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In modern high-income societies, the bat-
tles are fought within cells. Human cancer 
cell is a modern day battlefield and so is the 
transformed astrocyte. Following this line 
of thought, the knowledge on cellular sign-
aling pathways and their altered behavior in 
tumor cells is an important step forward in 
understanding astrocytic brain tumor etiol-
ogy. Astrocytic brain tumors are the most 
common primary CNS neoplasms and are 
classified according to their lineage of ori-
gin and behavior into four WHO grades. 
However, despite many recent advances [1], 
the molecular blueprint of development 
and progression of astrocytic brain tumors 
is still largely unexplained. Astrocytes, the 
specialized glial cells that fivefold outnum-
ber neurons, play a major role in the evolu-
tion of primary brain tumors [2]. Although 
the cells of origin of astrocytic gliomas are 
still unknown and under intense investi-
gation [3], what is known is that astrocy-
tomas exhibit great molecular heterogene-
ity. Histological research established that 
glioblastoma in particular is extremely het-
erogeneous demonstrating both inter tumor 
and intratumor heterogeneity [4]. The 

signaling pathways that have been impli-
cated primarily not only in glioblastoma 
but also in astrocytomas include p53, Rb 
and RTK/Ras signalling [1,4]. The TCGA 
group identified that these pathways are 
interconnected and their deregulation 
plays vital role in glioblastoma pathogen-
esis. Nevertheless, the results of our previ-
ous and continuous research [5–7] suggest 
that molecular changes of Wnt signaling 
are also implicated in astrocytic branch of 
brain tumors.

The canonical Wnt signaling pathway 
is one of the basic mechanisms of the cell 
signaling widely conserved in the animal 
kingdom. It is critical for embryonic devel-
opment and adult tissue homeostasis, and 
is controlling events ranging from cellu-
lar adhesion, cell motility, embryonic cell 
patterning, proliferation, differentiation, 
apoptosis and synaptic rearrangements [8,9]. 
The misregulation of the Wnt pathway 
plays important roles in tumorigenesis. The 
pathway is activated by binding of differ-
ent Wnt ligands to specific receptors. As a 
consequence, through several cytoplasmic 
relay components, β-catenin levels raise, 
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and it translocates to the nucleus where it finds 
a partner – a member of the DNA-binding tran-
scription factor family LEF/TCF. When bound 
to specific promoter sequences together, they 
activate transcription of Wnt target genes. This 
results in the activation of transcription of Wnt 
target genes, among which are c-myc, N-myc, 
c-jun, MMP-7 and cyclin D1 [9,10]. From the list 
of the target genes, it is obvious why constitutive 
activation of this pathway can lead to cancer [11]. 
A critical step in the inactivation of Wnt signal-
ing involves the control of β-catenin degradation 
meaning that the pathway is inactive when the 
levels of β-catenin are kept low. Multiprotein 
destructive complex consisting of scaffold pro-
tein AXIN, adenomatosis polyposis coli (APC) 
tumor suppressor protein, CK1 and GSK3β 
performs this task. In the absence of factors 
that activate Wnt signaling, the complex binds 
to β-catenin with subsequent β-catenin phos-
phorylation, ubiquitination and degradation by 
proteasomes. In this scenario, TCF/LEF repress 
target genes through a direct association with 
corepressors [12]. The activation of Wnt signal-
ing also happens in case APC, AXIN and other 
components of β-catenin destruction  complex 
are mutated and nonfunctional [9,13].

Our research group has been devoted to stud-
ies of basic research in the field of genetics of 
brain tumors, especially focusing on the role of 
molecular components of Wnt signaling in the 
formation and progression of astrocytic brain 
tumors. We investigated key players, β-catenin 
(CTNNB1), TCF1 and LEF1, adenomatous 
polyposis coli (APC), AXIN1 and dishev-
elleds (DVL1, DVL2 and DVL3) in human 
astrocytomas.

The main signaling effector molecule of 
the Wnt pathway is β-catenin and it has been 
characterized as a potent oncogene product. 
Activating mutations of β-catenin gene are 
found in a variety of tumors including sporadic 
medulloblastoma where this molecule was pro-
posed as prognostic factor. Our investigations 
on β-catenin in astrocytomas revealed 10% of 
samples with potential activating mutations. The 
results on protein levels demonstrated that 50% 
of glioblastomas (grade IV) and 56% of astrocy-
tomas (grades II and III) showed upregulation of 
β-catenin. Nuclear localization, indicative of the 
activation of Wnt signaling, was found in 52.1% 
of glioblastomas [5]. Central mediators of tran-
scription of the Wnt pathway are TCF/LEF tran-
scription factors. We found that they were also 

upregulated. Strong TCF1 and LEF1 expression 
was observed in 51.6 and 71% of glioblastomas. 
Astrocytoma grade I (which we used as benign 
reference) showed almost opposite expression 
levels with weak or no expression in the 63.2% 
for TCF1 and 68.2% for LEF1. Statistical analy-
sis additionally confirmed significant differences 
in protein expression levels. Analysis of vari-
ances performed on the total sample indicated 
significant differences in the values of TCF1 
weak expression (p = 0.045), LEF1 weak (p = 
0.008) and LEF1 strong expression (p = 0.002) 
with regard to malignancy grade. The F-ratios 
for two variables (LEF1 strong and LEF1 weak) 
indicated that differences between astrocytomas 
(II,III) and glioblastomas were statistically sig-
nificant (p < 0.02). Discriminant function anal-
ysis further showed that just one variable – the 
strong expression of LEF1, emerged to discrimi-
nate between astrocytomas and glioblastomas. 
This suggests that LEF1 may serve as potential 
diagnostic marker distinguishing glioblastoma 
from astrocytoma group [7].

The components of β-catenin destruction 
complex represent negative regulators of the 
pathway and in the circumstances of tumori-
genic process they function as tumor suppressor 
genes. Consistently, allelic losses of APC gene 
were frequent with glioblastomas showing 60% 
and diffuse astocytomas (grade II) 20%. Our 
interest in elucidating the role of APC stemmed 
principally from the findings that wild-type 
APC protein is expressed in the CNS and is 
critically involved in the initiation of neuronal 
differentiation [14]. Furthermore, its involvement 
in particular syndromes, such as the Tourcot 
syndrome, which include the development of 
primary brain tumors, suggests that it performs 
important functions in these tissues also.

In this complex signaling network AXIN1, 
named for its role in the inhibition of vertebrate 
axis formation during embryonic development, 
is another interesting tumor suppressor. Bearing 
in mind the known function, AXIN1 is expected 
to be located in the cytoplasm of normal cells 
where it promotes β-catenin phosphorylation 
and degradation. Nevertheless, AXIN1 has been 
known to shuttle from cytoplasm to nucleus and 
nowadays it is considered a scaffold protein [12,15]. 
Our studies found allelic losses of AXIN1 in 10% 
of glioblastomas and downregulation of AXIN1 
proteins in 31% of glioblastomas and 22% of 
astrocytomas. In 31% of glioblastomas AXIN1 
was localized in the nucleus [5]. Our results also 
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showed the relation of β-catenin’s and AXIN’s 
quantities and locations. Comparison of mean 
values of relative expression levels of AXIN1 
and β-catenin showed that they are significantly 
reversely proportional (p = 0.014). Comparison of 
their relative expression values to cellular localiza-
tion showed that the quantity of AXIN1 is low-
est in the nucleus, and is accompanied with the 
highest quantity of β-catenin, while the quantity 
of AXIN1 is highest when located in the cyto-
plasm and is accompanied with the lowest quan-
tity of β-catenin. We could assume that dynamic 
changes of AXIN’s subcellular expression and 
spatial regulation are relevant for tumor develop-
ment. Our novel research focuses on Dishevelleds 
(Dsh or DVL), highly conserved multifunctional 
phosphoproteins with three members in humans 
(DVL1, DVL2 and DVL3). DVL forms large 
molecular supercomplexes at the plasma mem-
brane consisting of Wnt-Frizzled-LRP5/6-
DVL-AXIN. This promotes the disassembly of 
the β-catenin destruction machinery, β-catenin 
accumulation and consequent activation of Wnt 
signaling. Therefore, DVLs are considered to be 
key regulators that rescue cytoplasmic β-catenin 
from degradation. The overexpression of DVL 
has been shown to potentiate the activation of 
Wnt signaling and it is now apparent that upreg-
ulation of DVLs is involved in several types of 
cancer [13,16]. Our present investigations are 
showing that the dishevelleds, too, are targeted 
in glioblastoma. We observed gross deletions (loss 
of heterozygosity, LOH) as well as microsatellite 
instability (MSI) of dishevelled family of genes 
in glioblastoma samples. LOH of DVL1 was 
found in 11% of glioblastoma samples, of DVL2 
in 6.25% and DVL3 gene in 39.3%. MSI was 
detected in 22% cases for DVL1, 25% for DVL2 
gene and 6% for DVL3 gene. Protein expressions 
in glioblastoma were moderate or strong in 65, 
73.5 and 67% of samples, respectively, for DVL1, 
DVL2 and DVL3.

Although brain tumors rarely metastize to 
distant organs, probably because of blood–brain 
barrier, their local invasion is the reflection of 
their motility and invasive behavior. The for-
mation of mobile cells with invasive potential 
and the delamination of cells from primary 
tumors are performed through the process of 
epithelial-to-mesenchymal transition (EMT). 
Being a very complex event, EMT requires the 
specific spatiotemporal expression of molecules, 
their interaction and modification of a range of 
cellular and extracellular factors to allow cellular 

motility and invasion to proceed. The classical 
Wnt signaling pathway has a particularly tight 
link with EMT. The nuclear translocation of 
β-catenin can induce EMT [17]. Besides being 
the signaling molecule, β-catenin is involved in 
cellular architecture too, bound to E-cadherin it 
is an essential component of adherens junctions. 
Let me accentuate that the most prominent fea-
ture of EMT is the loss of expression of adhesion 
molecule E-cadherin. Moreover, the stabiliza-
tion and nuclear accumulation of β-catenin can 
activate the transcriptional repressors Snail and 
Slug that suppress E-cadherin expression and 
thus induce EMT [17].

Reflecting on the beginning of this paper and 
at the battle fought against this deadly tumor, 
we must with regret say that at present we are 
losing the battle. Clinically effective treatments 
remain elusive and individuals with malignant 
astrocytomas experience significant morbidity 
and mortality. Tumor progression and resistance 
to therapy have been associated with tumor het-
erogeneity both at the genetic and the pheno-
typic level. Thus, the success of any therapeutic 
approach will need to include the consideration 
of astrocytoma heterogeneity. It has repeatedly 
been shown that the activity of Wnt signaling 
correlated with patients’ outcomes in different 
types of cancer [18]. For example, high nuclear 
and cytoplasmic β-catenin levels, as well as the 
increased staining of WNT1, were associated 
with poor survival in glioblastoma [19]. Therefore, 
in our opinion, it is important to mention the 
research oriented in finding possible molecular 
targets for the therapeutic intervention in the 
Wnt signaling. Multiple strategies – ranging 
from blocking antibodies and small inhibitor 
molecules to peptide agonists and antagonists – 
are now in development, and number of clinical 
trials is under way hopefully bringing effective 
therapeutics [15,18]. One strategy has focused on 
suppressing β-catenin expression by promoting 
its degradation [20], but the disadvantage of this 
approach is that it is not tumor cell specific and 
eliminates β-catenin’s cellular pool everywhere. 
There are also studies dealing with restoration 
of functional APC and those trying to pre-
vent the transcriptional activity of β-catenin/
TCF complexes in order to restrain expression 
of target genes. A number of small molecules 
inhibitors that disrupt β-catenin/TCF bind-
ing have been studied [18]. There is also a group 
of Wnt signaling’s own inhibitors that could 
be employed as therapeutics. Several sFRPs 
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(secreted Frizzled-related proteins) competitively 
bind to Wnt ligands and prevent the interaction 
between Wnt and its receptors. Another class of 
Wnt inhibitors, the DKK (Dickkopf) family of 
proteins, potently inhibits signaling by binding 
to the Wnt coreceptors LRP5/6.

In conclusion, as the old proverb teaches us 
– vivere est militare. Therefore, we would like to 
emphasize that better understanding of human 
astrocytic brain tumor molecular profile is an 
imperative in future research on effective treat-
ments. Elucidating the role of Wnt signalling 
in astrocytoma etiology is important for the 

characterization of molecular biomarkers that 
will help us in diagnostics and the design of 
therapeutic weapons.

Financial & competing interests disclosure
This work was supported by grant number 6625 from 
Croatian Science Foundation. The authors have no other 
relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed 
in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of 
this manuscript.

references
1 Brennan CW, Verhaak RG, McKenna A et al. 

The somatic genomic landscape of 
glioblastoma. Cell 155, 462–477 (2013).

2 Sofroniew MV, Vinters HV. Astrocytes: 
biology and pathology. Acta Neuropathol. 
119(1), 7–35 (2010).

3 Liu C, Zong H. Developmental origins of 
brain tumors. Curr. Opin. Neurobiol. 22(5), 
844–849 (2012). 

4 Eder K, Kalman B. Molecular 
heterogeneity of glioblastoma and its clinical 
relevance. Pathol. Oncol. Res. 20, 777–787 
(2014).

5 Nikuseva Martic T, Pecina-Slaus N, Kusec V 
et al. Changes of AXIN-1 and β-catenin in 
neuroepithelial brain tumors. Pathol. Oncol. 
Res. 16, 75–79 (2010).

6 Pećina-Šlaus N, Gotovac K, Kafka A, Tomas 
D, Borovećki F. Genetic changes observed in a 
case of adult pilocytic astrocytoma revealed 
by array CGH analysis. Mol. Cytogenet. 7(1), 
95 (2014).

7 Pećina-Šlaus N, Kafka A, Tomas D et al. Wnt 
signaling transcription factors TCF-1 and 
LEF-1 are upregulated in malignant astrocytic 
brain tumors. Histol. Histopathol. 29(12), 
1557–1564 (2014).

8 Pećina-Šlaus N. Wnt signal transduction 
pathway and apoptosis: a review. Cancer Cell. 
Int. 10, 22 (2010).

9 Polakis P. Wnt signaling in cancer. Cold 
Spring Harb. Perspect. Biol. 4(5), a008052 
(2012).

10 Fagotto F. Looking beyond the Wnt pathway 
for the deep nature of β-catenin. EMBO Rep. 
14(5), 422–433 (2013).

11 Cadigan KM, Waterman ML. TCF/LEFs and 
Wnt signaling in the nucleus. Cold Spring 
Harb. Perspect. Biol. 4(11), pii: a007906 
(2012).

12 Stamos JL, Weis WI. The β-catenin 
destruction complex. Cold Spring Harb. 
Perspect. Biol. 5(1), a007898 (2013).

13 Kafka A, Bašić-Kinda S, Pećina-Šlaus N. The 
cellular story of dishevelleds. Croat. Med. J. 
55(5), 459–467 (2014).

14 Brakeman JS, Gu SH, Wang XB, Dolin G, 
Baraban JM. Neuronal localization of the 
adenomatous polyposis coli tumor suppressor 
protein. Neuroscience 91(2), 661–672 (1999).

15 Yu J, Virshup DM. Updating the Wnt 
pathways. Biosci. Rep. 34(5), e00142 (2014).

16 Gao C, Chen YG. Dishevelled: the hub of 
Wnt signaling. Cell Signal. 22, 717–727 
(2010).

17 Li X, Xu Y, Chen Y et al. SOX2 promotes 
tumor metastasis by stimulating epithelial-to-
mesenchymal transition via regulation of 
Wnt/β-catenin signal network. Cancer Lett. 
336, 379–389 (2013).

18 Anastas JN, Moon RT. Wnt signalling 
pathways as therapeutic targets in cancer. Nat. 
Rev. Cancer 13(1), 11–26 (2013).

19 Liu C, Tu Y, Sun X et al. Wnt/beta-catenin 
pathway in human glioma: expression pattern 
and clinical/prognostic correlations. Clin. 
Exp. Med. 11, 105–112 (2011).

20 Lesko AC, Goss KH, Prosperi JR. Exploiting 
APC function as a novel cancer therapy. Curr. 
Drug Targets 15, 90–102 (2014).


