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C
hronic illnesses such as cancer, cardiovascular disease, 
diabetes and others share common metabolic and 
inflammatory derangements. Novel epidemiological 

forecasts predict that a new category of diseases may soon be 
established, classifying these chronic illnesses as “Elevated 
Galectin-3 Diseases.” 

Galectin-3 is a beta-galactoside binding lectin, ie, a carbohydrate 
binding protein with an affinity for beta-galactoside containing 
glycans (Iurisci 2000), expressed by epithelial and immune cells 
(Yu 2010). Several ligands for galectin-3 have been described, 
including lysosomal-associated membrane proteins 1 and 2,  IgE, 
laminin & fibronectin, and Mac-2 BP (aka 90K) (Iurisci 2000, 
Yu 2010); and the biological function of galectin-3 is the subject 
of increasing research. Although the molecule is normally present 
in the body at relatively low concentrations, levels are greatly 
increased in a variety of chronic 
diseases, granting galectin-3 
utility as a marker of disease risk 
and progression (Iurisci 2000). 
Notably, galectin-3 appears to be 
an active biomarker, as opposed 
to other surrogates such as 
C-reactive protein (CRP). 

Galectin-3 has been shown to be involved in a large number of 
biological processes, including inflammation, proliferation, and 
fibrosis. In cardiovascular disease, it is implicated in  mediating 
fibrosis (Lin 2009), while in cancer it appears to be active in 
promoting metastasis and angiogeneisis (Iurisci 2000). For 
instance, galectin-3 on the cell surface promotes interactions 
with glycans on adjacent cell surfaces, promoting tumor cell 
adhesion, invasion, and dissemination (Yu 2011). Conversely, 
suppression of galectin-3 expression in animal models results in 
reduced tumor growth and metastasis (Honjo 2001). Circulating 
galectin-3 may also play a role in the inhibition of anti-tumor 
T-cell activity (Peng 2008). 

In 2011, the groundbreaking PREVEND study (Prevention 
of REnal and Vascular ENd-stage Disease) found that elevated 
serum galectin-3 predicted a two-fold increase in all cause 
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mortality among the general population (deBoer 2011, 2012). 
A total of 7968 people were following for ten years, with overall 
mortality being 15.6% in the highest quintile, compared to 7.7% 
in the lowest quintile (De Boer 2011, 2012). For each standard 
deviation increase in galectin-3, there was a corresponding 46% 
increase risk in all cause mortality, HR 1.46 (95% CI 1.37-1.56, 
unadjusted), and this remained upon adjustment for age, gender, 
and classical risk factors (but not hs-CRP), HR 1.09 (1.01-1.19, 
p=0.036) (deBoer 2012). 

Galectin-3 can be expressed in the nucleus, cytoplasm, 
mitochondrion, cell surface, extracellular space, circulate freely in 
the blood stream (Brown 2012), and can be measured in blood 
samples as well as in tumor tissue samples. Normal serum levels 
range from 5.4-26.2 ng/mL in 95% of the population based on an 
analysis conducted by the BGM lab on 1099 samples from healthy 
patients (BG Medicine 2011). Recently, a blood test for galectin-3 
has been approved by the FDA for use in assessing prognosis in 
patients with chronic heart failure (FDA 2012). 

The Role of Galectin-3 in Chronic Disease Processes 

Cancer

Galectin-3 is over-expressed on the surface of cancer cells (Saleh 
2009), where it affects tumor growth through several mechanisms. 
First, galectin-3 acts as a cell surface adhesion molecule that 
allows cancer cells to aggregate (Tinari 2001). Second, galectin-3 
promotes the dissemination of cancer through the circulatory 
system, representing an important mechanism for cancer metastasis 
(Wang 2012). Finally, galectin-3 is also involved in angiogenesis 
(Nangia-Makker 2000, Yu 2007, Wang 2009, Zhao 2009). 

Evaluation of galectin-3 is gaining recognition as an assessment 
tool in oncology, in particular as a diagnostic marker and as a 
prognostic marker for different  cancers (Brown 2012, Chiu 
2010). Studies of galectin-3 in oncology to date have focused 
predominantly but not exclusively on levels of galectin-3 expression 
in tumor tissue, rather than on circulating galectin-3, which is the 
basis of the test in heart failure. Tumor expression of galectin-3 
may be elevated or suppressed depending on the cancer type and/ 
or stage; ie., “decreased expression of galectin-3 ... detected in 
breast cancer, colonic cancer, prostate cancer and head and neck 
cancer compared to that of corresponding normal tissues, [and 
increased] galectin-3 expression ... in pancreatic, vulvar and 
colonic carcinomas compared to normal tissues” (Brown 2012). 
More research on the topic is anticipated to be published in the 
very near future, however, studies of circulating galectin-3 thus 
far demonstrate an association with increased risk of cancer, and 
particularly with increased risk of metastasis. #e reason for the 
apparent lack of consistency in effect between tissue expression 
levels and circulating levels in not known at this time. 

As reported above, the PREVEND study found increased all cause 
mortality associated with circulating galectin-3 (deBoer 2012); for 

cancer specific mortality, there was a 41% increased risk among 
the highest quintile, HR 1.41 (1.28-1.56), unadjusted; though this 
relationship became insignificant after adjustment. 

Iurisci et al examined circulating galectin-3 in 99 cancer 
patients compared with 50 healthy subjects, finding that levels 
were significantly higher in cancer patients (p=0.014) (2000). 
Interestingly, when breast cancer patients only (n=35) were 
compared to normal subjects, there was no significant difference 
in galectin-3 levels, however, patients with metatstatic breast 
cancer had significantly higher galectin-3 compared to those with 
non-metastatic disease (p<0.032) (Iurisci 2000). Similar results 
were found for patients with gastrointestinal (GI) cancer (n=25), 
non-samll cell lung cancer (n=26). Among healthy subjects, median 
levels were 62ng/mL (range 20-313, 95th percentile 184.3 ng/mL), 
while maximum levels were found among patients with metastatic 
GI cancers: median 320ng/mL, range 20-950m/L) (Iurisci 2000). 

Saussez et al evaluated circulating galectin-3 in 102 patients 
with head and neck squamous cell carcinomas (HNSCCs) 
(2008). Galectin-3 levles were significantly higher in cancer 
patients compared to controls, median 3.2 and 2.39 ng/mL, 
respectively (p=0.03), and a threshold value of 4.3 ng/mL 
enabled discrimination between groups at 90% specificity and 
36% sensitivity (Saussez 2008). Notably, galectin-3 levels were 
significantly higher among five patients with metastatic disease 
compared with the 97 with localized tumors. Further analysis 
showed a “weak, but nevertheless significant, prognostic value 
in terms of periods of survival for HNSCC patients” based on 
being  over or under 4.3 ng/mL (Saussez 2008). Finally, levels of 
galectin-3 were found to decrease in response to treatment (chemo 
and/ or radiation and/ or surgery) of the primary tumor, compared 
to pre-treatment (p=0.001). 

Other members of the galectin family have been found to be 
elevated in patients with breast and colorectal cancer (Barrow 2011). 

More research is clearly needed to better evaluate the best use of 
this test in routine practice, however in the meantime galectin-3 
holds immense potential as a cancer prognostic marker. In 
addition, human trials monitoring the effect on galcetin-3 levels in 
response to cancer treatment are currently lacking (Pieters 2006), 
however this presents an intriguing area for future research. It is 
also worth noting that there is little report in the medical literature 
of any pharmaceutical galectin-3 inhibitors; instead, the primary 
agent discussed in review articles thus far has been a natural agent, 
modified citrus pectin (Pieters 2006).   

Cardiovascular Disease

As mentioned above, the galectin-3 blood test has recently received 
FDA approval as a prognostic test for chronic heart failure (2012). 
Several large studies have shown that elevated levels of plasma 
galectin-3 are significantly associated with higher risk of death in 
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patients with acute decompensated and chronic heart failure (De 
Boer 2011a, DeBoer 2011b, Lok 2010, Shah 2010). 

In the CORONA (Controlled Rosuvastatin Multinational Trial in 
Heart Failure) study, 1492 patients with ischaemic systolic heart 
failure were found to differentially respond to statin drugs according 
to their levels of galectin-3 (Gullestad 2010). Among patients who 
received rouvastatin, those whose plasma galectin-3 was below 
the median (≤19.0 ng/mL) had a 1) lower event rate [hazard ratio 
(HR) 0.65; 95% confidence interval (CI), 0.46-0.92; P= 0.014] 
and 2) lower total mortality (HR 0.70; 95% CI, 0.50-0.98; P= 
0.038) compared with placebo. Notably, there was no benefit from 
rouvastatin in patients with higher levels of galectin-3. 

Another key study was the HF-ACTION study (Felker 2012). 
In this study, galectin-3 levels were analyzed in 895 patients with 
chronic heart failure caused by left ventricular systolic dysfunction. 
Higher galectin-3 levels were associated with measures of heart 
failure severity, including “higher New York Heart Association 
class, lower systolic blood pressure, higher creatinine, higher 
amino-terminal proB-type natriuretic peptide (NTproBNP), and 
lower maximal oxygen consumption” (Felker 2012). 

Cardiac fibrosis is gaining significant attention as an important risk 
factor in cardiac disease, in particular chronic heart failure (CHF) 
(deFilippi 2010), and galectin-3 plays a central role in mediating 
fibrosis (Liu 2009). At a site of injury/inflammation, galectin-3 is 
secreted into the extracellular space, activating resting fibroblasts 
into matrix-producing fibroblasts, thus promoting fibrosis (Liu 
2009). Galectin-3 has also been found to beneficially impact other 
mechanisms associated with heart failure, including myofibroblast 
proliferation, inflammation and fibrogenesis, tissue repair, and 
ventricular and tissue remodeling (Liu 2009). 

Other Chronic Disease

Preclinical evidence suggests that elevated galectin-3 levels may be 
linked to an array of other chronic diseases, including autoimmune 
disease. Levels of circulating galectin-3 have been associated with 
active disease in patient’s with Behcet’s disease (Ozden 2011), 
juvenille arthritis (Ezzat 2011), and inflammatory bowel disease 
(Frolova 2009); while increased local levels have been documented 
in patients with liver disease (Honsawek 2011, Wanninger 2011) 
and asthma/ chronic obstructive pulmonary disease (Pilette 2007).  
Preliminary in vivo studies have found that achieving reductions 
in circulating galactin-3 levels delivers therapeutic benefit for the 
diseases in question: arthritis (Forsman 2011, Wang 2010A), 
inflammatory gastrointestinal conditions (Fowler 2006, Srikanta 
2010), hepatic disease (Honsawek 2011, Iacobini 2011), and 
asthma (Zuberi 2004). 

FDA Approved Galectin-3 Serum Assay 

#e direct link between galectin-3 and numerous acute and 
chronic disease states gives this novel molecule an important 

role in diagnostics and cardiovascular therapeutics, and this is 
becoming more widely accepted among the medical community, 
especially with the advent of a galectin-3 serum assay that can now 
accurately measure this “active” biomarker.  

#is inexpensive blood test can also be used by practitioners to assess 
cancer risk and progression, cirrhosis of the liver, kidney fibrosis, 
and other inflammation/fibrosis related conditions for which early 
detection is critical for optimal clinical outcome. Approximately 
20% of patients exhibit changes in their galectin-3 levels every 
three months, and current evidence supports checking glactin-3 
levels twice annually in those with stable disease (McCullough 
2011). Furthermore, according to McCullough “doubling in 
galectin-3 level over the course of 6 months, irrespective of 
baseline value, identifies a high-risk patient in whom additional 
care … could be warranted” (2011). (See Figure 1 below outlining 
the reference ranges for normal and elevated serum galectin-3 in 
relation to disease risk).

Unlike the “bystander” biomarker C-reactive protein (CRP) that 
only indicates the presence of inflammation, elevated circulating 
galectin-3 is recognized as an “active” or “culprit” biomarker, since 
research shows that it actively mediates progression of numerous 
chronic illnesses. #is means that galectin-3 is also a  potentially 
important therapeutic target.

Targeting Galectin-3 with Modified Citrus Pectin

Although there are strong associations between galectin-3 levels 
and heart failure prognosis, and an impressive body of preclinical 
research linking galectin-3 levels to a variety of diseases, at present 
there is a lack of human interventional data on therapies that can 
lower galectin-3. #ere is preliminary but promising data coming 
out of preclinical studies however, with respect to modified citrus 
pectin for galectin-3 inhibition (Kidd 1996, Nangia-Makker 2002B, 
Olano-Martin 2003). (See Figure 2 for recommended dosages). 

MCP is a form of citrus pectin that has been modified to a 
specific molecular weight and structure which allows it to be 
absorbed into the circulation and lends it its specific therapeutic 
properties. MCP is a complex polysaccharide fiber of repeating 
galacturonic acid groups with neutral sugar side chains. Regular 
(unmodified) citrus pectin derived from the pith of citrus fruit 
has a molecular weight of about 50-300 kiloDaltons, and a 
degree of esterification over 70%. #ese characteristics make 
regular pectin far too large to enter the blood stream. MCP can 
easily enter the circulation, however, when modified through a 
specific enzymatic process to achieve a molecular weight of 3-13 
kiloDaltons, a degree of esterification under 10%, and its present 
specific structure (Eliaz 2006, Zhao 2008, Pieters 2006, Kidd 
1996). Since galectin-3 is a beta-galactoside binding protein, 
and MCP is rich in beta-galactose, MCP has the ability to 
bind galectin-3, blocking galectin-3’s harmful effects (Nangia-
Makker 2002A).



ihpmagazine.com { September 2012 IHP | 55

FEATURE GALECTIN-3 AND MCP

MCP is the only natural galectin-3 inhibitor demonstrated in 
published research that can modify the expression of galectin-3 
through the natural galectin-binding affinity of its specific 
molecular structure, based on these authors’ literature review. For 
instance, a study in prostate cancer cells found that Gal-3 inhibition 
by antagonist GCS-100, a modified citrus pectin (MCP) product, 
increased cisplatin-induced apoptosis of PC3 cells (Wang 2010B). 
A mouse study found that MCP reduced colon cancer metastases to 
the liver (Liu 2008). In an animal model of an endothelial cancer, 
modified citrus pectin (MCP) caused a dose-dependent reduction 
in cancer cell survival by blocking galectin-3’s anti-apoptotic 
function (Johnson 2007). Furthermore, MCP sensitized cancer 
cells to doxorubicin such that the in vitro IC(50) of doxorubicin 
was reduced by 10.7-fold (Johnson 2007). Another study using 
breast and colon cancer xenografts models (transplanting cancer 
cell lines into animals and assessing growth) found that MCP 
was able to reduce growth, angiogenesis, and metastasis (Nangia-
Makker 2002B). Another study found that MCP was able to 
decrease the adhesion of cancer cells to matrix (Inohara 1994). 
One study found that MCP can induce activation of NK cells in a 
leukemia model (Ramachandran 2011). Yan found that MCP has 
antiproliferative effects in prostate cancer cells (2010). In addition, 
by inhibiting galectin-3’s anti-apoptotic function and enhancing 
apoptosis induced by cytotoxic drugs, MCP holds the potential to 
dramatically increase the efficacy of conventional chemotherapy 
(Najmeh 2012), as well as natural and botanical compounds. #ese 
synergistic effects have been demonstrated in preclinical studies 
(Johnson 2007, Wang 2010B) and warrant further investigation 
in human clinical trials. 

MCP: Beyond galectin-3

Two uncontrolled studies have examined the effect of MCP in 
cancer patients (Azemar 2007, Guess 2003). One study found a 

significantly higher PSA doubling time while on MCP for one 
year, compared to baseline in seven of 10 subjects (Guess 2003), 
while Azemar found that MCP increased ratings of quality of 
life overall after eight weeks (2007). Anti cancer effects were 
variable, with 11 of 29 assessable patients rated as having stable 
disease after 8 weeks (2 cycles), while 15 had progressive disease. 
Side effects included mild GI upset (flatulence, dyspepsia)  
and pruritis. 

MCP has been shown to possess chelating activity in humans. As 
reported previously in IHP, MCP is a safe and potentially effective 
chelator of heavy metals and radioactive particles (Gallant 2010). 
MCP does not deplete essential minerals as other chelation 
therapies often do, and four uncontrolled trials show that 
patients reduced their toxic metal load by up to 76% (Eliaz 2006, 
Zhao 2008). MCP was dosed as 5g three times daily for three  
to six months. 

Conclusion

As this important body of research continues to expand, 
galectin-3 testing is expected to become an integral component 
of cardiovascular and other screening panels -- as routine 
as assessing cholesterol levels. #ere are a number of major 
laboratories that currently offer galectin-3 testing and with this 
simple assay, practitioners can gain more accurate insight into 
the risk, progression and advancement of numerous chronic 
inflammatory diseases. With the emergence of further research, 
galectin-3 is poised to become an important marker of cancer 
prognosis. Conversely, we can observe our patients experiencing 
significant clinical improvements, through firstline lifestyle 
modifications as well as through use of agents that can reduce 
inflammation and expression of galectin-3 - key among them, 

Galectin-3 Reference Ranges Figure 1: Reference Ranges for 

Galectin-3 Serum Levels 

It’s important to recognize 
that while the mortality risk 
for patients with advanced 
progressive congestive heart 
failure increases significantly with 
galectin-3 levels over 17.8 ng/
ml, -- in the general population, 
any levels above 14 ng/ml already 
imposes significant increase in 
overall long term mortality risk. 
Approximately 20% of individuals 
have changes in their circulating 
Galectin-3 levels every 3 months 
that are associated with important 
changes in risk.

Extreme Risk:
> 17.8 ng/ml

 

 
and fibrosis in general population.

Increased Risk:
14.0-17.8 ng/ml

 
 

mortality in general populations.

Desired Levels:  

 
below 12 ng/ml.
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