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Frizzled receptors (FZDs) are 7-pass transmembrane proteins and members of the G protein-coupled
receptor (GPCRs) superfamily. They are classified as WNT receptors and show specific and dynamic
expression during different embryonic development stages of invertebrates and vertebrates. They are
required in the regulation of developmental processes such as cell specification, cell polarity, and neural
patterning in Drosophila, zebrafish, Xenopus, mice, humans, and other animals. The dysfunction of FZDs
causes several diseases, including cancer, neural tube defects, and neural degeneration. This review
focuses on the structure, signaling, and WNT binding specificity of FZDs as well as their roles in develop-
ment and diseases, including cancer, embryonic defects, and neurodegenerative disorders. Furthermore,
the use of FZDs as potential therapeutic targets for various human diseases is discussed.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

FZD receptors have been identified in invertebrates and verte-
brates. Four FZDs have been found in Drosophila and C. elegans. In
vertebrates (chickens, mice, and humans), 10 FZDs have been
reported (van Amerongen and Nusse, 2009). FZD receptors are
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Fig. 1. Schematic illustration of Frizzled (FZD) structure. The cysteine-rich domain (CRD) is an extracellular domain in which WNTs bind to FZDs and is followed by the linker
region and seven transmembrane (7TM) domains. The C-terminal is the intracellular domain where the KTXXXW motif is located.
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divided into four groups according to their amino acid sequence
similarity and are numbered from 1 to 10 (FZD1–10) (Huang and
Klein, 2004).

FZDs are members of the G protein-coupled receptor (GPCRs)
superfamily and are 7-pass transmembrane proteins (Barnes
et al., 1998; Wang et al., 2006a) (Fig. 1). The length of FZD proteins
can range from 500 to 700 amino acids. FZD structure consists of
an N-terminal extracellular cysteine-rich domain (CRD), a linker
region, seven hydrophobic domains, and a C-terminal intracellular
domain (Barnes et al., 1998; MacDonald and He, 2012; Huang and
Klein, 2004; Wang et al., 1996). The length of the CRD is approxi-
mately 120 amino acids; it is smaller in all known FZDs and is
responsible for WNT binding with great affinity (Bhanot et al.,
1996; Dann et al., 2001). The KTXXXW motif in the C-terminal is
crucial for the stimulation of the canonical WNT pathway
(MacDonald and He, 2012; Umbhauer et al., 2000) (Fig. 1).

FZDs are expressed on the surfaces of WNT-responsive cells and
act as receptors for WNT ligands (Bhanot et al., 1999). FZDs were
first identified in Drosophila by showing that FZD is capable of
WNT binding; the overexpression of DFz2 results in the activation
of canonical Wnt in non-sensitive Wnt cell cultures (Bhanot et al.,
1996). Moreover, depletion of DFz1/2 yielded the same results as
Fig. 2. Wnt signalling Pathways. A) FZD/WNT/b-catenin signalling. B) FZD/WNT/PCP
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those reported in Wingless mutants (Bhanot et al., 1996; Bhat,
1998). In Xenopus, Fz receptors interact with Wnts in axis duplica-
tion assays (Deardorff et al., 2001; Garcia-Morales et al., 2009;
Yang-Snyder et al., 1996). In addition, several studies have shown
that FZD CRDs are needed for WNT binding (Hsieh et al., 1999; Wu
and Nusse, 2002; Cadigan et al., 1998; Rulifson et al., 2000; Zhang
and Carthew, 1998). For example, the mechanism of WNT–FZD
interactions are confirmed and explained through the crystal struc-
ture of Fz8-CRD and XWnt8-mFZD8CRD (Hsieh et al., 1999; Dann
et al., 2001; Janda et al., 2012). Therefore, FZD receptors are essen-
tial for WNT activation and signal transportation.

It is important to mention that FZDs can bind several ligands,
such as secreted Frizzled-related proteins (SFRPs) and R-spondin,
but mainly interact with 19 WNTs (Bhat et al., 2007; Rodriguez
et al., 2005; Nam et al., 2006). Wnts (Wingless-type MMTV integra-
tion site) belong to a family of conserved glycoproteins. Wnt sig-
nalling activation is dependent on the binding of FZDs and the
low-density lipoprotein-related receptor protein (LRP5/6) (Liu
et al., 2003; Li and Bu, 2005). The canonical Wnt signalling path-
way consists of several components, including 19 Wnts, 10 FZDs
(FZD1-10) a co-receptor; LRP5/6; dishevelled (Dvl), a cytoplasmic
protein b-catenin, destruction complex; glycogen synthase kinase
signalling. C) FZD/WNT/Ca2 + signalling. This Fig is created with Biorender.com.
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3b (GSK-3b); adenomatous polyposis coli (APC); Axin proteins and
casein kinase I (CKI) and nuclear transcription factors of the lym-
phoid enhancer factor/T-cell factor (LEF/TCF) family as well as
Wnt target genes. Furthermore, canonical Wnt signalling is inhib-
ited by antagonists such as sFRP, WNT Inhibitory Factor 1 (WIF-
1), Cerberus and Dickkopf-related protein 1 (DKK) (Gordon and
Nusse, 2006; MacDonald and He, 2012). In FZD/WNT/b-catenin sig-
nalling, Wnt/FZD interaction with LRP5/6 and the process of phos-
phorylation results in b-catenin stabilisation and accumulation in
the nucleus (Fig. 2A) (Gordon and Nusse, 2006). Then, b-catenin
enters the nucleus and interacts with LEF/TCF DNA-binding tran-
scription factors leading to the activation of Wnt target genes
including Myc and Twin (van Amerongen and Nusse, 2009; Reya
and Clevers, 2005).

In contrary, FZD/WNT/planar cell polarity (PCP) signalling is
regulated in a b-catenin-independent manner, Wnt/FZD binding
leads to Dvl recruitment (Komiya and Habas, 2008). Dvl recruit-
ment activates Rho, which in turn activates (ROCK), through
Daam1. Also, actin polymerization is mediated by Daam1 via the
actin binding protein Profilin. Dvl is also involved in the activation
of Rac, which activates the c-Jun N-terminal kinase (JNK) pathway
(Fig. 2B) (Seifert and Mlodzik, 2007).

In FZD/WNT/Ca2+ signalling, FZDs binding is critical for increas-
ing the level of intracellular calcium in cells, which leads to the
stimulation of calcium-responsive enzymes, such as protein kinase
C (PKC) (Fig. 2C) (Kohn and Moon, 2005; Slusarski et al., 1997).
2. Expression and function of FZDs during development:

FZD expression has been observed in several embryonic tissues
and is required during embryogenesis (Alrefaei et al., 2021;
Clevers, 2006; Medina et al., 2000). In Drosophila, the expression
of DFz1 has been documented in the epidermis and wings (Adler
and Lee, 2001). DFz2 expression has been detected during develop-
ment in many cell types, such as the mesoderm and epidermis. In
the late stages of development, expression of DFz2 was exclusively
found in the dorsal vessel, hindgut, and central nervous system
(Bhanot et al., 1996).

Genetic screening and RNA interference were used to study the
function of FZDs in flies. Genetic manipulation of DFz1 results in
defects in cell polarity in the dorsal epidermis, sensory bristles,
and wings (Gubb and García-Bellido, 1982; Gray et al., 2011). Fur-
thermore, deletion of DFz1 and DFz2 leads to severe abnormalities
in embryo patterning, neuroblast specification, and heart forma-
tion (Bhat, 1998; Müller et al., 1999).

Nikaido et al., (2013) conducted a comprehensive analysis of fzd
expression and investigated thair roles during development in zeb-
rafish. They characterized 13 fzdmembers and illustrated that their
expression patterns were dynamic and overlapping in zebrafish
embryos. For example, fzd3a, fzd9b, and fzd10 expression over-
lapped in the dorsal neural tube, and fzd7b and fzd10 expression
was detected in the border of the neural plate. This report showed
that the knockdown of fzd7a and fzd7b affected the movement of
convergent extension during gastrulation. Also, inhibition of fzd7a,
Table 1
Summary of Frizzled expression in Xenopus.

Tissues FZD2 FZD3

Spemann organiser
Neural tissues X X
Otic vesicle X
Eye X X
Somite X
Heart

3

fzd7b, and fzd10 by morpholino results in pronounced defects in
mesodermal convergent extension.

Xenopus Frizzled receptors (XFzs) exhibit dynamic expression at
different stages during development (See Tables 1). They are
required in several biological events including neurogenesis, axis
formation, and patterning. Some XFzs are expressed during neu-
ronal generation; for instance, XFz2/3/4/7/10 expression has been
detected in many neural tissues (Deardorff et al., 2001; Moriwaki
et al., 2000; Shi and Boucaut, 2000; Wheeler and Hoppler, 1999).
XFz2 expression was observed in the optic vesicles, somites, and
eyes (Deardorff and Klein, 1999). XFz3 was found in the neural
plate, the neural tube, and the eye, where it can regulate the forma-
tion of the eye (Rasmussen et al., 2001). XFz3 overexpression leads
to ectopic eye formation, whereas the overexpression of a
dominant-negative form of XFz3 reduces the expression of eye
markers such as Pax6 and Otx2, causing malformation of the eyes
in Xenopus embryos. It was also reported that XFz3 inhibition by
morpholino affects neural crest induction (Deardorff et al., 2001).
In addition, XFz4 expression was found during gastrulation and
in the forebrain (Shi and Boucaut, 2000).

XFz7 expression was detected in several tissues, including the
neural crest, neural tube, and heart (Wheeler and Hoppler, 1999).
It has been indicated that XFz7 is involved in early patterning, pro-
liferation, and morphogenesis (Medina et al., 2000; Zhang et al.,
2013). Consistent with these results, overexpression and knock-
down of XFz7 have been shown to affect neural crest development
and neural tube patterning (Abu-Elmagd et al., 2006). XFz8 expres-
sion is detected in early developing cells including the Spemann
organiser (Deardorff et al., 1998). The injection of xFz8 RNA into
ventral blastomeres resulted in secondary axis formation, and it
interacted with XWnt8 (Deardorff et al., 1998). This study con-
cluded that XFz8 is a receptor for Wnt and is required for the mor-
phogenesis of developing embryos. XFz10 is expressed in the
neural ectoderm and in the neural fold at early stages of develop-
ment (Wheeler and Hoppler, 1999). XFz10 is detected in the cen-
tral nervous system where it is strongly expressed in the
midbrain and hindbrain and in the dorsal neural tube and pro-
motes sensory neural formation (Moriwaki et al., 2000; Garcia-
Morales et al., 2009).

In mice, FZD expression is required during development and
adulthood, and it exhibits complex and specific expression pat-
terns (Borello et al., 1999; Summerhurst et al., 2008) (see Table 2).
FZD expression is detected by in situ hybridisation during early
embryogenesis (5.5 days). For instance, FZD5 and FZD8 expression
has been observed in the visceral endoderm, and FZD7 expression
is present in the epiblast during gastrulation (Lu et al., 2004a; Lu
et al., 2004b; Kemp et al., 2007).

Borello et al. (1999) analysed the expression profile for FZD in
mice during the segmentation stage using in situ hybridisation.
They found that FZD is expressed in several tissues, including neu-
ral tube, limb bud, and somite tissues. For example, FZD1/3/6/7/8/9
expression is detected in developing somites and in the neural
tube, except for FZD6. FZD3 expression is specific to the dorsal neu-
ral tube, whereas FZD7 expression is limited to the intermediate-
ventral region of the neural tube. FZD4/5 expression is found in
FZD4 FZD7 FZD8 FZD10

X
X X X X

X



Table 2
Summary of FZD expression in mice.

Tissues FZD1 FZD3 FZD4 FZD5 FZD6 FZD7 FZD8 FZD9 FZD10

Visceral endoderm X X
The epiblast X X
Somite X X X X X X
Eye X X X X X
Neural tube X X X X X
Hippocampus X X X
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the ventral telencephalon. Moreover, Borello et al. (1999) showed
that some FZDs (1/3/5/6) are expressed in the developing eye, indi-
cating a role for these receptors during eye formation.

In addition, FZD3, FZD5, and FZD8 are found in the developing
mouse hippocampus (Davis et al., 2008). FZD10 is highly expressed
during embryogenesis in central nervous system including neural
tube and the brain (Kemp et al., 2007; Yan et al., 2009). The specific
and dynamic expression of FZDs in several embryonic tissues indi-
cates the essential function of these receptors during development.

Several developmental defects have been reported in FZD
knockout mice. For example, FZD1/2 mutants show obvious defects
in the palate closure and ventricular septum (Yu et al., 2010).
Moreover, Loss of FZD2 leads to defects in branching morphogen-
esis were observed in developing lung epithelium (Kadzik et al.,
2014). Knockout of FZD3 leads to severe abnormalities in axon
development in the central nervous system in mice (Hua et al.,
2014; Wang et al., 2006b). The loss of FZD4 mutant resulted in
many defects in the cochlea, cerebellum, cerebellar degenera-
tion and retina (Xu et al., 2004; Wang et al., 2001). Knockout of
FZD5 led to yolk defects, resulting in embryonic lethality
(Ishikawa et al., 2001). Moreover, FZD5 conditional loss-of-
function led to several abnormalities in the eye, such as increased
cell death in the ventral retina (Liu and Nathans, 2008). It has been
reported that FZD6 loss resulted in a polarity defect in which hair
was mis-orientated in mice (Guo et al., 2004). FZD3/6 double
mutants exhibited many defects in tissue closure, in which the
eyelid and neural tube failed to close (Wang et al., 2006b). Further-
more, the polarity and patterning of inner ear sensory hair cells are
affected in FZD3/6 double mutants. The loss of FZD9 led to abnor-
mal B-cells, which indicates that FZD9 regulates B-cell develop-
ment (Ranheim et al., 2005). These phenotypes clearly indicate
that FZDs are required for development in mouse embryos. How-
ever, the specific WNT ligands that bind to each FZD to regulate
embryonic development must be investigated in more details
in vivo.
3. Fzds and WNT specificity:

WNT–FZD specificity is complex and poorly understood for sev-
eral reasons, including the capability of FZDs to activate many
pathways. For example, FZD7 can activate both canonical and
non-canonical WNT signalling, as shown in chick somites and
other systems (Medina et al., 2000; Gros et al., 2009). Moreover,
some WNTs can bind to many FZDs, and FZDs can interact with
more than one WNT ligand (19 WNTs can bind to 10 FZDs)
(Hsieh et al., 1999; Carmon and Loose, 2010). For instance, WNT9a
is able to bind to the CRD of FZD4, FZD7, and FZD9, as indicated by
assays of immunoprecipitation in COS7 cells (Matsumoto et al.,
2008). Furthermore, redundancy has been reported in FZD recep-
tors, which makes it difficult to investigate the independent func-
tion for each FZD. In Drosophila, DFz1 and DFz2 function
redundantly, and both genes must be mutated to produce a
wingless-like phenotype (Chen and Struhl, 1999; Müller et al.,
1999). Genetic studies in mice have revealed redundancy in the
4

roles of FZD1 and FZD2, as well as in those of FZD3 and FZD6
(Wang et al., 2006b; Yu et al., 2010).

By contrast, few studies have shown the selectivity of specific
WNTs and their receptors. For instance, in Drosophila, DFz2-CRD
has a stronger binding affinity for Wg (10-fold) than does Fz1-
CRD (Rulifson et al., 2000). Moreover, DFz1 has a primary role in
PCP signalling, whereas DFz2 does not have a role in polarity
(Rulifson et al., 2000).

In Xenopus, axis duplication assays have provided several exam-
ples for WNT–FZD selectivity. For example, XWnt5a only causes
axis duplication when it is co-injected with xFz5, but the effect
was not observed with other xFzs (He et al., 1997). This could indi-
cate that xFz5 is a receptor for XWnt5a and transduces its activity
in axis induction. Genetic manipulation of xFz10 revealed its inter-
action with Wnt1 but not Wnt3a, as shown by axis duplication
assays (Garcia-Morales et al., 2009). Furthermore, xFz8 is able to
interact with XWnt8, resulting in the induction of complete axes
in Xenopus (Deardorff et al., 1998). Also, XWnt8 protein can bind
with xFz8 protein, and xFz8-CRD interacts with XWnt8 with higher
affinity compared with other examined xFz (Janda et al., 2012).

In zebrafish, fzd3a interacts with Wnt8b and regulated the for-
mation of forebrain commissures, and their independent knock-
down resulted in the same commissural defect phenotypes
(Hofmeister and Key, 2013).

Luciferase assays have been applied to elucidate WNT–FZD
interactions in several cell lines. FZD9 (RFz9) strongly activates
TCF transcription (Wnt/b-catenin reporter) when it is co-
expressed with WNT2, but not when it is co-expressed with other
WNTs, as shown in 293 T cells (Karasawa et al., 2002). This shows
that FZD9 is a receptor for WNT2 and transduces its function
through canonical WNT signalling. Another study using the same
cell line found that WNT2 was able to increase TCF activity more
than 25-fold when it was co-transfected with FZD8 and 15-fold
with FZD9, but not with the other eight FZDs (Bravo et al., 2013).

Dijksterhuis et al., (2015) characterized a novel cell line called
the mouse myeloid progenitor (32D). This cell line does not
express FZD receptors, but it expresses LRP5 and LRP6. Thus, the
authors generated an overexpressing cell line for each FZD (FZD2,
FZD4, and FZD5) and studied their roles and selectivity with mul-
tiple WNTs (WNT3a, WNT4, WNT5a, and WNT9b). Surprisingly,
only WMT3a increased b-catenin stability and induced LRP6 phos-
phorylation (PS) in a dose-dependent manner in 32D/FZD2, 4 and 5
cells. However, high concentrations of WNT5a induced b-catenin
stability in FZD5-expressing 32D cells, but not in FZD2- or FZD4-
expressing cells. This indicates that WNT5a preferentially binds
to FZD5. The authors also revealed that phosphorylation (PS) of
Dishevelled 2 (DVL2) and DVL3 was affected byWNT–FZD selectiv-
ity. For example, stimulation of WNT3a and WNT5b led to the for-
mation of PS-DVL3 but not PS-DVL2 in FZD5-expressing 32D cells.
This evidence clearly indicates that WNT–FZD pair binding has var-
ious biological activities in this cell line. Thus, this cell line and
other approaches could help elucidate the receptor–ligand interac-
tions and selectivity and contribute to the investigation of the
downstream effects of each WNT–FZD pair. In addition, studies of
WNT–FZD signalling are important to address WNT/FZD-related
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diseases, such as cancer, neural tube defects, and neurodegenera-
tive disorders.
4. WNT/FZD signalling and diseases

4.1. Fzds and cancer

Wnt/FZD dysfunction leads to several kinds of diseases, includ-
ing cardiac hypertrophy, neural degeneration, neural tube defects,
and cancers (Luo et al., 2007; Malaterre et al., 2007; Ueno et al.,
2013; Wang et al., 2006b; Zeng et al., 2018). Wnt/FZD signalling
is involved in the regulation of cell proliferation, and WNT mem-
bers are highly expressed in human cancers, such as breast cancer,
lung cancer, and colon cancer (van Amerongen and Nusse, 2009;
Bravo et al., 2013; Gurney et al., 2012). Furthermore, high FZD
expression has been reported in several human cancers (Ueno
et al., 2008). For instance, FZD1 is highly expressed in colon cancer
(Holcombe et al., 2002), and high expression of FZD3 has been
detected in lymphoma cells in chronic lymphocytic leukaemia cells
(Lu et al., 2004a; Lu et al., 2004b; Qiang et al., 2003). FZD5 is highly
expressed in prostate and kidney cancer (Janssens et al., 2004;
Thiele et al., 2011). High expression of FZD7 is found in more than
six colorectal cancer lines (Ueno et al., 2008). FZD8 is upregulated
in many types of lung cancer (Bravo et al., 2013). Furthermore,
FZD10 shows strong expression in colon cancer, sarcoma, and lung
cancer (Terasaki et al., 2002; Nagayama et al., 2005).

Many knockdown approaches have been used to target FZDs in
different cell lines. FZD7 siRNA inhibits invasion activity and cell
viability in colorectal cancer lines (Ueno et al., 2008). The targeting
of FZD8 by shRNA resulted in significant inhibition of the prolifer-
ation of lung cancer cell lines (Wang et al., 2012). In addition, FZD8
shRNA reduced tumour growth in vivo, as shown in xenograft
mouse models. Notably, both studies reported that the knockdown
of either FZD7 or FZD8 affected canonical WNT signalling. Further-
more, FZD10 siRNA suppressed tumour growth in synovial sarco-
mas cell lines (Nagayama et al., 2005). Because FZDs are involved
in several human cancers, targeting these receptors could be a
valuable tool for combatting cancer. For example, the 3D structure
of h FZD CRD proteins can be used in prediction of specific targets
and in drug discovery.

In addition, antibodies have been used against FZDs in cancer-
ous cells. MAb 92-13 antibody selectivity binds to FZD10-
overexpressing tumours, which facilitates the targeting of these
tumours by radioimmunotherapy (Fukukawa et al., 2008). OMP-
18R5 antibody (a human IgG2 isotype) has been characterized
and is able to bind to five FZDs (FZD1, 2, 5, 7, and 8) through a con-
served epitope (Gurney et al., 2012). OMP-18R5 reduces canonical
WNT signalling by preventing WNT ligands from binding to FZD
receptors. This antibody inhibits human tumours, including breast,
pancreatic, and colon cancer. Moreover, OMP-18R5 exhibits strong
synergy with several chemotherapy drugs, including Taxol.

Furthermore, microRNAs have been used to regulate FZD
expression and their biological activities (Ueno et al., 2013). For
example, FZD1 expression is reduced by miR-204 overexpression
(Li et al., 2011), and miR-23b regulates FZD7 in colon cancer cells
(Zhang et al., 2011). Therefore, other microRNAs should be identi-
fied as they could improve cancer treatment and reduce tumour
growth that results from overexpression of FZDs and/or other
WNT components.
4.2. WNT/FZD signalling and developmental defects

Wnt/FZD signalling has been implicated in various develop-
mental defects in human including nonsyndromic cleft lip, familial
exudative vitreoretinopathy and neural tube defects (NTDs)
5

(MacDonald et al., 2009). For example, rare variants of FZD6
(c.1843_1844insA, p.Arg405Gln) has been reported to contribute
to NTDs in human as shown by computational analysis (De
Marco et al., 2011). NTDs result from the failure of neural tube clo-
sure during primary neurulation in the brain or spinal cord (Greene
and Copp, 2009). Furthermore, FZD6 (a rare variant in intron 1) is
involved in nonsyndromic cleft lip and palate as reported in an
African-American family (Cvjetkovic et al., 2015). Mutations of
FZD4 are linked with familial exudative vitreoretinopathy
(Robitaille et al., 2002; Toomes et al., 2004). Therefore, genetic
modified mice are used as a model in defining the role of Wnt/
FZD in developmental defects in mammal. FZD knockout mice have
uncovered that FZD mutations lead to several embryonic defects
and some of them mimic the defects that reported in human
embryos. For example, FZD4 mutations affect the development of
retinal capillaries in mice and human (Xu et al., 2004; Wang
et al., 2001). In addition, neural tube fails to close in Fz3�/�;Fz6
�/�mouse embryos and causes NTD phenotypes (Wang et al.,
2006b; Yu et al., 2010).

Thus, components of the WNT signalling pathway, including
FZDs, play important roles in the process of development. Under-
standing FZDs fundamental biological functions in developmental
defects could lead to develop better diagnoses of embryonic mal-
formations or enhance preventive measures during pregnancy.
4.3. WNT/FZD signalling and neurodegenerative disorders

The disruption of WNT/FZD signalling is involved in neurode-
generative disorders such as Alzheimer’s disease and Huntington’s
disease (Galli et al., 2014; Salinas, 2012; Serafino et al., 2020). In
Alzheimer’s disease (AD), it was reported that b-catenin levels
are inhibited in the brain, whereas WNT/b-catenin inhibitors
(GSK-3b) are active (Pei et al., 1999). The stimulation of WNT/b-
catenin signalling can prevent b-amyloid peptide (Ab)-induced
neurotoxicity in cultured rat hippocampal neurons (De Ferrari
et al., 2003; Alvarez et al., 2004). It has been shown that WNT3a
is able to activate WNT/b-catenin signalling through FZD1 (not
FZD2) and has a protective effect against Ab toxicity in PC12 cells
and hippocampal neurons (Chacón et al., 2008). Overexpression
of FZD1 along with WNT3a results in a significant increase in cell
survival and prevents b-catenin degradation and caspase-3 activa-
tion in the same cell line. This protective effect could be a result of
WNT/b-catenin signalling activation, which in turn suppresses
WNT inhibitors, such as DKK1 and GSK-3b. Interestingly, these
inhibitors are shown to be overexpressed in AD brains (Galli
et al., 2014; Inestrosa and Varela-Nallar, 2014). Therefore, WNT/
FZD signalling could potentially be used as a therapeutic target
for neurodegenerative diseases.
5. Conclusions

This review focused on FZD expression in different models; the
roles of FZD during development; WNT/FZD signalling specificity;
and FZD involvement in cancer, neural tube defects, and neuronal
diseases. FZDs are classified as receptors for WNTs and participate
in the regulation of several biological processes, including embryo-
genesis, cell specification, and growth of neural synapses. In addi-
tion, FZD overexpression has been detected in several types of
cancers, which results in increased cell proliferation and metasta-
sis. Therefore, understanding FZD function, binding selectivity, and
regulation will help to exploit them as potential therapeutic tar-
gets for cancer treatment and other diseases. Many studies men-
tioned in this review demonstrated that different approaches can
be used to target FZDs in cancer cells, such as microRNAs, antibod-
ies, and siRNAs. Although these approaches are promising, further
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investigation is required to improve their selectivity and ensure
their safety for human use.

Furthermore, FZD signalling has important functions during
neural tube development, as demonstrated by NTD phenotypes
in FZD1/2 and FZD3/6 mutant mice. Therefore, FZD expression
and function during embryogenesis is crucial, and FZDs could be
used as biomarkers for neural tube defects during pregnancy.

Finally, WNT/FZD signalling shows a proactive function against
Ab toxicity. This suggests that canonical WNT/FZD signalling has
the potential to be used as a therapeutic target for neuronal
degeneration.
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