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Abstract. Secreted frizzled‑related protein 3 (SFRP3) is a 
member of the family of soluble proteins, which modulate the 
Wnt signaling cascade. Novel research has identified aberrant 
expression of SFRPs in different types of cancer. In the present 
study the expression intensities and localizations of the SFRP3 
protein across different histopathological grades of astrocytic 
brain tumors were investigated by immunohistochemistry, 
digital scanning and image analysis. The results demonstrated 
that the differences between expression levels and malignancy 
grades were statistically significant. Tumors were classified 
into four malignancy grades according to the World Health 
Organization guidelines. Moderate (P=0.014) and strong 
(P=0.028) nuclear expression levels were significantly different 
in pilocytic (grade  I) and diffuse (grade  II) astrocytomas 
demonstrating higher expression values, as compared with 
anaplastic astrocytoma (grade III) and glioblastoma (grade IV). 
When the sample was divided into two groups, the moderate and 
high cytoplasmic expression levels were observed to be signifi-
cantly higher in glioblastomas than in the group comprising 
astrocytoma  II and  III. Furthermore, the results indicated 
that high grade tumors were associated with lower values of 
moderate (P=0.002) and strong (P=0.018) nuclear expression 
in comparison to low grade tumors. Analysis of cytoplasmic 
staining demonstrated that strong cytoplasmic expression was 
significantly higher in the astrocytoma III and IV group than in 
the astrocytoma I and II group (P=0.048). Furthermore, lower 
grade astrocytomas exhibited reduced membranous SFRP3 
staining when compared with higher grade astrocytomas and 
this difference was statistically significant (P=0.036). The 

present results demonstrated that SFRP3 protein expression 
levels were decreased in the nucleus in higher grade astrocy-
toma (indicating the expected behavior of an antagonist of Wnt 
signaling), whereas when the SFRP3 was located in the cyto-
plasm an increased expression level of SFRP3 was identified in 
the high grade astrocytomas when compared with those of a low 
grade. This may suggest that SFRP3 acts as an agonist of Wnt 
signaling and promotes invasive behavior.

Introduction

Astrocytomas are the most common type of primary central 
nervous system neoplasm worldwide and have been clas-
sified into four malignancy grades by the World Health 
Organisation (WHO) (1). Recently it has become evident that 
the growth of human astrocytic tumors is driven by complex 
signaling networks (2,3). Malfunctions in Wnt signaling are 
responsible for the development of numerous types of cancer, 
and the present study proposes that aberrant Wnt signaling 
is important in the development and invasion of astrocytic 
brain tumors. Numerous novel findings, reported in the last 
two years, demonstrate that Wnt signaling is as important 
in glioma formation and invasiveness as other basic cellular 
pathways (2‑4). Our previous studies recognized the involve-
ment of Wnt signaling in astrocytomas (5,6) and in particular 
showed that upregulation of transcription factors associated 
with the pathway, T‑cell factor  1 (TCF1) and lymphoid 
enhancer‑binding factor‑1 (LEF1), is associated with higher 
malignancy grades (7).

The canonical Wnt signaling cascade is controlling 
events ranging from cell cycle regulation and embryonic 
cell fate determination to cell motility (8,9). The signaling 
pathway is activated by the binding of different Wnt ligands 
to specific serpentine receptors, termed frizzleds (Fzs). 
As a consequence, the β‑catenin levels rise, and β‑catenin 
translocates to the nucleus where it binds to transcription 
factors LEF/TCF (9,10). As a result of this binding, certain 
target genes are activated, including c‑Myc, N‑myc, c‑Jun 
and cyclin D1, which reveals why constitutive activation of 
the Wnt pathway is responsible for tumorigenesis. A critical 
step in the inactivation of Wnt signaling involves the control 
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of β‑catenin degradation. The signaling pathway is inactive 
when low β‑catenin expression levels are maintained (11).

Wnt signaling is regulated at various levels by a large number 
of molecular effectors. The modulating molecules function as 
either antagonists or agonists of the signaling, and fine‑tuning of 
their association is particularly important for cell homeostasis 
and normal tissue functioning. Activation of Wnt signaling is 
controlled by different antagonists, among which are members 
of the secreted frizzled‑related protein (SFRP) family. SFRPs 
are a family of soluble proteins known for their ability to inhibit 
the signaling pathway by binding to Wnt ligands and/or Fz recep-
tors. In humans, the SFRP family numbers five of its members, 
of which SFRP3 is the orthologue of the founding member, 
frizzled‑related protein B (FrzB) (12‑14). SFRPs were the first 
Wnt antagonists identified and they are structurally associated 
with Fz proteins. On the N‑terminal these proteins (length, 
~300 amino acids) possess an Fz‑like cysteine‑rich domain 
(CRD), which displays similar sequence homology to the CRD 
domain on the extracellular aspect of the Fz receptors. However, 
unlike the Fz receptors, the SFRPs do not possess transmem-
brane or cytosolic domains. In front of the CRD domain there is 
a sequence for a signal peptide. In addition to the CRD region, 
SFRPs have a hydrophilic region on the C‑terminal that appears 
to confer heparin‑binding properties (14‑16).

Previous studies demonstrated aberrant expression of 
SFRPs in different types of cancer (17,18). Although SFRPs 
were initially considered to be tumor suppressors that exerted 
an inhibitory role in Wnt signaling (as they have been found to 
be downregulated in the majority of tumors investigated), novel 
findings report that SFRP also stimulates and, thus, activates the 
Wnt signaling pathway (13,19). Furthermore, there are numerous 
reports regarding the overexpression of SFRPs in cancer, there-
fore this behavior can no longer be considered as inconsistent, 
but indicates that SFRPs exert a dual role in deleterious Wnt 
signaling (18,19).

The molecular mechanisms and genetic landscapes of 
human astrocytic brain tumors require further elucidation. As 
malignant astrocytomas are characterized by diffuse infiltra-
tion of the surrounding non‑neoplastic tissue, an explanation 
regarding the cell invasion processes is of particular impor-
tance. Therefore, the aim of the present study was to investigate 
and compare the expression intensity and localization of the 
SFRP3 protein within different histopathological grades of 
astrocytic brain tumor. The SFRP3 protein was evaluated, as 
there are various indications that it is associated with gliomas. 
A previous study has reported a downregulation of SFRP 
expression levels in various types of cancer, indicating a loss of 
function (18). Furthermore, an SFRP family member strongly 
promoted the growth of intracranial glioma xenografts in nude 
mice and promoted glioma cell growth in vitro (20). In addition, 
novel findings demonstrate SFRP3 as an important morphogen 
of mouse neurogenesis  (21‑23). However, to the best of our 
knowledge, the involvement of the SFRP3 protein has not been 
investigated in astrocytoma patients.

Materials and methods

Tumor specimens. Fifty‑five astrocytic brain tumor samples 
were collected from the Hospital Centers, Sisters of Charity 
(Zagreb, Croatia) and the University Hospital Center Zagreb 

(Zagreb, Croatia) between May 2007 and October 2015. The 
tumors were identified by magnetic resonance imaging in 
different cerebral regions. During surgery, the tumors were 
removed using a microneurosurgical technique. The patients had 
no family history of brain tumors, and all tumors were analyzed 
by pathologists and classified into four grades, according to 
WHO guidelines  (1,24). There were 10 pilocytic (grade  I), 
15 diffuse (grade II), and 11 anaplastic (grade III) astrocytomas 
and 19 glioblastomas (grade IV). There were 28 male patients 
and 27 female patients. The age of the patients ranged from 3‑ to 
73‑years‑old (mean age, 43.38 years; median age, 45.00 years). 
The mean age at diagnosis was 44.04 and 42.70 years for males 
and females, respectively. Ethical approval was obtained from 
the Ethical Committees Medical School University of Zagreb 
(Zagreb, Croatia), Hospital Center Sisters of Charity and 
University Hospital Center (380‑59‑10106‑14‑55/147) and the 
patients provided informed consent.

Immunohistochemistry. The samples were fixed in formalin, 
embedded in paraffin (both Kemika, Zagreb, Croatia), 
sliced into 4‑µm thick sections and fixed onto capillary‑gap 
microscope slides (Dako, Glostrup, Denmark). The sections 
were immunostained using streptavidin‑horseradish 
peroxidase/3,3'‑diaminobenzidine (using EnVision™ REAL™ 
detection systems; K5007; Dako). Briefly, sections were 
dewaxed by immersion in xylene (Kemika) twice for 5 min. 
Subsequently, the sections were rehydrated in a descending 
ethanol dilution series (Kemika) and rinsed in dH20 for 5 min. 
Sections were then microwaved twice for 10 min at 700 W in 
retrieval solution (S2369; Dako), cooled at room temperature for 
15 min, and microwaved once for 4 min at 350 W to unmask 
the epitopes. To block endogenous peroxidase activity, cells 
were fixed in methanol (Kemika) with 3% H2O2. Non‑specific 
binding was blocked by incubating samples with Protein 
Block, Serum‑Free Ready‑To‑Use (Dako North America, Inc., 
Carpinteria, CA, USA) for 30 min at 4˚C. Next, the primary anti-
body, rabbit polyclonal anti‑human FRP3 (1:50; sc‑13941; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) was applied for 
30 min at room temperature. Slides were subsequently washed 
three times in phosphate‑buffered saline (PBS; Amresco, Solon, 
OH, USA)/goat serum, and the horseradish peroxidase‑conju-
gated anti‑rabbit/mouse secondary LINK antibodies from the 
Dako kit (K5007) were applied for 16 min at room temperature. 
Slides were washed a further three times in PBS/goat serum and 
were incubated with substrate chromogen solution (from the 
EnVision™ REAL™ kits) for 30 sec.

The sections were counterstained with Harris hematoxylin 
(Dako). Healthy brain and glioblastoma negative controls 
underwent the same staining procedure, but these samples 
were not incubated with primary antibodies. The frontal cortex 
of a healthy brain, and malignant melanoma and kidney tissue 
samples served as positive controls. Immunohistochemical 
staining was evaluated by assessing the staining intensity 
by three independent observers who were blinded to the 
experimental procedures. The staining intensity was scored as 
follows: No expression or very weak expression, 0/+; moderate 
expression, ++; and strong expression, +++. Two hundred cells 
in a hot spot, which is an area containing the most character-
istics of malignant tissue and most active proliferative rate, of 
each sample were analyzed. The slides were scanned using a 
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digital scanner (NanoZoomer 2.0‑RS; Hamamatsu Photonics, 
Hamamatsu, Japan), and ImageJ software (National Institutes 
of Health, Bethesda, Maryland, USA) was used to determine 
the cell number and the intensity of SFRP3 expression.

Statistical analysis. All individuals were analyzed for the 
following features: malignancy grade, gender, age, SFRP3 
protein expression intensities and localizations. Differences 
in the values of SFRP3 expression levels (weak, moderate 
or strong) and the number of counted cells for each intensity 
were tested with analysis of variance (ANOVA) following 
Leven's analysis of homogeneity of variance (if significance of 
Leven's statistic was <0.05 the non‑parametric Mann‑Whitney 
test was employed). ANOVA was used to determine potential 
differences in the values of SFRP3 expression with regard to 
different malignancy grades, cellular localization, different 
age categories and gender. Student's t‑test was used to analyze 
differences in membranous location. All statistical evaluations 
were performed using SPSS 14.0 (SPSS Inc., Chicago, IL, USA) 
and P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression levels and localizations of SFRP3 protein. The 
SFRP3 protein, a molecule that is considered to have an antag-
onistic role in Wnt signaling, but has never been investigated in 
astrocytomas, was observed in the present study. On a sample 
of 55 astrocytic brain tumors, the expression and localization 
of SFRP3 was determined throughout different malignancy 
grades. SFRP3 was positively stained and localized in the 
nuclei and cytoplasm of tumor cells. Furthermore, different 

expression patterns were observed in nuclear and cytoplasmic 
localization, with varying staining intensities. Notably, specific 
cellular compartments demonstrated different intensities and, 
therefore, the separate staining intensities for cytoplasmic and 
nuclear compartments were assessed.

From the total sample, the mean number of cells with 
weak or no expression was 104; 25 and 61 cells (mean value) 
demonstrated moderate nuclear and cytoplasmic expression, 
respectively; and 18 and 41 cells (mean value) demonstrated 
strong nuclear and cytoplasmic expression, respectively 
(Fig. 1). 

Expression levels and localizations in different malignancy 
grades. When the sample was divided according to malignancy 
grade, the differences in expression levels and localizations 
were significant. The levels of moderate and strong expression 
in the cell nucleus were associated with reduced numbers of 
cells in samples of higher malignancy grade tumors; whereas 
for cytoplasmic staining, the number of cells with strong 
SFRP3 expression was higher in astrocytoma grades III and IV 
when compared with samples from lower grade tumors.

When comparing the percentage of counted cells exhib-
iting low or no expression with a specific tumor grade, no 
statistically significant difference was identified between low 
nuclear or low cytoplasmic staining and the different grades 
(F=0.815; P=0.491). However, when moderate and strong 
nuclear and cytoplasmic expression levels were investigated, 
the differences between expression levels and malignancy 
grade were statistically significant. Moderate nuclear expres-
sion levels were statistically different (F=3.874; P=0.014), and 
grade I and II astrocytomas demonstrated the highest expres-
sion values: Grade I, 10.99; grade II, 14.14; grade III, 5.65; 

Figure 1. Characteristic immunohistochemical staining of different SFRP3 expression levels. (A) Diffuse astrocytoma showing strong nuclear staining, 
(B) anaplastic astrocytoma exhibiting moderate cytoplasmic expression, (C) glioblastoma demonstrating strong cytoplasmic staining, and (D) glioblastoma 
showing cytoplasmic and membranous staining (arrows). Scale bar: (A‑C) 50 µm; (D) 20 µm.

  A   B

  C   D
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and grade IV, 6.73. Similarly, strong nuclear expression levels 
were different according to the malignancy grades (F=3.30; 
P=0.028) with grades I and II astrocytomas showing greater 
values: Grade  I, 7.26; grade  II, 10.96; grade  III, 3.17; and 
grade IV, 4.85. The association between nuclear moderate and 
strong staining in the different malignancy grades is presented 
in Fig. 2A. 

Upon analysis of the cytoplasmic expression levels, moderate 
cytoplasmic expression was identified to be significantly 
different across the malignancy grades (F=2.319; P=0.086), 
while strong cytoplasmic expression levels did not demonstrate 
a statistically significant difference (F=1.708; P=0.177). The 
association between cytoplasmic moderate and strong staining 
in the different malignancy grades is presented in Fig. 2B.

SFRP3 expression levels and localizations in the two groups. 
Samples were then grouped according to clinical malignancy 
grades. First, the group of pooled astrocytoma II and III was 
examined in comparison with the group of grade IV with the 
highest malignancy grade. The nuclear expression levels between 
those two groups were not statistically different for the moderate 
and strong expression levels (Fig. 2A). However, a statistically 
significant difference was noted for the cytoplasmic expression 
levels. Values of moderate cytoplasmic expression were higher 
in grade IV (29.62) than in astrocytoma II and III (21.47) and 
this difference was significant (F=3.950; P=0.053). The differ-
ence between strong cytoplasmic expression levels were also 
statistically significant between astrocytoma II and III, and 
IV (F=3.959; P=0.05). Grade IV glioblastomas demonstrated 
higher values (19.92) when compared with astrocytoma grades II 
and III (13.84) (Fig. 2B). 

The present study also aimed to investigate whether there 
is difference between low and high grade astrocytomas. 
Therefore, the sample was grouped into low grade (I and II) and 
high grade (III and IV) groups. Strong statistical differences 
for moderate and high nuclear expression levels were demon-
strated (Fig. 2A). For moderate nuclear expression a significant 
difference was identified between the low and high grade astro-
cytomas (F=10.573; P=0.002). The high grade tumors had lower 
values of moderate nuclear expression (6.33) when compared 

with the low grade tumors (12.88). Strong nuclear levels were 
evaluated with the Mann‑Whitney U test, which indicated that 
high tumor grades were associated with significantly lower 
levels of strong nuclear expression when compared with grade I 
and II astrocytomas (P=0.018). Analysis of the low and high 
grade astrocytoma groups using cytoplasmic staining showed 
that moderate cytoplasmic expression levels were significantly 
higher (F=3.381; P=0.072) in the astrocytoma III and glioblas-
toma groups than in the astrocytoma I and II groups (Fig. 2B). 
Furthermore, strong cytoplasmic expression was significantly 
higher (F=4.116; P=0.048) in the high grade tumor group (A III 
and G IV) as compared with the low grade group (A I and A II).

In addition, 34.5% of the samples demonstrated membra-
nous localization of the signal. Positive membranous staining 
was observed in a relatively low number of cells per sample. 
However, the association of the membranous localization 
and the malignancy grades was investigated. It was demon-
strated that lower grade astrocytomas exhibited reduced 
membranous staining when compared with higher grade 
astrocytomas, and that the difference between grades was 
significant (P=0.036; Fig. 3).

Figure 2. Graphs demonstrating moderate and strong levels of secreted frizzled‑related protein 3 expression in different grades of astrocytic brain tumor. 
(A) Nuclear and (B) cytoplasmic expression. (A) High grade tumors (A III and G IV) exhibited significantly lower mean values of both moderate and strong  
nuclear expression, as compared with the moderate and strong values of low grade tumors (A I and A II) (*P<0.05). (B) Mean values of moderate and strong 
cytoplasmic expression for high grade tumors were significantly higher than the mean values of low grade tumors (*P<0.05). A I, pilocytic astrocytoma; 
A II, diffuse astrocytoma; A III, anaplastic astrocytoma; G IV, glioblastoma. 

Figure 3. Low grade (A I and A II) group demonstrated significantly less 
membranous localization of secreted frizzled‑related protein 3 when com-
pared with the high grade (A III and G IV) group (*P=0.036). A I, pilocytic 
astrocytoma; A II, diffuse astrocytoma; A III, anaplastic astrocytoma; G IV, 
glioblastoma.

  A   B
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SFRP3 expression and epidemiological characteristics. The 
next step was to investigate the association between epide-
miological characteristics of the astrocytoma patients and the 
SFRP3 expression levels. When the molecular findings were 
analyzed with the demographic variables it was not possible to 
demonstrate that the expressions levels and locations were asso-
ciated with the analyzed age categories. However, statistically 
significant differences between moderate and strong nuclear 
expression levels between genders were established. Female 
patients with high grade astrocytomas (grades III and IV) showed 
higher moderate and strong nuclear expression levels than male 
patients, and this difference was significant (moderate: F=8.422, 
P=0.007; strong: F=9.262, P=0.005). Notably, no difference in 
cytoplasmic expression levels was identified between genders.

The results indicated that SFRP3 expression levels in the 
nucleus decreased in the higher astrocytoma grades, indicating 
the expected behavior as a tumor suppressor and an antagonist 
of Wnt signaling, whereas SFRP3 expression levels in the cyto-
plasm were increased in the high grade astrocytomas, compared 
with low grade astrocytomas. This may indicate that SFRP3 
also acts as an agonist of Wnt signaling, promoting invasive 
behavior.

Discussion

SFRPs are a family of soluble proteins known for their ability 
to negatively modulate the Wnt signaling cascade. It has been 
found that this protein family is also involved in different types 
of cancer (13,18). The present study demonstrated different 
expression patterns and staining intensities of the SFRP3 
protein in a sample of astrocytic brain tumors of different 
pathohistological grades. The number of cells with low or no 
expression was not significantly different between the different 
tumor grades. However, when moderate and strong nuclear and 
cytoplasmic expression levels were investigated, the differences 
between expression levels and malignancy grade were statisti-
cally significant. Grade I and II astrocytomas demonstrated 
significantly higher expression values in moderate and strong 
nuclear expression. The analyses on cytoplasmic expression 
levels showed that moderate cytoplasmic expression was signifi-
cantly differently distributed throughout the malignancy grades, 
whereas high cytoplasmic expression levels were not identified 
to be statistically different. However, when the sample was 
divided into two groups, one that included astrocytoma II and III 
and the other that included grade IV, statistical differences were 
observed for the moderate and high cytoplasmic expression 
levels. Furthermore, moderate and high cytoplasmic expression 
levels were significantly higher in grade IV when compared 
with astrocytoma II and III. Thus, demonstrating that SFRP3 
may exert different effects; in the nucleus, SFRP3 functions as 
a tumor suppressor, while its cytoplasmic expression levels indi-
cate oncogenic properties in higher grade astrocytomas. There 
are numerous papers that support SFRPs context‑dependent 
dual role and are consistent with the present findings (18,19). 
Hirata et al (17) investigated renal cell carcinoma and identi-
fied that the expression level of SFRP3 protein was decreased 
in primary renal cancer tissue samples when compared with 
normal kidney tissue samples; however, the level was restored in 
metastatic renal cancer tissues. In addition, the authors suggested 
that there may be a change in SFRP3 function, from that of a 

tumor suppressor to an oncogene, in renal cancer progression 
and metastasis. The present results are consistent with these 
findings, thus, it is hypothesized that the function of SFRP3 
may alter during astrocytoma progression and the observed 
increase of cellular SFRP3 expression in glioblastoma in the 
current study may induce aggressive behavior and invasion. 
Additional studies regarding the dual role of SFRP in breast 
cancer demonstrate that SFRPs were highly overexpressed and 
associated with tumor progression (18,25). In addition, endo-
metrial cancer studies observed a dual role of SFRPs in Wnt 
signaling, with the majority supporting the notion that SFRPs 
may inhibit Wnt signaling. However, there are studies that have 
shown SFRP4 expression to be positively correlated with cancer 
malignancy (26). In ovarian cancer, SFRP4 expression tends 
to be downregulated, however, there are studies regarding the 
high expression of this protein in cancer tissue samples (27). 
Huang et al (28) demonstrated that there was an association 
between SFRP4, and risk of rectal cancer and early‑stage 
colorectal cancer. In colorectal cancer patients, SFRP4 expres-
sion was significantly increased in the cancerous tissue samples 
when compared with the non‑cancerous colorectal mucosa. The 
SFRP4 protein was upregulated in 45% of colorectal cancer 
tissue samples when compared with the matched non‑cancerous 
tissue samples.

Astrocytomas are the most common type of brain tumor 
in humans, and glioblastoma are particularly proliferative and 
their invasive nature is correlated with particularly poor clinical 
outcomes (29,30). In the present study SFRP3 expression was 
demonstrated to vary among different astrocytic malignancy 
grades. As pilocytic astrocytomas are considered to be clinically, 
biologically and histologically distinct from WHO grade II‑IV 
gliomas, they may be regarded as a benign reference. However, 
according to the WHO classification and cellular characteristics 
pilocytic astrocytomas are described as low grade astrocytic 
tumors (grade I). Diffuse are also low grade (grade II), while 
anaplastic astrocytoma (grade III) and glioblastoma multiforme 
(grade IV) are classified as high grade astrocytomas. This clas-
sification was useful, as the SFRP3 protein showed marked 
differences between the low and high grade tumors. When the 
sample was split into low and high grade tumor groups, statis-
tical differences for moderate and high nuclear expression levels 
were observed. High grade tumors exhibited lower values of 
moderate and strong nuclear expression when compared with 
low grade tumors. Cytoplasmic staining of high and low grade 
tumor groups showed that moderate cytoplasmic expression 
levels were significantly higher in the astrocytoma III and IV 
group when compared with the astrocytoma I and II group. 
Furthermore, strong cytoplasmic expression was identified to be 
significantly higher in the high grade tumors compared with the 
low grade tumors. Thus, in contrast to the normal antagonistic 
role, it was demonstrated that high cytoplasmic expression levels 
may act as a Wnt signaling activator and induce tumor invasion.

The function of SFRPs in tumor development also indi-
cated that SFRPs do not always act as Wnt antagonists. Tissue 
culture experiments demonstrated that, at low concentrations, 
SFRP1 potentiates Wnt activity rather than inhibits it (31,32). 
In combination with other observations, this finding has led to 
the suggestion that SFRP1 has low‑ and high‑affinity binding 
sites for Wingless and Wnt ligands; binding to the high‑affinity 
site promotes Wnt signaling, whereas binding to the low‑affinity 
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site inhibits it (16,31). Gradient formation of expressed proteins 
must also be considered. Sun et al (23) identified that SFRP3 
is expressed at a gradient (i.e. at different levels) along the 
septo‑temporal axis of the dentate gyrus, which is estab-
lished during postnatal development. Therefore, gradients of 
SFRP3 expression may contribute in various ways to cancer 
initiation and progression. It remains unclear whether SFRPs 
antagonize Wnt signaling by interacting with Wnt ligands via 
their N‑terminal CRD or the C‑terminal domain (31,33). The 
conflicting data may result from differential affinities among 
SFRPs and their Wnt partners, or the use of different ligands. 
Thus, SFRPs may block Wnt signaling either by interacting with 
Wnt proteins, to prevent them from binding to Fz proteins, or by 
forming non‑functional complexes with Fz (16,34).

The findings of the present study regarding membranous 
localization of SFRP3 and its significant prevalence in high 
grade tumors is consistent with the findings of high cyto-
plasmic expression levels in high grade tumors (17‑19,25,26,28). 
Therefore, it is proposed that events occurring at the cell surface 
are also important and may influence tumorigenesis and down-
stream cellular signaling. The observations from the current 
study of SFRP3 protein expression in the cellular membrane do 
not elucidate whether the SFRPs bind to Wnt or the receptor, 
however, do indicate localization that could make it a possibility. 
Statistical significance in moderate and strong nuclear expression 
levels between the genders was demonstrated. Female patients 
with high grade astrocytomas (grades III and IV) demonstrated 
higher nuclear expression levels than male patients.

Our previous study found β‑catenin to be upregulated 
and transferred to the nucleus in astrocytic brain tumors (35). 
It was also demonstrated that the transcription factors of the 
Wnt signaling pathway were upregulated  (7). Strong TCF1 
and LEF1 expression levels were observed in 51.6 and 71.0% 
of glioblastomas, respectively. Astrocytoma grade I showed 
almost opposite expression levels, with weak or no expression of 
TCF1 and LEF1 in 63.2 and 68.2%, respectively. Additionally, 
statistical analysis confirmed significant differences in protein 
expression levels and indicated that LEF1 may serve as a 
potential diagnostic marker distinguishing glioblastomas 
from astrocytomas (7). Wnt/β‑catenin signaling is essential 
for tumorigenesis, however its molecular mechanisms are not 
fully understood. Zhang et al  (36) demonstrated upregula-
tion of β‑catenin in gliomas. Subsequently, it was discovered 
that Forkhead Box m1 (Foxm1)/β‑catenin interaction is 
required for glioma formation, and represents a mechanism for 
canonical Wnt signaling during tumorigenesis. The findings by 
Zhang et al (36) elucidate a mechanism for β‑catenin nuclear 
translocation via binding to the transcription factor, Foxm1. 
Furthermore, this interaction is maintained in the nucleus, 
where the two proteins form a complex with TCF transcription 
factors on the promoters of Wnt/β‑catenin target genes. There 
are increasing studies investigating the role of the Wnt signaling 
pathway in human astrocytomas, however very few have inves-
tigated its role in progression. To the best of our knowledge, the 
role of SFRP3 has not yet been investigated in astrocytomas. 
Kahlert et al (37) demonstrated that Wnt signaling enhances 
motility of glioblastoma cells in vitro by activating molecules 
that promote the mesenchymal phenotype. In addition, the 
authors identified that the distribution of the nuclear β‑catenin 
signal was predominantly within the invasive front of the tumor, 

which indicates that Wnt signaling is important in the regulation 
of malignant cell motility.

Studies regarding SFRP1 (4) have demonstrated a novel 
molecular miR‑328‑dependent mechanism, which via SFRP1 
inhibition and Wnt activation contributes to the infiltrative 
glioma phenotype at early stages of glioma progression. The 
authors showed that a low SFRP1 expression level is a nega-
tive prognostic factor in gliomas. Roth et al (20) investigated 
SFRP1 and SFRP2 and demonstrated that the two proteins are 
produced by the majority of malignant glioma cell lines. It was 
found that SFRP2 promotes glioma cell growth in vivo and that 
these SFRPs were important modulators of the pathophysiology 
of malignant brain tumors.

The present results regarding SFRP3 expression levels and 
localizations provide novel insights into Wnt signaling changes 
in astrocytic brain tumors. Although it is easier to assign a single 
dimension to a certain protein, it appears that the majority of 
molecules possess numerous dimensions, and the current find-
ings on SFRP3 support this hypothesis. Although SFRP3, also 
termed FrzB, has been associated with the inhibition of Wnt 
signaling, there are numerous congruous reports indicating that 
it activates Wnt signaling during progression and metastasis. 
Specific spatio‑temporal dynamic expression of SFRP3, similar 
to a developmental gradient (22), is occurring in astrocytoma 
progression and glioblastoma development. Two distinct mecha-
nisms participate in the loss of SFRP expression in cancer: 
Allelic loss and epigenetic silencing (14). It has been shown that 
the majority of SFRPs are epigenetically silenced via promoter 
hypermethylation in numerous types of cancer (38,39). Although 
SFRP3 possesses no CpG islands in the promoter region, there 
have been no reports regarding the association between SFRP3 
expression and epigenetic silencing; thus, it appears that its 
downregulation is achieved by another molecular mechanism.

Astrocytic brain tumors and, in particular, glioblastoma 
demonstrate great heterogeneity that has recently been 
explained by a sub‑population of glioblastoma cancer stem 
cells, which are the predominant tumorigenic force (3). The Wnt 
signaling pathway is known to critically regulate self‑renewal 
and differentiation of neural stem/progenitor cells (3,40,41). 
Rheinbay et  al  (3) demonstrated that achaete‑scute family 
bHLH transcription factor 1, a transcription factor essential for 
maintenance and in vivo tumorigenicity of glioblastoma cancer 
stem cells, activates Wnt signaling and that it is linked to the 
activation of LEF1. Rampazzo et al (2) described that Wnt acti-
vation promotes a marked differentiation of glioblastoma cancer 
stem cells towards a less aggressive phenotype.

In conclusion, the present results indicate that the decreasing 
SFRP3 expression level in the nucleus is positively correlated 
with increasing astrocytoma grade; whereas the increase in 
SFRP3 protein expression in the cytoplasm of higher grade 
astrocytomas demonstrates the dual nature of SFRP3. In certain 
cases, SFRP3 acts as an antagonist, while in other cases it serves 
as an agonist of the Wnt signaling pathway. The findings suggest 
that molecular changes in Wnt signaling are important in astro-
cytic tumor etiology. The novel molecular features may provide 
resources for future investigations regarding the pathogenesis 
mechanisms and tumor biology, and may facilitate with devel-
oping effective therapeutic strategies against this lethal type of 
cancer. SFRP3 may be adopted as a potential tool for combating 
Wnt driven tumorigenesis.
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