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Abstract

Background:A lectin with a molecular weight of 30KDa, galectin-3 (Gal-3) is involved in various
processes of pathophysiology, such as fibrosis and kidney injury. Gal-3 utilizes its carbohydrate-
recognition domain to bind B-galactoside. Gal-3 is a multi-functional protein that may be found
both within and outside of cells. It is involved in cell-to-cell adhesion, cell-to-extracellular matrix
adhesion, and immunological chemoattractant protein, among other functions. Furthermore,
clinical trials and experimental models have also connected Gal-3 to renal illness. The
development of different pharmacological inhibitors of Gal-3 is justified because it appears to
improve renal illness in several pathological circumstances. Gal-3 has several uses in renal
pathophysiology, both as a biomarker and a possible therapeutic agent; this review will attempt to
highlight the most recent research on this topic.
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1. Introduction

In the early 1980s, researchers found the lectin galectin-3 (Gal-3) in tumor cells. Several organs
and injuries related to them have since had this protein's function investigated [1,2,3]. The
pathophysiology of these diseases is complex, whether they are cancer, heart disease, or kidney
disease. Nevertheless, therapeutic implications of Gal-3 pharmacological suppression are worth
exploring. Recently, researchers in both the basic and clinical sciences have begun to investigate
Gal-3's role in kidney illnesses; elevated levels of this protein have been linked to certain types of

renal damage and patient outcomes.

As a biomarker and prospective therapeutic target, Gal-3 pathophysiology in kidney disease is the

goal of this review.

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7058


mailto:ahmedhegab091@gmail.com
mailto:a.ghareb@medicine.zue.edu.eg

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases
2. Gal-3: A Carbohydrate Binding Protein from the Lectin Family

2.1. The Lectin Family

A class of binding proteins known as lectins interact with various partners through a unique
carbohydrate recognition domain (CRD) [4]. The Latin word "legere” means "to collect” in
English. Lectins are involved in many processes (such as the transduction route and cell-to-cell

interaction) due to these interactions [5,6].

Galectins are a subset of lectins that attach to B-galactose by their unique CRD. They are a
family of fourteen proteins. Gal-3 is a chimeric protein that includes one CRD and one
regulatory N-terminal domain connected with a collagen-like sequence [7]. Galectins 1, 2, 5, 7,
10, 11, 13, 14, 15, and 16 are composed of one unique CRD associated in monomer or dimer.
Galectins 4, 6, 8, 9, and 12 are composed of two different united CRDs. The structure of
galectins is illustrated in Figure la. Among the many biological activities in which galectins
participate are cell-to-cell communication [11], immunological signaling that causes profibrotic

effects [8,9,10], and early development.
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Figure 1. Galectins’ family structure (a), galectin-3 chimeric and specific structure (b).
2.2. Galectin-3
2.2.1. Structure

Opver the years, Gal-3 has gone by several names, including Mac-2 antigen, IgE-binding protein,
carbohydrate-binding protein, and L-29 [12,13,14]. It is the sole galectin found in mammals.
There are three separate domains that make up this soluble protein: a CRD, a collagen-like
sequence, and a particular domain at the N-link terminus [15,16,17,18]. Figure 1b shows the

galectin-3 structure.
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. The CRD binds carbs through a polypeptide fold domain. Several signaling pathways are

activated when Gal-3's CRD interacts with proteins that contain carbohydrates [19].

. Matrix metalloprotease can cleave the nine collagen-like sequences that comprise the

proline/glycine rich domain, which connects the CRD to the N-link domain [20].

. The biological activity of Gal-3 is dependent on the N-link domain. Two serin-
phosphorylation sites are located within this domain [21]. This domain undergoes biochemical

modifications that cause kernel cells to internalize Gal-3 [22].
2.2.2. Expression and Role

The expression of Gal-3 by a wide variety of cells and organs (e.g., inflammatory, endothelial,
muscle or tumor cells, and fibroblasts) leads to a wide variety of pathophysiological roles

[23,24,25].

There are two forms of Gal-3 expression: internal, on the cell membrane, and extracellular, in a

soluble form. Figure 2 provides a concise overview of the several functions of Gal-3.
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Figure 2. Galectin-3’s role and localization.

. Gal-3 is produced in the cytoplasm of the cell and helps the cell to survive by regulating
apoptosis [26]. Another way it can stimulate cell proliferation is by entering the nucleus through

the digestive tract [27].

. Gal-3 regulates the interaction of epithelial cells with the extracellular matrix or other
cells and is located in the plasma membrane of cells [28]. Cell adhesion or bond cell activation
promotion is facilitated by its capacity to bind with integrins or endothelium sticky proteins

[29,30,31,32]. In addition to bridging the gap between Gal-3 and cells, Gal-3 can connect with
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glycoproteins to enhance binding to the extracellular matrix [28,33]. From the membrane to

intracellular pathways, all of these processes foster a transduction cascade [22,35,36,37,38].

. In response to targeted injury, Gal-3 is released into the bloodstream or stored in organs
as a soluble form; it then functions as a DAMP to elicit an immune response [39,40]. According
to multiple studies, Gal-3 modulates immune cell infiltration of macrophages, which leads to

fibrosis in the kidneys and lungs [41,42,43].
2.2.3. Galectin-3 Inhibitors

To assess its pathophysiological effect following damage, researchers have looked at genetic and
pharmacological suppression of Gal-3. Gal-3 inhibitors are categorized according to the binding
qualities of their carbohydrates [44]. Extracellular fixation and permeability capacities are critical
for this lectin since it binds to various cellular locations. Nevertheless, there are a few studies that
do not fully address the topic or relevance of Gal-3 inhibitors. Here, Gal-3 inhibitors have shown

only little efficacy in clinical trials. To further explore this point, more research is required.
2.2.4. Galectin-3 in the Kidney

Gal-3 is mostly expressed during development in collecting ducts and on the apical membrane of
a-intercalated cells. This provides more evidence that Gal-3 may play a role in tubular growth
[54], maybe by promoting tubulogenesis via interactions with the extracellular matrix or cell-to-
cell adhesion [55]. Adult kidneys show Gal-3 expression in ascending thick limb cells, proximal

tubules, main and intercalated cells, and the tubules themselves [56].

Since Gal-3 can freely cross the glomerular membrane, some exploratory studies have suggested a
renal clearance, although its exact pharmacokinetics remain unknown [27]. Despite its modest
molecular weight (29-31 KDa), Gal-3 does not appear to be associated with albumin in
extracellular spaces, according to previous research [57]. In their initial study, Meijers et al.
determined that Gal-3 was entirely and freely eliminated from the body through the urine, with
a distribution volume of 90 mL and a clearance of 0.92 mL/min, in a rat model. A Gal-3
fractional excretion rate of 3.0% and an estimated Gal-3 excretion rate of 3.9 mL/min (2.3 to
6.4) were determined in healthy humans, respectively. Lastly, at a slower pace than creatinine,

the dialyzer can filter Gal-3 for hemodialysis patients [58].

Gal-3 expression changes in diseased states and has been investigated in both animal and human

studies. Research on these topics is described in full below.
3. Gal-3 in Preclinical Models of Kidney Disease

The role of Galectin-3 is summarized in Figure 3.
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Figure 3. Role of galectin-3 in preclinical models of kidney injury. rIR leads to an increase
of plasma and renal Gal-3 expression associated with acute tubular injury, promoting
cytokine expression and immune cells recruitment. Toxic renal injury induces Gal-3

associated Thl and Th17 recruitment for renal reparation and Gal-3 tissular associated
PKcaa cell apoptosis. Diabetic models induce an overexpression of Gal-3 via the Rpphl
pathway, promoting AGE downregulation via an upregulation of RAGE. In the cystic
model, Gal-3 was expressed in cystic centrosome cilia and its inhibition aggravates the
development of cyst. Gal-3 expression induces collagen formation via the endo180
receptor and the RAGE/ICAM pathway. Gal-3 is increased in plasma during type 3
cardiorenal syndrome leading to cytokine secretion, cardiac Gal-3-associated immune cells,

and fibrosis induction.
3.1. Ischemia/Repertusion
A number of studies have documented Gal-3's function in renal ischemia/reperfusion (rIR).

Researchers Nishiyama et al. demonstrated that rIR quickly increased the expression of Gal-3
mRNA in rats and was negatively correlated with serum creatinine dose after 48 hours (R =
-0.94). Within 48 hours following damage, distal tubules showed an extension of Gal-3
overexpression [59]. In addition, reduced macrophage infiltration and activation, decreased tissue
damage (ROS generation, tubular necrosis), and enhanced renal function were all linked to

genetic suppression of Gal-3 in this paradigm [60].

We recently documented an upregulation of Gal-3 plasmatic, mRNA, and protein expression 24
hours post-rIR as a result of inflammatory cell infiltration and tubular damage. The release of
Gal-3 by immune cells and the overexpression of plasma soluble Gal-3 were linked to elevated

levels of pro-inflammatory cytokines, including IL1b, IL6, TNFa, and IL10. Curiously, Gal-3
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KO mice showed a reduction in elevated levels of pro-inflammatory cytokines [61]. Additionally,
in the outer medulla surrounding necrotic tubules and in nearby capillaries following rIR, a
population of renal interstitial cells Gal-3 (+), CD44 (+), and vimentin (+) were found. This
suggests that Gal-3 mediates endothelial activation and kidney tubular regeneration under these

experimental circumstances [62].

The results of these investigations pointed to a distinct function for Gal-3 following rIR, which
promotes endothelial activation, cytokine release, and inflammation in the kidneys, which in
turn causes tissue remodeling and further fibrosis. Inhibiting Gal-3 in this model prevented

inflammation, fibrosis, and cytokine release, all of which are outcomes of renal illness [63].
3.2. Toxic Injury

Tubular damage seems to be less severe in toxic preclinical models of experimental nephropathy
compared to rIR models. Rapid elevation of renal Gal-3 mRNA expression was noted by
Nishiyama et al. in a toxic FA-induced nephropathy model [59]. A heterogenecous collection of
tubules, including dilated collecting ducts, showed Gal-3 expression, which diffused from
proximal ducts. In addition to being found in macrophages fourteen days after damage, Gal-3

inhibition slowed the onset of fibrosis and reduced inflammation and kidney apoptosis [64].

An increase of Gal-3 kidney expression, along with cell death, collagen type I production, and
upregulation of PKC-a, was noted by Li et al. on day 3 in a model of cisplatin-induced AKI.
Curiously, blocking Gal-3 slowed the progression of AKI to CKD [65]. But in a comparable AKI
paradigm, Volarevic et al. showed that immunological cell Gal-3 expression regulated
immunosuppression via renal dendritic cells, TLR-2 activation, and IL-10 release. Inhibiting

Gal-3 may have a negative effect on immunological modulation, according to these results [66].

Therefore, Gal-3 may have conflicting functions following kidney injury, depending on the cell

type that expresses it (macrophages make it anti-fibrotic, whilst tubular cells generate it pro-

fibrotic).
3.3. Glomerular Injury

Several investigations have shown that damaged glomeruli have altered Gal-3 expression. Gal-3
was overexpressed in diabetic rats, namely in mesangial cells, from 2 to 12 weeks in a
streptozotocin model of diabetic nephropathy in rats. The glomerular remodeling of the related
advance-glycation-end-product (AGE) receptor (RAGE) was altered by overexpression of Gal-3
[67]. Gal-3 deficiency causes increased diabetic glomerulopathy and glomerular AGE buildup
due to RAGE downregulation, as shown by these authors using the same experimental paradigm
[68]. Furthermore, AGE buildup linked to glomerular damage was generated in mice by
injection of N-carboxylmethyllysine. Increased circulating AGE levels and changed RAGE
functions are additional mechanisms by which Gal-3 inhibition hastens glomerular disease [69].

According to Zhang et al., AGE-mediated damage occurs when the long non-coding sequence
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Rpphl interacts with Gal-3. This, in turn, promotes the MERF/ERK transduction pathway,

which leads to MCP-1 overexpression and the proliferation of mesangial cells [70].

Increased plasma Gal-3 levels were associated with the advancement of glomerulopathy and
accompanying proteinuria in another preclinical model employing transgenic Ren-2 rats that
developed severe hypertension-induced glomerulosclerosis. Both renal damage and function were

enhanced in this mouse by inhibiting Gal-3 [71].

Last but not least, we know that anti-Thyl.1 antibody injections in rats accelerated
glomerulonephritis progression, which may be related to mesangial hypercellularity and elevated

Gal-3 expression in infiltrating glomerular macrophages and distal tubules [72].

These findings highlight the multifaceted function of Gal-3 in glomerular injury. As
glomerulopathy progresses, Gal-3 inhibition slows its reduction, which speeds up the disease. On
the other hand, Gal-3 may protect against glomerulopathy by reducing the infiltration of

immune cells associated with Gal-3 when its expression extends in tubule and mesangial cells.
Immune-Responsible Damage to the Kidneys (3.4)
3.4.1. Renal Disease Associated with Sepsis

Gal-3 was found to be elevated in septic-associated kidney injury in a rat peritonitis model (cecal
ligature puncture). Additionally, modified citrus pectin (MCP) pharmacologically inhibited Gal-
3, which enhanced renal function and survival while decreasing IL-6 plasma and inflammation

[73].
3.4.2. Transplantation Model

Over the past few years, research has demonstrated that Gal-3 can regulate inflammation and
immune cell infiltration in pathophysiological settings. Graft dysfunction due to immune cells is
observed in grafted models. Researchers Dang et al. transplanted BM12 kidneys into wild-type
(WT), genetically modified (GM) (WT), or genetically barren (Gal-3 null) mice. The graft
caused an increase in Gal-3 tissular and plasmatic expression in wild-type mice. Less tubular
damage, mild fibrosis, and immune cell infiltration were seen in Gal-3 deficient mice [42].
Inhibiting Gal-3 improved renal outcome, and these findings validated its function in immune

cell recruitment in a diseased setting.
3.5. Polycystic Model

Cilia of enlarged collecting ducts showed Gal-3 expression in a mouse model of congenital
polycystic kidney (CPK). Interestingly, mice who were injected with Gal-3 had a drop in cyst
frequency, while mice that were not injected with Gal-3 displayed a larger ratio of kidney weight

to bone length and a different structure for their cilia.
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This research highlights the importance of tubular Gal-3 expression throughout tubule

development and the structural effects of this expression [74].
3.6. Renal Fibrosis

According to reports, Gal-3 promotes fibrosis in various organs [1] and is involved in the
progression of acute to chronic renal illness by activating inflammatory cells, releasing
inflammatory factors, and injuring tissues [75]. Nevertheless, Gal-3's function in this regard

remains debatable.

Extracellular matrix-producing cells (fibroblast and myofibroblast) proliferate in response to Gal-

3, which may have a role in their migration and adherence [76].

Additionally, it has been noted that in Gal-3 null mice, there was an increase in total collagen
and a decrease in myofibroblast and extra-cellular matrix synthesis due to a downregulation of
endo180 receptors involved in collagen degradation [77]. This led to a more extensive degree of

renal damage and fibrosis.

By employing a model of UUO, Gasparitsch et al. proved that there was a correlation between
Gal-3 expression and an upregulation of collagen I. The authors noted that in RAGE-/- or
RAGE-/- ICAM-/- mice, Gal-3 expression was considered less significant. According to these
findings, the progression from acute injury to fibrosis may include the interaction of Gal-3 with
RAGE/ICAM [78]. Macrophages that produced or secreted Gal-3 increased renal fibroblast
activation to a profibrotic phenotype, as Henderson et al. discovered in the same experimental
setting focusing on macrophage infiltration. Moreover, this paradigm showed that fibrosis

severity was reduced when CD11b-DTR mice were used for selective macrophage depletion

[63].

Lastly, pharmacological suppression of Gal-3 improved immune response and renal fibrosis in
rats fed a high-fat diet, a model known to cause severe damage to the glomeruli and tubules.
Another model of aortic occlusion-induced fibrosis found that pharmacological suppression of

Gal-3 reduced fibrosis as well [79].

Research like this shows that Gal-3 expression plays a role in the pathophysiology of damage
response that promotes fibrosis. Renal fibrosis appears to be linked to Gal-3 expression in
immune cells. On the other hand, Gal-3 expression in tissues regulates collagen via particular

receptors, leading to improved tissue regeneration and less fibrosis after renal injury.
3.7. Preclinical Model of Cardio-Renal Syndrome

Gal-3 may play a role in type 3 cardio-renal syndrome, which we have only just discovered. Mice
were subjected to a left renal ischemia reperfusion following a right nephrectomy in order to
create a temporary kidney malfunction. After 48 hours, the dysfunction quickly returned to

normal, and neither water excess nor uremic syndrome were observed. The result is an increase in
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cardiac fibrosis and a decrease in ventricular fraction shortening after 28 days. Unilateral ureteral
blockage produced comparable outcomes. The significance of acute renal injury in the initiation
of cardiac dysfunction was brought to light in this investigation. Following renal ischemia
reperfusion, Gal-3 levels rose in the experimental model's plasma, kidneys, and heart. Heart
failure was averted by blocking Gal-3. In a model of bone marrow transplant mice, we also found
that immune cells expressing Gal-3 in the heart caused cardiac fibrosis, and that blocking its
expression in cells derived from the transplanted bone marrow improved the cardiac phenotype.
The results of this research point to Gal-3 as a possible mediator of type 3 cardio-renal syndrome
inter-organ communication [61]. Although the exact function of Gal-3 in cardiorenal syndrome
is still unclear, some preclinical investigations are attempting to pin down its involvement in the

kidneys in this setting [80].
4. Gal-3 as a Biomarker

4.1. Kidney Function

While Gal-3 was originally investigated for its potential as a biomarker of cardiac injury [81], it
has since been the subject of multiple investigations on its potential as a biomarker of acute

kidney injury.

The baseline Gal-3 level was assessed by Drechsler et al. from two studies: the Ludwigshafen Risk
and Cardiovascular Health (LURIC) study (2579 patients with coronary angiograms) and the
German Diabetes mellitus Dialysis (4D) study (1168 dialysis patients with type 2 diabetes
mellitus). As renal function became more severe, the Gal-3 level rose steadily, going from 12.8 +
4.0 ng/mL in individuals with an estimated glomerular filtration rate (¢GFR) of 90 mL/min per
1.73 m2 to 54.1 + 19.6 ng/mL in the 4D study's dialysis patients [82].

In their study of 1498 patients undergoing cardiac surgery, Von Ballmos et al. examined the
plasma Gal-3 value for the purpose of predicting AKI. They found that the highest tercile of Gal-
3 was linked to severe AKI (OR of 2.95; p < 0.001) [83].

Tan et al. showed that Gal-3 was linked to a doubling of serum creatinine (HR 1.19
CI95%]1.14,1.24, p< 0.001) in a long-term follow-up study of 1320 patients with type 2
diabetes and an estimated glomerular filtration rate (€GFR) of 30 mL.min-1 1.73 m-2, even

after accounting for chronic renal risk factors, baseline ¢GFR, and albuminuria status [84].

Patients with acute kidney injury (AKI) had higher median serum and urine Gal-3 levels at
admission compared to non-AKI patients in another translational study that included patients
admitted to the intensive care unit with severe sepsis. The comparison was statistically significant
(p < 0.001 for AKI serum and 13.27 ng/mL for non-AKI urine; AUC for serum Gal-3 was 0.88
and for urine Gal-3 was 0.87). Urinary Gal-3 was linked to an increased risk of mortality after

adjusting for a renal damage biomarker (urinary NGAL) in a sample of 132 heart failure patients
studied by Tariq Ahmed et al. [84].
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After adjusting for severity biomarkers and non-renal recovery confounding factors (such as
gender, age, CKD, vasopressor treatment, SAPSII, Charlson score, Screat at admission, and
lactate value at admission), we found that plasma Gal-3 level at ICU admission was associated
with AKI with an OR of 1.12 CI95%][1.04, 1.2]. This association persisted even after adjusting
for heterogencous diagnoses. For patients without AKI, the plasma Gal-3 level increased at a rate
of 16.6 (12.7-34.2) ng/mlL, and for KDIGO 1 and KDIGO 3, it ranged from 23.6 (18.2-34.2)
ng/mL to 38 (24.5-57.1) ng/mL, respectively, according to the research [85].

Plasma and urine Gal-3 may be useful biomarkers of AKI severity in a diverse population,

independent of the cause of renal failure, according to these investigations.
4,2, Proteinuria

In renal biopsies of 37 individuals with glomerulonephrits (GN), Kikuchi et al. found an
association (r = 0.616, p < 0.001) between proteinuria and glomerular infiltrating Gal-3 positive
monocytes. The number 86. Additionally, in 81.8% (72/88) of patients with lupus GN, Kang et
al. discovered a strong expression of Gal-3 in the glomeruli in conjunction with renal
inflammatory cells. Histologic activity indices, anti-dsDNA titers, and complement 3 and 4
levels were found to be linked with this overexpression of Gal-3 [87]. A study conducted by
Ostalska-Nowicka et al. in children investigated different GNs, including minimal change disease
(MCD), mesangial proliferation (DMP), and focal segmental glomerulosclerosis (FSGS). The
researchers found that there were a significant number of Gal-3 positive cells in both the cortex
and the medullary areas of the kidneys that did not react to steroid treatment (p < 0.001). The

number 88.

The blood Gal-3 levels of 75 patients with Mediterranean fever (FMF) and GN were greater
than those of the control group. Moreover, there was a significant connection of 0.785 (p <
0.001) between proteinuria and creatinine in these patients. An area under the curve (AUC) of

0.88 was achieved by serum Gal-3 in predicting proteinuria [89].

With a prediction performance of 0.776 (C195%(0.677, 0.875]; p< 0.0001), the Gal-3 plasma
level was noticeably higher in individuals with poor kidney function (Stage IV-V CKD) and in
macroalbuminuria (p< 0.05). [90].

According to these research, patients with glomerular injury are more likely to have immune cells
infiltration expressing Gal-3, which is linked to increased production of Gal-3 in the kidneys and

plasma.
Kidney Disease and Its Prognosis 4.3

In two longitudinal cohorts, the Clinical Phenotyping and Resource Biobank (C-PROBE) study
and the Seattle Kidney Study (SKS), Alam et al. found high plasma levels of Gal-3 in patients

with severe comorbidities (heart failure, CKD). These levels were associated with chronic renal
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disease (HR = 1.35, CI95%][1.01-1.80]) [91]. Gal-3 plasma levels were assessed in 9148
participants who did not have chronic renal disease or chronic heart failure in a prospectively
analyzed research from Atherosclerosis Risk in Communities (ARIC). Low estimated glomerular

filtration rate and urine albumin-to-creatinine ratio were found to be associated with higher
levels of Gal-3. Additionally, CKD was associated with Gal-3 at an odds ratio of 2.22 (95% CI
1.89 to 2.60). The number 92.

Elevated serum creatinine and urine protein/creatinine ratio were independently linked to Gal-3
plasma levels, which in turn were associated with the course of chronic kidney disease (CKD) in

another cohort of patients [93].

In a sample of 2076 patients hospitalized to the intensive care unit, our research investigated
renal prognostics using MAK criteria. An odds ratio (OR) of 1.37 (CI95%[1.27,1.49]) was
related with MAKE when we looked at the Gal-3 dosage at admission. With a 95% CI of 0.74 to
0.78, Gal-3 had good predictive performance for MAKE [85].

In a study involving 249 individuals who had kidney biopsies, Ou et al. found that plasma Gal-3
levels were higher in patients with CKD than in those without the disease. Interstitial fibrosis,
tubular atrophy, and vascular intimal fibrosis were all linked to clevated Gal-3 levels, and RNA-

sequencing research revealed that Gal-3 was upregulated in fibrotic kidney biopsy samples [94].

Results from these investigations show that Gal-3 is associated with a worse renal prognosis and

the progression from acute to chronic renal impairment.
4.4. Transplantation

Because it can enable modifications in therapeutic strategy, a reliable biomarker is critically
important in kidney transplantation. The median Gal-3 level at bascline was 21.1 (IQR
[Q1:17.0, Q2:27.2] ng/ml) in the 561 patients studied by Sotomayor et al. Specifically for
patients with hypertension (HR, 2.29; CI95%][1.80, 2.92]; p < 0.001) or a smoking history (HR,
2.56, CI95%[1.95, 3.37]; p < 0.001), Gal-3 was linked to an elevated risk of graft failure (hazard
ratios (HR) per 1 SD change, 2.12; C195%[1.63, 2.75]; p < 0.001). [95]

4.5. Coronavascular Disease and Death

Lastly, mortality rates are typically greater in people with renal disorders. High levels of Gal-3 in
plasma were linked to an increased risk of death from any cause, including cardiovascular disease,
in the 4D and LURIC populations with renal impairment compared to those without renal
disease [82]. Mortality was independently predicted by a level of Gal-3 > 23.73 ng/mL in
patients on hemodialysis, as validated by Hogas et al. (HR: 2.60; CI95%[1.09, 6.18]) [96].

Following this, Zhang et al. confirmed the association between Gal-3 and an increased risk of all-
cause mortality and cardiovascular (CV) events in CKD patients in a large meta-analysis

involving 5226 patients (HR:1.379, [1.090, 1.744]). They also found that Gal-3 was associated
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with an increased risk of CV events in CKD patients (HR = 1.054, CI195%[1.007, 1.102]).The

number 97.

As a result, Gal-3 is a reliable indicator of a poor cardiovascular prognosis, especially in AKI
patients [98]. These findings emphasize the significance of Gal-3 in cardio-renal syndrome,
which is linked to a bad prognosis for both the kidneys and the heart. The role of Gal-3 in type 3
cardio-renal syndrome has begun to emerge in preclinical investigations [61]. In this setting, the
process is still intricate, but it does include the immune system and the expression of Gal-3 in

tissues.

Lastly, in a recent study including the intensive care unit (ICU) population, we found that Gal-3
levels at admission were greater in patients who did not survive. These levels were also linked to
all-cause death at 30 days (OR CI 1.25, CI95%][1.17, 1.34]), and they had a predictive
performance of 0.69 (CI95%(0.67-0.72) [85].

Therefore, it seems that Gal-3 is linked to cardiovascular outcomes and mortality following renal

illnesses and injuries.

Figure 4 displays all clinical study outcomes associated with galectin-3.
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Figure 4. Kidney galectin-3 association with outcome in clinical studies.

5. Gal-3 as a Therapeutic Target and Perspective
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The effects and potential therapeutic implications of Gal-3 inhibitors have only been the subject
of a small number of clinical trials. The Gal-3 inhibitor GCS100 (NCT01843790) is now part
of a phase IIa blinded, multi-center, randomized clinical trial that includes 121 patients enrolled
with stage 3b or 4 CKD. The purpose of this research was to compare the pre- and post-8-week
¢GFR changes between the GCS-100 group and the placebo group [99]. A pharmacological Gal-
3 inhibitor considerably improved the glomerular filtration rate, uric acid, and blood urea
nitrogen (BUN) levels of 121 patients with chronic kidney disease from baseline to end of
treatment, relative to placebo, according to a press-release from the authors. At 1.5 mg/m2, the

authors noted no serious side effects [100].

In a randomized controlled trial, Lau et al. examined the efficacy of MCP in treating
hypertensive cardiac complications. They discovered that blocking Gal-3 had no effect on the
expression of fibrosis cardiac biomarkers, but was slightly linked to lower plasmatic creatinine
levels and higher estimated glomerular filtration rate (¢GFR) in patients treated with MCP.
Although there is a lack of data to draw firm conclusions, this does raise the possibility that Gal-3

inhibitors could be useful for patients suffering from renal damage [101].

The potential of Gal-3 to alleviate pulmonary fibrosis has also been investigated. Using an
inhaled Gal-3 inhibitor, Hirani et al. treated 36 healthy individuals and 24 pulmonary fibrosis
patients; the former group showed high tolerance, while the latter group saw a reduction in
plasmatic markers linked to pulmonary fibrosis [102]. Although some trials have employed Gal-3
inhibitors in cancer treatment, these studies have not collected enough data to provide any
therapeutic recommendations based on drug resistance and survival endpoints [103]. However,
there is a lack of clinical evidence that could help determine the effect of inhibition in clinical
treatment, especially with regard to enhancing renal outcome. Although there is encouraging
preclinical evidence, the exact pathophysiology of renal protection is not yet known. From a

clinical perspective, further research is required to recommend this treatment.

There are a number of angles from which to view further research into Gal-3 or similar pathways.
To begin, the ability to track and direct targeted treatment plans for individuals with renal
disease has been greatly improved by the introduction of Gal-3 as a biomarker. Additionally,
Gal-3 can assist in the stratification of individuals suffering from renal impairment, even though
its precise therapeutic application is still unproven. To validate Gal-3 inhibition as a possible

therapeutic target to reduce renal damage, additional preclinical investigations are required.
6. Conclusions

From animal models to human clinical trials, Gal-3 has been investigated in the context of
kidney disease. Inhibiting renal Gal-3 has been suggested as a possible therapeutic target based on
the partial pathophysiology of its involvement in particular renal damage that has been partially

discovered by basic science. Rescarch in the clinic has shown that Gal-3 can be used as a
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biomarker for kidney illness to help with treatment planning and monitoring. Further

mechanistic investigations are required to validate the possible advantages of Gal-3 inhibition.

References:

1.

Slack, R.J.; Mills, R.; Mackinnon, A.C. The Therapeutic Potential of Galectin-3
Inhibition in Fibrotic Disease. Int. J. Biochem. Cell Biol. 2021, 130, 105881. [Google
Scholar] [CrossRef] [PubMed]

Besler, C.; Lang, D.; Urban, D.; Rommel, K.P.; von Roeder, M.; Fengler, K.; Blazek, S.;
Kandolf, R.; Klingel, K.; Thiele, H.; et al. Plasma and Cardiac Galectin-3 in Patients with
Heart Failure Reflects Both Inflammation and Fibrosis: Implications for Its Use as a
Biomarker. Circ. Heart Fail. 2017, 10, ¢003804. [Google Scholar] [CrossRef] [PubMed]

Van Vark, L.C.; Lesman-Leegte, L.; Baart, S.J.; Postmus, D.; Pinto, Y.M.; Orsel, ].G.;
Daan Westenbrink, B.; Brunner-La Rocca, H.P.; van Miltenburg, A.J.M.; Boersma, E.; et
al. Prognostic Value of Serial ST2 Measurements in Patients with Acute Heart Failure. J.

Am. Coll. Cardiol. 2017, 70, 2378-2388. [Google Scholar] [CrossRef] [PubMed]

Lakhtin, M.; Lakhtin, V.; Alyoshkin, V.; Afanasyev, S. Lectins of Beneficial Microbes:
System Organisation, Functioning and Functional Superfamily. Benef. Microbes 2011, 2,
155-165. [Google Scholar] [CrossRef]

De Schutter, K.; van Damme, E.J.M. Protein-Carbohydrate Interactions as Part of Plant
Defense and Animal Immunity. Molecules 2015, 20, 9029-9053. [Google Scholar]
[CrossRef] [Green Version]

Feizi, T.E.N.; Haltiwanger, R.S. Editorial Overview: Carbohydrate-Protein Interactions
and Glycosylation: Glycan Synthesis and Recognition: Finding the Perfect Partner in a
Sugar-Coated Life. Curr. Opin. Struct. Biol. 2015, 34, 7-9. [Google Scholar] [CrossRef]

Fortuna-Costa, A.; Gomes, A.M.; Kozlowski, E.O.; Stelling, M.P.; Pavao, M.S.G.
Extracellular Galectin-3 in Tumor Progression and Metastasis. Front. Oncol. 2014, 4, 138.
[Google Scholar] [CrossRef] [Green Version]

Liu, F.T.; Rabinovich, G.A. Galectins: Regulators of Acute and Chronic
Inflammation. Ann. N. Y. Acad. Sci. 2010, 1183, 158-182. [Google Scholar] [CrossRef]

Di Lella, S.; Sundblad, V.; Cerliani, J.P.; Guardia, C.M.; Estrin, D.A.; Vasta, G.R.;
Rabinovich, G.A. When Galectins Recognize Glycans: From Biochemistry to Physiology
and Back Again. Biochemistry 2011, 50, 7842-7857. [Google Scholar] [CrossRef] [Green

Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7071


https://scholar.google.com/scholar_lookup?title=The+Therapeutic+Potential+of+Galectin-3+Inhibition+in+Fibrotic+Disease&author=Slack,+R.J.&author=Mills,+R.&author=Mackinnon,+A.C.&publication_year=2021&journal=Int.+J.+Biochem.+Cell+Biol.&volume=130&pages=105881&doi=10.1016/j.biocel.2020.105881&pmid=33181315
https://scholar.google.com/scholar_lookup?title=The+Therapeutic+Potential+of+Galectin-3+Inhibition+in+Fibrotic+Disease&author=Slack,+R.J.&author=Mills,+R.&author=Mackinnon,+A.C.&publication_year=2021&journal=Int.+J.+Biochem.+Cell+Biol.&volume=130&pages=105881&doi=10.1016/j.biocel.2020.105881&pmid=33181315
https://scholar.google.com/scholar_lookup?title=The+Therapeutic+Potential+of+Galectin-3+Inhibition+in+Fibrotic+Disease&author=Slack,+R.J.&author=Mills,+R.&author=Mackinnon,+A.C.&publication_year=2021&journal=Int.+J.+Biochem.+Cell+Biol.&volume=130&pages=105881&doi=10.1016/j.biocel.2020.105881&pmid=33181315
https://doi.org/10.1016/j.biocel.2020.105881
http://www.ncbi.nlm.nih.gov/pubmed/33181315
https://scholar.google.com/scholar_lookup?title=Plasma+and+Cardiac+Galectin-3+in+Patients+with+Heart+Failure+Reflects+Both+Inflammation+and+Fibrosis:+Implications+for+Its+Use+as+a+Biomarker&author=Besler,+C.&author=Lang,+D.&author=Urban,+D.&author=Rommel,+K.P.&author=von+Roeder,+M.&author=Fengler,+K.&author=Blazek,+S.&author=Kandolf,+R.&author=Klingel,+K.&author=Thiele,+H.&publication_year=2017&journal=Circ.+Heart+Fail.&volume=10&pages=e003804&doi=10.1161/CIRCHEARTFAILURE.116.003804&pmid=28288987
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003804
http://www.ncbi.nlm.nih.gov/pubmed/28288987
https://scholar.google.com/scholar_lookup?title=Prognostic+Value+of+Serial+ST2+Measurements+in+Patients+with+Acute+Heart+Failure&author=Van+Vark,+L.C.&author=Lesman-Leegte,+I.&author=Baart,+S.J.&author=Postmus,+D.&author=Pinto,+Y.M.&author=Orsel,+J.G.&author=Daan+Westenbrink,+B.&author=Brunner-La+Rocca,+H.P.&author=van+Miltenburg,+A.J.M.&author=Boersma,+E.&publication_year=2017&journal=J.+Am.+Coll.+Cardiol.&volume=70&pages=2378%E2%80%932388&doi=10.1016/j.jacc.2017.09.026&pmid=29096809
https://doi.org/10.1016/j.jacc.2017.09.026
http://www.ncbi.nlm.nih.gov/pubmed/29096809
https://scholar.google.com/scholar_lookup?title=Lectins+of+Beneficial+Microbes:+System+Organisation,+Functioning+and+Functional+Superfamily&author=Lakhtin,+M.&author=Lakhtin,+V.&author=Alyoshkin,+V.&author=Afanasyev,+S.&publication_year=2011&journal=Benef.+Microbes&volume=2&pages=155%E2%80%93165&doi=10.3920/BM2010.0014
https://doi.org/10.3920/BM2010.0014
https://scholar.google.com/scholar_lookup?title=Protein-Carbohydrate+Interactions+as+Part+of+Plant+Defense+and+Animal+Immunity&author=De+Schutter,+K.&author=van+Damme,+E.J.M.&publication_year=2015&journal=Molecules&volume=20&pages=9029%E2%80%939053&doi=10.3390/molecules20059029
https://doi.org/10.3390/molecules20059029
https://www.mdpi.com/1420-3049/20/5/9029/pdf
https://scholar.google.com/scholar_lookup?title=Editorial+Overview:+Carbohydrate-Protein+Interactions+and+Glycosylation:+Glycan+Synthesis+and+Recognition:+Finding+the+Perfect+Partner+in+a+Sugar-Coated+Life&author=Feizi,+T.E.N.&author=Haltiwanger,+R.S.&publication_year=2015&journal=Curr.+Opin.+Struct.+Biol.&volume=34&pages=7%E2%80%939&doi=10.1016/j.sbi.2015.10.005
https://doi.org/10.1016/j.sbi.2015.10.005
https://scholar.google.com/scholar_lookup?title=Extracellular+Galectin-3+in+Tumor+Progression+and+Metastasis&author=Fortuna-Costa,+A.&author=Gomes,+A.M.&author=Kozlowski,+E.O.&author=Stelling,+M.P.&author=Pav%C3%A3o,+M.S.G.&publication_year=2014&journal=Front.+Oncol.&volume=4&pages=138&doi=10.3389/fonc.2014.00138
https://doi.org/10.3389/fonc.2014.00138
https://www.mdpi.com/1422-0067/23/6/3124
https://scholar.google.com/scholar_lookup?title=Galectins:+Regulators+of+Acute+and+Chronic+Inflammation&author=Liu,+F.T.&author=Rabinovich,+G.A.&publication_year=2010&journal=Ann.+N.+Y.+Acad.+Sci.&volume=1183&pages=158%E2%80%93182&doi=10.1111/j.1749-6632.2009.05131.x
https://doi.org/10.1111/j.1749-6632.2009.05131.x
https://scholar.google.com/scholar_lookup?title=When+Galectins+Recognize+Glycans:+From+Biochemistry+to+Physiology+and+Back+Again&author=Di+Lella,+S.&author=Sundblad,+V.&author=Cerliani,+J.P.&author=Guardia,+C.M.&author=Estrin,+D.A.&author=Vasta,+G.R.&author=Rabinovich,+G.A.&publication_year=2011&journal=Biochemistry&volume=50&pages=7842%E2%80%937857&doi=10.1021/bi201121m
https://doi.org/10.1021/bi201121m
http://ri.conicet.gov.ar/bitstream/11336/71273/2/CONICET_Digital_Nro.344dddc7-ba35-4c28-a260-06b51277f42f_A.pdf
http://ri.conicet.gov.ar/bitstream/11336/71273/2/CONICET_Digital_Nro.344dddc7-ba35-4c28-a260-06b51277f42f_A.pdf
http://ri.conicet.gov.ar/bitstream/11336/71273/2/CONICET_Digital_Nro.344dddc7-ba35-4c28-a260-06b51277f42f_A.pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Thiemann, S.; Baum, L.G. Galectins and Immune Responses-Just How Do They Do
Those Things They Do? Annu. Rev. Immunol. 2016, 34, 243-264. [Google Scholar]
[CrossRef]

Arthur, C.M.; Baruffi, M.D.; Cummings, R.D.;; Stowell, S.R. Evolving Mechanistic
Insights into Galectin Functions. Methods Mol. Biol. 2015, 1207, 1-35. [Google Scholar]
[CrossRef] [PubMed] [Green Version]

Ho, M.K.; Springer, T.A. Mac-2, a Novel 32,000 Mr Mouse Macrophage Subpopulation-
Specific Antigen Defined by Monoclonal Antibodies. J. Immunol. 1982, 128, 1221-1228.
[Google Scholar] [PubMed]

Hsu, D.K.; Zuberi, R.I; Liu, F.T. Biochemical and Biophysical Characterization of
Human Recombinant IgE-Binding Protein, an S-Type Animal Lectin.]. Biol
Chem. 1992, 267, 14167-14174. [Google Scholar] [CrossRef]

Massa, S.M.; Cooper, D.N.W.; Leffler, H.; Barondes, S.H. L-29, an Endogenous Lectin,
Binds to Glycoconjugate Ligands with Positive Cooperativity. Biochemistry 1993, 32,
260-267. [Google Scholar] [CrossRef] [PubMed]

Sato, S.; Hughes, R.C. 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, 6983-6990. [Google Scholar]
[CrossRef]

Sparrow, C.P.; Leffler, H.; Barondes, S.H. Multple Soluble Beta-Galactoside-Binding
Lectins from Human Lung. J. Biol. Chem. 1987, 262, 7383-7390. [Google Scholar]
[CrossRef]

Nieminen, J.; Kuno, A.; Hirabayashi, J.; Sato, S. Visualization of Galectin-3
Oligomerization on the Surface of Neutrophils and Endothelial Cells Using Fluorescence
Resonance Energy Transfer. J. Biol. Chem. 2007, 282, 1374-1383. [Google Scholar]
[CrossRef] [Green Version]

Ahmad, N.; Gabius, H.J.; Sabesan, S.; Oscarson, S.; Brewer, C.F. Thermodynamic
Binding Studies of Bivalent Oligosaccharides to Galectin-1, Galectin-3, and the
Carbohydrate Recognition Domain of Galectin-3. Glycobiology 2004, 14, 817-825.
[Google Scholar] [CrossRef] [Green Version]

Karlsson, A.; Christenson, K.; Matlak, M.; Bjorstad, A.; Brown, K.L.; Telemo, E.;
Salomonsson, E.; Leffler, H.; Bylund, ]J. Galectin-3 Functions as an Opsonin and

Enhances the Macrophage Clearance of Apoptotic Neutrophils. Glycobiology 2009, 19,
16-20. [Google Scholar] [CrossRef] [Green Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7072


https://scholar.google.com/scholar_lookup?title=Galectins+and+Immune+Responses-Just+How+Do+They+Do+Those+Things+They+Do?&author=Thiemann,+S.&author=Baum,+L.G.&publication_year=2016&journal=Annu.+Rev.+Immunol.&volume=34&pages=243%E2%80%93264&doi=10.1146/annurev-immunol-041015-055402
https://doi.org/10.1146/annurev-immunol-041015-055402
https://scholar.google.com/scholar_lookup?title=Evolving+Mechanistic+Insights+into+Galectin+Functions&author=Arthur,+C.M.&author=Baruffi,+M.D.&author=Cummings,+R.D.&author=Stowell,+S.R.&publication_year=2015&journal=Methods+Mol.+Biol.&volume=1207&pages=1%E2%80%9335&doi=10.1007/978-1-4939-1396-1_1&pmid=25253130
https://doi.org/10.1007/978-1-4939-1396-1_1
http://www.ncbi.nlm.nih.gov/pubmed/25253130
http://europepmc.org/articles/pmc5755386?pdf=render
https://scholar.google.com/scholar_lookup?title=Mac-2,+a+Novel+32,000+Mr+Mouse+Macrophage+Subpopulation-Specific+Antigen+Defined+by+Monoclonal+Antibodies&author=Ho,+M.K.&author=Springer,+T.A.&publication_year=1982&journal=J.+Immunol.&volume=128&pages=1221%E2%80%931228&pmid=6173426
http://www.ncbi.nlm.nih.gov/pubmed/6173426
https://scholar.google.com/scholar_lookup?title=Biochemical+and+Biophysical+Characterization+of+Human+Recombinant+IgE-Binding+Protein,+an+S-Type+Animal+Lectin&author=Hsu,+D.K.&author=Zuberi,+R.I.&author=Liu,+F.T.&publication_year=1992&journal=J.+Biol.+Chem.&volume=267&pages=14167%E2%80%9314174&doi=10.1016/S0021-9258(19)49693-2
https://doi.org/10.1016/S0021-9258(19)49693-2
https://scholar.google.com/scholar_lookup?title=L-29,+an+Endogenous+Lectin,+Binds+to+Glycoconjugate+Ligands+with+Positive+Cooperativity&author=Massa,+S.M.&author=Cooper,+D.N.W.&author=Leffler,+H.&author=Barondes,+S.H.&publication_year=1993&journal=Biochemistry&volume=32&pages=260%E2%80%93267&doi=10.1021/bi00052a033&pmid=8418845
https://doi.org/10.1021/bi00052a033
http://www.ncbi.nlm.nih.gov/pubmed/8418845
https://scholar.google.com/scholar_lookup?title=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&author=Sato,+S.&author=Hughes,+R.C.&publication_year=1992&journal=J.+Biol.+Chem.&volume=267&pages=6983%E2%80%936990&doi=10.1016/S0021-9258(19)50525-7
https://doi.org/10.1016/S0021-9258(19)50525-7
https://scholar.google.com/scholar_lookup?title=Multiple+Soluble+Beta-Galactoside-Binding+Lectins+from+Human+Lung&author=Sparrow,+C.P.&author=Leffler,+H.&author=Barondes,+S.H.&publication_year=1987&journal=J.+Biol.+Chem.&volume=262&pages=7383%E2%80%937390&doi=10.1016/S0021-9258(18)48248-8
https://doi.org/10.1016/S0021-9258(18)48248-8
https://scholar.google.com/scholar_lookup?title=Visualization+of+Galectin-3+Oligomerization+on+the+Surface+of+Neutrophils+and+Endothelial+Cells+Using+Fluorescence+Resonance+Energy+Transfer&author=Nieminen,+J.&author=Kuno,+A.&author=Hirabayashi,+J.&author=Sato,+S.&publication_year=2007&journal=J.+Biol.+Chem.&volume=282&pages=1374%E2%80%931383&doi=10.1074/jbc.M604506200
https://doi.org/10.1074/jbc.M604506200
http://www.jbc.org/content/282/2/1374.full.pdf
https://scholar.google.com/scholar_lookup?title=Thermodynamic+Binding+Studies+of+Bivalent+Oligosaccharides+to+Galectin-1,+Galectin-3,+and+the+Carbohydrate+Recognition+Domain+of+Galectin-3&author=Ahmad,+N.&author=Gabius,+H.J.&author=Sabesan,+S.&author=Oscarson,+S.&author=Brewer,+C.F.&publication_year=2004&journal=Glycobiology&volume=14&pages=817%E2%80%93825&doi=10.1093/glycob/cwh095
https://doi.org/10.1093/glycob/cwh095
https://academic.oup.com/glycob/article-pdf/14/9/817/1564487/cwh095.pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3+Functions+as+an+Opsonin+and+Enhances+the+Macrophage+Clearance+of+Apoptotic+Neutrophils&author=Karlsson,+A.&author=Christenson,+K.&author=Matlak,+M.&author=Bj%C3%B6rstad,+%C3%85.&author=Brown,+K.L.&author=Telemo,+E.&author=Salomonsson,+E.&author=Leffler,+H.&author=Bylund,+J.&publication_year=2009&journal=Glycobiology&volume=19&pages=16%E2%80%9320&doi=10.1093/glycob/cwn104
https://doi.org/10.1093/glycob/cwn104
https://academic.oup.com/glycob/article-pdf/19/1/16/5849979/cwn104.pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Flores-Ibarra, A.; Vértesy, S.; Medrano, F.J.; Gabius, H.].; Romero, A. Crystallization of a
Human Galectin-3 Variant with Two Ordered Segments in the Shortened N-Terminal
Tail. Sci. Rep. 2018, 8, 9835. [Google Scholar] [CrossRef] [Green Version]

Huflejt, M.E.; Turck, C.W.; Lindstedt, R.; Barondes, S.H.; Leffler, H. L-29, a Soluble
Lactose-Binding Lectin, Is Phosphorylated on Serine 6 and Serine 12 in Vivo and by
Casein Kinase I. J. Biol. Chem. 1993, 268, 26712-26718. [Google Scholar] [CrossRef]

Dumic, J.; Dabelic, S.; Flogel, M. Galectin-3: An Open-Ended Story. Biochim. Biophys.
Acta Gen. Subj. 2006, 1760, 616-635. [Google Scholar] [CrossRef] [PubMed]

Friedrichs, J.; Manninen, A.; Muller, D.J.; Helenius, ]J. Galectin-3 Regulates Integrin
A2B1-Mediated Adhesion to Collagen-I and -IV.]. Biol. Chem. 2008, 283, 32264—
32272. [Google Scholar] [CrossRef] [PubMed] [Green Version]

Nio, J.; Takahashi-Iwanaga, H.; Morimatsu, M.; Kon, Y.; Iwanaga, T.
Immunohistochemical and in Situ Hybridization Analysis of Galectin-3, a B-Galactoside
Binding Lectin, in the Urinary System of Adult Mice. Histochem. Cell Biol. 2006, 126,
45-56. [Google Scholar] [CrossRef]

Kim, H.; Lee, J; Hyun, J.W.; Park, J.W.; Joo, H.; Shin, T. Expression and
Immunohistochemical Localization of Galectin-3 in Various Mouse Tissues. Cell Biol.

Int. 2007, 31, 655-662. [Google Scholar] [CrossRef]

Nangia-Makker, P.; Nakahara, S.; Hogan, V.; Raz, A. Galectin-3 in Apoptosis, a Novel
Therapeutic Target. . Bioenerg. Biomembr. 2007, 39, 79. [Google Scholar] [CrossRef]
[PubMed] [Green Version]

Davidson, P.J.; Davis, M.].; Patterson, R.J.; Ripoche, M.A.; Poirier, F.; Wang, ].L.
Shutting of Galectin-3 between the Nucleus and Cytoplasm. Glycobiology 2002, 12,
329-337. [Google Scholar] [CrossRef] [Green Version]

Ochieng, J.; Furtak, V.; Lukyanov, P. Extracellular Functions of Galectin-3. Glycocon;.
J. 2002, 19, 527-535. [Google Scholar] [CrossRef]

Almkvist, J.; Karlsson, A. Galectins as Inflammatory Mediators. Glycoconj. J. 2002, 19,
575-581. [Google Scholar] [CrossRef]

Rabinovich, G.A.; Baum, L.G.; Tinari, N.; Paganelli, R.; Natoli, C.; Liu, F.T'; Iacobelli, S.
Galectins and Their Ligands: Amplifiers, Silencers or Tuners of the Inflammatory
Response? Trends Immunol. 2002, 23, 313—-320. [Google Scholar] [CrossRef]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7073


https://scholar.google.com/scholar_lookup?title=Crystallization+of+a+Human+Galectin-3+Variant+with+Two+Ordered+Segments+in+the+Shortened+N-Terminal+Tail&author=Flores-Ibarra,+A.&author=V%C3%A9rtesy,+S.&author=Medrano,+F.J.&author=Gabius,+H.J.&author=Romero,+A.&publication_year=2018&journal=Sci.+Rep.&volume=8&pages=9835&doi=10.1038/s41598-018-28235-x
https://doi.org/10.1038/s41598-018-28235-x
https://www.nature.com/articles/s41598-018-28235-x.pdf
https://scholar.google.com/scholar_lookup?title=L-29,+a+Soluble+Lactose-Binding+Lectin,+Is+Phosphorylated+on+Serine+6+and+Serine+12+in+Vivo+and+by+Casein+Kinase+I&author=Huflejt,+M.E.&author=Turck,+C.W.&author=Lindstedt,+R.&author=Barondes,+S.H.&author=Leffler,+H.&publication_year=1993&journal=J.+Biol.+Chem.&volume=268&pages=26712%E2%80%9326718&doi=10.1016/S0021-9258(19)74371-3
https://doi.org/10.1016/S0021-9258(19)74371-3
https://scholar.google.com/scholar_lookup?title=Galectin-3:+An+Open-Ended+Story&author=Dumic,+J.&author=Dabelic,+S.&author=Fl%C3%B6gel,+M.&publication_year=2006&journal=Biochim.+Biophys.+Acta+Gen.+Subj.&volume=1760&pages=616%E2%80%93635&doi=10.1016/j.bbagen.2005.12.020&pmid=16478649
https://doi.org/10.1016/j.bbagen.2005.12.020
http://www.ncbi.nlm.nih.gov/pubmed/16478649
https://scholar.google.com/scholar_lookup?title=Galectin-3+Regulates+Integrin+A2%CE%B21-Mediated+Adhesion+to+Collagen-I+and+-IV&author=Friedrichs,+J.&author=Manninen,+A.&author=Muller,+D.J.&author=Helenius,+J.&publication_year=2008&journal=J.+Biol.+Chem.&volume=283&pages=32264%E2%80%9332272&doi=10.1074/jbc.M803634200&pmid=18806266
https://doi.org/10.1074/jbc.M803634200
http://www.ncbi.nlm.nih.gov/pubmed/18806266
http://www.jbc.org/content/283/47/32264.full.pdf
https://scholar.google.com/scholar_lookup?title=Immunohistochemical+and+in+Situ+Hybridization+Analysis+of+Galectin-3,+a+%CE%B2-Galactoside+Binding+Lectin,+in+the+Urinary+System+of+Adult+Mice&author=Nio,+J.&author=Takahashi-Iwanaga,+H.&author=Morimatsu,+M.&author=Kon,+Y.&author=Iwanaga,+T.&publication_year=2006&journal=Histochem.+Cell+Biol.&volume=126&pages=45%E2%80%9356&doi=10.1007/s00418-005-0142-5
https://doi.org/10.1007/s00418-005-0142-5
https://scholar.google.com/scholar_lookup?title=Expression+and+Immunohistochemical+Localization+of+Galectin-3+in+Various+Mouse+Tissues&author=Kim,+H.&author=Lee,+J.&author=Hyun,+J.W.&author=Park,+J.W.&author=Joo,+H.&author=Shin,+T.&publication_year=2007&journal=Cell+Biol.+Int.&volume=31&pages=655%E2%80%93662&doi=10.1016/j.cellbi.2006.11.036
https://doi.org/10.1016/j.cellbi.2006.11.036
https://scholar.google.com/scholar_lookup?title=Galectin-3+in+Apoptosis,+a+Novel+Therapeutic+Target&author=Nangia-Makker,+P.&author=Nakahara,+S.&author=Hogan,+V.&author=Raz,+A.&publication_year=2007&journal=J.+Bioenerg.+Biomembr.&volume=39&pages=79&doi=10.1007/s10863-006-9063-9&pmid=17318396
https://doi.org/10.1007/s10863-006-9063-9
http://www.ncbi.nlm.nih.gov/pubmed/17318396
http://europepmc.org/articles/pmc3616377?pdf=render
https://scholar.google.com/scholar_lookup?title=Shuttling+of+Galectin-3+between+the+Nucleus+and+Cytoplasm&author=Davidson,+P.J.&author=Davis,+M.J.&author=Patterson,+R.J.&author=Ripoche,+M.A.&author=Poirier,+F.&author=Wang,+J.L.&publication_year=2002&journal=Glycobiology&volume=12&pages=329%E2%80%93337&doi=10.1093/glycob/12.5.329
https://doi.org/10.1093/glycob/12.5.329
https://academic.oup.com/glycob/article-pdf/12/5/329/1512811/cwf036.pdf
https://scholar.google.com/scholar_lookup?title=Extracellular+Functions+of+Galectin-3&author=Ochieng,+J.&author=Furtak,+V.&author=Lukyanov,+P.&publication_year=2002&journal=Glycoconj.+J.&volume=19&pages=527%E2%80%93535&doi=10.1023/B:GLYC.0000014082.99675.2f
https://doi.org/10.1023/B:GLYC.0000014082.99675.2f
https://scholar.google.com/scholar_lookup?title=Galectins+as+Inflammatory+Mediators&author=Almkvist,+J.&author=Karlsson,+A.&publication_year=2002&journal=Glycoconj.+J.&volume=19&pages=575%E2%80%93581&doi=10.1023/B:GLYC.0000014088.21242.e0
https://doi.org/10.1023/B:GLYC.0000014088.21242.e0
https://scholar.google.com/scholar_lookup?title=Galectins+and+Their+Ligands:+Amplifiers,+Silencers+or+Tuners+of+the+Inflammatory+Response?&author=Rabinovich,+G.A.&author=Baum,+L.G.&author=Tinari,+N.&author=Paganelli,+R.&author=Natoli,+C.&author=Liu,+F.T.&author=Iacobelli,+S.&publication_year=2002&journal=Trends+Immunol.&volume=23&pages=313%E2%80%93320&doi=10.1016/S1471-4906(02)02232-9
https://doi.org/10.1016/S1471-4906(02)02232-9

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Fukushi, J.I.; Makagiansar, I.T.; Stallcup, W.B. NG2 Proteoglycan Promotes Endothelial
Cell Motility and Angiogenesis via Engagement of Galectin-3 and A3B1 Integrin. Mol.
Biol. Cell 2004, 15, 3580. [Google Scholar] [CrossRef] [PubMed] [Green Version]

Sedlét, A.; Travnickovd, M.; Bojarova, P.; Vlachovd, M.; Slimovd, K.; Kfen, V.; Batdkovd,
L. Interaction between Galectin-3 and Integrins Mediates Cell-Matrix Adhesion in
Endothelial Cells and Mesenchymal Stem Cells. Int. J. Mol. Sci. 2021, 22, 5144. [Google
Scholar] [CrossRef] [PubMed]

Hughes, R.C. Galectins as Modulators of Cell Adhesion. Biochimie 2001, 83, 667-676.
[Google Scholar] [CrossRef]

Kuwabara, I.; Liu, F.T. Galectin-3 Promotes Adhesion of Human Neutrophils to
Laminin. J. Immunol. 1996, 156, 3939-3944. [Google Scholar] [PubMed]

Yang, R.Y.; Hsu, D.K; Liu, F.'T. Expression of Galectin-3 Modulates T-Cell Growth and
Apoptosis. Proc. Natl. Acad. Sci. USA 1996, 93, 6737. [Google Scholar] [CrossRef]
[PubMed] [Green Version]

Nakahara, S.; Oka, N.; Raz, A. On the Role of Galectin-3 in Cancer
Apoptosis. Apoptosis 2005, 10, 267-275. [Google Scholar] [CrossRetf]

Akahani, S.; Nangia-Makker, P.; Inohara, H.; Kim, H.-R.C.; Raz, A. Galectin-3: A Novel
Antiapoptotic Molecule with A Functional BH1 (NWGR) Domain of Bcl-2
Family. Cancer Res. 1997, 57, 5272-5276. [Google Scholar]

Sharma, U.C.; Pokharel, S.; van Brakel, T.J.; van Berlo, J.H.; Cleutjens, J.P.M.; Schroen,
B.; André, S.; Crijns, H.J.G.M.; Gabius, H.J.; Maessen, ].; et al. Galectin-3 Marks
Activated Macrophages in Failure-Prone Hypertrophied Hearts and Contributes to
Cardiac Dysfunction. Circulation 2004, 110, 3121-3128. [Google Scholar] [CrossRef]

Sato, S.; St-Pierre, C.; Bhaumik, P.; Nieminen, J. Galectins in Innate Immunity: Dual
Functions of Host Soluble B-Galactoside-Binding Lectins as Damage-Associated Molecular
Patterns (DAMPs) and as Receptors for Pathogen-Associated Molecular Patterns
(PAMPs). Immunol. Rev. 2009, 230, 172-187. [Google Scholar] [CrossRef]

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

Jiang, ].X.; Chen, X.; Hsu, D.K.; Baghy, K.; Serizawa, N.; Scott, F.; Takada, Y.; Takada,
Y.; Fukada, H.; Chen, J.; et al. Galectin-3 Modulates Phagocytosis-Induced Stellate Cell
Activation and Liver Fibrosis in Vivo. Am. J. Physiol. Gastrointest. Liver
Physiol. 2012, 302, G439. [Google Scholar] [CrossRef] [PubMed] [Green Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7074


https://scholar.google.com/scholar_lookup?title=NG2+Proteoglycan+Promotes+Endothelial+Cell+Motility+and+Angiogenesis+via+Engagement+of+Galectin-3+and+A3%CE%B21+Integrin&author=Fukushi,+J.I.&author=Makagiansar,+I.T.&author=Stallcup,+W.B.&publication_year=2004&journal=Mol.+Biol.+Cell&volume=15&pages=3580&doi=10.1091/mbc.e04-03-0236&pmid=15181153
https://doi.org/10.1091/mbc.e04-03-0236
http://www.ncbi.nlm.nih.gov/pubmed/15181153
http://europepmc.org/articles/pmc491820?pdf=render
https://scholar.google.com/scholar_lookup?title=Interaction+between+Galectin-3+and+Integrins+Mediates+Cell-Matrix+Adhesion+in+Endothelial+Cells+and+Mesenchymal+Stem+Cells&author=Sedl%C3%A1%C5%99,+A.&author=Tr%C3%A1vn%C3%AD%C4%8Dkov%C3%A1,+M.&author=Bojarov%C3%A1,+P.&author=Vlachov%C3%A1,+M.&author=Sl%C3%A1mov%C3%A1,+K.&author=K%C5%99en,+V.&author=Ba%C4%8D%C3%A1kov%C3%A1,+L.&publication_year=2021&journal=Int.+J.+Mol.+Sci.&volume=22&pages=5144&doi=10.3390/ijms22105144&pmid=34067978
https://scholar.google.com/scholar_lookup?title=Interaction+between+Galectin-3+and+Integrins+Mediates+Cell-Matrix+Adhesion+in+Endothelial+Cells+and+Mesenchymal+Stem+Cells&author=Sedl%C3%A1%C5%99,+A.&author=Tr%C3%A1vn%C3%AD%C4%8Dkov%C3%A1,+M.&author=Bojarov%C3%A1,+P.&author=Vlachov%C3%A1,+M.&author=Sl%C3%A1mov%C3%A1,+K.&author=K%C5%99en,+V.&author=Ba%C4%8D%C3%A1kov%C3%A1,+L.&publication_year=2021&journal=Int.+J.+Mol.+Sci.&volume=22&pages=5144&doi=10.3390/ijms22105144&pmid=34067978
https://scholar.google.com/scholar_lookup?title=Interaction+between+Galectin-3+and+Integrins+Mediates+Cell-Matrix+Adhesion+in+Endothelial+Cells+and+Mesenchymal+Stem+Cells&author=Sedl%C3%A1%C5%99,+A.&author=Tr%C3%A1vn%C3%AD%C4%8Dkov%C3%A1,+M.&author=Bojarov%C3%A1,+P.&author=Vlachov%C3%A1,+M.&author=Sl%C3%A1mov%C3%A1,+K.&author=K%C5%99en,+V.&author=Ba%C4%8D%C3%A1kov%C3%A1,+L.&publication_year=2021&journal=Int.+J.+Mol.+Sci.&volume=22&pages=5144&doi=10.3390/ijms22105144&pmid=34067978
https://doi.org/10.3390/ijms22105144
http://www.ncbi.nlm.nih.gov/pubmed/34067978
https://scholar.google.com/scholar_lookup?title=Galectins+as+Modulators+of+Cell+Adhesion&author=Hughes,+R.C.&publication_year=2001&journal=Biochimie&volume=83&pages=667%E2%80%93676&doi=10.1016/S0300-9084(01)01289-5
https://doi.org/10.1016/S0300-9084(01)01289-5
https://scholar.google.com/scholar_lookup?title=Galectin-3+Promotes+Adhesion+of+Human+Neutrophils+to+Laminin&author=Kuwabara,+I.&author=Liu,+F.T.&publication_year=1996&journal=J.+Immunol.&volume=156&pages=3939%E2%80%933944&pmid=8621934
http://www.ncbi.nlm.nih.gov/pubmed/8621934
https://scholar.google.com/scholar_lookup?title=Expression+of+Galectin-3+Modulates+T-Cell+Growth+and+Apoptosis&author=Yang,+R.Y.&author=Hsu,+D.K.&author=Liu,+F.T.&publication_year=1996&journal=Proc.+Natl.+Acad.+Sci.+USA&volume=93&pages=6737&doi=10.1073/pnas.93.13.6737&pmid=8692888
https://doi.org/10.1073/pnas.93.13.6737
http://www.ncbi.nlm.nih.gov/pubmed/8692888
http://www.pnas.org/content/93/13/6737.full.pdf
https://scholar.google.com/scholar_lookup?title=On+the+Role+of+Galectin-3+in+Cancer+Apoptosis&author=Nakahara,+S.&author=Oka,+N.&author=Raz,+A.&publication_year=2005&journal=Apoptosis&volume=10&pages=267%E2%80%93275&doi=10.1007/s10495-005-0801-y
https://doi.org/10.1007/s10495-005-0801-y
https://scholar.google.com/scholar_lookup?title=Galectin-3:+A+Novel+Antiapoptotic+Molecule+with+A+Functional+BH1+(NWGR)+Domain+of+Bcl-2+Family&author=Akahani,+S.&author=Nangia-Makker,+P.&author=Inohara,+H.&author=Kim,+H.-R.C.&author=Raz,+A.&publication_year=1997&journal=Cancer+Res.&volume=57&pages=5272%E2%80%935276
https://scholar.google.com/scholar_lookup?title=Galectin-3+Marks+Activated+Macrophages+in+Failure-Prone+Hypertrophied+Hearts+and+Contributes+to+Cardiac+Dysfunction&author=Sharma,+U.C.&author=Pokharel,+S.&author=van+Brakel,+T.J.&author=van+Berlo,+J.H.&author=Cleutjens,+J.P.M.&author=Schroen,+B.&author=Andr%C3%A9,+S.&author=Crijns,+H.J.G.M.&author=Gabius,+H.J.&author=Maessen,+J.&publication_year=2004&journal=Circulation&volume=110&pages=3121%E2%80%933128&doi=10.1161/01.CIR.0000147181.65298.4D
https://doi.org/10.1161/01.CIR.0000147181.65298.4D
https://scholar.google.com/scholar_lookup?title=Galectins+in+Innate+Immunity:+Dual+Functions+of+Host+Soluble+%CE%B2-Galactoside-Binding+Lectins+as+Damage-Associated+Molecular+Patterns+(DAMPs)+and+as+Receptors+for+Pathogen-Associated+Molecular+Patterns+(PAMPs)&author=Sato,+S.&author=St-Pierre,+C.&author=Bhaumik,+P.&author=Nieminen,+J.&publication_year=2009&journal=Immunol.+Rev.&volume=230&pages=172%E2%80%93187&doi=10.1111/j.1600-065X.2009.00790.x
https://doi.org/10.1111/j.1600-065X.2009.00790.x
https://scholar.google.com/scholar_lookup?title=The+Many+Roles+of+Galectin-3,+a+Multifaceted+Molecule,+in+Innate+Immune+Responses+against+Pathogens&author=D%C3%ADaz-Alvarez,+L.&author=Ortega,+E.&publication_year=2017&journal=Mediat.+Inflamm.&volume=2017&pages=9247574&doi=10.1155/2017/9247574
https://doi.org/10.1155/2017/9247574
http://downloads.hindawi.com/journals/mi/2017/9247574.pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3+Modulates+Phagocytosis-Induced+Stellate+Cell+Activation+and+Liver+Fibrosis+in+Vivo&author=Jiang,+J.X.&author=Chen,+X.&author=Hsu,+D.K.&author=Baghy,+K.&author=Serizawa,+N.&author=Scott,+F.&author=Takada,+Y.&author=Takada,+Y.&author=Fukada,+H.&author=Chen,+J.&publication_year=2012&journal=Am.+J.+Physiol.+Gastrointest.+Liver+Physiol.&volume=302&pages=G439&doi=10.1152/ajpgi.00257.2011&pmid=22159281
https://doi.org/10.1152/ajpgi.00257.2011
http://www.ncbi.nlm.nih.gov/pubmed/22159281
http://ajpgi.physiology.org/content/ajpgi/302/4/G439.full.pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Dang, Z.; MacKinnon, A.; Marson, L.P.; Sethi, T. Tubular Atrophy and Interstitial
Fibrosis ~ after ~ Renal  Transplantation  Is  Dependent  on  Galectin-

3. Transplantation 2012, 93, 477-484. [Google Scholar] [CrossRef] [PubMed]

MacKinnon, A.C.; Gibbons, M.A.; Farnworth, S.L.; Leffler, H.; Nilsson, U.].; Delaine,
T.; Simpson, A.].; Forbes, S.J.; Hirani, N.; Gauldie, ].; et al. Regulation of Transforming
Growth Factor-B1-Driven Lung Fibrosis by Galectin-3. Am. J. Respir. Crit. Care
Med. 2012, 185, 537. [Google Scholar] [CrossRef] [Green Version]

Stegmayr, J.; Zetterberg, F.; Carlsson, M.C.; Huang, X.; Sharma, G.; Kahl-Knutson, B.;
Schambye, H.; Nilsson, U.J.; Oredsson, S.; Leffler, H. Extracellular and Intracellular
Small-Molecule Galectin-3 Inhibitors. Sci.  Rep. 2019, 9, 2186. [Google Scholar]
[CrossRef] [PubMed] [Green Version]

Glinsky, V.V.; Raz, A. Modified Citrus Pectin Anti-Metastatic Properties: One Bullet,
Multiple Targets. Carbohydr. Res. 2009, 344, 1788. [Google Scholar] [CrossRef]
[PubMed] [Green Version]

Gao, X.; Zhi, Y.; Sun, L.; Peng, X.; Zhang, T.; Xue, H.; Tai, G.; Zhou, Y. The Inhibitory
Effects of a Rhamnogalacturonan | (RG-I) Domain from Ginseng Pectin on Galectin-3
and Its Structure-Activity Relationship. J. Biol. Chem. 2013, 288, 33953. [Google
Scholar] [CrossRef] [Green Version]

Cotter, F.; Smith, D.A.; Boyd, T.E.; Richards, D.A.; Alemany, C.; Loesch, D.; Salogub,
G.; Tidmarsh, G.F.; Gammon, G.M.; Gribben, J. Single-Agent Activity of GCS-100, a

First-in-Class Galectin-3 Antagonist, in Elderly Patients with Relapsed Chronic
Lymphocytic Leukemia. J. Clin. Oncol. 2009, 27, 7006. [Google Scholar] [CrossRef]

Demotte, N.; Wieérs, G.; van der Smissen, P.; Moser, M.; Schmidt, C.; Thielemans, K.;
Squifflet, J.L.; Weynand, B.; Carrasco, J.; Lurquin, C.; et al. A Galectin-3 Ligand Corrects
the Impaired Function of Human CD4 and CD8 Tumor-Infiltrating Lymphocytes and
Favors Tumor Rejection in Mice. Cancer Res. 2010, 70, 7476-7488. [Google Scholar]
[CrossRef] [Green Version]

Traber, P.G.; Zomer, E. Therapy of Experimental NASH and Fibrosis with Galectin
Inhibitors. PLoS ONE 2013, 8, ¢83481. [Google Scholar] [CrossRef] [Green Version]

Blanchard, H.; Yu, X.; Collins, P.M.; Bum-Erdene, K. Galectin-3 Inhibitors: A Patent
Review (2008-Present). Expert Opin. Ther. Pat. 2014, 24, 1053-1065. [Google Scholar]
[CrossRef]

Cumpstey, I.; Salomonsson, E.; Sundin, A.; Leffler, H.; Nilsson, U.]J. Double Affinity
Amplification of Galectin—Ligand Interactions through Arginine—Arene Interactions:

Synthetic,  Thermodynamic, and  Computational — Studies  with ~ Aromatic

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7075


https://scholar.google.com/scholar_lookup?title=Tubular+Atrophy+and+Interstitial+Fibrosis+after+Renal+Transplantation+Is+Dependent+on+Galectin-3&author=Dang,+Z.&author=MacKinnon,+A.&author=Marson,+L.P.&author=Sethi,+T.&publication_year=2012&journal=Transplantation&volume=93&pages=477%E2%80%93484&doi=10.1097/TP.0b013e318242f40a&pmid=22306573
https://doi.org/10.1097/TP.0b013e318242f40a
http://www.ncbi.nlm.nih.gov/pubmed/22306573
https://scholar.google.com/scholar_lookup?title=Regulation+of+Transforming+Growth+Factor-%CE%921%E2%80%93Driven+Lung+Fibrosis+by+Galectin-3&author=MacKinnon,+A.C.&author=Gibbons,+M.A.&author=Farnworth,+S.L.&author=Leffler,+H.&author=Nilsson,+U.J.&author=Delaine,+T.&author=Simpson,+A.J.&author=Forbes,+S.J.&author=Hirani,+N.&author=Gauldie,+J.&publication_year=2012&journal=Am.+J.+Respir.+Crit.+Care+Med.&volume=185&pages=537&doi=10.1164/rccm.201106-0965OC
https://doi.org/10.1164/rccm.201106-0965OC
https://www.mdpi.com/1422-0067/23/6/3124
https://scholar.google.com/scholar_lookup?title=Extracellular+and+Intracellular+Small-Molecule+Galectin-3+Inhibitors&author=Stegmayr,+J.&author=Zetterberg,+F.&author=Carlsson,+M.C.&author=Huang,+X.&author=Sharma,+G.&author=Kahl-Knutson,+B.&author=Schambye,+H.&author=Nilsson,+U.J.&author=Oredsson,+S.&author=Leffler,+H.&publication_year=2019&journal=Sci.+Rep.&volume=9&pages=2186&doi=10.1038/s41598-019-38497-8&pmid=30778105
https://doi.org/10.1038/s41598-019-38497-8
http://www.ncbi.nlm.nih.gov/pubmed/30778105
https://www.nature.com/articles/s41598-019-38497-8.pdf
https://scholar.google.com/scholar_lookup?title=Modified+Citrus+Pectin+Anti-Metastatic+Properties:+One+Bullet,+Multiple+Targets&author=Glinsky,+V.V.&author=Raz,+A.&publication_year=2009&journal=Carbohydr.+Res.&volume=344&pages=1788&doi=10.1016/j.carres.2008.08.038&pmid=19061992
https://doi.org/10.1016/j.carres.2008.08.038
http://www.ncbi.nlm.nih.gov/pubmed/19061992
http://europepmc.org/articles/pmc2782490?pdf=render
https://scholar.google.com/scholar_lookup?title=The+Inhibitory+Effects+of+a+Rhamnogalacturonan+%CE%99+(RG-I)+Domain+from+Ginseng+Pectin+on+Galectin-3+and+Its+Structure-Activity+Relationship&author=Gao,+X.&author=Zhi,+Y.&author=Sun,+L.&author=Peng,+X.&author=Zhang,+T.&author=Xue,+H.&author=Tai,+G.&author=Zhou,+Y.&publication_year=2013&journal=J.+Biol.+Chem.&volume=288&pages=33953&doi=10.1074/jbc.M113.482315
https://scholar.google.com/scholar_lookup?title=The+Inhibitory+Effects+of+a+Rhamnogalacturonan+%CE%99+(RG-I)+Domain+from+Ginseng+Pectin+on+Galectin-3+and+Its+Structure-Activity+Relationship&author=Gao,+X.&author=Zhi,+Y.&author=Sun,+L.&author=Peng,+X.&author=Zhang,+T.&author=Xue,+H.&author=Tai,+G.&author=Zhou,+Y.&publication_year=2013&journal=J.+Biol.+Chem.&volume=288&pages=33953&doi=10.1074/jbc.M113.482315
https://scholar.google.com/scholar_lookup?title=The+Inhibitory+Effects+of+a+Rhamnogalacturonan+%CE%99+(RG-I)+Domain+from+Ginseng+Pectin+on+Galectin-3+and+Its+Structure-Activity+Relationship&author=Gao,+X.&author=Zhi,+Y.&author=Sun,+L.&author=Peng,+X.&author=Zhang,+T.&author=Xue,+H.&author=Tai,+G.&author=Zhou,+Y.&publication_year=2013&journal=J.+Biol.+Chem.&volume=288&pages=33953&doi=10.1074/jbc.M113.482315
https://doi.org/10.1074/jbc.M113.482315
http://www.jbc.org/content/288/47/33953.full.pdf
https://scholar.google.com/scholar_lookup?title=Single-Agent+Activity+of+GCS-100,+a+First-in-Class+Galectin-3+Antagonist,+in+Elderly+Patients+with+Relapsed+Chronic+Lymphocytic+Leukemia&author=Cotter,+F.&author=Smith,+D.A.&author=Boyd,+T.E.&author=Richards,+D.A.&author=Alemany,+C.&author=Loesch,+D.&author=Salogub,+G.&author=Tidmarsh,+G.F.&author=Gammon,+G.M.&author=Gribben,+J.&publication_year=2009&journal=J.+Clin.+Oncol.&volume=27&pages=7006&doi=10.1200/jco.2009.27.15_suppl.7006
https://doi.org/10.1200/jco.2009.27.15_suppl.7006
https://scholar.google.com/scholar_lookup?title=A+Galectin-3+Ligand+Corrects+the+Impaired+Function+of+Human+CD4+and+CD8+Tumor-Infiltrating+Lymphocytes+and+Favors+Tumor+Rejection+in+Mice&author=Demotte,+N.&author=Wie%C3%ABrs,+G.&author=van+der+Smissen,+P.&author=Moser,+M.&author=Schmidt,+C.&author=Thielemans,+K.&author=Squifflet,+J.L.&author=Weynand,+B.&author=Carrasco,+J.&author=Lurquin,+C.&publication_year=2010&journal=Cancer+Res.&volume=70&pages=7476%E2%80%937488&doi=10.1158/0008-5472.CAN-10-0761
https://doi.org/10.1158/0008-5472.CAN-10-0761
http://cancerres.aacrjournals.org/content/70/19/7476.full.pdf
https://scholar.google.com/scholar_lookup?title=Therapy+of+Experimental+NASH+and+Fibrosis+with+Galectin+Inhibitors&author=Traber,+P.G.&author=Zomer,+E.&publication_year=2013&journal=PLoS+ONE&volume=8&pages=e83481&doi=10.1371/journal.pone.0083481
https://doi.org/10.1371/journal.pone.0083481
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0083481&type=printable
https://scholar.google.com/scholar_lookup?title=Galectin-3+Inhibitors:+A+Patent+Review+(2008-Present)&author=Blanchard,+H.&author=Yu,+X.&author=Collins,+P.M.&author=Bum-Erdene,+K.&publication_year=2014&journal=Expert+Opin.+Ther.+Pat.&volume=24&pages=1053%E2%80%931065&doi=10.1517/13543776.2014.947961
https://doi.org/10.1517/13543776.2014.947961

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

52.

53.

54.

55.

56.

57.

58.

59.

DiamidoThiodigalactosides. Chem. A Eur. J. 2008, 14, 4233-4245. [Google Scholar]
[CrossRef] [PubMed]

Tellez-Sanz, R.; Garcia-Fuentes, L.; Vargas-Berenguel, A. Human Galectin-3 Selective and
High Affinity Inhibitors. Present State and Future Perspectives. Curr. Med.
Chem. 2013, 20, 2979-2990. [Google Scholar] [CrossRef] [PubMed]

Peterson, K.; Kumar, R.; Stenstrém, O.; Verma, P.; Verma, P.R.; Hikansson, M.; Kahl-
Knutsson, B.; Zetterberg, F.; Leffler, H.; Akke, M.; et al. Systematic Tuning of Fluoro-
Galectin-3 Interactions Provides Thiodigalactoside Derivatives with Single-Digit NM
Affinity and High Selectivity. J. Med. Chem. 2018, 61, 1164-1175. [Google Scholar]
[CrossRef] [PubMed]

Winyard, P.].D.; Bao, Q.; Hughes, R.C.; Woolf, A.S. Epithelial Galectin-3 during Human
Nephrogenesis and Childhood Cystic Diseases. J. Am. Soc. Nephrol. 1997, 8, 1647-1657.
[Google Scholar] [CrossRef] [PubMed]

Bao, Q.; Hughes, R.C. Galectin-3 Expression and Effects on Cyst Enlargement and
Tubulogenesis in Kidney Epithelial MDCK Cells Cultured in Three-Dimensional
Matrices in Vitro. J. Cell Sci. 1995, 108, 2791-2800. [Google Scholar] [CrossRef]
[PubMed]

Bichara, M.; Attmane-Elakeb, A.; Brown, D.; Essig, M.; Karim, Z.; Muffat-Joly, M,;
Micheli, L.; Eude-Le Parco, I.; Cluzeaud, F.; Peuchmaur, M.; et al. Exploring the Role of
Galectin 3 in Kidney Function: A Genetic Approach. Glycobiology 2006, 16, 36—45.
[Google Scholar] [CrossRef] [Green Version]

Herrmann, J.; Turck, C.W.; Atchison, R.E.; Huflejt, M.E.; Poulter, L.; Gitt, M.A;
Burlingame, A.L.; Barondes, S.H.; Leffler, H. Primary Structure of the Soluble Lactose
Binding Lectin L-29 from Rat and Dog and Interaction of Its Non-Collagenous Proline,

Glycine-, Tyrosine-Rich Sequence with Bacterial and Tissue Collagenase. J. Biol.
Chem. 1993, 268, 26704-26711. [Google Scholar] [CrossRef]

Meijers, W.C.; van der Velde, AR.; Ruifrok, W.P.; Schroten, N.F.; Dokter, M.M.;
Damman, K.; Assa, S.; Franssen, C.F.; Gansevoort, R.T.; van Gilst, W.H.; et al. Renal
Handling of Galectin-3 in the General Population, Chronic Heart Failure, and
Hemodialysis. J. Am. Heart Assoc. 2014, 3, €000962. [Google Scholar] [CrossRef] [Green

Version]

Nishiyama, ].; Kobayashi, S.; Ishida, A.; Nakabayashi, I; Tajima, O.; Miura, S;
Katayama, M.; Nogami, H. Up-Regulation of Galectin-3 in Acute Renal Failure of the
Rat. Am. J. Pathol. 2000, 157, 815. [Google Scholar] [CrossRef] [Green Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7076


https://scholar.google.com/scholar_lookup?title=Double+Affinity+Amplification+of+Galectin%E2%80%93Ligand+Interactions+through+Arginine%E2%80%93Arene+Interactions:+Synthetic,+Thermodynamic,+and+Computational+Studies+with+Aromatic+Diamido+Thiodigalactosides&author=Cumpstey,+I.&author=Salomonsson,+E.&author=Sundin,+A.&author=Leffler,+H.&author=Nilsson,+U.J.&publication_year=2008&journal=Chem.+A+Eur.+J.&volume=14&pages=4233%E2%80%934245&doi=10.1002/chem.200701932&pmid=18366047
https://doi.org/10.1002/chem.200701932
http://www.ncbi.nlm.nih.gov/pubmed/18366047
https://scholar.google.com/scholar_lookup?title=Human+Galectin-3+Selective+and+High+Affinity+Inhibitors.+Present+State+and+Future+Perspectives&author=Tellez-Sanz,+R.&author=Garcia-Fuentes,+L.&author=Vargas-Berenguel,+A.&publication_year=2013&journal=Curr.+Med.+Chem.&volume=20&pages=2979%E2%80%932990&doi=10.2174/09298673113209990163&pmid=23834183
https://doi.org/10.2174/09298673113209990163
http://www.ncbi.nlm.nih.gov/pubmed/23834183
https://scholar.google.com/scholar_lookup?title=Systematic+Tuning+of+Fluoro-Galectin-3+Interactions+Provides+Thiodigalactoside+Derivatives+with+Single-Digit+NM+Affinity+and+High+Selectivity&author=Peterson,+K.&author=Kumar,+R.&author=Stenstr%C3%B6m,+O.&author=Verma,+P.&author=Verma,+P.R.&author=H%C3%A5kansson,+M.&author=Kahl-Knutsson,+B.&author=Zetterberg,+F.&author=Leffler,+H.&author=Akke,+M.&publication_year=2018&journal=J.+Med.+Chem.&volume=61&pages=1164%E2%80%931175&doi=10.1021/acs.jmedchem.7b01626&pmid=29284090
https://doi.org/10.1021/acs.jmedchem.7b01626
http://www.ncbi.nlm.nih.gov/pubmed/29284090
https://scholar.google.com/scholar_lookup?title=Epithelial+Galectin-3+during+Human+Nephrogenesis+and+Childhood+Cystic+Diseases&author=Winyard,+P.J.D.&author=Bao,+Q.&author=Hughes,+R.C.&author=Woolf,+A.S.&publication_year=1997&journal=J.+Am.+Soc.+Nephrol.&volume=8&pages=1647%E2%80%931657&doi=10.1681/ASN.V8111647&pmid=9355067
https://doi.org/10.1681/ASN.V8111647
http://www.ncbi.nlm.nih.gov/pubmed/9355067
https://scholar.google.com/scholar_lookup?title=Galectin-3+Expression+and+Effects+on+Cyst+Enlargement+and+Tubulogenesis+in+Kidney+Epithelial+MDCK+Cells+Cultured+in+Three-Dimensional+Matrices+in+Vitro&author=Bao,+Q.&author=Hughes,+R.C.&publication_year=1995&journal=J.+Cell+Sci.&volume=108&pages=2791%E2%80%932800&doi=10.1242/jcs.108.8.2791&pmid=7593320
https://doi.org/10.1242/jcs.108.8.2791
http://www.ncbi.nlm.nih.gov/pubmed/7593320
https://scholar.google.com/scholar_lookup?title=Exploring+the+Role+of+Galectin+3+in+Kidney+Function:+A+Genetic+Approach&author=Bichara,+M.&author=Attmane-Elakeb,+A.&author=Brown,+D.&author=Essig,+M.&author=Karim,+Z.&author=Muffat-Joly,+M.&author=Micheli,+L.&author=Eude-Le+Parco,+I.&author=Cluzeaud,+F.&author=Peuchmaur,+M.&publication_year=2006&journal=Glycobiology&volume=16&pages=36%E2%80%9345&doi=10.1093/glycob/cwj035
https://doi.org/10.1093/glycob/cwj035
https://academic.oup.com/glycob/article-pdf/16/1/36/1835862/cwj035.pdf
https://scholar.google.com/scholar_lookup?title=Primary+Structure+of+the+Soluble+Lactose+Binding+Lectin+L-29+from+Rat+and+Dog+and+Interaction+of+Its+Non-Collagenous+Proline,+Glycine-,+Tyrosine-Rich+Sequence+with+Bacterial+and+Tissue+Collagenase&author=Herrmann,+J.&author=Turck,+C.W.&author=Atchison,+R.E.&author=Huflejt,+M.E.&author=Poulter,+L.&author=Gitt,+M.A.&author=Burlingame,+A.L.&author=Barondes,+S.H.&author=Leffler,+H.&publication_year=1993&journal=J.+Biol.+Chem.&volume=268&pages=26704%E2%80%9326711&doi=10.1016/S0021-9258(19)74370-1
https://doi.org/10.1016/S0021-9258(19)74370-1
https://scholar.google.com/scholar_lookup?title=Renal+Handling+of+Galectin-3+in+the+General+Population,+Chronic+Heart+Failure,+and+Hemodialysis&author=Meijers,+W.C.&author=van+der+Velde,+A.R.&author=Ruifrok,+W.P.&author=Schroten,+N.F.&author=Dokter,+M.M.&author=Damman,+K.&author=Assa,+S.&author=Franssen,+C.F.&author=Gansevoort,+R.T.&author=van+Gilst,+W.H.&publication_year=2014&journal=J.+Am.+Heart+Assoc.&volume=3&pages=e000962&doi=10.1161/JAHA.114.000962
https://doi.org/10.1161/JAHA.114.000962
https://www.ahajournals.org/doi/pdf/10.1161/JAHA.114.000962
https://www.ahajournals.org/doi/pdf/10.1161/JAHA.114.000962
https://www.ahajournals.org/doi/pdf/10.1161/JAHA.114.000962
https://scholar.google.com/scholar_lookup?title=Up-Regulation+of+Galectin-3+in+Acute+Renal+Failure+of+the+Rat&author=Nishiyama,+J.&author=Kobayashi,+S.&author=Ishida,+A.&author=Nakabayashi,+I.&author=Tajima,+O.&author=Miura,+S.&author=Katayama,+M.&author=Nogami,+H.&publication_year=2000&journal=Am.+J.+Pathol.&volume=157&pages=815&doi=10.1016/S0002-9440(10)64595-6
https://doi.org/10.1016/S0002-9440(10)64595-6
http://europepmc.org/articles/pmc1885699?pdf=render

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

60.

61.

62.

63.

64.

65.

66.

67.

68.

Fernandes Bertocchi, A.P.; Campanhole, G.; Wang, P.H.M.; Gongalves, G.M.; Damiio,
M.].; Cenedeze, M.A.; Beraldo, F.C.; de Paula Antunes Teixeira, V.; dos Reis, M.A,;
Mazzali, M.; et al. A Role for Galectin-3 in Renal Tissue Damage Triggered by Ischemia
and Reperfusion Injury. Transpl. Int. 2008, 21, 999-1007. [Google Scholar] [CrossRef]

Prud’homme, M.; Coutrot, M.; Michel, T'; Boutin, L.; Genest, M.; Poirier, F.; Launay, J.-
M.; Kane, B.; Kinugasa, S.; Prakoura, N.; et al. Acute Kidney Injury Induces Remote
Cardiac Damage and Dysfunction Through the Galectin-3 Pathway. JACC: Basic Transl.
Sci. 2019, 4, 717-732. [Google Scholar] [CrossRef] [PubMed]

Vansthertem, D.; Cludts, S.; Nonclercq, D.; Gossiaux, A.; Saussez, S.; Legrand, A,
Gabius, H.J.; Toubeau, G. Immunohistochemical Localization of Galectins-1 and -3 and
Monitoring of Tissue Galectin-Binding Sites during Tubular Regeneration after Renal
Ischemia Reperfusion in the Rat. Histol. Histopathol. 2010, 25, 1417-1429. [Google
Scholar] [CrossRef] [PubMed]

Henderson, N.C.; Mackinnon, A.C.; Farnworth, S.L.; Kipari, T.; Haslett, C.; Iredale, J.P.;
Liu, E.T.; Hughes, J.; Sethi, T. Galectin-3 Expression and Secretion Links Macrophages to
the Promotion of Renal Fibrosis. Am. J. Pathol 2008, 172, 288. [Google Scholar]
[CrossRef] [PubMed] [Green Version]

Kolatsi-Joannou, M.; Price, K.L.; Winyard, P.J.; Long, D.A. Modified Citrus Pectin
Reduces Galectin-3 Expression and Disease Severity in Experimental Acute Kidney

Injury. PLoS ONE 2011, 6, ¢18683. [Google Scholar] [CrossRef] [Green Version]

Li, HY; Yang, S.; Li, J.C.; Feng, J.X. Galectin 3 Inhibition Attenuates Renal Injury
Progression in Cisplatin-Induced Nephrotoxicity. Biosci. Rep. 2018, 38, 20181803.
[Google Scholar] [CrossRef] [Green Version]

Markovic, B.S.; Jankovic, M.G.; Djokovic, B.; Jovicic, N.; Randall Harrell, C.; Fellabaum,
C.; Djonov, V.; Arsenijevic, N.; Lukic, M.L.; Volarevic, V. Galectin 3 Protects from
Cisplatin-Induced Acute Kidney Injury by Promoting TLR-2-Dependent Activation of
IDO1/Kynurenine Pathway in Renal DCs. Theranostics 2019, 9, 5976-6001. [Google
Scholar] [CrossRef]

Pugliese, G.; Pricci, F.; Leto, G.; Amadio, L.; Iacobini, C.; Romeo, G.; Lenti, L.; Sale, P.;
Gradini, R.; Liu, F.'T.; et al. The Diabetic Milieu Modulates the Advanced Glycation End

Product-Receptor Complex in the Mesangium by Inducing or Upregulating Galectin-3
Expression. Diabetes 2000, 49, 1249-1257. [Google Scholar] [CrossRef] [Green Version]

Pugliese, G.; Pricci, F.; Iacobini, C.; Leto, G.; Amadio, L.; Barsotti, P.; Frigeri, L.; Hsu,
D.K.; Vlasara, H.; Liu, F.-T.; et al. Accelerated Diabetic Glomerulopathy in Galectin-

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7077


https://scholar.google.com/scholar_lookup?title=A+Role+for+Galectin-3+in+Renal+Tissue+Damage+Triggered+by+Ischemia+and+Reperfusion+Injury&author=Fernandes+Bertocchi,+A.P.&author=Campanhole,+G.&author=Wang,+P.H.M.&author=Gon%C3%A7alves,+G.M.&author=Dami%C3%A3o,+M.J.&author=Cenedeze,+M.A.&author=Beraldo,+F.C.&author=de+Paula+Antunes+Teixeira,+V.&author=dos+Reis,+M.A.&author=Mazzali,+M.&publication_year=2008&journal=Transpl.+Int.&volume=21&pages=999%E2%80%931007&doi=10.1111/j.1432-2277.2008.00705.x
https://doi.org/10.1111/j.1432-2277.2008.00705.x
https://scholar.google.com/scholar_lookup?title=Acute+Kidney+Injury+Induces+Remote+Cardiac+Damage+and+Dysfunction+Through+the+Galectin-3+Pathway&author=Prud%E2%80%99homme,+M.&author=Coutrot,+M.&author=Michel,+T.&author=Boutin,+L.&author=Genest,+M.&author=Poirier,+F.&author=Launay,+J.-M.&author=Kane,+B.&author=Kinugasa,+S.&author=Prakoura,+N.&publication_year=2019&journal=JACC:+Basic+Transl.+Sci.&volume=4&pages=717%E2%80%93732&doi=10.1016/j.jacbts.2019.06.005&pmid=31709320
https://doi.org/10.1016/j.jacbts.2019.06.005
http://www.ncbi.nlm.nih.gov/pubmed/31709320
https://scholar.google.com/scholar_lookup?title=Immunohistochemical+Localization+of+Galectins-1+and+-3+and+Monitoring+of+Tissue+Galectin-Binding+Sites+during+Tubular+Regeneration+after+Renal+Ischemia+Reperfusion+in+the+Rat&author=Vansthertem,+D.&author=Cludts,+S.&author=Nonclercq,+D.&author=Gossiaux,+A.&author=Saussez,+S.&author=Legrand,+A.&author=Gabius,+H.J.&author=Toubeau,+G.&publication_year=2010&journal=Histol.+Histopathol.&volume=25&pages=1417%E2%80%931429&doi=10.14670/HH-25.1417&pmid=20865664
https://scholar.google.com/scholar_lookup?title=Immunohistochemical+Localization+of+Galectins-1+and+-3+and+Monitoring+of+Tissue+Galectin-Binding+Sites+during+Tubular+Regeneration+after+Renal+Ischemia+Reperfusion+in+the+Rat&author=Vansthertem,+D.&author=Cludts,+S.&author=Nonclercq,+D.&author=Gossiaux,+A.&author=Saussez,+S.&author=Legrand,+A.&author=Gabius,+H.J.&author=Toubeau,+G.&publication_year=2010&journal=Histol.+Histopathol.&volume=25&pages=1417%E2%80%931429&doi=10.14670/HH-25.1417&pmid=20865664
https://scholar.google.com/scholar_lookup?title=Immunohistochemical+Localization+of+Galectins-1+and+-3+and+Monitoring+of+Tissue+Galectin-Binding+Sites+during+Tubular+Regeneration+after+Renal+Ischemia+Reperfusion+in+the+Rat&author=Vansthertem,+D.&author=Cludts,+S.&author=Nonclercq,+D.&author=Gossiaux,+A.&author=Saussez,+S.&author=Legrand,+A.&author=Gabius,+H.J.&author=Toubeau,+G.&publication_year=2010&journal=Histol.+Histopathol.&volume=25&pages=1417%E2%80%931429&doi=10.14670/HH-25.1417&pmid=20865664
https://doi.org/10.14670/HH-25.1417
http://www.ncbi.nlm.nih.gov/pubmed/20865664
https://scholar.google.com/scholar_lookup?title=Galectin-3+Expression+and+Secretion+Links+Macrophages+to+the+Promotion+of+Renal+Fibrosis&author=Henderson,+N.C.&author=Mackinnon,+A.C.&author=Farnworth,+S.L.&author=Kipari,+T.&author=Haslett,+C.&author=Iredale,+J.P.&author=Liu,+F.T.&author=Hughes,+J.&author=Sethi,+T.&publication_year=2008&journal=Am.+J.+Pathol.&volume=172&pages=288&doi=10.2353/ajpath.2008.070726&pmid=18202187
https://doi.org/10.2353/ajpath.2008.070726
http://www.ncbi.nlm.nih.gov/pubmed/18202187
http://europepmc.org/articles/pmc2312353?pdf=render
https://scholar.google.com/scholar_lookup?title=Modified+Citrus+Pectin+Reduces+Galectin-3+Expression+and+Disease+Severity+in+Experimental+Acute+Kidney+Injury&author=Kolatsi-Joannou,+M.&author=Price,+K.L.&author=Winyard,+P.J.&author=Long,+D.A.&publication_year=2011&journal=PLoS+ONE&volume=6&pages=e18683&doi=10.1371/journal.pone.0018683
https://doi.org/10.1371/journal.pone.0018683
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0018683&type=printable
https://scholar.google.com/scholar_lookup?title=Galectin+3+Inhibition+Attenuates+Renal+Injury+Progression+in+Cisplatin-Induced+Nephrotoxicity&author=Li,+H.Y.&author=Yang,+S.&author=Li,+J.C.&author=Feng,+J.X.&publication_year=2018&journal=Biosci.+Rep.&volume=38&pages=20181803&doi=10.1042/BSR20181803
https://doi.org/10.1042/BSR20181803
https://portlandpress.com/bioscirep/article-pdf/38/6/BSR20181803/810207/bsr-2018-1803.pdf
https://scholar.google.com/scholar_lookup?title=Galectin+3+Protects+from+Cisplatin-Induced+Acute+Kidney+Injury+by+Promoting+TLR-2-Dependent+Activation+of+IDO1/Kynurenine+Pathway+in+Renal+DCs&author=Markovic,+B.S.&author=Jankovic,+M.G.&author=Djokovic,+B.&author=Jovicic,+N.&author=Randall+Harrell,+C.&author=Fellabaum,+C.&author=Djonov,+V.&author=Arsenijevic,+N.&author=Lukic,+M.L.&author=Volarevic,+V.&publication_year=2019&journal=Theranostics&volume=9&pages=5976%E2%80%936001&doi=10.7150/THNO.33959
https://scholar.google.com/scholar_lookup?title=Galectin+3+Protects+from+Cisplatin-Induced+Acute+Kidney+Injury+by+Promoting+TLR-2-Dependent+Activation+of+IDO1/Kynurenine+Pathway+in+Renal+DCs&author=Markovic,+B.S.&author=Jankovic,+M.G.&author=Djokovic,+B.&author=Jovicic,+N.&author=Randall+Harrell,+C.&author=Fellabaum,+C.&author=Djonov,+V.&author=Arsenijevic,+N.&author=Lukic,+M.L.&author=Volarevic,+V.&publication_year=2019&journal=Theranostics&volume=9&pages=5976%E2%80%936001&doi=10.7150/THNO.33959
https://scholar.google.com/scholar_lookup?title=Galectin+3+Protects+from+Cisplatin-Induced+Acute+Kidney+Injury+by+Promoting+TLR-2-Dependent+Activation+of+IDO1/Kynurenine+Pathway+in+Renal+DCs&author=Markovic,+B.S.&author=Jankovic,+M.G.&author=Djokovic,+B.&author=Jovicic,+N.&author=Randall+Harrell,+C.&author=Fellabaum,+C.&author=Djonov,+V.&author=Arsenijevic,+N.&author=Lukic,+M.L.&author=Volarevic,+V.&publication_year=2019&journal=Theranostics&volume=9&pages=5976%E2%80%936001&doi=10.7150/THNO.33959
https://doi.org/10.7150/THNO.33959
https://scholar.google.com/scholar_lookup?title=The+Diabetic+Milieu+Modulates+the+Advanced+Glycation+End+Product-Receptor+Complex+in+the+Mesangium+by+Inducing+or+Upregulating+Galectin-3+Expression&author=Pugliese,+G.&author=Pricci,+F.&author=Leto,+G.&author=Amadio,+L.&author=Iacobini,+C.&author=Romeo,+G.&author=Lenti,+L.&author=Sale,+P.&author=Gradini,+R.&author=Liu,+F.T.&publication_year=2000&journal=Diabetes&volume=49&pages=1249%E2%80%931257&doi=10.2337/diabetes.49.7.1249
https://doi.org/10.2337/diabetes.49.7.1249
http://diabetes.diabetesjournals.org/content/49/7/1249.full.pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

69.

70.

71.

72.

73.

74.

75.

76.

77.

3/AGE Receptor 3 Knockout Mice. FASEB J. 2001, 15, 2471-2479. [Google Scholar]
[CrossRef] [Green Version]

Tacobini, C.; Menini, S.; Oddi, G.; Ricci, C.; Amadio, L.; Pricci, F.; Olivieri, A.; Sorcini,
M.; Di Mario, U.; Pesce, C.; et al. Galectin-3/AGE-Receptor 3 Knockout Mice Show
Accelerated AGE-Induced Glomerular Injury: Evidence for a Protective Role of Galectin-3
as an AGE Recepror. FASEB J. 2004, 18, 1773-1775. [Google Scholar] [CrossRef]

Zhang, P.; Sun, Y; Peng, R.; Chen, W.; Fu, X; Zhang, L.; Peng, H.; Zhang, Z. Long
Non-Coding RNA Rpphl Promotes Inflammation and Proliferation of Mesangial Cells in
Diabetic Nephropathy via an Interaction with Gal-3. Cell Death Dis. 2019, 10, 526.
[Google Scholar] [CrossRef] [Green Version]

Frenay, A.R.S.; Yu, L.; van der Velde, A.R.; Vreeswijk-Baudoin, I.; Lépez-Andrés, N.; van
Goor, H.; Silli¢, H.H.; Ruifrok, W.P.; de Boer, R.A. Pharmacological Inhibition of
Galectin-3  Protects against Hypertensive Nephropathy. Am. J.  Physiol. Ren.
Physiol. 2015, 308, F500-F509. [Google Scholar] [CrossRef] [PubMed] [Green Version]

Sasaki, S.; Bao, Q.; Hughes, R.C. Galectin-3 Modulates Rat Mesangial Cell Proliferation
and Matrix Synthesis during Experimental Glomerulonephritis Induced by Anti-Thyl.1
Antibodies. J. Pathol. 1999, 187, 481-489. [Google Scholar] [CrossRef]

Sun, H.; Jiang, H.; Eliaz, A.; Kellum, J.A.; Peng, Z.; Eliaz, I. Galectin-3 in Septic Acute
Kidney Injury: A Translational Study. Cric. Care 2021, 25, 109. [Google Scholar]
[CrossRef] [PubMed]

Chiu, M.G.; Johnson, T.M.; Woolf, A.S.; Dahm-Vicker, E.M.; Long, D.A.;; Guay-
Woodford, L.; Hillman, K.A.; Bawumia, S.; Venner, K.; Hughes, R.C.; et al. Galectin-3
Associates with the Primary Cilium and Modulates Cyst Growth in Congenital Polycystic
Kidney Disease. Am. J. Pathol. 2006, 169, 1925. [Google Scholar] [CrossRef] [PubMed]

[Green Version]

Desmedt, V.; Desmedys, S.; Delanghe, J.R.; Speeckaert, R.; Speeckaert, M.M. Galectin-3 in
Renal Pathology: More Than Just an Innocent Bystander? Am. J. Nephrol. 2016, 43, 305—
317. [Google Scholar] [CrossRef]

Nishi, Y.; Sano, H.; Kawashima, T.; Okada, T.; Kuroda, T.; Kikkawa, K.; Kawashima, S.;
Tanabe, M.; Goto, T.; Matsuzawa, Y.; et al. Role of Galectin-3 in Human Pulmonary
Fibrosis. Allergol. Int. 2007, 56, 57-65. [Google Scholar] [CrossRef] [Green Version]

Okamura, D.M.; Pasichnyk, K.; Lopez-Guisa, J.M.; Collins, S.; Hsu, D.K;; Liu, F.T;
Eddy, A.A. Galectin-3 Preserves Renal Tubules and Modulates Extracellular Matrix
Remodeling in Progressive Fibrosis. Am. J. Physiol. Ren. Physiol. 2011, 300, 245-253.
[Google Scholar] [CrossRef] [Green Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7078


https://scholar.google.com/scholar_lookup?title=Accelerated+Diabetic+Glomerulopathy+in+Galectin-3/AGE+Receptor+3+Knockout+Mice&author=Pugliese,+G.&author=Pricci,+F.&author=Iacobini,+C.&author=Leto,+G.&author=Amadio,+L.&author=Barsotti,+P.&author=Frigeri,+L.&author=Hsu,+D.K.&author=Vlasara,+H.&author=Liu,+F.-T.&publication_year=2001&journal=FASEB+J.&volume=15&pages=2471%E2%80%932479&doi=10.1096/fj.01-0006com
https://doi.org/10.1096/fj.01-0006com
http://www.fasebj.org/content/15/13/2471.full.pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3/AGE-Receptor+3+Knockout+Mice+Show+Accelerated+AGE-Induced+Glomerular+Injury:+Evidence+for+a+Protective+Role+of+Galectin-3+as+an+AGE+Receptor&author=Iacobini,+C.&author=Menini,+S.&author=Oddi,+G.&author=Ricci,+C.&author=Amadio,+L.&author=Pricci,+F.&author=Olivieri,+A.&author=Sorcini,+M.&author=Di+Mario,+U.&author=Pesce,+C.&publication_year=2004&journal=FASEB+J.&volume=18&pages=1773%E2%80%931775&doi=10.1096/fj.04-2031fje
https://doi.org/10.1096/fj.04-2031fje
https://scholar.google.com/scholar_lookup?title=Long+Non-Coding+RNA+Rpph1+Promotes+Inflammation+and+Proliferation+of+Mesangial+Cells+in+Diabetic+Nephropathy+via+an+Interaction+with+Gal-3&author=Zhang,+P.&author=Sun,+Y.&author=Peng,+R.&author=Chen,+W.&author=Fu,+X.&author=Zhang,+L.&author=Peng,+H.&author=Zhang,+Z.&publication_year=2019&journal=Cell+Death+Dis.&volume=10&pages=526&doi=10.1038/s41419-019-1765-0
https://doi.org/10.1038/s41419-019-1765-0
https://www.nature.com/articles/s41419-019-1765-0.pdf
https://scholar.google.com/scholar_lookup?title=Pharmacological+Inhibition+of+Galectin-3+Protects+against+Hypertensive+Nephropathy&author=Frenay,+A.R.S.&author=Yu,+L.&author=van+der+Velde,+A.R.&author=Vreeswijk-Baudoin,+I.&author=L%C3%B3pez-Andr%C3%A9s,+N.&author=van+Goor,+H.&author=Sillj%C3%A9,+H.H.&author=Ruifrok,+W.P.&author=de+Boer,+R.A.&publication_year=2015&journal=Am.+J.+Physiol.+Ren.+Physiol.&volume=308&pages=F500%E2%80%93F509&doi=10.1152/ajprenal.00461.2014&pmid=25503732
https://doi.org/10.1152/ajprenal.00461.2014
http://www.ncbi.nlm.nih.gov/pubmed/25503732
http://pdfs.semanticscholar.org/af88/012a4b6fb955ac84229fda9e86c3a9cef1bb.pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3+Modulates+Rat+Mesangial+Cell+Proliferation+and+Matrix+Synthesis+during+Experimental+Glomerulonephritis+Induced+by+Anti-Thy1.1+Antibodies&author=Sasaki,+S.&author=Bao,+Q.&author=Hughes,+R.C.&publication_year=1999&journal=J.+Pathol.&volume=187&pages=481%E2%80%93489&doi=10.1002/(SICI)1096-9896(199903)187:4%3C481::AID-PATH263%3E3.0.CO;2-2
https://doi.org/10.1002/(SICI)1096-9896(199903)187:4%3C481::AID-PATH263%3E3.0.CO;2-2
https://scholar.google.com/scholar_lookup?title=Galectin-3+in+Septic+Acute+Kidney+Injury:+A+Translational+Study&author=Sun,+H.&author=Jiang,+H.&author=Eliaz,+A.&author=Kellum,+J.A.&author=Peng,+Z.&author=Eliaz,+I.&publication_year=2021&journal=Crit.+Care&volume=25&pages=109&doi=10.1186/s13054-021-03538-0&pmid=33736691
https://doi.org/10.1186/s13054-021-03538-0
http://www.ncbi.nlm.nih.gov/pubmed/33736691
https://scholar.google.com/scholar_lookup?title=Galectin-3+Associates+with+the+Primary+Cilium+and+Modulates+Cyst+Growth+in+Congenital+Polycystic+Kidney+Disease&author=Chiu,+M.G.&author=Johnson,+T.M.&author=Woolf,+A.S.&author=Dahm-Vicker,+E.M.&author=Long,+D.A.&author=Guay-Woodford,+L.&author=Hillman,+K.A.&author=Bawumia,+S.&author=Venner,+K.&author=Hughes,+R.C.&publication_year=2006&journal=Am.+J.+Pathol.&volume=169&pages=1925&doi=10.2353/ajpath.2006.060245&pmid=17148658
https://doi.org/10.2353/ajpath.2006.060245
http://www.ncbi.nlm.nih.gov/pubmed/17148658
http://europepmc.org/articles/pmc1762475?pdf=render
https://scholar.google.com/scholar_lookup?title=Galectin-3+in+Renal+Pathology:+More+Than+Just+an+Innocent+Bystander?&author=Desmedt,+V.&author=Desmedt,+S.&author=Delanghe,+J.R.&author=Speeckaert,+R.&author=Speeckaert,+M.M.&publication_year=2016&journal=Am.+J.+Nephrol.&volume=43&pages=305%E2%80%93317&doi=10.1159/000446376
https://doi.org/10.1159/000446376
https://scholar.google.com/scholar_lookup?title=Role+of+Galectin-3+in+Human+Pulmonary+Fibrosis&author=Nishi,+Y.&author=Sano,+H.&author=Kawashima,+T.&author=Okada,+T.&author=Kuroda,+T.&author=Kikkawa,+K.&author=Kawashima,+S.&author=Tanabe,+M.&author=Goto,+T.&author=Matsuzawa,+Y.&publication_year=2007&journal=Allergol.+Int.&volume=56&pages=57%E2%80%9365&doi=10.2332/allergolint.O-06-449
https://doi.org/10.2332/allergolint.O-06-449
https://www.mdpi.com/1422-0067/23/6/3124
https://scholar.google.com/scholar_lookup?title=Galectin-3+Preserves+Renal+Tubules+and+Modulates+Extracellular+Matrix+Remodeling+in+Progressive+Fibrosis&author=Okamura,+D.M.&author=Pasichnyk,+K.&author=Lopez-Guisa,+J.M.&author=Collins,+S.&author=Hsu,+D.K.&author=Liu,+F.T.&author=Eddy,+A.A.&publication_year=2011&journal=Am.+J.+Physiol.+Ren.+Physiol.&volume=300&pages=245%E2%80%93253&doi=10.1152/ajprenal.00326.2010
https://doi.org/10.1152/ajprenal.00326.2010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3023228/pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

78.

79.

80.

81.

82.

83.

84.

85.

86.

Gasparitsch, M.; Arndt, A.-K; Pawlitschek, F.; Oberle, S.; Keller, U.; Kasper, M.;
Bierhaus, A.; Schaefer, F.; Weber, L.T.; Lange-Sperandio, B. RAGE-Mediated Interstitial
Fibrosis in Neonatal Obstructive Nephropathy Is Independent of NEF-JB
Activation. Kidney Int. 2013, 84, 911-919. [Google Scholar] [CrossRef] [Green Version]

Martinez-Martinez, E.; Ibarrola, ].; Calvier, L.; Fernandez-Celis, A.; Leroy, C.; Cachofeiro,
V.; Rossignol, P.; Lopez-Andres, N. Galectin-3 Blockade Reduces Renal Fibrosis in Two
Normotensive Experimental Models of Renal Damage. PLoS ONE 2016, 11, ¢0166272.
[Google Scholar] [CrossRef]

Boutin, L.; Dépret, F.; Samuel, J.L.; Legrand, M.; Mebazaa, A.; Gayat, E.; Chadjichristos,
C. Impact of Galectin-3 Tissue Deletion in Renal Damage and Type-3 Cardio-Renal
Syndrome. Néphrologie Thérapeutique 2021, 17, 284. [Google Scholar] [CrossRef]

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

[Green Version]

Drechsler, C.; Delgado, G.; Wanner, C.; Blouin, K.; Pilz, S.; Tomaschitz, A.; Kleber,
M.E.; Dressel, A.; Willmes, C.; Krane, V.; et al. Galectin-3, Renal Function, and Clinical
Outcomes: Results from the Luric and 4D Studies. J. Am. Soc. Nephrol. 2015, 26, 2213~
2221. [Google Scholar] [CrossRef] [PubMed] [Green Version]

Wyler Von Ballmoos, M.; Likosky, D.S.; Rezace, M.; Lobdell, K.; Alam, S.; Parker, D.;
Owens, S.; Thiessen-Philbrook, H.; MacKenzie, T.; Brown, J.R. Elevated Preoperative
Galectin-3 Is Associated with Acute Kidney Injury after Cardiac Surgery. BMC
Nephrol. 2018, 19, 280. [Google Scholar] [CrossRef] [PubMed]

Tan, K.C.B.; Cheung, C.L.; Lee, A.C.H.; Lam, ].K.Y.; Wong, Y.; Shiu, S.W.M. Galectin-
3 Is Independently Associated with Progression of Nephropathy in Type 2 Diabetes
Mellitus. Diabetologia 2018, 61, 1212-1219. [Google Scholar] [CrossRef] [Green

Version]

Boutin, L.; Legrand, M.; Sadoune, M.; Mebazaa, A.; Gayat, E.; Chadjichristos, C.E.;
Dépret, F. Elevated Plasma Galectin-3 Is Associated with Major Adverse Kidney Events
and Death after ICU Admission. Crit. Care 2022, 26, 13. [Google Scholar] [CrossRef]

Kikuchi, Y.; Kobayashi, S.; Hemmi, N.; Ikee, R.; Hyodo, N.; Saigusa, T.; Namikoshi, T';
Yamada, M.; Suzuki, S.; Miura, S. Galectin-3-Positive Cell Infiltration in Human Diabetic
Nephropathy. Nephrol.  Dial.  Transplant. 2004, 19, 602-607. [Google Scholar]
[CrossRef] [Green Version]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7079


https://scholar.google.com/scholar_lookup?title=RAGE-Mediated+Interstitial+Fibrosis+in+Neonatal+Obstructive+Nephropathy+Is+Independent+of+NF-JB+Activation&author=Gasparitsch,+M.&author=Arndt,+A.-K.&author=Pawlitschek,+F.&author=Oberle,+S.&author=Keller,+U.&author=Kasper,+M.&author=Bierhaus,+A.&author=Schaefer,+F.&author=Weber,+L.T.&author=Lange-Sperandio,+B.&publication_year=2013&journal=Kidney+Int.&volume=84&pages=911%E2%80%93919&doi=10.1038/ki.2013.171
https://doi.org/10.1038/ki.2013.171
http://www.kidney-international.org/article/S0085253815560560/pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3+Blockade+Reduces+Renal+Fibrosis+in+Two+Normotensive+Experimental+Models+of+Renal+Damage&author=Martinez-Martinez,+E.&author=Ibarrola,+J.&author=Calvier,+L.&author=Fernandez-Celis,+A.&author=Leroy,+C.&author=Cachofeiro,+V.&author=Rossignol,+P.&author=Lopez-Andres,+N.&publication_year=2016&journal=PLoS+ONE&volume=11&pages=e0166272&doi=10.1371/JOURNAL.PONE.0166272
https://doi.org/10.1371/JOURNAL.PONE.0166272
https://scholar.google.com/scholar_lookup?title=Impact+of+Galectin-3+Tissue+Deletion+in+Renal+Damage+and+Type-3+Cardio-Renal+Syndrome&author=Boutin,+L.&author=D%C3%A9pret,+F.&author=Samuel,+J.L.&author=Legrand,+M.&author=Mebazaa,+A.&author=Gayat,+E.&author=Chadjichristos,+C.&publication_year=2021&journal=N%C3%A9phrologie+Th%C3%A9rapeutique&volume=17&pages=284&doi=10.1016/j.nephro.2021.07.304
https://doi.org/10.1016/j.nephro.2021.07.304
https://scholar.google.com/scholar_lookup?title=Galectin-3+as+a+Next-Generation+Biomarker+for+Detecting+Early+Stage+of+Various+Diseases&author=Hara,+A.&author=Niwa,+M.&author=Noguchi,+K.&author=Kanayama,+T.&author=Niwa,+A.&author=Matsuo,+M.&author=Hatano,+Y.&author=Tomita,+H.&publication_year=2020&journal=Biomolecules&volume=10&pages=389&doi=10.3390/biom10030389&pmid=32138174
https://doi.org/10.3390/biom10030389
http://www.ncbi.nlm.nih.gov/pubmed/32138174
https://www.mdpi.com/2218-273X/10/3/389/pdf
https://scholar.google.com/scholar_lookup?title=Galectin-3,+Renal+Function,+and+Clinical+Outcomes:+Results+from+the+Luric+and+4D+Studies&author=Drechsler,+C.&author=Delgado,+G.&author=Wanner,+C.&author=Blouin,+K.&author=Pilz,+S.&author=Tomaschitz,+A.&author=Kleber,+M.E.&author=Dressel,+A.&author=Willmes,+C.&author=Krane,+V.&publication_year=2015&journal=J.+Am.+Soc.+Nephrol.&volume=26&pages=2213%E2%80%932221&doi=10.1681/ASN.2014010093&pmid=25568176
https://doi.org/10.1681/ASN.2014010093
http://www.ncbi.nlm.nih.gov/pubmed/25568176
https://jasn.asnjournals.org/content/jnephrol/26/9/2213.full.pdf
https://scholar.google.com/scholar_lookup?title=Elevated+Preoperative+Galectin-3+Is+Associated+with+Acute+Kidney+Injury+after+Cardiac+Surgery&author=Wyler+Von+Ballmoos,+M.&author=Likosky,+D.S.&author=Rezaee,+M.&author=Lobdell,+K.&author=Alam,+S.&author=Parker,+D.&author=Owens,+S.&author=Thiessen-Philbrook,+H.&author=MacKenzie,+T.&author=Brown,+J.R.&publication_year=2018&journal=BMC+Nephrol.&volume=19&pages=280&doi=10.1186/s12882-018-1093-0&pmid=30342486
https://doi.org/10.1186/s12882-018-1093-0
http://www.ncbi.nlm.nih.gov/pubmed/30342486
https://scholar.google.com/scholar_lookup?title=Galectin-3+Is+Independently+Associated+with+Progression+of+Nephropathy+in+Type+2+Diabetes+Mellitus&author=Tan,+K.C.B.&author=Cheung,+C.L.&author=Lee,+A.C.H.&author=Lam,+J.K.Y.&author=Wong,+Y.&author=Shiu,+S.W.M.&publication_year=2018&journal=Diabetologia&volume=61&pages=1212%E2%80%931219&doi=10.1007/s00125-018-4552-z
https://doi.org/10.1007/s00125-018-4552-z
https://link.springer.com/content/pdf/10.1007/s00125-018-4552-z.pdf
https://link.springer.com/content/pdf/10.1007/s00125-018-4552-z.pdf
https://link.springer.com/content/pdf/10.1007/s00125-018-4552-z.pdf
https://scholar.google.com/scholar_lookup?title=Elevated+Plasma+Galectin-3+Is+Associated+with+Major+Adverse+Kidney+Events+and+Death+after+ICU+Admission&author=Boutin,+L.&author=Legrand,+M.&author=Sadoune,+M.&author=Mebazaa,+A.&author=Gayat,+E.&author=Chadjichristos,+C.E.&author=D%C3%A9pret,+F.&publication_year=2022&journal=Crit.+Care&volume=26&pages=13&doi=10.1186/s13054-021-03878-x
https://doi.org/10.1186/s13054-021-03878-x
https://scholar.google.com/scholar_lookup?title=Galectin-3-Positive+Cell+Infiltration+in+Human+Diabetic+Nephropathy&author=Kikuchi,+Y.&author=Kobayashi,+S.&author=Hemmi,+N.&author=Ikee,+R.&author=Hyodo,+N.&author=Saigusa,+T.&author=Namikoshi,+T.&author=Yamada,+M.&author=Suzuki,+S.&author=Miura,+S.&publication_year=2004&journal=Nephrol.+Dial.+Transplant.&volume=19&pages=602%E2%80%93607&doi=10.1093/ndt/gfg603
https://doi.org/10.1093/ndt/gfg603
https://academic.oup.com/ndt/article-pdf/19/3/602/5123801/gfg603.pdf

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Kang, E.H.; Moon, K.C; Lee, E.Y.; Lee, Y.J.; Lee, E.B.; Ahn, C.; Song, Y.W. Renal
Expression of Galectin-3 in  Systemic Lupus Erythematosus Patients with

Nephritis. Lupus 2009, 18, 22-28. [Google Scholar] [CrossRef]

Ostalska-Nowicka, D.; Nowicki, M.; Kondraciuk, B.; Partyka, M.; Samulak, D.; Witt, M.
Expression of Galectin-3 in Nephrotic Syndrome Glomerulopaties in Children. Folia
Histochem. Cytobiol. 2009, 47, 315-322. [Google Scholar] [CrossRef] [Green Version]

Yilmaz, H.; Inan, O.; Darcin, T.; Bilgic, M.A.; Akcay, A. Serum Galectin-3 Levels Were
Associated with Proteinuria in Patients with Familial Mediterranean Fever. Clin. Exp.
Nephrol. 2015, 19, 436—442. [Google Scholar] [CrossRef]

Hussain, S.; Habib, A.; Hussain, M.S.; Najmi, A.K. Potential Biomarkers for Early
Detection of Diabetic Kidney Disease. Diabetes Res. Clin. Pract. 2020, 161, 108082.
[Google Scholar] [CrossRef]

Alam, M.L.; Katz, R.; Bellovich, K.A.; Bhat, Z.Y.; Brosius, F.C.; de Boer, I.H;
Gadegbeku, C.A.; Gipson, D.S.; Hawkins, ].J.; Himmelfarb, J.; et al. Soluble ST2 and
Galectin-3 and Progression of CKD. Kidney Int. Rep. 2019, 4, 103. [Google Scholar]
[CrossRef] [PubMed] [Green Version]

Rebholz, C.M.; Selvin, E.; Liang, M.; Ballantyne, C.M.; Hoogeveen, R.C.; Aguilar, D.;
McEvoy, ].W.; Grams, M.E.; Coresh, J. Plasma Galectin-3 Levels Are Associated with the
Risk of Incident Chronic Kidney Disease. Kidney Int. 2018, 93, 252. [Google Scholar]
[CrossRef] [PubMed] [Green Version]

Kim, A.J.; Ro, H.; Kim, H.; Chang, J.H.; Lee, H.H.; Chung, W.; Jung, J.Y. Soluble ST2
and Galectin-3 as Predictors of Chronic Kidney Disease Progression and Outcomes. Am. .

Nephrol. 2021, 52, 119-130. [Google Scholar] [CrossRef]

Ou, S.M.; Tsai, M.T.; Chen, H.Y.; Li, F.A.; Tseng, W.C.; Lee, K.H.; Chang, F.P.; Lin,
Y.P.; Yang, R.B.; Tarng, D.C. Identification of Galectin-3 as Potential Biomarkers for
Renal Fibrosis by RNA-Sequencing and Clinicopathologic Findings of Kidney
Biopsy. Front. Med. 2021, 8, 2123. [Google Scholar] [CrossRef] [PubMed]

Sotomayor, C.G.; Velde-Keyzer, C.A.T.; Diepstra, A.; van Londen, M.; Pol, R.A.; Post,
A.; Gans, R.O.B.; Nolte, I.M.; Slart, R.H.J.A.; de Borst, M.H.; et al. Galectin-3 and Risk
of Late Graft Failure in Kidney Transplant Recipients: A 10-Year Prospective Cohort
Study. Transplantation 2021, 105, 1106-1115. [Google Scholar] [CrossRef] [PubMed]

Hogas, S.; Schiller, A.; Voroneanu, L.; Constantinescu, D.; Timar, R.; Cianga, P.;
Siriopol, D.; Bob, F.; Cianga, C.; Onofriescu, M.; et al. Predictive Value for Galectin 3
and Cardiotrophin 1 in Hemodialysis Patients. Angiology 2016, 67, 854-859. [Google
Scholar] [CrossRef] [PubMed]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7080


https://scholar.google.com/scholar_lookup?title=Renal+Expression+of+Galectin-3+in+Systemic+Lupus+Erythematosus+Patients+with+Nephritis&author=Kang,+E.H.&author=Moon,+K.C.&author=Lee,+E.Y.&author=Lee,+Y.J.&author=Lee,+E.B.&author=Ahn,+C.&author=Song,+Y.W.&publication_year=2009&journal=Lupus&volume=18&pages=22%E2%80%9328&doi=10.1177/0961203308094361
https://doi.org/10.1177/0961203308094361
https://scholar.google.com/scholar_lookup?title=Expression+of+Galectin-3+in+Nephrotic+Syndrome+Glomerulopaties+in+Children&author=Ostalska-Nowicka,+D.&author=Nowicki,+M.&author=Kondraciuk,+B.&author=Partyka,+M.&author=Samulak,+D.&author=Witt,+M.&publication_year=2009&journal=Folia+Histochem.+Cytobiol.&volume=47&pages=315%E2%80%93322&doi=10.2478/v10042-009-0069-0
https://doi.org/10.2478/v10042-009-0069-0
https://journals.viamedica.pl/folia_histochemica_cytobiologica/article/download/4349/3604
https://scholar.google.com/scholar_lookup?title=Serum+Galectin-3+Levels+Were+Associated+with+Proteinuria+in+Patients+with+Familial+Mediterranean+Fever&author=Yilmaz,+H.&author=Inan,+O.&author=Darcin,+T.&author=Bilgic,+M.A.&author=Akcay,+A.&publication_year=2015&journal=Clin.+Exp.+Nephrol.&volume=19&pages=436%E2%80%93442&doi=10.1007/s10157-014-1009-7
https://doi.org/10.1007/s10157-014-1009-7
https://scholar.google.com/scholar_lookup?title=Potential+Biomarkers+for+Early+Detection+of+Diabetic+Kidney+Disease&author=Hussain,+S.&author=Habib,+A.&author=Hussain,+M.S.&author=Najmi,+A.K.&publication_year=2020&journal=Diabetes+Res.+Clin.+Pract.&volume=161&pages=108082&doi=10.1016/j.diabres.2020.108082
https://doi.org/10.1016/j.diabres.2020.108082
https://scholar.google.com/scholar_lookup?title=Soluble+ST2+and+Galectin-3+and+Progression+of+CKD&author=Alam,+M.L.&author=Katz,+R.&author=Bellovich,+K.A.&author=Bhat,+Z.Y.&author=Brosius,+F.C.&author=de+Boer,+I.H.&author=Gadegbeku,+C.A.&author=Gipson,+D.S.&author=Hawkins,+J.J.&author=Himmelfarb,+J.&publication_year=2019&journal=Kidney+Int.+Rep.&volume=4&pages=103&doi=10.1016/j.ekir.2018.09.013&pmid=30596173
https://doi.org/10.1016/j.ekir.2018.09.013
http://www.ncbi.nlm.nih.gov/pubmed/30596173
http://www.kireports.org/article/S2468024918302134/pdf
https://scholar.google.com/scholar_lookup?title=Plasma+Galectin-3+Levels+Are+Associated+with+the+Risk+of+Incident+Chronic+Kidney+Disease&author=Rebholz,+C.M.&author=Selvin,+E.&author=Liang,+M.&author=Ballantyne,+C.M.&author=Hoogeveen,+R.C.&author=Aguilar,+D.&author=McEvoy,+J.W.&author=Grams,+M.E.&author=Coresh,+J.&publication_year=2018&journal=Kidney+Int.&volume=93&pages=252&doi=10.1016/j.kint.2017.06.028&pmid=28865675
https://doi.org/10.1016/j.kint.2017.06.028
http://www.ncbi.nlm.nih.gov/pubmed/28865675
http://www.kidney-international.org/article/S0085253817304970/pdf
https://scholar.google.com/scholar_lookup?title=Soluble+ST2+and+Galectin-3+as+Predictors+of+Chronic+Kidney+Disease+Progression+and+Outcomes&author=Kim,+A.J.&author=Ro,+H.&author=Kim,+H.&author=Chang,+J.H.&author=Lee,+H.H.&author=Chung,+W.&author=Jung,+J.Y.&publication_year=2021&journal=Am.+J.+Nephrol.&volume=52&pages=119%E2%80%93130&doi=10.1159/000513663
https://doi.org/10.1159/000513663
https://scholar.google.com/scholar_lookup?title=Identification+of+Galectin-3+as+Potential+Biomarkers+for+Renal+Fibrosis+by+RNA-Sequencing+and+Clinicopathologic+Findings+of+Kidney+Biopsy&author=Ou,+S.M.&author=Tsai,+M.T.&author=Chen,+H.Y.&author=Li,+F.A.&author=Tseng,+W.C.&author=Lee,+K.H.&author=Chang,+F.P.&author=Lin,+Y.P.&author=Yang,+R.B.&author=Tarng,+D.C.&publication_year=2021&journal=Front.+Med.&volume=8&pages=2123&doi=10.3389/fmed.2021.748225&pmid=34869439
https://doi.org/10.3389/fmed.2021.748225
http://www.ncbi.nlm.nih.gov/pubmed/34869439
https://scholar.google.com/scholar_lookup?title=Galectin-3+and+Risk+of+Late+Graft+Failure+in+Kidney+Transplant+Recipients:+A+10-Year+Prospective+Cohort+Study&author=Sotomayor,+C.G.&author=Velde-Keyzer,+C.A.T.&author=Diepstra,+A.&author=van+Londen,+M.&author=Pol,+R.A.&author=Post,+A.&author=Gans,+R.O.B.&author=Nolte,+I.M.&author=Slart,+R.H.J.A.&author=de+Borst,+M.H.&publication_year=2021&journal=Transplantation&volume=105&pages=1106%E2%80%931115&doi=10.1097/TP.0000000000003359&pmid=32639409
https://doi.org/10.1097/TP.0000000000003359
http://www.ncbi.nlm.nih.gov/pubmed/32639409
https://scholar.google.com/scholar_lookup?title=Predictive+Value+for+Galectin+3+and+Cardiotrophin+1+in+Hemodialysis+Patients&author=Hogas,+S.&author=Schiller,+A.&author=Voroneanu,+L.&author=Constantinescu,+D.&author=Timar,+R.&author=Cianga,+P.&author=Siriopol,+D.&author=Bob,+F.&author=Cianga,+C.&author=Onofriescu,+M.&publication_year=2016&journal=Angiology&volume=67&pages=854%E2%80%93859&doi=10.1177/0003319715623397&pmid=26787685
https://scholar.google.com/scholar_lookup?title=Predictive+Value+for+Galectin+3+and+Cardiotrophin+1+in+Hemodialysis+Patients&author=Hogas,+S.&author=Schiller,+A.&author=Voroneanu,+L.&author=Constantinescu,+D.&author=Timar,+R.&author=Cianga,+P.&author=Siriopol,+D.&author=Bob,+F.&author=Cianga,+C.&author=Onofriescu,+M.&publication_year=2016&journal=Angiology&volume=67&pages=854%E2%80%93859&doi=10.1177/0003319715623397&pmid=26787685
https://scholar.google.com/scholar_lookup?title=Predictive+Value+for+Galectin+3+and+Cardiotrophin+1+in+Hemodialysis+Patients&author=Hogas,+S.&author=Schiller,+A.&author=Voroneanu,+L.&author=Constantinescu,+D.&author=Timar,+R.&author=Cianga,+P.&author=Siriopol,+D.&author=Bob,+F.&author=Cianga,+C.&author=Onofriescu,+M.&publication_year=2016&journal=Angiology&volume=67&pages=854%E2%80%93859&doi=10.1177/0003319715623397&pmid=26787685
https://doi.org/10.1177/0003319715623397
http://www.ncbi.nlm.nih.gov/pubmed/26787685

Ahmed Ghareeb Menshawyet. al

Assessment of Galectin-3 in kidney diseases

97.

98.

99.

100.

101.

102.

103.

Zhang, X.; Wan, Y.; Chata, R.; Brazzale, A.; Atherton, J.J.; Kostner, K.; Dimeski, G.;
Punyadeera, C. A Pilot Study to Demonstrate Diagnostic Potential of Galectin-3 Levels in
Saliva. J. Clin. Pathol. 2016, 69, 1100-1104. [Google Scholar] [CrossRef]

Hara, A.; Niwa, M.; Kanayama, T.; Noguchi, K.;; Niwa, A.; Matsuo, M.; Kuroda, T;
Hatano, Y.; Okada, H.; Tomita, H. Galectin-3: A Potential Prognostic and Diagnostic
Marker for Heart Disease and Detection of Early Stage Pathology. Biomolecules 2020, 10,
1277. [Google Scholar] [CrossRef]

A Phase 2a Study of Weekly Doses of GCS-100 in Patients with Chronic Kidney
Disease—Full Text View—-ClinicalTrials.Gov. Available
online: https://clinicaltrials.gov/ct2/show/NCT01843790 (accessed on 19 January 2022).

La Jolla Pharmacecutical Company Reports Positive, Top-Line Results from Phase 2
Clinical Trial of GCS-100 in Chronic Kidney Disease. Press Release Data Mar 10.
Available

online: https://www.sec.gov/Archives/edgar/data/920465/000092046514000012/pressrele
asedatamar10.htm (accessed on 25 January 2022).

Lau, E.S;; Liu, E.; Paniagua, S.M.; Sarma, A.A.; Zampierollo, G.; Lépez, B.; Diez, J.;
Wang, T.J; Ho, J.E. Galectin-3 Inhibition with Modified Citrus Pectin in
Hypertension. JACC Basic Transl. Sci. 2021, 6, 12. [Google Scholar] [CrossRef]

Hirani, N.; MacKinnon, A.C.; Nicol, L.; Ford, P.; Schambye, H.; Pedersen, A.; Nilsson,
U.J.; Leffler, H.; Sethi, T.; Tantawi, S.; et al. Target-Inhibition of Galectin-3 by Inhaled
TD139 in Patients with Idiopathic Pulmonary Fibrosis. Eur. Respir. J. 2020, 57,
2002559. [Google Scholar] [CrossRef]

Friedman, L.A.; Ring, K.L.; Mills, AM. LAG-3 and GAL-3 in Endometrial Carcinoma:
Emerging Candidates for Immunotherapy. Int. J. Gynecol. Pathol. 2020, 39, 203-212.
[Google Scholar] [CrossRef] [PubMed]

Tob Regul Sci.™ 2023 ;9 (1):7058 - 7081 7081


https://scholar.google.com/scholar_lookup?title=A+Pilot+Study+to+Demonstrate+Diagnostic+Potential+of+Galectin-3+Levels+in+Saliva&author=Zhang,+X.&author=Wan,+Y.&author=Chata,+R.&author=Brazzale,+A.&author=Atherton,+J.J.&author=Kostner,+K.&author=Dimeski,+G.&author=Punyadeera,+C.&publication_year=2016&journal=J.+Clin.+Pathol.&volume=69&pages=1100%E2%80%931104&doi=10.1136/jclinpath-2016-203631
https://doi.org/10.1136/jclinpath-2016-203631
https://scholar.google.com/scholar_lookup?title=Galectin-3:+A+Potential+Prognostic+and+Diagnostic+Marker+for+Heart+Disease+and+Detection+of+Early+Stage+Pathology&author=Hara,+A.&author=Niwa,+M.&author=Kanayama,+T.&author=Noguchi,+K.&author=Niwa,+A.&author=Matsuo,+M.&author=Kuroda,+T.&author=Hatano,+Y.&author=Okada,+H.&author=Tomita,+H.&publication_year=2020&journal=Biomolecules&volume=10&pages=1277&doi=10.3390/biom10091277
https://doi.org/10.3390/biom10091277
https://clinicaltrials.gov/ct2/show/NCT01843790
https://www.sec.gov/Archives/edgar/data/920465/000092046514000012/pressreleasedatamar10.htm
https://www.sec.gov/Archives/edgar/data/920465/000092046514000012/pressreleasedatamar10.htm
https://www.sec.gov/Archives/edgar/data/920465/000092046514000012/pressreleasedatamar10.htm
https://scholar.google.com/scholar_lookup?title=Galectin-3+Inhibition+with+Modified+Citrus+Pectin+in+Hypertension&author=Lau,+E.S.&author=Liu,+E.&author=Paniagua,+S.M.&author=Sarma,+A.A.&author=Zampierollo,+G.&author=L%C3%B3pez,+B.&author=D%C3%ADez,+J.&author=Wang,+T.J.&author=Ho,+J.E.&publication_year=2021&journal=JACC+Basic+Transl.+Sci.&volume=6&pages=12&doi=10.1016/j.jacbts.2020.10.006
https://doi.org/10.1016/j.jacbts.2020.10.006
https://scholar.google.com/scholar_lookup?title=Target-Inhibition+of+Galectin-3+by+Inhaled+TD139+in+Patients+with+Idiopathic+Pulmonary+Fibrosis&author=Hirani,+N.&author=MacKinnon,+A.C.&author=Nicol,+L.&author=Ford,+P.&author=Schambye,+H.&author=Pedersen,+A.&author=Nilsson,+U.J.&author=Leffler,+H.&author=Sethi,+T.&author=Tantawi,+S.&publication_year=2020&journal=Eur.+Respir.+J.&volume=57&pages=2002559&doi=10.1183/13993003.02559-2020
https://doi.org/10.1183/13993003.02559-2020
https://scholar.google.com/scholar_lookup?title=LAG-3+and+GAL-3+in+Endometrial+Carcinoma:+Emerging+Candidates+for+Immunotherapy&author=Friedman,+L.A.&author=Ring,+K.L.&author=Mills,+A.M.&publication_year=2020&journal=Int.+J.+Gynecol.+Pathol.&volume=39&pages=203%E2%80%93212&doi=10.1097/PGP.0000000000000608&pmid=32267656
https://doi.org/10.1097/PGP.0000000000000608
http://www.ncbi.nlm.nih.gov/pubmed/32267656

