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Expression profile and clinical significance
of Wnt signaling in human gliomas
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Abstract. Wnt signaling has been identified as a critical
regulator of human tumor development in vitro. However,
there remains a lack of studies systematically examining the
expression pattern and clinical relevance of the core molecules
of Wnt signaling in glioma tissues. In the present study, it was
identified that the mRNA expression levels of Wnt3a and 5a,
and their receptors frizzled 2, 6 and 7 increased, whereas
Wnt7b was markedly decreased in glioma relative to non-tumor
tissue. The mRNA levels of (3-catenin, adenomatous polyposis
coli gene product, glycogen synthase kinase 3f (GSK3p) and
AXINI and its target genes cyclin DI and AXIN2 did not
differ. Similarly, the protein levels of Wnt2b, 3a and 5a were
increased in gliomas, while 3-catenin, GSK3f and cyclin D1
were not. Furthermore, based on data from the R2: Genomics
Analysis and Visualization Platform, the expression of Wnt2b
and 5a, and frizzled 2, 6 and 7 were highly associated with the
prognosis of patients with glioma. Taken together, the results of
the present study demonstrate that §-catenin is not upregulated
in gliomas and that the Wnt signaling pathway may promote
glioma development via noncanonical or alternative pathways.

Introduction
Malignant glioma is the most frequent and aggressive type of

primary brain tumor worldwide (1). According to the 2007
World Health Organization (WHO) classification, malignant
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gliomas are classified as grade II (diffuse astrocytoma),
grade III (anaplastic astrocytoma) or grade IV (glioblastoma;
GBM) (2,3). The mechanisms of glioma progression are
heterogeneous, including the activation of oncogenes, the
silencing of tumor suppressor genes and the development
of glioma stem cells (4). Therefore, identifying genetic and
molecular lesions underlying glioma progression is required
in order to improve the current understanding of the precise
mechanism underlying malignant glioma, and thus improve
therapeutic methods.

Wnt pathway has widespread functions in a myriad of cell
biological and developmental processes. There are 19 Wnt
ligands, and >15 receptors and co-receptors distributed in
>7 protein families in mammals (5). Wnt molecules are
secreted glycoproteins that regulate canonical or noncanonical
signaling pathways (6,7). In the canonical pathway, in the
absence of Wnt ligands, cytoplasmic 3-catenin is phosphory-
lated by a multiprotein destruction complex, which is composed
of the scaffolding protein AXIN, glycogen synthase kinase 3
(GSK3), casein kinase 1 and the tumor suppressor, adenoma-
tous polyposis coli (APC) gene product, resulting in 3-catenin
recognition by f-transducin repeat containing E3 ubiquitin
protein ligase, an E3 ubiquitin ligase subunit. Subsequent
to ubiquitination, B-catenin is degraded by the proteasome.
Once bound by Wnt, the frizzled (FZD)/low-density lipopro-
tein receptor-related protein co-receptor complex activates
the canonical signaling pathway, which inhibits -catenin
phosphorylation by sequestrating GSK3 into multivesicular
compartments, thus leading to f-catenin stabilization and
nucleus translocation to form a nuclear complex with the
transcription factors T-cell factor (TCF)/lymphoid enhancer
binding factor (LEF). Finally, the target genes of Wnt,
including cyclin D1 and AXIN2, are transcribed to regulate
cell proliferation and differentiation (7,8).

At present, more than thirty years after the identification
of Wnt molecules, the understanding of the complexity of the
function of Wnt pathways in tumor initiation and progres-
sion has increased (9). Extensive studies, as reviewed in
Zhang et al (10), have demonstrated that aberrant Wnt signaling
serves a vital function in the progression of gliomas, including
in cell proliferation, apoptosis, migration and invasion in vitro.
Of these, the best understood is the Wnt canonical pathway,
which contributes to tumorigenesis and cancer progression in
a context-dependent manner. For example, different types of
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cancer are sensitive to different Wnt ligands, the stabilization
of B-catenin and the activation of TCF/LEF family of tran-
scription factors (7,11). Analysis using The Cancer Genome
Atlas (TCGA) database reveals that Wnt3 (12) and Wnt5a (13)
are upregulated in human GBM. However, there remains a
lack of studies focusing on the expression pattern of the core
components of Wnt signaling in glioma tissues. In the present
study, the expression of core Wnt signaling molecules at
mRNA and protein levels were examined using a reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
and western blot analysis. Furthermore, the clinical implica-
tion of key Wnt signaling components was analyzed using data
from the R2 Genomics Analysis and Visualization Platform.

Materials and methods

Tissue samples. Fresh glioma samples were collected from the
Brain Hospital of the Affiliated Hospital of Xuzhou Medical
University (Xuzhou, China) between February 2013 and
May 2016. Surgically removed tissues were immediately stored
in liquid nitrogen. The clinical stage of glioma was determined
according to the 2007 WHO classification (2). There were
12 grade II cases, 11 grade III cases and 14 grade IV cases. A
total of 11 non-tumorous brain tissue samples obtained from
the internal decompression of patients with cerebral injuries
were used as the control. Written informed consent was
obtained from all patients prior to the study, and the present
study was approved by the Research Ethics Committee of the
Affiliated Hospital of Xuzhou Medical University.

Antibodies. The following monoclonal antibodies were used in
the present study: Rabbit anti-Wnt2b (cat. no.ab178418; 1:1,000;
Abcam, Cambridge, UK), rabbit monoclonal anti-GSK3p (cat.
no. 9315S; 1:1,000; Cell Signaling Technology, Inc., Danvers,
MA, USA), rabbit anti-GAPDH (cat. no. 2118S; 1:1,000;
Cell Signaling Technology, Inc.), mouse anti-Wnt3a (cat.
no. MABI1324; 1:250; R&D Systems, Inc., Minneapolis, MN,
USA), anti-Wnt5a (cat. no. MAB645; 1:250; R&D Systems,
Inc.), rabbit anti-B-catenin (cat. no. 95628S;, 1:1,000; Cell
Signaling Technology, Inc.) and mouse anti-cyclin D1 (cat.
no. sc-450; 1:1,000, Santa Cruz Biotechnology, Inc., Dallas,
TX, USA).

RT-gPCR. Total RNA was extracted from tissue samples
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and reverse-transcribed using a
First-Strand cDNA kit (Roche Diagnostics, Indianapolis, IN,
USA) to cDNA, according to the manufacturers' protocols.
For qPCR, cDNA products were amplified using the FastStart
Universal SYBR-Green Master (ROX; Roche Diagnostics)
according to the manufacturer's protocol. The cycling condi-
tions were as follows: 95°C for 10 min, followed by 40 cycles
of 95°C for 15 sec and 60°C for 60 sec. The 2444 method
was used to quantify gene expression (14). All values were
normalized against the means of the non-tumorous group. All
primers for the human samples are listed in Table I. -catenin
was designed by the authors of the present study, or obtained
from previous studies, including Wnt2b, 3, 3a, 5a, 5b, 7b, 9, 11,
FZD, 6,7 and B-actin (15), GSK3p (16), APC, AXIN1, AXIN2
and cyclin D1 (17).

Western blot analysis. Protein lysates were extracted from
non-tumorous and brain glioma tissues by using lysis buffer
(containing 1 uM pepstatin, 100 gM leupeptin, 2 pg/ml
aprotinin, I mM dithiothreitol, 1 mM benzamidine, | mM
Na;VO,, 1 mM NaF and 200 xM phenylmethylsulfonyl
fluoride). Following incubation for 30 min on ice, cell
lysates were centrifuged for 12,000 x g for 30 min, at 4°C.
Protein lysates were measured using the Bicinchoninic Acid
Protein Assay kit (Tiangen Biotech Co., Beijing, China) and
an equal amount (40 ug) of protein lysates were subjected
to SDS-PAGE (10% gel). Protein was transferred onto
polyvinylidene difluoride membranes with a 0.45 ym pore size
(EMD Millipore, Billerica, MA, USA), which were blocked
with 3% bovine serum albumin at room temperature for 2 h
and probed with primary antibodies at 4°C overnight, and
secondary antibodies [goat anti-rabbit immunoglobulin G
(IgG)-horseradish peroxidase (HRP); cat. no. AP132P;
1:4,000; goat anti-mouse IgG-HRP; cat. no. AP124P; 1:4,000;
both EMD Millipore] at room temperature for 2 h. Bound
antibodies were detected using the Pierce ECL Plus Western
Blotting Substrate (Thermo Fisher Scientific, Inc.) and
exposed to X-ray film. Band densities were quantified by using
Image-Pro Plus Software (version 6.0; Media Cybernetics,
Inc., Rockville, MD, USA) and the densitometric results were
presented. All values were normalized to GAPDH expression.

Survival analysis. Survival analysis within the glioma dataset
was performed using the glioma microarray dataset (Tumor
Glioma French-284-MAS5.0-ul133p2) from the R2: Genomics
Analysis and Visualization Platform (http://r2.amc.nl).
Kaplan-Meier analysis was conducted online, and P-values
were calculated using the log-rank test. A cutoff method
‘Kaplan scan’ provided on the R2 platform was used to sepa-
rate high and low expression groups of genes [Expression
cutoff: Wnt2B (238512_at), 15.1; Wnt5A (205990_s_ at),
133.3; FZD2 (210220_at), 58.3; FZD6 (203987_at), 50.6;
FZD7 (203706_at), 249.2). These cutoff gene values belong
to the high expression group. The Kaplan scan generates a
Kaplan-Meier plot to illustrate the association between overall
survival and a certain gene expression.

Statistical analysis. Results were presented as the
mean + standard error of the mean. Statistical comparisons were
performed using one-way analysis of variance, with post-hoc
analysis performed using Dunnett's test. P<0.05 was considered
to indicate a statistically significant difference. Statistical
analyses were performed using Microsoft Office Excel 2007
(Microsoft Corporation, Redmond, WA, USA), SPSS software
(version 20.0; IBM Corp., Armonk, NY, USA) or GraphPad
Prism (version 5; GraphPad Software Inc., La Jolla, CA, USA).

Results

Wnt signaling mRNA expression levels in glioma. Although
the expression of Wnt/f-catenin signaling pathway members
in glioma has been demonstrated previously (15,18-20), there
is a lack of studies that have systematically investigated the
expression of Wnt signaling. In order to comprehensively
characterize the expression of Wnt signaling in glioma tissues,
the R2: Genomics Analysis and Visualization Platform
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Table I. Primers used for quantitative polymerase chain reaction.
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Gene Length, bp Direction Primer sequence
Wnt2b 102 Forward 5-GCCGTGTCATGCTCAGAA-3'
Reverse 5-GTGGACTACCCCTGCTGATG-3'
Wnt3 104 Forward 5'-CTCGCTGGCTACCCAATTT-3'
Reverse 5'-GCCCAGAGATGTGTACTGCTG-3'
Wnt3a 218 Forward 5'-CATGAACCGCCACAACAAC-3'
Reverse 5-TGGCACTTGCACTTGAGGT-3'
Wnt5a 200 Forward 5'-ATTGTACTGCAGGTGTACCTTAAAAC-3'
Reverse 5'-CCCCCTTATAAATGCAACTGTTC-3'
Wnt5b 175 Forward 5'-CTGCTGCTGCTGTTCACG-3'
Reverse 5'-CACCGGGTTCAAAGCTAATG-3'
Wnt7b 159 Forward 5'-CGCCTCATGAACCTGCATA-3'
Reverse 5'-GCTGCATCCGGTCCTCTA-3'
Wntll 137 Forward 5-TGTGCTATGGCATCAAGTGG-3'
Reverse 5-CAGTGTTGCGTCTGGTTCAG-3'
[-actin 147 Forward 5'-CCAACCGCGAGAAGATGA-3'
Reverse 5'-CCAGAGGCGTACAGGGATAG-3'
FZD2 157 Forward 5'-GGTGTCGGTGGCCTACAT-3'
Reverse 5'-GAGAAGCGCTCGTTGCAC-3'
FZD6 201 Forward 5-TGGGTTGGAAGCAAAAAGAC-3'
Reverse 5-TCTTCGACTTTCACTGATTGGA-3'
FZD7 210 Forward 5'-GCCAGCTTGTGCCTAATAGAA-3'
Reverse 5'-AGCCGGGAGAAACTCACAG-3'
[3-catenin 204 Forward 5'-CTTACACCCACCATCCCACT-3'
Reverse 5'-CCTCCACAAATTGCTGCTGT-3'
APC 209 Forward 5'-GCCCCTGACCAAAAAGGAAC-3'
Reverse 5-TGGCAGCAACAGTCCCACTA-3'
GSK3p 221 Forward 5-CAAGCCAAACTTTGTGACTCAG-3'
Reverse 5'-TATCAGGATCCAGCAAGAGGTT-3'
Axinl 130 Forward 5'-AGCCGTGTCGGACATGGA-3'
Reverse 5'-AAGTAGTACGCCACAACGATGCT-3'
Axin2 210 Forward 5'-TGTGAGGTCCACGGAAACTG-3'
Reverse 5'-CGTCAGCGCATCACTGGATA-3'
Cyclin D1 166 Forward 5-TCAAATGTGTGCAGAAGGAGGT-3'
Reverse 5'-GACAGGAAGCGGTCCAGGTA-3'

APC, adenomatous polyposis coli; FZD, frizzled; GSK3f, glycogen synthase kinase 3f3.

database was interrogated, which revealed that, in patients
with glioma, the median mRNA expression levels of Wnt2b,
Wnt5a, FZDI1-7 were increased compared with other Wnt
pathway members (Fig. 1). Thus, the mRNA expression levels
of Wnt ligands, receptors, [3-catenin destruction complex and
its target genes cyclin D1 and AXIN2 were determined using
gPCR. Based on previous studies, which detected the Wnt
ligands in glioma cells and tissues (15,18), eight members of the
Whnt family (Wnt2b, 3, 3a, 5a, 5b, 7b, 9b and 11) were selected
for further investigation. As presented in Fig. 2A, compared
with non-tumor tissues, the mRNA expression level of Wnt3a
and 5a in grade IV gliomas increased significantly, 4.57- and
5.40-fold, respectively. However, the mRNA expression level
of Wnt7b in grade IV gliomas was significantly decreased, to
3% of that of non-tumor tissues (Fig. 2A). In addition, Wnt2b,

3,5b and 11 demonstrated no difference in mRNA expression
levels between glioma and non-tumor tissue.

Furthermore, the mRNA expression levels of the Wnt
receptors FZD2, 6 and 7 were detected, which serve critical
functions in glioma (10,15). The mRNA expression levels
of FZD2 and FZD6 were significantly increased 4.90- and
5.61-fold in grade IV gliomas, respectively (Fig. 2A).
Compared with non-tumor tissue, the mRNA expression level
of FZD7 was significantly increased 5.35-fold in grade III
gliomas (Fig. 2A). Furthermore, as presented in Fig. 2B, the
mRNA expression level of the aforementioned molecules
was presented as quartiles, which revealed that the median
mRNA expression levels of Wnt3a, Wnt5a, FZD2, 6 and 7
were increased relative to the other molecules, which was
similar to the results from the R2 platform and those of TCGA
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Figure 1. The relative mRNA expression level of a number of Wnt and FZD molecules in gliomas from the R2 French database (n=284). Boxes represent the
interquartile range; lines represent the location of the first quartile, median, and third quartile. FZD, frizzled.
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Figure 2. Wnt signaling mRNA expression levels in glioma tissue samples. mRNA expression levels of select Wnt and FZD molecules (A) between varying
grades of glioma tissues and normal brain tissue, with results presented as mean + standard error of the mean, and (B) in glioma, presented as quartiles.
(C) mRNA expression levels of [3-catenin and its target genes in glioma tissues were quantified using quantitative polymerase chain reaction. Non-tumor
brain tissue (n=8), grade II glioma specimens (n==8), grade III glioma specimens (n=8) and grade IV glioma specimens (n=8). mRNA expression levels were

presented as the proportion of the mRNA expression levels in non-tumor brain tissues. “P<0.05, “P<0.01 and

indicated. FZD, frizzled; GSK-30, glycogen synthase kinase-3f.

database (13). However, significant changes were not detected
in the mRNA expression levels of 3-catenin and its degrada-
tion complex, including APC, GSK 3, AXINI, cyclin D1 or
AXIN2, in the glioma samples (Fig. 2C).

Wnt signaling pathway protein expression levels in glioma. The
protein expression levels of a number of the core components
of Wnt signaling were analyzed; it was revealed that Wnt2b,
3a and 5a expression levels were significantly increased,
2.49-, 3.86- and 3.08-fold in grade IV gliomas, respectively,

Hokk

P<0.001 vs. non-tumor brain tissue; “P<0.05 as

compared with non-tumor brain tissue (Fig. 3A and B).
However, no significant difference in the protein expression
levels of f-catenin, GSK3p and cyclin D1 were observed in
glioma tissue compared with non-tumor brain tissue (Fig. 3B).

Using data from the R2: Genomics Analysis and
Visualization Platform, the association between the clinical
outcome of patients with glioma and the expression of Wnt
molecules was analyzed using a log-rank test. During the
follow-up period, patients with the high expression of Wnt2b
had significantly reduced survival times compared with
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Figure 3. Wnt signaling protein expression level in glioma tissue samples. The protein expression levels of Wnt molecules in non-tumor and glioma tissue were
analyzed using (A) western blot analysis that was then (B) quantified. Non-tumor brain tissues (n=11, 8 cases presented), grade II glioma specimens (n=12,
8 cases presented), grade III glioma specimens (n=11, 8 cases presented) and grade IV glioma specimens (n=14, 8 cases presented) were included. Relative
protein expression levels were expressed as the proportion of the total protein levels in non-tumor brain tissues. Results are presented as mean =+ standard error
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of the mean. "P<0.05, “P<0.01 and “"P<0.001 vs. non-tumor brain tissue; “P<0.05 and "P<0.01 as indicated. GSK3p, glycogen synthase kinase 3.
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Figure 4. Prognostic evaluation of the core Wnt signaling molecules. Association between high and low expression patterns of (A) Wnt2B, (B) Wnt5A,
(C) FZD2, (D) FZD 6 and (E) FZD 7 and overall survival time based on the R2 database, presented by Kaplan-Meier plots. FZD, frizzled.

patients with low expression (Fig. 4A; Wnt2b high, n=210, n=228, Wnt5a low, n=45; P<0.01). Additionally, the overall
Wnt2b low, n=63; P<0.05). Similarly, patients with low  survival rates for patients with the high expression of FZD2,
Whnt5a expression had a significantly longer overall survival 6 or 7 was significantly reduced than those with low FZD2,
than those with high Wnt5a expression (Fig. 4B; Wnt5a high, 6 and 7 expression (Fig. 4C-E; FZD2 high, n=143, FZD2 low,
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n=130; FZD6 high, n=158, FZD6 low, n=115; FZD7 high,
n=120, FZD7 low, n=135; P<0.01).

Discussion

Accumulating studies have demonstrated that Wnt/B-catenin
signaling components are aberrantly expressed in numerous
types of human tumor, which contribute to tumor initiation
and development (9). In the present study, it was revealed
that the mRNA expression levels of Wnt3a, 5a and the recep-
tors FZD2, 6 and 7 were upregulated, whereas Wnt7b was
decreased. However, no significant changes were observed
in B-catenin, APC, AXIN1/2, GSK3p, and cyclin DI mRNA
expression levels. Similarly, at the protein level, the expres-
sion levels of Wnt2b, 3a and 5a increased, whereas those of
B-catenin, GSK3p and cyclin D1 did not exhibit any changes.

Known as the classical canonical Wnt molecules, Wnt2, 2b,
3aand 7b have been widely detected in various types of cancer,
including esophageal cancer (21), glioblastoma (12) and pros-
tate cancer (22). Specifically, Wnt2 secreted by tumor fibroblast
promotes the translocation of B-catenin, which contributes
to cell motility and invasiveness in esophageal cancer (21).
Pu er al (18) revealed that the mRNA expression of Wnt2 was
increased in gliomas. Additionally, anti-Wnt2 monoclonal
antibodies induced apoptosis in the treatment of non-small cell
lung cancer (NSCLC) (23), melanoma (24) and mesothelioma
cells (25). Wnt2b, a known homolog of Wnt2 (26), has rarely
been studied in glioma. In 2012, Liu et al (27) reported that
Wnt2b was upregulated in gastric cancer, hepatocellular carci-
noma and NSCLC, which was demonstrated to be negatively
associated with the prognosis of patients with NSCLC. The
study also identified that Wnt2b may promote the expression
of c-Myc and survivin via canonical signaling pathways.
Wnt7b, identified as a direct target gene of androgen recep-
tors, is markedly upregulated in castration-resistant prostate
cancer cells (22). Transcriptional profiling also revealed an
increased expression of Wnt7b in pancreatic adenocarcinoma
cell lines (28). TCGA database analysis previously revealed
that 52/53 human breast cancer cell lines demonstrated the
substantial upregulation of Wnt7b (29). Kaur et al (12) reported
that Wnt3a was upregulated in glioma cells, primary cultures
and glioma stem cells in addition to tumor tissues, whereas
further TCGA database analysis revealed the high expression
of Wnt3 in 55% of all glioblastoma samples.

Regarding P-catenin, Liu et al (19) and Shi et al (20)
demonstrated that mRNA and protein levels increased with an
increase in astrocytic glioma pathological grade. In contrast,
Pu et al (18) reported that the mRNA expression of -catenin in
gliomas analyzed using RT-qPCR did not exhibit any change,
which is consistent with the results of the present study. This
previous study additionally reported that the protein level of
[-catenin was significantly higher in grade III and IV gliomas
compared with grade I and II gliomas, as assessed by immu-
nohistochemistry, and was implicated in cell proliferation and
glioma growth. However, in the present study, from the western
blot analysis of 37 glioma and 11 non-tumor brain tissues, it was
revealed that $-catenin protein levels varied between different
glioma grades, whereas no significant change was observed
between non-tumor tissues and glioma samples. It is reported
that the Wnt receptors FZD2, 6 and 7 are upregulated in human
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malignant glioma cell lines (15). However, Salsano et al (30)
identified that although FZD2 is overexpressed in medul-
loblastomas, FZD7 is underexpressed in certain cases of the
medulloblastomas. In the present study, it was revealed that
these Wnt receptors were also overexpressed in glioma tissue,
indicating that they may serve functions in glioma progres-
sion. As for why the mRNA expression of FZD7 was higher
in grade III gliomas compared with non-tumor tissues, while
grade IV gliomas did not exhibit any difference, this may be
due to one of the following reasons: Firstly, only 8 samples of
each grade were used in the present study for qPCR analysis.
The lack of variation caused by the limited number of samples
may result in no significant differences between non-tumor
tissues and grade I'V glioma tissue being identified. Secondly,
it has been reported that a number of molecules exhibit expres-
sion differences in different glioma cell types. However, in the
present study, samples were selected only according to the
WHO grade and not the cell type, which may be the cause of
this difference.

Wnt5a, one of the most highly investigated non-canonical
Wnt molecules, has been revealed to be upregulated in
multiple types of cancer, including melanoma (31), breast
carcinoma (32), pancreatic cancer (33), prostate carci-
noma (34) and human glioblastoma (13). Notably, Wnt5a
is the most upregulated Wnt member in glioma cells and
tissues, which promotes cell proliferation, migration and
tumorigenesis both in vitro and in vivo (15,35). In addition,
Wnt5a is associated with the antagonization of the canonical
Whnt/B-catenin activity in mammalian cells and Xenopus
embryos (36-38). Topol et al (39) subsequently uncovered
that Wnt5a inhibited canonical Wnt/B-catenin signaling by
modulating -catenin degradation via a GSK3-independent
mechanism. Similar inhibition mechanisms of Wnt5a have
been identified in hematopoietic stem cells (40), hepatocyte
proliferation (41), dermal papilla cells and non-melanoma skin
cancer (42). Therefore, Wnt5a functions as an antagonist of
the canonical Wnt/B-catenin pathway, and may account for the
unusual results in the present study concerning Wnt/f3-catenin
signaling in gliomas.

It has been reported that key components of the Wnt
pathway affect the survival of patients, including effects
on metastasis, chemoresistance and cell proliferation. For
example, the upregulation of Wnt5a may enhance, whilst
the downregulation may reduce, the proliferation and
tumorigenesis of GBM-05 and US7MG cell lines (35). The
knockdown of Wnt5a suppresses the migration, invasion
and infiltrative capacity of glioma cells primarily via a
matrix metallopeptidase-2-dependent mechanism (15). It
was revealed that FZD2 expression enhances epithelial to
mesenchymal transition, and cell migration and invasion
through FYN proto-oncogene, Src family tyrosine kinase and
signal transducer and activator of transcription 3. Specific
antibody targeting of FZD2 may decrease tumor development
and metastasis in xenograft mouse models of colorectal
carcinoma (43). In the circulating tumor cells (CTCs) of
pancreatic carcinoma, the expression of Wnt2 may promote
anchorage-independent sphere formation and metastatic
ability (44). Additionally, the fB-catenin-independent Wnt
pathway has been demonstrated to be upregulated in the
CTCs of prostate carcinoma cell lines that demonstrate



resistance to androgen receptor inhibition (45). In summary,
increasing evidence has revealed that [3-catenin-dependent and
-independent Wnt signaling may promote tumorigenesis in a
tissue-specific manner (46). Furthermore, the proliferation of
glioma cells may be inhibited by targeting specific molecules
using Wnt2 and B-catenin small interfering RNAs (18,47.48).
[(-catenin expression demonstrates an association with the
poor prognosis of patients with GBM, including shorter
survival times (19,49). The aforementioned previous studies
are in line with the data presented in the R2 Platform, in which
patients with a high expression of Wnt5a, Wnt2b, FZD2,FZD6
and FZD7 exhibited a worse overall survival time.

In the present study, only western blot and RT-qPCR
analyses were used to illustrate the expression of Wnt ligands,
the Wnt/p-catenin pathway and its target genes in the context
of gliomas. The results of the present study clearly indicate that
[-catenin is not upregulated in gliomas, and Wnt molecules
may serve important functions in glioma progression via the
noncanonical pathway. Another potential explanation is that
the effect of the Wnt/f3-catenin canonical signaling on glioma
is antagonized by Wnt5a upregulation. Thus, future studies
should aim to explain the effect of Wnt/f-catenin on glioma
cells in vitro. Furthermore, the results of the present study offer
a potential opportunity to further explore the precise function
of Wnt2b and Wnt7b in the context of gliomas.
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