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The inhibition of the Wnt signaling pathway has been recognized as a promising target in the continous search for

antitumor therapies. The altered functioning of the Wnt signaling in human tumors points to the therapeutic strategy of the

inhibition of its activity. Drugging the Wnt signaling pathway continues to be one of the promising approaches for future

tumor treatment, both alone and in combination therapy that would impact the clinical outcomes and survival of patients.
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1. Introduction

In the last thirty years, inhibitors of the Wnt signaling pathway have been identified and characterized along with the

functional explanation of the pathway’s molecular targets .

Wnt signaling is a conserved cellular pathway in all multicellular organisms that has been studied for more than four

decades. The name was coined from the names of two genes, mouse int-1 and Drosophila’s wingless (wg). The discovery

of a novel cellular proto-oncogene int-1, which was later on mapped to the chromosomal position of Drosophila gene wg,

launched the marvelous research on this essential pathway and its many important components.

It is generally accepted that Wnt signaling consists of canonical β-catenin and two non-canonical beta-catenin

independent pathways—the planar cell polarity (PCP) and the Wnt/Ca  . Canonical or classical Wnt signaling is involved

in processes of body axes formation during development and, in the morphogenesis of limbs, the central nervous system,

and other organs. In adult organisms, its role mainly lies in stem cell regeneration, regulation of proliferation, and

differentiation. Activation of the β-catenin Wnt pathway leads to the transcription of the Wnt target genes. The planar cell

polarity regulates the shaping of the cytoskeleton and the polarization of cells along the apical–basal plane, whereas the

Wnt/Ca  pathway regulates cytoplasmic concentration of calcium ions through their exit from the endoplasmic reticulum.

The aberrant canonical Wnt pathway is involved in the formation and evolution of various types of tumors . In addition,

the PCP and Wnt/Ca  pathways are thought to be important in the acquisition of metastatic properties, primarily because

of their role in cytoskeletal reorganization. There are 19 different Wnt ligands in mammals and humans that can activate

different Wnt signaling branches, depending on receptors, coreceptors, and other regulatory molecules at a given time.

Thus, some Wnt ligands can activate both canonical and non-canonical pathways, whereas others act specifically .

2. WNT Pathway Inhibitors

The reason for searching for inhibitors of the Wnt pathway is the hope that the inhibition would have a therapeutic effect

on tumors . For example, it has been observed that the silencing of β-catenin by siRNA has an inhibitory effect on the

growth of colorectal cancers in vitro and in vivo. When knocking down β-catenin in colon cancer cell lines carrying the

APC mutation, significant growth inhibition, differentiation, and reduction of proliferation occurred. However, after the

cessation of beta-catenin silencing, tumor growth rapidly recovered, suggesting that Wnt inhibitor therapy would require

continuous administration. Another strategy for Wnt pathway downregulationis the inhibition of the β-catenin interaction

with TCF, which has been shown to be antiproliferative and proapoptotic in adrenocortical tumor cell lines. Moreover,

compared to the knockdown of β-catenin, the knockdown of TCF4 has been shown to be more efficient. The inhibition of

the Wnt pathway by knocking down β-catenin has been successful in arresting tumor growth . Similarly successful

was the inhibition of the transcription factors and coactivators TCF, BCL9, and CBP. Molecules that meet these

requirements have been found. Parallel studies have also focused on examining the effect of growth inhibition of other

Wnt pathway components, for example, the FZD7 gene. A reduced ability of tumor formation in mice was found after the

transplantation of triple-negative breast cancer cell lines with knocked down FZD7. A similar effect was shown in

squamous cell carcinoma of the esophagus, where the lack of FZD7 inhibited cell growth, induced apoptosis, and
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suppressed migration. Inhibition of Wnt-1 and Wnt-2 ligands by siRNA or specific antibodies has also been reported to

promote apoptosis in non-small cell lung cancer cells .

Based on all these findings, molecular targets to which Wnt inhibitors are directed have been recognized, and the

inhibitors are usually divided according to their site of action .

In addition, inhibitors which enhance the activity of the so-called negative Wnt pathway regulators have also been

developed . Most of these molecules have been considered as inhibitors based on screening, i.e., testing thousands of

molecules, both synthetic and natural, to identify the most potent ones. Various tests were used to evaluate the inhibition,

most commonly the TOPFlash assay, which shows how much the examined molecules interfere with β-catenin-dependent

transcription of dTF12 (top flash-like luciferase reporter). In other cases, protein levels of β-catenin or other proteins were

measured using immunohistochemical or Western blot analyses or on mRNA level using the qRT-PCR method. Such

approaches have identified a very large number of molecules that inhibit the Wnt pathway. In order to summarize all the

inhibitors and to give the reader the immediate location of the target sites, an illustration is given in Figure 1.

Figure 1. Schematic representation of inhibitors targeting the canonical Wnt components.

The beneficial effect of Wnt inhibitors on other modalities of antitumor therapy has also been established. The first

interesting possibility was alleviating the resistance to checkpoint inhibitors by using Wnt inhibitors. It has been shown that

the upregulation of Wnt signaling can cause resistance to immune checkpoint inhibitor therapy by modulating the tumor

microenvironment through the interaction with tumor-associated macrophages, or by stimulating an acidic tumor

environment that is immunosuppressive to cytotoxic T lymphocytes. Thus, Wnt signaling helps the so-called immune cell

exclusion, preventing immune cells from reaching the tumor, and the tumor becomes resistant to checkpoint inhibitor

therapy. Several preclinical studies have shown that inhibition of the canonical Wnt pathway in parallel with the use of

checkpoint inhibitors can effectively overcome this resistance .

In line with these findings are the results of a phase 1 clinical trial using the porcupine inhibitor LGK974 in combination

with spartalizumab, a monoclonal antibody to PD-1, that reported impressive results in patients with several types of solid

tumors, including the stabilization of disease in 53% of urothelial carcinoma previously resistant to checkpoint inhibitors.

Besides influencing immunotherapy, the combination of Wnt inhibitors with taxanes also demonstrated superior clinical

response. Taxanes, including paclitaxel, nab-paclitaxel, and docetaxel, block the M-phase of cell division by acting on

microtubules. Wnt pathway components are involved in the cell cycle, too. β-catenin is necessary for the separation of

centrosomes in the formation of the mitotic spindle, whereas APC and Dishevelled participate in the regulation of

kinetochores binding and, together with FZD and LRP, affect the orientation of the spindle . Thus, the inhibition of Wnt
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signaling leads to spindle defects. Nab-paclitaxel in mice xenografts of pancreatic cancer caused an increase in the

number of cells in the G2-M phase and a three-fold increase in β-catenin levels in mitotic cells. The synergism of Wnt

inhibitors with taxanes could be generally explained by a dual effect on the disruption of cell divisions and also the

prevention of the Wnt pathway activation after taxane administration. The combination of ipafricept and vantictumab with

taxanes was evaluated on mouse xenografts of breast, ovarian, and pancreatic tumors. Wnt inhibitors have been shown

to potentiate the cytotoxic effect of taxanes by modulating Wnt pathway activity in mitotic cells but are less effective in

combination with S-phase blockers or platinum-based drugs. The optimized protocol of vantictumab and ipafricept, 25

mg/kg every 2 or 3 weeks, proved to be more effective and less toxic to the bone. For the optimal effect of this

combination, it is necessary to administer the Wnt inhibitor before taxane because reverse or concomitant use has been

shown to be less effective. Clinical trials of this drug combination have been described in the section on ipafricept .

3. Side Effects of WNT Inhibitors

Because an optimally regulated Wnt pathway ensures cellular differentiation as well as the regeneration of many tissues,

especially those with rapid cell turnover such as hematopoietic and gastrointestinal tissues, the inhibition of this pathway

carries serious risks of side effects. Side effects can be expected when inhibiting such an essential cellular pathway.

Nevertheless, early clinical trials have shown that the severity of side effects is not significant compared to the therapeutic

benefits. They are usually associated with the malfunction of tissue regeneration and could drastically limit the use of Wnt

pathway inhibitors in systemic antitumor therapy.

The most common side effects upon inhibition of Wnt signaling are gastrointestinal problems, hair loss,

immunosuppression, fatigue, vitiligo, anemia, neutropenia, thrombocytopenia, bone fractures, and neurodegeneration. In

addition to these adverse reactions, elevations in bilirubin and alkaline phosphatase have been observed, as well as

hypophosphatemia. This could be explained by the change in bone remodeling. Because the Wnt pathway regulates bone

remodeling in a complex way, one of the side effects reported in the early clinical stages is an increase in bone

remodeling. However, it has been shown that this can be prevented with bisphosphonates, specifically zolendronic acid. It

is known that decreased LRP5 expression in mouse osteoblasts leads to an osteopenic phenotype, whereas increased

LRP5 expression results in increased bone mass  The activation of the Wnt pathway promotes the differentiation of

mesenchymal progenitor cells into osteoblasts, and β-catenin stimulates osteoprotegerin expression in differentiated

osteoblasts, which by binding to the protein RANKL contribute to the inhibition of osteoclast differentiation. Thus, the

activation of the Wnt pathway shifts the balance toward bone synthesis. Pathological fractures during the pharmacological

inhibition of the Wnt pathway could be explained by these observations .

However, novel research indicated that a clinically approved anti-resorptive, alendronate, could mitigate the loss of bone

mass and extend the beneficial antitumor effects of PORCN inhibitors. Needless to say, all Wnt pathway inhibitors are

contraindicated in pregnancy. 

In all phases of clinical trials, the question remains as to how the inhibition of the Wnt pathway would affect the cognitive

abilities of patients. In the adult brain, the proper activation of the Wnt pathway  is crucial for adult neurogenesis and

the survival of neurons in the supraventricular zone and hippocampus, but also for the maintenance of higher cognitive

functions and dopaminergic pathways, and it appears to affect synapse formation.

All in all, the side effects caused by Wnt inhibitors are similar to those of chemotherapeutics that are already known and

well established. However, it is important to distinguish whether the reported side effects are strictly due to Wnt inhibitors

or whether they are the consequence of chemotherapeutics in combinational therapy . Interactions with other

molecules which can lead to the so-called off-target side effects have also been insufficiently investigated. To overcome

the side effects of systemic Wnt inhibition, strategies have been proposed for delivering the inhibitors directly to tumor

cells by using nanoparticles, liposomes, or binding the inhibitor to one of the molecules attracted by a particular tumor.
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