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Abstract: Galectin-3, a f-galactoside-binding lectin encoded by LGALS3, is increasingly recognized as a central mediator in liver
disease and inflammation. Galectin-3 has the unique ability to cross-link glycosylated molecules, resulting in a broad range of
functions, from receptor clustering to influence downstream signaling, to extracellular matrix stabilization and the regulation of cell
adhesion. In the liver, it regulates fibrogenesis through hepatic stellate cell activation, oxidative stress regulation, apoptosis, and
extracellular matrix deposition. Immunologically, galectin-3 contributes to leukocyte infiltration, macrophage polarization, inflamma-
some activation and T cell regulation. Elevated circulating and hepatic galectin-3 levels are reported across different stages of liver
disease, including metabolic dysfunction-associated liver disease (MASLD), formerly known as nonalcoholic fatty liver disease
(NAFLD), metabolic dysfunction-associated steatohepatitis (MASH), and cirrhosis, correlating with disease stage and the risk of
hepatocellular carcinoma. Translational studies highlight galectin-3 as both a biomarker and a therapeutic target. Clinical trials of
galectin-3 inhibitors, including GB1211 (Selvigaltin) and GR-MD-02 (Belapectin), demonstrate safety and preliminary efficacy signals
in reducing liver fibrosis, portal hypertension, and systemic inflammation. Preclinical models reinforce its role in modulating
fibrogenic and inflammatory signaling, supporting drug development efforts. This review synthesizes current evidence on galectin-3
in liver disease and inflammation, with emphasis on mechanisms, biomarker potential, the requirements for clinical investigation and
translational opportunities. By bridging molecular insights with ongoing therapeutic trials, galectin-3 appears to be an important driver
of liver pathology and a promising target for liver-directed antifibrotic and anti-inflammatory therapies.
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Introduction
Chronic liver diseases are highly prevalent worldwide and contribute to substantial global morbidity and mortality."
A key pathological process underlying many of these conditions is the progressive scarring of liver tissue, termed liver
fibrosis. Fibrosis results from the excessive accumulation of extracellular matrix (ECM) proteins in response to persistent
liver injury, while cirrhosis represents its advanced stage, characterized by extensive scarring with architectural distor-
tion, hepatocellular loss, and, consequently, impaired liver function.” Inflammation is a major perpetrator of liver disease.
Repeated liver injury triggers hepatocyte injury and death, which stimulates leucocyte recruitment and inflammatory
polarization of infiltrating and resident immune cells.* This can drive a vicious cycle of renewed injury, wherein
stimulated immune cells aggravate parenchymal injury through the release of mediators that stimulate hepatic stellate
cells (HSCs) to transform into ECM-producing myofibroblasts and activate further cell types.’ Furthermore, chronic liver
disease is increasingly recognized as a multisystem disease involving the gut and its microbiome, adipose tissue and
systemic lipids, as well as the bone marrow as the source of circulating immune cells.®

The most frequent etiologies include chronic viral hepatitis, metabolic dysfunction-associated steatotic liver disease
(MASLD), and alcohol-associated liver disease (ALD).” At present, the majority of hepatitis B virus (HBV) and hepatitis
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C virus (HCV) infections worldwide remain undiagnosed, despite screening and eradication efforts.® Simultaneously, the
prevalence of MASLD is increasing, now affecting more than 30% of Europeans and Americans.”'® Alongside mixed
forms of MASLD with elevated alcohol consumption (MetALD) and cholestatic and autoimmune liver diseases, these
etiologies represent the major causes for liver fibrosis and cirrhosis worldwide."'

The severe clinical burden of advanced fibrosis and cirrhosis underscores the urgent need for mechanistic under-
standing and effective antifibrotic therapies. The development of fibrolytic medication, however, remains challenging due
to the complex interplay of hepatocellular injury, inflammation, and extracellular matrix remodeling.'? Current ther-
apeutic strategies primarily aim to halt or slow disease progression by targeting primary pathogenic triggers, such as viral
replication,'? lipotoxicity and metabolic dysregulation,'* as well as alcohol consumption,'® rather than directly targeting
fibrogenesis or reversing established fibrosis, cirrhosis, or cirrhosis-associated complications.

Galectin-3 is a lectin, a glycoprotein without catalytic function, but with the ability to bind carbohydrate structures,'®'”
that has emerged as an important regulator of liver pathology. In the healthy liver, galectin-3 expression is restricted to
macrophages and bile duct epithelial cells,'® with low or absent expression in healthy hepatocytes.'® Galectin-3 is upregulated
in chronic liver injury®® and engages in diverse interactions with cellular and extracellular partners, influencing both
inflammation and fibrogenesis.”’ As a multifunctional regulator, it can direct the progression of liver disease. Its broad
interaction profile complicates the dissection of its precise mechanistic role. Nevertheless, accumulating evidence suggests
that galectin-3 not only serves as a biomarker of disease severity, but may also represent a promising therapeutic target. Indeed,
early attempts to pharmacologically inhibit galectin-3 in preclinical and clinical studies highlight its potential as a novel
antifibrotic strategy.”

Structure of Galectin-3
Galectin-3 is a 30 kDa glycoprotein belonging to the B-galactoside-binding lectin family. Like most mammalian galectins, it
binds non-enzymatically to ubiquitous cell surface glycans, with strong affinity for poly-N-acetyllactosamine chains.*?
Oligomerized galectin-3 crosslinks glycosylated proteins and lipids on the cell surface to regulate signaling pathways and
ligand endocytosis.>* Additionally, it can bind non-carbohydrate ligands in the cytosol and nucleus.? This versatility underlies
its involvement in diverse processes, including cell adhesion, cell growth and differentiation, cell cycle, cell signaling,
apoptosis and angiogenesis.'’%2°

Galectins are evolutionarily ancient glycan-binding proteins (GBPs). At least 16 galectins have been identified in
vertebrates, each containing a conserved carbohydrate recognition domain (CRD) of ~130 amino acids, responsible for
the lectin activity.>® Galectins are classified into three subgroups, based on their CRD organization: prototype galectins,
tandem-repeat galectins and chimera-type galectins.>' Prototype galectins contain one CRD that associates to form non-
covalent homodimers and include galectin-1, =2, =5, =7, —10, —11, —13-16. Tandem-repeat galectins have two homo-
logous CRD motifs separated by a peptide linker and comprise galectin-4, —6, —§, —9, —12.3233 Structurally unique,
galectin-3 is the only mammalian representative of a chimera-type lectin, containing a single canonical CRD connected
to a short N-terminal domain via an intermediary proline-rich collagen-a-like domain (Figure 1).

The CRD contains the p-galactoside-binding site and the NWGR amino acid sequence.** The N-terminal domain of
galectin-3 mediates oligomerization,* nuclear-cytoplasmic translocation,®> and extracellular secretion of galectin-3.%¢ In
the extracellular space, Galectin-3 can be cleaved in its collagen-a-like domain by matrix metalloproteinases 2 and 9,

thus abrogating oligomerisation.*”**

Localization and Binding Partners of Galectin-3

The localization of galectin-3 depends on cell type, proliferation status and culture conditions.>® It is predominantly
a cytosolic protein,* but can shuttle between cytoplasm and nucleus.*® While galectin-3 preferentially binds p-galactoside
motifs, many intracellular ligands also bind to galectin-3 via protein-protein interactions instead of lectin-carbohydrate
recognition.*”** This renders the functional profile of galectin-3 to be inherently flexible. Secreted galectin-3 can interact
with a wide range of cell surface molecules, including immune receptors, integrins, adhesion molecules, and signalling
receptors, or interact with soluble mediators and components of the ECM. Selected localization-dependent interactions of
galectin-3 are illustrated in Figure 2.
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Figure | Structure of galectin family members. Galectins are classified into three groups based on the number and organization of their carbohydrate recognition domains
(CRDs): prototype galectins, tandem-repeat galectins and chimera-type galectins. Galectin-3 is a structurally unique member of the galectin family as it contains a single CRD
connected to a short N-terminal domain via an intermediary proline-rich collagen-a-like domain, which is required for oligomerisation. Figure adapted from Mukherjee MM,
Biesbrock D, Hanover JA. Galectin-3: Integrator of Signaling via Hexosamine Flux. Biomolecules. 2025; 15(7):1028. https://doi.org/10.3390/biom 5071028,*° Created with
https:BioRender.com. Hammerich, (L) (2025) https://BioRender.com/Iracrq0.

Intracellular Functions

A key function of intracellular galectin-3 is the regulation of apoptosis, mediated through its interaction with several
intracellular ligands that inhibit cell death, such as Bcl-2 and synexin (annexin VII).*'**? The latter mediates the translocation
of galectin-3 to the outer mitochondrial membrane to preserve mitochondrial integrity under apoptotic stimuli.** Galectin-3
can further stimulate survival in oncogenic settings, where activated k-Ras recruits galectin-3 from the cytosol to the plasma
membrane. This leads to k-Ras stabilization and phosphoinositide 3-kinase (PI3-K) and Raf-1 activation.**** In turn,
galectin-3 facilitates micropinocytic nutrient uptake and redox balance in KR4S-mutated tumours.*

Beyond apoptosis, galectin-3 functions as a sensor of intracellular damage, detecting and responding to compromised
cellular structures. Under homeostatic conditions, most glycoconjugates are restricted to the lumen of organelles.*® In
case of a loss of lysosomal integrity, induced by bacterial or viral damage, galectin-3 swiftly accumulates around lysed
vesicles by binding to exposed [B-galactosides on damaged membranes, where it associates with autophagy regulator
tripartite motif 16 (TRIM16) to trigger autophagy and bacterial clearance.*” ** Therefore, galectin-3 acts as a vacuolar
damage sensor which coordinates lysosomal repair and removal.’%'!

In leukocytes, intracellular galectin-3 plays an additional regulatory role, influencing both their functionality and
polarization. In T cells, the interaction of galectin-3 with Alix/AIP-1 (ALG-2-interacting protein X or ALG-2 interacting
protein-1) downregulates the T cell receptor (TCR) at the immunological synapse and inhibits its activation.”® At the
same time, the presence of intracellular galectin-3 is required for T cell polarization and long-term adaptive responses.
While early CD8" T cell activation is independent of galectin-3, subsequent memory formation and survival in response
to antigenic stimulation is dependent on intracellular galectin-3.>> Through its expression in dendritic cells, galectin-3
attenuates Th17-type inflammatory polarization by reducing IL-23 secretion.>*

Nuclear Function of Galectin-3

Within the nucleus, galectin-3 participates in RNA processing and transcriptional regulation. It interacts with Gemin4,
a component of the survival of motor neuron (SMN) multiprotein complex, which facilitates pre-mRNA splicing.>
Galectin-3 also directly interacts with B-catenin and Axin, a regulator of the Wnt pathway. It colocalizes with the B-
catenin/T cell factor complex to the nucleus to enhance the Wnt/B-catenin signalling pathway and promotes cell cycle
progression through cyclin D1 and c-myc.”®>’

Secretion and Extracellular Functions of Galectin-3

Galectin-3 is secreted by activated HSCs, inflammatory macrophages, tumour-infiltrating lymphocytes, and stromal
cells.”® ©° Like other galectins, it bypasses the endoplasmic reticulum-Golgi complex due to its lack of a signal peptide,®'

. . . . 1.62
and is secreted through non-classical routes involving exosomes.®'*®
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Figure 2 Localization, binding partners and physiological functions of galectin-3. Galectin-3 is involved in diverse cellular functions, as reflected by its broad distribution in
different tissues and cellular compartments. Galectin-3 can exert inflammatory actions via binding to lipopolysaccharide (LPS) and enhancement of toll-like receptor 4 (TLR4)
signalling and assembly of caspase-4/-11 oligomers, leading to noncanonical inflammasome activation and pyroptosis. It can also dampen inflammation by scavenging
cytokines/chemokines. Intracellular LPS sensing by galectin-3 can activate mTORCI signalling, resulting in enhanced glucose uptake and glycolysis, providing a link between
chronic inflammation and diabetes. Depending on its localization, it can either protect from apoptosis or induce apoptosis in T cells via binding to several cell surface
receptors. An important extracellular function of galectin-3 is to cross-link glycosylated receptors for regulation of receptor turnover and signal transduction. Galectin-3
governs T cell receptor (TCR) signalling by binding to ALG-2-interacting protein X (Alix) in the immunological synapse and by extracellular lattice formation which inhibits
lateral movements of TCR and therefore uncontrolled activation. Galectin-3 mediates cell proliferation and cell cycle progression through enhancement of k-Ras and f-
catenin signalling. Binding of galectin-3 to several extracellular matrix components modulates cell adhesion and motility. Galectin-3 is also involved in processes such as
angiogenesis, pre-mRNA spliceosome assembly, Wnt signalling and autophagy. Created with https:BioRender. Hammerich, (L) (2025) https://BioRender.com/ki7Ibpk.
Abbreviations: Bcl-2, B-cell lymphoma-2; CXCL12, CXC motif chemokine ligand 12; EGFR, epidermal growth factor receptor; FAK, focal adhesion kinase; GLUT I, glucose
transporter |; HK2, hexokinase 2; PKM2, pyruvate kinase M2; mTORCI, mechanistic target of rapamycin complex |; TPRII, transforming growth factor f receptor; TRIMI6,
tripartite motif 16.

Galectin-3 plays a central extracellular role by interacting with the ECM. Due to the unique ability to form pentamers,
galectin-3 can cross-link extracellular structures and stabilize their interaction. This includes the binding of glycosylated ECM
components such as laminin, fibronectin, tenascin-C and -R, chondroitin sulfate, and Mac-2 binding protein.®>*” By
recruiting and activating a5B1 integrins in focal adhesions, galectin-3 promotes fibronectin fibrillogenesis, the assembly of
fibronectin dimers into stable, fibrous networks in the ECM, and can facilitate tumour cell spreading.®® In diabetes, galectin-
3-integrin a5B1 interactions promote angiogenesis and wound healing, but excessive advanced glycation end products (AGEs)
disrupt this interaction.”® Depending on cell type, integrin subtype, and galectin-3 concentration, it can either promote

adhesion by clustering integrins into focal adhesions,”” or reduce adhesion via caveolae-like endocytosis of p1-integrins.”*"!
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At the external cell surface, galectin-3 oligomerises into lattices that regulate receptor diffusion, endocytosis and signalling, in
both inhibitory and stimulatory ways.”* Galectin-3 oligomers can engage membrane glycans in cis (on one cell) and in trans
(between cells)."” For example, galectin-3 cross-links Mgat5-modified glycans on epidermal growth factor receptor (EGFR) and
transforming growth factor-B receptor (TGF-BR), delaying endocytosis,”” while in T cells, lattice formation restricts TCR
movement to fine-tune sensitivity, enhancing pathogen defence while limiting autoimmunity.>*’* ¢ In contrast to its intracellular
anti-apoptotic function, extracellular galectin-3 induces T cell apoptosis by cross-linking CD29 and CD?7, although CD45 has
also been proposed as the relevant receptor.'”””® In the tumour microenvironment, galectin-3 modulates immune checkpoints
by suppressing CD8+ T cells through binding to heavily glycosylated LAG-3.%°

Extracellular galectin-3 contributes to the recognition of microbial structures, including bacteria, parasites, and
fungi.”®** It binds lipopolysaccharides (LPS) through its CRD and N-terminal domains,** sequestering LPS and limiting
macrophage signalling to protect the host from endotoxic shock.®® Paradoxically, galectin-3 also contributes to immu-
nopathology through LPS-induced galectin-3 oligomerisation, CD14 binding and amplified neutrophil-driven
inflammation,* and exacerbates leukocyte infiltration in sepsis.®’

Evidence from neuroinflammation shows a direct alarmin function of extracellular galectin-3, which is secreted by
microglia and directly stimulates toll-like receptor 4 (TLR4)-dependent inflammation.®® In addition, galectin-3 has been
shown to bind cytokines, forming “galectokines” with CXC motif chemokine ligand (CXCL) 12 to dampen its signaling,
and with interferon (IFN) y to reduce T cell tumor infiltration.®*~!

In sum, the broad spectrum of galectin-3 ligands and its context-dependent localization underlie its diverse, often
opposing, extracellular functions. A representative list of localization-specific binding partners is summarized in Table 1.

Table | Selected Compartment-Specific Interaction Partners of Galectin-3

Extracellular Cell Surface Intracellular
ECM Proteins Laminin®? Immune receptors CD3 (TCR)*>7® Signalling and scaffold Axin®®
Fibronectin®* cp7"’ proteins B-catenin®®
Tenascin-C®° CD4577%? K-Ras*>#
Tenascin-R® CDé6alb” Rag GTPases'’
Mac-2 binding protein®’ CD71 (transferrin receptor)’” NLRP3%
Collagen V"' CD95 (APO-I/Fas)®® TTF-1%°
Elastin®’ IgE”®?? Stress regulators Bcl-2*!10
Hensin'®' LAG-3%° Nucling'®?
NG2 proteoglycan'® Mucin-1'%* TRIM16*
Cytokine/Chemokine | CXCLI2% Integrins and adhesion alBl integrin’' Structural proteins Cytokeratins*
IFNY®! molecules 021 integrin'® Synexin (annexin VII)*?
PAMP LPs'84 5B integrin?®¢® Protocadherin-24'%
CDI46'" RNA- and protein- Gemin4>®
CD98'% processing Alix/AIP1%?
CEA'? hnRNP?
Ligand signaling receptors TBRII™
Insulin receptor''®
EGFR”
VEGF'"!
PRRs TLR2''?
TLR4%®
PAMPs LPs'84

Fungal capsule®?

Abbreviations: Alix/AIP-1, ALG-2-interacting protein X/ALG-2 interacting protein-1; Bcl-2, B-cell lymphoma-2; CEA, carcinoembryonic antigen; CXCLI2, CXC motif
chemokine ligand 12; ECM, extracellular matrix; EGFR, epidermal growth factor receptor; hnRNP, heterogeneous nuclear ribonucleoprotein; IFNYy, interferon gamma; IgE,
immunoglobulin E; LAG-3, lymphocyte activation gene 3; LPS, lipopolysaccharide; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; TBRII, transforming growth
factor B receptor Il; TCR, T cell receptor; TLR, toll-like receptor; TRIMI6, tripartite motif |16; TTF-1, thyroid transcription factor-1, VEGF, vascular endothelial growth factor.
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Galectin-3 as a Regulator of Hepatic Fibrogenesis

Galectin-3 as a Driver of Liver Disease

Galectin-3 occupies a central axis in the progression of liver disease, a hypothesis supported by two compelling lines of
evidence. First, both hepatic and circulating levels of galectin-3 are significantly elevated in patients with liver fibrosis and
cirrhosis.”® Galectin-3 concentrations correlate with cirrhosis severity across alcohol-associated, metabolic dysfunction-
associated, and toxic etiologies and are highest in cases of end-stage liver disease and hepatocellular carcinoma (HCC).'"?
Second, deficiency for the gene encoding galectin-3 (Lgals3) in mice confers protection against liver fibrogenesis. In rodent
models of fibrotic hepatic injury (eg, CCly-induced fibrosis or bile duct ligation), myofibroblast activation, soluble collagen
deposition, and fibrosis are attenuated in Lgals3 ™~ strains, even when injury and inflammation levels are comparable to wild-
type controls.''* Disruption of galectin-3 in HSCs prevents their activation via TGF-B signaling, underscoring its essential role
in stellate cell-mediated fibrogenesis.''* Together, these observations support the notion that galectin-3 is an important driver

of liver fibrosis.

Galectin-3 in Macrophages

Liver macrophages are tissue-resident and infiltrating immune cells with high plasticity.''>''® Galectin-3 is expressed in
hepatic macrophages and contributes to both inflammatory and fibrogenic responses in liver injury. During hepatotoxic
insults, galectin-3 binds directly to and activates the NLRP3 inflammasome in hepatic macrophages (eg, in cholestatic
liver injury), leading to caspase-1 activation and downstream induction of interleukin (IL)-1B.°* This cascade triggers an
IL-17 response that exacerbates liver inflammation and fibrotic progression.”* In steatohepatitis, galectin-3 amplifies
inflammatory signaling by promoting NLRP3 inflammasome activation through the engagement of TLR4.""”

The traditional M1/M2 dichotomy, with M1 (“classical”’) macrophages described as proinflammatory and fibrolytic
and M2 (“alternative”) macrophages, viewed as regenerative and pro-fibrotic, has largely been replaced by the recogni-
tion of a continuum of macrophage activation states.''® However, much of the evidence on macrophage biology in
galectin-3-mediated liver disease was framed within this outdated dichotomy, and deeper insights into the full spectrum
of macrophage phenotypes with regard to galectin-3 remain limited.

On the one hand, galectin-3 is necessary for the polarization of macrophages towards an IL-4 driven, pro-fibrotic
phenotype. In turn, these “alternatively activated” macrophages can be characterized by increased galectin-3 expression
and secretion.'” On the other hand, while acute acetaminophen (APAP) intoxication increased intrahepatic galectin-3"
macrophages in mice, the CD11b"/Ly6C™ monocyte/macrophage population, functionally categorized as “classical”, was
reduced by galectin-3 knockout (Lgals3~")."'® In turn, M2-like CD11b"/Ly6C'®, IL-10-producing monocytes/macro-
phages increased in Lgals3~~ mice 72h after APAP injury.''® In the context of acute APAP-induced injury, Lgals3 ™~
animals exhibited less hepatotoxicity and improved hepatocyte recovery with a higher mitotic index than wildtype
controls.''®!?

As a modifier of the cell surface glycoproteome, galectin-3 regulates leukocyte adhesion, rolling and emigration.'*°
Accordingly, Lgals3~~ mice exhibit restricted leucocyte rolling velocity and recruitment, while recombinant galectin-3
proportionally increases neutrophil and monocyte recruitment. These effects are mediated by defects in E-selectin-dependent
adhesion in Lgals3~ leucocytes, which display reduced lectin binding sites on their cell surface.'>® Consistent with these
immunomodulatory roles, galectin-3 deficiency in the tumor vasculature of melanoma causes vascular remodeling and
reduced infiltration of CD68" macrophages.'?! However, in the CCls-induced liver fibrosis model, Lgals3~~ mice displayed

114 although a more detailed

no changes in overall leucocyte or T cell recruitment during the early injury phase (1 week),
characterization of leukocyte subsets was not performed. Thus, galectin-3 clearly shapes immune cell trafficking in several

contexts, but its role in leukocyte recruitment during early liver fibrosis remains inconclusive.

Stimulation of Myofibroblasts

In the liver, HSCs are the main fibrogenic cell type, due to their ability to transform into ECM-producing myofibroblasts
upon tissue injury.? Simultaneously, they also convey regenerative functions in liver regeneration and hepatocyte
zonation.'”? Galectin-3 both directly and indirectly affects HSC transformation, transdifferentiation, and liver
regeneration.'> Profibrotic effects of galectin-3 in liver fibrosis are summarized in Figure 3.
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Figure 3 Profibrotic function of galectin-3 in chronic liver disease. HSCs are essential to the production of ECM in liver fibrogenesis. They are stimulated through
hepatocyte apoptosis and engulf apoptotic bodies through galectin-3 mediated integrin interactions. The central profibrotic pathway involves TGFf and is augmented
through galectin-3. Galectin-3 recruits immune cells through endothelial/LSEC modifications, stimulates macrophages through TLR4 signaling and NLRP inflammasome
activation, resulting in a proinflammatory phenotype that further stimulates HSCs. In the ECM, galectin-3 cross-links glycosylated components to form lattice structures by
polymerization, stabilizing the ECM. Created with https:BioRender.com. Hammerich, (L) (2025) https://BioRender.com/dwyo3hk.

Abbreviations: ECM, extracellular matrix; HSC, hepatic stellate cell; IL, interleukin; LSEC, liver sinusoidal endothelial cell; TGF, Transforming Growth Factor; TLR, toll-like
receptor; VEGF, vascular endothelial growth factor.
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Although now almost two decades old, the seminal work by Henderson et al remains a cornerstone in our under-
standing of galectin-3 in liver fibrosis.''* Their study was among the first to demonstrate that galectin-3 is upregulated in
HSCs during fibrogenic activation and directly linked this lectin to the profibrotic response. Galectin-3 expression was
temporally and spatially associated with fibrotic septae, with the expression regressing after fibrosis resolution. Hepatic
collagen deposition was abrogated through galectin-3 deficiency (Lgals3 ") in mice and mediated through the galectin-
3-dependent activation of HSCs. The authors observed that galectin-3 deficiency reduced the ability of TGF-p (a central
fibrogenic mediator signaling via Smad2/3) to transactivate HSC, even though downstream Smad2/3 phosphorylation in
response to TGF-B was similar between wild type and Lgals3~~ HSCs.''* This suggests parallel or downstream effects
of the galectin-3-TGF-f interplay that have not yet been fully clarified in liver fibrogenesis. In lung fibrosis, an intriguing
mechanism has been described, in which extracellular galectin-3 induces fibrogenic signaling in lung fibroblasts by
binding to av Integrins and to the TGFBRII subunit, thereby promoting receptor clustering and pathological TGF-p1
signaling.'** Whether a similar mechanism operates in HCSs during liver fibrogenesis remains to be established.
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The presence of extracellular galectin-3 further facilitates the interaction of HSCs with apoptotic cells through a3
integrin-dependent tethering. During this process, galectin-3 expression and release are upregulated in activated HSCs,
a response mediated by nuclear factor (NF)-kB signaling.”®

In contrast, during liver regeneration, galectin-3 acts as an essential modifier of the ECM. Galectin-3-deficient mice
failed to establish a regenerative niche for hepatic progenitor cells during 2-week models of dietary and biliary injury.'®
Hepatic progenitor cells and macrophages actively secrete galectin-3 in response to injury, enabling regenerative niche

formation and the expansion of hepatic progenitor cells, as well as their adhesion to laminin.'®

Modulation of Vascular Function
Galectin-3 shapes vascular responses that extend beyond its impact on leucocyte recruitment (detailed in IIL.1, “Galectin-3 in
macrophages”). In particular, it contributes to processes such as neoangiogenesis and proliferative signaling within the
vascular microenvironment.''" Emerging clinical data suggest that galectin-3 inhibition may exert therapeutic benefits by
attenuating pathological vascular remodeling and variceal formation, an endpoint that has gained increasing attention in recent
clinical trials (detailed in IV, “Galectin-3 as a therapeutic target: evidence from clinical trials”).'*> Experimental evidence
indicates that treatment with the galectin-3 inhibitor GR-MD-02 not only reduced the degree of liver fibrosis and normalized
liver architecture in thioacetamide-treated rats, but also significantly reduced portal venous pressure.'?® While the mechanistic
basis of this hemodynamic improvement is not fully clear, accumulating evidence suggests that the hemodynamic benefits of
galectin-3 inhibition in portal hypertension arise not solely from structural fibrosis remodeling, but also from direct effects on
liver sinusoidal endothelial cells (LSECs), potentially involving improved endothelial phenotype and sinusoidal function.

Galectin-3 shapes vascular responses by stimulating vascular endothelial growth factor (VEGF)-signaling in endothelial
cells. It induces the phosphorylation of the VEGF-2 receptor, resulting in increased plasma membrane retention and
angiogenic function.'!'! The notion of galectin-3-associated LSEC pathology in the setting of fibrosis and cirrhosis is supported
by a high galectin-3 signature in liver sinusoidal endothelial cells, which has been linked to endothelial dysfunction.'?’

In breast cancer, MMP-2 and MMP-9-mediated cleavage of extracellular galectin-3 has been shown to induce
angiogenesis, with galectin-3 fragments directly stimulating the migration and morphogenesis of endothelial cells.'?®
While this mechanism has not yet been replicated in liver malignancies, both MMP-2 and MMP-9 are often upregulated

in HCC, and their overexpression is associated with an inferior treatment prognosis.'*%"'*

Barriers to Mechanistic Understanding

Although extensive liver disease models have been conducted in galectin-3 knockout mice (Lgals3~"), mechanistic
interpretation remains challenging due to the protein’s diverse subcellular localization and context-dependent functions.
Much of today’s understanding comes from murine Lgals3~'~ knockout models, which lack cell- or compartment-
specificity but nonetheless provide valuable directional insights. Intracellular galectin-3 mediates more cell-specific
processes, while secreted galectin-3 contributes to intercellular communication, particularly in modulating ECM and
regulating fibroblast activity. This functional and spatial heterogeneity makes it challenging to attribute observed
phenotypes to specific interactions. A further limitation in the current literature is that we still lack direct evidence
showing how structural modifications like cleavage or oligomerization of galectin-3 affect the injured liver. As a result,
current models of the role of galectin-3 in liver disease remain largely inferential, highlighting the need for studies that
directly map its biochemical states to specific mechanisms during hepatic inflammation and fibrosis. The following
section further illustrates the diverse, and at times opposing roles of galectin-3 across the temporal progression of
steatosis to steatohepatitis to cirrhosis.

Galectin-3 in Steatotic Liver Disease (MASLD/MASH)

The etiology of chronic liver disease shapes its clinical course, with distinct patterns of progression and outcomes noted in
metabolic-associated causes. The trajectory of MASLD involves several key pathological processes, including hepatic
steatosis driven by insulin resistance, elevated free fatty acids, and excessive lipid synthesis. These alterations contribute
to oxidative stress, inflammation, and, ultimately, fibrosis.'*! The innate immune system, mainly liver-resident (ie Kupffer
cells) and recruited macrophages, is a major contributor to the progression of MASLD, with inflammatory responses due to
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metabolic injury as well as repair processes during disease regression.* More recently, MASLD has been associated with
additional changes in the pathological hepatic microenvironment with autoreactive dendritic cells and CD8 T cells that drives
disease and confers resistance to immune checkpoint inhibitors in case of malignancy.'**'*> Furthermore, series from
America and Europe have noted inferior long-term survival in MASLD-related and ALD-related HCC compared to other

. . 1 1
etiologies, *'*’

underscoring the prognostic and therapeutic relevance of understanding disease origin.

Emerging evidence indicates that the role of galectin-3 in MASLD progression may vary depending on the disease
stage and the predominant mechanism of injury, with differential effects on steatosis and inflammation.?! LGALS3 its
dynamically regulated in response to diet/steatosis, as demonstrated by models of porcine dietary models. Hepatic
LGALS3 expression closely paralleled lipid droplet accumulation during steatosis induction and declined upon dietary
reversal, highlighting its association with hepatic steatosis load.'®

During the initial development of liver steatosis, galectin-3 appears to exert a protective role. Lgals3™~ mice
spontaneously developed liver steatosis at 6 months of age and exhibited increased AGE and receptor for AGE
(RAGE),"? indicative of oxidative stress and metabolic dysfunction. Furthermore, galectin-3-deficient animals upregu-
lated lipopolysaccharide-mediated and cancer-associated signaling in response to a choline-deficient L-amino-acid-
defined (CDAA) diet.'*® The degree of steatohepatitis was higher between two and four weeks of dietary exposure,
but reached similar levels of steatosis and inflammation as their wildtype counterparts after 8 weeks of feeding.
Canonical pathway analysis revealed a hepatic upregulation of the platelet-derived growth factor (PDGF) signaling
and IL-6 signaling pathways in Lgals3~"~ animals after 8 weeks of CDAA-feeding.'*

In contrast to the aggressive CDAA model, which swiftly induces not only steatosis, but also moderate weight loss,
severe inflammation and fibrosis, the high-fat diet (HFD) model replicates obesogenic mechanisms and is also suitable
for studying inflammatory activity over an extended experimental period.'*' In a murine HFD model, galectin-3 ablation
aggravated hepatic steatosis by promoting adiposity and lipid accumulation, consistent with a protective role in early
metabolic regulation. The loss of galectin-3 dampened immune activation and disrupted IL-33-dependent profibrotic
signaling, thereby attenuating liver inflammation and fibrosis, underscoring its dual role in disease progression.'*?
A human biopsy study in pediatric MASLD patients demonstrated an overall decrease of galectin-3-positive cells with
rising severity of disease, while 0-SMA “/galectin-3" cells, likely activated HSCs, increased, further suggesting stage-
dependent expression and function across cell types.143

Treatment with a galectin-3 inhibitor (GR-MD-02) reduced MASH activity and fibrosis in rodents, both in early
disease and after the establishment of liver fibrosis.'** In a HFD-feeding rabbit model of MASLD/MASH, the galectin-3
inhibitor selvigaltin attenuated hepatic inflammation and fibrotic remodeling in a dose-dependent manner.'*’

Together, these findings underscore the context-dependent and stage-specific functions of galectin-3 in MASLD,
highlighting it as both a potential protective factor (for steatosis), but also as a disease driver and a promising therapeutic

target (for inflammation and fibrosis).

Human Studies and Clinical Relevance

Galectin-3 as a Biomarker of Liver Disease

Non-invasive biomarkers can support the detection, staging, and clinical management of chronic liver disease.'*® This
need for biomarkers in liver disease is underscored by the high global prevalence of liver fibrosis and cirrhosis, the initial
asymptomatic course, and the variable progression to decompensation and cancer.'*"1*% In primary liver cancer, reliable
biomarkers are essential not only for earlier diagnosis but also for pretreatment risk stratification and for monitoring
therapeutic response and disease recurrence.'*”'*° Galectin-3 has therefore gained attention as a candidate biomarker, as
its systemic levels are elevated across chronic liver diseases and may reflect clinically relevant disease processes.

151,152
1’5,5

. . . . 1 . . 154
Serum galectin-3 levels are elevated across a wide range of diseases, such as rena cardiac,'>® and liver disease'’

and are associated with increased all-cause mortality.'>' Because of this, galectin-3 is considered a nonspecific biomarker. Its
analysis further requires adaptation to age and biological sex, with females and older individuals presenting with intrinsically

higher galectin-3 levels. 151,155
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Across multiple studies in subjects with chronic HCV infection, galectin-3 serum levels showed no significant
correlation with viral load or serum ALT, and did not reliably predict liver fibrosis stage.'>®'>” However, after successful
HCV eradication, serum galectin-3 levels decline.'>® In patients with cirrhosis, galectin-3 levels had considerable
discriminating power between compensated and advanced disease stages.?’

In ALD, systemic galectin-3 levels are elevated,'® and show good discriminative ability between compensated and
de-compensated disease, reaching an area under the curve (AUC) of 0.95.*° A potential mechanism for galectin-3
accumulation in this setting may be reduced hepatic galectin-3 clearance, as individuals with ALD cirrhosis had similar
concentrations between portal vein and hepatic vein galectin-3 concentrations, unlike liver-healthy individuals, where
portal venous concentrations were higher than in liver-effluent blood.'*®

Individuals with MASLD have elevated levels of galectin-3.'>* This is also the case across various MASLD-
associated cardiometabolic conditions, with elevated galectin-3 serum levels noted in individuals with type II
1 elevated blood

and dysregulated serum lipids.">""'®> Serum galectin-3 levels were furthermore associated with elevated

diabetes,'”® diabetes-associated vascular complications,'®® obesity,'®' impaired renal function,
pressure,”"
liver stiffness, indicative of fibrotic remodeling.'®® An Asian population-based analysis found that higher galectin-3
serum levels were associated significantly with an increased risk of moderate-to-severe liver steatosis.'®*

Cholestatic liver diseases are a heterogenous group of diseases, differing in etiology, pathomechanisms and patterns of
injury, and experimental translation remains challenging.165 In an exploratory cohort, patients with primary sclerosing
cholangitis (PSC) had elevated galectin-3 levels, particularly in the presence of concomitant inflammatory bowel disease
(IBD).'°® However, overall diagnostic and prognostic evidence on galectin-3 in cholestatic liver diseases is currently limited.

In HCC, galectin-3 is a prognostic marker indicative of aggressive tumor phenotype; patients with high galectin-3
protein or mRNA expression, as well as circulating galectin-3 had inferior overall survival across multiple patient
cohorts.'®”"'"" High LGALS3 mRNA expression further correlates with a high regulatory T cell signature and the
expression of the inflammatory mediators CCL20 and CCR6 in the tumor microenvironment.'®® Gene ontology (GO)
analyses demonstrated that LGALS3-high tumors are associated with an upregulation of several chemotaxis and leucocyte
migration pathways.'”® LGALS3-overexpressing tumors had a higher presence of cancer-associated fibroblasts, as well as
increased leucocyte infiltration, including enriched activated macrophage signatures, as well as neutrophils, dendritic
cells, B cells, CD8" T cells and CD4" T cells. Furthermore, a higher expression of a range of checkpoint molecules was
found in these tumors, suggesting a suppressive microenvironment, despite leucocyte abundance.'”®

Both protein and gene expression of galectin-3 and its binding partner galectin-3 binding protein (LGALS3BP) were
identified as key dysregulated analytes in recurrent HCC compared to non-recurrent tumors,'® highlighting the associa-
tion with aggressive disease behavior. In line with this, overexpression of galectin-3 enhances the bone metastatic
potential of HCC cells and drives skeletal-related events by fostering a pre-metastatic niche through promotion of
osteoclast fusion and podosome formation.'”!

HCC shows overall low response rates to checkpoint inhibitor monotherapy, prompting the adoption of combination
regimens to overcome immune resistance.'’> Targeting galectin-3, which contributes to this resistance by promoting
immunosuppression, angiogenesis, and fibrosis, has been suggested as a monotherapy or to improve immunotherapy
efficacy in HCC. A recent murine study used a subcutaneous cell line (H22) tumor model to study the combined
liposomal delivery of the galectin-3 inhibitor GB1107, a PDl-inhibitor, and an androgen receptor antagonist.
Monotherapy with GB1107 increased intratumoral CD8" T cell infiltration as well as IFN-y and CXCL10 concentrations,
and reprogrammed macrophages towards an antitumor phenotype. Importantly, the liposomes exhibited no direct
cytotoxicity in vitro, indicating that the therapeutic benefit of galectin-3 inhibition predominantly arose from immune

modulation rather than direct tumor cell killing.'”

Pharmacology of Targeting Galectin-3

The central role of galectin-3 in driving chronic liver disease provides a strong rationale for its pharmacological targeting.
However, targeting a molecule with physiologically broad expression throughout tissues, manifold intra- and extracellular
interaction partners, and particularly across a progressing and chronic disease, is challenging. Furthermore, patient selection —
shaped by factors such as disease stage (from early fibrosis to decompensated cirrhosis), underlying etiology, and the

10 https: Journal of Inflammation Research 2026:19



Lurje et al

availability of established treatments, including the recent regulatory approval of drugs like resmetirom for MASLD/
MASH'"*!7> _ constitutes a challenge unique to liver disease. Therapeutic targeting in MASLD/MASH presents additional
challenges in stage, population and endpoint selection, that are reviewed in detail elsewhere.'”® We therefore briefly outline the
key considerations guiding the therapeutic targeting of galectin-3 (Table 2), before reviewing the human applications to date.

Table 2 Considerations Guiding Galectin-3 Targeting Drug Discovery

Requirement

Rationale

Key Assessments / Metrics

Design Considerations and Examples

I. Pharmacological & formulation requirements

Pharmacokinetics &
bioavailability

Tissue distribution

Selectivity & off-
target profile

Potency and efficacy

Ensure sufficient systemic and hepatic exposure
to modulate galectin-3 (extracellular and/or
intracellular pools), dose prediction

Demonstrate delivery to liver

Avoid cross-reactivity with other galectins or
lectins that could reduce safety or efficacy.
Inhibit galectin-3 at concentrations achievable

in vivo

Oral bioavailability, AUC, Cmax, t;,
hepatic/plasma concentration ratio,
Pharmacokinetics variability, PBPK

Liver biopsy: target occupancy, galectin-3

staining

KD/IC50 across galectin family, proteome-
wide off-target screens, functional assays.

HSC activation readouts, target occupancy

Conventional or Al-supported PBPK

modeling|77

Optimize formulation (oral vs IV)'7®
exploit first-pass hepatic uptake or use
targeted carriers (eg, liposomes'’?)
Liposomal or liver-targeted systems;|73
measure pharmacodynamics markers
Prioritize molecules with high galectin-3
selectivity'”?

Prioritize molecules with high galectin-3

potency and efficacy

Il. Safety/ toxicology

Safety in chronic liver
disease

Drug-drug
interactions (DDI)

Immunogenicity (for
biologicals)

Dosing regimen and

route

Special populations
and contraindications

Minimize infection risk and hepatotoxicity in

patients with impaired liver function.

Consider polypharmacy and DDI, particularly in
patients with liver disease

Antibody/peptide therapeutics may elicit ADAs
that affect pharmacokinetics,

-distribution, and safety.

Chronic liver disease requires tolerable long-
term regimens that promote adherence.

Dose/safety may differ in decompensated
cirrhosis, pregnancy, renal impairment.

Toxicity studies, liver panels
(transaminases, bilirubin), infection
surveillance, histopathology.

CYP/UGT enzyme profiling, transporter
assays (OATP, P-gp), clinical DDI studies
versus common co-medications.

ADA incidence, neutralizing antibody
assays, impact on pharmacokinetics,
-distribution, safety and efficacy.
Dose-response, exposure-response
modeling, trough levels, adherence
measures.

Pharmacokinetics in hepatic or renal
impairment, reproductive toxicology, dose
adjustment calculation.

Conservative dose escalation; include
cohorts with cirhosis cautiously; monitor
liver function closely;

Utilize advanced in vitro models (eg
organoids, spheroids).'”®
Investigate CYP induction, label DDI

recommendations'®°

Humanized sequences, immunogenicity risk

assessment, longitudinal ADA monitoring'®'

Oral administration preferred if

182 otherwise

bioavailability is adequate;
infrequent parenteral dosing.

Early attention to decompensating patients;
consider pharmacokinetics in hepatic and

renal impairmentm‘I80

Ill. Efficacy & endpoints

Efficacy endpoints
(regulatory-relevant)

Long-term effects
and cancer risk

Demonstrate meaningful antifibrotic effects
using accepted endpoints

Chronic immune modulation may affect tumor

surveillance and risk of malignancy.

Histologic steatosis/ fibrosis stage,
collagen deposition, transient
elastography, clinical outcomes
(decompensation).

Long-term animal carcinogenicity, cancer
incidence surveillance in long-term
studies.

Combine noninvasive'®® and histologic|75
endpoints;

include long-term decompensation and
oncological endpoints.

Include oncological monitoring for high-risk
populations in extensions and subsequent

longitudinal observation studies'®*

IV. Manufacturing & regulatory approval

Manufacturing,
stability and
formulation

Regulatory &
reimbursement

considerations

Scalable, stable product meeting distribution

requirements for chronic therapy.

Align development program with regulatory

expectations and payer value frameworks.

Efficient production (high GMP yield),
stability studies (shelf life),

cold-chain needs, excipient compatibility
with the drug for long-term stability
Agency feedback, selection of approval-
relevant primary endpoints (FDA/EMA),
health-economic modeling.

Ideally stable oral formats; liposomal

biologics require specialized

manufacturing'®®

Early regulator engagement (FDA/EMA)'

Abbreviations: ADAs, anti-drug antibody; AUC, Area under the concentration-time curve; Cmax, Maximum plasma concentration; CYP, cytochrome P; DDI, drug-drug
interactions; EMA, European Medicines Agency; FDA, US Food and Drug Administration; GMP, Good Manufacturing Practice; HSC, Hepatic stellate cell; 1V, intravenous; KD,
Equilibrium dissociation constant; OATP, Organic Anion Transporting Polypeptides; PBPK, Physiologically based pharmacokinetic (model); Pglycoprotein; t , half-life; UGT,
UDP-glucuronosyltransferase.
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Recent investigations have increasingly explored oral administration as a means of enhancing patient adherence.
Combining the nanostructure Tetrahedral Framework DNA with galectin-3-targeted small interfering RNA (siRNA)
succeeded in experimental hepatic drug delivery. As a result of silenced galectin-3 expression, fibrosis was reduced in

murine models, and inflammatory macrophage polarization was attenuated.'®>

Galectin-3 as a Therapeutic Target: Evidence From Clinical Trials

Two main compounds are under clinical investigation in human trials of liver fibrosis, the galactopyranoside-derived
small molecule GB1211 (Selvigaltin) and the polysaccharide-based GR-MD-02 (Belapectin). A key distinction between
the two is their route of administration, with GB1211 given orally and GR-MD-02 delivered intravenously. Despite oral
administration, GB1211 demonstrates a favorable bioavailability of approximately 68% in mice.'®” In humans, urinary
excretion of GB1211 within 96 hours is higher with tablet formulations (30-36%) compared to capsules (~15%), but
results show high interindividual variability, with no consistent differences between healthy participants and those with
hepatic impairment (Table 3).'*%!%

The first human trial targeting galectin-3 in liver fibrosis was published in 2016,'” yet to date, no drug directed
against galectin-3 has received regulatory approval. Since then, several human trials have investigated different
inhibitors, varying in phase, trial design, compound structure, route of administration, and other pharmacological aspects.

The GT-020 study was the first to evaluate a galectin-3 inhibitor in humans. GR-MD-02, a polysaccharide-based
compound, was administered intravenously in three different dosing regimens and was reported as safe and tolerable.'”°
Adverse events (AEs) occurred at similar frequencies across groups, were mostly mild, and did not correlate with dosage.
GR-MD-02 did not lead to changes in laboratory or clinical parameters compared to placebo. Notably, in the third cohort
(8 mg/kg) a significant reduction in FibroTest scores was observed, although this endpoint was not assessed in the other
cohorts. To further explore this finding, Harrison et al examined imaging outcomes in patients who received 8 mg/kg
biweekly for 16 weeks. No differences were observed between treatment and placebo in iron-corrected T1 (cT1)
mapping, liver stiffness by magnetic resonance elastography (MRE), or shear-wave elastography (LSM). Histological
validation by liver biopsy was not performed.*

In 2020, Chalasani et al published a multicenter, double-blind randomized controlled trial (RCT) conducted across 36
sites.'? Patients received GR-MD-02 at 4 or 8 mg/kg biweekly for 52 weeks. The primary endpoint — change in hepatic
venous pressure gradient (HVPG) — was not met in the overall cohort. However, subgroup analyses revealed reductions

Table 3 Comparing Two Prototypic Galectin-3 Inhibitors GBI21 | and GR-MD-02

GBI1211 (Selvigaltin)

GR-MD-02 (Belapectin)

Structure Small molecule from the group of galactopyranosides with Polysaccharide-based drug (galactoarabino-
additional non-natural aromatic structures'’® '8 rhamnogalacturonate)n''25‘I9o
Administration Oral'78188 Intravenous22 125190

Absolute bioavailability 68% in mice'® 100%
Relative bioavailability Higher with tablet formulation compared to capsule|89 na.
Investigated doses 5, 20, 50, 100, 200 or 400 mg once daily as well as 50 or 100mg | 2, 4 and 8mg/kg weekly or biweekly?>'?>!%
twice daily'm'I88
Urine excretion High variability in healthy participants and those with hepatic na.
impairment”38
Variable data'’®'88
AUC Dose-dependent'7%'%8 Dose-dependent'?>'?°
Higher in patients with hepatic impairment'® Potential drug accumulation'?®
No direct pharmacokinetic comparison of
healthy and liver-impaired individuals
Cinax Dose-dependent'78‘|88 Dose-dependent'zs"90
Higher in patients with Child-Pugh C cirrhosis'®®
Tin Higher in patients with hepatic impairmentIes Higher when applied biweekly than weekly|25

Abbreviations: AUC, Area under the concentration-time curve; C,,, maximum plasma concentration; n.a., not available; T, half-life.
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in HVPG and a reduced incidence of new varices in patients without esophageal varices at baseline. These findings led to
the ongoing NAVIGATE trial (NCT04365868), designed to evaluate GR-MD-02 in variceal prevention.'”! Secondary
endpoints, including fibrosis stage, NAFLD activity score, and liver-related outcomes, showed no significant changes.'*

GB1211 (Selvigaltin) represents the first orally available galectin-3 inhibitor, deemed safe and tolerable in healthy
individuals.'”™ A three-part clinical trial was initiated: parts one and three assessed single-dose pharmacokinetics in
patients with hepatic impairment, as compared to healthy individuals (NCT05009680).'*® Part two (phase IIA) inves-
tigates repeated dosing in the same population, with results still pending.

Pharmacokinetics of both compounds were altered in the presence of liver disease. For GB1211, pharmacoki-
netic parameters such as AUC, maximum plasma concentration (Cy,ay), and time to peak drug concentration (T pax)
increased dose-dependently in healthy individuals.'”® Hepatic impairment (Child-Pugh B/C) led to ~60% higher
AUC, with elevated Cpn,y only in Child-Pugh C, and prolonged half-life.'**'*® GR-MD-02 likewise showed dose-
dependent increases in AUC and C,,,, in patients with MASH, with evidence of drug accumulation at 8 mg/kg and
a half-life extending beyond 24h with biweekly dosing.'?*>'*® Although no direct comparison between healthy and
liver-impaired subjects has been made, early trials adjusted dosing intervals, underscoring the importance of
careful pharmacokinetic monitoring and potential dose adaptation in diseased populations (Table 4).'*°

In conclusion, although galectin-3 inhibitors have progressed into clinical testing with acceptable safety profiles,
effective translation remains complex, particularly in light of past trials that failed to meet primary liver-related endpoints.

Table 4 Overview of Published Human Clinical Trials Targeting Galectin-3

Study Type of Intervention n= Inclusion Primary Main Findings
Trial Concerning Liver Endpoint
Disease
Harrison et al RCT Belapectin Cohort |: 2mg/kg Biopsy-proven NASH Safety, No difference in incidence and
2016'%° Phase (GR-MD-02) 4 vs 2 placebo- with advanced fibrosis tolerability, and severity of AE
NCTO01899859 | I study intravenous controls (Brunt stage 3) dose-limiting No difference in clinical and
either 2, 4 or 8mg/ | Cohort 2: 4mg/kg toxicity laboratory parameters (ECG, blood
kg each four times | 8 vs 2 placebo- count, electrolytes, renal function,
controls lipid parameters, fasted glucose, urine
Cohort 3: 8mg/kg analysis)
7 vs 6 placebo- FibroTest Score significantly reduced
controls in cohort 3 compared to placebo
Harrison et al RCT Belapectin 15 vs 15 placebo- Biopsy-proven NASH Changes in liver No difference in cT1
2018% Phase Il (GR-MD-02) controls with advanced fibrosis inflammation and | No difference in liver stiffness in MRE
NCT02421094 | study intravenous (Brunt stage 3) fibrosis measured | or LSM
8 mglkg by cT1 mapping
Biweekly for Changes in liver
16 weeks stiffness in MRE
or LSM
Chalasani et al | RCT Belapectin 54 (2mg/kg) vs 54 NASH, cirrhosis, and Changes in HYPG | No difference in changes in HVPG
2020'% Phase I1B (GR-MD-02) (8mg/kg) vs 54 portal hypertension at the end of the | Subgroup analysis for patients without
NCT02462967 | study Intravenous placebo-controls with a hepatic venous 52-week period esophageal varices 2mg/kg Belapectin
2 or 8 mg/kg pressure gradient compared with showed a reduction in HVPG (p=0.02)
biweekly for (HVPG) 2 6 mmHg baseline and development of new varices
52 weeks (p=0.03)
Aslanis et al RCT Selvigaltin 58 vs 20 placebo- Healthy participants Safety, tolerability | No severe AEs
2023'7® Phase (GBI211) controls and Most frequent treatment-emergent
NCT03809052 | I study Oral pharmacokinetic AE were gastrointestinal disorders
5, 20, 50, 100, 200 profile No difference in clinical laboratory
or 400 mg once evaluation, vital signs, ECG or physical
daily or 50 or examination
100mg twice daily
for 10 days
(Continued)
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Table 4 (Continued).

Study Type of Intervention n= Inclusion Primary Main Findings
Trial Concerning Liver Endpoint
Disease

Aslanis et al RCT Selvigaltin 13 with | drop-out Healthy participants Plasma and urine GBI21I1 tablet form shows higher
2024'%° crossover | (GBI211) pharmacokinetic relative bioavailability than capsule
GALBA-I trial Oral parameters No relevant influence of food intake
NCTO05747573 Single dose on pharmacokinetics

100mg tablet or

two 50mg capsules

in fasted or fed

participants
Aslanis et al Matched Selvigaltin Parts | and 3: Moderate (Child-Pugh Safety, tolerability | No adverse events reported
2024'8 control (GBI2I1) 6 individuals with B, Part ) or severe and No clinically significant changes
GULLIVER-2 trial Oral hepatic impairment (Child-Pugh C, Part 3) pharmacokinetic Total plasma exposure was higher in
trial Part | and | Phase IB Single dose 100mg | vs 6 healthy matched | hepatic impairment profile participants with hepatic impairment
3 (part 2 study four times controls than in matched controls
unpublished)
NCT05009680

Abbreviations: AE, adverse events; cT|, iron-corrected T1; ECG, electrocardiogram; HVPG, hepatic venous pressure gradient; LSM, shear-wave ultrasonic elastography;
MRE, magnetic resonance elastography; NASH, non-alcoholic steatohepatitis; RCT, randomized controlled trial.

Certain subgroups, eg with portal hypertension, may be more likely to benefit from anti-galectin-3 directed treatment, an
observation under prospective investigation. However, until comprehensive predictive data will be available across trials
and etiologies, it is only possible to speculate whether disease subgroups, eg those with active fibro-inflammatory signaling,
elevated hepatic or circulating galectin-3 or with particular etiologies, will derive particular benefit. Therefore, future
studies will need to explore potential predictive markers to identify responsive subpopulations and to guide targeted clinical
trial designs for galectin-3-directed antifibrotic therapy.

Conclusions and Future Directions

Galectin-3 is a regulator of inflammation, fibrogenesis, and immune remodeling in chronic liver disease, with
compelling preclinical evidence supporting its role as both a disease driver and a therapeutic target. Its biological
functions are broad and context-dependent. In chronic liver disease, galectin-3 acts as an activator of monocytes
and macrophages and drives fibrosis and ECM deposition through the activation of HSCs. Most experimental
studies in MASLD indicate that galectin-3 is a driver of steatosis and fibrosis in this etiology, but these effects are
likely dependent on disease stage and experimental models. A key experimental gap is the lack of direct evidence
linking galectin-3 localization, structure and interaction partners, to liver injury.

Human studies have indicated the relevance of galectin-3 as a biomarker of disease severity, particularly in cirrhosis,
MASLD, and HCC. Most cross-sectional analyses report elevated galectin-3 levels across these conditions, correlating
with fibrosis burden, inflammation, and overall adverse outcomes. In the future, clinical value would depend on the
ability to predict longitudinal changes in disease activity and prognosis. As such, prospective longitudinal analyses of
galectin-3 dynamics over the course of chronic liver disease may be valuable to predict major events, such as fibrosis
progression, decompensation, or cancerogenesis.

Several clinical studies advanced the translation of galectin-3 inhibition towards antifibrotic therapy. Current trials with
GR-MD-02 and GB1211 demonstrate safety and pharmacological activity but have yet to establish consistent clinical
efficacy across patient populations. While patients at risk of esophageal varices may derive particular benefit from galectin-3
inhibition, a refinement of predictive biomarkers through translational research is necessary to refine the group of patients
who may benefit from galectin-3 inhibition. Possible approaches may include measurement of circulating or serum galectin-
3, HSC or inflammatory markers. Several challenges continue to complicate drug development: the pleiotropic and
compartment-specific functions of galectin-3, its dynamic and stage-dependent roles in liver disease, variability in pharma-
cokinetics for galectin-3 inhibitors in patients with impaired hepatic function, and the heterogeneity of underlying etiologies.
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Addressing these uncertainties will require refined patient stratification, context-specific targeting strategies, and long-term
trials integrating mechanistic biomarkers with clinically meaningful endpoints.

CRediT Statement

IL: Investigation, Visualization, Writing — original draft, DB: Investigation, Visualization, Writing — original draft, IWZ:
Investigation, Visualization, Writing — original draft, FT: Conceptualization, Supervision, Writing — review and editing.
All authors gave final approval of the version to be published; have agreed on the journal to which the article has been
submitted; and agree to be accountable for all aspects of the work.

Data Sharing Statement

Data availability is not applicable as no new data was generated or analyzed in this paper.

Funding
F.T. is supported by the German Research Foundation (DFG CRC/TR 412, Project-ID 535081457, and SFB1382,
Project-ID 403224013) and under Germany’s Excellence Strategy — EXC 3118/1 — project number 533770413.

Disclosure

FT has received research grants (funding to the institution) from AstraZeneca, MSD, Gilead, Agomab and received
honoraria for consulting or lectures from Gilead, Abbvie, Falk, AstraZeneca, Boehringer, Madrigal, MSD, GSK, Ipsen,
Pfizer, Mirum, Novo Nordisk, Sanofi. The other authors disclose no potential conflict of interest.

References

1. Zamani M, Alizadeh-Tabari S, Ajmera V, Singh S, Murad MH, Loomba R. Global prevalence of advanced liver fibrosis and cirrhosis in the
general population: a systematic review and meta-analysis. Clin Gastroenterol Hepatol. 2025;23(7):1123—1134. doi:10.1016/j.cgh.2024.08.020
2. Lurje I, Gaisa NT, Weiskirchen R, Tacke F. Mechanisms of organ fibrosis: emerging concepts and implications for novel treatment strategies.
Mol Aspects Med. 2023;92:101191. doi:10.1016/j.mam.2023.101191
3. Lurje I, Hammerich L, Tacke F. Dendritic cell and T cell crosstalk in liver fibrogenesis and hepatocarcinogenesis: implications for prevention
and therapy of liver cancer. Int J Mol Sci. 2020;21(19). doi:10.3390/ijms21197378
4. Peiseler M, Schwabe R, Hampe J, Kubes P, Heikenwilder M, Tacke F. Immune mechanisms linking metabolic injury to inflammation and
fibrosis in fatty liver disease - novel insights into cellular communication circuits. J Hepatol. 2022;77(4):1136—1160. doi:10.1016/j.
jhep.2022.06.012
5. Kostallari E, Schwabe RF, Guillot A. Inflammation and immunity in liver homeostasis and disease: a nexus of hepatocytes, nonparenchymal
cells and immune cells. Cell Mol Immunol. 2025;22(10):1205-1225. doi:10.1038/s41423-025-01313-7
6. Targher G, Tilg H, Byrne CD. Non-alcoholic fatty liver disease: a multisystem disease requiring a multidisciplinary and holistic approach.
Lancet Gastroenterol Hepatol. 2021;6(7):578-588. doi:10.1016/s2468-1253(21)00020-0
7. Younossi ZM, Wong G, Anstee QM, Henry L. The global burden of liver disease. Clin Gastroenterol Hepatol. 2023;21(8):1978-1991.
doi:10.1016/j.cgh.2023.04.015
8. Cui F, Blach S, Manzengo Mingiedi C, et al. Global reporting of progress towards elimination of hepatitis B and hepatitis C. Lancet
Gastroenterol Hepatol. 2023;8(4):332-342. doi:10.1016/s2468-1253(22)00386-7
9. Kalligeros M, Vassilopoulos A, Vassilopoulos S, Victor DW, Mylonakis E, Noureddin M. Prevalence of steatotic liver disease (MASLD,
MetALD, and ALD) in the United States: NHANES 2017-2020. Clin Gastroenterol Hepatol. 2024;22(6):1330-1332.e4. doi:10.1016/j.
cgh.2023.11.003
10. Riazi K, Azhari H, Charette JH, et al. The prevalence and incidence of NAFLD worldwide: a systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. 2022;7(9):851-861. doi:10.1016/S2468-1253(22)00165-0
11. Ginés P, Krag A, Abraldes JG, Sola E, Fabrellas N, Kamath PS. Liver cirrhosis. Lancet. 2021;398(10308):1359-1376. doi:10.1016/S0140-
6736(21)01374-X
12. Liedtke C, Nevzorova YA, Luedde T, et al. Liver fibrosis-from mechanisms of injury to modulation of disease. Front Med. 2021;8:814496.
doi:10.3389/fmed.2021.814496
13. Cooke GS, Flower B, Cunningham E, et al. Progress towards elimination of viral hepatitis: a lancet gastroenterology & hepatology commission
update. Lancet Gastroenterol Hepatol. 2024;9(4):346-365. doi:10.1016/s2468-1253(23)00321-7
14. Tacke F, Puengel T, Loomba R, Friedman SL. An integrated view of anti-inflammatory and antifibrotic targets for the treatment of NASH.
J Hepatol. 2023;79(2):552-566. doi:10.1016/j.jhep.2023.03.038
15. Parker R, Arab JP, Lazarus JV, Bataller R, Singal AK. Public health policies to prevent alcohol-related liver disease. Nat Rev Gastroenterol
Hepatol. 2025;22(8):587-594. doi:10.1038/s41575-025-01084-6
16. Bocker S, Elling L. Binding characteristics of galectin-3 fusion proteins. Glycobiology. 2017;27(5):457-468. doi:10.1093/glycob/cwx007
17. Farhadi SA, Liu R, Becker MW, Phelps EA, Hudalla GA. Physical tuning of galectin-3 signaling. Proc Natl Acad Sci. 2021;118(19):
€2024117118. doi:10.1073/pnas.2024117118

Journal of Inflammation Research 2026:19 hetps: 15


https://doi.org/10.1016/j.cgh.2024.08.020
https://doi.org/10.1016/j.mam.2023.101191
https://doi.org/10.3390/ijms21197378
https://doi.org/10.1016/j.jhep.2022.06.012
https://doi.org/10.1016/j.jhep.2022.06.012
https://doi.org/10.1038/s41423-025-01313-7
https://doi.org/10.1016/s2468-1253(21)00020-0
https://doi.org/10.1016/j.cgh.2023.04.015
https://doi.org/10.1016/s2468-1253(22)00386-7
https://doi.org/10.1016/j.cgh.2023.11.003
https://doi.org/10.1016/j.cgh.2023.11.003
https://doi.org/10.1016/S2468-1253(22)00165-0
https://doi.org/10.1016/S0140-6736(21)01374-X
https://doi.org/10.1016/S0140-6736(21)01374-X
https://doi.org/10.3389/fmed.2021.814496
https://doi.org/10.1016/s2468-1253(23)00321-7
https://doi.org/10.1016/j.jhep.2023.03.038
https://doi.org/10.1038/s41575-025-01084-6
https://doi.org/10.1093/glycob/cwx007
https://doi.org/10.1073/pnas.2024117118

Lurje

et al

18

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

. Hsieh WC, Mackinnon AC, Lu WY, et al. Galectin-3 regulates hepatic progenitor cell expansion during liver injury. Gut. 2015;64(2):312-321.
doi:10.1136/gutjnl-2013-306290

Chen X, Yu C, Liu X, et al. Intracellular galectin-3 is a lipopolysaccharide sensor that promotes glycolysis through mTORC] activation. Nat
Commun. 2022;13(1):7578. doi:10.1038/s41467-022-35334-x

Cervantes-Alvarez E, Limon-de la Rosa N, Vilatoba M, et al. Galectin-3 is overexpressed in advanced cirrhosis and predicts post-liver
transplant infectious complications. Liver Int. 2022;42(10):2260-2273. doi:10.1111/1iv.15326

Mackinnon AC, Tonev D, Jacoby B, Pinzani M, Slack RJ. Galectin-3: therapeutic targeting in liver disease. Expert Opin Ther Targets. 2023;27
(9):779-791. doi:10.1080/14728222.2023.2258280

Harrison SA, Dennis A, Fiore MM, et al. Utility and variability of three non-invasive liver fibrosis imaging modalities to evaluate efficacy of
GR-MD-02 in subjects with NASH and bridging fibrosis during a phase-2 randomized clinical trial. PLoS One. 2018;13(9):¢0203054.
doi:10.1371/journal.pone.0203054

Bao S, Shen T, Chen C, et al. Orthogonal-group-controlled site-selective I-branching of poly-N-acetyllactosamine chains reveals unique binding
specificities of proteins towards I-antigens. Angew Chem Int Ed. 2025;64(11):¢202420676. doi:10.1002/anie.202420676

Johannes L, Jacob R, Leffler H. Galectins at a glance. J Cell Sci. 2018;131(9). doi:10.1242/jcs.208884

Fritsch K, Mernberger M, Nist A, Stiewe T, Brehm A, Jacob R. Galectin-3 interacts with components of the nuclear ribonucleoprotein complex.
BMC Cancer. 2016;16:502. doi:10.1186/s12885-016-2546-0

Zhang Z, Zhao Z, Huang X, et al. Galectin-3-integrin a5B1 phase separation disrupted by advanced glycation end-products impairs diabetic
wound healing in rodents. Nat Commun. 2025;16(1):7287. doi:10.1038/s41467-025-62320-w

Jia W, Kong L, Kidoya H, et al. Indispensable role of Galectin-3 in promoting quiescence of hematopoietic stem cells. Nat Commun. 2021;12
(1):2118. doi:10.1038/s41467-021-22346-2

Beccaria CG, Amezcua Vesely MC, Fiocca Vernengo F, et al. Galectin-3 deficiency drives lupus-like disease by promoting spontaneous
germinal centers formation via IFN-y. Nat Commun. 2018;9(1):1628. doi:10.1038/s41467-018-04063-5

Sedlar A, Travnickova M, Bojarova P, et al. Interaction between Galectin-3 and integrins mediates cell-matrix adhesion in endothelial cells and
mesenchymal stem cells. Int J Mol Sci. 2021;22(10). doi:10.3390/ijms22105144

Mukherjee MM, Biesbrock D, Hanover JA. Galectin-3: integrator of signaling via hexosamine flux. Biomolecules. 2025;15(7). doi:10.3390/
biom15071028

Hirabayashi J, K-i K. The family of metazoan metal-independent p-galactoside-binding lectins: structure, function and molecular evolution.
Glycobiology. 1993;3(4):297-304. doi:10.1093/glycob/3.4.297

Dumic J, Dabelic S, Flogel M. Galectin-3: an open-ended story. Biochim Biophys Acta. 2006;1760(4):616-635. doi:10.1016/j.
bbagen.2005.12.020

Jacob R, Gorek LS. Intracellular galectin interactions in health and disease. Semin Immunopathol. 2024;46(1-2):4. doi:10.1007/s00281-024-
01010-z

Bum-Erdene K, Leffler H, Nilsson UJ, Blanchard H. Structural characterization of human galectin-4 C-terminal domain: elucidating the
molecular basis for recognition of glycosphingolipids, sulfated saccharides and blood group antigens. Febs J. 2015;282(17):3348-3367.
doi:10.1111/febs.13348

Nakahara S, Oka N, Wang Y, Hogan V, Inohara H, Raz A. Characterization of the nuclear import pathways of galectin-3. Cancer Res. 2006;66
(20):9995-10006. doi:10.1158/0008-5472.Can-06-1772

Menon RP, Hughes RC. Determinants in the N-terminal domains of galectin-3 for secretion by a novel pathway circumventing the endoplasmic
reticulum-Golgi complex. Eur J Biochem. 1999;264(2):569—-576. doi:10.1046/j.1432-1327.1999.00671.x

Nangia-Makker P, Raz T, Tait L, Hogan V, Fridman R, Raz A. Galectin-3 cleavage: a novel surrogate marker for matrix metalloproteinase
activity in growing breast cancers. Cancer Res. 2007;67(24):11760-11768. doi:10.1158/0008-5472.Can-07-3233

Ochieng J, Green B, Evans S, James O, Warfield P. Modulation of the biological functions of galectin-3 by matrix metalloproteinases. Biochim
Biophys Acta. 1998;1379(1):97-106. doi:10.1016/50304-4165(97)00086-x

Haudek KC, Spronk KJ, Voss PG, Patterson RJ, Wang JL, Arnoys EJ. Dynamics of galectin-3 in the nucleus and cytoplasm. Biochim Biophys
Acta. 2010;1800(2):181-189. doi:10.1016/j.bbagen.2009.07.005

Goletz S, Hanisch FG, Karsten U. Novel alphaGalNAc containing glycans on cytokeratins are recognized invitro by galectins with type II
carbohydrate recognition domains. J Cell Sci. 1997;110(Pt 14):1585-1596. do0i:10.1242/jcs.110.14.1585

Yang RY, Hsu DK, Liu FT. Expression of galectin-3 modulates T-cell growth and apoptosis. Proc Natl Acad Sci U S 4. 1996;93(13):6737-6742.
doi:10.1073/pnas.93.13.6737

Yu F, Finley RL Jr, Raz A, Kim HR. Galectin-3 translocates to the perinuclear membranes and inhibits cytochrome ¢ release from the
mitochondria. A role for synexin in galectin-3 translocation. J Biol Chem. 2002;277(18):15819-15827. doi:10.1074/jbc.M200154200
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(33):34922-34930. doi:10.1074/jbc.M312697200

Shalom-Feuerstein R, Plowman SJ, Rotblat B, et al. K-ras nanoclustering is subverted by overexpression of the scaffold protein galectin-3.
Cancer Res. 2008;68(16):6608-6616. doi:10.1158/0008-5472.Can-08-1117

Seguin L, Camargo MF, Wettersten HI, et al. Galectin-3, a druggable vulnerability for KRAS-addicted cancers. Cancer Discovery. 2017;7
(12):1464-1479. doi:10.1158/2159-8290.Cd-17-0539

Reggiori F, Gabius HJ, Aureli M, Romer W, Sonnino S, Eskelinen EL. Glycans in autophagy, endocytosis and lysosomal functions.
Glycoconjugate J. 2021;38(5):625-647. doi:10.1007/s10719-021-10007-x

Paz I, Sachse M, Dupont N, et al. Galectin-3, a marker for vacuole lysis by invasive pathogens. Cell Microbiol. 2010;12(4):530-544.
doi:10.1111/j.1462-5822.2009.01415.x

Chauhan S, Kumar S, Jain A, et al. TRIMs and galectins globally cooperate and TRIM16 and Galectin-3 co-direct autophagy in endomembrane
damage homeostasis. Dev Cell. 2016;39(1):13-27. doi:10.1016/j.devcel.2016.08.003

Maier O, Marvin SA, Wodrich H, Campbell EM, Wiethoff CM. Spatiotemporal dynamics of adenovirus membrane rupture and endosomal
escape. J Virol. 2012;86(19):10821-10828. doi:10.1128/jvi.01428-12

16

https: Journal of Inflammation Research 2026:19


https://doi.org/10.1136/gutjnl-2013-306290
https://doi.org/10.1038/s41467-022-35334-x
https://doi.org/10.1111/liv.15326
https://doi.org/10.1080/14728222.2023.2258280
https://doi.org/10.1371/journal.pone.0203054
https://doi.org/10.1002/anie.202420676
https://doi.org/10.1242/jcs.208884
https://doi.org/10.1186/s12885-016-2546-0
https://doi.org/10.1038/s41467-025-62320-w
https://doi.org/10.1038/s41467-021-22346-2
https://doi.org/10.1038/s41467-018-04063-5
https://doi.org/10.3390/ijms22105144
https://doi.org/10.3390/biom15071028
https://doi.org/10.3390/biom15071028
https://doi.org/10.1093/glycob/3.4.297
https://doi.org/10.1016/j.bbagen.2005.12.020
https://doi.org/10.1016/j.bbagen.2005.12.020
https://doi.org/10.1007/s00281-024-01010-z
https://doi.org/10.1007/s00281-024-01010-z
https://doi.org/10.1111/febs.13348
https://doi.org/10.1158/0008-5472.Can-06-1772
https://doi.org/10.1046/j.1432-1327.1999.00671.x
https://doi.org/10.1158/0008-5472.Can-07-3233
https://doi.org/10.1016/s0304-4165(97)00086-x
https://doi.org/10.1016/j.bbagen.2009.07.005
https://doi.org/10.1242/jcs.110.14.1585
https://doi.org/10.1073/pnas.93.13.6737
https://doi.org/10.1074/jbc.M200154200
https://doi.org/10.1074/jbc.M312697200
https://doi.org/10.1158/0008-5472.Can-08-1117
https://doi.org/10.1158/2159-8290.Cd-17-0539
https://doi.org/10.1007/s10719-021-10007-x
https://doi.org/10.1111/j.1462-5822.2009.01415.x
https://doi.org/10.1016/j.devcel.2016.08.003
https://doi.org/10.1128/jvi.01428-12

Lurje et al

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
71.

78.

79.

80.

81.

82.

83.

Feeley EM, Pilla-Moffett DM, Zwack EE, et al. Galectin-3 directs antimicrobial guanylate binding proteins to vacuoles furnished with bacterial
secretion systems. Proc Natl Acad Sci U S A. 2017;114(9):E1698-¢1706. doi:10.1073/pnas.1615771114

Jia J, Claude-Taupin A, Gu Y, et al. Galectin-3 coordinates a cellular system for lysosomal repair and removal. Dev Cell. 2020;52(1):69-87.e8.
doi:10.1016/j.devcel.2019.10.025

Chen HY, Fermin A, Vardhana S, et al. Galectin-3 negatively regulates TCR-mediated CD4+ T-cell activation at the immunological synapse.
Proc Natl Acad Sci U S A. 2009;106(34):14496-14501. doi:10.1073/pnas.0903497106

Amani MF, Rolig AS, Redmond WL. Intracellular Galectin-3 is essential for OX40-mediated memory CD8(+) T cell development. J limmunol.
2020;205(7):1857-1866. doi:10.4049/jimmunol.1901052

Fermin Lee A, Chen HY, Wan L, et al. Galectin-3 modulates Th17 responses by regulating dendritic cell cytokines. Am J Pathol. 2013;183
(4):1209-1222. doi:10.1016/j.ajpath.2013.06.017

Park JW, Voss PG, Grabski S, Wang JL, Patterson RJ. Association of galectin-1 and galectin-3 with Gemin4 in complexes containing the SMN
protein. Nucleic Acids Res. 2001;29(17):3595-3602. doi:10.1093/nar/29.17.3595

Shimura T, Takenaka Y, Fukumori T, et al. Implication of galectin-3 in Wnt signaling. Cancer Res. 2005;65(9):3535-3537. doi:10.1158/0008-
5472.Can-05-0104

Shimura T, Takenaka Y, Tsutsumi S, Hogan V, Kikuchi A, Raz A. Galectin-3, a novel binding partner of beta-catenin. Cancer Res. 2004;64
(18):6363-6367. doi:10.1158/0008-5472.Can-04-1816

Jiang JX, Chen X, Hsu DK, et al. Galectin-3 modulates phagocytosis-induced stellate cell activation and liver fibrosis in vivo. Am J Physiol
Gastrointest Liver Physiol. 2012;302(4):G439-46. doi:10.1152/ajpgi.00257.2011

Henderson NC, Mackinnon AC, Farnworth SL, et al. Galectin-3 expression and secretion links macrophages to the promotion of renal fibrosis.
Am J Pathol. 2008;172(2):288-298. doi:10.2353/ajpath.2008.070726

Kouo T, Huang L, Pucsek AB, et al. Galectin-3 shapes antitumor immune responses by suppressing CD8+ T cells via LAG-3 and inhibiting
expansion of plasmacytoid dendritic cells. Cancer Immunol Res. 2015;3(4):412-423. doi:10.1158/2326-6066.Cir-14-0150

Hughes RC. Secretion of the galectin family of mammalian carbohydrate-binding proteins. Biochim Biophys Acta. 1999;1473(1):172—-185.
doi:10.1016/s0304-4165(99)00177-4

Binfer S, Schneider D, Dewes J, et al. Molecular mechanism to recruit galectin-3 into multivesicular bodies for polarized exosomal secretion.
Proc Natl Acad Sci U S A. 2018;115(19):E4396—e4405. doi:10.1073/pnas.1718921115

Kuwabara I, Liu FT. Galectin-3 promotes adhesion of human neutrophils to laminin. J Immunol. 1996;156(10):3939-3944.

Sato S, Hughes RC. Binding specificity of a baby hamster kidney lectin for H type I and II chains, polylactosamine glycans, and appropriately
glycosylated forms of laminin and fibronectin. J Biol Chem. 1992;267(10):6983—6990.

Probstmeier R, Montag D, Schachner M. Galectin-3, a beta-galactoside-binding animal lectin, binds to neural recognition molecules.
J Neurochem. 1995;64(6):2465-2472. doi:10.1046/j.1471-4159.1995.64062465.x

Talaga ML, Fan N, Fueri AL, Brown RK, Bandyopadhyay P, Dam TK. Multitasking human lectin galectin-3 interacts with sulfated
glycosaminoglycans and chondroitin sulfate proteoglycans. Biochemistry. 2016;55(32):4541-4551. doi:10.1021/acs.biochem.6b00504

Inohara H, Akahani S, Koths K, Raz A. Interactions between galectin-3 and Mac-2-binding protein mediate cell-cell adhesion. Cancer Res.
1996;56(19):4530-4534.

Lagana A, Goetz JG, Cheung P, Raz A, Dennis JW, Nabi IR. Galectin binding to Mgat5-modified N-glycans regulates fibronectin matrix
remodeling in tumor cells. Mol Cell Biol. 2006;26(8):3181-3193. doi:10.1128/mcb.26.8.3181-3193.2006

Goetz JG, Joshi B, Lajoie P, et al. Concerted regulation of focal adhesion dynamics by galectin-3 and tyrosine-phosphorylated caveolin-1. J Cell
Biol. 2008;180(6):1261-1275. doi:10.1083/jcb.200709019

Furtak V, Hatcher F, Ochieng J. Galectin-3 mediates the endocytosis of beta-1 integrins by breast carcinoma cells. Biochem Biophys Res
Commun. 2001;289(4):845-850. doi:10.1006/bbrc.2001.6064

Ochieng J, Leite-Browning ML, Warfield P. Regulation of cellular adhesion to extracellular matrix proteins by galectin-3. Biochem Biophys Res
Commun. 1998;246(3):788-791. doi:10.1006/bbrc.1998.8708

Lajoie P, Goetz JG, Dennis JW, Nabi IR. Lattices, rafts, and scaffolds: domain regulation of receptor signaling at the plasma membrane. J Cell
Biol. 2009;185(3):381-385. doi:10.1083/jcb.200811059

Partridge EA, Le Roy C, Di Guglielmo GM, et al. Regulation of cytokine receptors by Golgi N-glycan processing and endocytosis. Science.
2004;306(5693):120-124. doi:10.1126/science.1102109

Chen 1J, Chen HL, Demetriou M. Lateral compartmentalization of T cell receptor versus CD45 by galectin-N-glycan binding and microfila-
ments coordinate basal and activation signaling. J Biol Chem. 2007;282(48):35361-35372. doi:10.1074/jbc.M706923200

Demetriou M, Granovsky M, Quaggin S, Dennis JW. Negative regulation of T-cell activation and autoimmunity by Mgat5 N-glycosylation.
Nature. 2001;409(6821):733-739. doi:10.1038/35055582

Nabi IR, Shankar J, Dennis JW. The galectin lattice at a glance. J Cell Sci. 2015;128(13):2213-2219. doi:10.1242/jcs.151159

Stillman BN, Hsu DK, Pang M, et al. Galectin-3 and galectin-1 bind distinct cell surface glycoprotein receptors to induce T cell death.
J Immunol. 2006;176(2):778-789. doi:10.4049/jimmunol.176.2.778

Fukumori T, Takenaka Y, Yoshii T, et al. CD29 and CD7 mediate galectin-3-induced type II T-cell apoptosis. Cancer Res. 2003;63
(23):8302—-8311.

Pirone L, Lenza MP, Di Gaetano S, et al. Biophysical and structural characterization of the interaction between human galectin-3 and the
lipopolysaccharide from Pseudomonas aeruginosa. Int J Mol Sci. 2024;25(5). doi:10.3390/ijms25052895

Pelletier I, Sato S. Specific recognition and cleavage of galectin-3 by leishmania major through species-specific polygalactose epitope*. J Biol
Chem. 2002;277(20):17663-17670. doi:10.1074/jbc.M201562200

Kohatsu L, Hsu DK, Jegalian AG, Liu FT, Baum LG. Galectin-3 induces death of Candida species expressing specific beta-1,2-linked mannans.
J Immunol. 2006;177(7):4718-4726. doi:10.4049/jimmunol.177.7.4718

Almeida F, Wolf JM, da Silva TA, et al. Galectin-3 impacts Cryptococcus neoformans infection through direct antifungal effects. Nat Commun.
2017;8(1):1968. doi:10.1038/s41467-017-02126-7

Diaz-Alvarez L, Ortega E. The many roles of Galectin-3, a multifaceted molecule, in innate immune responses against pathogens. Mediators
Inflamm. 2017;2017:9247574. doi:10.1155/2017/9247574

Journal of Inflammation Research 2026:19 hetps: 17


https://doi.org/10.1073/pnas.1615771114
https://doi.org/10.1016/j.devcel.2019.10.025
https://doi.org/10.1073/pnas.0903497106
https://doi.org/10.4049/jimmunol.1901052
https://doi.org/10.1016/j.ajpath.2013.06.017
https://doi.org/10.1093/nar/29.17.3595
https://doi.org/10.1158/0008-5472.Can-05-0104
https://doi.org/10.1158/0008-5472.Can-05-0104
https://doi.org/10.1158/0008-5472.Can-04-1816
https://doi.org/10.1152/ajpgi.00257.2011
https://doi.org/10.2353/ajpath.2008.070726
https://doi.org/10.1158/2326-6066.Cir-14-0150
https://doi.org/10.1016/s0304-4165(99)00177-4
https://doi.org/10.1073/pnas.1718921115
https://doi.org/10.1046/j.1471-4159.1995.64062465.x
https://doi.org/10.1021/acs.biochem.6b00504
https://doi.org/10.1128/mcb.26.8.3181-3193.2006
https://doi.org/10.1083/jcb.200709019
https://doi.org/10.1006/bbrc.2001.6064
https://doi.org/10.1006/bbrc.1998.8708
https://doi.org/10.1083/jcb.200811059
https://doi.org/10.1126/science.1102109
https://doi.org/10.1074/jbc.M706923200
https://doi.org/10.1038/35055582
https://doi.org/10.1242/jcs.151159
https://doi.org/10.4049/jimmunol.176.2.778
https://doi.org/10.3390/ijms25052895
https://doi.org/10.1074/jbc.M201562200
https://doi.org/10.4049/jimmunol.177.7.4718
https://doi.org/10.1038/s41467-017-02126-7
https://doi.org/10.1155/2017/9247574

Lurje

et al

84

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

. Mey A, Leffler H, Hmama Z, Normier G, Revillard JP. The animal lectin galectin-3 interacts with bacterial lipopolysaccharides via two
independent sites. J Immunol. 1996;156(4):1572—-1577.

Li Y, Komai-Koma M, Gilchrist DS, et al. Galectin-3 is a negative regulator of lipopolysaccharide-mediated inflammation. J Immunol.
2008;181(4):2781-2789. doi:10.4049/jimmunol.181.4.2781

Fermino ML, Polli CD, Toledo KA, et al. LPS-induced galectin-3 oligomerization results in enhancement of neutrophil activation. PLoS One.
2011;6(10):e26004. doi:10.1371/journal.pone.0026004

Mishra BB, Li Q, Steichen AL, et al. Galectin-3 functions as an alarmin: pathogenic role for sepsis development in murine respiratory
tularemia. PLoS One. 2013;8(3):¢59616. doi:10.1371/journal.pone.0059616

Burguillos MA, Svensson M, Schulte T, et al. Microglia-secreted galectin-3 acts as a toll-like receptor 4 ligand and contributes to microglial
activation. Cell Rep. 2015;10(9):1626-1638. doi:10.1016/j.celrep.2015.02.012

Eckardt V, Miller MC, Blanchet X, et al. Chemokines and galectins form heterodimers to modulate inflammation. EMBO Rep. 2020;21(4):
€47852. doi:10.15252/embr.201947852

Sanjurjo L, Broekhuizen EC, Koenen RR, Thijssen V. Galectokines: the promiscuous relationship between galectins and cytokines.
Biomolecules. 2022;12(9). doi:10.3390/biom12091286

Gordon-Alonso M, Hirsch T, Wildmann C, van der Bruggen P. Galectin-3 captures interferon-gamma in the tumor matrix reducing chemokine
gradient production and T-cell tumor infiltration. Nat Commun. 2017;8(1):793. doi:10.1038/s41467-017-00925-6

Clark MC, Pang M, Hsu DK, et al. Galectin-3 binds to CD45 on diffuse large B-cell lymphoma cells to regulate susceptibility to cell death.
Blood. 2012;120(23):4635-4644. doi:10.1182/blood-2012-06-438234

Feuk-Lagerstedt E, Jordan ET, Leffler H, Dahlgren C, Karlsson A. Identification of CD66a and CD66b as the major galectin-3 receptor
candidates in human neutrophils. J Immunol. 1999;163(10):5592-5598.

Tian J, Yang G, Chen HY, et al. Galectin-3 regulates inflammasome activation in cholestatic liver injury. FASEB J. 2016;30(12):4202-4213.
doi:10.1096/1j.201600392RR

Fukumori T, Takenaka Y, Oka N, et al. Endogenous galectin-3 determines the routing of CD95 apoptotic signaling pathways. Cancer Res.
2004;64(10):3376-3379. doi:10.1158/0008-5472.Can-04-0336

Paron I, Scaloni A, Pines A, et al. Nuclear localization of Galectin-3 in transformed thyroid cells: a role in transcriptional regulation. Biochem
Biophys Res Commun. 2003;302(3):545-553. doi:10.1016/s0006-291x(03)00151-7

Ochieng J, Warfield P, Green-Jarvis B, Fentie 1. Galectin-3 regulates the adhesive interaction between breast carcinoma cells and elastin. J Cell
Biochem. 1999;75(3):505-514. doi:10.1002/(sici)1097-4644(19991201)75:3<505::aid-jcb14>3.3.c0;2-9

Schroeder JT, Adeosun AA, Do D, Bieneman AP. Galectin-3 is essential for IgE-dependent activation of human basophils by A549 lung
epithelial cells. J Allergy Clin Immunol. 2019;144(1):312-315.el. doi:10.1016/j.jaci.2019.03.001

Hsu DK, Zuberi RI, Liu FT. Biochemical and biophysical characterization of human recombinant IgE-binding protein, an S-type animal lectin.
J Biol Chem. 1992;267(20):14167-14174.

Akahani S, Nangia-Makker P, Inohara H, Kim HR, Raz A. Galectin-3: a novel antiapoptotic molecule with a functional BH1 (NWGR) domain
of Bel-2 family. Cancer Res. 1997;57(23):5272-5276.

Hikita C, Vijayakumar S, Takito J, Erdjument-Bromage H, Tempst P, Al-Awqati Q. Induction of terminal differentiation in epithelial cells
requires polymerization of hensin by galectin 3. J Cell Biol. 2000;151(6):1235-1246. doi:10.1083/jcb.151.6.1235

Liu L, Sakai T, Sano N, Fukui K. Nucling mediates apoptosis by inhibiting expression of galectin-3 through interference with nuclear factor
kappaB signalling. Biochem J. 2004;380(Pt 1):31-41. doi:10.1042/bj20031300

Fukushi J, Makagiansar IT, Stallcup WB. NG2 proteoglycan promotes endothelial cell motility and angiogenesis via engagement of galectin-3
and alpha3betal integrin. Mol Biol Cell. 2004;15(8):3580-3590. doi:10.1091/mbc.e04-03-0236

Piyush T, Chacko AR, Sindrewicz P, Hilkens J, Rhodes JM, Yu L-G. Interaction of galectin-3 with MUCI1 on cell surface promotes EGFR
dimerization and activation in human epithelial cancer cells. Cell Death Differ. 2017;24(11):1937-1947. doi:10.1038/cdd.2017.119

Friedrichs J, Manninen A, Muller DJ, Helenius J. Galectin-3 regulates integrin alpha2betal-mediated adhesion to collagen-I and -IV. J Biol
Chem. 2008;283(47):32264-32272. doi:10.1074/jbc.M803634200

Ose R, Oharaa O, Nagase T. Galectin-1 and Galectin-3 mediate Protocadherin-24-dependent membrane localization of B-catenin in colon cancer
cell line HCT116. Curr Chem Genomics. 2012;6:18-26. doi:10.2174/1875397301206010018

Zhang Z, Zheng Y, Wang H, Zhou Y, Tai G. CD146 interacts with galectin-3 to mediate endothelial cell migration. FEBS Lett. 2018;592
(11):1817-1828. doi:10.1002/1873-3468.13083

MacKinnon AC, Farnworth SL, Hodkinson PS, et al. Regulation of alternative macrophage activation by galectin-3. J limmunol. 2008;180
(4):2650-2658. doi:10.4049/jimmunol.180.4.2650

Wu KL, Huang EY, Yeh WL, Hsiao CC, Kuo CM. Synergistic interaction between galectin-3 and carcinoembryonic antigen promotes colorectal
cancer metastasis. Oncotarget. 2017;8(37):61935-61943. doi:10.18632/oncotarget.18721

Li P, Liu S, Lu M, et al. Hematopoietic-derived Galectin-3 causes cellular and systemic insulin resistance. Cell. 2016;167(4):973-984.¢12.
doi:10.1016/j.cell.2016.10.025

Markowska Al, Jefferies KC, Panjwani N. Galectin-3 protein modulates cell surface expression and activation of vascular endothelial growth
factor receptor 2 in human endothelial cells. J Biol Chem. 2011;286(34):29913-29921. doi:10.1074/jbc.M111.226423

Jouault T, El Abed-El Behi M, Martinez-Esparza M, et al. Specific recognition of Candida albicans by macrophages requires galectin-3 to
discriminate Saccharomyces cerevisiae and needs association with TLR2 for signaling. J Immunol. 2006;177(7):4679-4687. doi:10.4049/
jimmunol.177.7.4679

AnY, Xu S, Liu Y, et al. Role of galectins in the liver diseases: a systematic review and meta-analysis. Front Med. 2021;8:744518. doi:10.3389/
fmed.2021.744518

Henderson NC, Mackinnon AC, Farnworth SL, et al. Galectin-3 regulates myofibroblast activation and hepatic fibrosis. Proc Natl Acad Sci
U S 4. 2006;103(13):5060-5065. doi:10.1073/pnas.0511167103

Horn P, Tacke F. Liver Macrophage Diversity in Health and Disease. In: Kloc M, Kubiak JZ, Halasa M, editors. Monocytes and Macrophages in
Development, Regeneration, and Disease. Springer Nature Switzerland; 2024:175-209.

18

https: Journal of Inflammation Research 2026:19


https://doi.org/10.4049/jimmunol.181.4.2781
https://doi.org/10.1371/journal.pone.0026004
https://doi.org/10.1371/journal.pone.0059616
https://doi.org/10.1016/j.celrep.2015.02.012
https://doi.org/10.15252/embr.201947852
https://doi.org/10.3390/biom12091286
https://doi.org/10.1038/s41467-017-00925-6
https://doi.org/10.1182/blood-2012-06-438234
https://doi.org/10.1096/fj.201600392RR
https://doi.org/10.1158/0008-5472.Can-04-0336
https://doi.org/10.1016/s0006-291x(03)00151-7
https://doi.org/10.1002/(sici)1097-4644(19991201)75:3%3C505::aid-jcb14%3E3.3.co;2-9
https://doi.org/10.1016/j.jaci.2019.03.001
https://doi.org/10.1083/jcb.151.6.1235
https://doi.org/10.1042/bj20031300
https://doi.org/10.1091/mbc.e04-03-0236
https://doi.org/10.1038/cdd.2017.119
https://doi.org/10.1074/jbc.M803634200
https://doi.org/10.2174/1875397301206010018
https://doi.org/10.1002/1873-3468.13083
https://doi.org/10.4049/jimmunol.180.4.2650
https://doi.org/10.18632/oncotarget.18721
https://doi.org/10.1016/j.cell.2016.10.025
https://doi.org/10.1074/jbc.M111.226423
https://doi.org/10.4049/jimmunol.177.7.4679
https://doi.org/10.4049/jimmunol.177.7.4679
https://doi.org/10.3389/fmed.2021.744518
https://doi.org/10.3389/fmed.2021.744518
https://doi.org/10.1073/pnas.0511167103

Lurje et al

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Guillot A, Tacke F. Liver macrophages revisited: the expanding universe of versatile responses in a spatiotemporal context. Hepatol Commun.
2024;8(7). doi:10.1097/hc9.0000000000000491

Li H, Cao Z, Wang L, et al. Chronic high-fat diet induces galectin-3 and TLR4 to activate NLRP3 inflammasome in NASH. J Nutr Biochem.
2023;112:109217. doi:10.1016/j.jnutbio.2022.109217

Dragomir A-CD, Sun R, Choi H, Laskin JD, Laskin DL. Role of galectin-3 in classical and alternative macrophage activation in the liver
following Acetaminophen intoxication. J Immunol. 2012;189(12):5934-5941. doi:10.4049/jimmunol.1201851

Dragomir A-C, Sun R, Mishin V, Hall LB, Laskin JD, Laskin DL. Role of galectin-3 in Acetaminophen-induced hepatotoxicity and
inflammatory mediator production. Toxicol Sci. 2012;127(2):609—619. doi:10.1093/toxsci/kfs117

Gittens BR, Bodkin JV, Nourshargh S, Perretti M, Cooper D. Galectin-3: a positive regulator of leukocyte recruitment in the inflamed
microcirculation. J limmunol. 2017;198(11):4458-4469. doi:10.4049/jimmunol.1600709

Machado CM, Andrade LN, Teixeira VR, et al. Galectin-3 disruption impaired tumoral angiogenesis by reducing VEGF secretion from
TGFpB1-induced macrophages. Cancer Med. 2014;3(2):201-214. doi:10.1002/cam4.173

Sugimoto A, Saito Y, Wang G, et al. Hepatic stellate cells control liver zonation, size and functions via R-spondin 3. Nature. 2025;640
(8059):752—-761. doi:10.1038/541586-025-08677-w

Xin Zheng LY, Wang W, et al. LGALS3 promotes liver fibrosis by enhancing the expression and phosphorylation of ERK1/2. Eur J Med Res.
2025;30(1):1122.

Calver JF, Parmar NR, Harris G, et al. Defining the mechanism of galectin-3-mediated TGF-B1 activation and its role in lung fibrosis. J Biol
Chem. 2024;300(6):107300. doi:10.1016/j.jbc.2024.107300

Chalasani N, Abdelmalek MF, Garcia-Tsao G, et al. Effects of belapectin, an inhibitor of galectin-3, in patients with nonalcoholic steatohepatitis
with cirrhosis and portal hypertension. Gastroenterology. 2020;158(5):1334-1345.e5. doi:10.1053/j.gastro.2019.11.296

Traber PG, Chou H, Zomer E, et al. Regression of fibrosis and reversal of cirrhosis in rats by galectin inhibitors in thioacetamide-induced liver
disease. PLoS One. 2013;8(10):¢75361. doi:10.1371/journal.pone.0075361

Li P, Xie W, Wei H, Yang F, Chen Y, Li Y. Transcriptome analyses of liver sinusoidal endothelial cells reveal a consistent list of candidate genes
associated with endothelial dysfunction and the fibrosis progression. Curr Issues Mol Biol. 2024;46(8):7997-8014. doi:10.3390/cimb46080473
Nangia-Makker P, Wang Y, Raz T, et al. Cleavage of galectin-3 by matrix metalloproteases induces angiogenesis in breast cancer. Int J Cancer.
2010;127(11):2530-2541. doi:10.1002/ijc.25254

Tan W, Zhu S, Cao J, et al. Inhibition of MMP-2 expression enhances the antitumor effect of sorafenib in hepatocellular carcinoma by
suppressing the PI3K/AKT/mTOR pathway. Oncol Res. 2017;25(9):1543—-1553. doi:10.3727/096504017x14886444100783

Nart D, Yaman B, Yilmaz F, Zeytunlu M, Karasu Z, Kili¢ M. Expression of matrix metalloproteinase-9 in predicting prognosis of hepatocellular
carcinoma after liver transplantation. Liver Transpl. 2010;16(5):621-630. doi:10.1002/1t.22028

Tacke F, Weiskirchen R. Non-alcoholic fatty liver disease (NAFLD)/non-alcoholic steatohepatitis (NASH)-related liver fibrosis: mechanisms,
treatment and prevention. Ann Trans! Med. 2021;9(8):729. doi:10.21037/atm-20-4354

Hilbert N, Lurje G, Tacke F, Hammerich L, Lurje I. Letter to the Editor: clonally expanded CD8 + T cells in MASH-Invited guests overstaying
their welcome. Hepatology. 2025;81(2):E36—e37. doi:10.1097/hep.0000000000001122

Pfister D, Nufiez NG, Pinyol R, et al. NASH limits anti-tumour surveillance in immunotherapy-treated HCC. Nature. 2021;592(7854):450-456.
doi:10.1038/541586-021-03362-0

Deczkowska A, David E, Ramadori P, et al. XCR1(+) type 1 conventional dendritic cells drive liver pathology in non-alcoholic steatohepatitis.
Nature Med. 2021;27(6):1043—-1054. doi:10.1038/s41591-021-01344-3

Burtis AEC, DeNicola DMC, Ferguson ME, et al. Ag-driven CD8+ T cell clonal expansion is a prominent feature of MASH in humans and
mice. Hepatology. 2024. doi:10.1097/hep.0000000000000971

Uluk D, Pein J, Herda S, et al. Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) impacts long-term outcomes after
curative-intent surgery for hepatocellular carcinoma. Aliment Pharmacol Ther. 2025. doi:10.1111/apt.70002

Cranford HM, Jones PD, Liu Q, Koru-Sengul T, Reis IM, Pinheiro PS. Hepatocellular carcinoma etiology drives survival outcomes: a
population-based analysis. J Clin Oncol. 2024;42(16_suppl):e16142—e16142. doi:10.1200/JC0O.2024.42.16_suppl.e16142

Herrera-Marcos LV, Martinez-Beamonte R, Macias-Herranz M, et al. Hepatic galectin-3 is associated with lipid droplet area in non-alcoholic
steatohepatitis in a new swine model. Sci Rep. 2022;12(1):1024. doi:10.1038/s41598-022-04971-z

Nomoto K, Tsuneyama K, Abdel Aziz HO, et al. Disrupted galectin-3 causes non-alcoholic fatty liver disease in male mice. J Pathol. 2006;210
(4):469-477. doi:10.1002/path.2065

Nomoto K, Nishida T, Nakanishi Y, et al. Deficiency in galectin-3 promotes hepatic injury in CDAA diet-induced nonalcoholic fatty liver
disease. ScientificWorldJournal. 2012;2012:959824. doi:10.1100/2012/959824

Fang T, Wang H, Pan X, Little PJ, Xu S, Weng J. Mouse models of nonalcoholic fatty liver disease (NAFLD): pathomechanisms and
pharmacotherapies. Int J Bio Sci. 2022;18(15):5681-5697. doi:10.7150/ijbs.65044

Jeftic I, Jovicic N, Pantic J, Arsenijevic N, Lukic ML, 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(1):453-465. doi:10.2119/
molmed.2014.00178

de Oliveira FL, Panera N, De Stefanis C, et al. The number of liver galectin-3 positive cells is dually correlated with NAFLD severity in
children. Int J Mol Sci. 2019;20(14):3460.

Traber PG, Zomer E. Therapy of experimental NASH and fibrosis with galectin inhibitors. PLoS One. 2013;8(12):e83481. doi:10.1371/journal.
pone.0083481

Comeglio P, Guarnieri G, Filippi S, et al. The galectin-3 inhibitor selvigaltin reduces liver inflammation and fibrosis in a high fat diet rabbit
model of metabolic-associated steatohepatitis. Front Pharmacol. 2024;15:1430109. doi:10.3389/fphar.2024.1430109

Berzigotti A, Tsochatzis E, Boursier J, et al. EASL Clinical Practice Guidelines on non-invasive tests for evaluation of liver disease severity and
prognosis - 2021 update. J Hepatol. 2021;75(3):659—689. doi:10.1016/j.jhep.2021.05.025

Jalan R, D’Amico G, Trebicka J, Moreau R, Angeli P, Arroyo V. New clinical and pathophysiological perspectives defining the trajectory of
cirrhosis. J Hepatol. 2021;75:S14-S26. doi:10.1016/j.jhep.2021.01.018

Journal of Inflammation Research 2026:19 hetps: 19


https://doi.org/10.1097/hc9.0000000000000491
https://doi.org/10.1016/j.jnutbio.2022.109217
https://doi.org/10.4049/jimmunol.1201851
https://doi.org/10.1093/toxsci/kfs117
https://doi.org/10.4049/jimmunol.1600709
https://doi.org/10.1002/cam4.173
https://doi.org/10.1038/s41586-025-08677-w
https://doi.org/10.1016/j.jbc.2024.107300
https://doi.org/10.1053/j.gastro.2019.11.296
https://doi.org/10.1371/journal.pone.0075361
https://doi.org/10.3390/cimb46080473
https://doi.org/10.1002/ijc.25254
https://doi.org/10.3727/096504017x14886444100783
https://doi.org/10.1002/lt.22028
https://doi.org/10.21037/atm-20-4354
https://doi.org/10.1097/hep.0000000000001122
https://doi.org/10.1038/s41586-021-03362-0
https://doi.org/10.1038/s41591-021-01344-3
https://doi.org/10.1097/hep.0000000000000971
https://doi.org/10.1111/apt.70002
https://doi.org/10.1200/JCO.2024.42.16_suppl.e16142
https://doi.org/10.1038/s41598-022-04971-z
https://doi.org/10.1002/path.2065
https://doi.org/10.1100/2012/959824
https://doi.org/10.7150/ijbs.65044
https://doi.org/10.2119/molmed.2014.00178
https://doi.org/10.2119/molmed.2014.00178
https://doi.org/10.1371/journal.pone.0083481
https://doi.org/10.1371/journal.pone.0083481
https://doi.org/10.3389/fphar.2024.1430109
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1016/j.jhep.2021.01.018

Lurje et al

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

1717.

178.

179.

Lee M-H, Chen Y-T, Huang Y-H, et al. Chronic viral hepatitis B and C Outweigh MASLD in the associated risk of cirrhosis and HCC. Clin
Gastroenterol Hepatol. 2024;22(6):1275-1285.€2. doi:10.1016/j.cgh.2024.01.045

Johnson P, Zhou Q, Dao DY, Lo YMD. Circulating biomarkers in the diagnosis and management of hepatocellular carcinoma. Nat Rev
Gastroenterol Hepatol. 2022;19(10):670-681. doi:10.1038/s41575-022-00620-y

Galle PR, Forner A, Llovet JM, et al. EASL Clinical Practice Guidelines on the management of hepatocellular carcinoma. J Hepatol. 2025;82
(2):315-374. doi:10.1016/j.jhep.2024.08.028

de Boer RA, van Veldhuisen DJ, Gansevoort RT, et al. The fibrosis marker galectin-3 and outcome in the general population. J Internal Med.
2012;272(1):55-64. doi:10.1111/j.1365-2796.2011.02476.x

O’Seaghdha CM, Hwang SJ, Ho JE, Vasan RS, Levy D, Fox CS. Elevated galectin-3 precedes the development of CKD. J Am Soc Nephrol.
2013;24(9):1470-1477. doi:10.1681/asn.2012090909

Ho JE, Liu C, Lyass A, et al. Galectin-3, a marker of cardiac fibrosis, predicts incident heart failure in the community. J Am Coll Cardiol.
2012;60(14):1249-1256. doi:10.1016/j.jacc.2012.04.053

Jiang Q, Zhao Q, Li P. Galectin-3 in metabolic disorders: mechanisms and therapeutic potential. Trends Mol Med. 2025;31(5):424-437.
doi:10.1016/j.molmed.2024.11.006

van der Velde AR, Meijers WC, van den Heuvel ER, et al. Determinants of temporal changes in galectin-3 level in the general population: data
of PREVEND. Int J Cardiol. 2016;222:385-390. doi:10.1016/j.ijcard.2016.07.241

Weigand K, Peschel G, Grimm J, Miiller M, Buechler C. Serum Galectin-3 in Hepatitis C virus infection declines after successful virus
eradication by direct-acting antiviral therapy. J Gastrointestin Liver Dis. 2022;31(4):444-452. doi:10.15403/jgld-4341

Osuch S, Kumorek A, Koztowski P, Berak H, Kochanowicz AM, Cortés-Fendorf K. Plasma levels of soluble PD-1, TIM-3, LAG-3 and
galectin-3 and the degree of liver fibrosis in CHC and the impact of successful antiviral treatment on their levels. Sci Rep. 2025;15(1):15436.
doi:10.1038/541598-025-99096-4

Wanninger J, Weigert J, Wiest R, 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(3):435—440. doi:10.1016/j.cyt0.2011.06.001

Vora A, de Lemos JA, Ayers C, Grodin JL, Lingvay I. Association of Galectin-3 with diabetes mellitus in the dallas heart study. J Clin
Endocrinol Metab. 2019;104(10):4449-4458. doi:10.1210/jc.2019-00398

Kumar S, Ranawat CS, Bhandiwad C, et al. Galectin-3 as a potential biomarker of microvascular complications in patients with type 2 diabetes.
Ind J Endocrinol Metab. 2022;26(5):490-497. doi:10.4103/ijem.ijjem_270_22

Weigert J, Neumeier M, Wanninger 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(3):1404—1411. doi:10.1210/jc.2009-1619

Fryk E, Rodrigues Silva VR, Strindberg L, et al. Metabolic profiling of galectin-1 and galectin-3: a cross-sectional, multi-omics, association
study. Int J Obes. 2024;48(8):1180-1189. doi:10.1038/s41366-024-01543-1

Ozturk HA, Sumbul HE. Liver stiffness and serum galectin 3 level significantly increases in patients with prediabetes: a fibroscan study. PeerJ.
2025;13:€19377. doi:10.7717/peerj.19377

Lin MS, Tu YC, Lin YS, et al. Association between galectin-3 and hepatosteatosis in a community-based cross-sectional study. Ther Adv
Chronic Dis. 2024;15:20406223241302719. doi:10.1177/20406223241302719

Gijbels E, Pieters A, De Muynck K, Vinken M, Devisscher L. Rodent models of cholestatic liver disease: a practical guide for translational
research. Liver Int. 2021;41(4):656—682. doi:10.1111/1iv.14800

Bajraktari G, Elger T, Huss M, et al. Serum Galectin-3 as a non-invasive marker for primary sclerosing cholangitis. /nt J Mol Sci. 2024;25(9).
doi:10.3390/ijms25094765

Chamseddine S, Yavuz BG, Mohamed YI, et al. Circulating Galectin-3: a prognostic biomarker in hepatocellular carcinoma. J Immunother
Precis Oncol. 2024;7(4):255-262. doi:10.36401/jipo-24-6

Dong J, Zhang R, Xia Y, et al. The necroptosis related gene LGALS3 can be used as a biomarker for the adverse progression from chronic HBV
infection to HCC. Front Immunol. 2023;14:1142319. doi:10.3389/fimmu.2023.1142319

Bhat M, Clotet-Freixas S, Baciu C, et al. Combined proteomic/transcriptomic signature of recurrence post-liver transplantation for hepatocel-
lular carcinoma beyond Milan. Clin. Proteomics. 2021;18(1):27. doi:10.1186/s12014-021-09333-x

Ren Y, Qian Y, Zhang Q, et al. High LGALS3 expression induced by HCP5/hsa-miR-27b-3p correlates with poor prognosis and tumor immune
infiltration in hepatocellular carcinoma. Can Cell Inter. 2024;24(1):142. doi:10.1186/s12935-024-03309-1

Zhang S, Xu Y, Xie C, et al. RNF219/a-Catenin/LGALS3 axis promotes hepatocellular carcinoma bone metastasis and associated skeletal
complications. Adv Sci. 2021;8(4):2001961. doi:10.1002/advs.202001961

Werner W, Kuzminskaya M, Lurje I, Tacke F, Hammerich L. Overcoming resistance to immune checkpoint blockade in liver cancer with
combination therapy: stronger together? Semin Liver Dis. 2024;44(2):159-179. doi:10.1055/a-2334-8311

Lu S, Zhang C, Wu H, et al. A pH/MMP-9 smart dual-responsive liposome GBE@LP co-delivers and controls the release of GB1107/
BMS1166/Enzalutamide for liver cancer immunotherapy. Mater Today Bio. 2025;32:101801. doi:10.1016/j.mtbi0.2025.101801

Lurje I, Tacke F. Resmetirom for metabolic dysfunction-associated steatohepatitis: targeting hepatic and cardiovascular disease. Hepatobiliary
Surg Nutr. 2024;13(6):1034—-1037. doi:10.21037/hbsn-24-568

Harrison SA, Bedossa P, Guy CD, et al. A phase 3, randomized, controlled trial of resmetirom in NASH with liver fibrosis. N Engl J Med.
2024;390(6):497-509. doi:10.1056/NEJM0a2309000

Pericas JM, Anstee QM, Augustin S, et al. A roadmap for clinical trials in MASH-related compensated cirrhosis. Nat Rev Gastroenterol
Hepatol. 2024;21(11):809-823. doi:10.1038/s41575-024-00955-8

Chou WC, Lin Z. Machine learning and artificial intelligence in physiologically based pharmacokinetic modeling. Toxicol Sci. 2023;191
(1):1-14. doi:10.1093/toxsci/kfac101

Aslanis V, Slack RJ, MacKinnon AC, et al. Safety and pharmacokinetics of GB1211, an oral galectin-3 inhibitor: a single- and multiple-dose
first-in-human study in healthy participants. Cancer Chemother Pharmacol. 2023;91(3):267-280. doi:10.1007/s00280-023-04513-y
Ingelman-Sundberg M, Lauschke VM. 3D human liver spheroids for translational pharmacology and toxicology. Basic Clin Physiol Pharmacol.
2022;130(S1):5-15. doi:10.1111/bept.13587

20

https: Journal of Inflammation Research 2026:19


https://doi.org/10.1016/j.cgh.2024.01.045
https://doi.org/10.1038/s41575-022-00620-y
https://doi.org/10.1016/j.jhep.2024.08.028
https://doi.org/10.1111/j.1365-2796.2011.02476.x
https://doi.org/10.1681/asn.2012090909
https://doi.org/10.1016/j.jacc.2012.04.053
https://doi.org/10.1016/j.molmed.2024.11.006
https://doi.org/10.1016/j.ijcard.2016.07.241
https://doi.org/10.15403/jgld-4341
https://doi.org/10.1038/s41598-025-99096-4
https://doi.org/10.1016/j.cyto.2011.06.001
https://doi.org/10.1210/jc.2019-00398
https://doi.org/10.4103/ijem.ijem_270_22
https://doi.org/10.1210/jc.2009-1619
https://doi.org/10.1038/s41366-024-01543-1
https://doi.org/10.7717/peerj.19377
https://doi.org/10.1177/20406223241302719
https://doi.org/10.1111/liv.14800
https://doi.org/10.3390/ijms25094765
https://doi.org/10.36401/jipo-24-6
https://doi.org/10.3389/fimmu.2023.1142319
https://doi.org/10.1186/s12014-021-09333-x
https://doi.org/10.1186/s12935-024-03309-1
https://doi.org/10.1002/advs.202001961
https://doi.org/10.1055/a-2334-8311
https://doi.org/10.1016/j.mtbio.2025.101801
https://doi.org/10.21037/hbsn-24-568
https://doi.org/10.1056/NEJMoa2309000
https://doi.org/10.1038/s41575-024-00955-8
https://doi.org/10.1093/toxsci/kfac101
https://doi.org/10.1007/s00280-023-04513-y
https://doi.org/10.1111/bcpt.13587

Lurje et al

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Armani S, Geier A, Forst T, Merle U, Alpers DH, Lunnon MW. Effect of changes in metabolic enzymes and transporters on drug metabolism in
the context of liver disease: impact on pharmacokinetics and drug—drug interactions. Br J Clin Pharmacol. 2024;90(4):942-958. doi:10.1111/
bep.15990

Carter PJ, Quarmby V. Immunogenicity risk assessment and mitigation for engineered antibody and protein therapeutics. Nat Rev Drug Discov.
2024;23(12):898-913. doi:10.1038/s41573-024-01051-x

Liu Z, Wang B, Li S, et al. Oral administration of a tetrahedral framework DNA-based nanoshot attenuates liver fibrosis via targeting galectin-3.
ACS Nano. 2025;19(26):23876-23892. doi:10.1021/acsnano.5¢05144

Harrison SA, Bashir M, Moussa SE, et al. Effects of resmetirom on noninvasive endpoints in a 36-week phase 2 active treatment extension
study in patients with NASH. Hepatol Commun. 2021;5(4):573-588. doi:10.1002/hep4.1657

Pottegérd A, Friis S, Stiirmer T, Hallas J, Bahmanyar S. Considerations for pharmacoepidemiological studies of drug—cancer associations. Basic
Clin Physiol Pharmacol. 2018;122(5):451-459. doi:10.1111/bcpt.12946

Eugster R, Luciani P. Liposomes: bridging the gap from lab to pharmaceuticals. Curr Opin Colloid Interface Sci. 2025;75:101875. doi:10.1016/
j-cocis.2024.101875

Harvey BE. How improvements in US FDA regulatory process and procedures led to the drug approval for first ever treatment of a common
liver disease. Acta Pharmacol Sin. 2025;46(3):515-524. doi:10.1038/s41401-024-01396-4

Zetterberg FR, MacKinnon A, Brimert T, et al. Discovery and optimization of the first highly effective and orally available galectin-3 inhibitors
for treatment of fibrotic disease. J Med Chem. 2022;65(19):12626—12638. doi:10.1021/acs.jmedchem.2c00660

Aslanis V, Gray M, Slack RJ, et al. Single-dose pharmacokinetics and safety of the oral galectin-3 inhibitor, selvigaltin (GB1211), in
participants with hepatic impairment. Clin Drug Investig. 2024;44(10):773-787. doi:10.1007/s40261-024-01395-7

Aslanis V, Abd-Elaziz K, Slack RJ, et al. Relative bioavailability and food effect of the galectin-3 inhibitor selvigaltin (GB1211) administered
as a tablet in healthy participants (GALBA-1). Cancer Chemother Pharmacol. 2024;94(5):707-720. doi:10.1007/s00280-024-04710-3
Harrison SA, Marri SR, Chalasani N, et al. Randomised clinical study: GR-MD-02, a galectin-3 inhibitor, vs. placebo in patients having
non-alcoholic steatohepatitis with advanced fibrosis. Aliment Pharmacol Ther. 2016;44(11-12):1183-1198. doi:10.1111/apt.13816
NCTO04365868 Cgl. study evaluating the efficacy and safety of belapectin for the prevention of esophageal varices in NASH cirrhosis
(NAVIGATE); 2025. Available from: https://clinicaltrials.gov/study/NCT04365868. Accessed August 17, 2025.

Journal of Inflammation Research DOVepI'eSS

Taylor & Francis Group

Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2026:19 “ X in ﬂ

21


https://doi.org/10.1111/bcp.15990
https://doi.org/10.1111/bcp.15990
https://doi.org/10.1038/s41573-024-01051-x
https://doi.org/10.1021/acsnano.5c05144
https://doi.org/10.1002/hep4.1657
https://doi.org/10.1111/bcpt.12946
https://doi.org/10.1016/j.cocis.2024.101875
https://doi.org/10.1016/j.cocis.2024.101875
https://doi.org/10.1038/s41401-024-01396-4
https://doi.org/10.1021/acs.jmedchem.2c00660
https://doi.org/10.1007/s40261-024-01395-7
https://doi.org/10.1007/s00280-024-04710-3
https://doi.org/10.1111/apt.13816
https://clinicaltrials.gov/study/NCT04365868
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Structure of Galectin-3
	Localization and Binding Partners of Galectin-3
	Intracellular Functions
	Nuclear Function of Galectin-3
	Secretion and Extracellular Functions of Galectin-3

	Galectin-3 as aRegulator of Hepatic Fibrogenesis
	Galectin-3 as aDriver of Liver Disease
	Galectin-3 in Macrophages
	Stimulation of Myofibroblasts
	Modulation of Vascular Function
	Barriers to Mechanistic Understanding

	Galectin-3 in Steatotic Liver Disease (MASLD/MASH)

	Human Studies and Clinical Relevance
	Galectin-3 as aBiomarker of Liver Disease
	Pharmacology of Targeting Galectin-3
	Galectin-3 as aTherapeutic Target: Evidence From Clinical Trials

	Conclusions and Future Directions
	CRediT Statement
	Data Sharing Statement
	Funding
	Disclosure

