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ABSTRACT

Bladder cancer affects 430,000 people globally and results in 165,000 deaths yearly.  Overall incidence and 
mortality rates have changed little over the last two decades, illustrating the need for novel therapies. One such 
treatment is the checkpoint inhibitor, which serves to “release the brakes” on the immune system and allowing 
the body to heal itself. Patient response to checkpoint inhibitors is limited in bladder cancer so far, which has led 
investigation toward combining immune checkpoint inhibition with other targeted agents to overcome resistance. 
The protein galectin-3 (Gal-3) is a worthy target for combination treatment, because it is highly expressed in human 
bladder transitional-cell carcinomas, and is involved in many activities relevant to the tumor microenvironment. 
Modified citrus pectin (MCP is a well-studied Gal-3 inhibitor, and therefore may play a salutary role when combined 
with immune checkpoint therapy. This selected research review highlights two studies: one demonstrating that 
pharmacologic inhibition of galectin-3 inhibits adenocarcinoma growth and potentiates the effect of immune 
checkpoint inhibitors, and the other showing that MCP suppresses urinary bladder cancer (UBC) cell proliferation 
and survival in vitro and in vivo.

INTRODUCTION 
Immune Checkpoint Therapy in Bladder Cancer
Bladder cancer is the fifth most common cancer 
in the United States (US), and as of 2012, is the 
ninth most common cancer diagnosed worldwide, 
affecting 430,000 people and resulting in 165,000 
deaths annually.1, 2 The most significant risk factor for 
bladder cancer is tobacco smoking, and worldwide 
incidence rates correspond with smoking prevalence.2 
Although substantial time, effort, and funding have 
been dedicated to bladder cancer research, overall 
incidence and mortality rates have changed little over 
the past 20 years.1-3 Worldwide incidence rates have 
remained relatively stable for two primary reasons: 
(1) although smoking rates have declined, population
growth has resulted in a higher number of smokers;4

and (2) the current prevalence of bladder cancer
reflects smoking behaviors from 20 to 30 years ago
when cigarette smoking was more widespread, at least
in developed countries.5 Furthermore, even in high-
income countries where standards of care are high,
outcomes are relatively unchanged from 20 years
ago, contributing to the stagnant mortality rates. For
example, in Norway, 5-year relative survival among
men diagnosed with bladder cancer was 73% from
1994 through 1998 and 76% from 2009–2013.6 New
treatments are needed.

The premise of immunotherapy is for the body to 
heal itself. Immunotherapy functions by allowing or 
stimulating the immune system to do what it has 
evolved to do, namely, protect the body from foreign 
invaders and other threats. Although malignant cells 
exhibit differences in antigenicity from healthy cells 
that prime them as targets for the immune system, 
they have evolved a number of mechanisms that allow 
them to evade immune recognition.7 Cancer cells 
can downregulate the expression of tumor antigens 
(molecules that are unique to tumor cells) on the cell 
surface so that they are no longer detected as foreign.8 
They can express other proteins on the cell surface 
that induce immune cell deactivation,9 and they can 
induce cells in the tumor microenvironment to release 
cytokines, such as transforming growth factor-beta 
(TGF-β), that suppress immune responses while 
promoting tumor cell proliferation and survival.10

The potential of immunotherapy has energized research 
in this area, with a broad array of therapeutic modalities 
under investigation, including allogeneic stem cell 
transplants, antineoplastic vaccines, proinflammatory 
cytokines, chimeric antigen receptors, and adoptive 
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T-cell transfer, among others. One of the most promising
has been the use of monoclonal antibodies to block the
harmful co-signaling molecules that prevent an effective
immune response. The result of these “checkpoint”
inhibitors is the reinvigoration of T-cell–mediated
antitumor activity.11

The primary role of T cells is to distinguish healthy 
cells from pathogens or malignant cells through the 
activation or deactivation of various receptors on the 
T-cell surface. As mentioned previously, cancerous cells
can escape detection through cell surface molecules
that interact with the receptors on T cells to, in
essence, mimic the signals released by healthy cells.
The result is an immune system that remains inactive
against malignant cells, allowing their unregulated
growth and proliferation. Because these molecules and
their associated receptors on T cells keep the immune
system “in check,” by impeding immune functioning,
they are collectively called checkpoint proteins.
Checkpoint inhibitors interfere with the effects of these
checkpoint proteins, which serve to “release the brakes”
on the immune system.

Three checkpoint targets (programmed death ligand-1 
[PD-L1] programmed cell death protein-1 [PD-1], and 
cytotoxic T-lymphocyte associated protein 4 [CTLA-
4]) have been the primary focus of investigation for 
the treatment of bladder cancer, and have inhibitor 
agents either approved or in late-stage development. 
In the late 1990s/early 2000s, the binding of PD-L1, 
found on the surface of tumor cells, to PD-1 found on 
activated T and B cells and macrophages, was shown 
to result in a net immunosuppressive effect (See 
Fig. 112; 1 in reference12)13-15 In addition to bladder 
cancer cells, PD-L1 is expressed on the cell surface 
of numerous cancers, including melanoma, renal 
cell carcinoma, lung cancer, head and neck cancers, 
ovarian cancer, and hematologic malignancies, and 
is found in healthy tissues, such as heart, lung, and 
placenta.16, 17 Agents that inhibit PD-L1 include 
atezolizumab, durvalumab, avelumab, and BMS-
936559 (MDX-1105); and inhibitors of PD-1 include 

nivolumab and pembrolizumab. Another checkpoint 
molecule that has been extensively studied is CTLA-
4, which is expressed exclusively on T cells. CTLA-4 
has been implicated in the regulation of immune 
system functioning since the mid-1990s when it was 
shown that loss of CTLA-4 led to lymphoproliferation 
and fatal multi-organ tissue destruction in mice.18, 19 
Ipilimumab and tremelimumab are two agents that 
block the activities of CTLA-4.

Levels of PD-L1 expression have been shown to 
correlate with bladder cancer severity and outcome. 
It has been found that tumors that express higher 
levels of PD-L1 (on tumor cells) are more likely to 
be considered high-grade, and patients experience 
higher frequencies of postoperative recurrence 
and poorer survival in organ-confined disease.20-22 
Also, PD-L1 tumor cell expression is associated with 
increased resistance to Bacillus Calmette–Guérin 
(BCG) vaccine therapy, which is thought to be related 
to the associated suppression of the immune system, 
since a fully functioning immune system is required 
for BCG efficacy.21 In contrast, a recent study found 
that PD-L1 expression did not differ between non-
muscle invasive bladder cancer (NMIBC) and muscle-
invasive bladder cancer (MIBC), and that the PD-L1 
expression in tumor-infiltrating mononuclear cells (in 
immune cells) was predictive of longer overall survival 
(OS) times in patients who developed metastases and 
received subsequent chemotherapy. It is suspected 
to be due to the specificity of these cells against the 
tumors. Overall, cancers with the highest mutational 
burden, such as bladder cancer, seem to benefit the 
most from checkpoint blockade because of the greater 
T-cell-mediated antitumor immune response elicited
by these cancers.23

Despite the immense amount of investigation into 
checkpoint inhibitors for bladder cancer,12 patient 
response is limited, thus driving intensive research 
toward combining immune checkpoint inhibition 
with other targeted agents to overcome resistance.24 
Tumor-associated macrophages (TAM) are present 
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Combining PD-L1 Blockade with Galectin-3 Antagonism
One possible target for such combination treatment is galectin-3 (Gal-3), a member of a protein family defined by 
affinity for β-galactoside-containing glycoconjugates and a conserved carbohydrate-recognition-binding domain.31 
Gal-3 is widely expressed in several cell types such as macrophages, fibroblasts, activated T-lymphocytes, 
and epithelial cells,32-34 and is highly expressed in high fatality cancers such as human bladder transitional-cell 
carcinomas.35 Additionally, Gal-3 involves Akt as a modulator molecule in protecting bladder carcinoma cells 
from tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL).36 Gal-3 can directly enhance cell 
proliferation,37 apoptosis resistance,38, and metastatic potential.37, 39 It is also an essential constituent of the 
tumor microenvironment, acting on endothelial cells to promote angiogenesis.40 Furthermore, many studies have 
revealed the inhibitory effects of Gal-3 on activated cytotoxic T lymphocytes CTLs,41-44 and it has shown to be 
essential for M2 macrophage differentiation.45, 46 Hence, Gal-3 forms an ideal candidate target for combining with 
checkpoint blockade.

RESEARCH REVIEW

in the stroma of many tumors.25 TAMs acquire an 
alternative (M2)-like macrophage phenotype and 
secrete angiogenic and anti-inflammatory cytokines, 
which contribute to the immunosuppressive milieu 
of the tumor microenvironment.26 TAMs can also be 
important direct targets of PD-1/PD-L1 inhibition and 
can also promote drug resistance by removing anti-
PD-1 antibodies from T cells.27, 28 Indeed, macrophage 

depletion via colony-stimulating factor-1 receptor 
(CSF-1R) blockade improved T-cell infiltration and 
antitumor activity of PD-1 antagonists in preclinical 
models of melanoma and breast cancer,29, 30 suggesting 
that strategies aimed at inhibiting macrophage 
responses are necessary to permit effective immune 
checkpoint therapy.

A B
Figure 1. Mechanism of action of PD-1 
and PD-L1 inhibitors. A. PD-L1 binds to 
PD-1 and inhibits T-cell killing of tumor 
cells. B. Blocking PD-L1 or PD-1 allows 
T-cell killing of tumor cells. MHC = major 
histocompatibility complex; PD-1 =
programmed cell death protein-1; PD-L1 =
programmed death ligand-1.
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Citrus pectin is a soluble dietary fiber derived from the white pith of citrus fruit peels. It can be modified (MCP) 
with a specific pH and heat controlled enzymatic treatment to yield a product with a low molecular weight of 
<15 kilodaltons (kDa) and a degree of esterification under 5% so that it can be absorbed from the small intestinal 
epithelium into the circulation.47 Research on MCP has reported wide-ranging benefits, much of which relates to its 
antagonism of Gal-3.48 Thus, it is reasonable to assume that Gal-3 inhibition with MCP could favorably interact with 
the checkpoint blockade to inhibit bladder cancer.

This white paper highlights vital research demonstrating the Gal-3 inhibition potentiates the effect of immune 
checkpoint inhibition, as well as evidence that MCP inhibits urinary bladder cancer (UBC) cell proliferation and 
survival in vitro and in vivo, mainly by acting through Gal-3.

SELECTED RESEARCH REVIEW
An Orally Active Galectin-3 Antagonist Inhibits Lung 
Adenocarcinoma Growth and Augments Response to 
PD-L1 Blockade49

The combined effect of Gal-3 inhibition and immune 
checkpoint inhibition was examined. In this study, treatment 
with a novel small molecule Gal-3 inhibitor GB1107 
was delayed until day 6 postimplantation. Delayed 
administration of GB1107 alone did not reduce tumor 
burden and administration of an anti-PD-L1 antibody 
administered twice weekly intraperitoneally from day 6 also 
had no impact on tumor growth. However, a combination 
of GB1107 and anti-PD-L1 antibody treatment significantly 
potentiated the effect of the single agents (reduced tumor 
volumes and weights) (Figs. 2A,B; 5A,B in reference 49). 
The reduced tumor growth in the combination group was 
associated with an increase in PD-1+ CD8+ T cells and 
reduced CD206 expression in macrophages (Fig. 2C; 5C in 
reference 49). This was combined with a significant decrease 
in tumoral αSMA (data not shown) and an increase in 
expression of T-cell cytotoxic mediators (IFNγ perforin-1, 
granzyme B, and fas ligand) (Fig. 2D; 5D in reference 49) 
and an increase in the apoptosis marker cleaved caspase-3 
(Figs. 2E,F; 5E,F in reference 49) but was not associated with 
changes in tumor cell proliferation as determined by Ki-67 
IHC staining (data not shown). There was a corresponding 
reduction in Gal-3 protein levels within GB1107-treated 
tumors (data not shown). Together the data suggest that 
combination therapy with the Gal-3 inhibitor GB1107 and 
PD-L1 blocking antibody promotes tumor cell apoptosis 
and cytotoxic CD8 T-cell activation.

Figures 2A-F. Combination therapy with galectin-3 inhibitor GB1107 and 
PD-L1 blocking antibody promotes tumor cell apoptosis and cytotoxic 
CD8 T-cell activation. On day 6, mice bearing subcutaneous LLC1 tumors 
were randomized into four groups and received either no treatment (n 
= 8), α-PD-L1 neutralizing antibody (200 μg twice weekly i.p.; n = 8), or 
GB1107 (10 mg/kg once daily orally; n = 8) or α-PD-L1 plus GB1107 (n = 
8). Tumor volumes (A) and weights (B) on day 16 are shown. C, Tumor-
infiltrating immune populations were analyzed by flow cytometry (n = 4). 
D, Total RNA was extracted from tumors in each group and qPCR was 
used to assess relative gene expression. E and F, IHC staining of cleaved 
caspase-3 was quantified. Scale bars, 100 μm. Data represent mean ± SE 
from a single (A, B, and D–F) or two (C) independent experiments. Two-
way ANOVA with Tukey’s post hoc test was used to test for differences in 
tumor volume and cleaved caspase-3 IHC scores. One-way ANOVA and 
Fisher LSD test were used to compare tumor weights, and qPCR and flow 
cytometry data were compared using two-tailed t tests. *, P < 0.05; **, P 
< 0.01; ***, P < 0.001. ns, nonsignificant.
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Modified citrus pectin inhibited bladder tumor growth through downregulation of galectin-350

MCP inhibited tumor growth via induction of cell cycle arrest and apoptosis in UBC cells in vitro (Figs. 3A-C) and 
in vivo (Figs. 4A-F). MCP reduced the expression level of its potential binding protein Gal-3 (Fig. 5), which is 
overexpressed in high grade UBC samples and indicative of poor overall survival. Subsequent downstream effect 
by MCP treatment includes the inactivation of Akt signaling pathway, but not MAPK signaling pathway (Fig. 5).

GALACTIN-3 & PDL-1: BLADDER CANCER  

Figures 3A-C. MCP impaired the viability of UBC cells. a Morphological changes of T24 and J82 UBC cells upon MCP treatment for 
48 h. b Effects of MCP on cell viability by the sulforhodamine B (SRB) assay. T24 and J82 UBC were treated with MCP at the indicated 
concentrations for 72 h. All experiments were independently repeated three times. Bars represented mean ± SD vs. vehicle control. **P < 
0.01; ***P < 0.001
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Figures 4A-F. MCP inhibited the growth of UBC xenografts in vivo. Tumor volume (a) and body weight 
(b) of T24 xenograft-bearing mice with MCP treatment for 6 weeks. Three experimental groups,
including 700 mg/kg MCP, 350 mg/kg MCP and Vehicle control, were measured. Photograph (c)
and the average weights (d) of T24 xenografts harvested at the endpoint. e Representative images
of IHC staining for Ki67, cleaved Caspase-3 (cv Caspase-3) and Gal-3 on tissue sections from MCP 
and vehicle-treated T24 xenografts. f Proliferation index and apoptosis index were quantified by the
positive IHC staining for Ki67 and cleaved Caspase-3, respectively. Bars represented the mean ± SD.
n.s., P ≥ 0.05; *P < 0.05; **P < 0.01
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Figures 5. MCP suppressed 
Galectin 3 expression and Akt 
signaling pathway. T24 and J82 
cells were treated with MCP with 
the indicated concentrations 
for 48 h, followed by Western 
blotting assay
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SUMMARY 
Pharmacologic inhibition of galectin-3 inhibits adenocarcinoma growth and potentiates the effect of immune 
checkpoint inhibitors. Also, MCP suppressed UBC cell proliferation and survival in vitro and in vivo. The 
combined treatment of MCP and immune checkpoint therapy represents an attractive strategy for treating 
bladder cancer.
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