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Abstract:  15 

The Wnt signalling pathway plays a crucial role in tissue homeostasis and cancer biology due to its 16 

regulation of cellular processes, including proliferation, migration, and stem cell activity. Frizzled 17 

receptor 7 (FZD7) (a member of the F-class G protein-coupled receptors) has emerged as a key Wnt 18 

receptor within this pathway, which is elevated in several human malignancies. FZD7 is notably 19 

upregulated in gastrointestinal, breast, pancreatic, and hepatocellular carcinomas and transmits on- 20 

cogenic Wnt signalling through canonical and non-canonical pathways. FZD7 promotes tumour in- 21 

itiation and emerging evidence implicates FZD7 in cancer stem cell maintenance and epithelial- 22 

mesenchymal transition (EMT), reinforcing its role in metastasis. Therapeutic strategies targeting 23 

FZD7 have shown promise, including FZD7 specific monoclonal antibody-drug conjugates (ADCs), 24 

human single-chain fragment variable (scFVs) antibodies, and nanoparticles. Notably, our recent 25 

development of FZD7-ADC has demonstrated tumour-selective cytotoxicity with reduced off-target 26 

effects, positioning FZD7 as an attractive therapeutic target. Additionally, nanoparticle-based drug 27 

delivery systems have enhanced the precision of existing chemotherapies by targeting FZD7-ex- 28 

pressing tumour cells. Despite significant advances, clinical translation remains a challenge due to 29 

potential on-target toxicity and the complexity of tumour microenvironments. Future research 30 

should focus on optimizing delivery systems, refining antibody specificity, and conducting com- 31 

prehensive preclinical and clinical trials. This review will focus on novel discoveries regarding 32 

FZD7 in cancer and provide an update on our original review on this subject in 2016 (Phesse et al. 33 

2016). Additionally, we present new figures generated by our group using the publicly available 34 

Pan-Cancer Atlas RNAseq datasets, highlighting FZD7 expression patterns in patient samples. This 35 

integrated approach aims to provide updated insights into the function of FZD7 during cancer and 36 

its growing status as an attractive target for therapy. In summary, FZD7 stands out as a promising 37 

molecular target in cancer therapy due to its selective overexpression in tumours, functional role in 38 

Wnt-driven oncogenesis, and potential for innovative therapeutic applications. This review under- 39 

scores the critical need for continued exploration of FZD7-targeted therapies to improve patient 40 

outcomes in cancer treatment. 41 
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1. Introduction 45 

1.1. Overview of the Wnt Signaling Pathway 46 

Wnt signalling is a highly conserved pathway found in all animals, playing a key role in 47 
cell differentiation and body axis polarity [1-3]. Once development has completed, Wnt 48 

signalling is required to conserve normal tissue homeostasis through the maintenance of 49 

cell renewal and stem cell compartments [1-3]. Deregulation of the Wnt signalling path- 50 
way is often associated with disease, specifically cancer [1,2], reflecting overlaps be- 51 

tween the hallmarks of cancer and the function of the Wnt signalling pathway [1,2,4]. As 52 
the Wnt signalling pathway is often deregulated in cancer, it is an attractive avenue for 53 

therapeutic intervention [1-4]. 54 

The Wnt ligand family is composed of 19 glycoproteins in vertebrates [3,5]. These lig- 55 

ands are modified in the cytoplasm of the sending cell by O-acyltransferase porcupine 56 

(PORCN) which covalently attaches palmitoleic acid to a conserved serine residue [3,5]. 57 

Palmitoylation of Wnt proteins by PORCN is required for secretion of all mammalian 58 

Wnts and is critical for interaction with Wntless (WLS) which transports the modified 59 

Wnt proteins to the plasma membrane [3,5]. There are several mechanisms by which 60 

Wnt ligands can be transmitted to receiving cells, including secretion as micelles, diffu- 61 

sion and association with glypicans, attachment to extracellular vesicles or cytonemes [6- 62 

8].  63 

The Wnt signalling pathway can be subdivided into two pathways: Canonical and non- 64 
canonical (Fig. 1) [1,3,5]. The canonical Wnt signalling pathway is made up of 3 major 65 

components: the ligand receptor complex, the destruction complex and β-catenin tran- 66 
scriptional complex [1-4]. The ligand receptor complex is formed when the pathway is 67 

“activated” by a Wnt ligand, a family of 19 secreted glycoproteins [1,5]. This activation 68 

of canonical Wnt signalling is characterised by the dimerization of FZD Wnt receptors 69 
and LDL receptor related protein 5/6 (LRP5/6) co-receptors, facilitated via the binding of 70 

a Wnt ligand to FZD’s cysteine-rich domain (CRD) (Fig. 1A) [1,5]. A complete ligand/re- 71 
ceptor complex leads to the recruitment of Dishevelled (Dvl) to the plasma membrane. 72 

Dvl is a phosphoprotein which phosphorylates LRP5/6 when the Wnt ligand/receptor 73 

complex is formed and leads to dissociation of AXIN from the destruction complex (Fig. 74 
1A) [1,5]. The lack of destruction complex leads to accumulation of β-catenin within the 75 

cytoplasm and its nuclear translocation. Once in the nucleus β-catenin displaces Wnt 76 
transcriptional co-repressors such as Transducin-like enhancer of split (TLE) and 77 

Groucho, leading to the formation of the β-catenin transcriptional complex (Fig. 1A) 78 

[1,5]. The β-catenin transcriptional complex consists of co-transcriptional factors such as 79 

T cell factor (TCF) and lymphoid enhancer factor (LEF) [1,5]. 80 

In the absence of Wnt ligand, the ligand/receptor complex is unable to form, which sub- 81 

sequently allows the compilation of the destruction complex (Fig. 1B). The destruction 82 
complex consists of Axis Inhibition (AXIN), Glycogen Synthase Kinase 3 Beta (GSK3β), 83 

Adenomatous Polyposis Coli (APC), Casein Kinase 1 (CK1), Skp1-Cullin-F-box Contain- 84 

ing Complex (SCF), Protein Phosphatase 2A (PP2A), and Beta-Transducin Repeat-Con- 85 
taining Protein (β-TrCP) [2,5]. CK1 delivers a phosphorylation modification to β-catenin. 86 

This modification at Seri45 allows GSK3β to phosphorylate β-catenin, creating a binding 87 
site for β-TrCP that facilitates ubiquitination and subsequent proteasomal degradation 88 

of β-catenin (Fig. 1B) [1,5]. This prevents accumulation and nuclear translocation of β- 89 

catenin, thus inhibiting formation of the β-catenin transcriptional complex (Fig. 1B) [1,5]. 90 
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Figure 1: The Wnt Signalling Pathway. Panel (A) shows activated canonical Wnt signalling path- 91 
way. Wnt ligands bind to FZD receptors and LRP5/6 co-receptors forming the ligand receptor 92 
complex. This leads to recruitment of Dishevelled (Dvl) to the plasma membrane which inhibits 93 
the function of the destruction complex. β-catenin accumulates in the cytoplasm and translocases 94 
into the nucleus, displacing TLE/Groucho, forming the β-catenin transcriptional complex. For- 95 
mation of this transcriptional complex leads to activation of canonical Wnt target genes which 96 
regulate cellular functions associated with tissue homeostasis. Panel (B) shows inactive canonical 97 
Wnt signalling pathway. In the absence of Wnt ligands, the destruction complex, which is com- 98 
posed of AXIN, APC, GSK3β, CK1, SCF and β-TrCP, sequentially phosphorylates cytoplasmic β- 99 
catenin. This results in ubiquitination of β-catenin and subsequent proteasomal degradation. In- 100 
hibiting β-catenin cytoplasmic accumulation limits its nuclear translocation, ensuring canonical 101 
Wnt target gene remain transcriptionally repressed. Panel (C) and (D) show the non-canonical 102 
Wnt signalling pathway. Panel (C) shows the Wnt/Planar cell polarity (PCP) pathway. Activation 103 
of the Wnt/PCP pathway may occur via multiple receptors, including FZDs, CELSR1 and 104 
VANGL2. Binding of specific Wnt ligands to FZD or CESLR1 leads to recruitment of Dvl. This 105 
begins a signalling cascade through DAAM which results in either transcriptional activation of 106 
Wnt/PCP target genes via c-JUN or activation of actin polymerisation through RhoA, ROCK and 107 
Proflin. Panel (D) shows the Wnt/Ca2+pathway. Orai proteins allow calcium to enter the cell. 108 
Again, binding of specific Wnt ligands to FZD receptors which results in G protein activation of 109 
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PLC which cleaves PIP2 into DAG and IP3. Calcium enters the cell and accumulates within the 110 
endoplasmic reticulum, where IP3 binds to its corresponding receptor, inducing a release of cal- 111 
cium into the cytoplasm. DAG and cytoplasmic Ca2+ initiate a signalling cascade to activate actin 112 
polymerisation via PKC and CDC42. IP3 mediated cytoplasmic Ca2+ then induce transcriptional 113 
repression of β-catenin/TCF/LEF transcriptional complex and activates NFAT via Calcineurin. 114 
Created in BioRender, https://BioRender.com/x65q290. 115 

Non-canonical Wnt signalling can be further subdivided into the Wnt/planar cell polar- 116 
ity (PCP) (Fig. 1C) and Wnt/calcium (Ca2+) pathway (Fig. 1D) [1,5]. In the Wnt/PCP 117 

pathway FZD receptors work with several co-receptors including Protein Tyrosine Ki- 118 
nase 7 (PTK7), Muscle-Specific Kinase (MUSK), Receptor Tyrosine Kinase-Like Orphan 119 

Receptors 1 and 2 (ROR1/ROR2), Receptor like Tyrosine Kinase (RYK), Cadherin EGF 120 

LAG Seven-Pass G-Type Receptor 1 (CELSR1), and Van Gogh-Like Protein 2 (VANGL2). 121 
Downstream signalling is dependent on the co-receptor however all cascades begin with 122 

localisation of Dvl to the plasma membrane (Fig. 1C), reviewed further in Qin et al [5].  123 

The Wnt/Ca2+ pathway predominantly signals through Wnt5a and FZD2 (Fig. 1D) [5]. 124 
Binding of the Wnt ligand to FZD2 results in PLC activation and cleavage of PIP2 [5]. 125 

This results in cytoplasmic influx of Ca2+, resulting in cellular polarization and activa- 126 

tion of the downstream components of the Wnt/Ca2+ (Fig. 1D) [5]. 127 

There are 10 Frizzled Wnt receptors in vertebrates, which recognise and bind the fatty 128 

acyl groups on Wnt ligands, which mediates association with co-receptors to form the 129 

ligand/receptor complex to transmit Wnt signalling into the receiving cells [9]. Frizzled 130 

(Fzd) receptors have seven transmembrane domains, an extracellular N-terminal with a 131 

conserved cysteine rich domain (CRD), which is responsible for binding to Wnt ligands, 132 

and an intracellular C-terminal with a putative PDZ binding domain [1]. The interaction 133 

of specific Wnt ligands with specific Wnt receptors is poorly understood and is depend- 134 

ent on the availability or receptors, co-receptors and other pathway components [10]. 135 

FZD7 has been reported to transmit both β-catenin/canonical and non-canonical Wnt 136 

signalling, although this is not unique to FZD7 [1]. 137 

1.2. Frizzled Receptor 7 (FZD7) in the Wnt Pathway 138 

The frizzled (FZD) receptor family consists of 10 members (FZD1-FZD10) which belong 139 

to the F class of G coupled receptors [11]. FZD7 is highly expressed throughout embry- 140 

onic development, playing a key role in PCP pathway mediated prechordal plate pro- 141 

genitor cell protrusion formation and migration/mesoderm differentiation during gas- 142 

trulation [12,13]. FZD7 has been extensively studied in the gastrointestinal tract with 143 

genetic deletion demonstrating its key, non-redundant role for the function of intestinal 144 

and gastric stem cells [14-17]. In the mouse intestine, Lgr5+ stem cells require FZD7 to 145 

maintain normal homeostasis and regeneration [14]. Alternatively in the stomach, FZD7 146 

is not required to regulate the activity of stem cells in the gastric epithelium, Fzd7 defi- 147 

cient Lgr5+ were able to lineage trace as per normal Fzd7 proficient Lgr5+ cells [1,14-17]. 148 

FZD7 differential expression has been shown in many cancer types when comparing 149 

tumours to patient matched healthy tissue samples, where it transmits oncogenic Wnt 150 

signalling to promote tumorigenesis and malignant progression [1,18,19]. Although this 151 

review focusses on the growing body of work identifying FZD7 as an attractive target 152 

for cancer therapy, several other FZD Wnt receptors are also implicated in cancer [20,21], 153 

suggesting they may also be targets for therapy.  154 

Inhibition of FZD7 has been used to demonstrate its requirement in several cellular func- 155 

tions that are important to cancer, including proliferation, stemness, differentiation, 156 

https://biorender.com/x65q290
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migration, invasion and regulating the location of differentiated cells in normal tissue 157 

[15,22-24]. These studies, and many others described in this review, have helped identify 158 

FZD7 as a regulator of tumorigenesis and malignant progression, with increased FZD7 159 

often associated with poor clinical outcome [25-27]. Tables 1 highlight the experiments 160 

investigating how FZD7 expression alters cancer function in vitro and in vivo. Table 2 161 

displays the range of approaches taken to target FZD7 since 2016 identified in this re- 162 

view. Table 3 shows all cancer relevant miRNA interactions with FZD7 identified since 163 

2016. (Table 1, 2, 3.) 164 

Table 1. FZD7 Mechanism in Cancer 165 

Cancer Types Investigating FZD7 Role in Cancer Function Reference 

In Vitro In Vivo 

Gastric 

FZD7 knockdown reduces colony forming 

ability, c-MYC and cyclinD1 expression in 

MKN28 & MKN24. 

FZD7 knock out reduces tumour burden, c-

MYC, CD44 and cyclinD1 expression in gas-

tric GEMM (gp130F/F). 

[17] 

Colorectal 

circCSPP1/miRNA-944 mediated knockdown 

of FZD7 in CRC cells has been shown to re-

duce tumorigenic traits and reduces chemo-

resistance 

shRNA targeting cricCSPP1 (a positive regu-

lator of FZD7) reduced tumour size in sub-

cutaneous CRC model 

[28] 

Breast 

FZD7 knockdown via shRNA in MDA-MB-231 

and BT-20 TNBC BCa cells resulted in reduced 

migration, invasion, proliferation and colony 

formation. 

FZD7 shRNA knockdown in MDA-MB-231 

reduced xenograft tumour size in subcutane-

ous model. Additionally, Axin2, Cyclin D1 

and MYC expression were all downregu-

lated. 

[29-31] 

Hepatocellular Carci-

noma 

shRNA knockdown of FZD7 in HCC cell lines 

results in NF-κB induced apoptosis through 

downregulation of Bcl-2 and Bcl-XL.  

siRNA-mediated FZD7 knockdown was able 

to sensitise HCC cells to several chemo-ther-

apy agents (including 5-FU, MMC and ADR) 

significantly reducing their IC50 dosages.  

Increased FZD7 expression promotes colony 

formation in HCC cells. 

 [23,32-35] 

Lung 

Downregulation of FZD7 mRNA via miR-27b-

3p promotes apoptosis and suppress cancer 

cell viability. 

 [36] 

Ovarian 

shRNA downregulation of FZD7 results in ep-

ithelial-like phenotype and reduction of EMT 

associated gene expression.  

FZD7 knockout in MA-148 cells was unable 

to prevent tumour formation in a subcutane-

ous xenograft model of OC. However direct 

comparisons of FZD7 proficient and defi-

cient cells were not made. 

[37-39] 

Leukaemia 

Changes in FZD7 expression in CML cells mir-

ror those in BMSCs. Manipulation of FZD7 ex-

pression (knockdown or overexpression) in 

 [40] 
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BMSCs influences FZD7 expression in sur-

rounding CML cells. 

Direct knockdown of FZD7 in CML cells re-

duced the expression of Wnt target genes 

MDR1 and CD44, suggesting that FZD7 acts 

through the canonical Wnt/β-catenin pathway. 

Prostate 

Overexpression of FZD7 led to increased inva-

sion and proliferation in PCa cells, indicating 

FZD7 plays an oncogenic role in PCa. 

 [41] 

Pancreatic 

Knockdown of FZD7 resulted in significantly 

lower β-catenin levels and ABCG2 in pancre-

atic cell lines in the presence of Wnt5a, sug-

gesting FZD7 as the bridge between Wnt5a 

and ABCG2. Additionally, knocking down 

FZD7 led to increased apoptosis of capan-2 

cells when treated with gemcitabine, high-

lighting the role of FZD7 in gemcitabine re-

sistance in pancreatic cancer. 

 [24,42] 

Melanoma 

FZD7 knockdown via miR-486-5p expression 

resulted in a reversible loss of invasion and 

proliferation capacity in melanoma cell line.  

Furthermore, FZD7 is required for melanoma 

melanosphere formation and invasion via the 

non-canonical Wnt signalling pathway.  

 [43,44] 

Renal 

Inducing overexpression of miR-613 (negative 

regulator of FZD7) significantly reduced pro-

liferation and invasion of FZD7 dependant 

RCC cells 

 [22] 

 166 

Table 2. List of Approaches Targeting FZD7 since 2016 167 

Compound Name Mechanism of Action Cancer Types Reference 

OMP18R5 Noncompetitive inhibitor of FZD1, 2, 5, 7 & 8. Gastric [17,45] 

FZD7 specific Single-chain fragment var-

iable antibodies 

Binds and inhibits FZD7 mediated signalling. 

(binding region not mentioned) 
CRC [46] 

Soluble recombinant FZD7 decoy recep-

tor 

Binds to ligands associated with FZD7, limiting the for-

mation of the Wnt ligand/receptor complex. 
Gastric & CRC [47] 

FZD7 targeting nanoparticles 
Deliver doxorubicin or beta-catenin siRNA directly to 

FZD7 expressing cells. 
Breast [35,48] 
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SHH002-hu1 
Humanised antibody which competitively inhibit FZD7 

mediated signalling. 
Lung [49] 

FZD7-ADC 
Humanised antibody which noncompetitively binds to 

FZD7 and delivers a microtubule inhibitor.  
Ovarian [50] 

Fz7-21 Small peptide inhibitor of FZD7 mediated signalling.  N/A [51] 

 168 

Table 3. List of miRNA interactions with FZD7  169 

miRNA Mechanism Cancer Types Reference 

miR-27b-3p  Directly downregulate FZD7 expression in lung cancer. Lung [36] 

miR-485-5p  Bind to the 3’-untranslated region of FZD7, increased miR-485-

5p expression led to reduced FZD7 expression and when FZD7 

was restored, the invasive and proliferative capacity of the mela-

noma cells was restored. 

Melanoma [43] 

miR-504  binds directly to the 3’ untranslated region of FZD7 mRNA, re-

ducing its expression. Downregulated in HCC. 

HCC [33] 

miR-542-3p  downregulation in HCC is associated with an increase in clono-

genicity and increased FZD7 expression. 

HCC [32] 

miR-613  Bind within the 3'-UTR of FZD7, reduces FZD7 expression. 

Overexpression of miR-613 significantly reduced proliferation 

and invasion in ACHN and 786-O RCC cells, whereas artificially 

inducing miR-613 overexpression appears to counteract FZD7-

dependant tumour cells.  

Prostate & RCC [22,41] 

miR-944  FZD7 is upregulated via circCSPP1 mediated down regulation 

of miR-944 in doxorubicin resistant patient samples. 

CRC [28] 

 170 

1.3. Wnt Signaling Dysregulation in Cancer 171 

The Wnt signalling pathway is deregulated in multiple cancer types, due to mutations or 172 

deregulation of Wnt signalling components [2-4]. As previously mentioned, the Wnt sig- 173 
nalling pathway plays a key role in adult tissue homeostasis through regulating cellular 174 

function including proliferation, migration and invasion [2-4]. Additionally, Wnt signal- 175 
ling is also involved in the regulation of stem cell compartments. Deregulation of both 176 
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cellular function and stem cell compartments can result in aggressive disease with poor 177 

prognosis [2-4]. 178 

2. Gastrointestinal Cancers 179 

Gastrointestinal (GI) cancers are reported to attribute to approximately 26% of the 180 

global cancer burden and are responsible for up to 35% of all cancer-related mortalities 181 

worldwide [45,47,52]. 182 

Gastric tumours show an up regulation of FZD7 expression when compared to sur- 183 
rounding healthy tissue [45,47,53]. FZD7 is accumulated on the surface of cells contain- 184 

ing mutations affecting genes involved in FZD receptor cell surface turnover such as 185 
RNF43 in ~54% of patients [17]. FZD7 expression has also been correlated with poor pa- 186 

tient prognosis [52]. Genetic deletion of FZD7 in vivo inhibits tumour initiation and 187 

growth in Wnt driven (mutant APC) and cytokine driven (mutant GP130) mouse models 188 
of gastric cancer [17]. Similarly, over-expression of the transcription factor B-cell lym- 189 

phoma 6 (BCL6) results in transcriptional repression of FZD7, and an associated de- 190 
crease of proliferation, migration, and invasion in AGS and SGC-7901 gastric cancer cells 191 

[54].   192 

Pharmacologically targeting FZD7 using OMP18R5 (Vantictumab), which binds 193 

FZD1/2/5/7/8, showed a reduction in the formation of both SGC-7901 and MKN-45 gas- 194 
tric cancer spheroids [45]. This was underpinned by a reduction in gastric cancer stem- 195 

ness markers CD44 and ALDH1, which re-sensitised SGC-7901 chemo-resistant cells to 196 
cisplatin [45]. Further in vivo studies have shown OMP18R5 drastically reduces weight 197 

and number of tumours in gp130F/F mice which develop spontaneous STAT3-dependant 198 

tumours [17]. Additionally, OMP18R5 reduced the expression of multiple Wnt target 199 
genes including Myc and CD44 as well as Fzd6 and Fzd7 [17]. An upregulation of Fzd2 200 

has also been identified in gastric tumours upon OMP18R5 treatment, however Fzd2 201 
elevated expression is unable to rescue Fzd7 loss [14,17]. This non-redundant role is con- 202 

sistent with Fzd7’s role during intestinal regeneration [14] and mesoderm differentiation 203 

[55]. However, Fzd7-/- mice are viable whilst Fzd7-/-; Fzd2-/- mice are embryonic lethal 204 

indicating redundancy during development [56]. 205 

Colorectal cancer (CRC) attributes to ~9.2% of cancer-related mortality in both sexes and 206 

10.2% of total diagnosed cancer cases globally [57]. The Wnt signalling pathway in spon- 207 
taneous CRC is often mutationally deregulated with ~60% of patients presenting with 208 

APC mutations [57-59]. Other Wnt regulators including RNF43, CTNNB1 and AXIN2 209 
are also mutated however the frequency is reported to be much lower at ~5% [58]. FZD7 210 

is upregulated in ~37% of CRC tumours and positively correlates with poor patient sur- 211 

vival [19,57]. To supplement the literature, we analysed publicly available RNAseq data, 212 
which shows the correlation between FZD7 mRNA expression and CRC stage (Fig. 2). 213 

Notably, knockdown of FZD7 in CRC cells has recently been shown to reduce tumor- 214 

igenic traits, including cell proliferation and migration [28]. Furthermore, FZD7 is upreg- 215 
ulated via circCSPP1 mediated down regulation of miR-944 in doxorubicin resistant pa- 216 

tient samples [28]. This implies FZD7 plays a role during chemotherapy resistance and 217 
presents an opportunity to re-sensitise tumours to chemotherapy agents by targeting 218 

FZD7 [28].  219 
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Figure 2: FZD7 mRNA expression is increased in late-stage colorectal adenocarcinoma. FZD7 220 
mRNA expression levels (RSEM, batch normalized from Illumina HiSeq_RNASeqV2) across 221 
American Joint Committee on Cancer (AJCC) neoplasm disease stages (Stages I, II, III, and IV). 222 
Bars represent mean expression ± standard error of the mean (S.E.M). Statistically significant dif- 223 
ferences were observed between Stage I and Stages III and IV (p < 0.05, denoted by *). Statistical 224 
analysis was performed using one-way ANOVA. Data included: Stage 1 (n = 91), Stage 2 (n = 188), 225 
Stage 3 (n = 151) and Stage 4 (n = 68). Data on patient samples were obtained from the Colorectal 226 
Adenocarcinoma dataset (TCGA, PanCancer Atlas) and accessed Dec 2024 via https://www.cbi- 227 
oportal.org/. 228 

Targeting FZD7 in CRC cells using human single-chain fragment variable antibodies 229 

(scFVs) showed an 83% inhibition of growth via an MTT assay in SW480 cells when 230 

compared to FZD7-negative SKBR-3 cells [46]. However, FACS analysis revealed ~8% 231 

non-specific binding to the FZD7-negative cells [46].  232 

Alternatively, to targeting the FZD7 receptor directly, recombinant soluble FZD7 decoy 233 

receptors can be used to inhibit ligand receptor complex formation [47]. A soluble ver- 234 
sion of the Wnt ligand binding CRD domain of FZD7 is reported to significantly increase 235 

apoptosis and decrease expression of β-catenin and cyclin D1 in both AGS (gastric can- 236 
cer) and SW480 (CRC) cells [47]. This approach leads to a reduction in the formation of 237 

the Wnt ligand/receptor complex and a subsequent reduction in canonical Wnt signal- 238 

ling downstream markers. However, this may prove a difficult therapeutic approach as 239 
previously in vivo studies have used FZD8 decoy receptors which were able to inhibit 240 

tumour growth, however this was reversable when treatment was discontinued [60].  241 

3. Breast Cancer 242 

Breast cancer (BCa) is the most commonly diagnosed cancer, and the main cause of 243 
cancer associated death in women with 2.3 million cases [61]. In 2020, there were 685,000 244 

deaths associated with BCa worldwide [61]. In the UK, the incidence of BCa in 2020 was 245 

53,889 and there were >11,800 BCa associated deaths per year [62]. The current treat- 246 
ments for BCa cancer include surgery, endocrine therapy, bone-modifying therapies, 247 

chemotherapy, and immunotherapy [63]. Unfortunately, these treatments have several 248 
adverse effects and have been shown to reduce in efficacy due to therapeutic resistance, 249 

thus novel therapeutic approaches to tackling BCa are required [63]. 250 
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FZD7 mRNA expression is increased in human triple negative breast cancer (TNBC) 251 

when compared to non-TNBC [29,35,48], suggesting FZD7 is an attractive target for ther- 252 
apy [29,30]. Using publicly available datasets, we have presented FZD7 mRNA levels in 253 

a range of different subtypes of BCa, with highest expression observed in TNBC (Fig. 3). 254 
This presents a link between FZD7 and TNBC which is associated with poor prognosis, 255 

although FZD7 levels were not significantly different between different stages of disease 256 

progression in each subtype.   257 

FZD7 knockdown via shRNA in MDA-MB-231 and BT-20 TNBC BCa cells resulted in 258 
reduced migration, invasion, proliferation, colony formation and stemness in vitro, and 259 

blocked the growth of TNBC xenografts [29]. Analysis of the FZD7 knockdown in TNBC 260 
xenografts identified that β-catenin dependent canonical Wnt signalling was reduced as 261 

several transcriptional Wnt target genes were decreased including AXIN2, CyclinD1 and 262 

MYC [29,30]. Interestingly, Yin et al., suggested that Wnt5a/5b (previously known to be 263 
associated with non-canonical Wnt signalling) facilitated BCa progression in a model of 264 

TNBC, confirmed by means of co-immunoprecipitation of Wnt5a/5b and FZD7 [31]. 265 
Knockdown of FZD7 reduced the expression of Wnt5a/b, which was rescued when 266 

FZD7 was upregulated. Further bioinformatic analysis associated Col6a1 with FZD7 and 267 

Wnt5b expression, and is considered to drive BCa stemness and metastasis [31]. The ex- 268 
pression of Col6a1 was reduced in FZD7/Wnt5b knockdown tissues while Col6a1 inhibi- 269 

tion reduced the expression of Wnt5a/b in BCa cells [31]. In addition, knockdown of 270 
Col6a1 impaired BCa migration, invasion and mammosphere formation, suggesting that 271 

Col6a1 mediates FZD7/Wnt5b to regulate BCa cancer stem cells and progression [31]. 272 

Figure 3: FZD7 mRNA expression across breast cancer subtypes. FZD7 mRNA expression levels 273 
(RSEM, batch normalized from Illumina HiSeq_RNASeqV2) in different breast cancer subtypes: 274 
Luminal A (n = 379), Luminal B (n = 244), HER2-enriched (HER2) (n = 230), Basal (n = 363) and 275 
triple-negative breast cancer (TNBC) (n = 251). Bars represent mean expression ± standard error of 276 
the mean (S.E.M). Statistically significant differences were observed between Luminal A and Basal 277 
or TNBC (p < 0.0001, denoted by ****) Statistical analysis was performed using one-way ANOVA. 278 
Non-specific luminal disease group removed. Data was obtained from the following GEO series 279 
(GSE), 12276, 12763, 12777, 13787, 16446, 17907, 20685, 20713, 21653, 31448, 45827, 48391, 65216, 280 
76275. 281 
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In recent years, nanoparticles have been utilised to improve Fzd7-directed therapies in 282 

breast cancer [35]. The innovative technique of delivering doxorubicin (a chemotherapy 283 
agent used to treat BCa) in poly(lactic-co-glycolic acid) (PLGA) nanoparticles (NPs) cov- 284 

ered with antibodies targeting FZD7, proved to be an efficient treatment [64]. When dox- 285 
orubicin was delivered by anti-FZD7 nanoparticles in MDA-MB-231 cells, it was able to 286 

localise into the nucleus of FZD7-positive BCa cells, enhancing the treatment efficacy 287 

compared to freely delivered Doxorubicin [64]. Furthermore, an elegant technique com- 288 
bined anti-FZD7 antibody nanoparticles with β-catenin small interfering RNAs (siR- 289 

NAs), which resulted in a significant decrease in proliferation, migration and spheroid 290 
formation of TNBC cells [35]. Tumour growth and metastasis were inhibited when both 291 

the FZD7 receptor and β-catenin were simultaneously targeted using nanoparticle tech- 292 

nology in vivo [35]. 293 

4. Hepatocellular carcinoma 294 

Hepatocellular Carcinoma (HCC) is the sixth and fourth highest cancer in both inci- 295 

dence and cancer-related mortality respectively [65]. FZD7 is upregulated in HCC when 296 

compared to healthy liver tissue suggesting it is a good target for therapy [23]. Indeed, 297 
shRNA knockdown of FZD7 in HCC cell lines results in NF-κB induced apoptosis 298 

through downregulation of BCL-2 and BCL-XL [23]. FZD7 expression in hepatitis B vi- 299 
rus infection associated HCC is no different to expression in spontaneous HCC [34]. This 300 

data suggests that FZD7 is a suitable target for both hepatitis B virus infected and non- 301 

virus induced HCC [34]. RNAseq data from patient samples further supports a positive 302 

correlation between FZD7’s mRNA expression and disease progression in HCC (Fig. 4).   303 

Figure 4: FZD7 mRNA expression status in liver hepatocellular carcinoma. FZD7 mRNA expres- 304 
sion (RSEM, batch normalized from Illumina HiSeq_RNASeqV2) across neoplasm disease stages 305 
(Stages I, II, and III) based on the American Joint Committee on Cancer (AJCC) classification. Bars 306 
represent mean expression ± standard error of the mean (SEM). Significant differences were ob- 307 
served between stages (p < 0.05, denoted by *; p < 0.01, denoted by **). Statistical analysis was per- 308 
formed using one-way ANOVA. Data included: Stage I (n = 165), Stage II (n = 81) and Stage III (n = 309 
78). Patient’s data was obtained from the Liver Hepatocellular Carcinoma dataset (TCGA, Pan- 310 
Cancer Atlas) accessed Dec 2024 via https://www.cbioportal.org/. 311 
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Since 2016, few advances have been made on specifically targeting FZD7 using small 312 

molecule agents in HCC. However, FZD7 has since been identified to play a role in 313 
multi-drug resistance (MDR) in HCC [66]. siRNA-mediated FZD7 knockdown was able 314 

to sensitise HCC cells to several chemotherapy agents (including 5-FU, MMC and ADR) 315 
significantly reducing their IC50 dosages [66], indicating that targeting FZD7 may sensi- 316 

tise HCC patients to chemotherapy.  317 

Additionally, regulators of FZD7 gene transcription have been identified in HCC specifi- 318 

cally miRNA-542-3p [32]. miR-542-3p downregulation in HCC is associated with an in- 319 
crease in clonogenicity and increased FZD7 expression, suggesting miR-543-3p may neg- 320 

atively regulate FZD7 expression via an antagonistic mechanism of action [32]. miR-504 321 
is also downregulated in HCC and is able to bind directly to the 3’ untranslated region 322 

of FZD7 mRNA, reducing its expression [33]. Indeed, reduced miR-504 expression leads 323 

to increased FZD7 expression and promotes colony formation in HCC cells [33]. These 324 
transcriptional inhibitors of FZD7 could potentially be utilised therapeutically to reverse 325 

cellular changes induced through an overexpression of FZD7 in HCC.  326 

5. Lung cancer 327 

Figure 5: FZD7 mRNA expression in lung adenocarcinoma (LUAD) and lung squamous cell 328 
carcinoma (LUSC). FZD7 mRNA expression levels (RSEM, batch normalized from Illumina 329 
HiSeq_RNASeqV2) in lung adenocarcinoma (LUAD) (n = 510) and lung squamous cell carcinoma 330 
(LUSC) (n = 484). Bars represent mean expression ± standard error of the mean (S.E.M). LUSC ex- 331 
hibited significantly higher FZD7 mRNA expression compared to LUAD (p < 0.0001, denoted by 332 
****). Statistical analysis was performed using an unpaired t-test. Data were obtained from 994 333 
patient samples in the Lung Adenocarcinoma (TCGA, PanCancer Atlas) and Lung Squamous Cell 334 
Carcinoma (TCGA, PanCancer Atlas) datasets and accessed Dec 2024 via https://www.cbiopor- 335 
tal.org/. 336 

Lung cancer is the leading cause of cancer-related mortality worldwide [49]. It has been 337 
previously shown that Wnt signalling, specifically FZD7, plays a major role in both lung 338 

tumorigenesis and tumour progression [49]. Using publicly available RNAseq datasets 339 

we have identified upregulation of FZD7 mRNA in Lung Squamous Cell carcinoma 340 
(LUSC) when compared to Lung Adenocarcinoma (LUAD) (Fig. 5), with no significant 341 

difference between NSCLC and SCLC observed. This data suggests a potential link be- 342 

tween FZD7’s mRNA expression and poor lung cancer prognosis.  343 

The role of FZD7 within lung cancer has been extensively studied, miR-27b-3p has been 344 

identified as a potential tool to directly downregulate the expression of FZD7 mRNA to 345 

https://www.cbioportal.org/
https://www.cbioportal.org/
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promote apoptosis and suppress cancer cell viability [36]. Alternatively, a humanised 346 

FZD7 antibody, SHH002-hu1 has also been shown to be effective in both in vitro and in 347 
vivo studies [49]. SHH002-hu1 treatment can inhibit migration and invasion assays, in 348 

non-small cell lung cancer cell lines, to similar levels compared to FZD7 siRNA-medi- 349 
ated knockdown [49]. Additionally, SHH002-hu1 was more efficacious than XAV-939 (A 350 

Tankyrase inhibitor) in various lung cancer xenograft models [49]. This preclinical data 351 

suggests that targeting FZD7 with SHH002-hu1 could be a potent therapeutic approach 352 
for non-small cell lung cancer patients in the future. Although further investigation into 353 

FZD7 expression levels across subtypes of lung cancer would aid in the translation of 354 

this compound.  355 

6. Ovarian Cancer 356 

In 2020, ovarian cancer (OC) was the third most common cancer globally with an 357 

incidence of 313,959 cases annually and a mortality rate of 207,252 cases per year [67]. 358 
Due to its high prevalence and mortality rate, considerable research efforts have gone 359 

into finding novel therapeutic targets [67]. FZD7 has been shown to have a role in driv- 360 

ing ovarian cancer progression. Indeed, a number of studies have found that FZD7 is 361 
upregulated in ovarian cancer and targeting this receptor results in reduced ovarian can- 362 

cer progression, presenting FZD7 as an actionable target in ovarian cancer [39,68]. 363 

New findings suggest that FZD7 also plays a role in regulating the activity of ovarian 364 
cancer stem cells (OCSCs) and extracellular matrix (ECM) remodelling [37]. Tissue 365 

transglutaminase (TG2) is a protein that links epithelial cells into the ECM via fibron- 366 

ectins and integrins [38]. Recently, Condello et al., found an association between TG2, 367 
fibronectin and integrin β1 as ECM contributors of ovarian cancer stemness via FZD7 368 

[37]. FZD7 can also act as the receptor for TG2 to activate ovarian cancer stem cells in OC 369 
cells [37]. Integrin-linked kinase (ILK) is another ECM molecule that is reported to inter- 370 

act with FZD7 to support OCSCs [69]. In a study carried out by Atwani et al, ILK was 371 

associated with lower survival rate in patients with OC and increased expression of ILK 372 
was also found in metastatic samples from patients, suggesting its progression in OC 373 

[69]. OCSCs spheroids treated with the ILK inhibitor compound 22 (cpd-22), showed 374 
decreased expression of FZD7 and Myc. The direct link between ILK and FZD7 was later 375 

confirmed by OC spheroids obtained from patients and treated with Wnt3a, showing 376 

increased ILK and FZD7 expression by IF staining, co-IP and a proximity ligation assay, 377 
which detects proteins localised within 40nm distance in tissues [69]. Moreover, when 378 

the ILK-FZD7 pathway was disrupted by cpd-22, it led to reduced OCSCs spheroid for- 379 
mation and lower intraperitoneal metastasis in vivo, especially when combined with car- 380 

boplatin [69]. 381 

FZD7 has also been implicated as a regulator of OC cancer stem cell activity via epige- 382 

netic regulation of TWIST via H3K4me3 and H3K27ac at the TWIST1 proximal pro- 383 
moter. Similarly, FZD7 has been implicated in OC resistance to cell death via TWIST reg- 384 

ulation of BCL2 [39]. This data strongly suggests that FZD7 promotes tumour initia- 385 
tion/growth/progression in OC, but there are no papers demonstrating that direct inhibi- 386 

tion of FZD7 can inhibit OC disease progression. However, recently there has been a 387 

novel antibody drug conjugate (ADC) using a FZD7 specific antibody (septuximab ve- 388 
dotin) which has been shown to be able to specifically kill FZD7-positive OC cells in 389 

vitro, and dramatically regress OC xenograft tumours [50]. The use of a humanised 390 
mouse has also demonstrated that FZD7-ADC treatment did not cause any noticeable 391 

toxicity [50]. This is a substantial innovation in targeting FZD7 expressing cancer cells as 392 

its high specificity reduces toxicity concerns which were raised previously due to 393 

OMP18R5’s translational issues [50,70]. 394 
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7. Leukemia 395 

Chronic myeloid leukaemia (CML) is a myeloproliferative cancer originated from 396 

hematopoietic stem cells (HSCs) characterised by a mutation in the BCR-ABL oncogene 397 
[71]. CML can be treated by tyrosine kinase inhibitors (TKIs) such as Imatinib Mesylate 398 

(IM), however, most patients eventually develop resistance and therefore new therapies 399 

are required [72]. 400 

FZD7 is upregulated in CML when in contact with bone mesenchymal stem cells 401 

(BMSCs) [40]. Co-culture studies showed that silencing FZD7 in BMSCs cells maintain a 402 
lower expression of FZD7 in CML cells, and conversely, increased FZD7 expression in 403 

CML cells when FZD7 was overexpressed in BMSCs [40]. Moreover, knockdown of 404 

FZD7 in CML cells reduced the expression of Wnt target genes MDR1 and CD44, sug- 405 
gesting that FZD7 acted through the canonical Wnt/β-catenin pathway [40]. Silencing 406 

FZD7 in BMSCs sensitised co-cultured CML cells to IM treatment, opening a possible 407 
combination of IM and FZD7 inhibition for CML treatment [40]. This is one of the first 408 

papers to describe how FZD7 in a non-cancer cell can regulate the function of neigh- 409 

bouring cancer cells, suggesting FZD7 is an attractive target for this type of pro-tumour 410 

mechanism in CML and potentially other cancers.   411 

The upregulation of FZD7 in human HSCs during the chronic phase of CML has also 412 

been detected by microarray, identifying FZD7 as a possible regulator of CML at differ- 413 
ent stages [73]. In acute lymphoblastic leukaemia (ALL), the role of long noncoding RNA 414 

(lncRNA) and FZD7 has been investigated by Wang et al, revealing a competing endoge- 415 

nous RNA (ceRNA) network that included differentially expressed mRNAs from the 416 
bone marrow of patients with ALL, and identified FZD7 as one of the main hub genes 417 

[74]. Additionally, FZD7 mRNA had a high correlation with the LncRNA Wilms tumour 418 
1 homolog antisense RNA (WT1-AS). It has been suggested to act as tumour suppressor 419 

in cervical cancer, gastric cancer, papillary thyroid carcinoma, non-small cell lung cancer 420 

and hepatocellular carcinoma [75-79]. However, in patients with breast cancer and colo- 421 
rectal cancer, upregulation of WT1-AS was associated with poor prognosis, suggesting a 422 

dichotomic role for WT1-AS depending on its expression status in individual cancer 423 
types [80,81]. Based on this evidence, further studies are needed to clarify the role of 424 

lncRNA WT1-AS and its association with FZD7 in ALL [74]. 425 

8. Prostate Cancer  426 

Recently, a number of studies have highlighted the importance of FZD7 in prostate 427 
cancer (PCa) [41,82]. Ren et al., established that miR-613 has a binding site within the 3'- 428 

UTR of FZD7 [41]. Overexpression of miR-613 in PCa cells resulted in a significant de- 429 

crease in FZD7 mRNA and protein levels. Conversely, inhibition of miR-613 increased 430 
FZD7 expression, further validating FZD7 as a target for miR-613 [41]. Overexpression 431 

of FZD7 also led to increased invasion and proliferation in PCa cells, indicating FZD7 432 

plays an oncogenic role during PCa [41].  433 

Recent work has also identified a novel link between FZD7 and GIPC2 during PCa me- 434 

tastasis [82]. GIPC2 is part of the GAIP-interacting protein family containing a C-termi- 435 

nus domain (GIPC). GIPC2 is comprised of GIPC homology 1 (GH1), PDZ, and GH2 436 
domains and is associated with familial hearing loss and cancer [82]. GIPC2 levels are 437 

increased in metastatic PCa clinical samples compared to primary PCa [82]. Overexpres- 438 
sion of GIPC2 increased the migration, invasion and cell adhesion hallmarks in meta- 439 

static PCa cells, while the metastatic potential of PCa cells in vivo was reduced when 440 

GIPC2 was inhibited [82]. GIPC2 overexpression reduced GSK3β levels in PCa cells and 441 
activated β-catenin signalling, and conversely inhibition of GIPC2 reduced β-catenin 442 



Sci 2024, 6, x FOR PEER REVIEW 15 of 25 
 

 

signalling [82]. Co-immunoprecipitation assays revealed that GIPC2 directly interacts 443 

with FZD7, specifically through the PDZ domain in GIPC2 [82]. Overexpression of 444 
GIPC2 resulted in increased PCa metastasis which was reduced when FZD7 was knock- 445 

down in PCa cells [82]. These studies identify and validate FZD7 as an attractive target 446 

for PCa. 447 

8. Pancreatic Cancer  448 

Pancreatic cancer is recognised as one of the most aggressive cancers with a 5-year sur- 449 

vival rate which is lower than 10% [83]. In 2020, pancreatic cancer accounted for an inci- 450 
dence of 49,5773 new cases and 46,6003 deaths worldwide [83]. The low survival rate of 451 

patients with pancreatic cancer is reflective of late diagnosis and ineffective therapeutic 452 

approaches. Analysis of publicly available RNAseq data suggests FZD7’s expression 453 
levels are associated with increased histological grade which in tone is correlated with 454 

poor disease prognosis (Fig. 6).  455 

Figure 6: FZD7 mRNA expression status in pancreatic adenocarcinoma. Bar graph showing 456 
FZD7 mRNA expression (RSEM, batch normalized from Illumina HiSeq_RNASeqV2) across neo- 457 
plasm histologic grades (G1 (n = 31), G2 (n = 94), and G3 (n = 48)). Bars represent mean expression 458 
± standard error of the mean (SEM). Statistically significant differences were observed between 459 
grades (p < 0.05, denoted by *; p < 0.01, denoted by **). Statistical analysis was performed using 460 
one-way ANOVA. Data include 173 patient samples and were obtained from the Pancreatic Ade- 461 
nocarcinoma dataset (TCGA, PanCancer Atlas) accessed Dec 2024 via https://www.cbioportal.org/. 462 

Recently, FZD7 has been implicated in chemoresistance in pancreatic cancer [42]. ATP 463 

binding cassette subfamily G member 2 (ABCG2) is one of the ABC transporter super- 464 

family related to multidrug resistance in pancreatic cancer by transporting anti-cancer 465 
drugs outside the cancer cells [42]. Tissue samples from pancreatic cancer patients 466 

showed increased expression for ABCG2 and Wnt5a compared to adjacent healthy tissue 467 
via immunohistochemistry (IHC) [42]. Survival rate was shown to be significantly lower 468 

in patients with high ABCG2 expression. Wnt5a is reported to regulate ABCG2 in capan- 469 

2 pancreatic cells in a dose-dependent manner [42]. Knockdown of FZD7 resulted in sig- 470 
nificantly lower β-catenin levels and ABCG2 in pancreatic cell lines in the presence of 471 

Wnt5a, suggesting FZD7 as the bridge between Wnt5a and ABCG2. Additionally, knock- 472 
ing down FZD7 led to increased apoptosis of capan-2 cells when treated with gemcita- 473 

bine, highlighting the role of FZD7 in gemcitabine resistance in pancreatic cancer [42].  474 
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Analysis of publicly available databases as well as tissue from patients with pancreatic 475 

cancer, revealed FZD7 and WNT7b levels are increased in pancreatic tumours and posi- 476 
tively correlate with poor clinical outcome [24]. Knockdown of FZD7 and WNT7b inhib- 477 

ited the proliferation of pancreatic cancer stem cells, reduced the levels of ABCG2 and 478 
made the cells more susceptible to gemcitabine treatment [24]. Conversely, when FZD7 479 

and WNT7b were overexpressed, the opposite effects were observed [24]. The studies of 480 

Zhang et al., highlight how different Wnt ligands act through FZD7 to induce pancreatic 481 
cancer progression and chemoresistance [24]. Moreover, the high expression of FZD7 in 482 

pancreatic cancer has been associated with hepatic metastases in patients, and in vitro 483 
assays suggest that FZD7 promotes EMT as FZD7 silencing reduced invasion and migra- 484 

tion linked to reduced Vimentin, Zeb1 and Slug [84]. Most recently, bioinformatics anal- 485 

ysis from diverse databases suggest that FZD7 is upregulated in late stages of pancreatic 486 
cancer, a characteristic that could be associated with hepatic metastasis, suggesting 487 

FZD7 as a potential therapeutic target for pancreatic cancer and hepatic metastasis 488 

[85,86].  489 

9. Melanoma 490 

FZD7 is highly expressed in melanoma tissue when compared to healthy tissue 491 

[43]. Consistent with other cancer types, FZD7 has recently been shown to be regulated 492 
by miRNAs. miR-485-5p expression is decrease in human melanoma tissue compared to 493 

normal tissue [43]. Enforced miR-485-5p expression decreased melanoma cell prolifera- 494 

tion and invasion, key features of cancer growth and progression that were restored 495 
when miR-485-5p was inhibited [43]. Bioinformatic analysis revealed that miR-485-5p 496 

can bind to the 3’-UTR region of FZD7, which was confirmed by a dual-luciferase assay 497 
[43]. Further studies confirmed that increased miR-485-5p expression led to reduced 498 

FZD7 expression and when FZD7 was restored, the invasive and proliferative capacity 499 

of the melanoma cells also reverted [43]. This data identifies FZD7 as a regulator of mel- 500 
anoma growth and progression, indicating that FZD7 presents a novel potential target 501 

for therapy against melanoma. 502 

Most recently, it has been suggested that FZD7 supports melanoma melanosphere for- 503 
mation and amoeboid invasion via non-canonical Wnt/β-catenin pathway [44]. The 504 

Wnt11 ligand binds to FZD7 and its downstream effector DAAM1 to activate the non- 505 

canonical Rho-ROCK1/2–Myosin II signalling pathway in melanoma melanosphere [44]. 506 
When FZD7 was inhibited, there was a significant reduction in melanosphere formation, 507 

loss of cell rounding, lower Myosin II activity and inhibited invasion capability [44], 508 

highlighting an important role for FZD7 in melanoma, and warranting further research.  509 

10. Cholangiocarcinoma 510 

Cholangiocarcinoma (cancer of the bile ducts) (CCa) is an extremely aggressive dis- 511 

ease with poor prognosis and currently radical surgical resection remains the only cura- 512 

tive treatment option [87]. The expression of FZD7 has been shown to be upregulated 513 
when comparing tumours to patient matched healthy liver tissue [18]. Transcriptional 514 

upregulation of FZD7 within intrahepatic CCa has been associated with an upregulation 515 
of circACTN4 which co-localises with YBX1 to enhance FZD7 transcriptional expression 516 

[88]. Further in silico analysis has identified Receptor-Like Tyrosine Kinase (RYK) to be 517 

overexpressed in stage 4 CCa, significantly correlates with FZD7 expression and poor 518 
prognosis [89]. FZD7 has not been targeted as a therapeutic intervention for CCa in pre- 519 

clinical studies. However, the combination of these findings and the low rate of cyto- 520 
plasmic Wnt component mutations observed in CCa [90], indicate FZD7 as an attractive 521 

therapeutic target for CCa in the near future. 522 
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11. Renal Cancer 523 

Analysis of 53 human renal tumours revealed that FZD7 expression is upregulated 524 

when compared to healthy renal tissue [91]. Furthermore, manipulation of FZD7 expres- 525 
sion presented a positive correlation between FZD7 expression and proliferation in renal 526 

cell carcinoma (RCC) cell lines [91]. Additionally, Wnt3a supplemented media was una- 527 
ble to rescue proliferation in FZD7 knockdown RCC cell lines, implicating FZD7 as a 528 

non-redundant transmitter of oncogenic Wnt signalling in RCC [91].  529 

In RCC, miR-613 is downregulated, and has been reported to directly interact with 530 
FZD7, binding to the 3’ UTR region, which is associated with decreased FZD7 expres- 531 

sion [22]. Overexpression of miR-613 significantly reduced proliferation and invasion in 532 

ACHN and 786-O RCC cells, whereas artificially inducing miR-613 overexpression ap- 533 
pears to counteract FZD7-dependant RCC cells [22]. Although FZD7 is yet to be targeted 534 

pharmacologically in renal cancer, current research evidence suggests FZD7 may prove 535 
to be an attractive therapeutic target. However, additional work is needed to establish 536 

the true status and predictive value of FZD7 in renal cancer. 537 

12. Discussion 538 

FZD7 is highly expressed in several cancer types with current data suggesting it is 539 

an attractive target for therapy [24,39,40,42,44,68,82,84]. Moreover, specific targeting of 540 
FZD7 can inhibit many features of cancer from initiation to growth and metastasis 541 

[22,27,45-47,49,50,64,84].  542 

FZD7’s expression and role in the gastrointestinal tract has been extensively studied in 543 

both healthy tissue and cancer [14-17]. Although deletion of FZD7 in GI organoids results 544 

in organoid death, deletion of FZD7 in vivo is well tolerated as the tissue has evolved a 545 
mechanism to repopulate the epithelium following acute loss of critical genes, including 546 

FZD7 [15,16] or MYC [92]. This is supported by a recent systemic knockout of FZD7, which 547 

again demonstrates FZD7 loss is well tolerated in the GI epithelium with no adverse 548 
health effects to the mice [93]. Importantly, deletion of FZD7 in gastric tumours did not 549 

trigger repopulation (since these highly regulated evolutionary mechanisms are lost in the 550 
tumour), but rather the FZD7 deleted cells failed to proliferate, probably due to their lack 551 

of FZD7 that renders them unable to respond to the oncogenic Wnt signalling derived 552 

from the tumour microenvironment and niche [14-17]. FZD5 is also expressed in the in- 553 
testinal epithelium, however genetic deletion results in widespread crypt atrophy in the 554 

small intestine and colon, associated with severe weight loss of the mice [13]. This data 555 
further suggests FZD7 is an attractive target for therapy, supported by recent work re- 556 

vealing treatment of humanised-FZD7 mice that are able to respond to the new FZD7- 557 

ADC show no signs of ill health or intestinal pathology [50]. 558 

Deletion of FZD7 in normal, non-tumour gastric epithelium resulted in perturbed differ- 559 

entiation and mis-localisation of differentiated cells, before repopulation was triggered in 560 

which homeostasis was restored within two weeks [15]. Together, these results support 561 
an evolutionarily conserved mechanism in the GI tract to tolerate and respond to delete- 562 

rious genetic events such as loss of FZD7 and indicate FZD7 as an attractive target for 563 

therapy. 564 

In the last eight years, research into targeting FZD7 has continued to be a promising ap- 565 

proach to target Wnt-driven cancers. This is due to its differential and increased expres- 566 

sion across many cancers compared to healthy tissues. Due to the superior specificity of 567 
novel humanised FZD7 antibodies currently being investigated (e.g., FZD7-ADC and 568 

SHH002-hu1), the on-target toxicity linked to the pan-FZD receptor inhibitor OMP-18R5 569 
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has potential to be mitigated if/when these compounds progress to clinical trials [49,50,70]. 570 

It will be important to further understand the molecular/cellular mechanism of how tox- 571 
icity is avoided by these FZD7-directed therapies to help progress them towards clinical 572 

trials.  573 

To advance the field of FZD7-targeted cancer therapies, a key next step is to investigate 574 

FZD7 protein expression in patient tissue samples using tissue microarray (TMA) studies. 575 

Many current investigations focus predominantly on mRNA expression, potentially over- 576 

looking important post-translational regulation by components such as RNF43 which is 577 

deregulated in several cancers resulting in increased FZD proteins on the cell surface [94]. 578 

Protein studies via TMA can offer more direct insights into FZD7's role in cancer progres- 579 

sion and metastasis and potentially help identify which patients may benefit from FZD7- 580 

directed therapies. Moreover, the validation of a universally accepted, commercially 581 

available, FZD7-specific antibody would significantly enhance our ability to study FZD7's 582 

functionality, not only within cancer cells but also within the metastatic niche, the extra- 583 

cellular matrix (ECM) and stromal cells, all critical in tumorigenesis and metastasis [95]. 584 

Antibody-drug conjugates are a novel cancer therapy comprised of a monoclonal anti- 585 

body aimed to target cancer cells linked to a cytotoxic payload by a chemical linker [96- 586 
98]. Such antibody-conjugated designs result in specific targeting of cancer cells, limiting 587 

the cytotoxicity to normal cells that have lower expression of the antibody of interest [98]. 588 

FZD7 is an ideal candidate for an ADC target as it has several attractive features [96].  589 

Firstly, FZD7 is highly expressed throughout embryonic development and then its expres- 590 

sion is reduced in normal tissues [96]. In contrast, FZD7 expression is highly upregulated 591 

in a diverse range of cancer types, making it a good candidate to target cancer cells [96]. 592 
Secondly, FZD7 is a surface receptor, and not a secreted protein from the cancer cells, thus 593 

providing specific cancer cell targeting [96]. Finally, when the ADC compound binds 594 

FZD7 in the cancer cells, it is internalized in lysosomes of FZD7-expressing cells, resulting 595 
in apoptosis of FZD7 high cancer cells [50]. Indeed, our recently published FZD7-ADC 596 

compound shows promise to be an effective treatment for FZD7 expressing cancer types, 597 

opening a new window for cancer therapy [50].  598 

Monoclonal antibody based therapeutic approaches currently appear to be the most at- 599 

tractive method of targeting the differential expression of FZD7 in multiple cancer types 600 

[49,50]. However, the cost to produce these compounds could continue to limit the re- 601 
search field [99]. A possible solution to this approach would be adopting scFVs antibodies, 602 

which are significantly cheaper and easier to produce [100]. Research on the efficacy of 603 
scFVs ability to inhibit FZD7 shows promising results however requires further investi- 604 

gation [46]. A potential avenue for harnessing scFVs’ could be using them to deliver cyto- 605 

toxic agents such as MMAE or MMAF as this has been shown to be efficacious using mon- 606 
oclonal antibodies [49,50,99,100]. This approach could reduce the cost of compound pro- 607 

duction and help progress on this approach to target FZD7 expressing cancer cells. 608 

Nanoparticles also offer significant value in cancer therapy due to their ability to enhance 609 

drug delivery precision and minimize off-target effects. In the context of targeting FZD7, 610 

nanoparticles have been effectively engineered to deliver chemotherapeutic agents like 611 

doxorubicin directly to tumour cells [64]. By conjugating FZD7-specific antibodies to na- 612 
noparticles, researchers have achieved targeted drug delivery, reducing systemic toxicity. 613 

Furthermore, combining nanoparticles with siRNA targeting β-catenin has demonstrated 614 
improved inhibition of tumour growth and metastasis [35]. These approaches underline 615 

nanoparticles’ potential to revolutionize cancer treatment by enhancing therapeutic effi- 616 

cacy while minimizing adverse effects [35,64]. 617 
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Targeting FZD7 specifically has the potential to be less toxic than pan-Wnt/FZD inhibitors. 618 

Indeed, our promising new FZD7-ADC displayed no toxicity in humanised-FZD7-mice 619 

[50], although it will be important to understand how toxicity is avoided to progress this 620 

new therapy along the translational pipeline. The FZD7 blocking antibody, SHH002-hu1, 621 

shows good anti-tumour effects in NSCLC xenografts, and no cytotoxicity of bronchial 622 

epithelial cells in vitro, however it is not clear if there was any toxicity in vivo [49], which 623 

will be important to identify to inform clinical trials. Similarly, the promising Fz7-21, a 624 

Fzd7 binding peptide, will need to be investigated in preclinical in vivo models of cancer 625 

to establish efficacy and toxicity for them to progress to clinic [51]. As FZD7 promotes 626 

cancer stem cell activity [17,31], future research should also focus on co-treatments with 627 

chemotherapy to target chemo-resistant cancer stem cell populations. Similarly, check- 628 

point inhibitor response can be improved with co-treatment with OMP-18R5 [101], sug- 629 

gesting FZD7 specific inhibitors may also be attractive to combine with modifiers of the 630 

tumour immune response for future research.  631 

13. Conclusion 632 

This review highlights the increasing body of work that strongly suggests that FZD7 633 
is an attractive target for therapeutic intervention, due to its high expression in several 634 

cancers, its role in promoting tumour initiation, growth and progression, and also the re- 635 

cent evidence that targeting FZD7 itself, or FZD7 expressing cells, is well tolerated, with 636 
no adverse health signs. Together this information should encourage researchers and in- 637 

dustrial partners to continue to develop new FZD7-directed therapies and propel current 638 

FZD7 targeting agents along the translational pipeline, to help improve cancer patient 639 

health whilst avoiding toxicity [50]. 640 
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