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Abstract

Nonalcoholic fatty liver disease continues to be one of the major health challenges
facing the world, with estimates of non-alcoholic steatohepatitis (NASH) pre-
valence in over 25 percent of the world’s population. NASH represents a
spectrum of disease that may lead to hepatic fibrosis and eventual cirrhosis, with
the risk of cirrhosis decompensation, and hepatocellular carcinoma. New the-
rapies are desperately needed for NASH, especially for later stages of fibrosis and
cirrhosis. Galectin-3 inhibition is being explored as a new liver antifibrotic
therapy. This concise review will outline the state of the art of this new the-
rapeutic target.
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Core Tip: Galectin-3 inhibition is being advanced as a therapy for liver fibrosis and
cirrhosis. Clinicians need to understand the rationale behind this new advance. This
minireview will highlight the basic science, as well as recent advances in the field,
including the concept of the “galectin-3 fibrosome” and the galectin-3 positive
macrophage that enters the liver from the peripheral circulation in the setting of
nonalcoholic fatty liver disease. Galectin-3 appears to be central to the non-alcoholic
steatohepatitis fibrosis process, and inhibition of galectin-3 is imperative to curtail liver
fibrosis.
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INTRODUCTION

Non-alcoholic steatohepatitis (NASH) is an aggressive form of nonalcoholic fatty liver disease charac-
terized by hepatic steatosis, ballooning hepatocytes, inflammation of hepatic lobules, and excessive
deposition of fibrotic tissue. If left untreated, NASH may progress to cirrhosis and hepatocellular
carcinoma (HCC), which are major causes of morbidity and mortality[1,2]. The risks for HCC are partic-
ularly worrisome in the subpopulation of NASH with diabetes, obesity[3], hypertension and dyslip-
idemia[4]. Thus far, there are no approved pharmacotherapeutics for the treatment of NASH and the
only curative treatment for cirrhosis and early-stage HCC is a liver transplant.

NASH has a complex pathogenesis that is triggered by multiple metabolic factors, including insulin
resistance, genetic factors, and lifestyle issues such as unbalanced excessive caloric intake and lack of
exercise[5]. Classically, the disease has been divided into early and late stages, and investigative
pharmacotherapeutics target different pathogenic metabolic pathways to gain resolution of steatohep-
atitis or regression of fibrosis, or ideally both processes. Regardless of the etiology or the pathway, the
changeover from nonalcoholic fatty liver disease (NAFLD) to NASH leads to liver fibrosis and cirrhosis,
via the transformation of the hepatic stellate cell (HSC) to an activated myofibroblast that lays down
collagen. In liver fibrosis, the interaction of HSCs with other cells is complex. Liver sinusoidal
endothelial cells modulate HSCs quiescence as well as fibrosis regression in the homeostatic state[6]. In
the fibrotic process, apoptotic hepatocytes increase the inflammatory response and activate
macrophages. Chronic liver injury leads to continuous HSCs activation, first via the resident liver
macrophage, the Kupffer cell, and then via myeloid derived liver macrophages which then promote
extracellular matrix (ECM) accumulation and tissue structure remodeling and resulting in progressive
liver fibrosis[7].

The transforming growth factor (TGF)-p1 has been viewed as the major profibrogenic cytokine
released by the liver cell upon injury, turning the HSC into a myofibroblast. A comprehensive review of
liver fibrosis has recently been published[8], as well as a review of the signaling pathways and drugs
targeting the various pathways in non-alcoholic steatohepatitis[9].

There are many disease processes where the galectin-3 protein has been implicated[10]. Recent data
has shown galectin-3 as a direct causative agent in diverse diseases such as endometriosis[11], cardiac
fibrosis and atrial fibrillation[12], and Alzheimer’s disease[13]. Galectin-3 plays a leading role in cancer
progression and in the tumor microenvironment[14]. In HCC, overexpression of galectin-1 and galectin-
3 have been noted[15], and galectin-3 favors tumor metastases via activation of p-catenin signaling[16].

In cirrhosis, galectin-3 has been proven to be a biomarker, in combination with other scores, to
discriminate advanced cirrhosis and predict post-transplant infectious complications[17]. High tissue
expression of galectin-3 was also associated with the risk of chronic liver disease and worse overall
survival[18]. Blood levels of galectin-3 have not correlated as a biomarker in NASH, since other
background diseases such as heart disease can raise galectin-3 levels on their own[19]. This review will
focus on the role of galectin-3 in the liver fibrosis associated with NASH.

GALECTIN-3: BASIC FEATURES

Galectins are proteins that are modified in homoeostasis or under pathological conditions by adding
glycans to their peptide chains, which in turn modulates their function. These proteins are known as
glycoproteins, and the addition of a carbohydrate molecule to a protein molecule is known as
glycosylation.

Glycosylation is critical for both cellular and extracellular activities. ‘Lectins’ are glycan binding
proteins capable of recognizing distinct sugar residues, that in turn signal a cascade of molecular events.
“S type” lectins, or galectins, selectively bind B- galactosides. Galectins can be found in the nucleus and
the cytoplasm, as well as on the cell membrane and in the extracellular space and the ECM[20].

There are fifteen mammalian galectins that have been identified, all of them sharing a structure
sequence of 130 amino acids and at least one carbohydrate recognition domain (CRD). Galectins are
expressed in practically all immune cells in a constitutive or induced fashion. Galectins 1 and 3 are
secreted into extracellular space[21].

Galectin-3 is a 30 kDa protein encoded by a single gene, LGALS3, located on chromosome 14, locus
q21-q22. It was initially identified as MAC2 protein and is constitutively expressed on macrophages.
Galectin-3 is a “‘chimera’ type of galectin, presenting one CRD, with a non CRD section of 30 N terminal
amino acids, followed by 80 amino acids of tandem rich proline, tyrosine, and glycine[22].

Reviewing the galectin-3 medical literature presents challenges. The original name for galectin-3 was
MAC2, and that is still being utilized. At times one also sees ‘LGALS3’ used, which is the gene that
codes for galectin-3. Another term seen in the literature regarding this versatile protein is the galectin-3
binding protein, also known as MAC2 binding protein, or LGALS3BP. This 90 kD multifocal
glycoprotein is a receptor ligand for galectin-3 and is present in human body fluids and appears to have
a prognostic and functional role in cancer[23]. The term also seen in the literature is MAC2BPGi, the
MAC2 binding protein glycan isomer that is now being used as a serum biomarker for assessing liver
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fibrosis in various liver diseases[24].

GALECTIN-3 ROLE IN LIVER FIBROSIS AND CIRRHOSIS, THE GALECTIN-3 FIBROSOME

The role of galectin-3 in liver fibrosis was introduced with the discovery that upregulated galectin-3
expression was temporally and spatially related to the induction of hepatic fibrosis and that disruption
of the galectin-3 gene blocks myofibroblast activation and procollagen (I) expression[25]. Further
confirmation of upregulation of galectin-3 expression has been obtained in other preclinical models of
hepatic fibrosis[26], NASH[27] and cholestatic liver diseases[28].

In liver fibrosis, galectin-3, once secreted by several cells, including monocytes and macrophages,
help activate quiescent fibroblasts to become myofibroblasts, which is the hallmark event in tissue
fibrosis formation[25]. The function of galectins in fibrosis is based on the formation of oligomeric
structures that lead to cross linking and lattice like structures. These lattices form a supramolecular
assembly and activate different signaling pathways on the cell surface[29].

This fibrosis lattice process appears to be occurring in many disease states such as kidney fibrosis,
cardiac fibrosis, and pulmonary fibrosis. In the lung fibrosis associated with coronavirus disease 2019, a
macromolecular assembly on the surface of epithelial and mesenchymal cells that clusters pro-fibrotic
factors has been discovered[30]. The researchers coined the term the ‘galectin-3 fibrosome” to describe
how galectin-3 oligomerizes via its N-terminal domain and binds modified glycan chains on
glycoproteins on cell surfaces. The galectin-3 interactions anchor two complexes, TGF-BRII and the
(CD98hc): pl-integrin complex that mediate inflammatory and fibrotic cellular responses to extracellular
stimuli. TGF-BRII is a key receptor for the profibrotic cytokine TGF-f1. The CD98 heavy chain (CD98hc):
Bl-integrin complex mediates inflammatory cytokine responses to extracellular factors[31]. This
discovery was made in idiopathic pulmonary fibrosis, and needs to be proven in hepatic fibrosis, but
disruption of this ‘gal-3-fibrosome” appears to be a promising target for new anti-fibrotic therapies.

GALECTIN-3 MACROPHAGE ACTIVATION AND LIVER FIBROSIS

The tissue-resident liver macrophages, termed Kupffer cells, represent key phagocytes that closely
interact with local parenchymal, interstitial, and other immunological cells in the liver to maintain
homeostasis and tolerance against harmless antigens[32]. Upon liver injury, the pool of hepatic
macrophages expands dramatically by infiltrating bone marrow/monocyte-derived macrophages. The
interplay of the injured microenvironment and altered macrophage pool skews the subsequent course of
the liver injury[33].

Liver macrophages are laden with galectin-3[34]. The activated macrophages that enter the liver from
the peripheral circulation in the setting of injury are shown to be markedly stained with galectin-3 on
immunohistochemistry, and this immunohistochemistry staining is clearly different from normal liver
tissue[35] (see accompanying Figure 1). Macrophage plasticity allows changes from an M1 to an M2
subtype, and that subtype performs a protective role in liver injury[36]. CD68 is the pan macrophage
marker, and CD 206 is a marker for the M2 macrophage. In a Pediatric NAFLD immunofluorescence
histology study, different subpopulations of hepatocytes and galectin-3 positive macrophages were
correlated with distinct stages of the NAFLD to NASH disease spectrum. Researchers found that the
number of 0-SMA/Gal-3+ cells was significantly increased in the NASH fibrosis stage. The data
reinforced a direct correlation between an increased fibrosis score and a-SMA /Gal-3+ cells in NAFLD
children and supported the profibrogenic role of galectin-3[37].

Reading this literature also presents difficulties with the older terms M1 and M2 macrophage still
being used, along with newer terms for macrophages described by their cluster of differentiation (CD
68, CD 206) as well as even newer terms depicting liver macrophages as NAM’s; NASH associated
macrophages, including a subset that may be triggering receptor expressed on myeloid cells 2 positive
(TREM-2+), and may promote the emergence of restorative macrophages during recovery from liver
damage[38]. More recent literature involving single cell RNA sequencing has defined a subset of NAM’s
that are TREM2+ and CD9+ positive and are a macrophage population that expands in fibrosis and
differentiates from circulating monocytes. These macrophages are similar to ‘LAM’s; lipid associated
macrophages, which surround adipose tissue and form ‘crown-like macrophages’[39].

In addition to the galectin-3 macrophage literature, further proof of the role of galectin-3 in liver
fibrosis has come from live cell to cell mapping that has captured galectin-3 glycan interactions amongst
live hepatic cells, the macrophage, and the stellate cells[40]. Yet another confirmation has recently been
obtained from genomic studies, where a swine model of NASH had elevated levels of the LGALS3 gene
that codes for galectin-3. Most interestingly only LGALS3 was associated with lipid droplet areas,
suggesting a role for galectin-3 in the transition of NAFLD to NASH[41].
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Figure 1 Inmunohistochemical staining of normal, non-alcoholic steatohepatitis, and non-alcoholic steatohepatitis cirrhosis liver tissue
with a galectin-3 antibody. A: Normal liver: In the normal liver, immunoreactive galectin-3 is present in epithelial cells of all large and small bile ducts and in
periportal ductules; B: Non-alcoholic steatohepatitis (NASH) liver: In livers with inflammatory disease, staining appears in activated macrophages both in the
parenchyma and in the portal tracts as well as in lymphoid germinal centers when present in chronic hepatitis. Notably there is no galectin-3 positivity in hepatocytes
in pre-cirrhotic inflammatory disease, even in the presence of ballooning degeneration, Mallory-Denk bodies or features of apoptosis; C: NASH cirrhosis: Galectin-3
appears in hepatocytes and can be focal or widespread with both cytoplasmic and nuclear activity. A-C: Citation: Goodman Z, Lowe E, Boudes P. Hepatic Expression
of Galectin-3, a Pro-fibrotic and Pro-inflammatory Marker: An Immunohistochemical Survey. Proceedings of the American Association for the Study of Liver Diseases
meetings; 2022 Nov; Washington, US. Copyright© The Authors 2020. The authors have obtained the permission for figure using from the authors (Supplementary

material).

Jaishideng®

GALECTIN-3 INHIBITION CURRENT THERAPEUTIC APPROACHES

The rationale to block galectin-3 in hepatic fibrosis has been laid out. The conserved homology between
galectins makes treatment strategy difficult, and the ubiquity of galectins in our body as well as the
need to have normal galectin intracellular function, have confounded galectin inhibition therapy
approaches. The role of intracellular galectin-3 in the context of fibrosis development is less well
understood and the available data suggest the extracellular component is likely the main driver of its
pro-fibrotic effects[42]. Although the best target area of inhibition remains unclear, blocking galectin-3
in the extracellular space and avoiding intracellular galectin-3 inhibition might indeed be the best
approach[43], especially for late-stage liver disease patients who are tenuous from their liver disease
and other comorbidities.

Galectin-3 inhibition involves complex sugar organic chemistry. Galectin-3 inhibitors employ either
small molecules that can be given orally, or large molecules that are administered parenterally[44]. The
traditional approach has been to block the CRD, as there are specific structural features in small
molecule oligosaccharides that promote stronger binding to the CRD[45]. Additionally, small molecule
inhibitors offer another potential advantage to be engineered to selectively bind each of the known
fifteen galectins[43].

Large polysaccharide molecules can bind not only to the galectin-3 CRD, but also the N-terminal[46].
Studies have suggested that inhibiting the galectin-3 CRD alone might be inadequate, and several
researchers have contended that both the N- and C- terminus of galectin-3 should be targeted to combat
fibrosis[47]. Thus far there does not appear to be any safety or tolerability issues in humans associated
with inhibiting galectin-3 both extracellularly and intracellularly[44]. A recent hepatic impairment study
of galectin-3 inhibition revealed no safety concerns, even when administered in late-stage cirrhosis[48].

Galectin blockers are now a focus of intensive research. Studies are now integrating galectin research
with a transdisciplinary approach that includes the disciple of complex sugar chemistry known as
‘Glycobiology’, along with material science, and a variety of galectin targeted biomaterials. These
studies remain preclinical and have been recently reviewed[49]. For now, galectin-3 inhibition for
hepatic fibrosis is moving forward in trials with several agents.

GALECTIN-3 INHIBITORS CURRENTLY IN TRIALS

The most advanced inhibitors currently in trials are belapectin and GB1107. Belapectin is a large
molecule galactoarabino-rhamnogalacturonan polysaccharide inhibitor derived from natural sources.
Post hoc analysis of a phase 2 belapectin study in compensated cirrhosis showed that belapectin
prevented esophageal varices formation in a subgroup analysis of patients without esophageal varices
at baseline, and reduced hepatic venous pressure gradient after 52 weeks of therapy[50]. A follow up
international adaptive P2b/3 trial is now ongoing using the clinical endpoint of preventing esophageal
varices based on endoscopic evaluation[51].

GB1107 is a small molecule thiogalactoside oral inhibitor targeting the CRD. It is advancing in P2
with a trial in cirrhotics and a first in human study with GB1211, an analogue of GB1107, is proceeding
into a P2 study with cirrhosis of all etiologies[52].
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CONCLUSION

This review centered around the evolving role of the galectin-3 and the hepatic Gal3+ macrophage at the
center of the liver fibrotic pathway. Cell to cell interactions between the hepatocyte, the macrophage,
and the stellate cells initiate the transformation of the stellate cell into a myofibroblast that lays down
collagen in the ECM. Genomics, transcriptomics, proteomics, immunohistochemistry staining, and live
cell to cell mapping have confirmed the vital role of galectin-3 in liver fibrosis. The concept of the
‘galectin-3 fibrosome” has been illuminated, and the role of the galectin-3 positive macrophage in liver
fibrosis continues to evolve. The picture is filling in but is by no means complete.

A confounding factor for those researching this topic is that the medical literature is confused by
older terms still being employed for the same process, both for galectin-3, and for the hepatic Gal3+
macrophage. The author believes an international consensus needs to be achieved on nomenclature as
this field moves forward. It is apparent that galectin-3 inhibition for liver fibrosis and cirrhosis will
continue to be a fertile target of clinical research. Given galectin-3’s role in HCC and HCC metastatic
spread, it is intriguing to speculate that galectin-3 inhibition might have protective effects against HCC
development in cirrhosis, as well as a potential future role in adjunctive HCC therapy. In the next few
years, data from upcoming galectin-3 inhibition trials will determine whether the future of NASH
therapy includes this promising antifibrotic approach.
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