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Abstract: Despite the clinical development of new adjuvant and neoadjuvant chemotherapy
drugs, colorectal cancer is still one of the leading causes of cancer-related death in human
beings. WNT5a, an autocrine and paracrine f3-catenin independent ligand, has been shown to
induce tumor inhibition and carcinogenic signals, depending on the type of cancer. In
patients with colorectal cancer, WNTS5a triggers a variety of downstream signaling pathways,
which mainly affect the migration and invasion of tumor cells. This article reviews the
mechanism and therapeutic potential of WNTS5a in colorectal cancer. In short, an in-depth
understanding of the role of WNT5a in colorectal cancer is very helpful to better deal with
this disease.
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Introduction
Colorectal cancer (CRC) is a dominating cancer-related health problem, which is
the third most common cancer and the fourth most common cancer-related cause of
death, taking up 9% of the total incidence of cancer.' Despite the perfection of the
early screening program, improvement of surgical skills, and the clinical develop-
ment of chemotherapeutic drugs promote the decrease of incidence and overall
mortality rate, CRC remains a major public hygiene matter, largely due to obesity,
smoking and red meat consumption.' For the research of last decades, we know
that CRC is a heterogeneous disease with ample biological behaviors and abundant
gene alteration and signal pathway changes,®’ but the specific pathogenesis still
needs to be perfected. About 5% CRC cases have a bearing on inheritance, highly
penetrant cancer syndromes, like familial adenomatous polyposis (FAP) and Lynch
syndrome (LS), while up to 20 to 30% CRC cases are considered as familial
aggregating.® With the discovery of abundant genetic mutations in the course of
CRC like APC germline mutation, the therapy methods targeted to mutational genes
achieve great progress.”'®

The wingless-type MMTYV integration site (WNT) polygene family encodes
secreted extracellular signaling proteins that regulate cell polarity, motility, and
pattern during embryogenesis and tissue homeostasis.'' In vivo, the WNT family
contains 19 highly conserved lipid-modified glycoproteins that function by binding
to different and co-receptors such as low-density lipoprotein receptor-associated
proteins (LRP5/6), crimp receptor (FZD), and associated receptor tyrosine kinase
(RYK)."? Most WNT proteins range in length from 38-43 kDa, contain up to 22
conserved cysteine residues, and are highly lipid modified and glycylated.'*> WNT
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proteins are hydrophobic and attach primarily to the extra-
cellular matrix.'* Studies have shown that WNT genes
cannot be considered functionally equivalent, although
they have similar structures, but different WNT genes
play different roles in cell growth."> WNT genes were
divided into three groups: WNT1, WNT2, WNT3 and
WNT3A, which induced strong transformation and an
WNT6
WNT7A, which produced weak morphological changes;
and WNT4, WNT5a, WNT5B and WNT7B, which had no
effect on C57MG morphology.'® Meanwhile, WNT pro-
teins can be divided into two classes: canonical WNTs,
including WNT1, WNT3A, WNTS8 and WNTS8B, partici-
pate in regulating WNT/B-catenin-dependent single path-
way; non-canonical WNTs, including WNT4, WNT5a,
and WNTI1I1, participate in regulating WNT/B-catenin-

elongated refractile cell morphology; and

dependent single pathway.'” In canonical pathway, the
absence of WNT ligands causes b-catenin to be phos-
phorylated by a destruction complex formed by the scaf-
fold protein Axin, APC and the kinases GSK3p and casein
kinase (CKla), leading to the absence of nuclear [-
catenin. In this state, TCF/LEF and transducing-like
enhancer protein (TLE/Groucho) formed a repressive com-
plex, which recruits HDACs to repress the target gene.
When there are WNT ligands, WNT ligand binds to FZD
receptor and LRP co-receptor to form a complex activating
canonical pathway. LRP receptors are then phosphorylated
by CKla and GSK3f, which recruit Dishevelled (Dvl)
proteins to accumulate on the plasma membrane and be
activated. Dvl polymers can repress the destruction com-
plex, which saved b-catenin and made them accumulate in
the nucleus. There b-catenin formed an active complex
with LEF and TCF by displacing TLE/Groucho complexes
and recruitment of histone modifying co-activators. This
transcriptional switch leads to changes in a variety of
cellular processes.'®?' The mechanism of non-classical
WNT signaling pathway is complex. At present, the two
main pathways are WNT/Ca2+ signaling pathway and
WNT/PCP signaling pathway. In WNT/PCP signaling,
the WNT ligands bind to the ROR-Frizzled receptor com-
plex, which recruits the Dvl. Then the Dvl bind to the
small GTPase kho. The small GTPase Racl and Rho
together trigger ROCK (Rho kinase) and JNK, which
leads to the rearrangement of the cytoskeleton and/or
transcriptional responses. WNT/Ca2+ signal is initiated
by phospholipase C activity triggered by G protein,
which leads to intracellular calcium flow and downstream
calcium-dependent cytoskeleton and/or transcriptional

22-27

responses (Figure 1).

dependent signaling, whose role in tumor progression

In contrast to [-catenin-

such as CRC has been established, the function of non-
classical pathways remains unclear.”® These two singling
pathways share WNT ligands, such as Dvl signal transdu-
cers and FZD receptors.*’

WNT5a is located on chromosome 3P14-p21, con-
sisting of five exons and the final exon of the 3'-
untranslated region encoding about 6.5 km base pairs,
and using multiple polyadenylation signals to produce at
least four discrete transcripts.’® The WNT5a gene pro-
duces two identical transcription scripts encoding two
different splicing isotypes, including WNT5a-long (L)
and WNT5a-short (S),%° which are realized by using
variable transcription initiation sites, and the corre-
sponding upstream sequences are called promoters
A and B. The former includes 18 amino acids in the
n-terminal domain of the slender WNT5a-L subtype,
while the latter is the truncated WNT5a-S form.*! We
know that these two different splicing subtypes have
different levels of expression in cancer. In adult tissues,
WNTS5-L is expressed in almost all tissues except adi-
pose tissue, while WNT5a-S is only expressed in pla-
centa and is less expressed in trachea and small
intestine.”’

WNT5a is generally considered to be a key ligand
for a single pathway of non-classical WNT/B-catenin
dependence. However, in some cases, it also activates
WNT/B-catenin-dependent single pathway.>? In WNT/
PCP signaling pathway, WNTS5a can activate Dvl by
forming complexes with FZD and Ror2 receptors, and
furthermore, small GTP enzymes of the Rho family are
activated, including RhoA and Rac, and their down-
stream  effectors, Rho-associated protein kinase
(ROCK), the actin-binding protein, Filamin A and
c-Jun N-terminal protein kinase (JNK), and in turn
PCP pathway is started. This process leads to the rear-
rangement of the cytoskeleton and regulating polarized
cell morphology and migration within tissues.*>>¢
WNT5a activation of the WNT/Ca2+ signaling pathway
leads to the mobilization of free intracellular calcium,
which regulates many cellular processes, including actin
cytoskeleton remodeling and cell motility through acti-
vation of calcium-dependent signaling molecules.”” ' In
the canonical pathway, WNTS5a plays two roles. On the
one hand, WNT5a can activate canonical pathways to
regulate embryogenesis and cell fate specificity. On the
other hand, WNTS5a can repress the canonical pathway
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Figure | Canonical WNT signaling is transduced by the WNT/B-catenin and WNT/STOP (stabilization of proteins) signaling cascades through Frizzled (FZD) and LRP5/6
receptors, whereas non-canonical WNT signaling is transduced by the WNT/PCP (planar cell polarity), WNT/RTK (receptor tyrosine kinase), and WNT/Ca2+ signaling

cascades through FZD and/or RORI/ROR2/RYK receptors.

by promoting glycogen synthase kinase3-independent
degradation of B-catenin in regulating mammalian limb
development***(Figure 2).

Many studies have proved that downregulation of
WNT5a is associated with a poor prognosis in many
types of cancers like CRC, which suggests the tumor
suppressor role of WNT5a in those types of cancers.**
Thus, we imagine whether WNT5a can be a good thera-
peutic target of CRC in the future. This review will also
conclude the current research progress and look forward to
the research trends in the future and discuss the potential
therapeutic value of WNT5a.

Expression and Silence of WNT5a in
CRC

Previous studies have shown that WNT5a is down-regulated
in brain, breast, and thyroid cancers, while up-regulated in
lung, gastric, and prostate cancers.**’ According to the
related research of colorectal cancer, the expression level of
WNT5a in CRC cells was negatively correlated with tumor
grade of CRC patients and reintroduction of WNT5a into
CRC cells resulted in inhibition of the motility and prolifera-
tion of CRC cells.***

In human papillomavirus (HPV)-associated colorectal
cancer, the expression of WNT5a is up-regulated.*’
Dong’s>® research has shown that the level of WNT5a in
primary tumors was higher than that in normal colon
tissue. In cell line SW680, a highly metastatic human
colon cancer cell line, the WNTS5a is largely silent.
Previous study detected that this silence had to do with
the DNA methylation at the promoter of WNT5a.*” For
Qian' s research,”’ the level of WNT5a expression reacted
to histone deacetylase(HDAC), inhibitor trichostatin
A(TSA), and sodium butyrate(NaBT) goes up, but this
wasnot to do with the DNA methylation inhibitor, thus
they came to the conclusion that this silence of WNT5a in
SW680 and SW480 was related with the histone modifica-
tions include acetylation, methylation, and phosphoryla-
tion. One point worth paying attention to in Qian et al’s>>
research is that HDAC stimulated the elevation of WNT/f-
catenin pathway while increased the expression of
WNT?5a.

According to a 2016 study, loss of imprinting (LOI)
of the insulin-like growth factor 2 (IGF2) induced the
expression of WNT5a, but the specific mechanism
needs to be further explored.’® About 75% of sporadic
CRCs are CpG island methylator phenotype (CIMP) -
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Figure 2 In WNT/PCP signaling pathway, WNT5a can activate Dvl by forming complexes with FZD and Ror2 receptors, and furthermore, small GTP enzymes of the Rho
family are activated, including RhoA and Rac, and their downstream effectors, Rho-associated protein kinase (ROCK), the actin-binding protein, Filamin A and c-Jun
N-terminal protein kinase (JNK), and in turn PCP pathway is activated. This process leads to the rearrangement of the cytoskeleton and regulating polarized cell morphology
and migration within tissues.>>¢ WNT5a activation of the WNT/Ca2+ signaling pathway leads to the mobilization of free intracellular calcium, which regulates many cellular
processes, including actin cytoskeleton remodeling and cell motility through activation of calcium-dependent signaling molecules.’’*" In the canonical pathway, WNT5a plays

two roles. On the one hand, WNTb5a can activate canonical pathways to regulate embryogenesis and cell fate specificity. On the other hand, WNT5a can repress the

canonical pathway by promoting glycogen synthase kinase3-independent degradation of B-catenin in regulating mammalian limb development.

negative (CIMP-zero or CIMP-low).”* Research has
shown that the level of the DNA methylation of the
promoter of WNTS5a in CRC was higher than that in
adenoma.’® John’s’® research shows that extracellular
calcium-sensing receptor/PTH knockout mice colons
(C-/P-mice) increased the WNT/b-catenin signaling
and reduced non-canonical WNT signaling, including
WNT5a compared to C+/P+mice. Holcombe's research-
7 showed that the expression of WNT5a was different
in different parts of normal mucosa: the expression at
the base of the crypt was higher than that of lumen villi.
WNT5a is involved in the process of carcinogenesis of
normal mucosa. In Wang’s>® study, the level of WNT5a
RNA was significantly decreased in the SW480 cells
line incubated in the MEM lacking all amino acid
(MEM-AA), but the phosphorylation of ERK1/2 was
increased, by which the hypothesis was proved that
the amino acid limitation induced the phosphorylation
of ERK1/2, and then down regulated the WNT5a

expression.

42,43

We have known that WNT5a produces two identical
transcription scripts to encode two different splice iso-
forms including WNTS5a-long (L) and WNT5a-short
(S).*° In colorectal cancer cell lines and specimens, the
expression level of WNT5a-Short (S) subtype transcript
was higher, while that of WNT5a-Long (L) subtype tran-
script was lower. The high expression of WNT5a-S
mRNA subtype and the low expression of WNT5a-L
mRNA subtype were positively correlated with the tumor

grade of patients with colorectal cancer.**

WNT5a in the Process of
Occurrence and Development of
CRC

There is no hard evidence to prove the exact function of
WNT5a. Some studies suggest that WNT5a is a tumor
suppressor, while others suggest the opposite. During the
development of colorectal cancer, WNT5a showed differ-
ent functions in different signal transduction pathways.
Next, we will review the research progress of WNT3a,
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including its role in the promotion, inhibition, prognosis,
and treatment of colorectal cancer.

WNTb5a in CRC Promotion

A large number of signal pathways that promote the devel-
opment of CRC are accompanied with the downregulation
and upregulation of WNT5a (Figure 3). Tumor microenvir-
onment (TMA) is closely related with tumor progress.””-*
As one of most immune cells, tumor-associated macro-
phage (TAM) secrets abundant mediators to inhibit antitu-
mor immune responses, stimulates blood vessel formation
and finally enhances the proliferation, invasion, intravasa-
tion and dissemination of cancer cells.®’®* The level of
WNT5a+/CD68+/CD68+TAMS, belonging to M2 TAM
subtype, was negatively correlated with the prognosis of
the patients. WNT5a induces TAM to secrete IL-10 through
ERK1/2 and STAT3 pathways. IL-10 can be used as an
autocrine cytokine to induce M2 polarization of TAM. IL-

10 neutralizing antibodies can completely prevent this
polarization process. M2 TAMs induced by WNT5a play
a positive role in the occurrence and development of tumor.
Knocking out WNT5a in TAMs can significantly inhibit this
function of TAMS.**

Forkhead box transcription factor M1 (FOXM1) is
a proliferation-associated transcription factor regulated by
dimethylation on H3 lysine 79 (H3K79me2), which takes
part in tumor progress through regulating the transcription
of its target genes.® In colon cancer, H3K79me2-FOXM1
inhibits antitumor responses including BMDC maturation,
cytokine secretion and T-cell activation. At the same time,
FOXM1 the transcription of WNT5a,
Exogenous WNTS5a expression can inhibit FOXMI1 and
the modification of H3K79ME2, which abrogated BMDC
maturation phenotypes. Overall, upregulation of FOXMI

upregulates

via H3K79me2 inhibits maturation phenotypes and func-
tion of BMDCs through the WNT35a signaling pathway.®®

inhibit maturation
phenotypes and functiol
of BMDCs through the
Whnt5a signaling

upregulate the level
of WNT5a in APCnull
HT29 cells to promotes
the EMT of CRC cells,
which suggests elaidic
an promote tumor
metastasis.

Overexpression
of TrpC5 increases the
expression of WNT5a and
inhibits the differentiation of
CRC cells and improves
CD44 and CD1383 levels

a8 -

Wnt5a+ TAMs expresses CCL2
through the Wnt5A-Camkli-

promotes CRC
H3K79me2 and can | ;,crement and

metastasis.

interact and
up-regulate throug

TAT3 pathway, which

migration, and finally
accelerates the progressiol

shown that miR-21b
promotes the metastasi
of colorectal cancer cel
by inhibiting
Wnt5A.

WNT5a activates
CAMK2 and promotes
CAC by enhancing STAT3.

Figure 3 WNT5a promotes the occurrence and development of colorectal cancer through multiple signal transduction pathways.
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Trans fatty acids (TFA) is one of cardiovascular disease
risk factors and has been reported to have a possible CRC
risk.®” Elaidic (EA), a kind of TFA, can upregulate the
level of WNT5a in APCnull HT29 cells, which promotes
the EMT of CRC cells, suggesting its ability to promote
tumor metastasis.®® MiR-21b is controversial in CRC,
research reveals that miR-21b is negative related with the
prognosis of CRC patient.” When inflammatory bowel
disease-associated cancer intensified, the level of miR-
21b in tissue and serum upregulated sharply.”” At the
same time, some research reveal that the expression of
miR-21b was lower in CRC tissue than in normal

tissue.”!

WNT5a has many highly conserved binding
sites for miR-21b, by which miR-21b directly suppresses
the expression of WNT5a in CRC cell line.”> Some reports
have revealed that WNTS5a can repress canonical WNT/j3-
catenin-dependent singling pathway, which promotes
EMT.”® Therefore, Fan’s’" study shows that miR-21b pro-
motes the metastasis of CRC cells by suppressing WNT5a.

Calcium/calmodulin-dependent  protein  kinase II
gamma (CAMK2y) is a kind of serine and threonine
kinases and is a downstream molecule of colitis-induced
WNT5a signaling, which belongs to calcium/calmodulin-
dependent protein kinase II family.”*”® Researchhave
revealed that many inflammation, caused by variety factors
need the participation of CAMK2y.”®7® Ma's”* study has
shown that the overexpression of constitutive CAMK2y
located in colon tissue can prevent enteritis and intestinal
injury induced by sodium dextran sulfate in mice, thus
protecting intestinal epithelial cells and promoting their
proliferation. Further studies have shown that CAMK2y
can be activated by WNT5a in colitis-associated colorectal
cancer and promote the occurrence of colitis-associated
colorectal cancer by enhancing STAT3.

FZD2 is
mesenchymal cancer, which can promote EMT and stimu-
late cells migration.”” In CRC, FZD2 and WNT5a interact

and up-regulate each other and in turn facilitate EMT and

overexpressed in poorly differentiated

cells migration and accelerate the process of CRC finally.
The whole process is done through Fyn kinase-dependent
STAT3 pathway. The mechanism is that tyrosine phos-
phorylation of FZD2 is not recognized by kinases at the
Tyr552 site, and then this phosphorylation promotes the
binding of FZD2 to the SH2 region of Fyn, which acti-
vates tyrosine phosphorylation at Tyr705 and functions as
the STAT3 pathway, resulting in the occurrence of EMT

and cancer.®’

Tumor microenvironment (TME) includes tumor cells,
immune cells, tumor-associated fibroblasts and extracellu-
lar matrix, which is closely related to the occurrence and
development of tumors.®' The largest number of immune
cells are macrophages, called tumor-associated macro-
phages (TAM), which are divided into classical activated
macrophages (M1 phenotype) and alternately activated
macrophages (M2 phenotype).**** Studies have shown
that WNT5a is mainly expressed in M2-like TAM of
TME. WNT5a+TAMS can significantly promote the pro-
liferation and metastasis of colorectal cancer, but WNT5a
does not directly affect this process, but through promot-
ing TAM to express CCL2. Further studies have shown
that the CCL2 expression of TAMS depends on the
WNT5a-CaMKII-ERK pathway.®

Transient receptor potential (Trp) channel is a type of
ion channel located in the plasma membrane, TrpC5 is
a subtype of TrpC, which can form a receptor-activated
non-selective Ca2+ channel.’® In the CRC cells line,
TrpC5 is overexpressed, causing a robust [Ca2+]i rise
and a higher expression of WNT5a, by which TrpC5 can
suppress the differentiation of CRC cells. Besides, the
overexpression of TrpC5 can increase the level of CD44
and CD133 throughWNT5a signal pathway and in turn
enhance the stemness of CRC cells. All these promote
the development of CRC.*’

Elvira’s research elucidated that the improvement of
WNT5a expression promoted the invasion and migration
in human CRC. WNT5a knockdown in human CRC had
a function of inhibiting directional migration and weaken-
ing the formation of focal adhesion site. But when inducing
the expression of WNTS5a in the intestinal tumor of
Apcl638N  mice, there
effect.*” To sum up, we have plotted Figure 3 and Table 1,

is no obvious carcinogenic

so it is not difficult to see that WNTS5a plays an important
role in the promotion of CRC.

WNTb5a in CRC Inhibition

In addition to the promotion of colorectal cancer, the role
of WNT5a in the inhibition of colorectal cancer has also
attracted our attention. Receptor tyrosine kinase(RTK)
regulates a variety of diseases, including cancer, through
its unique role in cell proliferation, apoptosis, differentia-
tion, and migration.*®* Receptor tyrosine kinase-like
orphan receptor 2(ROR2) is a member of RTKs, which
can induce the cancer cell cycle arrest and apoptosis and
further antagonize the EMT and tumor cells stemness via
repressing the P-catenin and AKT signaling. In return,
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Table | WNT5a Promotes the Occurrence and Development of Colorectal Cancer Through Multiple Signal Transduction Pathways

Factors | Mechanism Function Reference

WNT5A | WNT5A+TAMS expresses CCL2 through WNT5A-CaMKII-ERK pathway to promote the CRC Promotion | [85]

+ TAM proliferation and metastasis of CRC.

Elaidic Elaidic can up-regulate the expression of Wnt5A in APCnull HT29 cells, which can promote the CRC Promotion | [68]
EMT, of colorectal cancer cells, suggesting that it has the ability to promote tumor metastasis.

MiR-21b There are many high binding sites between Wnt5A and Mir-21b. Studies have shown that Mir-21b | CRC Promotion | [70]
promotes the metastasis of colorectal cancer cells by inhibiting Wnt5A.

CAMK2y | WNTb5a activates CAMK2 and promotes CAC by enhancing STAT3. CRC Promotion | [74]

FZD2 FZD2 and Wnt5A interact and up-regulate through Fyn kinase-dependent STAT3 pathway, which | CRC Promotion | [80]
promotes EMT and cell migration, and finally accelerates the process of colorectal cancer.

FOXMI Up-regulation of FOXMI by H3K79me2 can inhibit the mature phenotype and function of BMDCs | CRC Promotion | [66]
through Whntb5a signal pathway.

TrpC5 The overexpression of TRPCS5 increases the expression of Wnt5A, inhibits the differentiation of CRC Promotion | [87]
colorectal cancer cells, and increases the expression levels of CD44 and CD 33, thus enhancing the
dryness of colorectal cancer cells.

ROR?2 is considered as a tumor suppressor in variety can-
cers include CRC. Unfortunately, ROR2 was usually
methylated in the progress of tumors, which promotes
the development of tumor.”>° Abundant past research
has described the relationship between WNT5a and
ROR2 that ROR2 is the receptor or coreceptor of
WNT5a and the activity of ROR2 is directly regulated
by WNT5a.°""? But an interesting conclusion was put
forward in Li’s’® research, there is no obvious correlation
between the expression of WNT5a and ROR2, and the
tumor inhibition function of ROR2 is independent of
WNT5a.

Brucine is a kind of natural plant alkaloids, which has
been proved to own abundant pharmacological effects
include cytotoxic, anticellular proliferation, antiangiogen-
esis and antitumor. It is separated from dry seeds of
Strychnos nux-vomica L. (Loganiaceae).”” In the lovo
cells, brucine has an obvious inhibitory effect through
repressing WNT/B-catenin pathway and further represses
the level of MMPs, the downstream molecules of WNT/j-
catenin pathway. During this process, brucine down
regulates the level of WNT5a.**

Daple is a guanine nucleotide exchange factor (GEF)
for the G protein Gi, which can directly bind to the FZD
and the WNT/FZD mediator Dishevelled (Dvl) to stimu-
late and enhance noncanonical WNT pathway.”> 15-PGDH
is a tumor suppressor which plays a key role in catabolism
of  prostaglandin  E2.

Prostaglandin ~ E2  can

amplify inflammation and tumor growth in the colon
tumor microenvironment. 15-PGDH decreased signifi-
cantly in patients with colorectal cancer. WNT5a can up
regulate the expression of 15-PGDH via active JNK,
which is the downstream signal of WNTS5a. This progress
of activation actives AP-1, which is a transcription factor
binding to the promoter of 15-PGDH. It is verified that
canonical WNT signaling down-regulates 15-PGDH and
WNT5a can weaken this down-regulation effect, which
suggests that WNT5a can regulate 15-PGDH by this inhi-
bition. Overall, WNTS5a can inhibit CRC by upregulating
the expression of 15-PGDH.”°

Fatty acid synthase (FASN) is a key metabolic enzyme
in the terminal catalytic step of fatty acid synthesis, which
is active in a variety of tumors.”” Wang’s’® study shown
that Fasn was upregulated in CRC, which contributed to
a more advanced clinical phenotypes and lymphatic and
distant metastasis. Knocking down Fasn can attenuate
WNT signaling pathway through down- regulating the
expression of WNTS5a, which at least partly inhibited
metastasis.

In mammal, polycomb repression complex-2 (PRC2) is
one kind of highly conserved histone methyltransferase,
taking part in the regulation of epigenetic.”” Enhancer of
zeste Homolog 2 (EZH2) is a catalytic submit of PRC2."'*
In SW480 colon cancer cells line, EZH2 is enriched at the
promoter region of WNTS5a, and in turn upregulates the
level of Histone 3 lysine 27 trimethylation (H3K27me3).
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This process silences the expression of WNTS5a, thus inhi-
bitsthe EMT induced by TGF-f, and finally indicates its
potential ability to inhibit tumor metastasis.'®'

MiR-335 can inhibit the EMT and the growth of CRC
HCTI116 cell line by targeting Twistl. At the same time,
miR-335 can suppress WNT5a.'> The R-spondins
(RSPO), members of a super family of thrombospondin
type 1 repeat (TSR-1)-containing proteins, usually acts as
a WNT/catenin signal agonist.'®> Research have shown
that RSPO2 is downregulated in CRC, suggesting it's
function of antitumor.'® Further study of Dong'%® demon-
strated that the binding of WNT5a and FZD7 drives the
noncanonical WNT signaling pathway, however RSPO2
can break this bind and the physical interaction of
RSPO2 and FZD7 suppresses the noncanonical WNT sig-
naling pathway, and in turn reduces EMT, by which the
metastasis of CRC is prevent.

Hyperparathyroidism 2 (HRPT2) can encode a protein
called parafibromin, the mutation of which contributes to
hyperparathyroidism-jaw tumor syndrome and parathyroid
cancers.'%® The existing research shows that the expression
of parafibromin is negatively related to the invasive ability
of colorectal cancer.'”” For Shen et al’s research, the over-
expression of parafibromin had an ability to repress ovar-
ian cancer via down regulating WNT5a, VEGF, and
MMP-9.'%®

Receptor tyrosine kinase-like orphan receptor is a ROR
family of receptor tyrosine kinase, research shown that
it's a receptor or coreceptor of WNT5a.'” Lee et al’s''’
researchshown that the phosphorylation of RORa in serine
residue 35 can resist the WNT/B-catenin-dependent signal-
ing pathway. The specific mechanisms were as follows:
the overexpression of WNTS5a can increase the level of
Protein Kinase C a (PKCa), the WNT5a-mediated PKCa
can stimulate a phosphorylation on the serine residue 35 of
RORa, this phosphorylation can promote the [B-catenin
bond with the serine 35 of RORa, and possibly induce
a competition between RORa and other coactivators for -
catenin. Further, this combination repressed the expression
oftarget gene of the WNT/B-catenin-dependent signaling
pathway and in turn reduced this pathway.

Cheng's research®® came to the opposite conclusion,
that WNT5a can inhibit EMT by down-regulating Twist
and ZEB1, which are considered to be the key regulators
of EMT, thus weakening the ability of the tumor move-
ment and invasion. Coincidentally, Ying’s*’ study has also
shown that WNT5a can weaken the canonical WNT

pathway by inhibiting B-catenin and its receptors, thus
showing tumor inhibitory activity.

From the above studies, it can be seen that WNT5a
also plays an important role in the inhibition of colorectal
cancer. We also drew Figure 4 and Table 2 to visually
understand the role of WNTS5a in CRC suppression.

WNT5a in CRC Therapy

The therapeutic effect of WNT5a on CRC patients has
been demonstrated in many studies. Azoxymethane
(AOM) and dextran sodium sulfate (DSS) induce colitis
associated CRC (caCRC) via upregulating the level of
transforming growth factor Bl (TGF-B1). Then TGF-B1
directly forms a complex called Smad and indirect actives
NF-kB, this process can upregulate the level of WNT5a.
Then WNT5a treatment actives Snail and initiates transi-
tion event, which promotes epithelial mesenchymal transi-
tion (EMT) with downregulation of E-card and up
regulation of Vimentin. Shenling Baizhu San (SBS) is
a well known traditional Chinese medicine (TCM),
which has been used to treat gastrointestinal disorder for
9hundred years ago. The progress described above could
be alleviated by the TCM. SBS can decrease the level of
TGF-B1, in turn partly stop WNT5a-induced EMT to
achieve the function of suppressing caCRC.""

Genistein (GEN) increases the level of WNT genes
such as WNT5a and SFRP2 in colorectal cancer by
demethylating CpG in the promoter,''>'"* which inhibits
WNT/B-catenin-independent
pathway.''* At the same time, azoxymethane (AOM) is

canonical signaling
a chemical carcinogen, which can induce the expression of
WNTS5a. In the carcinogen-injected rats by AOM, dietary
GEN can increase the methylation of specific CpG-rich
region within WNT5a after AOM processing. At the same
time, dietary GEN can repress binding of the pol 11 at the
promoter of WNT5a, which can be enhance in the post-
AOM period. Dietary GEN can reduce the acetylation of
lysine residues of histone H3 and suppress ethylation of
lysine 9 and phosphorylation of Serine 10 of histone H3 at
promoters of WNTS5a in the post-AOM period through
increasing the level of nuclear HDAC3. All of the above
mechanisms make dietary GEN realize this function that
maintain a normal WNT signaling level in the colon

epithelium of carcinogen-injected

115

rats, suggesting
a potential therapeutic pathway.

Butyrate is a fiber fermentation product in colon.
Existing research results had shown that butyrate can

induce apoptosis of colon cancer cells through acting as
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Figure 4 WNT5a inhibits the occurrence and development of colorectal cancer through multiple signal transduction pathways.

a histone deacetylase inhibitor (HDACI) in vitro and in
turn resists cancers and the canonical WNT pathway can
enhance this apoptosis.''®!'” Prolonged exposure to buty-
rate can cause colorectal cancer cells to resist the above
apoptosis and induce resistance to a variety of HDAC:s.
Further research have shown that prolonged exposure to
butyrate upregulated the expression of WNT5a and
WNTI11 with the upregulation of expression of WNT5a
receptor ROR2, by which the AKT/PKB signaling path-
way was activated and noncanonical WNT pathway was
enhanced.''® For the past study, noncanonical WNT path-
way could reduce the canonical WNT pathway, whereby
the apoptosis of butyrate was resisted and eventually the
HDACi-resistance was induced.'"®

Pomegranate tree was used for treatment of variety of
disease including sore throat, inflammation, and rheuma-
tism in Greco-Arab medicine for centuries. It was often

used as a cure for cancer in the Middle East.'!'*'%! 1,

2-dimethylhydrazine (DMH), a chemical carcinogen, is
used to induced CRC rats. In those rats, the level of
WNT5a is obviously raised. Pomegranate tree extract
(PTE) can fix this abnormal expression of WNT5a and
further suppress CRC process.'*

Fox5 is a hexapeptide WNT5a agonist. As
a recombinant agonist of WNT5a, Fox5 can trigger rich
signal events and functional responses. Compared with
WNT5a, Fox5 is a much simpler molecule that can be
systematically administered and reach tumor tissue.'**'**
For Janina’s research, Fox5 can cut back the number of
colonic cancer stem cells (CSCs) in a xenograft mouse
model of human colonic cancer probably by target sup-
pression of three different targets include p-catenin signal-
ing, COX2 and 15-PGDH, which can promote colonic

CSCs, and in turn repressed colonic CSCs.'*
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Table 2 WNT5a Inhibits the Occurrence and Development of Colorectal Cancer Through Multiple Signal Transduction Pathways

Factors

Mechanism

Function

Reference

ROR2

ROR2 is the receptor or coreceptor of Wnt5A and is regulated by Wnt5A. It can induce tumor
cell cycle arrest and apoptosis by inhibiting catenin and AKT signal pathway, and then antagonize
EMT and tumor stem cells.

CRC inhibition

[25,90]

15-PGDH

WNT5A can promote the decomposition of prostaglandin E2 by up-regulating 15-PGDH, thus
reducing inflammation and tumor growth in tumor microenvironment, and ultimately inhibiting

colorectal cancer.

CRC inhibition

[%€]

Fasn

Fasn knockout can weaken WNT signaling pathway by down-regulating WNT5a expression, at

least partially inhibiting metastasis.

CRC inhibition

[%8]

EZH2

The enrichment of EZH2 in the Wnt5A promoter region further up-regulated the expression of
H3K27me3 and inhibited the expression of Wnt5A, thus inhibiting the transformation of epithelial

endothelial cells induced by transforming growth factor-p and inhibiting tumor metastasis.

CRC inhibition

[101]

miR-335

MiR-335 can target Twistl and suppress WNT5a, and in turn inhibit EMT process and the growth
of CRC HCT 116 cell line.

CRC inhibition

[102]

RSPO

RSPO2 can destroy the combination of Wnt5A and FZD?7, inhibit the irregular Wnt signal pathway
through the physical interaction between RSPO2 and FZD7, and then reduce EMT, thus preventing

CRC inhibition

[105]

the metastasis of colorectal cancer.

Parafibromin
Whnt5a, VEGF, and MMP-9.

The overexpression of parafibromin has ability to repress ovarian cancer via down-regulating

CRC inhibition | [106,107]

PKCa

The overexpression of WNTb5a can increase the level of PKCo, and in turn stimulate

a phosphorylation on the serine residue 35 of RORa and then promote the B-catenin bond with
the serine 35 of RORa, this combination represes the expression of target gene of the WNT/f-
catenin-dependent signaling pathway and in turn reduces this pathway.

CRC inhibition | [110]

Twist and

ZEBI weakening the motor and invasive ability of tumors.

WNTS5A inhibits EMT by down-regulating the key regulatory factors Twist and ZEBI| of EMT, thus

CRC inhibition | [48]

Rimonabant (SR114617), a inverse agonist of canna-
binoid receptor 1 (CBI1), exhibits a strong anti-tumor
effect.'?*"'2® In HCT cells, 8 hours of treatment of rimo-
nabant can increase the level of protein of both WNT5a
and ROR2 and induce the activation of CaMK2, by
which rimonabant promotes the noncanonical WNT path-
way and suppress the canonical WNT pathway.'*’

Previous studies have found that 5-fluorouracil che-
motherapy for pancreatic cancer is interfered with
WNT5a levels.*° Jiang’s''
the level of WNT5a promoter methylation was positively
related with the curative effect of 5-FU in CRC. The anti-

tumor function of 5-FU was repressed by the high

research put forward that

WNT5a level in the hypermethylated cells line which
include HCT116 and SW620 cells while enhanced by
the down-regulated WNT5a in the demethylated cells
line include Lovo and SW480 cells. Above suggests
that the high WNTS5a methylation status is associated

with better drug response and longer progression-free
survival.

Recently meta analysis pointed out the association
between incidence of CRC and serum level of calcidiol
[25-dihydroxyvitamin D3, (25-D3)], which play its anti-
tumorigenic function by regulating the deregulated signal-
ing pathways.'**!* In Charlotte’s'** study, the levels of
WNT5a and ROR2 in the normal colon of mice fed with
high vitamin D diet were increased, while the levels of B-
catenin and TCF-4 were down-regulated, which suggested
the great power of 1.25-D3 in inhibiting WNT signaling,
even in nonmalignant cells, and further emphasizes its
importance in anti-tumorigenesis of colorectal tissue and
preventing the progression of early colorectal cancer.

Simvastatin is a kind of 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase inhibitor, which inhibits
breast cancer, lung cancer, colon cancer and other

135-138 Luasl39

tumors through many ways. study
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illustrated that simvastatin can suppress the mevalonate
pathway by upregulating the expression of Kruppel-like
factor 2 (KLF2) and p21(WAFI1/CIP1) in colon cancer
with P53 mutation. This progress has been proved to act
as an antitumor pathway. Further research have shown
that overexpression KLF2 can induce the level of p2l
(WAF1/CIP1). In p53 mutation, the expression of
WNT5a is significantly increased, and KLF2-mediated
WNT5a inhibition may play a key role in the closure of
WNT and the effect of
simvastatin.

Ciappio’s'*® research shown us that in the APC1638N
mouse offspring, the level of WNT5a, Apc, Sfrpl, and
Wifl, all of which was the inhibitor of canonical WNT
pathway, was positive related with their mother’ intake of

signal anti-metastatic

maternal B vitamin. Further research shown that the
mother’s intake of maternal B vitamin could suppress the
incidence of intestinal tumorigenesis in their offspring.

WNT5a in CRC Prognosis

Some studies have pointed out the role of WNT5a in the
prognosis of CRC.

WNT5a and WNT5B ligand and their cognate receptor
Frizzled2, an oncogene, which promotes last-stage metas-
tasis, have an obvious upregulation in CRC."' It is well
known that STAT3 mediates cytokine signal transduction
and induces a variety of inflammatory responses.'*
Balanis’s'** research showed that STAT3 promoted EMT
via changing the transcription factor such as Zedl. But
a novel mechanism of STAT activation was found in multi-
ple tumor cells expressing FZD2-WNT5a, which regulated
EMT, cell migration and invasion: Fyn could associate
with FZD2-Tyr552 via it’s SH2 domain, binds to ligand,
and phosphorylate STAT3, which converted epithelial
morphology to a migratory mesenchymal one. FZD2 also
has an influence on other factors regulating EMT such as
Tgfb2 and Bmp2, which suggests that it is a key factor
during EMT progress.®® Overall, the gene markers regu-
lated by the FZD2/WNT5a pathway seem to have a strong
predictive value for colorectal cancer metastasis and over-
all patient survival.

Somatic methylation of the promoter of MLHI1 causes
majority of sporadic CRC with microsatellite instability
(MSI) and the CpG island methylator phenotype
(CIMP)."** The CRC tumor with MSI often exhibited
a favorable outcome, whereas the CRC tumor with
CIMP shown a complex outcome associated with the
status of MSI and BRAF V600E. BRAF VG600E is

a substitute marker of high CIMP and is a dependent
prognostic factor of CRC tumor, which is associated
with a poor outcome. Research has put forward that we
can forecast the outcome of CRC tumor by determining
the status of MSI/CIMP/BRAF V600E.'*"'*° Compared
to in the microsatellite stability (MSS), WNT5a methyla-
tion is much more common in MSI. This relationship is
independent of the patient’s age, sex and other influencing
factors. Meanwhile, the WNT5a methylation is associated
with the methylation of MLH1, a primary cause of spora-
dic MSI tumor. The WNT5a methylation is strongly
related to the BRAF V600E mutation. The strong and
independent relationship of WNT5a methylation and
MSI/BRAF V600E suggested that this methylation may
be a prognostic marker associated with a favorable
outcome.'®" In fact, a large number of previous studies
have shown that WNT5a has a discordant function in
CRC. Related research points out that the early expression
of WNTS5a can inhibit the process of CRC by suppressing
the canonical WNT pathway, while the late expression of
WNT5a can promote the CRC cells invasion by noncano-
nical WNT pathway.'*

The expression of WNT5a is downregulated in 50% of
dukes B tumor. Compared to the patient with WNT5a-
negative primary tumor, the median survival of those
with WNTS5a-positive primary tumor is higher obviously.
More in-depth research data show that when comparing
SW480 cells line, which does not express WNT5a protein
and poorly differentiated, and CACO2 colon cancer cells
line, which express WNT5a protein and properly differen-
tiated, the research show that the addition of recombinant/
purified WNT5a obviously repressed the migration force
of SW480 cells, when the same treatment was done to
CACO?2 colon cancer cells line, the migration character-
istic did not exhibit obviously change. In conclusion, the
level of WNT5a is positive-related with the prognosis of
patients with primary dukes B colon tumor.'>?

From existing research, the hypermethylation of
WNT5a is related to the poor prognosis and disease recur-

rence of Resected Stage III Proximal Colon Cancer.'>*!?

Kamposioras et al’s'>

study also prompts us that WNT5a
has a potential to act as a prognostic factor in surgically-

treated colorectal cancer.

Conclusion

WNT5a signaling pathway plays an important regulatory
role in the occurrence and development of tumors.
Therefore, WNT5a signal has been a hotspot in oncology
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