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Abstract

Background
The World Health Organization (WHO) report of 2020 indicated that Colorectal Cancer (CRC) is ranked the
third most common cancer type and the second cause of cancer-related deaths in the world. However, the
existing treatment, as well as prognosis strategies, need to be improved to increase the survival of CRC
patients. Targeted therapies of CRC as opposed to ordinary therapies; target key biological features and
pathways of cancerous cells hence minimizing the subsequent damage to normal cells. MicroRNAs have
been reported to play a crucial role in inhibiting and/or suppressing major pathways in various cancer
types by targeting transcripts of key genes in such pathways.

Methods
This study aimed at in silico inhibiting cancer cell proliferation and metastasis by targeting a key gene –
Frizzled receptor 3 (FZD3) in a major pathway of CRC called Wnt signaling; using microRNAs. The in
silico analysis revealed that miR-98-5p is a direct target of FZD3, using 5 microarray datasets containing
tumorous and control samples.

Results
Further analysis indicated that miR-98-5p inhibits FZD3 through binding directly to the 3’UTR of its mRNA
hence exerting a suppressor role of colorectal tumors through the Wnt pathway. However, these results
need to be validated in the future through basic research experiments using CRC cells in vivo and in vitro.

Conclusion
The study reveals miR-98-5p as a novel target of FZD3 and an inhibitor of the Wnt signaling pathway
hence being a potential candidate for developing targeted therapies against CRC.

Background
In 2020, the World Health Organization (WHO) reports indicated that cancer was a major concern to
public health, claiming nearly 10 million lives. Same reports continued to show that cancer is believed to
be the second leading cause of death in various countries such as the United States (Siegel et al., 2021).
The colon and rectal cancer; also known as colorectal Cancer (CRC) is the world’s third most diagnosed
type of cancer among men and women in various countries including the United States. According to the
American Cancer Society, it is estimated that new CRC cases in the United States are expected to rise up
to 104,270 and 45,230 new cases in colon cancer and rectal cancer respectively (American Cancer
Society, n.d). According to the data of 2020 by WHO, it is indicated that colon and rectal cancer counted
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for 935,000 deaths, making CRC the second deadliest cancer type in 2020 ahead of liver, stomach, and
breast cancers.

Colorectal cancer remains among the top three common malignancies in the world, and its risk factors
are associated with one's lifestyle such as smoking and alcohol abuse, dietary behavior such as
processed meat foods like hot dogs and red meat, old age, type 2 diabetes and obesity, genetics and
environmental factors.

The present treatment strategies for CRC include surgical resection, chemotherapy, immunotherapy, or a
combination of any two of these. However, the effectiveness may vary from patient to patient especially
those with locally invasive or metastatic CRC. If we’re to improve the prognosis and treatment of CRC
patients, we really need to understand the mechanisms that drive the progression of this disease in order
to identify biomarkers that can be potential therapeutic targets.

Targeted therapeutic agents of CRC can help to improve treatment by targeting unique biological features
and pathways that are responsible for tumor progression (Piawah & Venook, 2019a). Such therapeutic
agents are advantageous in cancer treatment in that, they target biological features of cancerous cells as
opposed to other therapeutics that kill both tumorous and normal cells. Targeted therapy can be
administered to turn off dominant pathways and processes in cancerous cells such as angiogenesis,
proliferation, apoptosis inhibition, cell differentiation, RAS pathway, the Wnt signaling pathway, PI3K
pathway, cell cycle pathway, among others (Sanchez-Vega et al., 2018).

A number of studies show that activation of the Wnt pathway in a deviant manner is a driving factor in
the tumorigenesis of most human cancers, with a strong emphasis on CRC (Schatoff et al., 2017). Wnt
signaling is a highly conserved pathway in numerous organisms with a crucial purpose in homeostasis
and development processes of tissues (L et al., 2015). This pathway controls β-catenin, a key modulator
for signal transduction in CRC through phosphorylation and ubiquitin-mediated degradation. This
regulation involves key scaffold proteins such as AXIN and Dishevelled (DVL) which disrupt the β-Catenin
Destruction complex that is contains 3 core proteins; Adenomatous Polyposis Coli (APC), Glycogen
Synthase Kinase 3 beta (GSK3β) and Casein Kinase 1 (CK1) (L et al., 2015).

When the destruction complex is absent, β-catenin will no longer be ubiquitinated or degraded hence
leading to its accumulation as free β-catenin in the cytoplasm (Piawah & Venook, 2019b), which is a
hallmark of CRC progression (Cheng et al., 2019) when it translocates to the nucleus (Schatoff et al.,
2017). This translocated beta-Catenin in association with two major transcriptional factors i.e., T cell
factor (TCF) and Lymphoid Enhancer-binding Factor (LEF), displaces their repressor molecule Groucho.
The formed β-catenin/TCF/LEF complex in combination with other co-activators form a transcriptional
complex that leads to the expression of target genes of Wnt (Nie et al., 2020), which include MYC, CCND1,
AXIN2, Cyclin D1, among others (Cheng et al., 2019). These target genes are mostly oncogenes which
when aberrantly overexpressed, promote anti-apoptosis abilities, proliferation, survival, migration, polarity,
all of which are very crucial for tumorigenesis, progression, and metastasis in benign cells (X. Li et al.,
2020).
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The aberrant up-regulation of Wnt signaling pathway is facilitated by APC mutations, which is a negative
regulator of this pathway (L et al., 2015). These mutations mainly lead to the loss-of-function of APC
hence up-regulating the Wnt signaling pathway and facilitating CRC cell proliferation and enhanced anti-
apoptosis abilities through overexpression of the target genes of this pathway (X. Li et al., 2020).

Wnt signaling pathway is characterized as either canonical – which is β-catenin dependent or non-
canonical, which is β-catenin independent. However, the initiation of signaling events in both pathways
involves the binding of Wnt molecules to frizzled receptors and other related-receptors for example the
Low-density lipoprotein Receptor-related Protein 5/6 (LRP5/6)/ROR2/RYK for signal transduction
initiation (X. Li et al., 2020). Frizzled (FZD) is a family of trans-membrane ligand-activated receptors that
serve as receptors of the Wnt pathway. This family of receptor proteins has 10 members, with every FZD
member having a favored Wnt ligand. Various studies have indicated that excessive activation of the Wnt
signaling pathway may be as a result of a loss-of-function mutation in E3 ubiquitin ligases ring-�nger
protein 43 (RNF43), through ubiquitin-mediated degradation blockage of Frizzled receptors and LRP5/6
co-receptors. Since this is a frequently detected phenomenon in CRC (Cheng et al., 2019), it therefore
indicates that signal transduction by the Wnt pathway can be in�uenced as levels of expression for key
components of the pathway get altered (Schatoff et al., 2017).

A number of cancer-promoting functions including invasion, angiogenesis, cancer cell proliferation,
migration, chemo-resistance upon recurrence are all mediated by FZD receptors (Zeng et al., 2018). Since
it is the most implicated pathway in CRC, disrupting the Wnt pathway signal transduction through down-
regulating the expression of crucial pathway components such as FZD receptors can be a therapeutic
strategy for CRC. Studies have indicated that targeting FZD receptors can down-regulate Wnt signaling
hence suppressing malignant cell proliferation, tumor growth, angiogenesis, and metastasis (Ji et al.,
2022; C. Li et al., 2019).

Human Frizzled Homolog 3 protein (FZD3) is found no chromosome 8p21 (Sala et al., 2000). The protein
is expressed in various tissues including skeletal muscles, pancreas, cerebellum, stomach, kidney, among
others. Studies have shown that FZD3 is up-regulated in lung squamous cell carcinoma tissues,
lymphoma, Ewing sarcoma, myeloma, among other cancers (He et al., 2011; Smith et al., 2021; Wong et
al., 2013). In their study, Wong and colleagues (2013) indicated that FZD3 was 100% expressed in CRC
spacemen, 89% in colorectal adenomas, and 75% in colorectal polyp spacemen (Wong et al., 2013). This
indicated that FZD3 is so signi�cant in CRC tumorigenesis and progression hence making it a potential
candidate for chemo-preventive interventions (Sompel et al., 2021).

Studies done in recent years have insightfully demonstrated how microRNAs (miRNAs) can be potential
suppressors of proliferation, growth and metastasis in CRC cells by targeting FZD receptors and
oncogenes. (Smith et al., 2021; Ueno et al., 2013c; Q. Wang et al., 2017; Zeng et al., 2018). MicroRNAs are
single-stranded non-coding RNAs that bind to the 3’ untranslated region (3’ UTR) of the target gene mRNA
hence negatively regulating the expression of the corresponding gene. By doing so, they induce the
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cleavage of such a gene or repressing its translation thereby inhibiting the target protein (Ueno et al.,
2013a).

The interaction of MicroRNAs with FZD mRNAs in�uences the expression of FZD proteins and the Wnt
pathway as a result (Smith et al., 2021). Identifying miRNAs that inhibit the expression of FZD genes in
different cancers is a reported therapeutic strategy for human cancer (Zeng et al., 2018). Although other
FZDs have been extensively studied, the FZD3 receptor is poorly studied among FZD family receptors in
human cancers, especially CRC. The present study aims to identify a suitable miRNA target for FZD3
receptor mRNA and demonstrate through bioinformatics analysis that hsa-miR-98-5p is a suitable target
for FZD3 in human CRC. This would allow the clinical evaluation of the potential of miR-98-5p in
inhibiting CRC progression and its consideration as a therapeutic strategy in CRC treatment.

Methods

2.1 Gene Expression Datasets
Microarray datasets of �ve gene expression projects for normal and adenocarcinoma colon and rectum
samples were downloaded from the public functional genomics database;- Gene Expression Omnibus
database (GEO, http://www.ncbi.nlm.nih.gov/geo), against query words such as CRC and colorectal
cancer, on 27th September 2021. The study’s criteria for selection were based on samples being of Homo
sapiens origin, excluding cell-line-based experiments. All the selected datasets contained enough samples
(50 or more samples) (Table 1) to obtain statistically signi�cant results as showed.

2.2 The Identi�cation of Differentially Expressed Genes
(DEGs)
To normalize and identify differentially expressed genes from each dataset, both the limma R package
(Ritchie et al., 2015) as well as the GEO2R tool, which is an interactive online tool for differential gene
expression analysis in a GEO series, (GEO2R; https://www.ncbi.nlm.nih.gov/geo/geo2r/) were used.
Conditions for cut-off were set to log Fold Change (log FC) > 1 or Log FC < -1 and P-value of < 0.05 as the
threshold for obtaining DEGs in all the 5 datasets. To visualize the DEGs, volcano plots were plotted for
DEGs from each dataset using bioinfokit v2.0.1 tool in python (Bedre, 2020).

2.3 The Functional Enrichment Analysis of GO and KEGG
After obtaining DEGs, they were arranged in descending order with respect to the magnitude of their Log
FC value. The top 20 DEGs from each dataset were obtained for the analysis of their enrichment to
understand the in-depth signi�cance of such genes. A list of top 20 DEGs from each dataset was
annotated using an open-source web-based server, Enrichr (https://maayanlab.cloud/Enrichr/) (Chen et
al., 2013). This web-based server integrates results from multiple libraries of gene enrichment analysis.
For example, the option of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways when utilized, it
generates pathways against a given uploaded gene list, with a cut-off of p-value < 0.05 being statistically
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signi�cant for such pathways. Pathway enrichment of the top 20 DEGs was also done by using an online
tool Database for Annotation, Visualization, and Integrated Discovery also known as D.A.V.I.D;
(https://david.ncifcrf.gov/ ), with statistically signi�cant pathways having a threshold P-value of < 0.05.

2.4 The Analysis of the Network of Protein-Protein
Interactions (PPI)
The network of protein-protein interactions for DEGs was constructed with the Search Tool for the
Retrieval of Interacting Genes (STRING;https://string-db.org/ ) tool, taking the highest con�dence score to
be 0.900. The visualization of the constructed networks was done in Cytoscape, version 3.6.1
(http://www.cytoscape.org/ ).

2.5 Pathways in Cancer Analysis
The enriched pathways were further analyzed for their involvement as well as their respective genes in
CRC using KEGG (https://www.kegg.jp/ ), an online resource that integrates 18 databases which are
classi�ed into systems, genomic, chemical and health information (Kanehisa et al., 2021). Pathways in
cancer were queried, with speci�c emphasis on highly enriched pathways among the DEGs of the �ve
datasets.

2.6 Visualization of gene expression between Tumor and
Normal Tissues
After choosing Frizzled receptors (FZD) as potential targets, gene expression analysis was then done to
ascertain the levels of expression for each of the 10 family member receptors in both tumor and normal
tissues. This was done using a freely available online tool Gene Expression Display Server - GEDS;
(http://bioinfo.life.hust.edu.cn/web/GEDS/ ), which is a complete database for searching, visualization,
and analysis of expression data for miRNAs, proteins, and genes (Xia et al., 2019). DEGs from each
dataset were analyzed to identify all Frizzled receptors and their expression levels in both TCGA and
Microarray datasets. A frizzled receptor whose expression levels were Log FC being > 1 and its P-value
being < 0.05 was selected a potential target Frizzled receptor gene. The expression levels of potential
target FZD receptors were visualized on Volcano plots in comparison with the top 5 DEGs from each
dataset, using bioinfokit v2.0.1 tool in python (Bedre, 2020).

2.7 Validation of gene expression between CRC and Normal
colorectal tissues
For purposes of validation and improvement of the results reliability of this study, FZD gene expression
data from the TCGA database were analyzed. The Cancer Genome Atlas -TCGA;
(https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga ), a highly
comprehensive and coordinated effort for improving our understanding of the molecular features of
cancer. This is through genome analysis technologies such as large-scale genome sequencing. It is now
a collection of more than 20 characterized tumor types. Searching, downloading, and preparing data for
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validation were all done using a Bioconductor R package TCGAbiolinks (A et al., 2016). To identify DEGs,
a Bioconductor R package edgeR was used (Robinson et al., 2010). The cut-off criterion for statistical
signi�cant �ltered DEGs was Log2 FC < -1 or Log2FC > 1 with a P-value < 0.05.

2.8 Prediction and Enrichment of the target microRNAs
To predict the target miRNAs for the identi�ed Frizzled receptor, an online tool DIANA-microT-CDS
(http://www.microrna.gr/webServer) was used. This web server has been extensively used since its initial
launch in 2009 and is dedicated to predicting miRNA targets as well as their functional analysis
(Paraskevopoulou et al., 2013). From the web server, all possible targets for the identi�ed Frizzled
receptor were identi�ed and downloaded, with a threshold of 0.7.

To identify the potential target of the identi�ed Frizzled receptor, miRNA-target enrichment analysis of the
possible targets was performed by MicroRNA ENrichment TURned NETwork - MIENTURNET;
(http://userver.bio.uniroma1.it/apps/mienturnet/ ), a web-based server for microRNA-target enrichment
and their network-based analysis (Licursi et al., 2019).

Results
Microarray datasets were separately analyzed to obtain DEGs between normal and tumor tissue cells.
Volcano plot diagrams were plotted to visualize the expression levels of different genes between the two
conditions. A total of 14227 DEGs were obtained from 5 datasets (Fig. 2). The general trend indicated
that differential gene expression was more of down-regulated genes than up-regulated ones. A list of
overexpressed genes was generated and out of which the top 20 genes from each dataset were selected
for further analysis.

3.1 Wnt Signaling Pathway is highly enriched in CRC
patients
The enrichment analysis of the top 20 DEGs from each dataset was performed using Enrichr in which it
was determined that these genes were involved in 16 different pathways, taking the cut-off criterion for
statistically signi�cant pathways being P-value < 0.05. Although a number of pathways related to cancer
such as PI3k-Akt, HIF-1 among others, were all enriched among the top DEGs in these datasets, Wnt
signaling was signi�cantly enriched compared to other pathways, with genes such as SFRP4, MMP7,
among others being involved.

The PPI which was performed by using STRING indicated the network of top 20 DEGs from each dataset
in this study when combined together. When visualized in Cytoscape, the network indicated that the Wnt
signaling pathway genes from the 5 datasets were among those with the highest number of interactions
i.e. MMP7 with 7 interactions and only second to MMP1 and MMP3 (9 interactions) which are involved in
the IL-17 signaling pathway.
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3.2 Wnt signaling, a Key pathway during Colorectal
Carcinogenesis
Wnt pathway was enriched among the top 20 DEGs of all �ve datasets which indicated that the pathway
could have a key role in colorectal cancer. Based on these results, it was hypothesized that inhibiting the
pathway can suppress CRC pathogenesis. To test the hypothesis, Wnt signaling pathway enrichment
analysis in CRC was further analyzed in KEGG Pathways in the Cancer database. The analysis indicated
that (Fig. 2) the pathway is a gateway to a number of key genes and pathways in CRC such as (Table 3);
some of which were identi�ed among DEGs as overexpressed in all the 5 datasets. This pathway
proceeds after the binding of the Wnt ligand to Frizzled family receptors or ROR1/ROR2 and RYK family,
stimulating the subsequent signaling cascade of either canonical or non-canonical pathway, leading to
the Wnt target genes transcription (C. Li et al., 2019), (Fig. 3). For this fact, therefore, it was hypothesized
that inhibiting the expression of FZD receptors could suppress the binding of Wnt ligands hence
inhibiting this highly implicated pathway in CRC.

3.3 FZD3 is a potential inhibitor candidate for the Wnt
signaling pathway
To test the hypothesis of inhibiting FZD receptors, the expression levels of each of the 10 FZD receptor
family members were compared between normal and cancerous colorectal tissues, using the Gene
Expression Display Server (GEDS) (Fig. 4).

The expression trend indicated high expression levels of FZD receptors in tumors as compared to normal
tissues, with some receptors having a higher expression level in CRC than others among which is FZD3.
The expression levels of all FZD family receptors were further analyzed in the 5 datasets. The analysis
indicated that the FZD3 receptor was up-regulated across all 5 datasets, unlike other receptors. To
validate this expression, TCGA analysis was performed on TCGA-COAD and TCGA-READ datasets using
Bioconductor R packages TCGAbiolinks and edgeR for Colon Adenocarcinoma and Rectal
Adenocarcinoma respectively, between normal and tumor tissues. Using the selection threshold for DEGs
from GEO data, a total of 2096 DE genes from the TCGA-COAD dataset as well as 2885 DE genes from
the TCGA-READ dataset were identi�ed as between normal and tumor tissues. The FZD3 gene was up-
regulated in tumor tissues compared to normal ones, with a Log FC that correlates with that from the GEO
datasets. The results indicated that FZD3 is up-regulated in CRC (Fig. 5). Down-regulating this receptor,
the Wnt signaling pathway can be inhibited and as a result, tumor proliferation and progression can be
suppressed in human CRC.

3.4 MiR-98-5p is a suitable miRNA target for FZD3 receptor
A number of studies have identi�ed and reported various microRNAs (miRNAs) as potential targets for
Frizzled receptors in CRC as well as other cancer types, hence inhibiting the Wnt signaling pathway. This
is done when miRNAs post-transcriptionally inhibit the expression of the target FZD mRNAs through
binding to the 3’ untranslated regions (3’UTRs) of such mRNAs (Kim et al., 2015; Moazzendizaji et al.,
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n.d.; Tian et al., 2020; Ueno et al., 2013a). Having identi�ed FZD3 as a candidate receptor to inhibit Wnt
signaling in addition to recent studies (C. Li et al., 2019), further investigations were made to identify
potential miRNAs which targeted the 3’UTR of FZD3 mRNA using computer-based algorithms such as
TargetScan (release 7.1), miRBase Targets, DIANA-microT-CDS as well as MIENTURNET web tools
(Agarwal et al., 2015). The search for potential targets of FZD3 using DIANA-microT-CDS identi�ed 606
Homo sapiens microRNAs (hsa-miRNAs) with a threshold of 0.7. Further analysis of the identi�ed
potential targets with the miRTarBase option of the MIENTURNET web tool indicated �ve miRNAs as
candidate targets for the FZD3 receptor. These include hsa-miR-7856-5p, hsa-miR-3658, hsa-miR-31-5p,
hsa-miR-98-5p, and hsa-miR-3653-3p. Functional enrichment analysis in MIENTURNE web tool showed
that only two of the �ve miRNAs were enriched in the Wnt signaling pathway that is; hsa-miR-31-5p and
hsa-miR-98-5p. The two microRNAs were further analyzed through Kaplan Meier survival analysis (Nagy
et al., 2021) as well as recently published literature. Hsa-miR-98-5p was chosen as the best target for the
FZD3 receptor on grounds that recently published literature has indicated that hsa-miR-31-5p has
oncogenic properties in CRC (Mi et al., 2020) despite having a better Kaplan Meier median survival
compared to hsa-miR-98-5p (Fig. 8). Further analysis in the computational prediction program called
TargetScan (http://www.targetscan.org/ ), (Agarwal et al., 2015) indicated that hsa-miR-98-5p binds to 3’
UTR of FZD3 mRNA at three positions i.e. 1873, 3523, 4957.

Discussion
Although the trends in CRC incidences and mortalities have dropped since the mid-1980s worldwide, this
malignancy accounted for more than 1.5 million new cancer cases and close to 1 million cancer-related
deaths in 2020. The burden distribution of CRC varies globally but increasing incidences are reported in
countries with high Human Development Index (HDI) such as New Zealand, Western Europe, North
America, Australia, and Nordic countries etcetera (Høydahl et al., 2020) due to the aging population in
such countries. However, CRC is still a big challenge in developing countries whose health care system is
still poor yet the lifestyle among natives exposes them to preventable CRC risk factors such as smoking,
alcohol, unfavorable diet, lack of physical exercise, among others. Affordable high standard healthcare
systems ensure that screening and early diagnosis increase survival rates whereas in countries where
high-quality healthcare systems are unaffordable, treatment approaches have to be improved to increase
survival. And surgical treatment. Routine CRC treatment strategies such as chemotherapy,
immunotherapy, radiotherapy, and surgery have saved so many lives however, targeted therapy due to
advancement in health science brings more speci�city and increases survival among CRC patients.

Targeted therapy in CRC aims to block different critical pathways that are responsible for cell growth and
proliferation, angiogenesis, migration, differentiation, and anti-apoptosis by using small molecules such
as monoclonal antibodies. These molecules with molecular weight < 900Da penetrate into cells thereby
inhibiting target enzymes hence interfering with tumor growth and; in some cases inducing apoptosis (To
et al., 2018; Xie et al., 2020). The US Food and Drug Administration (FDA) has of the writing date of this
article approved a number of targeted therapies for CRC such as Cetuximab; an anti-EGFR agent
(Vascular Endothelial Growth Factor), anti-angiogenesis agent bevacizumab, etcetera, and the trend is
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promising (Di Nicolantonio et al., 2021). Pathways that offer potential sites for targeted therapy in CRC
include among others; Wnt/β-catenin, HGF/c-MET pathway, notch, hedgehog, and EGFR-related pathways
(Xie et al., 2020).

Accumulating evidence from published studies indicates the biological importance of microRNAs
(miRNAs) in the progression and metastasis in CRC hence attracting the attention of researchers. Despite
them being referred to as non-coding RNAs molecules, miRNAs have been shown by various studies that
they are involved in post-transcriptional regulation of 60% genes in human beings (X. Wang et al., 2021).
Studies have gone ahead to show that dysregulated expression of certain microRNAs is associated with
CRC progression (Ye et al., 2019). This study aimed to target one of the critical pathways in CRC - Wnt
signaling pathway with miR-98-5p, a rarely reported miRNA in CRC - to inhibit FZD3, a regularly up-
regulated frizzled receptor of this pathway in CRC.

To determine the expression pattern of the FZD3 receptor in CRC, differential gene expression analysis
was done on �ve datasets from GEO. The statistical analysis by Bioconductor R package limma (Ritchie
et al., 2015) showed that the quantitative changes in the levels of expression between tumor and normal
samples were signi�cant for FZD3 to be a DEG alongside other genes. The analysis of GO plus that of
KEGG enrichment for exploring the functions of the identi�ed DE genes indicated that FZD3 was
signi�cantly enriched in the Wnt signaling pathway. Like FZD3, a number of other top DEGs were enriched
in Wnt signaling, which correlated with recent studies that implicate Wnt signaling as a key pathway in
CRC (C. Li et al., 2019; X. Li et al., 2020; Patel et al., 2019; Ueno et al., 2013c; Wong et al., 2013). The
molecular mechanisms, as well as the role of various FZD family members in the development of CRC,
have been widely studied. However, an explicit method or antibody that targets the FZD3 receptor for
colorectal cancer therapy is yet to be identi�ed (Zeng et al., 2018).

The GEDS web server as well as Kaplan-Meier plotter were utilized for validate purposes of the expression
of FZD3 mRNA in CRC. The expression in CRC tissues was signi�cantly higher than in colorectal normal
tissues and this correlated with poor overall survival. The analysis of protein-protein interaction of FZD3
by STRING web server showed that this receptor gene interacts with a number of key Wnt signaling
pathway genes such as DVL, WNT1, WNT5, LRP6, VANGL2 (Fig. 6), which were found up-regulated too in
all the �ve datasets of this study. More to this, studies have indicated that sFPR1 (secreted Frizzled
Receptor Protein 1), a Wnt antagonist, is signi�cantly down-regulated by the up-regulation of FZD3
(Sompel et al., 2021; Ueno et al., 2013a) and it was found down-regulated in all the �ve datasets. High
FZD3 expression levels have been reported by various studies to correlate with Wnt target genes for
instance Cyclin D1 and c-Myc (Ueno et al., 2013b). The expression of these genes correlated with that of
FZD3 in all the 5 datasets. Based on these results as well as literature citations, it seemed reasonable to
suggest that FZD3 is a crucial player in the Wnt pathway and if knocked down, the pathway would be
inhibited (He et al., 2011).

Recent studies have indicated that microRNA miR-98-5p inhibits tumor proliferation, migration and
invasion in various cancers including ovarian cancer (Z. Wang et al., 2021), glioblastoma (Xu et al., 2017),
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gastric cancer (Zhan et al., 2021), in non-small cell lung cancer (Jiang et al., 2019), pancreatic ductal
adenocarcinoma (Fu et al., 2018), and etcetera. Moreover, studies have shown that this microRNA
suppresses tumor progression in various cancers by targeting the Wnt signaling pathway related genes
(W. Li et al., 2019; Zheng et al., 2019). This makes it a potential target to FZD3, one of this pathway’s key
receptors.

Target prediction algorithms such as Targetscan showed that the FZD3 mRNA contained the binding
sites for miR-98-5p in its 3’-UTR (Fig. 7), which is a key feature in the miRNA post-translational gene
regulation mechanism. However, the miRNA prediction algorithms can barely con�rm that FZD3 is
directly targeted by miR-98-5p in CRC samples. To validate the study results, luciferase reporter assays
should be done to compare the behavior of a wild-type (WT) as well as the mutated (MUT) FZD3 in the
3’UTR binding site. A signi�cant �uorescence from FZD3-WT than FZD3-MUT will con�rm FZD3 gene as
a direct target of miR-98-5p. (Kim et al., 2015; X. Wang et al., 2021). FZD3 and miR-98-5p could be
forming an axis that inhibits Wnt signaling and CRC in general; however, the involvement of other target
genes in the process cannot be ruled out. To validate the mechanism by which miR-98-5p inhibits Wnt
signaling pathway, all the predicted target genes by at least two miRNA prediction algorithms should be
enriched in Wnt pathways by gene ontology and KEGG. The mRNA expression levels of such genes can
then be measured with miR-98-5p mimic and inhibitor respectively (Kim et al., 2015).

Conclusion
In conclusion, this study indicated that FZD3 is up-regulated in CRC and miR-98-5p inhibits the expression
of this receptor by binding to the 3’UTR of its mRNA hence exerting tumor suppression roles in colorectal
cancer through Wnt pathway (Fig. 9). However these results need to be validated by basic research in
future to verify the regulatory mechanisms of miR-98-5p in CRC cells in vivo and in vitro. This study also
provides evidence that targeting FZD3 can potentially be an inhibitor of proliferation and metastasis of
colorectal tumor cells, and this evidence can be relied on in developing target-based therapies for CRC
patients.

References
A, C., Tc, S., C, O., L, G., C, C., D, G., Ts, S., Tm, M., Sm, P., I, C., M, C., G, B., & H, N. (2016). TCGAbiolinks: An
R/Bioconductor package for integrative analysis of TCGA data. Nucleic Acids Research, 44(8).
https://doi.org/10.1093/nar/gkv1507

Agarwal, V., Bell, G. W., Nam, J.-W., & Bartel, D. P. (2015). Predicting effective microRNA target sites in
mammalian mRNAs. ELife, 4, e05005. https://doi.org/10.7554/eLife.05005

Bedre, R. (2020). bioinfokit: Bioinformatics data analysis and visualization toolkit. Zenodo.
https://doi.org/10.5281/zenodo.3747737



Page 12/19

Chen, E. Y., Tan, C. M., Kou, Y., Duan, Q., Wang, Z., Meirelles, G. V., Clark, N. R., & Ma’ayan, A. (2013).
Enrichr: Interactive and collaborative HTML5 gene list enrichment analysis tool. BMC Bioinformatics,
14(1), 128. https://doi.org/10.1186/1471-2105-14-128

Cheng, X., Xu, X., Chen, D., Zhao, F., & Wang, W. (2019). Therapeutic potential of targeting the Wnt/β-
catenin signaling pathway in colorectal cancer. Biomedicine & Pharmacotherapy = Biomedecine &
Pharmacotherapie, 110, 473–481. https://doi.org/10.1016/j.biopha.2018.11.082

Danielsen, S. A., Cekaite, L., Ågesen, T. H., Sveen, A., Nesbakken, A., Thiis-Evensen, E., Skotheim, R. I., Lind,
G. E., & Lothe, R. A. (2011). Phospholipase C Isozymes Are Deregulated in Colorectal Cancer – Insights
Gained from Gene Set Enrichment Analysis of the Transcriptome. PLOS ONE, 6(9), e24419.
https://doi.org/10.1371/journal.pone.0024419

Del Rio, M., Molina, F., Bascoul-Mollevi, C., Copois, V., Bibeau, F., Chalbos, P., Bareil, C., Kramar, A., Salvetat,
N., Fraslon, C., Conseiller, E., Granci, V., Leblanc, B., Pau, B., Martineau, P., & Ychou, M. (2007). Gene
Expression Signature in Advanced Colorectal Cancer Patients Select Drugs and Response for the Use of
Leucovorin, Fluorouracil, and Irinotecan. Journal of Clinical Oncology, 25(7), 773–780.
https://doi.org/10.1200/JCO.2006.07.4187

Di Nicolantonio, F., Vitiello, P. P., Marsoni, S., Siena, S., Tabernero, J., Trusolino, L., Bernards, R., & Bardelli,
A. (2021). Precision oncology in metastatic colorectal cancer—From biology to medicine. Nature Reviews.
Clinical Oncology, 18(8), 506–525. https://doi.org/10.1038/s41571-021-00495-z

Fu, Y., Liu, X., Chen, Q., Liu, T., Lu, C., Yu, J., Miao, Y., & Wei, J. (2018). Downregulated miR-98-5p promotes
PDAC proliferation and metastasis by reversely regulating MAP4K4. Journal of Experimental & Clinical
Cancer Research, 37(1), 130. https://doi.org/10.1186/s13046-018-0807-2

He, W., Wong, S. C., Ma, B., Ng, S. S., Lam, M. Y., Chan, C. M., Au, T. C., Chan, J. K., & Chan, A. T. (2011). The
expression of frizzled-3 receptor in colorectal cancer and colorectal adenoma. Journal of Clinical
Oncology, 29(4_suppl), 444–444. https://doi.org/10.1200/jco.2011.29.4_suppl.444

Høydahl, Ø., Edna, T.-H., Xanthoulis, A., Lydersen, S., & Endreseth, B. H. (2020). Long-term trends in
colorectal cancer: Incidence, localization, and presentation. BMC Cancer, 20(1), 1077.
https://doi.org/10.1186/s12885-020-07582-x

Ji, Y., Lv, J., Sun, D., & Huang, Y. (2022). Therapeutic strategies targeting Wnt/β‐catenin signaling for
colorectal cancer (Review). International Journal of Molecular Medicine, 49(1).
https://doi.org/10.3892/ijmm.2021.5056

Jiang, F., Yu, Q., Chu, Y., Zhu, X., Lu, W., Liu, Q., & Wang, Q. (2019). MicroRNA-98-5p inhibits proliferation
and metastasis in non-small cell lung cancer by targeting TGFBR1. International Journal of Oncology,
54(1), 128–138. https://doi.org/10.3892/ijo.2018.4610



Page 13/19

Kanehisa, M., Furumichi, M., Sato, Y., Ishiguro-Watanabe, M., & Tanabe, M. (2021). KEGG: Integrating
viruses and cellular organisms. Nucleic Acids Research, 49(D1), D545–D551.
https://doi.org/10.1093/nar/gkaa970

Kim, B.-K., Yoo, H.-I., Kim, I., Park, J., & Kim Yoon, S. (2015). FZD6 expression is negatively regulated by
miR-199a-5p in human colorectal cancer. BMB Reports, 48(6), 360–366.
https://doi.org/10.5483/bmbrep.2015.48.6.031

L, N., P, A., & Vs, L. (2015). Targeting Wnt signaling in colorectal cancer. A Review in the Theme: Cell
Signaling: Proteins, Pathways and Mechanisms. American Journal of Physiology. Cell Physiology,
309(8). https://doi.org/10.1152/ajpcell.00117.2015

Li, C., Nguyen, V., Clark, K. N., Zahed, T., Sharkas, S., Filipp, F. V., & Boiko, A. D. (2019). Down-regulation of
FZD3 receptor suppresses growth and metastasis of human melanoma independently of canonical WNT
signaling. Proceedings of the National Academy of Sciences, 116(10), 4548–4557.
https://doi.org/10.1073/pnas.1813802116

Li, W., Wang, J., Zhang, D., Zhang, X., Xu, J., & Zhao, L. (2019). MicroRNA-98 targets HMGA2 to inhibit the
development of retinoblastoma through mediating Wnt/β-catenin pathway. Cancer Biomarkers: Section A
of Disease Markers, 25(1), 79–88. https://doi.org/10.3233/CBM-182315 

Li, X., Ortiz, M. A., & Kotula, L. (2020). The physiological role of Wnt pathway in normal development and
cancer. Experimental Biology and Medicine, 245(5), 411–426.
https://doi.org/10.1177/1535370220901683

Licursi, V., Conte, F., Fiscon, G., & Paci, P. (2019). MIENTURNET: An interactive web tool for microRNA-
target enrichment and network-based analysis. BMC Bioinformatics, 20(1), 545.
https://doi.org/10.1186/s12859-019-3105-x

Marisa, L., Reyniès, A. de, Duval, A., Selves, J., Gaub, M. P., Vescovo, L., Etienne-Grimaldi, M.-C., Schiappa,
R., Guenot, D., Ayadi, M., Kirzin, S., Chazal, M., Fléjou, J.-F., Benchimol, D., Berger, A., Lagarde, A.,
Pencreach, E., Piard, F., Elias, D., … Boige, V. (2013). Gene Expression Classi�cation of Colon Cancer into
Molecular Subtypes: Characterization, Validation, and Prognostic Value. PLOS Medicine, 10(5), e1001453.
https://doi.org/10.1371/journal.pmed.1001453

Mi, B., Li, Q., Li, T., Liu, G., & Sai, J. (2020). High miR-31-5p expression promotes colon adenocarcinoma
progression by targeting TNS1. Aging (Albany NY), 12(8), 7480–7490.
https://doi.org/10.18632/aging.103096

Moazzendizaji, S., Sevbitov, A., Ezzatifar, F., Jalili, H. R., Aalii, M., Hemmatzadeh, M., Aslani, S.,
Navashenaq, J. G., Safari, R., Hosseinzadeh, R., Rahmany, M. R., & Mohammadi, H. (n.d.). microRNAs:
Small molecules with a large impact on colorectal cancer. Biotechnology and Applied Biochemistry,
n/a(n/a). https://doi.org/10.1002/bab.2255



Page 14/19

Nagy, Á., Munkácsy, G., & Győrffy, B. (2021). Pancancer survival analysis of cancer hallmark genes.
Scienti�c Reports, 11, 6047. https://doi.org/10.1038/s41598-021-84787-5

Nie, X., Liu, H., Liu, L., Wang, Y.-D., & Chen, W.-D. (2020). Emerging Roles of Wnt Ligands in Human
Colorectal Cancer. Frontiers in Oncology, 10, 1341. https://doi.org/10.3389/fonc.2020.01341

Paraskevopoulou, M. D., Georgakilas, G., Kostoulas, N., Vlachos, I. S., Vergoulis, T., Reczko, M., Filippidis,
C., Dalamagas, T., & Hatzigeorgiou, A. G. (2013). DIANA-microT web server v5.0: Service integration into
miRNA functional analysis work�ows. Nucleic Acids Research, 41(Web Server issue), W169–W173.
https://doi.org/10.1093/nar/gkt393

Patel, S., Alam, A., Pant, R., & Chattopadhyay, S. (2019). Wnt Signaling and Its Signi�cance With in the
Tumor Microenvironment: Novel Therapeutic Insights. Frontiers in Immunology, 10, 2872.
https://doi.org/10.3389/�mmu.2019.02872

Piawah, S., & Venook, A. P. (2019a). Targeted therapy for colorectal cancer metastases: A review of
current methods of molecularly targeted therapy and the use of tumor biomarkers in the treatment of
metastatic colorectal cancer. Cancer, 125(23), 4139–4147. https://doi.org/10.1002/cncr.32163

Piawah, S., & Venook, A. P. (2019b). Targeted therapy for colorectal cancer metastases: A review of
current methods of molecularly targeted therapy and the use of tumor biomarkers in the treatment of
metastatic colorectal cancer. Cancer, 125(23), 4139–4147. https://doi.org/10.1002/cncr.32163

Ritchie, M. E., Phipson, B., Wu, D., Hu, Y., Law, C. W., Shi, W., & Smyth, G. K. (2015). Limma powers
differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Research,
43(7), e47–e47. https://doi.org/10.1093/nar/gkv007

Robinson, M. D., McCarthy, D. J., & Smyth, G. K. (2010). edgeR: A Bioconductor package for differential
expression analysis of digital gene expression data. Bioinformatics (Oxford, England), 26(1), 139–140.
https://doi.org/10.1093/bioinformatics/btp616

Sabates-Bellver, J., Van der Flier, L. G., de Palo, M., Cattaneo, E., Maake, C., Rehrauer, H., Laczko, E.,
Kurowski, M. A., Bujnicki, J. M., Menigatti, M., Luz, J., Ranalli, T. V., Gomes, V., Pastorelli, A., Faggiani, R.,
Anti, M., Jiricny, J., Clevers, H., & Marra, G. (2007). Transcriptome pro�le of human colorectal adenomas.
Molecular Cancer Research: MCR, 5(12), 1263–1275. https://doi.org/10.1158/1541-7786.MCR-07-0267

Sala, C. F., Formenti, E., Terstappen, G. C., & Caricasole, A. (2000). Identi�cation, gene structure, and
expression of human frizzled-3 (FZD3). Biochemical and Biophysical Research Communications, 273(1),
27–34. https://doi.org/10.1006/bbrc.2000.2882

Sanchez-Vega, F., Mina, M., Armenia, J., Chatila, W. K., Luna, A., La, K. C., Dimitriadoy, S., Liu, D. L.,
Kantheti, H. S., Sagha�nia, S., Chakravarty, D., Daian, F., Gao, Q., Bailey, M. H., Liang, W.-W., Foltz, S. M.,



Page 15/19

Shmulevich, I., Ding, L., Heins, Z., … Schultz, N. (2018). Oncogenic Signaling Pathways in The Cancer
Genome Atlas. Cell, 173(2), 321-337.e10. https://doi.org/10.1016/j.cell.2018.03.035

Schatoff, E. M., Leach, B. I., & Dow, L. E. (2017). WNT Signaling and Colorectal Cancer. Current Colorectal
Cancer Reports, 13(2), 101–110. https://doi.org/10.1007/s11888-017-0354-9

Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. (2021). Cancer Statistics, 2021. CA: A Cancer Journal for
Clinicians, 71(1), 7–33. https://doi.org/10.3322/caac.21654

Smith, A. J., Sompel, K. M., Elango, A., & Tennis, M. A. (2021). Non-Coding RNA and Frizzled Receptors in
Cancer. Frontiers in Molecular Biosciences, 8, 879. https://doi.org/10.3389/fmolb.2021.712546

Sompel, K., Elango, A., Smith, A. J., & Tennis, M. A. (2021). Cancer chemoprevention through Frizzled
receptors and EMT. Discover Oncology, 12(1), 32. https://doi.org/10.1007/s12672-021-00429-2

Tian, L., Chen, M., He, Q., Yan, Q., & Zhai, C. (2020). MicroRNA‐199a‐5p suppresses cell proliferation,
migration and invasion by targeting ITGA3 in colorectal cancer. Molecular Medicine Reports, 22(3), 2307–
2317. https://doi.org/10.3892/mmr.2020.11323

To, K. K., Tong, C. W., Wu, M., & Cho, W. C. (2018). MicroRNAs in the prognosis and therapy of colorectal
cancer: From bench to bedside. World Journal of Gastroenterology, 24(27), 2949–2973.
https://doi.org/10.3748/wjg.v24.i27.2949

Ueno, K., Hirata, H., Hinoda, Y., & Dahiya, R. (2013a). Frizzled homolog proteins, microRNAs and Wnt
signaling in cancer. International Journal of Cancer, 132(8), 1731–1740.
https://doi.org/10.1002/ijc.27746

Ueno, K., Hirata, H., Hinoda, Y., & Dahiya, R. (2013b). Frizzled homolog proteins, microRNAs and Wnt
signaling in cancer. International Journal of Cancer, 132(8), 1731–1740.
https://doi.org/10.1002/ijc.27746

Ueno, K., Hirata, H., Hinoda, Y., & Dahiya, R. (2013c). Frizzled homolog proteins, microRNAs and Wnt
Signaling in Cancer. International Journal of Cancer. Journal International Du Cancer, 132(8), 1731–1740.
https://doi.org/10.1002/ijc.27746

Wang, Q., Zhu, L., Jiang, Y., Xu, J., Wang, F., & He, Z. (2017). MiR‐219‐5p suppresses the proliferation and
invasion of colorectal cancer cells by targeting calcyphosin. Oncology Letters, 13(3), 1319–1324.
https://doi.org/10.3892/ol.2017.5570

Wang, X., Li, Y., Gong, B., Zhang, K., Ma, Y., & Li, Y. (2021). MiR-199b-5p enhances the proliferation of
medullary thymic epithelial cells via regulating Wnt signaling by targeting Fzd6. Acta Biochimica et
Biophysica Sinica, 53(1), 36–45. https://doi.org/10.1093/abbs/gmaa145



Page 16/19

Wang, Z., Han, Y., Xing, X., Jiang, C., Guo, H., & Guan, Y. (2021). MiRNA-98 inhibits ovarian carcinoma cell
proliferation, migration and invasion via targeting SALL4. Minerva Medica, 112(1), 154–155.
https://doi.org/10.23736/S0026-4806.19.06179-2

Wong, S. C. C., He, C. W., Chan, C. M. L., Chan, A. K. C., Wong, H. T., Cheung, M. T., Luk, L. L. Y., Au, T. C. C.,
Chiu, M. K., Ma, B. B. Y., & Chan, A. T. C. (2013). Clinical Signi�cance of Frizzled Homolog 3 Protein in
Colorectal Cancer Patients. PLOS ONE, 8(11), e79481. https://doi.org/10.1371/journal.pone.0079481

Xia, M., Liu, C.-J., Zhang, Q., & Guo, A.-Y. (2019). GEDS: A Gene Expression Display Server for mRNAs,
miRNAs and Proteins. Cells, 8(7), 675. https://doi.org/10.3390/cells8070675

Xie, Y.-H., Chen, Y.-X., & Fang, J.-Y. (2020). Comprehensive review of targeted therapy for colorectal cancer.
Signal Transduction and Targeted Therapy, 5(1), 1–30. https://doi.org/10.1038/s41392-020-0116-z

Xu, X., Bao, Z., Liu, Y., Ji, J., & Liu, N. (2017). MicroRNA-98 Attenuates Cell Migration and Invasion in
Glioma by Directly Targeting Pre-B Cell Leukemia Homeobox 3. Cellular and Molecular Neurobiology,
37(8), 1359–1371. https://doi.org/10.1007/s10571-017-0466-4

Ye, K., Xu, C., & Hui, T. (2019). MiR-34b inhibits the proliferation and promotes apoptosis in colon cancer
cells by targeting Wnt/β-catenin signaling pathway. Bioscience Reports, 39(10).
https://doi.org/10.1042/BSR20191799

Zeng, C.-M., Chen, Z., & Fu, L. (2018). Frizzled Receptors as Potential Therapeutic Targets in Human
Cancers. International Journal of Molecular Sciences, 19(5), E1543.
https://doi.org/10.3390/ijms19051543

Zhan, P., Shu, X., Chen, M., Sun, L., Yu, L., Liu, J., Sun, L., Yang, Z., & Ran, Y. (2021). MiR-98-5p inhibits
gastric cancer cell stemness and chemoresistance by targeting branched-chain aminotransferases 1. Life
Sciences, 276, 119405. https://doi.org/10.1016/j.lfs.2021.119405

Zheng, Y.-F., Luo, J., Gan, G.-L., & Li, W. (2019). Overexpression of microRNA-98 inhibits cell proliferation
and promotes cell apoptosis via claudin-1 in human colorectal carcinoma. Journal of Cellular
Biochemistry, 120(4), 6090–6105. https://doi.org/10.1002/jcb.27895 

American Cancer Society. (n.d.). Key Statistics for Colorectal Cancer. Retrieved from
https://www.cancer.org/cancer/colon-rectal-cancer/about/key-statistics.html

Declarations
Competing interests: The authors declare no competing interests.

Tables



Page 17/19

Tables 1-3 are available in the Supplementary Files section.

Figures

Figure 1

The PPI network analysis. The network depicts the interaction between the top up-regulated DEGs,
excluding disconnected nodes in the network. 

Figure 2

Volcano plots. These plots depict differential gene expression in the 5 datasets of this study, where Read
= Down-regulated, Grey = Normal regulation, Green = Up-regulated genes. (A = GSE8671, B = GSE25071, C
= GSE39582, D = GSE41657, E = GSE62321)

Figure 3

The Wnt Signaling pathway. The �gure was designed in BioRender, a web application for scienti�c
illustrations. Figure A depicts Canonical while B Non-Canonical Wnt pathways
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Figure 4

The �gure of expression. Expression Levels of FZD3 receptor in different cancer types. Colorectal cancer
is one of such cancer types in which the expression of FZD3 in normal is more than doubled in tumor
tissues.

Figure 5

Volcano plots. These plots depict the differential expression of FZD3 in 5 datasets. They indicated how
FZD3 is up-regulated together with other genes which are up-regulated in colorectal normal as compared
to cancerous tissues.

Figure 6

PPI network analysis. The network analysis shows the interaction between FZD3 and other genes of the
Wnt signaling pathway. This demonstrates how inhibiting this gene could affect the entire pathway which
in turn is advantageous in inhibiting colorectal cancer progression

Figure 7

MicroRNA inhibition. The �gure depicts the putative binding sequence for miR-98-5p and miR-31-5p into
the FZD3 3’-UTR, as a mechanism of inhibiting the gene.

Figure 8

Survival Analysis. These Kaplan-Meier survival curves are associated with the two candidate miRNAs
expression in colorectal cancer. Figures were generated with KM plotter for gastric cancer with default
parameters.

Figure 9
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Inhibition of CRC progression. The illustration depicts the putative progression of Wnt signaling pathway
with/out miR-98-5p in CRC cells. The �gure was generated in BioRender, a web application for scienti�c
illustrations.
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