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Abstract

Background.  The tumor microenvironment (TME) plays an important role in the cell cycle. There
is a correlation between the Wnt/B—catenin signaling pathway and TME. This article reviews methods of
inhibiting Wnt Pathway, a useful process in the treatment of various cancers. Compounds of Wnt/p—Catenin
Signaling Pathway, such as TCF-1, have an impact on the differentiation and migration of CD8"* T cells. CCL4
expression is regulated by the beta—catenin protein to recruit CD103+ dendritic cells, which enables CD8+ T
cell activation. Inhibition of the Wnt/B—catenin pathway has an impact on ovarian cancer patients’ prognosis,
reducing the development of ovarian cancer. Research shows that inhibition of the pathway with the use of the
LGK974 inhibitor may boost immunity, especially when applied with a Paclitaxel mix. After treatment,
expression of the inhibitory receptors CTLA—4, TIM3, PD-1 on CD8+ T cells decreased. The combination of
LGK974 and Paclitaxel can cause the death of tumor cells and significantly inhibit their proliferation. The
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application of dose—dense Paclitaxel avoids toxicity related to the maximum dose needed to protect the patient's
immune system by increasing CD8+ TILs. There are concerns regarding toxicity of the LGK 974, especially for
cells dependent on the Wnt/B—catenin pathway to maintain homeostasis. Many Wnt/B—catenin pathway
inhibitors are tested against colorectal cancer (CRC) with successful results. These include NSAIDs, porcupine
inhibitors, tankyrase inhibitors, WntSA inhibitors, and disheveled protein inhibitors.The Wnt/B—catenin pathway,
when expressed in Triple Negative Breast Cancer (TNBC), leads to the transition of epithelial to mesenchymal
cells. In early clinical development, there are multiple inhibitors (ex. KYA1797K) targeting the Wnt/B—catenin
pathway in TNBC cells, which could become a viable anticancer strategy. Summary. The dependency between
the TME and the Wnt/p—catenin pathway plays an important role in cancerogenesis; therefore, these pathways
can be a new therapeutic target as antitumor therapy.. A promising positive effect is the use of the LGK974
inhibitor together with Paclitaxel. The usage of phytochemicals such as acetylsalicylic acid, curcumin and
resveratrol could become standard clinical procedure alongside conventional anti—cancer agents. These
phytochemicals are cheap to manufacture, and their side effects are well-known.

Key message. In the case of breast cancer, any form of influence on the Wnt/f—Catenin pathway may become a
prominent factor in forming a sufficient treatment. Recent studies have shown numerous pathway inhibitors and
activators, which when combined with conventional treatment may reveal numerous ways of elongating patients
lifespan.

Introduction

Cancer has been considered for many years as a near—independent process. It is mostly influenced by mutations
of oncogenes and cell cycle malfunctions in a faulty cell, resulting in its immunity to cell death. Modern—day
studies show that the development of carcinomas is strongly governed by interactions of malignant cells with
non—malignant, albeit altered, elements such as fibroblasts, endothelial cells, white blood cells, and natural anti—
inflammatory factors.

The term ‘tumor microenvironment’ (TME) offers a more holistic approach to carcinomas by taking
into consideration not only oncogene—related cell cycle alterations but also cell—cell interactions via signaling
molecules and signaling pathways, which affect tumor growth and development. TME consists of fibroblasts,
immune cells, endothelial cells, inflammation of CD8+ T cell, CD8 alpha/CD103 dendritic cells, T cell (Treg),
and high density of FoxP3[1]. The tumor—intrinsic is controlled by Wnt/B—catenin (Wnt 3 c¢) signaling pathway.
TME is responsible for the regulation of key cellular functions such as proliferation, differentiation, migration,
genetic stability, apoptosis, and stem cell renewal. There is a correlation between poor spontancous T cell
infiltration in human cancers and the Wnt/B—catenin signals activation. Data from in—vitro and in—vivo clinical
studies have been suggesting that the Wnt/B—catenin signaling pathway is a potential chemotherapy target [1].

The Wnt/B—catenin pathway inhibition and modulation have improved Triple-Negative Breast Cancer
(TNBC) treatment and opened various pathways in discovering new therapies. Activation of the Wnt is
associated with lower overall survival in TNBC patients. The Wnt ligands promote migration and invasion. The
Wnt B ¢ is the most commonly overexpressed pathway causing transcriptional factor activation. The Wnt
inhibitors and modulators can extinguish TNBC clonal cells and drug-resistant cells. Targeting the Wnt B ¢
pathway is a promising anticancer strategy. Multiple agents targeting the Wnt ligands and/or frizzled receptors
are in preclinical and early clinical development.

1. Impact of Wnt/B—catenin signaling pathway on tumor microenvironment

Tumor—infiltrating CD8+ T cell plays important role in antitumor immunity[2]. Regulatory T cells are
responsible for the effectiveness of immune checkpoint blockade. The tumor microenvironment is recognized as
a main regulator of carcinogenesis. Many studies explore the complex mechanisms underlying tumorigenesis
and disease progression, which are important in identifying new biomarkers or targets in stromal components to
predict clinical outcomes and guide therapy [3]. Some
critical pathways, such as the Wnt signaling, affect the tumor environment. Studies show a correlation between
activation of the Wnt/B—catenin signaling pathway and the absence of T—cell infiltration. Tumors with a high B—
catenin expression showed a significant reduction in CD8+ T cell infiltration. f—catenin can regulate the CCL4
expression, recruiting CD103+ dendritic cells to enable CD8+ T cell activation. Study shows that activiating
oncogenic f—catenin signaling lead to colorectal resistance to immunotherapies when applying the combined
PD-1 immunotherapy with targeting P—catenin in colorectal cancer [2]. Wnt family member 3a (Wnt3a)
blockade halts the capacity of Wnt/B—catenin signaling to inhibit the differentiation of T naive cells. This
process does not retrieve the dysfunction of differentiated T cells in the tumor setting [4]

The development of tolerogenic dendritic cell (DC) population is promoted
by the p—catenin signaling pathway. This tolerogenic DC population can drive differentiation of regulatory T
cells. Wnt family member 5a (Wnt5a) ligand from melanoma upregulates activity and expression of
indoleamine 2,3—dioxygenase—1 (IDO) enzyme via local DCs pathway. Wnt5a promotes the differentiation of
T-regs in an IDO—dependent way, which leads to the suppression of melanoma immune surveillance. Based on
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a target gene expression profile, which consists of IDO in human sentinel lymph node—derived DCs, B—catenin
signaling activity causes the diminishment of progression—free survival [5].

TME Compound of WNT/B- | Result
Catenin Signaling
Pathway
CD8'T Cell TCF-1 differentiation, effector functions, migration

of CD8" T cell

CD4" T Cell TCF-1 regulate differentiation of CD4" T helper

FoxP3" T Cells (tregs) TCF-1 inhibits the Treg cell-mediated suppression
of effector T cell proliferation

CD8a/CD103-Lineage DCs co-receptor LRP5 crosstalk between tumor cells and DCs
within the TME

Immune Exclusion ATF3, Snail e  inhibiting the production of CCL4
in Batf3-lineage CD103+ DCs by
induction of the expression of the
transcriptional repressor ATF3

e increasing interaction between
Snail and TAMs
e enhancing Treg survival
Immunosurveillance CCLA4, Foxp3 e accumulation of CDI11b+Gr-

1+MDSC

e inhibits downstream deletion of
Plcg2, Culdb, Mucl

e increase availability of DKK1

Table. 1 Impact of WNT/B—Catenin Signaling Pathway on Tumor Microenvironment.

2. Immunotherapy in Ovarian Cancer by use the Wnt/p—catenin Pathway

2a. Paclitaxel as an Aid to inhibit Wnt/B—catenin Pathway.

The Wnt/pB—catenin pathway has an impact on ovarian cancer patient’s prognosis. Inhibition of the pathway is
beneficial in improving a patient’s prognosis [6,7]. Research shows that inhibition of the Wht/B—catenin
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pathway with the use of the LGK974 inhibitor may boost immunity, especially when applied with a Paclitaxel
mix. The pathway reduces the number of T cells in the cancer microenvironment. The Wnt 8 ¢ pathway enables
tumor growth and also reduces responses of antitumor immunity. Mutations in the Wnt/ f—catenin pathway are
responsible for the development of cancer—and activation of this pathway gives a negative prognosis. More
importantly, activating this pathway has properties of stem cells and influences proliferation as well as apoptosis
in tumor cells. Activating the pathway handicaps treatment because it causes chemoresistance by controlling the
epithelial to mesenchymal transition. The study conducted on mice demonstrated that application of the
LGK974 increased in CD8:Treg ratio. Moreover, it was noted that the increase in cytokine production was
accompanied by a decrease in the expression of the receptor inhibited by CD8 T cells.

2b. Benefits of a LGK974 and Paclitaxel Combination in Cancer Treatment.

Better effects have been obtained when Paclitaxel with LGK974 was served together. This is due to an increase
in CD8: Treg ratio and a decrease in tumor size. Therefore, targeted therapy for inhibition of the Wnt/B—catenin
pathway will provide positive effects by increasing antitumor immunity, reducing the development of cancer.
The aforementioned theses were checked in research, which shows that mice treated with LGK974 had reduced
tumor size, and the infiltration gene of the T cell was higher than mice from the control group. Mice that were
treated with Wnt survived longer. However, it has been noted that effects after inhibition of the Wnt B ¢
pathway depend on the functioning of the immune system. The tumor microenvironment was compared before
and after treatment with LGK974 in respect to the production of cytokines by T CD4+ cells. It showed that
number of cytokine including interferon—y, tumor necrosis factor-a and T CD8+ cells production of TNFa,
IFNy, and granzyme-B growed significantly after treatment with LGK974. In addition, expression of the
inhibitory receptors CTLA—4, TIM3, PD-1 on CD8+ T cells decreased after treatment with LGK974 [8].
Preclinical research has shown that inhibition of the Wnt/p—catenin pathway with Paclitaxel gave better effects
than using them separately [9—11]. Additionally, using dose—dense Paclitaxel avoids dose—related toxicity to the
maximum dose needed to protect the patient’s immune system by increasing CD8+ TILs [12]. Combination of
LGK974 and Paclitaxel showed significantly better effects because the mechanism of action of Paclitaxel in
stabilizing B—catenin and microtubules overlap. f—catenin enables separation of centrosomes and also stabilizes
mitotic spindles; therefore, inhibiting the Wnt/B—catenin by LGK974 and action of Paclitaxel can cause the
death of tumor cells and significantly inhibit their proliferation. The combination of treatment should be used in
cancers that are known to have eminently active Wnt/B—catenin, for example, colon cancer. Inhibition of this
pathway may be used in a dual-target, meaning directly use as an antitumor or for immunostimulatory effects.
However, a phase I clinical trial of oral LGK974 is still ongoing to assess its side effects. These are some
concerns regarding the toxicity of LGK974, especially for cells dependent on the Wnt/B—catenin pathway to
maintain homeostasis [8].

3. Inhibition of the Wnt signalling pathway in colorectal cancer

Colorectal cancer (CRC) is the second most common cause of cancer—related deaths in the United States[13].
By analyzing 224 Colorectal cancer (CRC) tumors, studies have stated that over 90% of colorectal tumors had
mutations in one or more pathways related to the Wnt signaling pathway, predominantly in the APC gene (51%
in non—hypermutated CRCs, 81% in hypermutated CRCs [14].

Mice with faulty APC genes are more likely to develop colorectal tumors [15]. Functional loss of APC
results in constitutive activation of Wnt signaling and chromosomal instability in human colorectal carcinomas.
Mutations of the APC gene in the human genome causes Familial adenomatous polyposis (FAP), a condition
that results in almost 100% chance of developing CRC [16].

The concept of inhibiting the Wnt cascade to stop the progress of cancer or even disintegrate cancer
stem cells present in most types of CRC has been thoroughly researched. However, discoveries regarding either
signaling of the Wnt pathway or new molecules and drugs being able to inhibit the mentioned pathway are
emerging regularly. The anti-CRC agents can vary in both molecular size, structure and availability, from
common substances found in food such as curcumin and vitamin D, over—the—counter drugs, to artificially
created protein molecules.

Non-steroidal anti—inflammatory drugs (NSAID) inhibit cyclooxygenase—2 (COX-2) -cascade.
Prostaglandin E2, one of the products of this cascade, activates the canonical Wnt pathway and induces loss of
phosphorylation of B—catenin[17]. Administering high (>500mg) dosage of aspirin daily for 5 years reduced risk
of colorectal cancer by about 30% to 40% for up to 20 years. The dosage of 75mg had a similar effect, while
lower dosages were deemed ineffective [18]. However, such long usage of aspirin has proven to dramatically
increase the risk of cardiovascular—related fatalities [19].

Tankyrase inhibitors, TNKS and TNKS2, have been identified as potent Wnt pathway suppressors.
Tankyrase enzymes target specifically the AXIN component of the cytoplasmic f—catenin destruction complex,
thus dismantling it. The research on XAV 939, which is approximately 98% purity tankyrase inhibitor,
suggested tankyrase inhibitors can increase the sensitivity of CRC to chemotherapy [20,21]. Tankyrase inhibitor
JWS55 was tested on mice and has been shown to stop Wnt signalling in cancer cells that contained mutations in
either the APC locus or in the B—catenin allele [22]. However, the potential of tankyrase inhibition is limited due
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to the toxicity and increased proliferation of intestinal crypts. Currently, molecule 2X-121, which is both
PARP1/2 and TNKSI1/2 inhibitor, is undergoing phase 2 clinical trials for breast cancer treatment
(NCT03562832).

The dishevelled protein family is one of the key components of the Wnt—signaling pathway. Those
proteins are responsible for interpreting signals from the Wnt receptors in the plasma membrane and conducting
them to the correct intracellular pathway [23]. Inhibitors of dishevelled protein—protein interaction can bind both
Wnt receptors and AXIN components in non—canonical pathways. Non—protein small molecule component,
named FJ9, disrupts cancer cell proliferation and induces apoptosis in human cancer cells of CRC by binding to
the PDZ domain of DVL. Since cancer cells are interconnected through a protein—protein interaction network
rather than enzyme signalling, disruption of the DVL PDZ domain can interrupt the Wnt and Hedgehog
pathways. While the molecule CalBioChem—322338 is the most commercially available DVL inhibitor, five
new DVL inhibitors show greater potential than CalBioChem—322338— namely NPL—4001, 4004, 4011, 4012,
and 4013— were recently invented [24].

MODELS OF WNT-PATHWAY INHIBITION FOR TNKS/TNKS2 AND FJ9

(=

domain of DVL

WNT/B-CATENIN PATHWAY SUPRESSORS

p-catenin - specifically AXIN com ponentI

)

L '4 MV 4
Q} Q> apoptosis in human

cancer cells of CRC
B-catenin destruction and interrupt WNT

Fig. 1. Models of WNT—pathway inhibition for TNKS/TNKS2 and FJ9. Source: own elaboration

An alternative route of inhibiting the Wnt pathway is through porcupine (PORCN) inhibitors. Acylation
of Wnt ligands is crucial to their biological activity. It requires three enzymes— stearoyl CoA desaturase (SCD),
porcupine (PORCN), and Notum. At the endoplasmic reticulum (ER), SCD transfers monounsaturated fatty acid
to PORCN. PORCN further adds the palmitoyl group to the Wnt protein, which is later separated by Notum in
the extracellular matrix [25]. The addition of the palmitoyl group by PORCN is mandatory for the Wnt ligands
secretion from the ER.

LGK974, an inhibitor of PORCN, has a cytotoxic effect on CRC cell lines and has shown an ability to
initiate apoptosis and to disintegrate CRC cell masses when paired with Aspirin and when IC50 drug is
administered [26]. LGK974 is currently in phase I clinical trial (NCT01351103).

Dickopf-1 (DKK-1) is a secretory antagonist in the canonical Wnt pathway. However, its influence on
cancer cell development remains unclear— depending on the type of cancer, a high expression of DKK-1 can
either promote or inhibit metastasis of cancer cells [27]. While methylation of DKK-1, which leads to a low
level of DKK-1 in tumor cells, is present in only 13% of CRCs, CRCs exhibiting DKK—1 methylation tend to
have a worse prognosis [28]. Past study on the population of nude mice has shown that gene therapy increasing
the DKK—1 expression targeting CRC resulted in a decrease in cancer cells density and inhibited tumor growth
[29]. Gene therapy targeting specific genes coding protein products that inhibit DKK—1, such as the CSN5 gene,
could theoretically increase levels of DDK—1 in tumor cells and hinder cancer’s further development [27].

Agonist of the Wnt5A and FOXYS5 has shown very promising results in terms of treating colorectal
cancer. The Wnt5A protein is one of the non—p—catenin signaling ligands of the Wnt pathway, and reduced
Wnt5A expression is directly linked to an increased mortality rate in cancer patients. A high Wnt5a expression,
on the contrary, reduces cancer cell metastasis and proliferation [30].

In—vitro experiments on colonic cancer cells have shown that administration of FOXY5 inhibits both
B—catenin and COX-2 signaling and reduces the number of cancer stem cells, which are usually resistant to
conventional therapies. FOXYS5, being a hexapeptide, is easier to manufacture than a complex Wnt5A molecule
and shows no signs of toxicity [31]. FOXY-5 has currently three ongoing clinical trials (NCT02655952,
NCT02020291, NCT03883802).

Resveratrol, present in grapes, has proven to have an anti—cancerous effect against CRC and underwent
clinical trial (NCT00256334). It has been hypothesized in the research that it targets the Wnt pathway; however,
the precise mechanism was not discovered until recently. Not only it inhibits the Wnt-2 and P—catenin

187



expression, suppressing the Wnt pathway in the process, but also downregulates the O—6-methylguanine-DNA
methyltransferase (MGMT). MGMT causes resistance to tumor cells to Telozolomide by inducing the
expression of a suicide DNA enzyme. By pairing Resveratrol with Telozolomide, the Telozomide—based
chemotherapy could be more effective [34]. R—spondin (RSPO) pathway secretes proteins that activate and
promote the Wnt signaling pathway. Translocations of the RSPO2 and RSPO3 genes have been prevalent in
cancer stem cells (CSC). These translocations, notably PTPRK—RSPO3 translocation, lead to overexpression of
the RSPO3 in the malignant intestinal epithelium. RSPO3 protein, as an agonist of the Wnt pathway; therefore,
contributes to further development of CRC [32]. Rosmantuzumab, development code OMP-
131R10, is an IgG1 molecule, dubbed ‘a first-in—class anti-RSPO3 antibody’ in the overview of its clinical test.
It inhibits the binding of the RSPO3 to leucine-rich repeat—containing G-—coupled receptors (LGRs),
suppressing the RSPO-LRG pathway. Rosmantuzumab has exhibited anti—tumor effects both as standalone and
in combination with traditional chemotherapeutics on patient—derived xenograft animal models and can damage
CSCs [33]. Rosmantuzumab is currently undergoing phase I clinical trials (NCT02482441).

4. Inhibition and effects of stimulation on the Wnt//f—catenin pathway in Triple Negative Breast Cancer
(TNBC)

Approximately half of the breast cancers have activation of the Wnt that correlates with a higher death
rate [35]. The Wnt/B—catenin pathway overexpression in the canonical and non—canonical molecules of the
Triple Negative Breast Cancer (TNBC) predominantly causes transcriptional factor activation that stimulates
epithelial to mesenchymal cell transitions. The Wnt5A, Wntl1, and Wnt3A ligands promote invasion and
migration. B—catenin protein causes resistance in the TNBC cells as a result of overexpression and accretion of
protein inside the cells [36]. Expression of f—catenin is associated with CD8+ T cells infiltration; therefore,
inhibition of the B—catenin should increase T cell infiltration and positively increase the activity of immune
checkpoint inhibition [37]. Inhibitors and modulators of the Wnt are capable of extinguishing the TNBC clonal
and drug-resistant cells; however, its safety is not yet to be specified [36]. Considering the Wnt 3 ¢ pathway as
a target might be a promising anticancer strategy. Multiple agents targeting the Wnt ligands are in preclinical
and early clinical development [37]. There is evidence that the Wnt is capable of inhibiting tumorigenesis in
breast cancer SHH—mediated. Breast cancer stem cells have a visible increase in active Wnt signaling. It was
confirmed by increased expression of activated the f—catenin protein and decreased expression of DKK1 protein.
The tumor resistant stem cell can be eradicated with Wnt inhibitors, overcoming the conventional therapy. p—
catenin, RAS, and epidermal growth factor receptors are overexpressed and correlated with each other in tumor
tissues of TNBC [38].

KYA1797K is an axin-binding small molecule that reduces f—catenin and RAS expression through
degradation and suppressing epidermal growth factor receptor expression through transcriptional repression. It
inhibits the proliferation and the metastasis of stable cell lines as well and TNBC cells acquired from cancer
patients. Targeting the Wnt B ¢ and RAS-ERK pathways through KYA1797K simultaneously reduces the
levels of B—catenin, RAS, and epidermal growth factor receptor. It possibly can be a therapeutic approach for
TNBC [38].

Bevacizumab is a recombinant humanized monoclonal antibody that inhibits the VEGF-A (stopping
the angiogenesis process) and is capable of activating the Wnt 3 ¢ signaling pathway excessively. Patients with
TNBC were tested with Bevacizumab in combination with the cytotoxic chemotherapy treatment. The result
showed that a combination regime increased progression—free survival. Recent studies have shown that
Bevacizumab can increase the invasive and metastatic capacity and induce epithelial-mesenchymal transition in
breast cancer cells. Angiogenesis inducing factor VEGF is a target gene of p—Catenin, which is up—regulated by
the activated Wnt 3 ¢ signaling. It possibly leads to the incomplete blocking of tumor angiogenesis [39-41].

5. Wnt/p—Catenin pathway in other tumors

The Wnt/B—Catenin pathway is also involved in other cancers, including dysregulation of this pathway involved
in gastric cancer (GC) progression. Studies have found that upstream regulator UBE2T, which is responsible for
the hyperactivation of the Wnt/B—Catenin pathway, offers hope for new possibilities in the treatment of GC
patients by inhibiting the M435-1279 [42]. Hepatocellular carcinoma is another cancer associated with the
Whnt/B—Catenin pathway, where Wnt B ¢ signaling is crucial for tumorigenesis in HCC. Unfortunately, the
molecular mechanisms are insufficiently understood [43]. The next cancer is prostate cancer, where inhibition of
this scallum together with inhibition of the androgen receptor shows promise in the treatment of this cancer [44].
In head and neck squamous cell carcinoma, the Wnt B ¢ pathway is an important pathway that may be a
therapeutic target as more and more evidence is found that it is a key pathway in the development of head and
neck squamous cell carcinoma [45].
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Compound Effect/Mechanism Type of cancer Trial Identifier (if applies)

LGK974 PORCN Inhibitor Ovarian Cancer NCT01351103
Colorectal Cancer

Acetylsalicylic Acid COX-2 cascade inhibition Colorectal Cancer -

XAC 939 Tankyrase inhibitor Colorectal Cancer -

2X-121 Tankyrase inhibitor Breast Cancer NCT03562832

FJ9 DVL inhibitor Colorectal Cancer -
Hepatocellular Carcinoma
Triple-Negative Breast Cancer

DKK-1 Canonical WNT Pathway Antagonist Colorectal Cancer -

FOXY-5 WNTS5A Agonist Colorectal Cancer NCT02655952
Breast Cancer NCT02020291
Prostatate Cancer NCT03883802

Rosmantuzumab RSPO3-binding inhibition Colorectal Cancer NCT02482441

Resveratol WNT-2 inhibitor Colon Cancer NCT00256334

KYA1797K B-catenin expression inhibitor Triple-Negative Breast Cancer -

Bevacizumab VEGF-A Inhibitor Triple-Negative Breast Cancer NCT01722968

Table. 2. Impact of WNT/B—Catenin Pathway Inhibitors in cancer treatment.
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