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ABSTRACT

Galectin-3 (Gal-3) is a protein expressed in multiple cell types, where it has various functions. Recent studies 
have shown its obesogenic and diabetogenic effects. Gal-3 can directly induce cellular insulin resistance in 
the three primary insulin target tissues (skeletal muscle, liver, adipose tissue). Chronic treatment with a Gal-3 
inhibitor improved glucose tolerance in high-fat diet (HFD)/obese mice. Additionally, it was shown that Gal-3 
positively regulates peroxisome proliferator-activated receptor (PPAR)-γ expression and transcriptional activity 
by direct interaction. In humans, the Gal-3 level was associated with the incident risk of diabetes mellitus. Finally, 
PectaSol-C Modified Citrus Pectin (P-MCP; ecoNugenics, Santa Rosa, CA) blocked the Gal-3 mediated increase in 
extracellular matric components observed in HFD rats.

INTRODUCTION
Galectin-3 (Gal-3) is a protein expressed in multiple 
cell types, where it has various functions, including 
modulation of cell adhesion, differentiation, prolifer-
ation, and the promotion of inflammation and even 
tumor metastases.1-3 Also, Gal-3 seems to have an 
essential role in promoting tissue fibrosis4-7 and has 
emerged as a biomarker associated with ongoing fi-
brosis in renal, hepatic, and cardiac disease.5-8 A recent 
report found that, after switching obese mice from a 
high-fat diet (HFD) to standard chow (NC), adipose 
tissue Cd11c+ macrophages express much lower lev-
els of Gal-3 compared to HFD fed mice. At the same 
time, there was the amelioration of inflammation and 
insulin resistance in these diet-switched mice, despite 
retaining the same number of adipose tissue Cd11c+ 
macrophages.9 Thus, it is reasonable to speculate that 
Gal-3 may provide a link between inflammation and 
decreased insulin sensitivity.

Peroxisome proliferator-activated receptor (PPAR)-γ 
is a nuclear receptor that plays a crucial role in lipid 
metabolism. PPARγ is activated by ligands, binds to 
the PPARγ response element (PPRE), and increases 
expression of target genes.10 PPARγ is a major 
transcription factor for adipocyte differentiation, and 
many studies have reported that PPARγ expression 
and activity regulate adipocyte differentiation.11, 12  
Whether Gal-3 affects PPARγ expression, and 
adipocyte differentiation is not well understood. Gal-3 
is upregulated in growing adipose tissue and stimulates 

preadipocyte proliferation.13 Furthermore, in mice with 
HFD-induced obesity, expression of Gal-3 is increased 
in visceral adipose tissue (VAT) and subcutaneous 
adipose tissue (SAT).14

Gal-3 levels are higher in overweight and obese 
individuals, but whether an association exists with 
diabetes mellitus is presently not known. Previous 
human studies that have explored relationships 
between Gal-3 and metabolic disorders were limited 
by small sample sizes.

PectaSol-C Modified Citrus Pectin (P-MCP) is a well-
investigated compound characterized from citrus peels 
that blocks Gal-3 activity by reducing macrophage 
activity, proinflammatory cytokine expression, 
and apoptosis, as well as lowering inflammatory 
markers. For this reason, P-MCP is recommended as 
a therapeutic agent for immune support,15 cancer,16 
heavy metal toxicity,17 and fibrotic diseases.18 
However, the effects of Gal-3 inhibition with P-MCP 
on adipose tissue function is not well characterized.

This white paper highlights key research on Gal-3 and 
P-MCP as they relate to diabesity.
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SELECTED RESEARCH REVIEW
Hematopoietic-Derived Galectin-3 Causes Cellular and Systemic Insulin Resistance19

In obesity, proinflammatory macrophages accumulate in adipose tissue, liver, and muscle, promoting a chronic 
inflammatory state, which contributes to insulin resistance. Since Gal-3 is an abundant macrophage secretory factor,20 
glucose homeostasis and insulin sensitivity were assessed in chow and HFD-fed wild-type (WT), Gal-3 ± (Gal-3 HET), 
and Gal-3−/− (Gal-3 KO) mice. Bodyweight and oral glucose tolerance tests (OGTTs) were comparable between 
the WT and Gal-3 KO mice on a chow diet.  Upon HFD feeding, HET and Gal-3 KO mice gained the same amount 
of weight (Fig. 1A); however, the Gal-3 KO mice were much more glucose tolerant with lower blood insulin levels 
compared with WT mice (Fig. 1B,C). The glucose-lowering effect of injected insulin was also higher in KO mice (Fig. 
1D), indicating improved systemic insulin sensitivity as a result of Gal-3 deletion. To measure tissue-specific insulin 
sensitivity, hyperinsulinemic/euglycemic clamp studies were performed. As shown in Figures 1E-I, the amount of 
exogenous glucose required to maintain euglycemia (glucose infusion rate, GIR) and the glucose disposal rate (GDR) 
were substantially higher in the HFD Gal-3 KO compared to HFD WT mice (Fig. 1E,F). The insulin-stimulated glucose 
disposal rate (IS-GDR), which primarily reflects skeletal muscle insulin sensitivity, and the ability of insulin to suppress 
hepatic glucose production (HGP), which reflects hepatic insulin sensitivity, were also improved in the Gal-3 KO mice 
(Fig. 1G,I). Thus, Gal-3 deletion led to higher in vivo insulin sensitivity in muscle and liver.

Since endogenous Gal-3 circulates at relatively high levels in normal mice and humans, it was determined whether 
heterozygous depletion of Gal-3 would improve insulin resistance. To test this, idea, HFD Gal-3+/- (Gal-3 HET) mice 
were studied. As expected, circulating Gal-3 levels are 50% lower compared to HFD WT mice (Fig. 1J), with values 
down to the average concentrations seen in lean, chow-fed mice (data not shown). Consistent with the results 
in Gal-3 KO mice, Gal-3 HET mice gained the same amount of weight as WT on HFD (Fig. 1K) but were insulin 
sensitive and glucose tolerant with lower blood insulin levels (Fig. 1L-N). This indicates that the ~50% deletion of 
Gal-3 is adequate to induce a robust improvement in glucose tolerance and systemic insulin sensitivity.

Given that circulating Gal-3 levels are elevated in obesity (data not shown), it was examined whether Gal-3 could 
directly act on insulin target tissues in an endocrine manner to impair insulin signaling. To assess this, the effects 
of Gal-3 treatment on L6 myocytes, 3T3-L1 adipocytes, and primary hepatocytes, were studied. Gal-3 treatment 
inhibited insulin-stimulated glucose transport in a dose-responsive manner in L6 myocytes and 3T3-L1 adipocytes 
(Fig. 2A, B). In WT primary hepatocytes, glucagon stimulates hepatic glucose output (HGO), and this increase 
was completely inhibited by insulin (Fig. 2C). Gal-3 alone also stimulated HGO, and as expected, this effect was 
not inhibited by insulin (Fig. 2C, 3rd set of bars). Combination treatment with Gal-3 and glucagon had the same 
stimulatory effect on HGO as glucagon alone, and importantly, Gal-3 blocked the effect of insulin to inhibit 
glucagon-stimulated HGO (Fig. 2C, 4th set of bars). Taken together, these results indicate that Gal-3 can directly 
induce cellular insulin resistance in the three primary insulin target tissues.

Gal-3 can interact with glycosylated proteins through its C-terminal domain, termed the carbohydrate recognition 
domain (CRD), whereas full-length Gal-3 forms oligomers through the N-terminal domain.21 To determine if the 
CRD-Gal-3 has the same effect as full-length Gal-3, L6 myocytes were treated with CRD-Gal-3, followed by 
measurement of insulin-stimulated glucose uptake. As shown in Figure 2D, the CRD-Gal-3 inhibits glucose uptake, 
similar to full-length Gal-3.
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To determine if these in vitro results translated to the in vivo situation, lean insulin-sensitive chow-fed mice were 
directly injected with recombinant Gal-3. In these studies, the injected dose of Gal-3 was designed to raise the 
circulating levels from the typical values observed in lean chow mice up to the elevated values seen in HFD WT 
mice, as shown in Figure 2E. Consistent with the in vitro data, GTTs performed 1 hour after injection showed that 
these mice became glucose intolerant, with a 45% reduction in area under the curve (AUC) (Fig. 2F). Also, these 
treated mice exhibit hyperinsulinemia (Fig. 2G) and a marked decrease in insulin sensitivity, as shown by a 55% 
increase in AUC during ITTs (Fig. 2H). Gal-3 was also overexpressed in chow-fed mice by IV administration of 
an adenovirus encoding the Gal-3 gene (Ad-Gal-3). Ad-Gal-3 leads to increased Gal-3 levels, producing glucose 
intolerance (Fig. 2I), insulin intolerance (Fig. 2J), and hyperinsulinemia (Fig. 2K), showing that Gal-3 can directly 
induce insulin resistance in vivo.

Given that intraperitoneal macrophage (IP-MAC) and other monocytes or macrophages can secrete Gal-3 (data not 
shown), and that Gal-3 inhibited insulin action, it seems possible that macrophages can directly affect insulin action 
through Gal-3. To access this, conditioned medium (CM) was isolated from either WT or KO IP-MACs, followed by 
glucose uptake assays in L6 myocytes. As shown in Figure 2L, CM from WT IP-MACs significantly blocked insulin-
stimulated glucose uptake compared to the control medium. Importantly, the CM from KO IP-MACs had no effect 
of inhibiting insulin action in L6 myocytes.

To further define the role of Gal-3 and assess its potential translational implications, a pharmacologic loss-of-
function approach was employed. Thus, L6 myocytes were treated with the Gal-3 inhibitor compound 47 (Cpd47),22, 
and it was found that it blocked the inhibitory effect of both full-length Gal-3 and CRD-Gal-3 on insulin-stimulated 
glucose transport (Fig. 3A, B). The Gal-3 inhibitor also blocked the effect of Gal-3 to inhibit the repressive effects of 
insulin on HGO in primary hepatocytes (Fig. 3C,D). To extend these observations to the in vivo situation, obese HFD 
mice were treated with a single dose (50 mg/kg) of Cpd47 and OGTTs were performed 1 hour later. As Figure 3E 
shows, the Gal-3 inhibitor improved glucose tolerance in these mice. To evaluate the effects of this inhibitor in the 
more chronic setting and at lower doses, Cpd47 was administered to HFD mice via an osmotic minipump at a dose 
of 6.4 mg/kg per day for two weeks. In agreement with the acute treatment data, chronic treatment also improved 
glucose tolerance in HFD/obese mice (Fig. 3F).
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Figures 1A-N.  Metabolic Studies in WT and Gal-3 KO or Gal-3 HET Mice. (A–D) (A) Bodyweight, (B) glucose tolerance tests, (C) basal 
insulin levels, and (D) insulin tolerance tests in 6 hour fasted WT and Gal-3 KO mice on HFD. (E–I) (E) Glucose infusion rate (GIR) during 
hyperinsulinemic, euglycemic glucose clamp studies, (F) glucose disposal rate (GDR), (G) insulin-stimulated glucose disposal rate (IS-GDR), 
(H) hepatic glucose production (HGP), and (I) HGP suppression during hyperinsulinemic/euglycemic clamp studies in WT and Gal-3 KO 
mice on HFD. (J) Blood Gal-3 levels in WT, Gal-3 HET, and Gal-3 KO mice on HFD. (K–N) Bodyweight of WT and Gal-3 HET mice on 10 
weeks HFD, (L) insulin tolerance tests (0.45 U/kg), (M) glucose tolerance tests, and (N) insulin levels during glucose tolerance tests in WT 
and Gal-3 HET mice on HFD. Values are expressed as mean ± SEM n = 8–10 in each group, ∗p < 0.05, ∗∗p < 0.01 for KO versus WT (B–J), 
or HET versus WT (J–N). 



*This material is being provided to health care professionals and it is not intended to be used in marketing to customers.  |   www.betterhealthpublishing.com  |  707.583.8619

GALECTIN-3 AND INSULIN RESISTANCE   RESEARCH HIGHLIGHTS

Figures 2A-L.  Gal-3 Directly Induces Cellular Insulin Resistance. (A) Dose-response effect of Gal-3 on insulin-
stimulated glucose uptake in L6 myocytes. (B) Dose-response effect of Gal-3 on insulin-stimulated glucose uptake in 
3T3-L1 differentiated adipocytes. (C) Effect of Gal-3 on gluconeogenesis in primary mouse hepatocytes. (D) Effect 
of CRD-Gal-3 on insulin-stimulated glucose uptake in L6 myocytes. (E) Circulating Gal-3 levels after injection of 
0.2 mg/kg recombinant Gal-3. (F–K) (F) Effect of exogenous Gal-3 treatment (0.2 mg/kg) on glucose tolerance, (G) 
glucose-induced insulin secretion, (H) and insulin tolerance in chow-fed insulin-sensitive mice. Effect of Ad-Gal-3 on 
glucose tolerance, (I) insulin tolerance, (J) and insulin levels (K) in chow-fed mice. (L) Effect of CM from IP-Macs on 
insulin-stimulated glucose uptake in L6 myocytes. Values are expressed as mean ± SEM, n = 8–10 in each group, ∗p < 
0.05, ∗∗p < 0.01.
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Figures 3A-F.  Gal-3 Inhibitor Improves Insulin Sensitivity. (A and B) (A) The Gal-3 inhibitor (compound 47) mitigates 
the Gal-3 and (B) CRD Gal-3-induced decrease in insulin-stimulated glucose transport in L6 myocytes. (C and D) 
(C) The Gal-3 inhibitor blocks Gal-3 and (D) CRD Gal-3-stimulated HGO in primary hepatocytes. (E) Single-dose 
treatment with the Gal-3 inhibitor (50 mg/kg, intraperitoneal injection) improves glucose tolerance in HFD mice. (F) 
Two-week treatment with the Gal-3 inhibitor (6.4 mg/kg) via an osmotic mini-pump improves glucose tolerance in 
HFD mice. Values are expressed as mean ± SEM, n = 8–10 in each group, ∗p < 0.05, ∗∗p < 0.01.

Galectin-3 activates PPARγ and supports white adipose tissue formation and high-fat diet-induced obesity23

The effect of Gal-3 on the differentiation of preadipocyte 3T3-L1 cells was determined. The levels of Gal-3 mRNA 
and protein increased during adipocyte differentiation (Fig. 4A, B). To identify the role of Gal-3 in adipocyte 
differentiation, Gal-3 expression was stably silenced in 3T3-L1 cells. The 3T3-L1 cells were infected with Gal-3 small 
hairpin (sh)RNA lentiviruses, and Gal-3 depletion was confirmed in shRNAs 2 and 5 (Fig. 4C). The 3T3-L1 cells were 
induced with dexamethasone, 3-isobutyl-1-methylxanthine, and insulin (DMI) and differentiated for 8 days. Gal-
3-depleted 3T3-L1 cells showed significantly delayed adipocyte differentiation and lipid accumulation, compared 
with control 3T3-L1 cells (Fig. 4D, E). Consequently, they had a low expression of PPARγ, ccaat enhancer-binding 
protein (C/EBP)α, C/EBPβ, and fatty acid-binding protein 4 (FAB4) (Fig. 4F). These data suggest that Gal-3 might be 
a positive regulator of adipocyte differentiation.

The interaction between Gal-3 and PPARγ was investigated. HEK293 cells were cotransfected with FLAG-
tagged Gal-3 and hemagglutinin (HA)-tagged PPARγ. After 48 hours, cells were harvested, and cell lysates 
were immunoprecipitated using anti-FLAG beads. Interactions between exogenously expressed Flag-Gal-3 and 
HA-PPARγ were confirmed in HEK293 cells by Western blot with anti-Flag and anti-HA antibodies (Fig. 5A). 
Furthermore, interaction between endogenous Gal-3 and PPARγ was confirmed in 3T3-L1 cells (Fig. 5B). To 
determine the effect of Gal-3 on PPARγ transcriptional activity, Gal-3 was knocked down by shRNA in HEK293 cells 
with a transiently transfected PPARγ response element (PPRE) reporter in the absence or presence of rosiglitazone, 
a PPARγ agonist (Fig. 5C). Gal-3 depletion significantly reduced PPARγ transcriptional activity with and without 
rosiglitazone compared with small hairpin LacZ. Using immunocytochemistry, it was found that the expression and 
nuclear localization of PPARγ were decreased by Gal-3 silencing in 3T3-L1 cells (Fig. 5D). These data suggest that 
Gal-3 might positively regulate PPARγ expression and transcriptional activity by direct interaction.
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Male lGal-3+/+ and lGal-3-/- (n = 5) mice were fed a high-fat diet containing 60% fat for 12 weeks, and the 
phenotypes were characterized. Male lGal-3-/- mice had a lower body weight than lGal-3+/+ mice (Fig. 6A,B), 
even though food intake did not differ between these 2 groups (Fig. 6C). Moreover, lGal-3-/- mice exhibited less 
epididymal white adipose tissue (eWAT) and a lower eWAT to body weight ratio than lGal-3+/+ mice (Fig. 6D,E), 
suggesting that high-fat diet-induced obesity was induced less in lGal-3-/- mice. However, brown adipose tissues 
and liver weight were not different between these 2 groups (Fig. 6F,G).

Many reports indicate that obesity is related to the risk of type 2 diabetes mellitus and hyperlipidemia.24, 25 The 
regulation of blood glucose and plasma free fatty acids was examined in lGal-3-/- mice (Fig. 6H,I). Despite increased 
body weight and adiposity in lGal-3+/+ mice, fasting blood glucose and plasma free fatty acids were not different 
between lGal-3+/+ and lGal-3-/- mice.

There was a reduced adipocyte size in eWat of lGal-3-/- mice fed a high-fat diet (Fig. 7A), indicating that reduced 
adiposity in eWAT was not due to a decrease in adipocyte number. High-fat diet-induced triglyceride levels were also 
lower in the eWAT of lGal-3-/- mice (Fig. 7B). Interestingly, the expression of adipose triglyceride lipase (ATGL) was 
significantly increased in the eWAT of lGal-3-/- mice fed a high-fat diet (Fig. 7C). Taken together, it was found that a 
reduced adipocyte size in the eWAT of lGal-3-/- mice fed a high-fat diet was caused by increased ATGL levels.

Fatty liver diseases are often exhibited in obesity, but a histological analysis of the livers showed no difference 
between the lGal-3+/+ and lGal-3-/- mice. Therefore the expression of lipogenic genes was measured by a DNA 
microarray analysis. The mRNA expression of PPARγ, C/EBPα, FABP4, FAS, NADP-dependent malic enzyme 
(Me1), acetyl-CoA carboxylase 1 (Acaca), acyltransferase (Acyl), and Slc25a1 was reduced in the liver tissues of 
lGal-3-/- mice (Fig. 7D). Real-time RT-PCR analysis was also used to confirm that mRNA expression of PPARγ, C/
EBPα, FABP4, and FAS was relatively low in liver tissues of lGal-3-/- mice (Fig. 7E). This suggests that Gal-3 might 
influence lipogenic genes in the liver, stimulating systemic obesity.
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Figures 4A-F.  Gal-3-depleted 3T3-L1 cells exhibit retardation of adipocyte differentiation. A, Level of Gal-3 mRNA 
during adipocyte differentiation. B, Level of Gal-3 protein during adipocyte differentiation. C, Gal-3 stably silenced 
3T3-L1 cells. The 3T3-L1 cells were infected with Gal-3 shRNA lentiviruses (pLKO.1-puro vector) and selected by 
puromycin. D, Adipocyte differentiation of Gal-3 stably silenced 3T3-L1 cells. Cells were treated with DMI for 8 
days, and ORO staining was performed on adipocytes. E, Measurement of lipid accumulation. Stained ORO dye was 
eluted with 100% isopropanol and measured using the OD500. F, Western blot analysis of adipogenic factors in Gal-3 
stably silenced 3T3-L1 cells and relative density as quantified by ImageJ software (National Institutes of Health). 
Protein expression of adipogenic factors was normalized to β-actin. Data are presented as mean ± SEM (n = 3 for 
each lane). *, P < .05, **, P < .01, and ***, P < .001 for small hairpin LacZ vs small hairpin Gal-3, -2, and -5. 
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Figures 5A-D.  Gal-3 interacts with 
PPARγ and increases its transcriptional 
activity. A, Coimmunoprecipitation 
of exogenous Gal-3 (Flag tagged) and 
PPARγ (HA tagged) in HEK293 cells. 
Cell lysates were immunoprecipitated 
using anti-Flag beads. B, 
Coimmunoprecipitation of endogenous 
Gal-3 and PPARγ in 3T3-L1 cells. C, 
Luciferase activities of PPRE in HEK293 
cells. HEK293 cells were cotransfected 
with small hairpin Gal-3, PPRE, and 
β-galactoside and then treated with 20 
μM rosiglitazone. Luciferase activities 
were normalized to β-galactoside 
activity. D, Immunocytochemistry 
of Gal-3 and PPARγ in Gal-3 stably 
silenced 3T3-L1 cells. Data are 
presented as mean ± SEM (n = 3 for 
each lane). *, P < .05 and **, P < .01 for 
small hairpin LacZ vs small hairpin Gal-3. 

Figures 6A-I.  lGal-3−/− mice are resistant 
to high-fat diet-induced obesity. A and 
B, Bodyweight of wild-type and lGal-
3−/− mice fed a high-fat diet (60% fat) 
for 12 weeks. C, Grams of food pellets 
consumed per day. D, Weight of eWAT. E, 
eWAT weight per body weight. F, Weight 
of brown adipose tissue. G, Weight of 
liver. H, Blood glucose levels, measured 
after 5 hours of fasting. I, Level of plasma 
free fatty acids. Data are presented as 
mean ± SEM (n = 5 for wild-type and 
lGal-3−/− mice fed a high-fat diet). *, P < 
.05 for wild-type vs lGal-3−/− mice. 
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Figures 7A-E.  lGal-3−/− mice exhibit decreased adiposity and altered ATGL expression in eWAT. A, 
Adipocyte size of eWAT sections stained with hematoxylin and eosin (H&E). Size measurement was 
performed using ImageJ software (National Institutes of Health). B, TG content in eWAT. TG accumulation 
was measured with a TG assay kit. C, Real-time RT-PCR analysis of Gal-3 and ATGL in eWAT. D, Microarray 
analysis of liver tissue showed decreased expression of PPARγ, C/EBPα, FABP4, FAS, Me1, Acaca, Acyl, 
and Slc25a1. E, Real-time RT-PCR analysis of genes in the liver, including Gal-3, PPARγ, C/EBPα, FABP4, 
and FAS. mRNA expression of lipogenic factors was normalized to β-actin. Data are presented as mean ± 
SEM (n = 5 for wild type and lGal-3−/− mice fed a high-fat diet). *, P < .05, **, P < .01, and ***, P < .001 for 
wild-type vs lGal-3−/− mice.

Association of Galectin-3 With Diabetes Mellitus in the Dallas Heart Study26

Data were analyzed from the Dallas Heart Study (DHS) to explore the association between plasma Gal-3 and 
diabetes incidence. The DHS is a population-based, single-site, multiethnic cohort study conducted in Dallas 
County, Texas, to identify factors that may contribute to cardiovascular disease. There were no inclusion or exclusion 
criteria for this study. Residents of Dallas County were selected at random to get an accurate representation of the 
county at the time that the DHS cohort was assembled.

Phase 1 of the DHS (DHS-1) enrolled 6101 individuals between 2000 and 2002. All individuals completed a 
protocol-based, in-home visit to collect demographic information, family history, and medical history. Participants 
aged 30 to 65 years were invited to undergo a collection of fasting blood samples (n = 3557).

Phase 2 of the DHS (DHS-2) took place between 2007 and 2009 and enrolled participants who completed 
phlebotomy visits in DHS-1 and were alive and willing to return for the second visit; additional volunteers (spouses 
and significant others of DHS participants), who did not participate in DHS-1, supplemented the cohort. All 
participants completed a health survey and fasting blood sample collection (n = 3401).

Gal-3 levels in DHS-1 were associated with diabetes incidence occurring between DHS-1 and DHS-2 (Fig. 8). 
Univariable and multivariable models, using both log-transformed Gal-3 and sex-specific quartiles, supported the 
association between Gal-3 level and diabetes incidence (data not shown).
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Figure 8.  Diabetes incidence between DHS-1 and DHS-2, 
according to Gal-3 quartiles at DHS-1.

Figures 9A-J.  Gal-3 inhibition prevented adipose tissue fibrosis and inflammation 
in obese rats. Bodyweight (a); epididymal and lumbar adipose tissue weights 
normalized by tibia length (b); adiposity (c); and energy intake (d) in rats. Gal-3 
mRNA levels and Gal-3 immunostaining (e); adipocyte size (f); quantification and 
representative photographs of adipose tissue sections stained with picrosirius 
red (g); Col1a1, Col6a1, Col6a2, and Col6a3 mRNA levels (h); OPN and CCL2 
mRNA levels (i); and peroxisome proliferator-activated receptor-gamma 
(PPARγ), lipoprotein lipase (LPL) and aP2 mRNA levels (j). All conditions were 
performed at least in triplicate. Histogram bars represent the mean ± s.e. m. of 
each group of animals, in arbitrary units normalized to hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) for cDNA or as a percentage of staining. 
Magnification × 40. *P < 0.05, **P < 0.01 vs control; †P < 0.05, ††P < 0.01 vs HFD.

Galectin-3 inhibition prevents adipose tissue 
remodeling in obesity27

Male Wistar rats were fed with a standard diet 
(n = 16) or an HFD (n = 16) for 6 weeks. Half of 
the animals of each group received P-MCP. HFD 
animals presented an increase in body- (Fig. 9A), 
epididymal-, and lumbar adipose tissue (Fig. 9B) 
weights, as well as an increase in adiposity (Fig. 
9C) and energy intake (Fig. 9D). P-MCP did not 
modify any of these parameters (Fig. 9A-D). In 
obese rats, Gal-3 mRNA levels were increased 
in adipose tissue (Fig. 9E), an effect that was 
prevented with P-MCP treatment.

Obese animals presented an increase in 
adipocyte size (Fig. 9F), which was accompanied 
by the rise in pericellular collagen content (Fig. 
9G). Although P-MCP was not able to prevent 
the adipocyte hypertrophy, it stopped the 
increase in collagen content found in obese 
animals (Fig. 9F, G). Moreover, obese animals 
presented an increase in extracellular matrix 
(ECM) components such as Col1a1, Col6a1, 
Col6a2, without modification in Col6a3 mRNA 
levels (Fig. 9H) in adipose tissue. P-MCP 
treatment blocked the increase in ECM 
components observed in HFD rats (Fig. 9H).

Diet-induced obesity increased mRNA levels 
of osteopontin (OPN) and chemokine ligand 
2 (CCL2) in adipose tissue as compared with 
control rats, effects that were prevented with 
P-MCP (Fig. 9I).

HFD rats presented an increase in PPARγ, 
lipoprotein lipase (LPL), and aP2 mRNA levels 
(Fig. 9J). P-MCP prevented the increase in 
markers of differentiation observed in obese rats.



SUMMARY 
Gal-3 is a hematopoietic cell-secreted factor that can directly cause decreased insulin signaling and insulin 
resistance and, at the same time, promote adipose tissue inflammation. Gal-3 also activates PPARγ to play 
an essential role in adipogenesis. In humans, circulating Gal-3 is associated with diabetes incidence. Finally, 
P-MCP prevented adipose tissue fibrosis, inflammation, and the increase in adipocyte differentiation markers 
in a model of diet-induced obesity. This all suggests that inhibition of Gal-3 with P-MCP could be an anti-
obesogenic and anti-diabetic therapeutic avenue to achieve improved adipose tissue function, insulin 
sensitivity, and glucose tolerance.
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