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Wnt/B-catenin-mediated signaling is a key pathway regulating tissue growth and development and
tumorigenesis. This signaling pathway has received much attention in recent years. In addition to
participating in healthy tissue and organ development, inappropriate activation of this pathway can cause a
variety of tumors and other pathologies. It also plays a critical role in many processes such as proliferation,
differentiation, apoptosis, migration, invasion, epithelial-mesenchymal transition and dry maintenance of
human tumor cells. This review introduces the underlying mechanism of Wnt signaling pathway and
highlights the most recent research progresses on the relationship between Wnt signaling pathway and
tumor. Furthermore, the intrinsic link of Wnt signaling pathway to cancer stem cells is also discussed,
aiming to curb the malignant progression of tumors from the root cause. Finally, possible clinical strategies

therapeultic strategy

harnessing the classical Wnt signaling pathway as a therapeutic target are summarized.

© 2020 Akhlag Ahmad. Hosting by Science Repository.

Introduction

The Wnt signaling pathway plays a crucial role in embryonic
development, adult tissue homeostasis, and cancer [1]. Because of its
role in determining cell fate and promoting tissue development, Wnt
signaling has become the focus of current research in regenerative
medicine [2]. In addition, the Wnt signaling pathway is also involved in
many pathological processes such as proliferation, differentiation,
apoptosis, migration, invasion, epithelial-mesenchymal transition, and
dry maintenance of human tumor cells. Notably, the aberrant activation
of Wnt/B-catenin signaling produces several modulators that antagonize

the anti-tumor activity of T cells, which is likely to be attributable to the
failure of cancer immunotherapy [3]. The adverse effects of Wnt
signaling in tumors prompted researchers to study extensively to decode
its mechanisms of action in cancer and to find valuable targets to expand
cancer treatment strategies. Since the discovery of the Wnt signaling
pathway about 40 years ago, the number of reports that Wnt signal
regulates the proliferation and differentiation of cancer cells and the self-
renewal of stem cells has never declined. The continuous research
breakthrough has been gradually unraveling the intrinsic roles of the Wnt
signaling pathway ever since. The Wnt family consists of 19 secretory
glycoproteins rich in cysteine, which induce classical Wnt signaling
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through 10 Wnt crimp receptors like frizzled receptor protein (FZD) and
co-receptors LRP5 and LRP6 to regulate cell fate and growth and repair
of certain tissues [4]. Wnt protein precursors gradually form mature Wnt
ligands after a series of biological modifications, such as porcupine
palmitoylation, lipid modification, and glycosylation. Subsequently, the
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transmembrane protein Whntless/Evi (WIs) in ER assists in the transfer
of Wnt ligands from the Golgi to the plasma membrane. Then, it is
released from the cells as lipid-protein particles or exosomes [1, 5].
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Figure 1: An overview of Wnt signaling pathway.

As shown in (Figure 1), Wnt ligand binds to its membrane receptor
complex extracellularly to induce constitutive activation of Wnt/B-
Catenin signaling, whereby a series of corresponding biochemical
reactions occur in the organism. For instance, LRP receptor
phosphorylation recruits Axin degradation and dishevelled (DVL)
protein activation leads to the inactivation of degradation complexes,
resulting in stabilization and accumulation of B-catenin [6].
Subsequently, B-catenin is transferred to the nucleus as a transcriptional
coactivator along with the T cell factor (TCF)/ lymphocyte enhancer-
binding factor (LEF) family of transcription factors to regulate key cell
cycle mediators, such as AXIN2, cyclin D, and MYC [7]. In the absence
of Wnt ligands, multimers composed of APC, GSK3p, Axin, and CK1a
induce B-catenin phosphorylation, target ubiquitination, and proteasomal
degradation [8].

Recently, a new complementary mechanism has been added to the
classic Wnt signaling pathway. One is the Hippo signaling cascade, in
which the nuclear effector YAP/TAZ plays an essential role. Under Wnt
OFF conditions, YAP/TAZ resides in the disruption complex and
promotes the degradation of B-catenin by recruiting B-TrCP, which
ubiquitinates B-catenin. In this context, YAP/TAZ acts as a negative
regulator of the Wnt signaling. Under Wnt ON conditions, Lrp5/6
displaces YAP/TAZ from Axin, resulting in the nuclear accumulation of
YAP/TAZ and the promotion of gene expression involved in
proliferative responses. At this time, YAP/TAZ becomes a positive
regulator of the Whnt signaling [9]. The second is the RSPO-LGRA4/5-
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ZNRF3/RNF43 module. ZNRF3/RNF43 can ubiquitinate FZD in the
absence of R-spondin to cause endocytosis. However, when R-spondin
binds to the LGR4/5/6 receptor and ZNRF3/RNF43, it blocks the
ubiquitination of FZD and enhances the Wnt signaling cascade [10].

As illustrated on the upper left side of (Figure 1), a destruction complex,
consisting of APC, GSK3f, axin, and CKlo, induces B-catenin
phosphorylation in the absence of Whnt ligand, in which ubiquitination
takes place via the action of B-TrCP recruited by the YAP/TAZ complex,
leading to proteasomal degradation of the phosphorylated -catenin. On
the membrane, the E3 ubiquitin ligase ZNRF3/RNF43 promotes the
ubiquitination of the FZD receptor, leading to lysosomal degradation of
the FZD receptor. In the nucleus, the TCF transcription factor is in an
inactive state due to its interaction with the inhibitory complex
Groucho/HDAC, as shown on the lower left side of (Figure 1).

LRP receptor is phosphorylated after the activation of the Wnt signaling
as depicted on the upper right side of (Figure 1). The LRP
phosphorylation recruits Axin-containing complex, and DVL proteins
accumulate onto the plasma membrane, resulting in the disruption of the
complex. Subsequently, B-catenin accumulates in the nucleus and
interacts with histone-modified coactivators such as Pygo and
CBP/p300. Then the P-catenin complex acts as a transcriptional
coactivator to regulate the gene expression together with TCF/LEF
family proteins. On the cell membrane, R-spondin interacts with the
LGRA4/5/6 receptor ZNRF3/RNF43, leading to the inhibition of
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ZNRF3/RNF43 ubiquitination, resulting in the accumulation of FZD
receptors on the cell surface.

Evidence is accumulating that Wnt/B-catenin signaling is one of the
major drivers of malignancy, such as colorectal cancer, liver cancer, and
breast cancer. This review, therefore, focuses on the latest research
progress on the relationship between Wnt signaling pathway and tumor
and discusses its intrinsic relationship with cancer stem cells. In addition,
possible clinical strategies targeting the classical Wnt signaling are
summarized, based on the recent advances in this field.

Colorectal Cancer and Wnt Signal

Colorectal cancer (CRC) is the third most common cancer in the world
and the fourth most deadly cancer after lung, liver, and stomach cancer.
A high CRC incidence is observed in developed countries [11]. The
constitutive hyperactivation of Wnt/B-catenin signaling is a major
marker of colorectal cancer and is associated with APC mutations in
more than 70% of sporadic cases. APC is, therefore, considered to be the
initiating episode and a driving event for most CRC tumors [12, 13].
Silencing APC in colon adenomas results in rapid regression and non-
recurrence of tumor cells even after recovery of the APC gene and
reconstitution of cryptic homeostasis in tumor tissues carrying Kras and
p53 mutations [8]. In addition to APC as a major driver of Wnt/B-catenin
signaling, new targets for Wnt/B-catenin signaling have been recently
found in CRC, and colon cancer progression has been influenced by
different regulatory mechanisms. For example, colon cancer metastasis
factor 1 (MACC1) is inexorably linked to the development of colon
cancer.

Studies have shown that MACC1 can be used as a transcriptional target
of the inhibition of the Wnt/B-catenin signaling. The coactivator DBC1
promotes the self-renewal capacity and drug resistance of colon cancer
by regulating the LEF1/B-catenin-dependent enhancer in the MACC1
intron [14]. Furthermore, the mTOR inhibitor Deptor promotes cancer
cell proliferation and survival in CRC and is a potential target for novel
cancer therapies. It was recently demonstrated that Deptor is a direct
target gene for Wnt/B-catenin/c-Myc signaling [15]. Silencing Deptor
induces differentiation and inhibition of CRC cells by increasing ketone
production and by decreasing Bmil expression; however, at the same
time increases mTOR activation.

It is, therefore, necessary to administer Akt/mTOR and Wnt/B-catenin
inhibitors in combination to exert a powerful anti-tumor effect. Since the
metastatic spread of colon cancer is the main cause of death in CRC
patients, much attention has been paid to the relationship between tumor
invasion and metastasis and the classical Wnt signaling components,
such as small GTPase RHOA, and chromatin organizer SATBLI.
Whereas RHOA activation is generally thought to have a strong
carcinogenic effect, this concept is completely subverted in CRC. Loss
of RHOA induces a new pathway for activating the classical Wnt
signaling. Its inactivation leads to increased proliferation, invasion, and
differentiation of colon cancer cells. More interestingly, RHO GTPase
has different tumor metastatic effects on different organs [16]. In
addition, over-activation of Wnt signaling promotes the interaction of
the TCF7L2/B-catenin complex with the Satb1 promoter, resulting in a
high level of SATB1 expression [17]. SATB1 has the effect on
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reprogramming, tumor growth, and metastasis-associated gene
expression. By controlling the expression level of SATBI1, the
conversion between non-invasive phenotype and invasive phenotype of
colon cancer is achieved, which affects the occurrence and progression
of colorectal cancer.

Taken together, different roles of Wnt/B-catenin signaling in the
development, progression, and metastasis of colon cancer have gradually
been recognized. With the in-depth research on the relationship between
Whnt signaling and colon cancer, its role and mechanism in tumor
progression have been delineated. The clarification of the relationship
between the Whnt signaling and CRC development and progression may
open a new strategy for the prevention and treatment of colon cancer.

Liver Cancer and Wnt Signals

According to the World Health Organization's International Cancer
Research Center’s survey in 2018, liver cancer is one of the world's high-
mortal cancers, and hepatocellular carcinoma (HCC) is the second
leading cause of cancer death worldwide. B-catenin is expressed in the
adult liver, which regulates the transcription and translation of genes of
the hepatocytes under the control of Wnt and mediates the Wnt signaling
in various aspects of liver biology. Therefore, the lack of Wnt/B-catenin
signals could cause liver damages, mainly manifested as liver
metabolism partition disorder and liver regeneration defect after
hepatectomy. The recently discovered RSPO-LGR4/5-ZNRF3/RNF43
module is a major factor in the regulation of hepatic metabolism and liver
development and regeneration by the Wnt/B-catenin signaling pathway
[18]. Knocking down LGR4/5 in the mouse liver resulted in a loss of p -
catenin signaling and hepatic metabolic partitioning. By supplementing
RSPO1 or knocking down Znrf3/Rnf43, however, the liver Wnt/B-
catenin signal gradient was extended in an LGR4/5-dependent manner,
reversing the liver defect phenotype.

B-Catenin also induces liver regeneration (LR) after partial hepatectomy
(PH) by modulating Cyclin-D1 gene expression, as indicated by the
phenotype of B-catenin and Wnt co-receptor LRP5/6 conditional
knockout [19]. Thus, Wnt/B-catenin signaling is critical for the
development of the liver; however, abnormal activation of the -catenin
signal is also a marker for the progression of hepatocellular carcinoma
and other liver lesions. Wnt/B-catenin signaling is constitutively
upregulated in up to 30%-40% of hepatocellular carcinomas and 80%-
90% of hepatoblastomas [20, 21]. Interestingly, in the mouse hepatocyte
model, B-catenin activation only is not sufficient to induce liver cancer,
and other mutation events must be involved in the development of
cancer, such as Ha-ras mutation or Met mutation [22, 23]. This
phenomenon may be related to the weak B-catenin activity in the mouse
hepatocyte model. Studies have shown that there are weak mutations in
the CTNNB1 in HCC and HCA. For example, a mutation occurs at
K335/N387, S45, or T41 of the CTNNB1 [24].

With the in-depth study of Wnt/B-catenin signaling in various cancers,
there is increasing evidence that Wnt signaling acts on tumor progression
in a phase- and tissue-specific manner. Recent report has shown that Wnt
signaling can mediate the development of colon and liver cancer using
different downstream transcriptional cascades [25]. Unlike the widely
studied Wnt/TCF-dependent transcriptional pathways in CRC, The
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TCF4/FoxA transcription factor coordinates in HCC to modulate the
expression of liver cancer-specific Wnt target genes, including TRIB2.
In this pathway, TRIB2 regulates YAP and C/EBPa functions through
interaction with BTrCP ubiquitin ligase and other E3 ligases, blocks YAP
degradation and simultaneously promotes YAP/TEAD activation,
resulting in HCC survival and transformation. Interestingly, TRIB2-
induced nuclear accumulation of B-catenin does not activate Wnt/f-
catenin signaling in hepatocellular carcinoma. Instead, TCF4/B-catenin
ubiquitination is promoted by increasing the interaction of TCF4/f-
catenin with TRIB2-related ubiquitin E3 ligase, thereby inhibiting
Wnt/B-catenin/TCF4 signaling [26]. TRIB2 was, therefore, found to be
an upstream inhibitory regulator and a downstream effector of liver
cancer-specific Wnt signaling.

In addition, Wnt signaling pathways can also produce different
responses at different stages of liver cancer and present different
regulatory mechanisms, such as in the early stages of HCC. Since the
high expression of GPC3 occurs only in hepatocytes under pathological
conditions, GPC3 is a promising biomarker for the diagnosis and
treatment of hepatocellular carcinoma. The regulatory mechanism of
GPC3 playsarole in the progression of HCC by promoting the formation
of Wnt-Frizzled signaling complexes [27, 28]. However, in the early
relapse phase of HCC, studies have shown that the microtubule-
associated protein PRC1 interacts with the [-catenin destruction
complex to promote B-catenin stability and nuclear accumulation and
regulates the transcriptional activation of liver cancer recurrence genes
to promote early HCC recurrence [29].

In summary, Whnt signaling plays a crucial role in the growth and
development of the liver. However, its excessive activation may lead to
the development of hepatocellular carcinoma and other liver lesions.
Wnt/B-catenin signaling plays a role in the progression of liver cancer in
a phase- and tissue-specific manner. We must, therefore, carefully
evaluate whether the therapy targeting Wnt/p-catenin signaling is the
correct strategy for the disease background and target cell type.

Breast Cancer and Wnt Signal

Wht signaling is involved in malignant progression of breast cancer
growth, invasion, metastasis, and drug resistance. In healthy breast
tissue, inhibition of Wnt/B-catenin activity leads to developmental
disorders and reduced cell proliferation during pregnancy [30]. There is,
however, increasing evidence that activation of (-catenin signaling
mediates the progression of breast cancer. Studies have shown that j3-
catenin signaling plays a role in the development of ErbB2-induced
breast tumors, and phosphorylation of B-catenin by Pakl kinase is a
prerequisite for the connection of ErbB2 and B-catenin [31, 32]. In recent
years, research on microRNA regulation of Wnt signaling mediating the
occurrence and metastasis of breast cancer has emerged in an endless
stream. For example, microRNAs such as MicroRNA-374a and MiR-
454-3p activate this pathway by directly inhibiting multiple negative
regulators (such as WIF1, PTEN, AXIN2, etc.) in the Wnt/B-catenin
signaling pathway, thereby promoting breast cancer growth and
metastasis [33, 34].

In addition, functional targets of microRNAs in tumor progression have
been determined to develop new treatments of cancer. For example,
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transmembrane protein 170B (TMEM170B) is a novel functional target
for miR-27a, known as a poor prognostic factor for breast cancer,
TMEMI170B inhibits canonical Wnt signaling by promoting B-catenin
phosphorylation and arrests tumor growth [35]. Inhibition of constitutive
activation of Wnt/B-catenin signaling is, therefore, critical for breast
cancer treatment. It was reported that breast cancer metastasis suppressor
1 (BRMSLL) inhibits breast cancer invasion and metastasis in vitro and
in vivo, which is caused by BRMS1L-induced FZD10 silencing, leading
to inhibition of WNT3a-p-catenin signaling [36]. On the contrary, the
latest report indicated that targeting classical WNT may promote further
development of metastatic cancer, suggesting that silencing of classical
Wht signaling drives cancer cells into dormancy, thereby allowing them
to escape from the body's immune system against cancer cells [37].

Notably, the Wnt signaling pathway inhibitor DKK1 is shown to play a
bipartite role in breast cancer metastasis, in contrast to the positive role
of DKK1 in inhibiting breast cancer lung metastasis, which promotes
breast cancer bone metastasis by activating classical WNT signaling.
This mechanism suggests that we need to systematically review the
treatment strategy in the treatment of metastatic tumors to ensure the
safety of the treatment.

Cancer Stem Cells and Wnt Signals

The concept of defining cancer stem cells (CSCs) is that malignant
tumors grow in a layered manner, in which CSCs have self-renewal
characteristics and multi-directional differentiation ability, which can
continuously maintain the replacement of new CSC tumorigenic
subpopulations and differentiate into non-CSC progenies with tumor-
carrying ability to maintain tumor proliferation [38]. At present, it is
generally accepted that the cancerous part is originated from CSC. In
colorectal cancer, Lgr5* CSCs showed higher tumorigenicity than Lgr5
tumor cells by limiting dilution transplantation studies, indicating that
Lgr5* stem cells have tumor-initiating ability [39].

However, a recent study demonstrated that Lgr5™ intestinal adenoma
cells can also form Lgr5 heterogeneous tumors, suggesting that some
intestinal adenomas do not stratify tissue into Lgr5* tumorigenic cells
and Lgr5 non-tumorigenic cells [40]. This indicates that cancer may be
derived from CSCs, or tumor cells may convert into CSCs leading to the
tumorigenesis, but this requires additional factors (mutations,
inflammation or changes in the microenvironment) to assist [41]. For
example, hepatocytes, after induction by a hepatic toxin, produce tumor
nodules that express progenitor cell markers [42]. Both targeting CSCs
and preventing the production of CSCs from non-CSCs must be,
therefore, considered in the treatment of cancer.

CSCs not only play an important role in the occurrence and development
of tumors but also are closely related to tumor invasion, metastasis, and
drug resistance. For the CSCs themselves, the differentiation gradient
between CSCs and their non-CSC progenies results in the formation of
tumor heterogeneity, which indicates that cells of different genotypes
can exist in the same tumor, including subgroups with transferability.
Because of this unique nature of tumors, CSCs have become the leading
cause of drug resistance in cancer treatment. The Wnt/B-catenin
signaling pathway plays an essential role in the reprogramming and dry
maintenance of cancer stem cells and is an indispensable cytokine
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network for promoting the progression of CSCs. It is demonstrated that
the cell types of CMC-derivatives depend in part on the size of the
graded Whnt signaling activity [43]. The classical Wnt signal is, therefore,
bound to participate in the development of the malignant phenotype of
the tumor by affecting the progression of CSCs.

It is currently believed that epithelial-mesenchymal transition (EMT)
may play an important role in the early micro-metastasis mechanism of
CSCs and may depend on the occurrence of classical Wnt signaling. In
epithelial cells, Sox15 blocks EMT by interacting with the -catenin/E-
cadherin complex. The binding of the Sox15/B-catenin/E-cadherin
complex to the proximal prokinetic region of CASP3 triggers caspase-
mediated Twistl cleavage. During EMT, however, this interaction is
disrupted. Twistl binds to phospho-B-catenin and enhances Wnt3a-
mediated B-catenin/TCF transcriptional activity, thereby inducing
expression of dry genes to promote lung cancer tumor initiation ability
and metastasis [44].

In addition, silencing of the Wnt/fB-catenin signaling network regulates
CSC resting and tumor dormancy processes. After undergoing periodic
proliferation and immune elimination bursts, a small subset of the
offspring is transformed into latent cancer (LCC) cells, which exhibit a
Sox-dependent dry phenotype. LCC cells actively silence the WNT
signals and convert into a resting state through the expression of the
WNT inhibitor DKK1, in which LCC down-regulates NK cell ligands to
escape from NK cell-mediated immune clearance, thereby maintaining
a latent state for a long time. However, once LCC cells undergo
immunosuppression or abnormal signal networks, LCC cells will enter
the cell cycle in advance, eventually leading to metastatic tumor cell
outbreaks [45]. In addition, the quiescent state of CSCs can successfully
escape from the killing of chemotherapy drugs; therefore, CSCs become
the "bane" of tumor recurrence and metastasis.

Thus, Wnt signaling is an attractive therapeutic target for the
development of novel anti-cancer therapies. It has been recently reported
that retinoids triggered a high expression of HOXADS in colon cancer.
High levels of HOXAS5 expression induce a stem cell phenotype loss by
inhibiting Wnt signaling in tumors, preventing tumor growth and
metastasis progression [46, 47]. The signaling network that regulates

Table 1: Tumor treatment strategies Wnt/B-catenin signaling pathway.

embryonic development is, however, not singular. The CSC phenotype
is the result of crosstalk between multiple signaling pathways (such as
Notch, Hedgehog, and Wnt). Elucidating the molecular and signaling
mechanisms of cancer stem cell regulation will, therefore, help to
understand key nodes in stem cell signaling networks, discover new
targets for tumor therapy, and improve treatment strategies [48]. In
addition, due to the crosstalk and redundancy of the CSC signal network,
tumor therapy programs targeting CSCs require a combination of
therapies to exert a powerful anti-cancer effect.

Conclusion

Wnt/B-catenin signaling is involved in the regulation of cell transduction
in tumors, which is a multi-faceted and multi-level complex process. Due
to its complexity, however, Wnt/B-catenin signaling is still being
explored as a target for the treatment of cancer. Targeting multiple sites
of this pathway can provide a new basis for the treatment of tumors.

As shown in (Table 1), there are three main types of tumor treatment
strategies that direct the Wnt/B-catenin pathway. One is to block the
binding of Wnt-receptor complexes. (1) The porcupine (membrane-
bound O-acyltransferase, a key enzyme in Wnt ligand synthesis)
inhibitors LGK974 and C59 can target Wnt-driven cancer at a
therapeutically effective dose without significant intestinal toxicity and
other pathological phenomena. In particular, LGK974 is harmless to
normal Wnt-dependent tissues, whereas it effectively induces tumor
regression [49, 50]. (2) OMP-54F28 is a chimera of a cysteine-rich
domain in the fragile family receptor 8 (FZD8) and an immunoglobulin
Fc domain that competes with the native FZD8 receptor for Wnt ligand
and antagonizes Whnt signaling. At present, OMP-54F28 is in the clinical
trial stage for the treatment of advanced solid tumors (ovarian cancer,
pancreatic cancer, and hepatocellular carcinoma) [51]. (3) TET1 is a
tumor suppressor that binds to the Wnt endogenous inhibitors DKK1 and
SFRP2 gene promoters to maintain their hypomethylation, promotes
DKK1 and SFRP2 transcription and exerts effective tumor-suppressive
effects [52, 53]. TET1 can, therefore, be used as a new target for anti-
cancer therapy.

Treatment Strategy Target Receptor Mechanism Related Inhibitor Ref
Porcupine Porcupine, a key enzyme that inhibits LGK974, C59, et. [49-50]
Wnt ligand synthesis, thereby limiting the
synthesis of Wnt proteins
Prevents binding of Wnt- FzD8 Blocking the interaction of native FZD8 OMP-54F28 [51]
receptor complexes receptor with Wnt ligand
TET1 TET1 binds to the Wnt of native FZD8 [52-53]
Receptor with Wnt ligand
Promotes B-catenin TNKS1/2 Inhibits the PARsylation activity of G007-LK, G244-LM, [54-57]
degradation TNKS1/2 to stabilize Axin levels NVP-TNKS6 56, JW55,
et.
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USP7

Inhibition of USP7 enhances
ubiquitination and degradation of 3-
catenin

P5091

[58]

B-catenin

Promotes B-catenin citrullination to
induce its degradation

NTZ

[59]

Disturbing TCF/ B-catenin TNIK
transcription complex
formation

Inhibition of TNIK can disrupt the
formation of TCF/ B-catenin
transcriptional complexes

NCB-0846

[60]

ovoL2 OVOL2 maintains the hypermethylation

of Wnt target genes by promoting histone

deacetylase 1 recruitment to the TCF4- B-
catenin complex, inhibition of Wnt

[61]

activity.

The second category is to promote the degradation of B-catenin. (1)
Tankyrases (TNKS) 1 and 2 are coupled to Axin poly ADP-ribosylation
(PARsylation), and the complexes are ubiquitinated by RNF146 and
used for proteasomal degradation, thereby, significantly reducing Axin
levels in the tumor cells [54, 55]. However, specific small-molecule
tankyrase inhibitors (G007-LK, G244-LM, NVP-TNKS656, and JW55)
stabilize Axin levels by inhibiting the PARSsylation activity of TNKS1/2,
reducing intracellular Wnt/B-catenin signaling [56, 57]. (2) USP7, a
deubiquitinating enzyme, that is overexpressed in colorectal cancer cell
lines and tissues and is associated with poor prognosis of the disease.
Inhibitor P5091 enhances B-catenin ubiquitination and degradation by
inhibiting USP7, thereby inducing tumor apoptosis and inhibiting
growth [58]. (3) B-Catenin citrullination by small-molecule nitazoxanide
(NTZ) induces the degradation of B-catenin by stabilizing PAD2,
effectively inhibiting APC or CTNNB1 mutation-driven colorectal
tumor growth [59].

The third category is to disrupt TCF/B-catenin transcription complex
formation. (1) TNIK is an essential regulator of B-catenin and TCF4
transcriptional complexes and is the most downstream component of
Wht signaling. The inhibition of TNIK can thus disrupt the formation of
TCF/B-catenin transcriptional complexes and prevent the activation of
Whnt target genes [60]. (2) The Wnt signaling transcription factor
OVOL2 maintains the hypermethylation of the Wnt target genes by
promoting histone deacetylase 1 recruitment to the TCF4-B-catenin
complex. Overexpression of OVOL2 inhibits Wnt activity and
metastasis of colorectal tumors [61]. Taken together, Wnt/B-catenin
provides new ideas and methods for the treatment of malignant tumors.
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APC: Adenomatous Polyposis Coli
CTNNBLI: Catenin Beta 1
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FZD: Frizzled Receptor Family

LGR: Leucine-Rich Repeat-Containing G-Protein Coupled Receptor
SATBL1: Special AT-Rich Binding Protein 1

HCC: Hepatocellullar Carcinoma

HCA: Hepatocellular Adenoma

GPC 3: Glypican 3

PRC 1: Protein Regulator of Cytokinesis

DKK?1: Dickkopf-Related Protein 1

CASP3: Cysteine- Aspartic Acid Protease (Caspase) 3
TET: Tet Methylcytosine Dioxygenase 1

SFRP2: Secreted Frizzled-Related Protein 2

REFERENCES

1. T Zhan, N Rindtorff, M Boutros (2017) Wnt signaling in cancer.
Oncogene 36:1461-1473. [Crossref]

2. Maryam Majidinia, Javad Aghazadeh, Rana Jahanban Esfahlani,
Bahman Yousefi (2018) The roles of Wnt/B-catenin pathway in tissue
development and regenerative medicine. J Cell Physiol 233: 5598-
5612. [Crossref]

3. Bojun Wang, Tian Tian, Karl Henning Kalland, Xisong Ke, Yi Qu
(2018) Targeting Wnt/B-Catenin Signaling for Cancer Immunotherapy.
Trends Pharmacol Sci 39: 648-658. [Crossref]

4. Hans Clevers, Roel Nusse (2012) Wnt/B-catenin signaling and disease.
Cell 149: 1192-1205. [Crossref]

5. Carla Bénziger, Davide Soldini, Corina Schiitt, Peder Zipperlen,
George Hausmann et al. (2006) Wntless, a conserved membrane
protein dedicated to the secretion of Wnt proteins from signaling cells.
Cell 125: 509-522. [Crossref]

6. Roel Nusse, Hans Clevers (2017) Wnt/B-Catenin Signaling,
Disease,and Emerging Therapeutic Modalities. Cell 169: 985-999.
[Crossref]

7.  Ken M Cadigan, Marian L Waterman (2012) TCF/LEFs and Wnt
signaling in the nucleus. Cold Spring Harb Perspect Biol 4: a007906.
[Crossref]

8. Lukas E Dow, Kevin P O'Rourke, Janelle Simon, Darjus F
Tschaharganeh, Johan H van Es et al. (2015) Apc Restoration Promotes
Cellular Differentiation and Reestablishes Crypt Homeostasis in
Colorectal Cancer. Cell 161: 1539-1552. [Crossref]

9. Luca Azzolin, Tito Panciera, Sandra Soligo, Elena Enzo, Silvio
Bicciato et al. (2014) YAP/TAZ Incorporation in the b-Catenin

Volume 3(9): 6-8


https://pubmed.ncbi.nlm.nih.gov/27617575/
https://pubmed.ncbi.nlm.nih.gov/29150936/
https://pubmed.ncbi.nlm.nih.gov/29678298/
https://pubmed.ncbi.nlm.nih.gov/22682243/
https://pubmed.ncbi.nlm.nih.gov/16678095/
https://pubmed.ncbi.nlm.nih.gov/28575679/
https://pubmed.ncbi.nlm.nih.gov/23024173/
https://pubmed.ncbi.nlm.nih.gov/26091037/

New Advances in Classical Wnt/B-Catenin Signaling in Cancer

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Destruction Complex Orchestrates the Wnt Response. Cell 158: 157-
170. [( l'\‘\\l‘cf]

Wim de Lau, Weng Chuan Peng, Piet Gros, Hans Clevers (2014) The
R-spondin/Lgr5/Rnf43 module: regulator of Wnt signal strength.
Genes Dev 28: 305-316. [Crossref]

Herb Brody (2015) Colorectal cancer. Nature 521: S1. [Crossref]
Cancer Genome Atlas Network (2012) Comprehensive molecular
characterization of human colon and rectal cancer. Nature 487: 330-
337. [( l'\‘\\l‘cf]

Randall W Burt, Mark F Leppert, Martha L Slattery, Wade S Samowitz,
Lisa N Spirio et al. (2004) Genetic testing and phenotype in a large
kindred with  attenuated  familial polyposis.
Gastroenterology 127: 444-451. [Crossref]

Hwa Jin Kim, Sue Jin Moon, Seok Hyung Kim, Kyu Heo, Jeong Hoon
Kim et al. (2018) DBCI regulates Wnt/B-catenin-mediated expression
of MACC1, akey regulator of cancer progression, in colon cancer. Cell
Death Dis 9: 831. [Crossref]

Qingding Wang, Yuning Zhou, Piotr Rychahou, Jennifer W Harris,
Yekaterina Y Zaytseva et al. (2018) Deptor is a novel target of Wnt/ -
catenin/c-Myc and contributes to colorectal cancer cell growth. Cancer
Res 78: 3163-3175. [Crossref]

Paulo Rodrigues, Irati Macaya, Sarah Bazzocco, Rocco Mazzolini,
Elena Andretta et al. (2014) RHOA inactivation enhances Wnt
signalling and promotes colorectal cancer. Nat Commun 5: 5458.
[Crossref]

R Mir, S J Pradhan, P Patil, R Mulherkar, S Galande (2016) Wnt/B-
catenin signaling regulated SATB1 promotes colorectal cancer
tumorigenesis and progression. Oncogene 35: 1679-1691. [Crossref]
Lara Planas Paz, Vanessa Orsini, Luke Boulter, Diego Calabrese,
Monika Pikiolek et al. (2016) The RSPO-LGR4/5-ZNRF3/RNF43
module controls liver zonation and size. Nat Cell Biol 18: 467-479.
[Crossref]

Jing Yang, Laura E Mowry, Kari Nichole Nejak Bowen, Hirohisa
Okabe, Cassandra R Diegel et al. (2014) Beta-Catenin Signaling in
Murine Liver Zonation and Regeneration: A Wnt-Wnt Situation!
Hepatology 60: 964-976. [Crossref]

Jack R Wands, Miran Kim (2014) WNT/B-Catenin Signaling and
Hepatocellular Carcinoma. Hepatology 60: 452-454.

Andreas Schmidt, Albert Braeuning, Peter Ruck, Guido Seitz, Sorin
Armeanu Ebinger et al. (2011) Differential expression of glutamine
synthetase and cytochrome P450 isoforms in human hepatoblastoma.
Toxicology 281: 7-14. [Crossref]

Naomoto Harada, Hiroko Oshima, Masahiro Katoh, Yositaka Tamai,
Masanobu Oshima et al. (2004) Hepatocarcinogenesis in Mice with -
Catenin and Ha-Ras Gene Mutations. Cancer Res 64: 48-54. [Crossref]
Junyan Tao, Emily Xu, Yifei Zhao, Sucha Singh, Xiaolei Li et al.
(2016) Modeling a Human Hepatocellular Carcinoma Subset in Mice
Through Coexpression of Met and Point-Mutant b-Catenin.
Hepatology 64: 1587-1605. [Crossref]

Sabine Colnot (2016) Focusing on Beta-Catenin Activating Mutations
to Refine Liver Tumor Profiling. Hepatology 64: 1850-1852. [Crossref]
Jiayi Wang, Joo Seop Park, Yingying Wei, Mihir Rajurkar, Jennifer L
Cotton et al. (2013) TRIB2 Acts Downstream of Wnt/TCF in Liver
Cancer Cells to Regulate YAP and C/EBPa Function. Mol Cell 51: 211-
225. [Crossref]

Shanshan Xu, Minghong Tong, Jinggin Huang, Yue Zhang, Yongxia
Qiao et al. (2014) TRIB2 inhibits Wnt/b-Catenin/TCF4 signaling

adenomatous

Clin Oncol Res doi:10.31487/j.COR.2020.09.06

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

through its associated ubiquitin E3 ligases, b-TrCP, COP1 and Smurfl,
in liver cancer cells. FEBS Lett 588: 4334-4341. [Crossref]

Wei Gao, Zhewei Tang, Yi Fan Zhang, Minggian Feng, Min Qian et al.
(2015) Immunotoxin targeting glypican-3 regresses liver cancer via
dual inhibition of Wnt signalling and protein synthesis. Nat Commun 6:
6536. [Crossref]

Fubo Zhou, Wenting Shang, Xiaoling Yu, Jie Tian (2018) Glypican-3:
A promising biomarker for hepatocellular carcinoma diagnosis and
treatment. Med Res Rev 38: 741-767. [Crossref]

Jianxiang Chen, Muthukumar Rajasekaran, Hongping Xia, Xiaogian
Zhang, Shik Nie Kong et al. (2016) The microtubule-associated protein
PRC1 promotes early recurrence of hepatocellular carcinoma in
association with the Wnt/B-catenin signalling pathway. Gut 65: 1522-
1534. [Crossref]

Valentina Angeloni, Paola Tiberio, Valentina Appierto, Maria Grazia
Daidone (2015) Implications of stemness-related signaling pathways in
breast cancer response to therapy. Semin Cancer Biol 31: 43-51.
[Crossref]

Babette Schade, Robert Lesurf, Virginie Sanguin Gendreau, Tung Bui,
Genevieve Deblois et al. (2013) b-Catenin Signaling Is a Critical Event
in ErbB2-Mediated Mammary Tumor Progression. Cancer Res 73:
4474-4487. [Crossref]

Luis E Arias Romero, Olga Villamar Cruz, Min Huang, Klaus P
Hoeflich, Jonathan Chernoff et al. (2013) Pakl Kinase Links ErbB2 to
b-Catenin in Transformation of Breast Epithelial Cells. Cancer Res 73:
3671-3682. [Crossref]

Junchao Cai, Hongyu Guan, Lishan Fang, Yi Yang, Xun Zhu et al.
(2013) MicroRNA-374a activates Wnt/B-catenin signaling to promote
breast cancer metastasis. J Clin Invest 123: 566-579. [Crossref]
Liangliang Ren, Han Chen, Junwei Song, Xuhong Chen, Chun Lin et
al. (2019) MiR-454-3p-Mediated Wnt/B-catenin Signaling Antagonists
Suppression Promotes Breast Cancer Metastasis. Theranostics 9: 449-
465. [Crossref]

Mengwei Li, Yanzhen Han, Haoze Zhou, Xin Li, Chenyu Lin et al.
(2018) Transmembrane protein 170B is a novel breast tumorigenesis
suppressor gene that inhibits the Wnt/B-catenin pathway. Cell Death
Dis 9: 91. [Crossref]

Chang Gong, Shaohua Qu, Xiao Bin Lv, Bodu Liu, Weige Tan et al.
(2014) BRMSIL suppresses breast cancer metastasis by inducing
epigenetic silence of FZD10. Nat Commun 5: 5406. [Crossref]
Xuegian Zhuang, Hao Zhang, Xiaoyan Li, Xiaoxun Li, Min Cong et al.
(2017) Differential effects on lung and bone metastasis of breast cancer
by Whnt signalling inhibitor DKK1. Nat Cell Biol 19: 1274-1285.
[Crossref]

Yaser Atlasi, Leendert Looijenga, Riccardo Fodde (2014) Cancer Stem
Cells, Pluripotency, and Cellular Heterogeneity: A WNTer Perspective.
Current Topics in Developmental Biology 107: 373-404. [Crossref]
Felipe de Sousa e Melo, Antonina V Kurtova, Jonathan M Harnoss,
Noelyn Kljavin, Joerg D Hoeck et al. (2017) A distinct role for Lgr5*
stem cells in primary and metastatic colon cancer. Nature 543: 676-
680. [Crossref]

Sarah Schwitalla, Alexander A Fingerle, Patrizia Cammareri, Tim
Nebelsiek, Serkan | Goktuna et al. (2013) Intestinal tumorigenesis
initiated by dedifferentiation and acquisition of stem-cell-like
properties. Cell 152: 25-38. [Crossref]

D J Huels, O J Sansom (2015) Stem vs non-stem cell origin of
colorectal cancer. Br J Cancer 113: 1-5. [Crossref]

Volume 3(9): 7-8


https://pubmed.ncbi.nlm.nih.gov/24976009/
https://pubmed.ncbi.nlm.nih.gov/24532711/
https://pubmed.ncbi.nlm.nih.gov/25970450/
https://pubmed.ncbi.nlm.nih.gov/22810696/
https://pubmed.ncbi.nlm.nih.gov/15300576/
https://pubmed.ncbi.nlm.nih.gov/30082743/
https://pubmed.ncbi.nlm.nih.gov/29666061/
https://pubmed.ncbi.nlm.nih.gov/25413277/
https://pubmed.ncbi.nlm.nih.gov/26165840/
https://pubmed.ncbi.nlm.nih.gov/27088858/
https://pubmed.ncbi.nlm.nih.gov/24700412/
https://pubmed.ncbi.nlm.nih.gov/21237236/
https://pubmed.ncbi.nlm.nih.gov/14729607/
https://pubmed.ncbi.nlm.nih.gov/27097116/
https://pubmed.ncbi.nlm.nih.gov/27515244/
https://pubmed.ncbi.nlm.nih.gov/23769673/
https://pubmed.ncbi.nlm.nih.gov/25311538/
https://pubmed.ncbi.nlm.nih.gov/25758784/
https://pubmed.ncbi.nlm.nih.gov/28621802/
https://pubmed.ncbi.nlm.nih.gov/26941395/
https://pubmed.ncbi.nlm.nih.gov/25153354/
https://pubmed.ncbi.nlm.nih.gov/23720052/
https://pubmed.ncbi.nlm.nih.gov/23576562/
https://pubmed.ncbi.nlm.nih.gov/23321667/
https://pubmed.ncbi.nlm.nih.gov/30809286/
https://pubmed.ncbi.nlm.nih.gov/29367600/
https://pubmed.ncbi.nlm.nih.gov/25406648/
https://pubmed.ncbi.nlm.nih.gov/28892080/
https://pubmed.ncbi.nlm.nih.gov/24439813/
https://pubmed.ncbi.nlm.nih.gov/28358093/
https://pubmed.ncbi.nlm.nih.gov/23273993/
https://pubmed.ncbi.nlm.nih.gov/26110974/

New Advances in Classical Wnt/B-Catenin Signaling in Cancer

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Soona Shin, Kirk J Wangensteen, Monica Teta Bissett, Yue J Wang,
Elham Mosleh Shirazi et al. (2016) Genetic Lineage Tracing Analysis
of the Cell of Origin of Hepatotoxin-Induced Liver Tumors in Mice.
Hepatology 64: 1163-1177. [Crossref]

Amy Reilein, David Melamed, Karen Sophia Park, Ari Berg, Elisa
Cimetta et al. (2017) Alternative direct stem cell derivatives defined by
stem cell location and graded Wnt signalling. Nat Cell Biol 19: 433-
444, [Crossref]

Yi Wen Chang, Ying Jhen Su, Michael Hsiao, Kuo Chen Wei, Wei
Hsin Lin et al. (2015) Diverse Targets of fB-Catenin during the
Epithelial-Mesenchymal Transition Define Cancer Stem Cells and
Predict Disease Relapse. Cancer Res 75: 3398-3410. [Crossref]
Srinivas Malladi, Danilo G Macalinao, Xin Jin, Lan He, Harihar Basnet
et al. (2016) Metastatic Latency and Immune Evasion through
Autocrine Inhibition of WNT. Cell 165: 45-60. [Crossref]

Paloma Ordofiez Moran, Caroline Dafflon, Masamichi Imajo, Eisuke
Nishida, Joerg Huelsken (2015) HOXAS5 Counteracts Stem Cell Traits
by Inhibiting Wnt Signaling in Colorectal Cancer. Cancer Cell 28: 815-
829. [Crossref]

Si Hui Tan, Nick Barker (2015) Stemming Colorectal Cancer Growth
and Metastasis: HOXAS5 Forces Cancer Stem Cells to Differentiate.
Cancer Cell 28: 683-685. [Crossref]

Naoko Takebe, Lucio Miele, Pamela Jo Harris, Woondong Jeong,
Hideaki Bando et al. (2015) Targeting Notch, Hedgehog, and Wnt
pathways in cancer stem cells: clinical update. Nat Rev Clin Oncol 12:
445-464. [Crossref]

Jun Liu, Shifeng Pan, Mindy H Hsieh, Nicholas Ng, Fangxian Sun et
al. (2013) Targeting Whnt-driven cancer through the inhibition of
Porcupine by LGK974. Proc Natl Acad Sci U S A 110: 20224-20229.
[Crossref]

Kyle David Proffitt, Babita Madan, Zhiyuan Ke, Vishal Pendharkar,
Lijun Ding et al. (2013) Pharmacological Inhibition of the Wnt
Acyltransferase PORCN Prevents Growth of WNT-Driven Mammary
Cancer. Cancer Res 73: 502-507. [Crossref]

Phuong N Le, Jessica D McDermott, Antonio Jimeno (2015) Targeting
the Wnt pathway in human cancers: Therapeutic targeting with a focus
on OMP-54F28. Pharmacol Ther 146: 1-11. [Crossref]

F Neri, D Dettori, D Incarnato, A Krepelova, S Rapelli et al. (2015)
TET1 is a tumour suppressor that inhibits colon cancer growth by

Clin Oncol Res doi:10.31487/j.COR.2020.09.06

53.

54.

55.

56.

57.

58.

59.

60.

61.

derepressing inhibitors of the WNT pathway. Oncogene 34: 4168-4176.
[Crossref]

Hongying Duan, Zhigiang Yan, Wei Chen, Yu Wu, Jinsong Han et al.
(2017) TET1 inhibits EMT of ovarian cancer cells through activating
Wnt/B-catenin signaling inhibitors DKK1 and SFRP2. Gynecol Oncol
147: 408-417. [Crossref]

Ted Lau, Emily Chan, Marinella Callow, Jo Waaler, Jason Boggs et al.
(2013) A Novel Tankyrase Small-Molecule Inhibitor Suppresses APC
Mutation-Driven Colorectal Tumor Growth. Cancer Res 73: 3132-
3144. [Crossref]

Martina Ferri, Paride Liscio, Andrea Carotti, Stefania Asciutti,
Roccaldo Sardella et al. (2017) Targeting Whnt-driven cancers:
Discovery of novel tankyrase inhibitors. Euro J Med Chem 142: 506-
522. [Crossref]

Oriol Arqués, Irene Chicote, Isabel Puig, Stephan P Tenbaum, Guillem
Argilés et al. (2016) Tankyrase inhibition blocks Wnt/B-catenin
pathway and reverts resistance to PI3K and AKT inhibitors in the
treatment of colorectal cancer. Clin Cancer Res 22: 644-656. [Crossref]
Jo Waaler, Ondrej Machon, Lucie Tumova, Huyen Dinh, Vladimir
Korinek et al. (2012) A Novel Tankyrase Inhibitor Decreases Canonical
Whnt Signaling in Colon Carcinoma Cells and Reduces Tumor Growth
in Conditional APC Mutant Mice. Cancer Res 72: 2822-2832.
[Crossref]

Tao An, Yaxiao Gong, Xue Li, Lingmei Kong, Pengcheng Ma et al.
(2017) USP7 inhibitor P5091 inhibits Whnt signaling and colorectal
tumor growth. Biochem Pharmacol 131: 29-39. [Crossref]

Yi Qu, Jan Roger Olsen, Xing Yuan, Phil F Cheng, Mitchell P
Levesque et al. (2018) small molecule promotes b-catenin citrullination
and inhibits Wnt signaling in cancer. Nat Chem Biol 14: 94-101.
[Crossref]

Mari Masuda, Masaaki Sawa, Tesshi Yamada (2015) Therapeutic
targets in the Wnt signaling pathway: Feasibility of targeting TNIK in
colorectal cancer. Pharmacol Ther 156: 1-9. [Crossref]

Guo Dong Ye, Guang Bin Sun, Peng Jiao, Chen Chen, Qing Feng Liu
etal. (2016) OVOL2, an Inhibitor of WNT Signaling, Reduces Invasive
Activities of Human and Mouse Cancer Cells and is Downregulated in
Human Colorectal Tumors. Gastroenterology 150: 659-671. [Crossref]

Volume 3(9): 8-8


https://pubmed.ncbi.nlm.nih.gov/27099001/
https://pubmed.ncbi.nlm.nih.gov/28414313/
https://pubmed.ncbi.nlm.nih.gov/26122848/
https://pubmed.ncbi.nlm.nih.gov/27015306/
https://pubmed.ncbi.nlm.nih.gov/26678341/
https://pubmed.ncbi.nlm.nih.gov/26678334/
https://pubmed.ncbi.nlm.nih.gov/25850553/
https://pubmed.ncbi.nlm.nih.gov/24277854/
https://pubmed.ncbi.nlm.nih.gov/23188502/
https://pubmed.ncbi.nlm.nih.gov/25172549/
https://pubmed.ncbi.nlm.nih.gov/25362856/
https://pubmed.ncbi.nlm.nih.gov/28851501/
https://pubmed.ncbi.nlm.nih.gov/23539443/
https://pubmed.ncbi.nlm.nih.gov/29107427/
https://pubmed.ncbi.nlm.nih.gov/26224873/
https://pubmed.ncbi.nlm.nih.gov/22440753/
https://pubmed.ncbi.nlm.nih.gov/28216017/
https://pubmed.ncbi.nlm.nih.gov/29083417/
https://pubmed.ncbi.nlm.nih.gov/26542362/
https://pubmed.ncbi.nlm.nih.gov/26619963/

