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Abstract
Galectins comprise a relatively large family of carbohydrate-binding proteins that recognize and bind to β-D-galactoside resi-

dues expressed on a variety of different molecules. Advances in the study of their biological activities demonstrate potential func-
tions in cancer progression, inflammatory, immune, and fibrotic responses which have recently translated to target the galectins as 
novel therapeutic strategies to address unmet medical needs. This review will summarize the therapeutic applications of galectin 
antagonists to treat human diseases currently in clinical trials.

A. Introduction
The β-galactoside-binding lectins are widely expressed in 

many different species including primitive organisms such as the 
slime mold, Dictyostelium discoidin, described in 1975 as discoi-
din (1). The search for the presence of similar β-galactoside-bind-
ing proteins in vertebrates led to the discovery of “electrolectin” 
extracted from the electric eel (2) and galectins from mammalian 
tissues of calf heart (3) and chicken organs (4). Studies to charac-
terize the binding epitopes of electrolectin led to the early discov-
ery of thiodigalactoside (TDG) as a strong commercially available 
antagonist. TDG has since been used as a lead structure for the 
rational design of potent small molecule glycomimetic antagonists 
of the galectins now in clinical trials (5). Currently, 15 different ga-
lectins have been described in mammals and 11 of them are found 

in humans. All of these galectins share a common sequence motif 
of about 130 amino acids known as the carbohydrate-recognition 
domain (CRD). While the binding motifs share similarities, slight 
differences of precise epitopes among the galectins have been iden-
tified and can be used to design antagonists with increased specific-
ity for particular galectins in this family (6, 7).

The galectin family can be divided into 3 subgroups depend-
ing on their macromolecular structures as shown in Fig. 1. The first 
subgroup contains the prototypic galectins containing one CRD 
per monomer (galectin-1, 2, 5, 7, 10, 11, 13, 14 and 15) which can 
combine to form homodimers. The second subgroup is divalent 
with 2 CRD domains forming a tandem repeat with a covalent 
linker (galectin-4, 6, 8, 9 and 12). Galectin-3 comprises the last 
subgroup and is unique in that it is a multivalent macromolecule 
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Fig. 1. Intramolecular interactions among the galectin family can promote multivalent lattice formation.

(Article for special issue on Galectins)
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with CRD’s expressed in the C terminus that may be linked togeth-
er by the N–terminal domain. Of these members, galectin-5, 6, 11 
and 15 are not found in humans.

A common feature among these subgroups is the ability to 
form multivalent interactions with expressed galactoside ligands 
on cell surfaces. The biological activities of the galectins are con-
sistent with the effects of multivalent interactions with target cells 
and may explain the molecular mechanisms of the galectins (Fig. 
1). Some examples are the requirement of multivalent interactions 
to induce activation of pathways, such as the NFkB pathway in 
tumor cells inducing chemoresistance, the signaling interactions of 
galectin-9 and 3 with T-cell checkpoint inhibitors TIM-3 and LAG-
3 to inhibit T-cell cytotoxicity for tumor cells (8, 9) and finally the 
multivalent lattice formation of galactosylated pro-collagen mol-
ecules to induce and promote fibrosis (10). Galectin antagonists 
such as highly potent univalent small molecule glycomimetics that 
can block the formation of galectin-mediated multivalent interac-
tions would be expected to have an advantage on the biological 
impact on these disease-associated mechanisms.

B. Indications for Clinical Applications
B-1. Cancer

Aberrant glycosylation is one of the hallmarks of oncogenic 
transformation. The increased expression of galectins has also been 
reported in a wide variety of cancers such as colorectal (11), lung 
(12), breast (13), pancreatic (14), and liver (15) and hematological 
malignancies (16). The interactions of galectins with their carbohy-
drate ligands in cancer have been reported to promote these malig-
nancies through mechanisms of inducing angiogenesis, metastasis, 
the apoptosis of immune cells, activation of chemoresistance path-
ways and immunosuppression of cytotoxic T-cells through check-
point inhibition.

The production of new blood vessels in the tumor microenvi-
ronment, a process known as angiogenesis, is induced by the acti-
vation of the vascular endothelial growth factor receptor (VEGFR) 
by vascular endothelial growth factor (VEGF) and is known to pro-
mote tumor growth and metastasis (17). VEGF is a validated target 
for cancer therapy and the approved drug, Bevacizumab is an anti-
VEGF antibody that blocks interactions with VEGFR. Interest-
ingly, galectin-1 has been shown to bind carbohydrates expressed 
on VEGFR and can activate it and stimulate angiogenesis in the 
absence of VEGF (18).

Metastatic spread of cancer cells throughout the bloodstream 
to distal sites proceeds by binding to the vascular endothelium fol-
lowed by extravasation and infiltration to target tissues. A common 
tumor-associated glycosylation alteration is the expression of a 
short galactose terminating carbohydrate known as the Thomsen-

Friedenreich (TF) antigen. Galectin-3 binds the TF antigen and is 
found at the endothelial surface with highly metastatic TF express-
ing breast cancer cells, but not a TF negative variant breast cancer 
cell line (19). In addition, patients with metastatic disease express 
higher levels of circulating galectin-3 in comparison with patients 
with localized, primary tumors (20). Galectin-2, 4 and 8 are also 
elevated in colon and breast cancer patients and function to ac-
cumulate and bind cancer cells to the endothelium as a first step in 
the metastatic process (21).

Galectins also promote tumorigenesis by binding cancer cells 
and activating tumor survival pathways. Galectin-3 expression 
is greatly elevated in pancreatic tumor tissue and when bound to 
these cells will activate the AKT pathway thereby inducing a well-
established chemoresistance in these cells (22). In KRAS-mutant 
cancers (lung and pancreatic), galectin-3 has been reported to bind 
integrin αvβ3 and promote KRAS-mediated activation of AKT and 
associated chemoresistance (23, 24).

Recent breakthroughs in cancer immunotherapy have relied 
on activation and promotion of the immune response to target and 
eradicate the patients’ tumor cells. One promising technique uses 
cytotoxic T-cells either acquired from the tumor (TILS), the bone 
marrow (MILS) or ex-vivo engineered CAR-T-cells. The success 
of these novel treatments is dependent on controlling the patient’s 
immunosuppressive responses to activated T-cells known as check-
point inhibition. Several drugs have been successfully approved 
that target the immunosuppressive interaction between PD-1 and 
its ligand PDL-1. Galectin-3 and 9 however have also been shown 
to induce strong immunosuppression of activated T-cells. These 
checkpoints are the glycan-dependent binding interactions between 
galectin-9 and TIM-3 (23) and between galectin-3 and LAG-3 
(24). Clearly there is an opportunity to design and develop galectin 
antagonists to block these checkpoint inhibitors and further pro-
mote the success of T-cell immunotherapy.
B-2. Cardiovascular Disease

Cardiovascular disease (CVD) is a silent killer and is a lead-
ing cause of death and disability worldwide. CVD progresses 
over time to cause cardiac remodeling associated with fibrosis and 
weakening of the cardiac tissues resulting in a condition known as 
heart failure (HF). After the diagnosis of HF, 60% of men and 45% 
of women will die within 5 years (25). Early diagnosis is critical 
for successful therapeutic intervention, but is currently lacking and 
is a recognized unmet goal. It is now well established that galec-
tin-3 functions in promoting fibrosis and is elevated during cardiac 
remodeling. In a large clinical study of 3,353 participants over 8 
years (26), the plasma level of galectin-3 was associated with the 
risk of incident HF with high statistical significance (p<0.0001). 
This observation is supported in several other studies. In the Aldo-
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sterone Receptor Blockade in Diastolic Heart Failure (Aldo-DHF) 
clinical trial with HF patients (27), Galectin-3 was associated with 
worse outcome independent of treatment. Likewise, the results of 
the Multicenter Automatic Defibrillator Implantation Trial With 
Cardiac Resynchronization Therapy (MADIT-CRT) clinical trial 
reported that elevated levels of galectin-3 are an independent pre-
dictor of adverse HF outcome (28). In another study (29) of 599 
subjects presenting in the emergency room with acute dyspnea, the 
circulating levels of galectin-3 were significantly higher among 
those dying within 60 days (p<0.001). The Deventer-Alkmaar 
Heart Failure (DEAL-HF) clinical study reported galectin-3 lev-
els in patients with chronic HF were an independent predictor of 
mortality (30). Using a multivariate model, the CARE-HF study 
showed the association of galectin-3 with elevated rates of death 
from HF. Even patients (n=592) with stable chronic heart failure, 
but with an ejection fraction of less than 35% (COACH study), 
galectin-3 was a prognostic marker of disease (31). Based on the 
consistent and reproducible association of Galactin-3 levels and the 
progression of CVD among many studies, the use of galectin-3 as 
a biomarker in the Emergency Department to guide clinical deci-
sions for the treatment of incoming patients has been proposed 
(32). An automated commercial assay for galectin-3 to be used in a 
hospital setting has been developed by Abbott laboratories on their 
ARCHITECT system and has been approved for the prognosis of 
chronic heart failure (33). Finally, as a biomarker, galectin-3 has 
been given a class II recommendation for the management of heart 
failure as stated in the ACCF/AHA guidelines (34).

While galectin-3 is acknowledged as a biomarker for cardiac 
fibrosis, pre-clinical studies have been advanced to determine 
whether it plays a functional role and can be considered a target for 
therapeutic intervention. Early studies using a homozygous trans-
genic rat model of hypertensive mediated heart failure (TGRm-
Ren2-27 rats), identified galectin-3 as the most overexpressed 
gene associated with HF. Galectin-3 co-localized with activated 
myocardial macrophages, induced cardiac fibroblast proliferation, 
collagen production and injection of galectin-3 into the pericardial 
sac of wild type rats induced left ventricular dysfunction of the 
heart (35). In another pre-clinical study, cardiac remodeling was 
induced by treating mice for 28 days with either angiotensin II or 
transverse aortic constriction. Wild type mice developed fibrosis 
and left ventricle (LV) hypertrophy and dysfunction. Treatment of 
galectin-3 knock-out mice resulted in significantly less fibrosis and 
LV hypertrophy. Furthermore, treatment of mice undergoing trans-
verse aortic constriction with the galectin-3 carbohydrate inhibitor, 
N-acetyllactosamine, attenuated cardiac remodeling suggesting a 
therapeutic benefit of targeting galectin-3 with small molecule an-
tagonists (36).

B-3. Fibrotic Diseases
Fibrosis is a debilitating process of tissue scarring and injury 

to organs that leads to irreversible functional decline and eventual 
failure. The biological features of this process are consistent with 
the functions of galectin-3 which include abnormal proliferation 
of fibroblasts and stellate cells, the excessive production of extra-
cellular matrix proteins including collagen, and the stimulation of 
angiogenesis. The roles of galectin-3 in the progression of fibrotic 
disease in different organs have been studied in pre-clinical models 
as well as clinical specimens. Both galectin-1 and 3 stimulate the 
proliferation of hepatic stellate cells and are upregulated in their 
transformation to myofibroblasts. The small molecule glycomimet-
ic antagonist of galectins-1 and 3, TDG, blocks these effects (37). 
Galectin-3 expression was upregulated and co-localized with fibro-
sis in human liver sections from patients with a variety of causes 
of liver fibrosis including, hepatitis B or C infection, primary bili-
ary cirrhosis, alcohol induced, or copper or iron overload. In a rat 
model of injury-induced liver fibrosis (CCL4-treated) galectin-3 
is strongly upregulated in fibrotic liver. Galectin-3 knockout mice 
(Gal-3−/−) in this model show significantly lower levels of colla-
gen, procollagen, smooth muscle actin and attenuated liver fibrosis. 
TGF-β levels were similar in Gal-3−/− mice suggesting that galec-
tin-3 is required for the effects of TGF-β on activation of myofibro-
blasts and extracellular matrix production (38).

Idiopathic pulmonary fibrosis (IPF) results from damage to 
the epithelial lining within lung alveoli which stimulates the dif-
ferentiation of these cells and fibroblasts into activated myoblasts 
secreting extracellular matrix proteins and promoting irreversible 
scarring. There is currently no effective treatment for IPF and the 
prognosis is usually poor. Patients with stable IPF express high 
levels of galectin-3 in their bronchoalveolar lavage fluid which 
rises during exacerbation and is not found in healthy lungs or in 
other lung diseases such a nonspecific pneumonitis (39). A classic 
IPF mouse model uses bleomycin to induce lung injury resulting in 
long term pulmonary fibrosis. When compared to control wild type 
mice, Gal-3−/− mice in this model have significantly reduced fibro-
sis as determined by reduced myofibroblast activation and collagen 
production. Treatment of wild type mice with the small molecule 
glycomimetic antagonist of galectin-3 known as TD-139, blocked 
β-catenin activation, collagen production and attenuated late-stage 
progression of lung fibrosis (39). Chronic Obstructive Pulmonary 
Disease (COPD) is a prevalent lung disorder that usually results 
from injury caused by cigarette smoking and effects an estimated 
80 million people worldwide. There are no effective therapies and 
patients gradually lose lung function eventually leading to death. 
Serum levels of galectin-3 in COPD patients are significantly 
higher during periods of acute exacerbation and are correlated with 
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the inflammation markers, hsCRP and pro-BNP (40). Using im-
munohistology of lung bronchial epithelium, incresed galectin-3 
expression and neutrophil accumulation were observed in the small 
airways of lungs from COPD patients compared to normal lungs 

(41).
As determined by studies using both pre-clinical models and 

clinical samples, the expression of galectin-3 is consistent with the 
presence of fibrotic disease in a wide variety of tissues and organs. 

Table 1. Clinical trials targeting the galectins and their ligands.

Sponsor Compound Proposed  
target Origin Indication Phase NCT Number Status

La Jolla Pharmaceuticals GCS-100 Galectin-3* Plant-based Chronic Kidney Disease 1 NCT01717248 Completed 
(n=29)

Chronic Kidney Disease 2 NCT00776802 Completed 
(n=120)

Refractory Solid Tumors 1 — Completed 
(n=24)

Chronic Lymphocytic  
Leukemia

2 NCT00514696 Completed 
(n=24)

Multiple Myeloma 1 NCT00609817 Terminated
Diffuse Large B-cell  

Lymphoma
2 NCT01843790 Withdrawn

Galectin Therapeutics DAVANAT 
(GM-CT-01)

Galectins-1&3* Plant-based Advanced Solid Tumors 1 NCT00054977 Completed 
(n=40)

Melanoma 2 NCT01723813 Unknown
Colorectal Cancer 2 NCT00388700 Withdrawn

Gallbladder Cancer 2 NCT00386516 Withdrawn
Colorectal Cancer 2 NCT00110721 Terminated

Galectin Therapeutics GR-MD-02 Galectin-3* Plant-based Metastatic Melanoma 1 NCT02117362 Recruiting 
(n=22)

NASH Advanced Fibrosis 1 NCT01899859 Completed 
(n=31)

Melanoma, Lung and Head & 
Neck Cancer

1 NCT02575404 Recruiting 
(n=22)

NASH Cirrhosis 2 NCT02462967 Completed 
(n=162)

NASH Advanced Fibrosis 2 NCT02421094 Completed 
(n=30)

Psoriasis 2 NCT02407041 Completed 
(n=10)

Massachusetts General 
Hospital

Modified Citrus 
Pectin

Galectin-3* Plant-based Osteoarthritis 3 NCT02800629 Recruiting 
(n=50)

High Blood Pressure 3 NCT01960946 Recruiting 
(n=80)

Galecto Bio TD139 Galectin-3 Synthetic  
chemistry

Idiopathic Pulmonary Fibrosis 2 NCT02257177 Complete 
(n=60)

Oncoethix GmBH OTX008 Galectin-1 Synthetic  
chemistry

Advanced Solid Tumors 1 NCT01724320 Unknown

Tesaro, Inc. TSR-022 TIM-3 mAb Advanced Solid Tumors 1 NCT02817633 Recruiting 
(n=627)

Eli Lilly and Co. LY3321367 TIM-3 mAb Advanced Solid Tumors 1 NCT03099109 Recruiting 
(n=172)

Novartis MBG453 TIM-3 mAb Advanced Malignancies 2 NCT02608268 Recruiting 
(n=250)

Hematologic Malignancies 
(AML and MDS)

1 NCT03066648 Recruiting 
(n=70)

*Specificity and in vivo targeting currently undefined.
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Through multivalent binding interactions with β-D-galactoside li-
gands, galectin-3 activates the process of fibrosis and therefore is 
a functional biomarker and presents a novel and promising target 
for a new class of therapeutic treatments to address unmet medical 
needs.

C. Galectin Antagonists
Many different strategies have been reported to target the ga-

lectins as antagonists in pre-clinical animal models. They include 
traditional small molecule drugs, antibodies and natural products. 
This report will focus on the antagonists currently being tested in 
human clinical trials.

C-1. Small Molecule Drugs
These drugs typically range in size from molecular weight 

500 to 1,000 and are selected to bind and inhibit the galectin target. 
They are tradition drug-like compounds that are chemically syn-
thesized and are highly characterized for purity, pharmacokinetics 
and toxicity. Strategies to discover these drugs range from large 
scale screening of galectin activity inhibition to rational design of a 
specific structure based on structure–activity relationships between 
the drug and its receptor on the galectin target. Glycomimetics are 
small molecule drugs that are rationally designed to bind the car-
bohydrate recognition domain (CRD) on the galectin target based 
on the bioactive conformation of the native carbohydrate ligand 
(42). TD139 is an example of a glycomimetic designed as a potent 
antagonist to galectin-3 (43) tested in a clinical trial for idiopathic 
pulmonary fibrosis (Table 1). One of the advantages of small mol-
ecule drugs is the potential to design a smaller structure with the 
proper characteristics (polar surface area, log D, H bond donors 
and acceptors) to be orally bioavailable. Small molecule drugs also 
benefit from controlled, reproducible, large scale synthesis result-
ing in highly characterized products and well-established proper-
ties of acceptable toxicity and pharmacokinetics. OTX008 is a 
small molecule drug that differs in being an allosteric inhibitor of 
galectin-1 (44). That is, it binds to different domain outside of the 
CRD on galectin-1 but is able to inhibit the CRD from binding this 
“other site” (allosteric). Allosteric inhibition, by nature, increases 
the risk of off-site activity from the target molecule.

C-2. Antibodies
Antibody drugs can be highly specific and maintain a long 

serum half-life, but are usually costly for commercial scale produc-
tion. While mouse monoclonal antibodies to the galectins have 
been tested in pre-clinical animal models (i.e., anti-galectin-1anti-
body, F8.67), no human or humanized anti-galectin antibodies are 
currently in clinical trials. Antibodies to TIM-3 which is a binding 
partner for galectin-9 (45) and a checkpoint inhibitor for T-cell me-
diated cancer immunotherapy are in clinical trials for the treatment 

of solid tumors (Table 1).

C-3. Natural Products
Natural products that have been reported to bind galectins 

are carbohydrate structures from various sources. More common 
oligosaccharides such as N-acetyllactosamine usually lack potency 
and drug-like properties to advance into drug development. A gly-
coprotein (TFD100) purified from cod fish is reported to have un-
usually high affinity for galectin-3 (46). Most of the natural prod-
ucts now in clinical trials are pectins derived from several different 
plant sources. Pectins are large heterogeneous glycans ranging in 
molecular weights from 60,000 to 130,000. The natural products 
now being tested in the clinic are GCS-100 derived from citrus, 
GR-MD-02 from apples, DAVANT from guar gum and MCP 
which is a modified citrus pectin. These large glycans from plant 
pectins lack specificity for a particular galectin and their precise 
binding interactions are not well-characterized and activities are 
controversial (47).

D. Clinical Trials
Nine (9) programs targeting the galectins or their associated 

ligands have been registered on www.clinicaltrials.gov (see Table 
1). While these trials span a variety of indications, the majority of 
clinical trials are focused on fibrotic diseases and cancer indica-
tions.

GCS-100
GCS-100 is a complex polysaccharide that was prepared from 

modified citrus pectin by La Jolla Pharmaceuticals. Following 
Phase I dose-escalation safety studies in patients with refractory 
solid tumors and chronic kidney disease, the company completed 
separate Phase II studies in patients with chronic kidney disease 
and chronic lymphocytic leukemia (CLL).

The results of the Phase II study in CLL were presented at the 
American Society of Clinical Oncology (ASCO). In this study, 25 
patients with recurrent CLL were treated at a dose of 160 mg/m2 
of GCS-100 in a 5-day regimen, given every 21 days. In this ex-
ploratory trial, GCS-100 was well-tolerated with no cases of drug-
related grade 3 or 4 hematological toxicity or other serious adverse 
events reported. Two patients discontinued treatment due to rash 
(Grade 3 erythematous, maculopapular rash was the dose-limiting 
toxicity (DLT) in Phase I), which resolved with cessation of treat-
ment. As for efficacy, twelve (50%) patients had stable disease and 
six (25%) patients experienced a partial response, including 4 pa-
tients with >50% shrinkage of lymph node lesions.

The results of the Phase II study in chronic kidney disease 
were presented at the American Society of Nephrology’s Kidney 
Week Annual Meeting. In this trial, blinded subjects were ran-
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domized 1 : 1 : 1 to receive placebo, 1.5 or 30 mg/m2 GCS-100 IV 
weekly for 8 weeks, followed by a 5-week observational period. 
The 1.5 mg/m2 dose was chosen based on prior clinical activity and 
the 30 mg/m2 dose was chosen because it was the maximum toler-
ated dose (MTD) observed in Phase I. The primary endpoint in 
the trial was change in estimated glomerular filtration rate (eGFR) 
from baseline to week 8, comparing placebo to each dose group 
separately. A total of 121 patients were enrolled and 171 completed 
the study.

From a safety perspective, GCS-100 was well tolerated with 
no serious adverse events considered to be related to study drug. 
GCS-100, at a dose of 1.5 mg/m2, resulted in a statistically sig-
nificant (p=0.045) improvement in eGFR versus placebo after 8 
weeks of dosing (see table below). Interestingly, GCS-100’s effect 
on eGFR was more pronounced (p=0.029) in the prospectively 
defined subset of patients with diabetic etiology. Unfortunately, 
the statistically significant result at the 1.5 mg/m2 dose was con-
founded by a lack of consistent response in the 30 mg/m2 group. 
The investigator attributed this lack of effect to potential off-target 
drug effects, as this dose is 1,400-fold in excess, on a molar basis, 
vs. known circulating galectin-3 levels.

Despite plans to continue testing GCS-100 in patients with 
chronic kidney disease and expand the evaluation in other cancer 
settings, La Jolla Pharmaceuticals announced that they were dis-
continuing development of GCS-100 in 2015 following discussion 
with the Food and Drug Administration (FDA) after the Agency 
pointed out that the company would need to demonstrate the rela-
tive contribution of each component of the complex compound 
before advancing into late-stage development. In light of the time, 
expense and uncertainty of being able to adequately characterize 
the complex compound to the FDA’s satisfaction, La Jolla decided 
to terminate the GCS-100 program. Whether the same FDA “com-
bination product” requirement will be imposed on other modified 
citrus pectin-based compounds in development has yet to be deter-
mined.

DAVANAT (GM-CT-01)
DAVANAT is a polysaccharide, carbohydrate polymer, com-

posed of mannose and galactose (galactomannan) extracted from 
Guar seeds that was developed by Galectin Therapeutics (previous-
ly known as Pro-Pharmaceuticals). A Phase I open-label trial was 
completed in cancer patients with advanced solid tumors (mini-
mum of 12 weeks to live) that were not amenable to surgery, radia-
tion, or chemotherapy. While the objectives of this study were to 
determine the safety and pharmacokinetics of DAVANAT (280 mg/
m2) as a single agent, and when administered in combination with 
5-fluorouracil (5-FU), efficacy was also assessed as per RECIST 

criteria A total of 20 subjects were enrolled in the trial, all of whom 
had at least two previous chemotherapy treatments. DAVANAT in 
combination with 5-FU, (500 mg/m2), given four times monthly 
until disease progression or unacceptable toxicity. While combina-
tion treatment was well-tolerated, median progression free survival 
was 8.4 weeks and only one objective response was reported.

While a series of Phase II trials were planned in patients with 
cancer in the US and Europe, these trials were never initiated with 
status reported as “withdrawn/terminated” on www.clinicaltrials.
gov.

GR-MD-02
GR-MD-02 is a polysaccharide derived through chemical 

processing and modification from pharmaceutical grade apple 
pectin. The investigational new drug (IND) application was filed 
in 2013 and following completion of Phase I studies, the company 
has focused its attention on the use of GR-MD-02 for the treatment 
of liver fibrosis, plaque psoriasis, and in cancer therapy in combi-
nation with immune-system modifying agents. Specifically, two 
Phase II trials were conducted in liver fibrosis associated with fatty 
liver disease (NASH)—the NASH CX trial in patients with cir-
rhosis and the NASH FX trial in patient with advanced fibrosis, but 
not cirrhosis.

The NASH FX trial was the first of the liver fibrosis stud-
ies to report top-line results. Specifically, this was an exploratory 
trial that enrolled 30 patients with advanced fibrosis (Brunt Stage 
3 fibrosis within 12 months of randomization) and treated them 
for four months duration. Patients were randomized to either GR-
MD-02 (8 mg/kg) or placebo given IV every other week for 16 
weeks (total of 9 doses). While the investigational therapy was 
found to be safe and well-tolerated with no serious adverse events 
reported, the trial failed to show a statistically significant differ-
ence on the primary endpoint of fibrosis using LiverMultiScan 
(Perspectum Diagnostics) or show any difference on secondary 
endpoints of liver stiffness (MRE) or fibrosis (FibroScan).

The second Phase II study of GR-MD-02 in NASH (NASH 
CX Trial) enrolled a total of 161 patients who were randomized 
1 : 1 : 1 to either 8 mg/kg or 2 mg/kg of GR-MD-02 or placebo ev-
ery other week for 52 weeks, for a total of 26 doses. The primary 
endpoint for this well-powered study was change in hepatic ve-
nous pressure gradient (HVPG) and secondary endpoints included 
changes in FibroScan and 13C-methacetin breath test, an indicator 
of liver metabolism. Like the exploratory NASH FX trial, GR-
MD-02 was found to be well tolerated with only two serious ad-
verse events deemed to be possibly related to study drug (transient 
ischemic attack and worsening of hyponatremia) by the Principal 
Investigator. With regards to efficacy, the NASH CX trial failed 
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to demonstrate a statistically significant difference on the primary 
endpoint at either dose level. As part of the data analysis, a statisti-
cally significant effect of GR-MD-02 on HVPG was observed in 
the subgroup of NASH cirrhosis patients without esophageal vari-
ces (81 patients or 50% of total study group). Unfortunately, this 
difference in HPVG was limited to the low dose of 2 mg/kg (no 
effect was observed with the 8 mg/kg dose on several of the same 
post-hoc analyses). Despite this ambiguous outcome and prior 
failed study in a similar population (NASH FX trial), the company 
has announced that it intends to pursue a Phase III trial in this sub-
population of NASH patients without esophageal varices and has 
recently filed an application with the FDA for Breakthrough Thera-
py Designation for this indication.

Initial results from an open-label, Phase II pilot study with 
GR-MD-02 (8 mg/kg given every other week for 13 infusions) in 
5 patients with moderate to severe plaque psoriasis (biopsy proven 
psoriasis and active moderate to severe plaque psoriasis with a 
psoriasis area and severity index (PASI) of ≥12 and at least 10% 
of involved body surface area) reported an improvement in PASI 
of 51.9%. While an improvement in PASI ≥75% from baseline is 
the typical benchmark for continued development, the results are 
considered encouraging, albeit in a small, uncontrolled, open-label 
trial.

Investigator-initiated studies combining GR-MD-02 with 
Keytruda (Pembrolizumab; a programmed death receptor-1 
[PD-1]-blocking antibody) and Yervoy (Ipilimumab; a human 
cytotoxic T-lymphocyte antigen 4 [CTLA-4]-blocking antibody) 
in patients with melanoma are being sponsored by the Providence 
Portland Medical Center. While enrollment in this open-label 
combination study with Keytruda is ongoing, encouraging early 
clinical data has been reported in the first two cohorts with 5 of 8 
patients with advanced melanoma achieving an objective response 
(2 complete responses and 3 partial responses). Given the lack of 
control, it is too early to decipher whether these responses are due 
to incremental anti-tumor activity of GR-MD-02 over what would 
be expected with Keytruda-alone.

TD139
In contrast to plant-based complex compounds, Galecto Bio 

has taken a rational drug design approach and synthesized a highly 
potent, selective small-molecule antagonist of galectin-3 (TD139). 
Formulated as a dry-powder for inhalation, TD139 recently com-
pleted a phase I/II randomized, double blind, placebo controlled, 
clinical trial with results presented at the 2017 American Thoracic 
Society Annual Meeting. The initial part of this trial was a ran-
domized, double-blind, placebo-controlled, single-ascending dose 
trial that evaluated the safety, tolerability, pharmacokinetics and 

pharmacodynamics of TD139 in 36 healthy men. Once a dose was 
selected, the second part of the study consisted of a randomized, 
double-blind, placebo-controlled, multiple dose expansion trial that 
evaluated the safety, tolerability, pharmacokinetics and pharmaco-
dynamics of TD139 in 24 patients with idiopathic pulmonary fibro-
sis (IPF). For eligibility, patients had to have a forced vital capacity 
≥45% predicted and a forced expiratory flow/forced vital capacity 
ratio ≥0.7. After consent, patients were randomly assigned in a 
blinded fashion to receive a single dose of TD139 or placebo once 
daily for 14 days in a 2 : 1 (TD139 to placebo) ratio.

Dosing of TD139 in both healthy volunteers and patients 
(dosing: 0.3 mg, 3 mg, and 10 mg once daily for 14 days) was well 
tolerated without causing serious side effects. By performing bron-
choscopies before and after the treatment period, the investigators 
were not only able to confirm TD139 delivery to the target tissues, 
but they were also able to detect biomarker reductions in galectin-3 
expression on bronchoalveolar lavage macrophages. As elevated 
galectin-3 concentrations are associated with interstitial lung ab-
normalities coupled with a restrictive pattern, including decreased 
lung volumes and altered gas exchange, these early results are 
considered quite promising. Based on these encouraging results, a 
phase IIb study is planned in patients with IPF to further investi-
gate the effects of TD139 in this patient population.

OTX008
OTX008 is a calixarene-based compound and galectin-1 

inhibitor given by subcutaneous administration. While a Phase I 
trial in patients with advanced solid tumors is currently listed as 
actively recruiting (last update provided in 2012), the overall status 
of the program remains unknown following the acquisition of On-
coEthix by Merck in 2014.

Anti-TIM-3 Monoclonal Antibodies
Given its role in limiting the anti-tumor response of T-cells, 

there has been increasing attention focused on TIM-3, the ligand 
for galectin-9, as an emerging immunotherapy target. Currently, 
there are three (3) anti-TIM-3 monoclonal antibodies in early-stage 
development—TSR-022 (Tesaro Inc.); LY3321367 (Eli Lilly and 
Co.); and MBG453 (Novartis). Each of these programs are evaluat-
ing the safety and efficacy, either as monotherapy or in combina-
tion with anti-PD-1 antibodies, in patients with advanced solid 
tumors or hematologic malignancies. As there has not been any 
public disclosure of clinical data from these corporate-sponsored 
trials, the early results from these Phase I programs are greatly 
anticipated for clinical proof-of-concept and to further support the 
theory that blocking negative regulators of immune function will 
overcome resistance and enhance response rates.
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E. Conclusions
Galectins are a family of carbohydrate-binding proteins that 

have evolved from primitive organisms to play a variety of bio-
logical roles in humans that in certain conditions can impact or 
promote disease. As shown in Fig. 1, all human galectins have the 
ability to form multivalent molecules which can interact with gly-
cans on cell surfaces to activate pathways or to bind glycosylated 
molecules to form biologically active lattices. Examples include 
the activation of the NFkB pathway in tumor cells to promote sur-
vival and chemoresistance or the immunosuppression of T-cells by 
galectin-9 and 3 at checkpoints with TIM3 and LAG3 respectively. 
Galectin-1 can bind cell surface VEGFR and stimulate angiogen-
esis in the absence of VEGF or in the presence of VEGF inhibi-
tors. Likewise, galectin-3 can bind and activate myofibroblasts to 
produce glycosylated procollagen and establish multivalent lattices 
thereby promoting fibrosis. In fact, galectin-3 is now recognized as 

functional biomarker in the ACCF/AHA guidelines for the treat-
ment of heart failure. These biological functions translate into op-
portunities to target the galectins for therapeutic intervention for a 
variety of cancers and fibrotic diseases. Strategies range from the 
design of potent synthetic small molecule antagonists (i.e., gly-
comimetics) to natural products. Recent heightened interest from 
pharmaceutical and biotechnology companies have resulted in the 
initiation of many new clinical trials (Table 1) to test these novel 
therapies. Some of these strategies will be more successful than 
others and as the galectins become validated pharmaceutical tar-
gets, opportunities for translational research for other carbohydrate 
binding proteins in the field of Glycobiology (i.e., siglecs, selec-
tins, etc.) will advance and be recognized as a relatively untapped 
source of novel therapeutics for unmet medical needs.
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