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Abstract. Breast cancer (BC) is one of the most widespread
types of cancer affecting females, and therefore, early diagnosis
is critical. BC is a complex heterogeneous disease affected by
several key pathways. Among these, WNT proteins and their
frizzled receptors (FZD) have been demonstrated to be crucial
in regulating a number of cellular and molecular events in BC
tumorigenesis. The role of the WNT receptor, FZD8, in BC has
received minimal attention; for that reason, the present study
examined the prognostic value of its protein expression pattern
in a BC cohort. FZD8 cytoplasmic expression pattern analysis
revealed that ~38% of the primary samples presented with a
high expression profile, whereas ~63% of the samples had a low
expression profile. Overall, ~46% of the malignant tissues in
the lymph node-positive samples exhibited an increased FZDS8
cytoplasmic expression, whereas 54% exhibited low expres-
sion levels. An increased expression of FZD8 was associated
with several clinicopathological characteristics of the patients,
including a low survival rate, tumor vascular invasion, tumor
size and grade, and molecular subtypes. Affymetrix microarray
triple-negative BC datasets were analyzed and compared with
healthy breast tissues in order to predict the potential interfering
microRNAs (miRNAs) in the WNT/FZDS8 signaling pathway.
A total of 29 miRNAs with the potential to interact with the
WNT/FZDS signaling pathway were identified, eight of which
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exhibited a significant prediction score. The target genes for each
predicted miRNA were identified. On the whole, the findings of
the present study suggest that FZDS8 is a potential prognostic
marker for BC, shedding some light onto the silencing mecha-
nisms involved in the complex BC signaling.

Introduction

Recent advances in cellular, molecular, and genomic tech-
nologies and approaches have markedly improved disease
diagnosis and treatment (1). However, the early prediction and
diagnosis of certain diseases, including cancer, remains to be
successfully achieved. In 2018, the WHO estimated the occur-
rence of =9.6 million deaths worldwide, which is expected to
be <21.4 million by 2030 (2,3). Female breast cancer (BC) is a
highly prevalent type of cancer among young and aged women
in the Kingdom of Saudi Arabia, with an incidence rate of
29.7% (4). Regardless of the effective and globally available
BC therapies for the treatment of BC, diagnosis at the earliest
stage of the disease remains a challenge (5,6). Consequently,
early detection followed by prompt referral to the patient BC
clinics are crucial for overcoming many of the challenges in
disease management (7); thus there is an urgent need for the
discovery of powerful BC biomarkers.

It has been well documented that multiple signaling
pathways are involved in BC pathophysiology, including
development, proliferation, differentiation, motility and metas-
tasis (8,9). These mainly include the WNT (10), NOTCH (11),
bone morphogenetic protein-2 (12), STAT3 (13), estrogen
receptor (ER) (14), human epidermal growth factor receptor 2
(HER2) (15), MAPK (9,16), PI3K/Akt/NF-kB (17), TGF-f3 (18),
Hedgehog (19) and HIPPO (20) pathways. In addition, inflam-
mation has been strongly linked to BC progression through TLR
activities (21-23). Furthermore, microRNAs (miRNAs/miRs)
have been demonstrated to be critical in orchestrating and
fine-tuning the signaling during BC stem cell self-renewal,
proliferation, tumor metastasis and drug resistance (8,24).
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Frizzled receptors (FZDs) and their WNT ligands have
been revealed to regulate several cellular processes during
embryonic development and tumorigenesis (25). Mutations in
the WNT components pathway can trigger diseases, specifi-
cally cancer (25-27). Several FZDs have been reported to play
a crucial role in cancer progression (28-31). FZD8 receptor is
included in this category, cloned and characterized in humans
on chromosome 10pll.2 (32). FZDS8 has been demonstrated
in several studies to play differential roles in various types of
cancer (33-37). In BC,FZD8 has been demonstrated to mediate
resistance to chemotherapy in patients with triple-negative
(TN)BC, thus rendering it an important candidate as a
therapeutic target (33). In gastric cancer (34), FZD8 has been
demonstrated to promote metastasis through WNT/B-catenin.
It also exhibits the same function in prostate cancer, in addition
to the activation of TGF-f3 signaling (36). In lung cancer, FZD8
has been reported as a novel powerful prognostic marker (37).

Regardless of the important role of FZD8 in different types
of cancer, a limited number of studies have previously analyzed
its role in BC (33,38). Therefore, the aim of the present study
was to assess the prognostic value of FZD8 expression in a
BC cohort using immunohistochemistry (IHC), multivariate
Cox analysis and Kaplan-Meier univariate survival analysis.
The association between the FZD8 expression pattern and
patient clinicopathological parameters was determined. In
addition, using BC microarray datasets in the Gene Expression
Omnibus (GEO) and miRNA target prediction bioinformatics
tools, the silencing machinery involving FZD8 in BC was
investigated, and potential miRNAs targeting FZD8 expres-
sion were identified.

Materials and methods

Patients. The present study was reviewed and approved by
the Ethics Committee of the Center of Excellence in Genomic
Medicine Research (CEGMR), King Abdulaziz University
(Jeddah, Saudi Arabia; approval no. 012-CEGMR-ETH).
All patients who participated in the study provided written
informed consent in accordance with The Declaration of
Helsinki (39). The procedures for collecting patient specimens
adhered to the King Abdulaziz University Hospital (KAUH)
guidelines. The BC specimens used in the present study were
obtained from the Pathology Department, KAUH, and covered
the period between January, 1995 and December, 2017. A total
of 562 patients aged between 25-70 years with an age median
of 50 years were enrolled in the present study. The surgery
was performed on almost all patients, usually in the form of a
lumpectomy, or a radical or modified radical mastectomy with
axillary clearance. Per patient, one sample/biopsy was included
in the study and in all further analyses. The clinicopathological
data of the patients were obtained from the KAUH medical
records. The inclusion criteria that were applied included
all female breast cancer patients diagnosed, monitored and
followed-up at KAUH. Only patients with available clinical
records and retrospective samples were included in the study.
Patients with other concomitant diseases or with no medical
records or available samples were excluded from the study.
The present study did not include patients who had received
neoadjuvant therapy. Following surgery, the BC and lymph
node specimens of the patients were immediately fixed in 10%

formalin buffer overnight at 4°C with shaking and processed
for the typical formalin-fixed paraffin-embedded (FFPE)
blocks, followed by paraffin sectioning at a thickness of 4 ym.
For the assessment of the histopathological characteristics,
histological grading, and tumor, node and metastasis-based
staging of the biopsies, the paraffin sections were stained at
room temperature according to the manufacturer's protocol of
the hematoxylin and eosin kit (ab245880, Abcam), and then
examined and analyzed by pathologists. For the BC grading
system, the method published by Schauer et al (40) was
followed. Briefly, upon histological examination, tumor cells
were classified based on their similarity or dissimilarity to the
normal cells, as well as their mitotic activity: i) When tumor
cells were closely similar to normal cells or well-differentiated
with lower mitotic count, they were classified as grade 1;
i) when tumor cells were moderately-differentiated with
moderate mitotic activity, they were considered as grade 2;
iii) when tumor cells were poorly-differentiated with high
mitotic activity, they were classified as grade 3; and iv) undif-
ferentiated tumor cells with very high mitotic activity were
classified as grade 4.

Treatment and follow-up. For post-operative early adjuvant
systemic therapy, 75, 59 and 34% of the patients received
chemotherapy, radiation therapy and hormone therapy, respec-
tively. Patients who completed the therapy were followed-up
every 6-12 months until they either succumbed or reached the
end of follow-up by December, 2017. During the follow-up,
some patients did not survive. The mean follow-up time for
the entire series was 99 months (range, 2-630 months). In
addition to routine clinical check-ups throughout the follow-up
period, the patients were also subjected to any necessary chest,
abdominal-pelvic and bone isotope scans. In total, ~19% of
the patients experienced recurrence and 23% succumbed
to the disease. Disease-specific survival (DSS) was deter-
mined as the interval between the time of diagnosis and the
disease-related mortality or the last time a patient was seen
alive. Patients who succumbed due to unspecified or unrelated
causes were not included in the DSS calculation. Based on the
clinical evidence alone, the causes of mortality were typically
clear. In those cases, no autopsy was carried out. The date on
which patients were last seen disease-free was used to calcu-
late disease-free survival (DFS), which was also determined
as the interval between the diagnosis and the occurrence of
disease recurrence.

Tissue microarray and IHC. Tissue microarray (TMA)
slides (41) were prepared using a total number of 562 BC
FFPE blocks. In brief, BC tissue cores were extracted from
the donor block and placed into a recipient paraffin block
using a computerized TMA platform (TMA Master 1.14 SP3;
3DHISTECH, Ltd.). FZDS protein expression patterns in BC
and lymph node tissues were detected by staining the TMA
slides with anti-FZD8 antibody using a fully automated
Ventana ITHC-staining system (BenchMark XT automated
slide preparation system; Roche Tissue Diagnostics). The
Ventana protocol included paraffin removal from the
4-pm-thick sections with Ventana EZ-Prep at 75°C for
15 min and treatment with human anti-FZD8 monoclonal
primary antibody (cat. no. ab155093, Abcam; dilution, 1:100)
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for 16 min at 37°C. Chromogen color staining was developed
at room temperature using the iView DAB Detection Kit (cat.
no. 760-091, Ventana Medical Systems), which was carried
out as previously reported (42). The TMA-stained sections
were counterstained with Hematoxylin II (Roche Tissue
Diagnostics) for 3-5 min at room temperature and treated
with running tap water for bluing for 4 min, followed by
washing with PBS for 1 min. This was followed by immer-
sion in ascending grades of ethanol buffer (50, 70, 80, 90, 95
and 100%) for 3 min for each change. The stained sections
were mounted with Tissue-Tek xylene-based mounting
media (Sakura Finetek USA, Inc.) and covered with a glass
coverslip (Corning, Inc.).

FZD8 protein expression scoring. The evaluation and scoring
of the IHC-stained FZD8 expression in BC and lymph node
TMA sections was performed by two experienced pathologists
blinded to the clinical data. The IHC Index Score System,
which has already been previously validated (43,44), was
used for scoring. The BC tumor cells with FZD8 cytoplasmic
staining were classified into four groups as follows: i) 0, nega-
tive or no detectable staining; ii) 1+, weak but still detectable
staining; iii) 2+, moderate or clearly positive; and iv) 3+, strong
or highly strong (heavy staining). The cytoplasmic index was
determined using the following formula, considering the
intensity of the staining, as well as the fraction of the posi-
tively stained cells (45): I=0xf0 + 1xf1 + 2xf2 + 3xf3, where
(D) is the staining index and (fO-f3) are the proportions of cells
exhibiting a given staining intensity (0-3+). The index value
may vary between 0 and 300. Different cut-off points were
used to test their potential value as prognostic indicators.
The FZD8 expression pattern was examined using a Nikon
light microscope (model no. 6132; Nikon Corporation) at a
magnification of x40 and imaged using a Coolsnap Pro Color
camera equipped with Image Pro Plus software, v6 (Media
Cybernetics, Inc.).

miRNA target-prediction analysis. Microarray datasets
from the GEO (accession no. GSE65194) (46) were used for
in silico analysis. GEO2R was used to identify the differ-
entially expressed genes (DEGs) in TNBC patient samples
compared with healthy breast tissue. Herein, the raw P-value
was calculated using unpaired Student's t-test (47). The
DEGs were subsequently investigated using the iPathway-
Guide high-throughput knowledge discovery tool (Advaita
Corporation) using a cut-off fold change of 1.5 and a cut-off
of P-value at <0.05 based on unpaired Student's t-test, as
previously described (48). TargetScanHuman (version 7.2,
http://www.targetscan.org/vert_72/) was used to validate the
miRNAs acquired from the iPathwayGuide study for FZD8 and
WNT ligand-target prediction (49) and then validated further
using the new interface of miRabel miRNAs target-prediction
platform (http:/bioinfo.univ-rouen.fr/mirabel/) (50). In the
miRabel platform, four miRNA target-prediction bioinfor-
matics tools (miRanda, PITA, SVmicrO and TargetScan) are
merged into one database.

Statistical analysis. SPSS, Inc. (v19, IBM SPSS Statistics for
Windows) software packages were used to conduct the statis-
tical analysis. To determine the significance of the association
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between the various categorical variables, Fisher's exact test
was used. For the univariate survival analysis of the survival
outcome measures (DSS and DFS), the Kaplan-Meier method
with a log-rank (Mantel-Cox) comparison test was used.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Frequency of FZDS protein expression pattern profiling in
BC. FZD8 cytoplasmic expression pattern analysis revealed
that 37.5% of the primary samples exhibited a high expression
profile (2+ and 3+), whereas almost 63% of the samples exhib-
ited a low expression profile (0 and 1+) (Table I). Furthermore,
~46% of the malignant tissues from the lymph node-positive
samples exhibited a high FZDS8 cytoplasmic expression
(2+ and 3+), with 54% exhibiting a decreased expression in
the cytoplasm (0 and 1+) (Table I). The cytoplasmic protein
expression patterns in the primary BC samples (Fig. 1), as
well as those in the lymph nodes (Fig. 2), varied in intensity,
ranging from no expression (0), to weak (1+), moderate (2+)
and strong expression (3+).

Association between the FZDS expression pattern and the
patient clinicopathological characteristics. In this analysis,
a cut-off point of a low cytoplasmic expression (0 and 1+
scores) compared to a high expression in the cytoplasm (2+
and 3+ scores) was used (Table II). There was a signifi-
cant association between the FZDS8 expression pattern and
various clinicopathological features. Tumors with vascular
invasion exhibited a stronger FZD8 expression (P<0.03) than
the tumors without invasion, while low/intermediate grade
tumors exhibited a stronger FZDS8 expression (P<0.003).
Of note, and consistent with the molecular dichotomy of BC
[triple-positive (TP) vs. TN], TP tumors [ER-, progesterone
receptor (PR)- and HER2-positive] exhibited a higher
FZD8 expression compared with TN tumors (P<0.001).
However, the HER2-enriched BC molecular subtype was
very rare in the present study cohort and hence, the analysis
of its association with FZD8 expression was not possible.
A marginally significant association was identified between
tumor size and FZDS8 cytoplasmic expression (P=0.06),
whereas small tumors exhibited a high expression of FZDS§.
However, there was no significant association between
FZD8 cytoplasmic expression, and patient age (P=0.41),
lymph node status (P=0.23) and histopathological type
(P=0.26).

Association between FZDS expression status and survival
outcomes. The Kaplan-Meier survival analysis revealed a
significant (log-rank test, P<0.007) association between the
FZDS cytoplasmic expression and DSS. In this case, patients
exhibiting a low expression of FZDS survived for a signifi-
cantly longer period of time (longer DSS) than those with a
higher FZD8 expression (Fig. 3). Of note, the present study
demonstrated that at the median follow-up time (200 months),
~50% of all patients exhibiting FZD8 overexpression were
deceased, as compared with only 18% of those exhibiting a
low expression of FZDS8, suggesting that patients with a low
FZDS expression had a better prognosis.
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Table I. FZDS cytoplasmic expression pattern intensities and corresponding percentages in the primary BC tissue and secondary

lymph node samples.

BC tissues Lymph nodes
FZDS8 cytoplasmic expression intensity No. of samples Percentage No. of samples Percentage
Negative (0) 133 23 23 6.5
Weak (1+) 229 395 166 473
Moderate (2+) 119 20.5 73 20.8
Strong (3+) 98 17 89 254

FZD8, frizzled receptor 8; BC, breast cancer.

Figure 1. Frizzled receptor 8 protein expression pattern in patients with breast cancer with invasive ductal carcinoma. Different cytoplasmic intensity profiles
ranging from level O to 3+ were observed. (A) Level 0, no expression; (B) level 14, weak expression; (C) level 2+, moderate expression; (D) level 3+, strong

expression. Magnification, x40.

When the cohort was classified and analyzed according to
TP and TN molecular subtypes (ER*, PR*, HER2* vs. ER", PR,
HER?2), the prognostic value of FZDS protein expression was
reserved for patients with TPBC, whereas it was completely
lost in those with TN tumors. In that regard, patients with
TPBC and lower FZDS8 expression patterns survived for longer
than those with higher FZD8 expression patterns (Fig. 4).
Following a 5-year follow-up period, 20% of the patients
with BC and a high FZDS protein expression were deceased,
whereas none of the patients with a low FZD8 expression were
deceased, suggesting that TP patients exhibiting a reduced
FZDS expression had a better prognosis and a longer survival
(log-rank test, P<0.04).

It is worth mentioning that DSS was calculated as the time
from the diagnosis of the disease to mortality (due to cancer)
or to the date patients were last recorded alive. In general,
patients were followed-up at 3- to 6-month intervals until

they succumbed or did not pursue medical follow-up (i.e.,
who were not admitted for hospitalization). When follow-up
was not available (patients censored or when the exact death
time of the patient was not known/not appeared), the patients
were excluded from the statistical survival analysis since the
outcome (deceased or alive) was not disclosed. Overall, the
present study revealed a stable trend toward the worse survival
of patients with BC exhibiting an increased FZDS expression,
as compared with that of those with a decreased FZDS expres-
sion pattern.

Cox regression analysis. According to a multivariate Cox
regression analysis, a reduced FZD8 cytoplasmic protein
expression pattern was found to be an independent predictor
of a poor survival, along with age, lymph node status, tumor
grade, and vascular and tumor invasion (P<0.008). Tumor
invasion is one of the most considerable histopathological
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Table II. Associations between FZDS protein expression patterns and the clinicopathological characteristics of patients with BC.

FZD8 protein expression pattern (%)

Features No. of cases (%) Low expression (0, 1+) (%) High expression (2+, 3+) (%) P-value

Age (years) 041
<50 353 (63) 193 (64) 110 (36)
>50 209 (37) 160 (62) 99 (38)

Tumor invasion 0.11
Positive 15(3) 6 (40) 9 (60)
Negative 499 (97) 315 (63) 184 (37)

Lymph node status 0.23
Positive 183 (39) 122 (67) 61 (33)
Negative 289 (61) 183 (63) 106 (37)

Vascular invasion 0.03
Positive 236 (59) 160 (68) 76 (32)
Negative 164 (41) 103 (63) 61 (37)

Tumor size (cm) 0.06
0-3 189 (39) 116 (61) 73 (39)
3-6 231 (48) 150 (65) 81 (35)
>7 62 (13) 45 (73) 17 (27)

Tumor grade 0.003
Grade 1 88 (18) 44 (50) 44 (50)
Grade 2 239 (50) 151 (63) 88 (37)
Grade 3 151 (32) 101 (67) 50 (33)

Histopathological type 0.26
Ductal carcinoma 500 (90) 309 (62) 191 (38)
Others 56 (10) 39 (70) 17 (30)

Molecular subtypes 0.001
Triple-positive 62 (41) 57 (92) 5(8)
Triple-negative 88 (59) 42 (48) 46 (52)

FZD8, frizzled receptor 8; BC, breast cancer. Values in bold font indicate statistically significant differences (P<0.05).

variables and is often used as a potential prognostic indicator.
The association of FZD8 expression with tumor invasion may
reflect the tumorigenic effects of the FZD protein family
in general, including FZDS in particular. In addition, Cox
regression analysis revealed that patients with BC with a
high expression of FZD8 exhibited an ~5-fold higher risk
of cancer-related mortality compared with those with a low
expression of FZDS (Table I11).

miRNA target prediction analysis. In this target prediction
analysis, 3,923 DEGs were identified from a total of 20,150
genes whose expression had been measured. These were iden-
tified using a statistical significance (P-value) threshold of 0.05
and a log-fold change in expression with an absolute value of a
minimum of 1.5. The analysis of upstream regulatory miRNAs
using iPathwayGuide revealed 374 miRNAs predicted to
regulate DEGs in TNBC (Table SI). Further filtering based
on the association between regulatory upstream miRNAs
and FZD8 yielded 29/374 miRNAs (Fig. 5). Filtering of the
29 miRNAs based on the prediction score revealed that eight

miRNAs, (hsa-miR-124-3p, hsa-miR-506-3p, hsa-miR-495-3p,
hsa-miR-410-3p, hsa-miR-208b-3p, hsa-miR-208a-3p,
hsa-miR-99b-5p and hsa-miR-99a-5p) were significantly asso-
ciated with FZDS signaling in TNBC (Table IV). Of note, the
same sets of the aforementioned miRNAs were found when
the TNBCs were compared with the non-TNBCs, and similar
to the TNBCs compared with healthy tissues. The DEGs
potentially regulated by these miRNAs are listed in Table SII.

Discussion

BC accounts of at least 53% of all female patient cancer cases
in Saudi Arabia, rendering it one of the most frequent malignan-
cies among Saudi women (4). Such increased incidence of BC
in Saudi Arabia may be mainly attributed to the lack of early,
frequent and effective BC screening programs (51). Therefore,
the development of such programs and the identification of BC
biomarkers are critical for the early detection of the disease. BC
is controlled by crucial complexities of signaling cascades (52),
which, following decades of focused research are not yet fully
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Figure 2. Frizzled receptor 8 protein expression pattern in the lymph nodes of patients with breast cancer. The cytoplasmic intensity profiles ranging from
levels 0 to 3+ were detected. (A) Level 0, no expression; (B) level 1+, weak expression; (C) level 2+, moderate expression; (D) level 3+, strong expression.

Magnification, x40.
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Figure 3. FZDS8 protein expression status (below mean vs. above mean) as
a determinant of the DSS of the overall breast cancer cohort in univariate
Kaplan-Meier analysis. FZD8, frizzled receptor 8; DSS, disease-specific
survival.

understood. Wnt/FZD signaling has been demonstrated to regu-
late numerous cellular events during embryonic development
and cancer. Despite having a significant impact on embryonic
development and disease, FZD8 is a critical WNT receptor that
has received minimal attention in BC investigations. Of note,
FZD8 expression has been detected during mammary stem cell
development (53-55). In the present study, the clinicopathological
characteristics of Saudi patients with BC and their association
with the FZD8 expression pattern were examined. The majority

1.0
FZD8 expression below mean
0.8 —
T 06 FZD8 expression above mean
S
5
2]
5 04
02 P<0.04, log-rank
0.0
T T T T T
0 100 200 300 400

DSS follow-up time (months)

Figure 4. FZD8 protein expression status (below mean vs. above mean)
as a determinant of the DSS of patients with triple-positive breast cancer
in univariate Kaplan-Meier analysis. FZD8, frizzled receptor 8; DSS,
disease-specific survival.

of the patients exhibited medium-to-high expression levels, either
in BC or lymph node tissues. A previous study (33) revealed that
increased expression levels of FZD8 were detected in the breast
squamous cell carcinoma-derived TNBC cell line. Elevated
FZD8 expression levels have also been observed in various other
malignancies, including lung cancer (56), medulloblastoma (57),
renal cancer (58) and osteosarcoma of the spine (59). Taken
together, the findings of the present study suggest that targeting
FZD8 expression in BC may be an effective therapeutic approach.
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Table III. Cox regression analysis of the prognostic values of FZDS, age at diagnosis, tumor grade and lymph node status.

Feature P-value Standard error value Relative risk 95% CI
FZD 8 expression (low vs. high) 0.008 0.614 5.13 0.058-0.649
Tumor grade (low vs. high) 0.05 0.627 0.29 0.994-11.614
Age at diagnosis (<50 vs. >50 years) 0.12 0.389 1.70 0.274-1.260
Lymph node status (Neg vs. Pos) 047 0.409 1.20 0.372-1.848

FZD8, frizzled receptor 8; CI, confidence interval; Neg, negative; Pos, positive.
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(c) Advaita Corporation 2022

Figure 5. Analysis of upstream regulatory miRNAs in triple-negative breast
cancer in the context of FZD8 signaling and their differentially expressed
target genes. miRNA/miR, microRNA; FZDS8, frizzled receptor 8.

Herein, Cox regression analysis results revealed that FZD8
was associated with tumor invasion. An increased expres-
sion of FZDS has been reported to be associated with other
significant cellular events during carcinogenesis in different
types of cancer. For instance, in spinal osteosarcoma, the

downregulation of FZD8 has been shown to suppress the inva-
sion, migration and proliferation of osteosarcoma cells (59).
Increased FZDS expression has been linked to proliferation
and metastasis in renal cell cancer (58). Similarly, in pros-
tate (35) and colorectal (60) cancer, an increased expression of
FZDS8 has been revealed to promote metastasis.

The results of the present study revealed a significant
association between low expression levels of FZD8 and
tumor aggressiveness, including vascular invasion, tumor
size and grade, molecular subtype and survival outcomes in
the BC cohort studied. A higher proportion of patients with
grade III cancer and lymphovascular invasion also exhibited
a decreased FZD8 expression. Notably, these clinicopatho-
logical features were mainly observed in the TP molecular
subtype. It is known that the TPBC subtype is associated with
a good prognosis, as compared with the TN molecular subtype,
mainly due to the multimodality of treatment options, which
leads to a better prognosis and longer survival (61,62). Overall,
these results suggest a powerful prognostic value of FZD8
expression in BC. To the best of our knowledge, this is the first
report revealing the association between an increased expres-
sion of FZDS and these clinicopathological characteristics of
patients with BC. In other types of cancer, including gastric
cancer, an increased expression of FZD8 has been reported
and demonstrated to indicate a poor prognosis (34,63). One
of the limitations of the survival analysis performed during
the present study was the limited sample size of the patient
cohort. However, in future studies, the authors aim to expand
the sample size, launching a national sample network termed
Saudi Cancer Tissue Array-based Network (SCTAN) that
could aim towards the collection of additional tumor samples.

The present study attempted to unravel several complex
signaling mechanisms through which FZD8 may function.
miRNAs have been shown to mediate BC tumorigenesis
through WNT signaling (64). In the present study, microarray
datasets were analyzed in TNBC patient samples from the
GEO database and compared with healthy BC samples, using
the iPathwayGuide high-throughput knowledge discovery
platform. A total of 29 miRNAs were predicted to target FZD8
expression in BC, eight of which exhibited significant predic-
tion scores. Previous reports have revealed that several of these
eight miRNAs, including hsa-miR-124-3p, hsa-miR-506-3p,
hsa-miR-410-3p and hsa-miR-99a-5p function as tumor suppres-
sors (65-68). Additionally, hsa-miR-495-3p has been reported to
be a predictor of a poor prognosis of patients with TNBC (69),
hsa-miR-208a-3p has been found to be a TNBC promoter (70),
while hsa-miR-99b-5p has been found to be a promoter of tumor
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Table IV. miRNA target-prediction for FZD8 expression, highlighting predicted WNT ligands for each miRNA.

No. of
differentially
expressed No. of Prediction
MicroRNA targets (-/all)  targets (-/all) P-value score Predicted WNT ligands for the microRNA
hsa-miR-124-3p 134/631 1065/2110 1 0.010 WNT2B, 4, 5A,5B,7B,9A,9B, 11, 16
hsa-miR-506-3p 91/407 622/1262 1 0.005 WNT2B, 4,5A,5B,7B,9A,9B,10B, 11, 16
hsa-miR-374a-5p 55/214 396/717 1 0.581 WNT2, 2B, 3,3A,5A,5B, 11, 16
hsa-miR-374b-5p 55214 396/717 1 0.105 WNT2, 2B, 3,3A,5A,5B, 11, 16
hsa-miR-204-5p 54/227 391/744 1 0.211 WNT?2, 2B, 3,3A,4,5A,8B,9B, 10B, 11, 16
hsa-miR-211-5p 54/227 391/744 1 0.202 WNT?2, 2B, 3,3A,4,5A,8B,9B, 10B, 11
hsa-miR-320c 51/262 394/803 1 0.994 WNT2, 2B, 5A, 8A,8B,9A,9B, 10B, 11, 16
hsa-miR-4429 51/262 394/803 1 0.999 WNT2B, 8A, 8B, 9A, 9B, 10B
hsa-miR-320d 51/262 394/803 1 0.994 WNT2, 2B, 8A, 10B, 11,5A, 8B, 9A,9B, 16
hsa-miR-320b 51/262 394/803 1 0.994 WNT2, 2B, 5A, 8A,8B,9A,9B, 10B, 11, 16
hsa-miR-5688 50/276 411/831 1 0.980 WNT2B
hsa-miR-495-3p 50/276 411/831 1 0.040 WNT2B, 4, 5B, 8A, 8B, 9B, 11, 16
hsa-miR-369-3p 50/183 338/600 1 0.807 WNT2, 2B, 3, 5A, 5B, 16
hsa-miR-505-3p 41/194 282/586 1 0.851 WNT2B, 4,5A,7A,7B, 8B, 16
hsa-miR-22-3p 37/166 323/584 1 0.991 WNTI1, 2B, 3,3A,4,5A,8A,9B, 10B, 11
hsa-miR-410-3p 34/165 295/581 1 0.013 WNT2,2B,3A,4,5A,5B,7B,9B, 11, 16
hsa-miR-21-5p 26/115 187/365 1 0.989 WNT2B, 4,3A,5A,9B
hsa-miR-590-5p 26/115 188/366 1 0.989
hsa-miR-421 25/162 196/436 1 0.597 WNT2B, 5A,7A,7B, 8B, 9B, 16

miRNA, microRNA; FZDS, frizzled receptor 8. Values and text in bold font indicate statistically significant differences (P<0.05).

aggressiveness (71). The miRNA prediction analysis of the
present study suggested that these miRNAs could target FZDS
expression and hence, they may play a pivotal role in the miRNA
silencing of WNT signaling in BC. However, validation analysis
of the miRNAs with a significantly high prediction score was not
performed in the present study. In vivo and/or in vitro validation
assays would further elucidate the mechanisms through which
this silencing functions. This could include the use of total RNA
from BC biopsies to investigate whether the expression of the
predicted miRNAs was simultaneously increased with FZDS§
expression, using RT-qPCR. Another approach could include
using miRNA antagomirs to knock down the predicted miRNA
function in BC cell line(s) and also investigate the increase in
FZD8 expression.

One important miRNA, hsa-miR-100, has been reported
to inhibit migration and invasion, and regulate apoptosis and
metastasis in BC (38,72,73). The present study investigated
whether FZDS8 was a predicted target for this miRNA, and it
was revealed that FZDS could be a target for hsa-miR-100 with
a prediction score of 0.075. In addition, two other miRNAs
expressed in BC were investigated in the present study that
were previously reported to target FZD8 in other types of
cancer, including hsa-miR-375 [colorectal cancer (60)] and
hsa-miR-520b [spinal osteosarcoma (59)]. The miRNA predic-
tion analysis performed herein revealed a prediction score of
0.017 for hsa-miR-375 and 0.974 for hsa-miR-520. However,
these results need to be further investigated in future valida-
tion research in BC experimental models.

In conjunction to the miRNA prediction analysis carried out
in the present study, the expression of another WNT receptor
(FZD6) in BC was previously analyzed by the authors (74). It
was demonstrated that the FZD6 prognostic value was more
potent in younger patients with BC, which indeed is not the
case for FZDS8 expression. In addition, at least 18 miRNAs were
predicted to silence FZD6 expression, presented with a high
prediction score. Specifically, the miRNAs were hsa-miR-101-3p,
hsa-miR-302b-3p, hsa-miR-302d-3p, hsa-miR-372-3p,
hsa-miR-373-3p, hsa-miR-520c-3p, hsa-miR-519a-3p,
hsa-miR-519b-3p, hsa-miR-568, hsa-miR-545-3p,
hsa-miR-130a-3p, hsa-miR-130b-3p, hsa-miR-301a-3p,
hsa-miR-301b-3p, hsa-miR-454-3p, hsa-miR-3121-3p,
hsa-miR-19a-3p, and hsa-miR-19b-3p (74). In this previous study
by the authors, the predicted miRNAs that could target FZD6
expression were compared with those predicted to target FZD8
expression in BC. The comparison analysis revealed that there
were no common miRNAs to target both FZD6 and FZD8,
indicating that the prediction database tools used in both studies
and the analysis carried out were gene specific.

The therapeutic potential of FZD8 in TNBC has been
previously reported to play a crucial role in mediating chemo-
therapy resistance through WNT signaling (33). The biological
mechanism through which FZD8 exerts this function remains
unclear. It is suggested that FZD8 expression may be either
downregulated/fine-tuned or silenced by one or more of the
predicted miRNAs revealed in the analysis of the present study
to activate this chemotherapy resistance process. Overall, the
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Figure 6. Predicted WNT ligands and miRNA regulation of FZD8 expres-
sion in breast cancer through the canonical (-catenin-dependent) pathway.
Potential WNT ligands, including WNT1, WNT2, WNT3, WNT4,
WNT5a/b, WNT6, WNT7a/b, WNT9a, WNT10a/b and WNT11 (top brown
dotted box), bind to the FZD receptors, including FZD1, FZD2, FZD3,
FZD6, FZD7, FZD8, FZD9 and FZDI10. Several potential miRNAs (lower
brown dotted brown box, right), including hsa-miR-100, hsa-miR-124-3p,
hsa-miR-506-3p, hsa-miR-495-3p, hsa-miR-410-3p, hsa-miR-208a/b-3p
and hsa-miR-99a/b-5p silence FZD8 expression to recruit Dvl, which in
turn suppresses protein complex containing f-catenin, GSK-3f, Axin, APC
and CKlIa. Upon phosphorylation, 3-catenin translocates to the nucleus and
binds to the TCF/LEF complex to drive the transcription of the target genes.
LRP5/6 are the FZD co-receptors. miRNA, microRNA; FZD8, frizzled
receptor 8; Dvl, Dishevelled; TCF/LEF, T-cell factor/lymphoid enhancer
factor; LRP, low-density lipoprotein receptor-related protein; FZD, FZD8,
frizzled receptor; GSK-3p, glycogen synthase kinase-3 §; APC, adenomatous
polyposis coli; CKlIa, cyclin-dependent kinase inhibitory protein a.

miRNAs identified in the present study, particularly those with
the top prediction scores, are highly recommended for further
validation analyses (Fig. 6).

The ability of FZDS to activate the non-canonical or canon-
ical WNT/B-catenin pathways during tumorigenesis in various
cancer types such as renal cell carcinoma (58) and BC (75) has
been previously reported. In BC, FZDS has been revealed to
play a crucial role in TNBC drug resistance through canonical
WNT/B-catenin (75). The miRNA analysis performed herein
predicted several WNT ligands to be involved in FZDS silencing
inBC.Theseincluded WNT1,WNT2,WNT3, WNT4, WNT5a/b,
WNT6, WNT7a/b, WNT9a, WNT10a/b and WNTI11 (Fig. 6).
These potential ligands could bind to several FZD receptors,
including FZD1, FZD2, FZD3, FZD6, FZD7, FZDS8, FZD9 and
FZDI0. This activates the downstream targets of the canonical
pathways of Dishevelled, which in turn blocks several down-
stream protein targets (B-catenin, glycogen synthase kinase-3,
Axin, adenomatous polyposis coli and cyclin-dependent kinase
inhibitory protein a; Fig. 6). Once [3-catenin is phosphorylated, it
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translocates to the nucleus to bind to the T-cell factor/lymphoid
enhancer factor complex, following which the transcription of
the target genes is activated (Fig. 6). The miRNAs identified in
the present study could play a role in fine-tuning the expression
of FZDs, including that of FZDS, to activate the WNT down-
stream targets (Fig. 6). These results support those of previous
research, demonstrating that these WNT ligands are highly
expressed and play critical functional roles in the development
of BC through the canonical WNT/B-catenin pathway, as previ-
ously reviewed by Xu et al (10). It is also suggested that FZDS8
in the BC cohort of the present study was more likely to func-
tion through the canonical WNT/B-catenin pathway than the
non-canonical pathway; however, further validation studies are
required in the future.

In conclusion, female BC has been identified in multiple
studies and in the Saudi Cancer Registry as the most frequent
type of cancer among female patients in Saudi Arabia. The
lack of early BC biomarkers to aid the early detection of the
disease further aggravates the existing difficulties of the
health system and individual patients. Herein, the expression
of the WNT signaling receptor, FZDS8, was investigated in a
Saudi BC cohort. The majority of the patients of the cohort
exhibited moderate-to-high FZD8b cytoplasmic expression.
Patients exhibiting an increased expression of FZD8 had a low
survival rate, and vice versa. Increased levels of FZD8 expres-
sion were consistently associated with a poor prognosis. This
refers to several clinicopathological features, including tumor
vascular invasion, size, grade, molecular subtypes and survival
outcomes. miRNA target prediction analysis using microarray
TNBC datasets revealed that FZDS8 was a target for 29 miRNAs
expressed in BC, among which eight miRNAs exhibited
significant prediction scores. This miRNA analysis would
benefit from further validation assays. The results reported
in the present study suggest the necessity of future functional
analyses, particularly by applying in vivo and in vitro gain- and
loss-of-function approaches to further decipher FZDS biological
functions in BC. The results of the present study suggest that
FZDS8 may be a powerful prognostic BC marker and partially
elucidate the mechanistic complexity of the involvement of
WNT/FZD8/miRNA silencing in BC.
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