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Targeting Galectin-3 Protein in Drug Development

By: Peter G. Traber, MD

INTRODUCTION

failure and arrhythmia, and diabetes. In heart failure, for example, levels of serum gal-3 correlate with poor prognosis.

Fibrogenesis is a major cause of morbidity and mortality, and

Starting in 2006, interest in gal-3 significantly increased

anti-fibrotic agents have been termed a holy grail of drug devel-

based on experiments in gal-3 null mice, which are otherwise nor-

opment. The galectin-3 (gal-3) protein appears to be critical to

mal but do not express the gal-3 protein. These gal-3 null mice,

the process of fibrogenesis, and targeting gal-3 could potentially

when insulted in various ways, were found to be resistant to the

treat a broad spectrum of diseases.

development of fibrosis in multiple organs, including liver, lung,

Two approaches have been taken to develop drugs that bind

kidney, and heart. These data suggest that gal-3 is critical to the

gal-3. One involves modified disaccharides (TD139), and the

process of fibrogenesis, a major cause of morbidity and mortality

other uses large polysaccharides that contain galactose (GR-MD-

in patients and one of the most important unmet medical needs.

02). Studies are being conducted on the use of GR-MD-02 in non-

In fact, anti-fibrotic agents have been termed a holy grail of drug

alcoholic steatohepatitis (NASH), chronic inflammatory skin

development with multiple pharma and biotech companies seek-

diseases, including plaque psoriasis and atopic dermatitis, and

ing new drugs.

in combination cancer immunotherapy.

DRUGS TARGETING GALECTINS
WHY GALECTIN-3 IS AN ATTRACTIVE DRUG
TARGET

Two approaches have been taken to develop drugs that bind
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gal-3: Modified disaccharides (TD139; Galecto Biotech), and
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The galectin-3 (gal-3) protein is an intriguing new drug target

large polysaccharides that contain galactose (GR-MD-02;

to treat a variety of human disorders, a number of which represent

Galectin Therapeutics). Both approaches yield molecules that are

large unmet medical needs. Gal-3 is a member of a family of

not well absorbed orally and must be given parenterally, although

lectin proteins that binds to galactose-containing glycoproteins.

TD139 is being delivered by the inhaled route in a Phase I study

First discovered as a major expressed protein in macrophages,

in IPF (idiopathic pulmonary fibrosis). Galectin Therapeutics has

gal-3 is expressed in many cell types in the body but predomi-

taken the approach of using a modified, naturally occurring car-

nantly in immune cells. Expression of gal-3 is increased in many

bohydrate polymer that contains chains of galactose as a drug

chronic inflammatory and fibrotic diseases, as well as in multiple

that binds to gal-3 (GR-MD-02).

types of cancer cells. Because the immune system is involved in

There are significant differences in the binding properties of

many diseases, the targeting of gal-3 has a broad spectrum of

these two drugs, with TD139 having higher affinity for the carbo-

potential disease targets, including organ fibrosis (ie, liver, lung,

hydrate recognition domain of gal-3 but GR-MD-02 having a

and kidney), skin disease, ocular disease, atherosclerosis, heart

binding stoichiometry of ~5 molecules of gal-3 per drug molecule

and binding to a broader area of amino

scarring, or cirrhosis. Gal-3 is markedly

acids in gal-3. While it is unknown how

upregulated in liver disease and has effects

these differences may affect ultimate effec-

on the two main liver cell types involved in

tiveness, it is notable that both molecules

fibrogenesis: macrophages and stellate

had a similar effect in a mouse model of

cells (Figure 1). Inhibition of gal-3 may re-

lung fibrosis.

duce the fibrogenic myofibroblasts, reduce

FIGURE 2

macrophage recruitment and activation,
and potentially increase the macrophage

CLINICAL STUDIES UTILIZING
GR-MD-02

activity to reduce collagen and fibrosis.
GR-MD-02 has been shown in mouse
models of NASH to reduce fat, inflamma-

GR-MD-02 is being used currently in

tion, and cell death and to both prevent

three areas of development: 1) chronic in-

and reverse fibrosis (Figure 2A and 2B).1

flammation and fibrosis in non-alcoholic

In this mouse model of NASH, gal-3 is

steatohepatitis (NASH); 2) chronic inflam-

markedly increased in macrophages (Fig-

matory severe skin diseases, including

ure 2C), and this is significantly reduced

plaque psoriasis and atopic dermatitis,

with GR-MD-02 treatment (Figure 2D). Ad-

and; 3) combination immunotherapy for

ditionally, in a toxic model of rat cirrhosis,

cancer. While the major value driver for

GR-MD-02 has been shown to reverse fi-

GR-MD-02 is as a NASH drug, there are

brosis and cirrhosis (Figure 2E and 2F), de-

early clinical results showing efficacy in se-

spite continuation of the toxic insult, and

vere skin disease.

partially reverse the portal hypertension

Liver Fibrosis & NASH

associated with cirrhosis.2 Portal hypertension is the primary reason for complica-

tions in humans with NASH cirrhosis and
a potentially acceptable regulatory endpoint in clinical trials.

multiple models, including liver (fatty liver

Based on these robust preclinical find-

and toxin induced), kidney, lung, pul-

ings, GR-MD-02 therapy in development is

monary artery, and heart fibrosis. NASH

being directed at patients with NASH cir-

was chosen for development of GR-MD-02

rhosis, with the goal of reducing portal

because it is one of the most common liver

pressure by reducing fibrosis and thereby

diseases, with 1 in 4 individuals in the

improving outcomes. After obtaining an

world having fatty liver and about 2% of

IND for NASH with advanced fibrosis and

those destined to die of complications of
NASH cirrhosis. There are currently no approved drugs for NASH. NASH is recognized as one of the largest potential
markets for drug development today, with
the global market in 2025 predicted to be
as large as $40 billion.
NASH is a chronic disorder with fat
accumulation in the liver resulting in inflammation, cell death, and progressive fibrosis
leading over decades to the end stage of

Gal-3 effects on macrophages and
stellate cells in liver. Gal-3 is
produced by macrophages and
activated stellate cells into the
microenvironment of the liver.
Green lines = gal-3 production, red
lines = gal-3 action, black lines =
results of gal-3 action. Gal-3 has
multiple effects including 1)
activation of stellate cells to
myofibroblasts; 2) recruitment of
monocytes to the liver macrophage
pool; 3) activation of macrophages
into subtypes, producing cytokines
and potentially macrophages that
digest collagen.

fast-track designation, two Phase I trials
and an exploratory Phase II trial were completed showing good safety and a lack of
drug interactions. This led to the currently
underway Phase IIb clinical trial in patients
with NASH cirrhosis and portal hypertension (NASH-CX).
There are a number of important elements in the NASH-CX trial. First, it is one
of only three currently ongoing clinical trials in NASH cirrhosis, and the next one to

Vol 17 No 4

FIGURE 1
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Preclinical results show that GR-MD02 has significant anti-fibrotic effects in

Experimental effects of GR-MD-02
in two animal models of liver
fibrosis. A and B show liver
collagen staining (red) of mice with
NASH, control and treated with
GR-MD-02, respectively. C and D
show liver gal-3 staining (brown)
of mice with NASH, control and
treated with GR-MD-02,
respectively. E and F show liver of
rats treated with toxin to induce
cirrhosis, control and treated with
GR-MD-02, respectively. N =
nodules associated with cirrhosis;
arrow = broken strand of collagen.
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read out top line data in this calendar

FIGURE 3

year. The trial has enrolled 162 patients in

that there may be clinical activity in other

three treatment arms, placebo and two

gal-3 dependent disorders. Importantly,

doses of drug, with a treatment duration of

there is a higher incidence of psoriasis in

52 weeks. The primary endpoint of the

patients with NASH. While significantly

trial is the baseline adjusted reduction in
portal pressure as assessed by hepatic venous pressure gradient (HVPG), which is
directly related to patient outcomes and is

Photographs of patient with severe
psoriasis at baseline and following
treatment with 13 doses of GR-MD02, 8 mg/kg administered every 2
weeks.

potentially an acceptable regulatory end-

more development work and formulation
will be required to demonstrate clinical utility, these findings open up an entirely new
target area for severe skin diseases, with
potential market utility in the relatively un-

point for provisional approval with follow

disease not known to resolve itself natu-

derserved area of moderate-to-severe

up outcomes data. Additionally, secondary

rally. In addition to this clinical finding, re-

atopic dermatitis.

endpoints will evaluate change in liver

search publications suggested the potential

biopsy, serum biomarkers, complications,

importance of galectin-3 in psoriasis.

Cancer Immunotherapy

and several non-invasive measures of liver

On this basis, an exploratory, open-

Gal-3 expression is increased in most

structure and function including FibroScan

label, Phase IIa trial was conducted in five

cancers and secreted into the tumor mi-

(Echosens) and 13C methacetin breath test

adult patients with moderate-to-severe

croenvironment. There are multiple effects

(Exalenz). The study is powered at >80%

plaque psoriasis [PASI (Psoriasis Area and

of gal-3 in cancer (Figure 4), including the

to demonstrate a difference in HVPG of at

Severity Index) ≥ 12 and BSA (Body Sur-

promotion of angiogenesis and metastasis

least 2 mmHg, a change which is poten-

face Area) ≥ 10%]. One patient had an

and decreased apoptosis of tumor cells,

tially clinically significant in these patients.

80% reduction in PASI 30 days after their

macrophage M2 polarization, increased

More than 25% of subjects have com-

last infusion (13th) (Figure 3), while the

chemotaxis to recruit more macrophages,

pleted the trial, and it is on track to report

other four patients reached 50% reduction

and enhanced macrophage gal-3 secre-

top line data in December 2017.

in PASI by their 10th infusion.

tion, and T-cell apoptosis and impairment

milestone in NASH therapy as well as a

is a link between the galectin-3 protein and

proof-of-concept for therapies directed at

disease activity in atopic dermatitis with in-

gal-3. Most of the many current ongoing

creased amounts in the skin of patients and

clinical trials in NASH are directed to ther-

reduced disease in mice with atopic der-

apy in pre-cirrhotic NASH, but the NASH-

matitis that lack the galectin-3 protein.
GR-MD-02 treatment of severe and re-

more advanced patients with NASH cirrho-

fractory atopic dermatitis was also studied
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Scientific studies also show that there

sis. Success in this area could be a break-

in three patients in an open label, investi-

through finding for liver cirrhosis and

gator-initiated study. All three patients

additionally open the possibilities for gal-

showed clinical response as determined by
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The NASH-CX trial is a significant

CX trial is the next trial to read out in the

3 targeted therapy in fibrotic disorders of

reduction of the Eczema Area and Severity

other organs.

Index (EASI) score at week 12 having re-
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skin diseases, providing some confidence

Clinically Meaningful Effect of GR-MD-

02 in Psoriasis & Atopic Dermatitis

Serendipity struck the GR-MD-02 clinical development program when a patient

ceived six every-other-week doses, with
two patients achieving a 64% and 74% reduction in EASI, respectively, at 6 weeks
after receiving only three doses of GR-MD02.

enrolled in a Phase I NASH trial had a re-

These early clinical results demon-

markable remission of her psoriasis, a skin

strate activity of GR-MD-02 in two severe

of TCR signaling reducing the ability of im-

FIGURE 4

Gal-3 effects on cancer cells,
macrophages, and T-cells in the
tumor microenvironment. Gal-3 is
produced by both tumor cells and
macrophages and has the effects
of 1) promoting angiogenesis and
metastasis and decreasing
apoptosis of tumor cells; 2)
promoting macrophage M2
polarization, increasing chemotaxis
to recruit more macrophages, and
enhancing gal- secretion; 3)
promoting T-cell apoptosis and
reducing TCR signaling thereby
blocking immune effect on tumor
cells.

mune system to kill tumor cells.
The Providence Cancer Center (Port-

GR-MD-02 HAS A STRONG
SAFETY PROFILE

land, OR), recently reported early results
of

GR-MD-02

combined

with

it has oral inhibitors in preclinical development, and Galectin has a discovery program for identification of small molecule

pem-

In each of the clinical trials with GR-

inhibitors of gal-3. Such oral inhibitors will

brolizumab (KEYTRUDA®) in patients with

MD-02, the drug has shown to be safe and

likely open many possibilities for galectin-

advanced melanoma, oral/head and neck

well tolerated, with no serious adverse

directed therapies for a broad range of

cancer (OHN), and non-small cell lung

events ascribed to the drug. At this time,

cancer (NSCLC). Six subjects, five with ad-

the total number of doses of GR-MD-02 ad-

vanced melanoma, were enrolled in the

ministered to humans is nearly 3000. This

lowest dose cohort (2 mg/kg GR-MD-02)

is encouraging for the development pro-

with one partial response and one mixed

gram, given the high rate of drugs that are

response in the five melanoma patients.

dropped from development based on sig-

Figure 5 is a chest CT scan of the patient

nificant toxicities. Additionally, given that

with a partial response showing a marked

GR-MD-02 is a complex carbohydrate, it

reduction in tumor size at week 12 of ther-

is metabolized via different mechanisms

apy, after three doses of combined GR-MD-

than typical small molecule drugs, and a

02 and pembrolizumab.

lower likelihood of toxicities based on drug
metabolites is anticipated.

FIGURE 5

human disease. u
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and combination chemotherapy will add
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Chest CT scan of the patient with a
partial response showing a
marked reduction in tumor size at
week 12 of therapy, after 3 doses
of combined GR-MD-02 and
pembrolizumab.
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