology.

Patients suffering from PSC with underlying IBD exhibit elevated serum levels of
galectin-3 compared to those with isolated PSC [148]. As outlined above (see Section 5),
galectin-3 may play a protective role in IBD [142,177], and the increased galectin-3 levels
observed in PSC-IBD patients [148] could potentially contribute to the milder manifestations
of IBD frequently noted in this group [29]. Therefore, extracellular galectin-3 in the serum
may be protective or may enter the gut to exert beneficial functions. It is of particular interest
that serum and urinary galectin-3 levels were not associated with elevated aminotransferase
levels yet were clearly associated with PSC. Due to the limited patient number in this
study [148], the potential of serum galectin-3 as a biomarker to distinguish between isolated
PSC and PSC-IBD warrants further investigation.

9. Drugs Affecting Galectin-3 and Galectin-3 Antagonists for
Liver Fibrosis

The differential impact of galectin-3 up- or downregulation on the functioning of
the intestinal epithelium and immune response prompted studies investigating galectin-3
levels during treatment with drugs targeting IBD. Immunomodulatory drugs are widely
used in IBD therapy [178] and were shown to regulate galectin-3 protein levels in THP-1
cells differentiated into macrophages using phorbol-12-myristate-13-acetate. Treatment
with aspirin initially reduced galectin-3 protein levels, but these levels exceeded baseline
levels after prolonged incubation. On the other hand, indomethacin, another nonsteroidal
anti-inflammatory drug, transiently increased galectin-3 protein levels. Anti-inflammatory
glucocorticoids such as hydrocortisone and dexamethasone also increased galectin-3 protein
levels in THP-1 cells by a similar magnitude (20–40%) [179]. This illustrates that frequent
treatment with glucocorticoid drugs, like cortisone in IBD, may induce galectin-3 expression
in peripheral immune cells. It remains to be elucidated if galectin-3 upregulation confers
some of the protective effects of these drugs in IBD therapy.

Metformin, a drug commonly used for the treatment of patients with type 2 diabetes,
reduced galectin-3 levels in adipocytes and monocytes and correlated with reduced serum
galectin-3 levels [65,66]. Prolonged metformin treatment (1 year) in IBD patients correlated
with a lower probability for the need of intravenous steroids and reduced the need for
IBD-related surgery in patients with CD [180]. In this retrospective cohort study, serum
galectin-3 levels were not analyzed and whether or not metformin-related therapeutic
benefits were mediated via changes in galectin-3 levels remains to be determined. In
fact, other scenarios exist, as metformin increased glucose utilization and glucagon-like
peptide-1 levels in the intestine [181]. IBD patients treated with glucagon-like peptide-
based therapies showed reduced adverse outcomes in comparison to patients treated with
different antidiabetics [182]. Moreover, as metformin changes the composition of the gut
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microbiome [181], other beneficial mechanisms of metformin for the treatment of IBD and
unrelated to galectin-3 may exist.

The effect of several other medications on galectin-3 levels have been studied,
but a potential link to IBD therapy is yet lacking. For instance, the sodium–glucose
cotransporter 2 inhibitor empagliflozin, which is also used for the treatment of type 2 dia-
betes, did not change serum galectin-3 levels within 20 weeks of therapy [183]. Commonly
used statins [184], such as rosuvastatin, but not atorvastatin, reduced galectin-3 levels in
patients with acute myocardial infarction [185].

While a clear pathway to galectin-3 based IBD therapies has yet to be developed, the
better understanding of the role of galectin-3 in fibrosis has prompted the development of
galectin-3 antagonists as potential antifibrotic therapies. Both genetic and pharmacologi-
cal inhibition of galectin-3 has led to improvements in renal dysfunction across different
pathological scenarios [41]. Furthermore, experimental models of liver fibrosis have demon-
strated the protective effects of galectin-3 [47,166,171]. Strong evidence for the fibrotic
function of galectin-3 has made it a target for antifibrotic therapies [46]. Currently, the
impact of galectin-3 inhibitors is under investigation in patients with liver fibrosis, but,
thus far, the drugs evaluated have not demonstrated efficacy in improving fibrosis [46].

10. Conclusions
Galectin-3 is traditionally considered as an inflammatory and fibrotic protein (Figure 1).

This view is greatly challenged in diseases with autoimmune characteristics, such as IBD,
where galectin-3 exerts anti-inflammatory and beneficial effects. Based on the majority of
studies, one can postulate that galectin-3 protects from inflammation and mucosal damage
in IBD. This hypothesis is in agreement with the low expression levels of galectin-3 in the
inflamed tissues of CD patients. However, serum galectin-3 amounts are not suitable as a
biomarker for IBD diagnosis and disease monitoring. PSC-IBD is a chronic hepatobiliary
disease with increased serum galectin-3 levels, a finding that needs confirmation in larger
cohorts. In consideration of the protective effects of galectin-3 in IBD, galectin-3 antagonists,
which are currently being tested as therapeutic options to improve renal and liver fibrosis,
are not recommended for patients with PSC-IBD.
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CRD Carbohydrate recognition domain
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DSS Dextran sodium sulfate
IBD Inflammatory bowel disease
IL Interleukin



Int. J. Mol. Sci. 2025, 26, 6101 18 of 25

LPS Lipopolysaccharide
Ly6C Lymphocyte antigen 6 complex
MAFLD Metabolic dysfunction-associated fatty liver disease
NLRP3 NOD-like receptor family, pyrin domain containing 3
Th T helper
TNF Tumor necrosis factor
UC Ulcerative colitis
PSC Primary sclerosing cholangitis

References
1. Brown, S.J.; Mayer, L. The immune response in inflammatory bowel disease. Am. J. Gastroenterol. 2007, 102, 2058–2069. [CrossRef]

[PubMed]
2. Cho, J.H. The genetics and immunopathogenesis of inflammatory bowel disease. Nat. Rev. Immunol. 2008, 8, 458–466. [CrossRef]

[PubMed]
3. Dahlhamer, J.M.; Zammitti, E.P.; Ward, B.W.; Wheaton, A.G.; Croft, J.B. Prevalence of Inflammatory Bowel Disease Among Adults

Aged ≥ 18 Years—United States, 2015. MMWR Morb. Mortal. Wkly. Rep. 2016, 65, 1166–1169. [CrossRef] [PubMed]
4. Ott, C.; Obermeier, F.; Thieler, S.; Kemptner, D.; Bauer, A.; Scholmerich, J.; Rogler, G.; Timmer, A. The incidence of inflammatory

bowel disease in a rural region of Southern Germany: A prospective population-based study. Eur. J. Gastroenterol. Hepatol. 2008,
20, 917–923. [CrossRef]

5. Agrawal, M.; Christensen, H.S.; Bogsted, M.; Colombel, J.F.; Jess, T.; Allin, K.H. The Rising Burden of Inflammatory Bowel Disease
in Denmark Over Two Decades: A Nationwide Cohort Study. Gastroenterology 2022, 163, 1547–1554.e5. [CrossRef]

6. GBD 2017 Inflammatory Bowel Disease Collaborators. The global, regional, and national burden of inflammatory bowel disease
in 195 countries and territories, 1990-2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol.
Hepatol. 2020, 5, 17–30. [CrossRef]

7. Lee, S.H.; Kwon, J.E.; Cho, M.L. Immunological pathogenesis of inflammatory bowel disease. Intest. Res. 2018, 16, 26–42.
[CrossRef]

8. de Souza, H.S.; Fiocchi, C. Immunopathogenesis of IBD: Current state of the art. Nat. Rev. Gastroenterol. Hepatol. 2016, 13, 13–27.
[CrossRef]

9. Obermeier, F.; Hofmann, C.; Falk, W. Inflammatory bowel diseases: When natural friends turn into enemies-the importance of
CpG motifs of bacterial DNA in intestinal homeostasis and chronic intestinal inflammation. Int. J. Inflam. 2010, 2010, 641910.
[CrossRef]

10. Scholmerich, J. Inflammatory bowel disease: Pandora’s box, present and future. Ann. N. Y. Acad. Sci. 2006, 1072, 365–378.
[CrossRef]

11. Vavricka, S.R.; Rogler, G. New insights into the pathogenesis of Crohn’s disease: Are they relevant for therapeutic options? Swiss
Med. Wkly. 2009, 139, 527–534. [CrossRef] [PubMed]

12. Yan, D.; Ye, S.; He, Y.; Wang, S.; Xiao, Y.; Xiang, X.; Deng, M.; Luo, W.; Chen, X.; Wang, X. Fatty acids and lipid mediators in
inflammatory bowel disease: From mechanism to treatment. Front. Immunol. 2023, 14, 1286667. [CrossRef] [PubMed]

13. Gajendran, M.; Loganathan, P.; Catinella, A.P.; Hashash, J.G. A comprehensive review and update on Crohn’s disease. Dis. Mon.
2018, 64, 20–57. [CrossRef]

14. Gajendran, M.; Loganathan, P.; Jimenez, G.; Catinella, A.P.; Ng, N.; Umapathy, C.; Ziade, N.; Hashash, J.G. A comprehensive
review and update on ulcerative colitis. Dis. Mon. 2019, 65, 100851. [CrossRef]

15. Seyedian, S.S.; Nokhostin, F.; Malamir, M.D. A review of the diagnosis, prevention, and treatment methods of inflammatory
bowel disease. J. Med. Life 2019, 12, 113–122. [CrossRef]

16. Alghoul, Z.; Yang, C.; Merlin, D. The Current Status of Molecular Biomarkers for Inflammatory Bowel Disease. Biomedicines 2022,
10, 1492. [CrossRef]

17. Shi, J.T.; Zhang, Y.; She, Y.; Goyal, H.; Wu, Z.Q.; Xu, H.G. Diagnostic Utility of Non-invasive Tests for Inflammatory Bowel
Disease: An Umbrella Review. Front. Med. 2022, 9, 920732. [CrossRef]

18. Mao, R.; Xiao, Y.L.; Gao, X.; Chen, B.L.; He, Y.; Yang, L.; Hu, P.J.; Chen, M.H. Fecal calprotectin in predicting relapse of
inflammatory bowel diseases: A meta-analysis of prospective studies. Inflamm. Bowel Dis. 2012, 18, 1894–1899. [CrossRef]

19. Guo, X.; Huang, C.; Xu, J.; Xu, H.; Liu, L.; Zhao, H.; Wang, J.; Huang, W.; Peng, W.; Chen, Y.; et al. Gut Microbiota Is a Potential
Biomarker in Inflammatory Bowel Disease. Front. Nutr. 2021, 8, 818902. [CrossRef]

20. van Rheenen, P.F.; Van de Vijver, E.; Fidler, V. Faecal calprotectin for screening of patients with suspected inflammatory bowel
disease: Diagnostic meta-analysis. BMJ 2010, 341, c3369. [CrossRef]

https://doi.org/10.1111/j.1572-0241.2007.01343.x
https://www.ncbi.nlm.nih.gov/pubmed/17561966
https://doi.org/10.1038/nri2340
https://www.ncbi.nlm.nih.gov/pubmed/18500230
https://doi.org/10.15585/mmwr.mm6542a3
https://www.ncbi.nlm.nih.gov/pubmed/27787492
https://doi.org/10.1097/MEG.0b013e3282f97b33
https://doi.org/10.1053/j.gastro.2022.07.062
https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.5217/ir.2018.16.1.26
https://doi.org/10.1038/nrgastro.2015.186
https://doi.org/10.4061/2010/641910
https://doi.org/10.1196/annals.1326.026
https://doi.org/10.4414/smw.2009.12520
https://www.ncbi.nlm.nih.gov/pubmed/19838869
https://doi.org/10.3389/fimmu.2023.1286667
https://www.ncbi.nlm.nih.gov/pubmed/37868958
https://doi.org/10.1016/j.disamonth.2017.07.001
https://doi.org/10.1016/j.disamonth.2019.02.004
https://doi.org/10.25122/jml-2018-0075
https://doi.org/10.3390/biomedicines10071492
https://doi.org/10.3389/fmed.2022.920732
https://doi.org/10.1002/ibd.22861
https://doi.org/10.3389/fnut.2021.818902
https://doi.org/10.1136/bmj.c3369


Int. J. Mol. Sci. 2025, 26, 6101 19 of 25

21. Park, J.M.; Kim, J.; Lee, Y.J.; Bae, S.U.; Lee, H.W. Inflammatory bowel disease-associated intestinal fibrosis. J. Pathol. Transl. Med.
2023, 57, 60–66. [CrossRef] [PubMed]

22. Pehrsson, M.; Alexdottir, M.S.; Karsdal, M.A.; Thakker, P.; Mortensen, J.H. Novel fibro-inflammatory biomarkers associated with
disease activity in patients with Crohn’s disease. Expert Rev. Gastroenterol. Hepatol. 2023, 17, 575–587. [CrossRef] [PubMed]

23. Domislovic, V.; Hog Mortensen, J.; Lindholm, M.; Kaarsdal, M.A.; Brinar, M.; Barisic, A.; Manon-Jensen, T.; Krznaric, Z.
Inflammatory Biomarkers of Extracellular Matrix Remodeling and Disease Activity in Crohn’s Disease and Ulcerative Colitis.
J. Clin. Med. 2022, 11, 5907. [CrossRef]

24. Mortensen, J.H.; Godskesen, L.E.; Jensen, M.D.; Van Haaften, W.T.; Klinge, L.G.; Olinga, P.; Dijkstra, G.; Kjeldsen, J.; Karsdal,
M.A.; Bay-Jensen, A.C.; et al. Fragments of Citrullinated and MMP-degraded Vimentin and MMP-degraded Type III Collagen
Are Novel Serological Biomarkers to Differentiate Crohn’s Disease from Ulcerative Colitis. J. Crohns Colitis 2015, 9, 863–872.
[CrossRef]

25. Qiu, B.; Wei, F.; Sun, X.; Wang, X.; Duan, B.; Shi, C.; Zhang, J.; Zhang, J.; Qiu, W.; Mu, W. Measurement of hydroxyproline in
collagen with three different methods. Mol. Med. Rep. 2014, 10, 1157–1163. [CrossRef]

26. Belostotsky, R.; Frishberg, Y. Catabolism of Hydroxyproline in Vertebrates: Physiology, Evolution, Genetic Diseases and New
siRNA Approach for Treatment. Int. J. Mol. Sci. 2022, 23, 1005. [CrossRef]

27. Huss, M.; Elger, T.; Loibl, J.; Kandulski, A.; Binder, B.; Stoeckert, P.; Mester, P.; Müller, M.; Buechler, C.; Tews, H.C. Urinary
Hydroxyproline as an Inflammation-Independent Biomarker of Inflammatory Bowel Disease. Gastroenterol. Insights 2024,
15, 486–497. [CrossRef]

28. Karlsen, T.H.; Folseraas, T.; Thorburn, D.; Vesterhus, M. Primary sclerosing cholangitis—A comprehensive review. J. Hepatol.
2017, 67, 1298–1323. [CrossRef]

29. Mertz, A.; Nguyen, N.A.; Katsanos, K.H.; Kwok, R.M. Primary sclerosing cholangitis and inflammatory bowel disease comorbidity:
An update of the evidence. Ann. Gastroenterol. 2019, 32, 124–133. [CrossRef]

30. Floreani, A.; De Martin, S. Treatment of primary sclerosing cholangitis. Dig. Liver Dis. 2021, 53, 1531–1538. [CrossRef]
31. Weismuller, T.J.; Lankisch, T.O. Medical and endoscopic therapy of primary sclerosing cholangitis. Best Pract. Res. Clin.

Gastroenterol. 2011, 25, 741–752. [CrossRef] [PubMed]
32. Dave, M.; Elmunzer, B.J.; Dwamena, B.A.; Higgins, P.D. Primary sclerosing cholangitis: Meta-analysis of diagnostic performance

of MR cholangiopancreatography. Radiology 2010, 256, 387–396. [CrossRef] [PubMed]
33. Schramm, C.; Eaton, J.; Ringe, K.I.; Venkatesh, S.; Yamamura, J.; MRI Working Group of the IPSCSG. Recommendations on

the use of magnetic resonance imaging in PSC-A position statement from the International PSC Study Group. Hepatology 2017,
66, 1675–1688. [CrossRef] [PubMed]

34. Mackinnon, A.C.; Tonev, D.; Jacoby, B.; Pinzani, M.; Slack, R.J. Galectin-3: Therapeutic targeting in liver disease. Expert Opin. Ther.
Targets 2023, 27, 779–791. [CrossRef]

35. Bouffette, S.; Botez, I.; De Ceuninck, F. Targeting galectin-3 in inflammatory and fibrotic diseases. Trends Pharmacol. Sci. 2023,
44, 519–531. [CrossRef]

36. Ochieng, J.; Furtak, V.; Lukyanov, P. Extracellular functions of galectin-3. Glycoconj. J. 2002, 19, 527–535. [CrossRef]
37. Lakshminarayan, R.; Wunder, C.; Becken, U.; Howes, M.T.; Benzing, C.; Arumugam, S.; Sales, S.; Ariotti, N.; Chambon, V.;

Lamaze, C.; et al. Galectin-3 drives glycosphingolipid-dependent biogenesis of clathrin-independent carriers. Nat. Cell Biol. 2014,
16, 595–606. [CrossRef]

38. Dong, R.; Zhang, M.; Hu, Q.; Zheng, S.; Soh, A.; Zheng, Y.; Yuan, H. Galectin-3 as a novel biomarker for disease diagnosis and a
target for therapy (Review). Int. J. Mol. Med. 2018, 41, 599–614. [CrossRef]

39. Krautbauer, S.; Eisinger, K.; Hader, Y.; Buechler, C. Free fatty acids and IL-6 induce adipocyte galectin-3 which is increased in
white and brown adipose tissues of obese mice. Cytokine 2014, 69, 263–271. [CrossRef]

40. Weigert, J.; Neumeier, M.; Wanninger, J.; Filarsky, M.; Bauer, S.; Wiest, R.; Farkas, S.; Scherer, M.N.; Schaffler, A.; Aslanidis, C.; et al.
Systemic chemerin is related to inflammation rather than obesity in type 2 diabetes. Clin. Endocrinol. 2010, 72, 342–348. [CrossRef]

41. Boutin, L.; Depret, F.; Gayat, E.; Legrand, M.; Chadjichristos, C.E. Galectin-3 in Kidney Diseases: From an Old Protein to a New
Therapeutic Target. Int. J. Mol. Sci. 2022, 23, 3124. [CrossRef] [PubMed]

42. Diaz-Alvarez, L.; Ortega, E. The Many Roles of Galectin-3, a Multifaceted Molecule, in Innate Immune Responses against
Pathogens. Mediat. Inflamm. 2017, 2017, 9247574. [CrossRef]

43. Hara, A.; Niwa, M.; Noguchi, K.; Kanayama, T.; Niwa, A.; Matsuo, M.; Hatano, Y.; Tomita, H. Galectin-3 as a Next-Generation
Biomarker for Detecting Early Stage of Various Diseases. Biomolecules 2020, 10, 389. [CrossRef]

44. Liu, F.T.; Hsu, D.K. The role of galectin-3 in promotion of the inflammatory response. Drug News Perspect. 2007, 20, 455–460.
[CrossRef]

45. Menini, S.; Iacobini, C.; Blasetti Fantauzzi, C.; Pesce, C.M.; Pugliese, G. Role of Galectin-3 in Obesity and Impaired Glucose
Homeostasis. Oxid. Med. Cell. Longev. 2016, 2016, 9618092. [CrossRef]

https://doi.org/10.4132/jptm.2022.11.02
https://www.ncbi.nlm.nih.gov/pubmed/36623814
https://doi.org/10.1080/17474124.2023.2212158
https://www.ncbi.nlm.nih.gov/pubmed/37165883
https://doi.org/10.3390/jcm11195907
https://doi.org/10.1093/ecco-jcc/jjv123
https://doi.org/10.3892/mmr.2014.2267
https://doi.org/10.3390/ijms23021005
https://doi.org/10.3390/gastroent15020035
https://doi.org/10.1016/j.jhep.2017.07.022
https://doi.org/10.20524/aog.2019.0344
https://doi.org/10.1016/j.dld.2021.04.028
https://doi.org/10.1016/j.bpg.2011.10.003
https://www.ncbi.nlm.nih.gov/pubmed/22117639
https://doi.org/10.1148/radiol.10091953
https://www.ncbi.nlm.nih.gov/pubmed/20656832
https://doi.org/10.1002/hep.29293
https://www.ncbi.nlm.nih.gov/pubmed/28555945
https://doi.org/10.1080/14728222.2023.2258280
https://doi.org/10.1016/j.tips.2023.06.001
https://doi.org/10.1023/B:GLYC.0000014082.99675.2f
https://doi.org/10.1038/ncb2970
https://doi.org/10.3892/ijmm.2017.3311
https://doi.org/10.1016/j.cyto.2014.06.016
https://doi.org/10.1111/j.1365-2265.2009.03664.x
https://doi.org/10.3390/ijms23063124
https://www.ncbi.nlm.nih.gov/pubmed/35328545
https://doi.org/10.1155/2017/9247574
https://doi.org/10.3390/biom10030389
https://doi.org/10.1358/dnp.2007.20.7.1183933
https://doi.org/10.1155/2016/9618092


Int. J. Mol. Sci. 2025, 26, 6101 20 of 25

46. Slack, R.J.; Mills, R.; Mackinnon, A.C. The therapeutic potential of galectin-3 inhibition in fibrotic disease. Int. J. Biochem. Cell Biol.
2021, 130, 105881. [CrossRef]

47. An, Y.; Xu, S.; Liu, Y.; Xu, X.; Philips, C.A.; Chen, J.; Mendez-Sanchez, N.; Guo, X.; Qi, X. Role of Galectins in the Liver Diseases:
A Systematic Review and Meta-Analysis. Front. Med. 2021, 8, 744518. [CrossRef]

48. Dumic, J.; Dabelic, S.; Flogel, M. Galectin-3: An open-ended story. Biochim. Biophys. Acta 2006, 1760, 616–635. [CrossRef]
49. Singh, S.; Dulai, P.S.; Zarrinpar, A.; Ramamoorthy, S.; Sandborn, W.J. Obesity in IBD: Epidemiology, pathogenesis, disease course

and treatment outcomes. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 110–121. [CrossRef]
50. Islam, A.; Sultana, H.; Refat, M.N.H.; Farhana, Z.; Kamil, A.A.; Rahman, M.M. The global burden of overweight-obesity and its

association with economic status, benefiting from STEPs survey of WHO member states: A meta-analysis. Prev. Med. Rep. 2024,
46, 102882. [CrossRef]

51. Sehgal, P.; Su, S.; Zech, J.; Nobel, Y.; Luk, L.; Economou, I.; Shen, B.; Lewis, J.D.; Freedberg, D.E. Visceral Adiposity Independently
Predicts Time to Flare in Inflammatory Bowel Disease but Body Mass Index Does Not. Inflamm. Bowel Dis. 2024, 30, 594–601.
[CrossRef] [PubMed]

52. Yarur, A.J.; Bruss, A.; Moosreiner, A.; Beniwal-Patel, P.; Nunez, L.; Berens, B.; Colombel, J.F.; Targan, S.R.; Fox, C.; Melmed, G.Y.;
et al. Higher Intra-Abdominal Visceral Adipose Tissue Mass Is Associated with Lower Rates of Clinical and Endoscopic Remission
in Patients with Inflammatory Bowel Diseases Initiating Biologic Therapy: Results of the Constellation Study. Gastroenterology
2023, 165, 963–975.E5. [CrossRef] [PubMed]

53. Paul, G.; Schaffler, A.; Neumeier, M.; Furst, A.; Bataillle, F.; Buechler, C.; Muller-Ladner, U.; Scholmerich, J.; Rogler, G.; Herfarth,
H. Profiling adipocytokine secretion from creeping fat in Crohn’s disease. Inflamm. Bowel Dis. 2006, 12, 471–477. [CrossRef]

54. Ha, C.W.Y.; Martin, A.; Sepich-Poore, G.D.; Shi, B.; Wang, Y.; Gouin, K.; Humphrey, G.; Sanders, K.; Ratnayake, Y.; Chan, K.S.L.;
et al. Translocation of Viable Gut Microbiota to Mesenteric Adipose Drives Formation of Creeping Fat in Humans. Cell 2020,
183, 666–683.E17. [CrossRef]

55. Quaglio, A.E.; Magro, D.O.; Imbrizi, M.; De Oliveira, E.C.; Di Stasi, L.C.; Sassaki, L.Y. Creeping fat and gut microbiota in Crohn’s
disease. World J. Gastroenterol. 2025, 31, 102042. [CrossRef]

56. Buechler, C.; Wanninger, J.; Neumeier, M. Adiponectin, a key adipokine in obesity related liver diseases. World J. Gastroenterol.
2011, 17, 2801–2811. [CrossRef]

57. Charlton, M.R.; Pockros, P.J.; Harrison, S.A. Impact of obesity on treatment of chronic hepatitis C. Hepatology 2006, 43, 1177–1186.
[CrossRef]

58. Yu, J.; Shen, J.; Sun, T.T.; Zhang, X.; Wong, N. Obesity, insulin resistance, NASH and hepatocellular carcinoma. Semin. Cancer Biol.
2013, 23, 483–491. [CrossRef]

59. Zakhari, S. Bermuda Triangle for the liver: Alcohol, obesity, and viral hepatitis. J. Gastroenterol. Hepatol. 2013, 28 (Suppl. 1), 18–25.
[CrossRef]

60. Adolph, T.E.; Grander, C.; Grabherr, F.; Tilg, H. Adipokines and Non-Alcoholic Fatty Liver Disease: Multiple Interactions. Int. J.
Mol. Sci. 2017, 18, 1649. [CrossRef]

61. Younossi, Z.; Anstee, Q.M.; Marietti, M.; Hardy, T.; Henry, L.; Eslam, M.; George, J.; Bugianesi, E. Global burden of NAFLD and
NASH: Trends, predictions, risk factors and prevention. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 11–20. [CrossRef] [PubMed]

62. Maresca, R.; Mignini, I.; Varca, S.; Calvez, V.; Termite, F.; Esposto, G.; Laterza, L.; Scaldaferri, F.; Ainora, M.E.; Gasbarrini, A.; et al.
Inflammatory Bowel Diseases and Non-Alcoholic Fatty Liver Disease: Piecing a Complex Puzzle Together. Int. J. Mol. Sci. 2024,
25, 3278. [CrossRef] [PubMed]

63. Gulamhusein, A.; Reid, D.; Eksteen, B. Increased BMI is associated rapid progression of fibrosis in Primary Sclerosing Cholangitis
(PSC). Hepatology 2014, 60, 341A–342A.

64. Rowan, C.R.; McManus, J.; Boland, K.; O’Toole, A. Visceral adiposity and inflammatory bowel disease. Int. J. Colorectal Dis. 2021,
36, 2305–2319. [CrossRef]

65. Weigert, J.; Neumeier, M.; Wanninger, J.; Bauer, S.; Farkas, S.; Scherer, M.N.; Schnitzbauer, A.; Schaffler, A.; Aslanidis, C.;
Scholmerich, J.; et al. Serum galectin-3 is elevated in obesity and negatively correlates with glycosylated hemoglobin in type 2
diabetes. J. Clin. Endocrinol. Metab. 2010, 95, 1404–1411. [CrossRef]

66. Weber, M.; Sporrer, D.; Weigert, J.; Wanninger, J.; Neumeier, M.; Wurm, S.; Stögbauer, F.; Kopp, A.; Bala, M.; Schäffler, A.; et al.
Adiponectin downregulates galectin-3 whose cellular form is elevated whereas its soluble form is reduced in type 2 diabetic
monocytes. FEBS Lett. 2013, 583, 3718–3724. [CrossRef]

67. Jiang, Q.; Zhao, Q.; Li, P. Galectin-3 in metabolic disorders: Mechanisms and therapeutic potential. Trends Mol. Med. 2025,
31, 424–437. [CrossRef]

68. Li, Y.; Li, T.; Zhou, Z.; Xiao, Y. Emerging roles of Galectin-3 in diabetes and diabetes complications: A snapshot. Rev. Endocr.
Metab. Disord. 2022, 23, 569–577. [CrossRef]

69. Baek, J.H.; Kim, S.J.; Kang, H.G.; Lee, H.W.; Kim, J.H.; Hwang, K.A.; Song, J.; Chun, K.H. Galectin-3 activates PPARgamma and
supports white adipose tissue formation and high-fat diet-induced obesity. Endocrinology 2015, 156, 147–156. [CrossRef]

https://doi.org/10.1016/j.biocel.2020.105881
https://doi.org/10.3389/fmed.2021.744518
https://doi.org/10.1016/j.bbagen.2005.12.020
https://doi.org/10.1038/nrgastro.2016.181
https://doi.org/10.1016/j.pmedr.2024.102882
https://doi.org/10.1093/ibd/izad111
https://www.ncbi.nlm.nih.gov/pubmed/37307420
https://doi.org/10.1053/j.gastro.2023.06.036
https://www.ncbi.nlm.nih.gov/pubmed/37499955
https://doi.org/10.1097/00054725-200606000-00005
https://doi.org/10.1016/j.cell.2020.09.009
https://doi.org/10.3748/wjg.v31.i1.102042
https://doi.org/10.3748/wjg.v17.i23.2801
https://doi.org/10.1002/hep.21239
https://doi.org/10.1016/j.semcancer.2013.07.003
https://doi.org/10.1111/jgh.12207
https://doi.org/10.3390/ijms18081649
https://doi.org/10.1038/nrgastro.2017.109
https://www.ncbi.nlm.nih.gov/pubmed/28930295
https://doi.org/10.3390/ijms25063278
https://www.ncbi.nlm.nih.gov/pubmed/38542249
https://doi.org/10.1007/s00384-021-03968-w
https://doi.org/10.1210/jc.2009-1619
https://doi.org/10.1016/j.febslet.2009.10.008
https://doi.org/10.1016/j.molmed.2024.11.006
https://doi.org/10.1007/s11154-021-09704-7
https://doi.org/10.1210/en.2014-1374


Int. J. Mol. Sci. 2025, 26, 6101 21 of 25

70. Pejnovic, N.N.; Pantic, J.M.; Jovanovic, I.P.; Radosavljevic, G.D.; Milovanovic, M.Z.; Nikolic, I.G.; Zdravkovic, N.S.; Djukic, A.L.;
Arsenijevic, N.N.; Lukic, M.L. Galectin-3 deficiency accelerates high-fat diet-induced obesity and amplifies inflammation in
adipose tissue and pancreatic islets. Diabetes 2013, 62, 1932–1944. [CrossRef]

71. Jeftic, I.; Miletic-Kovacevic, M.; Jovicic, N.; Pantic, J.; Arsenijevic, N.; Lukic, M.; Pejnovic, N. Galectin-3 Deletion Enhances Visceral
Adipose Tissue Inflammation and Dysregulates Glucose Metabolism in Mice on a High-Fat Diet. Exp. Appl. Biomed. Res. (EABR)
2016, 17, 231–240. [CrossRef]

72. Iacobini, C.; Menini, S.; Ricci, C.; Scipioni, A.; Sansoni, V.; Cordone, S.; Taurino, M.; Serino, M.; Marano, G.; Federici, M.; et al.
Accelerated lipid-induced atherogenesis in galectin-3-deficient mice: Role of lipoxidation via receptor-mediated mechanisms.
Arterioscler. Thromb. Vasc. Biol. 2009, 29, 831–836. [CrossRef] [PubMed]

73. MacKinnon, A.C.; Liu, X.; Hadoke, P.W.; Miller, M.R.; Newby, D.E.; Sethi, T. Inhibition of galectin-3 reduces atherosclerosis in
apolipoprotein E-deficient mice. Glycobiology 2013, 23, 654–663. [CrossRef] [PubMed]

74. Wanninger, J.; Weigert, J.; Wiest, R.; Bauer, S.; Karrasch, T.; Farkas, S.; Scherer, M.N.; Walter, R.; Weiss, T.S.; Hellerbrand, C.; et al.
Systemic and hepatic vein galectin-3 are increased in patients with alcoholic liver cirrhosis and negatively correlate with liver
function. Cytokine 2011, 55, 435–440. [CrossRef]

75. Okamoto, R.; Watanabe, M. Role of epithelial cells in the pathogenesis and treatment of inflammatory bowel disease.
J. Gastroenterol. 2016, 51, 11–21. [CrossRef]

76. Aldars-Garcia, L.; Chaparro, M.; Gisbert, J.P. Systematic Review: The Gut Microbiome and Its Potential Clinical Application in
Inflammatory Bowel Disease. Microorganisms 2021, 9, 977. [CrossRef]

77. Cani, P.D. Human gut microbiome: Hopes, threats and promises. Gut 2018, 67, 1716–1725. [CrossRef]
78. Niederreiter, L.; Adolph, T.E.; Tilg, H. Food, microbiome and colorectal cancer. Dig. Liver Dis. 2018, 50, 647–652. [CrossRef]
79. Park, A.M.; Khadka, S.; Sato, F.; Omura, S.; Fujita, M.; Hsu, D.K.; Liu, F.T.; Tsunoda, I. Galectin-3 as a Therapeutic Target for

NSAID-Induced Intestinal Ulcers. Front. Immunol. 2020, 11, 550366. [CrossRef]
80. Lechuga, S.; Ivanov, A.I. Disruption of the epithelial barrier during intestinal inflammation: Quest for new molecules and

mechanisms. Biochim. Biophys. Acta Mol. Cell Res. 2017, 1864, 1183–1194. [CrossRef]
81. Mehta, S.; Nijhuis, A.; Kumagai, T.; Lindsay, J.; Silver, A. Defects in the adherens junction complex (E-cadherin/ beta-catenin) in

inflammatory bowel disease. Cell Tissue Res. 2015, 360, 749–760. [CrossRef] [PubMed]
82. Nakai, D.; Miyake, M. Intestinal Membrane Function in Inflammatory Bowel Disease. Pharmaceutics 2023, 16, 29. [CrossRef]

[PubMed]
83. Muller, L.; Hatzfeld, M.; Keil, R. Desmosomes as Signaling Hubs in the Regulation of Cell Behavior. Front. Cell Dev. Biol. 2021,

9, 745670. [CrossRef] [PubMed]
84. Argueso, P.; Mauris, J.; Uchino, Y. Galectin-3 as a regulator of the epithelial junction: Implications to wound repair and cancer.

Tissue Barriers 2015, 3, e1026505. [CrossRef]
85. Lee, K.; Nelson, C.M. New insights into the regulation of epithelial-mesenchymal transition and tissue fibrosis. Int. Rev. Cell Mol.

Biol. 2012, 294, 171–221. [CrossRef]
86. Gudino, V.; Bartolome-Casado, R.; Salas, A. Single-cell omics in inflammatory bowel disease: Recent insights and future clinical

applications. Gut 2025. [CrossRef]
87. Shao, X.X.; Xu, Y.; Xiao, H.Y.; Hu, Y.; Jiang, Y. Higenamine improves DSS-induced ulcerative colitis in mice through the

Galectin-3/TLR4/NF-kappaB pathway. Tissue Cell 2023, 82, 102111. [CrossRef]
88. Yang, C.; Merlin, D. Unveiling Colitis: A Journey through the Dextran Sodium Sulfate-induced Model. Inflamm. Bowel Dis. 2024,

30, 844–853. [CrossRef]
89. Jiang, K.; Rankin, C.R.; Nava, P.; Sumagin, R.; Kamekura, R.; Stowell, S.R.; Feng, M.; Parkos, C.A.; Nusrat, A. Galectin-3 regulates

desmoglein-2 and intestinal epithelial intercellular adhesion. J. Biol. Chem. 2014, 289, 10510–10517. [CrossRef]
90. Boscher, C.; Zheng, Y.Z.; Lakshminarayan, R.; Johannes, L.; Dennis, J.W.; Foster, L.J.; Nabi, I.R. Galectin-3 protein regu-

lates mobility of N-cadherin and GM1 ganglioside at cell-cell junctions of mammary carcinoma cells. J. Biol. Chem. 2012,
287, 32940–32952. [CrossRef]

91. Mauris, J.; Woodward, A.M.; Cao, Z.; Panjwani, N.; Argueso, P. Molecular basis for MMP9 induction and disruption of epithelial
cell-cell contacts by galectin-3. J. Cell Sci. 2014, 127, 3141–3148. [CrossRef] [PubMed]

92. Iqbal, M.; Feng, C.; Zong, G.; Wang, L.X.; Vasta, G.R. Galectin-3 disrupts tight junctions of airway epithelial cell monolayers
by inducing expression and release of matrix metalloproteinases upon influenza A infection. Glycobiology 2025, 35, cwae093.
[CrossRef] [PubMed]

93. Bowie, R.V.; Donatello, S.; Lyes, C.; Owens, M.B.; Babina, I.S.; Hudson, L.; Walsh, S.V.; O’Donoghue, D.P.; Amu, S.; Barry, S.P.;
et al. Lipid rafts are disrupted in mildly inflamed intestinal microenvironments without overt disruption of the epithelial barrier.
Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 302, G781–G793. [CrossRef]

94. Hsu, D.K.; Chernyavsky, A.I.; Chen, H.Y.; Yu, L.; Grando, S.A.; Liu, F.T. Endogenous galectin-3 is localized in membrane lipid
rafts and regulates migration of dendritic cells. J. Investig. Dermatol. 2009, 129, 573–583. [CrossRef]

https://doi.org/10.2337/db12-0222
https://doi.org/10.1515/sjecr-2016-0030
https://doi.org/10.1161/ATVBAHA.109.186791
https://www.ncbi.nlm.nih.gov/pubmed/19359660
https://doi.org/10.1093/glycob/cwt006
https://www.ncbi.nlm.nih.gov/pubmed/23426722
https://doi.org/10.1016/j.cyto.2011.06.001
https://doi.org/10.1007/s00535-015-1098-4
https://doi.org/10.3390/microorganisms9050977
https://doi.org/10.1136/gutjnl-2018-316723
https://doi.org/10.1016/j.dld.2018.03.030
https://doi.org/10.3389/fimmu.2020.550366
https://doi.org/10.1016/j.bbamcr.2017.03.007
https://doi.org/10.1007/s00441-014-1994-6
https://www.ncbi.nlm.nih.gov/pubmed/25238996
https://doi.org/10.3390/pharmaceutics16010029
https://www.ncbi.nlm.nih.gov/pubmed/38258040
https://doi.org/10.3389/fcell.2021.745670
https://www.ncbi.nlm.nih.gov/pubmed/34631720
https://doi.org/10.1080/21688370.2015.1026505
https://doi.org/10.1016/B978-0-12-394305-7.00004-5
https://doi.org/10.1136/gutjnl-2024-334165
https://doi.org/10.1016/j.tice.2023.102111
https://doi.org/10.1093/ibd/izad312
https://doi.org/10.1074/jbc.M113.538538
https://doi.org/10.1074/jbc.M112.353334
https://doi.org/10.1242/jcs.148510
https://www.ncbi.nlm.nih.gov/pubmed/24829150
https://doi.org/10.1093/glycob/cwae093
https://www.ncbi.nlm.nih.gov/pubmed/39569730
https://doi.org/10.1152/ajpgi.00002.2011
https://doi.org/10.1038/jid.2008.276


Int. J. Mol. Sci. 2025, 26, 6101 22 of 25

95. Shankar, J.; Boscher, C.; Nabi, I.R. Caveolin-1, galectin-3 and lipid raft domains in cancer cell signalling. Membr. Nanodomains
2015, 57, 189–201. [CrossRef]

96. Delacour, D.; Cramm-Behrens, C.I.; Drobecq, H.; Le Bivic, A.; Naim, H.Y.; Jacob, R. Requirement for galectin-3 in apical protein
sorting. Curr. Biol. 2006, 16, 408–414. [CrossRef]

97. Honig, E.; Ringer, K.; Dewes, J.; von Mach, T.; Kamm, N.; Kreitzer, G.; Jacob, R. Galectin-3 modulates the polarized surface
delivery of beta1-integrin in epithelial cells. J. Cell Sci. 2018, 131, jcs213199. [CrossRef]

98. Kim, D.; Lee, D.W.; Jeong, E.K.; Lee, H.C.; Park, Y.S.; Lee, J.Y.; Chung, C.P.; Park, Y.J. Nipep-Ibd; a Synthetic Peptide Target-
ing Novel Molecule, Integrin Beta 1, to Restitute Intestinal Epithelial Cells for Inflammatory Bowel Disease (Ibd) Treatment.
Gastroenterology 2022, 162, S64–S64. [CrossRef]

99. Mousa, R.; Invernizzi, P.; Mousa, H. Innate immune cells in the pathogenesis of inflammatory bowel disease—From microbial
metabolites to immune modulation. Front. Gastroenterol. 2024, 3, 1452430. [CrossRef]

100. Smythies, L.E.; Sellers, M.; Clements, R.H.; Mosteller-Barnum, M.; Meng, G.; Benjamin, W.H.; Orenstein, J.M.; Smith, P.D. Human
intestinal macrophages display profound inflammatory anergy despite avid phagocytic and bacteriocidal activity. J. Clin. Investig.
2005, 115, 66–75. [CrossRef]

101. Koelink, P.J.; Bloemendaal, F.M.; Li, B.; Westera, L.; Vogels, E.W.M.; van Roest, M.; Gloudemans, A.K.; van‘t Wout, A.B.; Korf,
H.; Vermeire, S.; et al. Anti-TNF therapy in IBD exerts its therapeutic effect through macrophage IL-10 signalling. Gut 2020,
69, 1053–1063. [CrossRef] [PubMed]

102. Keubler, L.M.; Buettner, M.; Hager, C.; Bleich, A. A Multihit Model: Colitis Lessons from the Interleukin-10-deficient Mouse.
Inflamm. Bowel Dis. 2015, 21, 1967–1975. [CrossRef] [PubMed]

103. Desalegn, G.; Pabst, O. Inflammation triggers immediate rather than progressive changes in monocyte differentiation in the small
intestine. Nat. Commun. 2019, 10, 3229. [CrossRef] [PubMed]

104. Rivollier, A.; He, J.; Kole, A.; Valatas, V.; Kelsall, B.L. Inflammation switches the differentiation program of Ly6Chi monocytes
from antiinflammatory macrophages to inflammatory dendritic cells in the colon. J. Exp. Med. 2012, 209, 139–155. [CrossRef]

105. Kim, K.; Mayer, E.P.; Nachtigal, M. Galectin-3 expression in macrophages is signaled by Ras/MAP kinase pathway and up-
regulated by modified lipoproteins. Biochim. Biophys. Acta 2003, 1641, 13–23. [CrossRef]

106. Lippert, E.; Gunckel, M.; Brenmoehl, J.; Bataille, F.; Falk, W.; Scholmerich, J.; Obermeier, F.; Rogler, G. Regulation of galectin-3
function in mucosal fibroblasts: Potential role in mucosal inflammation. Clin. Exp. Immunol. 2008, 152, 285–297. [CrossRef]

107. Sciacchitano, S.; Lavra, L.; Morgante, A.; Ulivieri, A.; Magi, F.; De Francesco, G.P.; Bellotti, C.; Salehi, L.B.; Ricci, A. Galectin-3:
One Molecule for an Alphabet of Diseases, from A to Z. Int. J. Mol. Sci. 2018, 19, 379. [CrossRef]

108. Rotshenker, S. Galectin-3 (MAC-2) controls phagocytosis and macropinocytosis through intracellular and extracellular mecha-
nisms. Front. Cell Neurosci. 2022, 16, 949079. [CrossRef]

109. Papaspyridonos, M.; McNeill, E.; de Bono, J.P.; Smith, A.; Burnand, K.G.; Channon, K.M.; Greaves, D.R. Galectin-3 is an amplifier
of inflammation in atherosclerotic plaque progression through macrophage activation and monocyte chemoattraction. Arterioscler.
Thromb. Vasc. Biol. 2008, 28, 433–440. [CrossRef]

110. Kuwabara, I.; Liu, F.T. Galectin-3 promotes adhesion of human neutrophils to laminin. J. Immunol. 1996, 156, 3939–3944.
[CrossRef]

111. Elad-Sfadia, G.; Haklai, R.; Balan, E.; Kloog, Y. Galectin-3 augments K-Ras activation and triggers a Ras signal that attenuates
ERK but not phosphoinositide 3-kinase activity. J. Biol. Chem. 2004, 279, 34922–34930. [CrossRef] [PubMed]

112. Takenaka, Y.; Fukumori, T.; Yoshii, T.; Oka, N.; Inohara, H.; Kim, H.R.; Bresalier, R.S.; Raz, A. Nuclear export of phosphorylated
galectin-3 regulates its antiapoptotic activity in response to chemotherapeutic drugs. Mol. Cell Biol. 2004, 24, 4395–4406. [CrossRef]
[PubMed]

113. Jia, W.; Kidoya, H.; Yamakawa, D.; Naito, H.; Takakura, N. Galectin-3 accelerates M2 macrophage infiltration and angiogenesis in
tumors. Am. J. Pathol. 2013, 182, 1821–1831. [CrossRef] [PubMed]

114. Sano, H.; Hsu, D.K.; Yu, L.; Apgar, J.R.; Kuwabara, I.; Yamanaka, T.; Hirashima, M.; Liu, F.T. Human galectin-3 is a novel
chemoattractant for monocytes and macrophages. J. Immunol. 2000, 165, 2156–2164. [CrossRef]

115. Dabelic, S.; Novak, R.; Goreta, S.S.; Dumic, J. Galectin-3 expression in response to LPS, immunomodulatory drugs and exogenously
added galectin-3 in monocyte-like THP-1 cells. In Vitro Cell Dev. Biol. Anim. 2012, 48, 518–527. [CrossRef]

116. Elliott, M.J.; Strasser, A.; Metcalf, D. Selective up-regulation of macrophage function in granulocyte-macrophage colony-
stimulating factor transgenic mice. J. Immunol. 1991, 147, 2957–2963. [CrossRef]

117. Li, Y.; Komai-Koma, M.; Gilchrist, D.S.; Hsu, D.K.; Liu, F.T.; Springall, T.; Xu, D. Galectin-3 is a negative regulator of
lipopolysaccharide-mediated inflammation. J. Immunol. 2008, 181, 2781–2789. [CrossRef]

118. Zuberi, R.I.; Hsu, D.K.; Kalayci, O.; Chen, H.Y.; Sheldon, H.K.; Yu, L.; Apgar, J.R.; Kawakami, T.; Lilly, C.M.; Liu, F.T. Critical
role for galectin-3 in airway inflammation and bronchial hyperresponsiveness in a murine model of asthma. Am. J. Pathol. 2004,
165, 2045–2053. [CrossRef]

https://doi.org/10.1042/Bse0570189
https://doi.org/10.1016/j.cub.2005.12.046
https://doi.org/10.1242/jcs.213199
https://doi.org/10.1053/j.gastro.2021.12.133
https://doi.org/10.3389/fgstr.2024.1452430
https://doi.org/10.1172/JCI200519229
https://doi.org/10.1136/gutjnl-2019-318264
https://www.ncbi.nlm.nih.gov/pubmed/31506328
https://doi.org/10.1097/MIB.0000000000000468
https://www.ncbi.nlm.nih.gov/pubmed/26164667
https://doi.org/10.1038/s41467-019-11148-2
https://www.ncbi.nlm.nih.gov/pubmed/31324779
https://doi.org/10.1084/jem.20101387
https://doi.org/10.1016/S0167-4889(03)00045-4
https://doi.org/10.1111/j.1365-2249.2008.03618.x
https://doi.org/10.3390/ijms19020379
https://doi.org/10.3389/fncel.2022.949079
https://doi.org/10.1161/ATVBAHA.107.159160
https://doi.org/10.4049/jimmunol.156.10.3939
https://doi.org/10.1074/jbc.M312697200
https://www.ncbi.nlm.nih.gov/pubmed/15205467
https://doi.org/10.1128/MCB.24.10.4395-4406.2004
https://www.ncbi.nlm.nih.gov/pubmed/15121858
https://doi.org/10.1016/j.ajpath.2013.01.017
https://www.ncbi.nlm.nih.gov/pubmed/23499465
https://doi.org/10.4049/jimmunol.165.4.2156
https://doi.org/10.1007/s11626-012-9540-x
https://doi.org/10.4049/jimmunol.147.9.2957
https://doi.org/10.4049/jimmunol.181.4.2781
https://doi.org/10.1016/S0002-9440(10)63255-5


Int. J. Mol. Sci. 2025, 26, 6101 23 of 25

119. del Pozo, V.; Rojo, M.; Rubio, M.L.; Cortegano, I.; Cardaba, B.; Gallardo, S.; Ortega, M.; Civantos, E.; Lopez, E.; Martin-Mosquero,
C.; et al. Gene therapy with galectin-3 inhibits bronchial obstruction and inflammation in antigen-challenged rats through
interleukin-5 gene downregulation. Am. J. Respir. Crit. Care Med. 2002, 166, 732–737. [CrossRef]

120. Bamias, G.; Zampeli, E.; Domenech, E. Targeting neutrophils in inflammatory bowel disease: Revisiting the role of adsorptive
granulocyte and monocyte apheresis. Expert Rev. Gastroenterol. Hepatol. 2022, 16, 721–735. [CrossRef]

121. Yang, W.; Cong, Y. Exploring Colitis through Dynamic T Cell Adoptive Transfer Models. Inflamm. Bowel Dis. 2023, 29, 1673–1680.
[CrossRef] [PubMed]

122. Giuffrida, P.; Di Sabatino, A. Targeting T cells in inflammatory bowel disease. Pharmacol. Res. 2020, 159, 105040. [CrossRef]
[PubMed]

123. Strober, W.; Fuss, I.J. Proinflammatory cytokines in the pathogenesis of inflammatory bowel diseases. Gastroenterology 2011,
140, 1756–1767. [CrossRef]

124. Powrie, F.; Leach, M.W.; Mauze, S.; Caddle, L.B.; Coffman, R.L. Phenotypically distinct subsets of CD4+ T cells induce or protect
from chronic intestinal inflammation in C. B-17 scid mice. Int. Immunol. 1993, 5, 1461–1471. [CrossRef]

125. Asseman, C.; Mauze, S.; Leach, M.W.; Coffman, R.L.; Powrie, F. An essential role for interleukin 10 in the function of regulatory T
cells that inhibit intestinal inflammation. J. Exp. Med. 1999, 190, 995–1004. [CrossRef]

126. Bedke, T.; Stumme, F.; Tomczak, M.; Steglich, B.; Jia, R.; Bohmann, S.; Wittek, A.; Kempski, J.; Goke, E.; Bottcher, M.; et al.
Protective function of sclerosing cholangitis on IBD. Gut 2024, 73, 1292–1301. [CrossRef]

127. Gilson, R.C.; Gunasinghe, S.D.; Johannes, L.; Gaus, K. Galectin-3 modulation of T-cell activation: Mechanisms of membrane
remodelling. Prog. Lipid Res. 2019, 76, 101010. [CrossRef]

128. Grewal, T.; Nguyen, M.K.L.; Buechler, C. Cholesterol and COVID-19-therapeutic opportunities at the host/virus interface during
cell entry. Life Sci. Alliance 2024, 7, e202302453. [CrossRef]

129. Demotte, N.; Bigirimana, R.; Wieers, G.; Stroobant, V.; Squifflet, J.L.; Carrasco, J.; Thielemans, K.; Baurain, J.F.; Van Der Smissen,
P.; Courtoy, P.J.; et al. A short treatment with galactomannan GM-CT-01 corrects the functions of freshly isolated human
tumor-infiltrating lymphocytes. Clin. Cancer Res. 2014, 20, 1823–1833. [CrossRef]

130. Ocklenburg, F.; Moharregh-Khiabani, D.; Geffers, R.; Janke, V.; Pfoertner, S.; Garritsen, H.; Groebe, L.; Klempnauer, J.; Dittmar,
K.E.; Weiss, S.; et al. UBD, a downstream element of FOXP3, allows the identification of LGALS3, a new marker of human
regulatory T cells. Lab. Investig. 2006, 86, 724–737. [CrossRef]

131. Aroca-Crevillen, A.; Vicanolo, T.; Ovadia, S.; Hidalgo, A. Neutrophils in Physiology and Pathology. Annu. Rev. Pathol. 2024,
19, 227–259. [CrossRef]

132. Wera, O.; Lancellotti, P.; Oury, C. The Dual Role of Neutrophils in Inflammatory Bowel Diseases. J. Clin. Med. 2016, 5, 118.
[CrossRef]

133. Yui, S.; Nakatani, Y.; Mikami, M. Calprotectin (S100A8/S100A9), an inflammatory protein complex from neutrophils with a broad
apoptosis-inducing activity. Biol. Pharm. Bull. 2003, 26, 753–760. [CrossRef]

134. Jukic, A.; Bakiri, L.; Wagner, E.F.; Tilg, H.; Adolph, T.E. Calprotectin: From biomarker to biological function. Gut 2021,
70, 1978–1988. [CrossRef]

135. Hokama, A.; Mizoguchi, E.; Mizoguchi, A. Roles of galectins in inflammatory bowel disease. World J. Gastroenterol. 2008,
14, 5133–5137. [CrossRef]

136. Kim, S.I.; Choi, M.E. TGF-beta-activated kinase-1: New insights into the mechanism of TGF-beta signaling and kidney disease.
Kidney Res. Clin. Pract. 2012, 31, 94–105. [CrossRef]

137. Simovic Markovic, B.; Nikolic, A.; Gazdic, M.; Bojic, S.; Vucicevic, L.; Kosic, M.; Mitrovic, S.; Milosavljevic, M.; Besra, G.; Trajkovic,
V.; et al. Galectin-3 Plays an Important Pro-inflammatory Role in the Induction Phase of Acute Colitis by Promoting Activation of
NLRP3 Inflammasome and Production of IL-1beta in Macrophages. J. Crohns Colitis 2016, 10, 593–606. [CrossRef]

138. Pan, X.; Wang, H.; Zheng, Z.; Huang, X.; Yang, L.; Liu, J.; Wang, K.; Zhang, Y. Pectic polysaccharide from Smilax china L.
ameliorated ulcerative colitis by inhibiting the galectin-3/NLRP3 inflammasome pathway. Carbohydr. Polym. 2022, 277, 118864.
[CrossRef]

139. Volarevic, V.; Zdravkovic, N.; Harrell, C.R.; Arsenijevic, N.; Fellabaum, C.; Djonov, V.; Lukic, M.L.; Simovic Markovic, B. Galectin-3
Regulates Indoleamine-2,3-dioxygenase-Dependent Cross-Talk between Colon-Infiltrating Dendritic Cells and T Regulatory Cells
and May Represent a Valuable Biomarker for Monitoring the Progression of Ulcerative Colitis. Cells 2019, 8, 709. [CrossRef]

140. Tsai, H.F.; Wu, C.S.; Chen, Y.L.; Liao, H.J.; Chyuan, I.T.; Hsu, P.N. Galectin-3 suppresses mucosal inflammation and reduces
disease severity in experimental colitis. J. Mol. Med. 2016, 94, 545–556. [CrossRef]

141. Baptiste, T.A.; James, A.; Saria, M.; Ochieng, J. Mechano-transduction mediated secretion and uptake of galectin-3 in breast
carcinoma cells: Implications in the extracellular functions of the lectin. Exp. Cell Res. 2007, 313, 652–664. [CrossRef] [PubMed]

142. Lippert, E.; Stieber-Gunckel, M.; Dunger, N.; Falk, W.; Obermeier, F.; Kunst, C. Galectin-3 Modulates Experimental Colitis.
Digestion 2015, 92, 45–53. [CrossRef] [PubMed]

https://doi.org/10.1164/rccm.2111031
https://doi.org/10.1080/17474124.2022.2100759
https://doi.org/10.1093/ibd/izad160
https://www.ncbi.nlm.nih.gov/pubmed/37536274
https://doi.org/10.1016/j.phrs.2020.105040
https://www.ncbi.nlm.nih.gov/pubmed/32585338
https://doi.org/10.1053/j.gastro.2011.02.016
https://doi.org/10.1093/intimm/5.11.1461
https://doi.org/10.1084/jem.190.7.995
https://doi.org/10.1136/gutjnl-2023-330856
https://doi.org/10.1016/j.plipres.2019.101010
https://doi.org/10.26508/lsa.202302453
https://doi.org/10.1158/1078-0432.CCR-13-2459
https://doi.org/10.1038/labinvest.3700432
https://doi.org/10.1146/annurev-pathmechdis-051222-015009
https://doi.org/10.3390/jcm5120118
https://doi.org/10.1248/bpb.26.753
https://doi.org/10.1136/gutjnl-2021-324855
https://doi.org/10.3748/wjg.14.5133
https://doi.org/10.1016/j.krcp.2012.04.322
https://doi.org/10.1093/ecco-jcc/jjw013
https://doi.org/10.1016/j.carbpol.2021.118864
https://doi.org/10.3390/cells8070709
https://doi.org/10.1007/s00109-015-1368-x
https://doi.org/10.1016/j.yexcr.2006.11.005
https://www.ncbi.nlm.nih.gov/pubmed/17184769
https://doi.org/10.1159/000431312
https://www.ncbi.nlm.nih.gov/pubmed/26202676


Int. J. Mol. Sci. 2025, 26, 6101 24 of 25

143. Lippert, E.; Falk, W.; Bataille, F.; Kaehne, T.; Naumann, M.; Goeke, M.; Herfarth, H.; Schoelmerich, J.; Rogler, G. Soluble galectin-3
is a strong, colonic epithelial-cell-derived, lamina propria fibroblast-stimulating factor. Gut 2007, 56, 43–51. [CrossRef] [PubMed]

144. Mendez-Huergo, S.P.; Hockl, P.F.; Stupirski, J.C.; Maller, S.M.; Morosi, L.G.; Pinto, N.A.; Beron, A.M.; Musuruana, J.L.; Nasswetter,
G.G.; Cavallasca, J.A.; et al. Clinical Relevance of Galectin-1 and Galectin-3 in Rheumatoid Arthritis Patients: Differential
Regulation and Correlation with Disease Activity. Front. Immunol. 2018, 9, 3057. [CrossRef]

145. Frol’ova, L.; Smetana, K., Jr.; Borovska, D.; Kitanovicova, A.; Klimesova, K.; Janatkova, I.; Malickova, K.; Lukas, M.; Drastich, P.;
Benes, Z.; et al. Detection of galectin-3 in patients with inflammatory bowel diseases: New serum marker of active forms of IBD?
Inflamm. Res. 2009, 58, 503–512. [CrossRef]

146. Yu, T.B.; Dodd, S.; Yu, L.G.; Subramanian, S. Serum galectins as potential biomarkers of inflammatory bowel diseases. PLoS ONE
2020, 15, e0227306. [CrossRef]

147. Cibor, D.; Szczeklik, K.; Brzozowski, B.; Mach, T.; Owczarek, D. Serum galectin 3, galectin 9 and galectin 3-binding proteins in
patients with active and inactive inflammatory bowel disease. J. Physiol. Pharmacol. 2019, 70, 95–104. [CrossRef]

148. Bajraktari, G.; Elger, T.; Huss, M.; Loibl, J.; Albert, A.; Kandulski, A.; Muller, M.; Tews, H.C.; Buechler, C. Serum Galectin-3 as a
Non-Invasive Marker for Primary Sclerosing Cholangitis. Int. J. Mol. Sci. 2024, 25, 4765. [CrossRef]

149. Tews, H.C.; Elger, T.; Grewal, T.; Weidlich, S.; Vitali, F.; Buechler, C. Fecal and Urinary Adipokines as Disease Biomarkers.
Biomedicines 2023, 11, 1186. [CrossRef]

150. Meijers, W.C.; Schroten, N.F.; Ruifrok, W.P.; Assa, S.; Dokter, M.M.; Damman, K.; Gansevoort, R.T.; Van Gilst, W.H.; Sillje, H.H.;
De Boer, R.A. Urinary and plasma galectin-3 in heart failure—Insights in renal handling. Eur. Heart J. 2013, 34, P4243. [CrossRef]

151. Ou, S.M.; Tsai, M.T.; Chen, H.Y.; Li, F.A.; Lee, K.H.; Tseng, W.C.; Chang, F.P.; Lin, Y.P.; Yang, R.B.; Tarng, D.C. Urinary Galectin-3
as a Novel Biomarker for the Prediction of Renal Fibrosis and Kidney Disease Progression. Biomedicines 2022, 10, 585. [CrossRef]
[PubMed]

152. Ahmad, T.; Rao, V.; Chunara, Z.; Mahoney, D.; Jackson, K.; Hodson, D.; Tarleton, C.; Thomas, D.; Chen, M.; Jacoby, D.; et al. Urine
Galectin-3 Levels Identify High Risk Renal Dysfunction in Patients with Heart Failure. J. Card. Fail. 2017, 23, S32. [CrossRef]

153. Balasubramanian, K.; Vasudevamurthy, R.; Venkateshaiah, S.U.; Thomas, A.; Vishweshwara, A.; Dharmesh, S.M. Galectin-3 in
urine of cancer patients: Stage and tissue specificity. J. Cancer Res. Clin. Oncol. 2009, 135, 355–363. [CrossRef]

154. Ambruzs, J.M.; Larsen, C.P. Renal Manifestations of Inflammatory Bowel Disease. Rheum. Dis. Clin. N. Am. 2018, 44, 699–714.
[CrossRef]

155. Dincer, M.T.; Dincer, Z.T.; Bakkaloglu, O.K.; Yalin, S.F.; Trabulus, S.; Celik, A.F.; Seyahi, N.; Altiparmak, M.R. Renal Manifestations
in Inflammatory Bowel Disease: A Cohort Study During the Biologic Era. Med. Sci. Monit. 2022, 28, e936497. [CrossRef]

156. Kaminska, J.; Dymicka-Piekarska, V.; Tomaszewska, J.; Matowicka-Karna, J.; Koper-Lenkiewicz, O.M. Diagnostic utility of protein
to creatinine ratio (P/C ratio) in spot urine sample within routine clinical practice. Crit. Rev. Clin. Lab. Sci. 2020, 57, 345–364.
[CrossRef]

157. Block, M.; Molne, J.; Leffler, H.; Borjesson, L.; Breimer, M.E. Immunohistochemical Studies on Galectin Expression in Colectomised
Patients with Ulcerative Colitis. Biomed. Res. Int. 2016, 2016, 5989128. [CrossRef]

158. Akiyama, S.; Rai, V.; Rubin, D.T. Pouchitis in inflammatory bowel disease: A review of diagnosis, prognosis, and treatment. Intest.
Res. 2021, 19, 1–11. [CrossRef]

159. Brazowski, E.; Dotan, I.; Tulchinsky, H.; Filip, I.; Eisenthal, A. Galectin-3 expression in pouchitis in patients with ulcerative colitis
who underwent ileal pouch-anal anastomosis (IPAA). Pathol. Res. Pract. 2009, 205, 551–558. [CrossRef]

160. Jensen-Jarolim, E.; Gscheidlinger, R.; Oberhuber, G.; Neuchrist, C.; Lucas, T.; Bises, G.; Radauer, C.; Willheim, M.; Scheiner, O.;
Liu, F.T.; et al. The constitutive expression of galectin-3 is downregulated in the intestinal epithelia of Crohn’s disease patients,
and tumour necrosis factor alpha decreases the level of galectin-3-specific mRNA in HCT-8 cells. Eur. J. Gastroenterol. Hepatol.
2002, 14, 145–152. [CrossRef]

161. Muller, S.; Schaffer, T.; Flogerzi, B.; Fleetwood, A.; Weimann, R.; Schoepfer, A.M.; Seibold, F. Galectin-3 modulates T cell activity
and is reduced in the inflamed intestinal epithelium in IBD. Inflamm. Bowel Dis. 2006, 12, 588–597. [CrossRef] [PubMed]

162. Butscheid, M.; Hauptvogel, P.; Fritz, P.; Klotz, U.; Alscher, D.M. Hepatic expression of galectin-3 and receptor for advanced
glycation end products in patients with liver disease. J. Clin. Pathol. 2007, 60, 415–418. [CrossRef]

163. Shimonishi, T.; Miyazaki, K.; Kono, N.; Sabit, H.; Tuneyama, K.; Harada, K.; Hirabayashi, J.; Kasai, K.; Nakanuma, Y. Expression
of endogenous galectin-1 and galectin-3 in intrahepatic cholangiocarcinoma. Hum. Pathol. 2001, 32, 302–310. [CrossRef]

164. Gudowska, M.; Gruszewska, E.; Cylwik, B.; Panasiuk, A.; Rogalska, M.; Flisiak, R.; Szmitkowski, M.; Chrostek, L. Galectin-3
Concentration in Liver Diseases. Ann. Clin. Lab. Sci. 2015, 45, 669–673.

165. Hsu, D.K.; Dowling, C.A.; Jeng, K.C.; Chen, J.T.; Yang, R.Y.; Liu, F.T. Galectin-3 expression is induced in cirrhotic liver and
hepatocellular carcinoma. Int. J. Cancer 1999, 81, 519–526. [CrossRef]

166. Henderson, N.C.; Mackinnon, A.C.; Farnworth, S.L.; Poirier, F.; Russo, F.P.; Iredale, J.P.; Haslett, C.; Simpson, K.J.; Sethi, T.
Galectin-3 regulates myofibroblast activation and hepatic fibrosis. Proc. Natl. Acad. Sci. USA 2006, 103, 5060–5065. [CrossRef]

https://doi.org/10.1136/gut.2005.081646
https://www.ncbi.nlm.nih.gov/pubmed/16709662
https://doi.org/10.3389/fimmu.2018.03057
https://doi.org/10.1007/s00011-009-0016-8
https://doi.org/10.1371/journal.pone.0227306
https://doi.org/10.26402/jpp.2019.1.06
https://doi.org/10.3390/ijms25094765
https://doi.org/10.3390/biomedicines11041186
https://doi.org/10.1093/eurheartj/eht309.P4243
https://doi.org/10.3390/biomedicines10030585
https://www.ncbi.nlm.nih.gov/pubmed/35327386
https://doi.org/10.1016/j.cardfail.2017.07.084
https://doi.org/10.1007/s00432-008-0481-4
https://doi.org/10.1016/j.rdc.2018.06.007
https://doi.org/10.12659/MSM.936497
https://doi.org/10.1080/10408363.2020.1723487
https://doi.org/10.1155/2016/5989128
https://doi.org/10.5217/ir.2020.00047
https://doi.org/10.1016/j.prp.2009.02.001
https://doi.org/10.1097/00042737-200202000-00008
https://doi.org/10.1097/01.MIB.0000225341.37226.7c
https://www.ncbi.nlm.nih.gov/pubmed/16804396
https://doi.org/10.1136/jcp.2005.032391
https://doi.org/10.1053/hupa.2001.22767
https://doi.org/10.1002/(SICI)1097-0215(19990517)81:4%3C519::AID-IJC3%3E3.0.CO;2-0
https://doi.org/10.1073/pnas.0511167103


Int. J. Mol. Sci. 2025, 26, 6101 25 of 25

167. Cervantes-Alvarez, E.; Limon-de la Rosa, N.; Vilatoba, M.; Perez-Monter, C.; Hurtado-Gomez, S.; Martinez-Cabrera, C.; Argemi,
J.; Alatorre-Arenas, E.; Yarza-Regalado, S.; Tejeda-Dominguez, F.; et al. Galectin-3 is overexpressed in advanced cirrhosis and
predicts post-liver transplant infectious complications. Liver Int. 2022, 42, 2260–2273. [CrossRef]

168. Bacigalupo, M.L.; Manzi, M.; Rabinovich, G.A.; Troncoso, M.F. Hierarchical and selective roles of galectins in hepatocarcinogenesis,
liver fibrosis and inflammation of hepatocellular carcinoma. World J. Gastroenterol. 2013, 19, 8831–8849. [CrossRef]

169. Arsenijevic, A.; Milovanovic, M.; Milovanovic, J.; Stojanovic, B.; Zdravkovic, N.; Leung, P.S.; Liu, F.T.; Gershwin, M.E.; Lukic, M.L.
Deletion of Galectin-3 Enhances Xenobiotic Induced Murine Primary Biliary Cholangitis by Facilitating Apoptosis of BECs and
Release of Autoantigens. Sci. Rep. 2016, 6, 23348. [CrossRef]

170. Arsenijevic, A.; Milovanovic, J.; Stojanovic, B.; Djordjevic, D.; Stanojevic, I.; Jankovic, N.; Vojvodic, D.; Arsenijevic, N.; Lukic,
M.L.; Milovanovic, M. Gal-3 Deficiency Suppresses Novosphyngobium aromaticivorans Inflammasome Activation and IL-17
Driven Autoimmune Cholangitis in Mice. Front. Immunol. 2019, 10, 1309. [CrossRef]

171. Jeftic, I.; Jovicic, N.; Pantic, J.; Arsenijevic, N.; Lukic, M.L.; Pejnovic, N. Galectin-3 Ablation Enhances Liver Steatosis, but
Attenuates Inflammation and IL-33-Dependent Fibrosis in Obesogenic Mouse Model of Nonalcoholic Steatohepatitis. Mol. Med.
2015, 21, 453–465. [CrossRef] [PubMed]

172. Tian, J.; Yang, G.; Chen, H.Y.; Hsu, D.K.; Tomilov, A.; Olson, K.A.; Dehnad, A.; Fish, S.R.; Cortopassi, G.; Zhao, B.; et al. Galectin-3
regulates inflammasome activation in cholestatic liver injury. FASEB J. 2016, 30, 4202–4213. [CrossRef]

173. Dragomir, A.C.; Sun, R.; Choi, H.; Laskin, J.D.; Laskin, D.L. Role of galectin-3 in classical and alternative macrophage activation
in the liver following acetaminophen intoxication. J. Immunol. 2012, 189, 5934–5941. [CrossRef]

174. MacKinnon, A.C.; Farnworth, S.L.; Hodkinson, P.S.; Henderson, N.C.; Atkinson, K.M.; Leffler, H.; Nilsson, U.J.; Haslett, C.;
Forbes, S.J.; Sethi, T. Regulation of alternative macrophage activation by galectin-3. J. Immunol. 2008, 180, 2650–2658. [CrossRef]

175. Nguyen, H.H.; Fritzler, M.J.; Swain, M.G. A Review on Biomarkers for the Evaluation of Autoimmune Cholestatic Liver Diseases
and Their Overlap Syndromes. Front. Mol. Med. 2022, 2, 914505. [CrossRef]

176. Kersten, R.; Trampert, D.C.; Hubers, L.M.; Tolenaars, D.; Vos, H.R.; van de Graaf, S.F.J.; Beuers, U. Galectin-3 and prohibitin 1
are autoantigens in IgG4-related cholangitis without clear-cut protective effects against toxic bile acids. Front. Immunol. 2023,
14, 1251134. [CrossRef]

177. Jovanovic, M.; Simovic Markovic, B.; Gajovic, N.; Jurisevic, M.; Djukic, A.; Jovanovic, I.; Arsenijevic, N.; Lukic, A.; Zdravkovic, N.
Metabolic syndrome attenuates ulcerative colitis: Correlation with interleukin-10 and galectin-3 expression. World J. Gastroenterol.
2019, 25, 6465–6482. [CrossRef]

178. Ardizzone, S.; Cassinotti, A.; Manes, G.; Porro, G.B. Immunomodulators for all patients with inflammatory bowel disease? Therap
Adv. Gastroenterol. 2010, 3, 31–42. [CrossRef]

179. Dabelic, S.; Supraha, S.; Dumic, J. Galectin-3 in macrophage-like cells exposed to immunomodulatory drugs. Biochim. Biophys.
Acta 2006, 1760, 701–709. [CrossRef]

180. Petrov, J.C.; Desai, A.A.; Kochhar, G.S.; Crosby, S.K.; Kinnucan, J.A.; Picco, M.F.; Hashash, J.G.; Farraye, F.A. Metformin Is
Associated with Improved Inflammatory Bowel Disease Outcomes in Patients with Type 2 Diabetes Mellitus: A Propensity-
Matched Cohort Study. Inflamm. Bowel Dis. 2024, 31, 1237–1247. [CrossRef]

181. Rena, G.; Hardie, D.G.; Pearson, E.R. The mechanisms of action of metformin. Diabetologia 2017, 60, 1577–1585. [CrossRef]
[PubMed]

182. Villumsen, M.; Schelde, A.B.; Jimenez-Solem, E.; Jess, T.; Allin, K.H. GLP-1 based therapies and disease course of inflammatory
bowel disease. EClinicalMedicine 2021, 37, 100979. [CrossRef]

183. Tchaava, K.; Gegeshidze, N.; Shavdia, M.; Ninashvili, N.; Shervashidze, T. Change in Galectin-3 (Marker of Fibrosis) During
Empagliflozin Therapy. Am. Heart J. 2022, 254, 245. [CrossRef]

184. Knopf, H.C.; Busch, M.A.; Du, Y.; Truthmann, J.; Schienkiewitz, A.; Scheidt-Nave, C. Changes in the prevalence of statin use in
Germany—Findings from national health interview and examination surveys 1997–1999 and 2008–2011. Z Evidenz Fortbild. Qual.
Gesundhwes. 2017, 122, 22–31. [CrossRef] [PubMed]

185. Tuncez, A.; Altunkeser, B.B.; Ozturk, B.; Ates, M.S.; Tezcan, H.; Aydogan, C.; Kirik, E.C.; Yalcin, U.; Aygul, N.; Demir, K.; et al.
Comparative effects of atorvastatin 80 mg and rosuvastatin 40 mg on the levels of serum endocan, chemerin, and galectin-3 in
patients with acute myocardial infarction. Anatol. J. Cardiol. 2019, 22, 240–249. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/liv.15326
https://doi.org/10.3748/wjg.v19.i47.8831
https://doi.org/10.1038/srep23348
https://doi.org/10.3389/fimmu.2019.01309
https://doi.org/10.2119/molmed.2014.00178
https://www.ncbi.nlm.nih.gov/pubmed/26018806
https://doi.org/10.1096/fj.201600392RR
https://doi.org/10.4049/jimmunol.1201851
https://doi.org/10.4049/jimmunol.180.4.2650
https://doi.org/10.3389/fmmed.2022.914505
https://doi.org/10.3389/fimmu.2023.1251134
https://doi.org/10.3748/wjg.v25.i43.6465
https://doi.org/10.1177/1756283X09354136
https://doi.org/10.1016/j.bbagen.2005.11.020
https://doi.org/10.1093/ibd/izae147
https://doi.org/10.1007/s00125-017-4342-z
https://www.ncbi.nlm.nih.gov/pubmed/28776086
https://doi.org/10.1016/j.eclinm.2021.100979
https://doi.org/10.1016/j.ahj.2022.10.036
https://doi.org/10.1016/j.zefq.2017.04.001
https://www.ncbi.nlm.nih.gov/pubmed/28511896
https://doi.org/10.14744/AnatolJCardiol.2019.64249

	Introduction 
	IBD, Obesity and Galectin-3 
	Galectin-3 Regulates Intestinal Epithelial Cell Junctions 
	Macrophage, Neutrophil and T-Cell Function Is Regulatedby Galectin-3 
	Galectin-3 in Experimental IBD 
	Serum, Urinary and Fecal Galectin-3 in IBD 
	Tissue Expression of Galectin-3 in IBD 
	Galectin-3 in Liver Diseases and Primary Sclerosing Cholangitis 
	Drugs Affecting Galectin-3 and Galectin-3 Antagonists forLiver Fibrosis 
	Conclusions 
	References

